ISSN1831-9424

European
Commission

JRC SCIENCE FOR POLICY REPORT

Biomass production, supply, uses and
flows in the European Union

Integrated assessment

Avitabile V, Baldoni E, Baruth B, Bausano G,
BoysenUrban KCaldeira CCamia A, Cazzaniga
N, Ceccherini G, De Laurentiis V, Doerner H,
Giuntoli J, Gras M, Guill&arcial, Gurria P,
Cy\'nn b\r\AH" AE\ ndi " gdydpnhB
Konrad C, Kupschus S, La Notte A, M'barek R,
Mannini A, Migliavacca M, Mubareka S, Patani S,
Pilli R, Rebours C, Ronchetti G, Ronzon T,
Rougieux P, Sala S, Sanchez L6pez J, Sanye
Mengual E, Sinkko T, Sturm V, Van Leeuwen M,
Vasilakopoulos P, Verkerk PJ, Virtanen J, Winker
H, Zulian G

Editors:

Mubareka S, Migliavacca M, Sanchez Lépez J

2023

J oint
Research
C entre




Ocdnfhkplgdr\odjihdnh\ ANAD | A"

haj mhKjgd~t hm kj moh] t hwledgegetvjcel i o H M™ n°

It aims to provide evidenckased scientific support to the European policymaking proc@$e contents of this publication do not
necessarily reflect the position or opinion of the European Commission. Neither the European Commission nor any person betiaff

of the Commission is responsible for the use that might be made of this publicatFor information on the methodology and quality
underlying the data used in this publication for which the source is neither Eurostat nor other Commission services, asktsshtact
the referenced source. The designations employed and the presentat material on the maps do not imply the expression of any opinion
whatsoever on the part of the European Union concerning the legal status of any country, territory, city or area or dhitsités, or

concerning the delimitation of its frontiersrdooundaries.

Contact information

Sarah B. Mubareka

Forests and Bioeconomy Unit

TP 261, via Enrico Fermi, Ispra (VA) 21027 Italy
sarah.mubareka@ec.europa.eu

+39 0332 78 6741

EU Science Hub
https://jointresearchcentre.ec.europa.eu

JRC132358

EUR31415 EN

PDF ISBN978-92-76-99070-3 ISSN 18319424

Luxembourg: Publications Office of the European Un&ii23

© European Union, 2023

O)

doi10.2760/484748 KJINA31-415-ENN

The reuse policy of the European Commission documents is implemented by the Commission Decision 2011/833/EU of 12 Deckimber 20
on thereuse of Commission documents (OJ L 330, 14.12.2011, p. 39). Unless otherwise noted, the reuse of this document is authorised
under the Creative Commons Attribution 4.0 International (CC BY 4.0) licktips:f/creativecommons.org/licenses/by/%.0’his means

that reuse is allowed provided appropriate credit is given and any changes are indicated.

For any use or reproduction of photos or other material that is not owned by the European eionission must be sought directly from
the copyright holders. The European Union does not own the copyright in relation to the following elements:

- Cover page illustration, © stock.adobe.com

How to cite this reportAvitabile V, Baldoni E, Baruth B,uBano G, Boyselirban K,Caldeira CCamia A, Cazzaniga N, Ceccherini G, De

G\pm ioddnhQ' A?j mi mAC' i Bdpi ojgdhE' i Bm\ nhH" A Bpdgg psbhBs\Smad\ H E' fH Bp
Notte A, M'barek R, Mannini A, MigliavabtaMubareka S, Patani S, C Pilli R, Rebours C, Ronchetti G, Ronzon T, Rougieux P, Sala S, Sanchez

Lépez J, Sanye Mengual E, Sinkko T, Sturm V, Van Leeuwen M, Vasilakopoulos P, Verkerk PJ, Virtanen J, Winker Blpdakan G
production, supply, uses drflows in the European Unioimtegrated assessmenMubareka S, Migliavacca M, Sanchez Lépez J (Editors).
Publications Office of the European Unjdruxembourg2023, doil0.2760/484748, JRC32358.

\


mailto:sarah.mubareka@ec.europa.eu
https://joint-research-centre.ec.europa.eu/
https://doi.org/10.2760/484748
https://creativecommons.org/licenses/by/4.0/

Contents

Abstract................ RPN
Foreword................. et e 4+ 2.
Acknowledgemants.................. 3
Executive summary................ e e
1 European Biomass supply and use from a cragstorial perspective................ 7 S
1.1 Biomass supply & uses in dry matter............... et mmm—— 14.......
1.1.1 Agriculture................. 17....
1.1.2 Fisheries and aquaculture............... 19
1.1.3 Forestry......cccuueee. W21
1.2 Conclusions for Chapter.1............... 22
1.3 References for Chapter.1............... e e—— 23........
2 Agricultural biomass production............... 25
2.1 Agricultural biomass production statistical based assesment................. 2B
2.2 Agricultural biomass production in the EU.............. 26.....
2.2.1  Contribution of crop groups............... U] S T
2.2.2 Distribution by EU Member States.............. 28......
2.2.3 Inter-annual variability in crop residue production.............. 30..
2.2.4 Crop economic yield: future perspectives............. RPN 7
2.3 Conclusions for Chapter.2............... wn3b
2.4 References for Chapter.2............... 3D
3 Agricultural biomass uses............... 36
3.1 Agicultural biomass flows in detail from the past to the future................. 36......
3.1.1 Cereals......cccuc..... 3B
3.1.2 Oilseeds and products............... 39.....
3.1.3 Fruits and vegetables................ 42......
3.1.4 Meat.....ccco..... SRR 7 S
3.1.5 Dailyuoen.n.. cedB,
3.2 Conclusions for Chapter.3............... Yy S
3.3 References for Chapter.3............... et e 1o Al.........
4 European and Global Macroalgae production and uses.......... 48
4.1 Methods................. 49..
4.2 Macroalgae biomasproduction................. 50..
4.3 Macroalgae supply, uses and flows.............. SR 15 T
4.4 Gaps, uncertainties, future developments and recommendations........... 61.....




4.5 Conclusions for Chapter.4...............

4.6 References for Chapter.4...............

Fisheries and aquaculture biomass production, supply, uses and flows.....

5.1 Marine fishing biomass supply...............

5.2 Aquaculture biomass supply...............

5.3 Marine fishing production, uses and flows..............

5.4 Aquaculture production, uses and flows..............

5.5 Processing and distribution...............

5.6 Conclusions for Chapter.5...............

5.6.1 Marine fishing.................
5.6.2 Aquaculture.................

5.7 References for Chapter.5...............

Forest Biomass Production...............

6.1 Biomass stock in the European forests.............

6.1.1 Summary in numbers: key indicators..............

6.1.2 Reference statistics for 2020................

6.1.3 Harmonisation approach...............

6.1.3.1 Biomass definition.................

6.1.3.2 Reference yeat................

6.1.3.2.1 The Carbon Budget Model..............

6.1.3.2.2 Temporal harmonisation................

84..

6.1.3.2.3 Harmonised biomass statistics...............

6.2 Biomass map for 2020.................

85
85

6.2.1 The need for a biomass map matching the reference statistics

85..

86..

6.2.2 Adjustment of forest area.................

6.2.3 Bias correction................

86...

6.2.4 The harmonised biomass map...............

6.2.5 Trend of biomass stock...............

B - A
89....

6.3 Biomass available for wood supply...............

Q0

6.3.1 Summary in numbers: key indicators..............

90...

6.3.2 Reference statistics 2020................

a1

94..

6.3.3 Harmonisation approach...............

6.3.3.1 Harmonised definition................

94....

6.3.3.2 Reference year................

6.3.4 Restrictions on biomass availability..............

..95
96....




6.3.5.1 How to map the FAWS2.............. as......
6.3.5.2 FAWS map for E27 in 2020.................. Q9....
6.3.6 Trend on FAWS (19902020).................. ...100......
6.4 Biomass growth: Gross and Net Annual Increment............ L1014
6.4.1 Summary in numbers: key indicators............... 101
6.4.2 Some definitions on gross and net growth.............. L1020
6.4.3 Data sources for the forest increment............... 103.
6.4.4 Harmonisation approach............... 103
6.4.4.1 Increment definition................. 103
6.4.4.2 Referenceyeat................ 104....
6.4.4.3 Referencdorest area................. creemmee 105,
6.4.5 Comparison of increment statistics............... 105.
6.4.6 Reference statistics on volume increment............. et 106.......
6.4.7 Trend in themcrement (1950, 2025)........c.cc...... — O
6.4.7.1 Assessing the trend................ 110
6.4.7.2 Understanding the trend............... et e 111.......
6.5 Biomass loss: forest harvest & natural disturbances............. 113....
6.5.1 Summary in numbers: key indicators.............. 113
6.5.2 Forest harvest and the carbon cycle.............. 114
6.5.3 Data sources on forest harvest............... L1114
6.5.4 Trend in fellings and removals............... w14
6.5.5 Balancing growth and losses: the fellings rate............. 115...
6.5.6 Natural disturbances................ 117...
6.5.6.1 Climate change and naturalisturbances................. 117..
6.5.6.2 Natural disturbances in European forests.............. 118..
6.5.6.3 Trend and causes of salvage logging.............. L2118
6.6 Conclusioa for Chapter 6................. .120.....
6.6.1 The status of biomass in European forests............. G120
6.6.2 Upcoming challenges for biomass production in European forests..........commmmemmmmmn e ewnd 20......
6.6.3 How to improve the monitoring of forest biomass.............. 121
6.7 References for Chapter.6............... L2300
7 Woody biomass sources, uses, flows and cascade use of wood.......... S 2] 2
7.1 Wood resource balance............... 129,
7.2 Woody biomass flows................ verremed 32,




7.3 Trends of woody biomass sources and uses............ 134

7.4 Cascade use of woody biomass in the EU............. 141.
7.4.1 Cascade use of wood in EU policy............. 142..
742 2?2 adidi bfpeAr\nAr\ _ 0 hoponlofgeadde et B doge b en il 42,
7.4.3 Quantifying cascade use of woody biomass in the-EL.................. 145....
7.5 Trends in cascade use of wood and its potat................ el 4B,
7.5.1 Byproducts................. 150
7.5.2 Recovered papetr............... eeedlD2.
7.5.3 Postconsumer wood................ 153...
7.6 Conclusions for Chapter.1............... 155
7.7 References for Chapter.1............... ...156......
8 Drivers of wood price volatility following the COVID pandemic............ 160
8.1 Forest sector price change drivers.............. S— 510
8.2 Price change drivers related to the COMID Pandemic................. 162
8.3 Price developments................ 163
8.4 Conclusion for Chapter.8............... ..A68.......
8.5 References for Chapter.8............... ....168......
9 Waste biomass availability: food waste and other biowaste streams............ ..169.....
9.1 Food waste quantification and uses............... et e 1 170......
9.2 Material Flow Analysis (MFA).............. 172..
9.3 Biowaste quantification and uses............... S— b 7/
9.4 Biowaste from waste statistics................ 174
9.5 Conclusions for Chapter.9............... LA75.
9.6 References for Chapter.9............... LA75
10 Biomass uses in biorefineries............... et e e 177.......
10.1 Biomass processing facilities in the EU.............. 178
10.2 Biomass processing facilities (chemical and material biorefineriegelected norEU countries and
comparison with the EU................ 181
10.3 Conclusions for Chapter 10............... 181....
10.4 References for Chapter 10............... .A183....
11 Innovative wooebased products................ 185....
11.1 CrossLaminated Timber................ ...186.......
11.2 Manmade cellulosic fibres (lyocell)............... el 87
11.3 Bioplastics................. o189,
11.4 Woodbased composites................ 190,




11.5 Conclusions for Chapter 11............... 192....

11.6 References for Chapter 11............... .192....
12 Environmental impacts of bioeconomy............... ceermen 195
12.1 Total environmental impact of the EU bioeconomy............. ...195
12.1.1 By country................. 196.
12.1.2 Per capita................. 196..
12.2 Methods................. JRT—I0 [
12.3 Conclusions for Chapter 12............... 201....
12.4 References for Chapter 12............... .201
13 Trade volume, deforestation, and forest biomass embodied in tradeecbimmodities andbroducts...203
13.1 Key Results................ 204,
13.1.1 Production of commodities potentially associated to deforestatian.............cceeemmmecmem.....204
13.1.2 Trade of prodicts and risk commodities................ —I V4
13.1.3 Deforestation and biomass loss embodied in-2@0import.................. 210..
13.2 Data and Methodology................ S 1 T
13.2.1 Data on deforestation, land use change, agriculture production, trade, and land footp#ih6
13.2.2 Calculation of the deforesttion embodied in EA27 imports................. 217
13.2.3 Limitations of the approach................ 218
13.3 Conclusions for Chapter 13............... 219....
13.4 References for Gipter 13.................. 219,
14 Land use and land cover in the EU: considerations for biomass production......... 221
14.1 EU land composition today................ 222....
14.1.1 Protected areas................ o223,
14.2 Ecosystem services and land use / land caover............ AR
14.3 Environmental pressures on land and drivers of change............ 228
14.4 Marginal land................. ..228
14.4.1 What else is marginal land for2............... ..231
14.4.2 High Nature Value Farmland.............. o232
14.4.3 Forest land................. 235
14.4.4 Ecosystem Services in marginal land.............. 236
14.5 Conclusions for Chapter 14............... 238....
14.6 References for Chapter 14............... .238.....
15 Biomass for selected bidased industrial value chains in a dynamic global economy............cc.241
15.1 EU biebased chemicals production in the global market............. 242
15.2 Exploring biebased and fossil cost shares at industry level............. S5

\'



15.3 EU feedstock use for selected blmsed industrial products................ et e 244.......

15.4 Conclusions for kapter 15.................. 246....
15.5 References for Chapter 15............... 241......
List of Figures................. 248.
List of Tables................. 255..
Annex to Cheter 4.................. veeeen2B
Annex to Chapter 6................ S 1 .
Annexes to Chapter 8............... w272
Annex 8.1 Methods............... 212.....
Annex 8.2ntra and extra EU plywood non coniferous prices............ 213
Annex 8.3 Intra and extra EU plywood coniferous prices........... W2T4....
Annex 8.4. Intra and extra EU Oriented Strand Board (OSB) prices........ B A YO
Annex 8.5. Intra and extra EU PelletS PrICE............. commmmmecmmnn s oo commmmmmsmmnn +++ + smmmmmmmmmsns s 1+ s 15 216.......
Annex to Chapter 9................ et 1 1 1 2171.....
Annex to Chapter 12................ et ——— 280.......

Vi



Abstract

The European Union (EU) usesdni@ss to meet its needs for food and feed, energy, and materials. The demand
and supply of biomass have environmentagcial,and economidmpacts. Understanding biomassipply, demand,
costs, and their associated impacts is particularly important for relevant EU policy areas, to facilitate solid and
evidencebased policymaking.

As the European Commission's (EChause science service, the role of the European Commidsiof) Ej di o A M™ n ™~ \ |
Centre (JRC) is to provide EU policies with independent, evidess, scientific and technical support throughout

the whole policy cycle, thereby contributing to coherent policies. To provide a sound scientific basis for well
preparedEC policy making, the JRC was requested by Commission services to periodically provide data, processed
information, models, and analysis on EU and global biomass supply and demand and its sustainability. This report

is the 3¢ publicfacing report under tis mandate



Foreword

As we strive to find solutions to increasingly pressing
and alarming direct and indirect impacts of the
climate and biodiversity crises, wdind great
consensus for the bioeconomy. Over the past decade,
the European Comission has adopted a number of
initiatives that set goals aimed at decoupling
economic growth from resource use. The European
Green Deal accelerated the protection of biodiversity
(Biodiversity Strategy), the mitigation of climate
change (Stepping up EWwo Ynf - +. +h
ambition), a more sustainable food system (Farm to
Fork Strategy) and, in general, théncreasing
sustainability of the economy and circular use of
resources. In all these initiatives, biomass is a key
resource.

We turn to biomass, and #refore the bioeconomy,
as a means to transform our societies and economies
so that we canlive in harmony with the planet and
achieve a sustainable balance in the so@cological
system. This means relying on biomass that is
sustainably sourced and trafermed. The
bioeconomy offers an opportunity to realign the
economy with the biosphere, stimulating us to seek
innovative alternatives to nomenewable sources,
while also, and principally, inviting us to consume
less.

As scientists at the Joint Research Centre (JRC), our
role is to provide a high standard of scientific and
technical support to EU policy by delivering evidence
and by curating knowledge in a holistic way, such as
required by the topic ofthe bioeconomy. fie JRC
provides the European Commission services, on a
long-term basis, with data, models and analyses of
EU and global biomass potential, supply, demand and
related sustainability. This task requires integration
across sectors and policies, and calls fstate-of-
the-art biomassrelated data, knowledge and
modelling tools.

This issue in the series of reports prepared under the
JRC Biomassmandate, highlights our increasing

dependeng on biomass for material and energy over
the past decade. Although we amgetting better at
recovering our bievaste for material and energy, we
still require an increasing amount of biomass from
primary production systems. The report points out the
potential to reengineer biomass for higivalue
added products, and examines tlfigll life cycle of a
representative basket of bikhased products in terms
of their environmental impacts. It also highlights that,

N gltthdugh owe fare doing better at replenishing our

seas, they are still not fully healthy. The forest
biomass embodied in outraded commodities is

considerable, and our consumption of natural
resources needs to be curbed.

Biomass is a sine qua non for a Green Transition.
Biomass producedrom ecosystems is being re
engineered while new uses for biomass are being
invented to offet emissions. However, ecosystems
are under great pressure. We expect forests, the seas,
and freshwater and agreecological systems not only
to generate goods, but also to mitigate climate
change and maintain biodiversity at the same time.

Our economies ath societies depend on a healthy

kg\i "o)hOc m ajm "Ahr Hncjpg_AH
]djh\nnhdnh\V g\ dg\] g Hhaj mhcph)
jpmn gg nhe°Cjrhr\Vihr Hhgdg hHd

planet to foster a lasting equilibrium between
humans and the natural wgy _ : »

Director Alessandra Zampieri
Directorate for Sustainable Resources

Joint Research Centre



Acknowledgements

The authors would like to acknowledge the support of the technical experts of the Interservice Group on Biomass
Supply and Deman¢h the European Commission, chaired by the Directorate General for Research & Innovation,

whose comments were essential during the execution of the work.

The authors of Chapter 4 would like to thasing SingNgai, Translator Terminologist in the Directate General

for translationfor her translation of data from China on macroalgae

The authors of Chapte would furthermore like to thank the European National Forest Inventory Network (ENFIN,
http://enfin.info) for their collaboration in efforts to harmonise forest parameteasid Rene Colditz for his input on
the new EU Forest Strategy and EU Forinitoring in that contextFinally, the authors of Chapter 7 would like
to thank Udo Mantau for his continued suppant the effort to harmonise statistics on woody biomass, allowing

for a hamonised overview of woody biomass flows and the wood resource balance.

Authors
Chapter 1 European Biomass supply and ug Patricia Guia (independent consultant Sevilla,
from a crosssectorial perspective | Spain)! f Mj ] ~ mo(JRB)Y2] \ m™ f
Chapter 2 Agricultural biomass production Giulia Ronchet{jArcadia SIT S.rVigevano, Italy&
Bettina Baruth(JRGQ
Chapter 3 Agricultural biomasaises Patricia Guiia (independent consultant Sevilla,
Spain)) ff Mj 1~ moJRB)%] \ m™ f
Chapter 4 European and Global Macroalgd Céline Rebour§Mareforsking Alesund AS; Molq
production and uses Norway) & Javier @nchez bpez (independent
consultant WTP Italy
Chapter5 Fisheaies and aquaculture biomasg Jordi Guillen(JRC) Jarno Virtanen(JRC) Michaél
production, supply, uses and flows | Gras (JRC) Alessandro Mannin{JRC) Christoph
Konrad(JRC)Sven KupschugIRG)Henning Winke
(JRC) Paris Vasilakopoulo§IRC)Hendrik Doerne
(JRC)
Chapter6 Forest Biomass Production Valerio Avitabile(JRC) Roberto Pilliiindependent
expert; Padua, Italy) Mirco Migliavacca(JRC)
Andrea CamidJRC)Sarah Mubarek@IRC)
Chapter7 Woody biomass sources, uses, floy B~ _d hdi \ nh EIRQ@) dNoemiq Emamnuels
and cascade use of wood Cazzaniga (Arcadia SIT S.r.l.; Vigevano, Ita
Andrea CamigJRC)Sarah Mubarek@ RC)
Chapter8 Drivers of wood price volatility Paul RougieuXJRC)& Ragnar Jonssor{Swedish
following the COVID pandemic University of Agricultural SciencesUppsala,
Sweden)
Chapter9 Waste biomass availability: fooq Carla CaldeiraJR(; ValeriaDe Laurentiis(JRG,
waste and other biowaste streams | Serenella Sal¢JRC)
Chapterl0 Biomass uses in biorefineries EdoardoBaldoni(JRC)Patricia Guia (independent
consultant Sevilla, Spain) f Mj ] ° m@RJH 2



http://enfin.info/

Chapterll Innovative wood products B° _dhdi \ nfh E@RGMbiiahagHhyseyawr
(European Forest Institufdoensuu, FinlandpPieter
Johannes Verkerk(Eurogan Forest Institute
Joensuu, Finland)

Chapterl2 Environmental impacts o] Taija Sinkko(JRC) Esther Sanye MengudlJRC)
bioeconomy Jacopo  Giuntoli (independent consultant

Montecatini, Italy)Serenella Sal@JRG

Chapterl3 Trade volume and value of mail Mirco Migliavacca(JRC) Paul Rougieux(JRC)

traded biccommodities Selene PataniArcadia SIT S.r.l.; Vigevano, Ita
Guido CeccherinfJRC) Giovanni BausanqJRC)
Sarah MubarekdJRC)

Chapterl4 Land use and land oeer in the EU] Sarah Mubareka (JRC) Javier @nchez lopez
Considerations for biomas| (independent consultant: WTP ltgh\Grazia Zuliar
production (Reggiani SpA; Varese, ItalfjJoemi E. Cazzanig

(Arcadia SIT S.r.l.; Vigevano, Italessandra Lg
Notte (JRC)
Chapterl5 Biomass for biebased chemical Myrna van Leeuwen (Wageningen Economi

value chains in a dynamic globg
economy (focus arable crops)

Research The Hague,the Netherlandy Robert
H %] \ (RC)YKirsten Boyserurban(JRC)Patricia
Guriia (independent consultant Sevilla, Spain)
Tevecia Ronzon(JRG) Viktoriya Sturm (Thiren
Institute of Market Analysis; Braunschweig
Germany




Executive summary

The European Union (EU) uses biomass to meet its needs for food and feed, energnaaeidals. The demand

and supply of biomassour technological innovation and push for resource efficiendyave economic,
environmental, and social impacts. Understanding biomass supply, demand, costs, and their associated impacts is
particularlyimportant for relevant EU policy areas, to facilitate solid and evidebesed policymaking.

As the European Commission's (ECEip pn- An~d i " hn >  mgd”™" ' Roc Amj g hHjahoc §{
Centre (JRC) is to provide EU policies with indepet, evidencéased, scientific and technical support throughout

the whole policy cycle, thereby contributing to coherent policies. To provide a sound scientific basis for well
prepared EC policy making, the JRC was requested by Commission servicemthgadly provide data, processed

information, models, and analysis on EU and global biomass supply and demand and its sustainability. This report

is the 39 publicfacing report under this mandafte but several outputs have resulted in the form of polibyiefs,

data sets, peerreviewed papers and other communication toothese are listed in the dedicated pages of the

@p mj k * \ i f > KrowledgerCdnire fét Bibeconofny

Policy context

Biomass is very much centre stage in the European Green DealstSpthe seas, freshwater and agricultural

systems, are expected to simultaneously mitigate climate change, house biodiversity and generate goods. As a

result, the biomass produced from these sources is beingengineered, and new uses for biomass are rgi

invented to offset emissiondMleanwhile, the societal challenges we are all facing are being addressed at a global

g g gh\Vi _Roc A@P%¥%nhkg _b nhoj hdi o mi\ odj i-levglktratedieh.d oh ~ i on
These are engagingommitments towards the Sustainable Development Goals and more specifically, to mitigate

climate change, enhance ecosystems and conserve and enhance biodiversity, as well as promote justice, equality,

and competitivenessGeopolitical events are, in turnjsa impacting the EU and forcing us to-think how our

resources are managed, as well asc = Hf@B &xd énergy sovereignty.

The powerhouse systems that we rely on to bring us through a green transition to a new way of living with lower
impact are the errestrial, marine and freshwater systems. Basic data and information about them and the services
they provide which includes, but is not exclusively, biomass provision are a fundamental piece of policy making.
Our own waste streams also provide an incre@agy important source of biomass, alleviating direct impacts on
primary production systems, yet yengineering waste is also not without costs.

Monitoring is essential to identify areas in need of policy intervention as well as to assess the coherendéend

impacts of existing legislation. The Action Plan of the 2018 EU Bioeconomy Strategy includes a specific action for

the development of an EWide, internationally coherent monitoring system to track economic, social and
environmental progress towards’ad m”* pg\ mh\ i _Anpnoldi\] g h]dj  ~jijht)ROc" I
Centre is leading this action, in collaboration with several Commission Services, Member States and stakeholders.

The monitoring systens publicly available through the Europe&ommission'&nowledge Centre for Bioeconomy

(KCB)The JRC Biomass Mandate is an important source of data for the EU Bioeconomy Monitoring st
biomassrelated indicatorsThe following indicators are provided Iiye collective efforts relatedo this Mandate

a) Total biomass supply for food purposes 4. This indicator is calculated by estimating food demand in
all Member States and the European Union and converting this food demand into raw biomass dry matter
equivalents. It includes all types of biomass (agricultural or aquatic) that is used to satisfy food
requirements of the citizens of the EU. Food produced to be exported is excluded, as well as all waste that
takes place before the food is available to consume@onsumption waste is included in the estimated
guantity; that is, some of this biomass will be wasted in the consumption phase.

The otherswere:

https://publications.jrc.ec.europa.eu/repository/handle/JRC109869
https://publicatios.jrc.ec.europa.eu/repository/handle/JRC122719

2 https://knowledge4policy.ec.europa.eu/projemttivities/jrebiomassmandate_en

3 https://knowledge4policy.ec.europa.eu/bioeconomy/monitoring_en

4 https://knowledge4policy.ec.europa.eu/visualisatiom@economymonitoring system-dashboards_en?indicatorld=1.1.a.4

5
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b) Biomass directly consumed by EU citizens by source (animal, fish, plant -based, algae)®. This
indicator estimates the quantity ofood, in raw biomass dry matter equivalents, that is actually consumed
by the citizens of the EU. Consumption waste is excluded from the total quantity.

c) Biowaste®. Data on waste generation is collected from EU member states in a framework set up by the
Waste Statistics Regulation includes a mix of organic and inorganic wastes generated from various

economic activities (including households).

d) Foodwaste’. JRC developed a model to perform the estimation of food waste generated by EU MS across
the supply chai (primary production, processing and manufacturing, retail and distribution, food services,
and household consumption), at food group level (sugar beet, cereals, fruit, vegetables, potatoes, oilseeds,

meat, fish, eggs, and dairy).
e) Total biomass consumed f or energy and materials 8. The total biomass consumed for energy and the

total biomassconsumed for materials are two separate indicators derived from the JRC Biomass Mandate.

The values represent both primary and secondary sources of biomass (thusgpooducts and waste),
converted to tonnes of dry matter

f) Share of woody biomass used for energy °. This indicator shows the total biomass of woody origin
consumed annually in the production of energy as a share of total uses. The woody biomass flowrdegra
are the data source for this indicator.

g) Cascade uses of wood resources?®. This indicatoiis based on thewood resource balance datate
indicatoris calculated aghe share ofby-products andpostconsumer woodisedfor material production
relativeto the absolutewoody biomass uses reported in tfg}27. Also reported is the share of secondary
wood used for energy.

h) Ratio of annual fellings (m3/ha/year) to net annual increment (m3/ha/year) 11, Total fellings as a

fraction of the net annual increment basedn JRC's estimates using harmonised datasets developed in

collaboration wit National Forest Inventories.
i) Fishing mortality of commercially exploited fish and shellfish exceeding fishing mortality at
maximum sustainable yield 2. This indicator is computed byRC for the Scientific Technical and

Economic Committee for Fisheries (STECF) but is reported in the EU Bioeconomy Monitoring System

through the JRC Biomass channel. The indicator shows the wumaked trend over time of fish stock
biomass relative to 203 in the EU waters of the Nortfcast Atlantic and adjacent seas (FAO area 27) and
the Mediterranean and Black seas (FAO area 37).

Main findings

In this report, we describe the biomass sources and uses for the agricultural, forestry, algae, and fishedies an
aquaculture sectors with the latest available data both in comparative terms (using the same units) in Chapter 1,
as well as with deep dives into the sectors themselves, highlighting the most salient issues in the respective sectors
(Chapters 27).We ako examine the contribution of food, wood and other biowaste to the biomass supply (Chapters
7 & 9). Each of these sectors are assessed by experts whose methods and models differ from one another. The

basis upon which theapproaches are selected by the eqts will vary for any number of reasons, and each
approach has itdimitations and caveats. In this reportwe endeavor to make cleavhat the main limitations of
the approaches arevhere relevant

5 https://knowledge4policy.ec.europa.eu/visualisatiofieeconomymonitoring system-dashboards_en?indicatorld=1.1.a.5
5 https://knowledge4policy.ec.europa.eu/visualisatior@economymonitoring systemdashboards_en?indicatorld=3.1.&5
https://knowledge4policy.ec.europa.eu/visualisatiofiimeconomymonitoring systemdashboards_en?indicatorld=3.1.c.6

7 httpsy/knowledge4policy.ec.europa.eu/visualisatiorti@economymonitoring system-dashboards_en?indicatorld=3.2.&1
https:/knowledge4policy.ec.europa.eu/visualisatiord@economymonitoring systemdashboards_en?indicatorld=3.2.a.2

8 https//knowledge4policy.ec.europa.eu/visualisatioré@geconomymonitoring system-dashboards_en?indicatorld=3.4.&2
https://knowledge4policy.ec.europa.eu/visualisatiofimeconomymonitoring systemdashboards_en?indicatorld=3.4.a.3

9 https://knowledge4policy.ec.europa.eu/visualisatiofimeconomymonitoring system-dashboards_en?indicatorld=3.4.a.4
10 https://knowledge4policy.ec.europa.eu/visualisatiori@conomymonitoring systemdashboards_en?indicatorld=3.1.c.1
11 https://knowledge4policy.ec.europa.eu/visualisatiofieeconomymonitoring systemdashboards_en?indicatorld=2.2.a.1
12 https://knowledge4policy.ec.europa.eu/visualisatio@@conomymonitoring systemdashboards_en?indicatorld=2.2.b.2
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A description of the trends in biomassupply andusesof these sectors indicates the direction in which the-BU

is heading. Much of the data in this and previous reports are reported in the EU Bioeconomy Monitoring'System
or elsewhere in the Knowledge Centre for Bioecondii®€BY. This ensures aurated and longlasting legacy of

the JRC Biomass Mandate. The data is also reported in the relevant portals and reports to the topics treated here.
They are cited in the individual chapters if this is the case.

Several specific topics were selected fordiepth studies for the JRC Biomass Mandate in 2022. These include a
specific study on the prices of timber (Chapt8); the outlook of the agricultural biomass flows (Chapter; 3)
detailed analysis of the algae sector (ChapterSeaweed)a special look at trde of biocommodities(Chapterl3);

and an overview of land use in the EU, with focus oncstled marginal lands (Chapter 14)

Biomass supply and uses in the EU-27

The total sourcesof biomass which includes domestic production and net impoits,the EU27 amounts to
approximately 1 billion tonnes of dry matter (tdm), whereas the uses amount to 1.2 billion tdm (Chapter 1). The
additional biomass in uses with respect smurces which isdomesticproduction plusnet-imports, is due to the
recovay of waste from industry and households (Chap&

MATERIAL USES ¢ ' ANIMAL FEED AND BEDDING SEAFOOD
28% ] 40% <1%
g ]
t | " ) é
g 12 g s
g billion tonnes g g
< o a
SECONDARY
42 mt a e SOURCES
sourced 1, :
billion tonnes
5% —
Biomass in the €U

2017 data (dry matter)

Almost 70% of the biomasssupplyis from the agricultural sector, which includes food, residues collected and
grazed biomass (Chapter The crops and residues are grown on roughly 37% of the totalZz (2018 EEA extent
accounts®) (Chapterl4). The biomass produced in the EU for food purposes (including inputs), amounts to roughly
500 million tonnes dry matter (Mtdmin a yeat® (Chapter), of which roughly 100 Mtdnis plantbased food'’

To achieve the cross sectoral view presented in Chapter 1 and in the figure above, the native units for the individual
sectors were converted to tonnes dry weight. This involves the use of correction coefficients to estimate the
guantities in tonnes of drynatter, which entails a loss in precision. However, the purpose of the presentation is to

13 https://knowledge4policy.ec.europa.eu/bioeconomy/monitogimg

14 The KCB develops a robust and comprehensive knowledge base that is needed to drive the bioeconomy towards circularitginabiktys
(https://knowledge4policy.ec.europa.eu/bigemay_er). The bioeconomy encompasses all sectors and associated services and investments that
produce, use, process, distribute or consume biological resources, including ecosystem services. As such it is a ndarrahdnalult of the
European Greemeal transformdion. It takes a holiSc, crosssectoral perspective to biological resources. This allows to identify-wim
solutions (COM(2022) 283 final).

15 https://www.eea.europa.eu/datand maps/data/dataviewers/ecosysterextent accounts

16 Total biomass supply for food purposes, including ingatiicator, EUBioeconomy Monitoring System,
https://knowledge4policy.ec.europa.eu/visualisatiotiEeconomymonitoring systemdashboads_en?indicatorld=1.1.a.4

17 Biomass directly consumed by EU citizens as fouticator, EU Bioeconomy Monitoring System,
https://knowledge4policy.ec.europa.eu/visualisatiotbimeconomymonitoring system-dashboards_en?indicatorld=1.1.a.5
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show relative trends and shares of biomass consumption and flows for the sectors, and this is achieved through
the constancy in the conversion approaches over thargdor each of the sectors.

Much of the remaining biomass sources (27%), are from foredBgsed on the specific assessment carried out by
JRC within the present study,ewestimated that551 Mm® were removed from forests in 2017 including bark)
(Chaptes 6&7). Secondary woodvood chips and particles; black liqgpamounted to 179.6 Mrin the same year
(Chapter7).

The supply of fish from aquacultureeached 1.1 million tonnesSpain, France, Greece, and Italy represent 66% in
weight and 61% in value of the total EU aquaculture production in 2020, according to FAO data. Marine fish
represent 21% of the weight and 40% of the value of the EU aquaculture productitmiluscs represnt 49% of

the weight and 27% of the value. Diadromous fish represent 20% of the weight and 24% of the value. Freshwater
fish represent 10% of the weight and 7% of the valuAs to marine fishing,aughly3.9 million tonnes of seafood
(including fish) werdanded from EU watersn 2020. There has been a reduction in the EU seafood supply and
economic performance from marine fishing since 2014. This reduction in the supply is largely driven by the
efforts to reduce overexploitation and external factorsathhave undermined the performance of the EU fishing
fleet, such as Brexit, the impact of the COV1B pandemic and more recently, high fuel pric&hese aspects are
further discussed irChapters.

In addition to the other sources of biomass showrthe figure above seaweed is an increasingly important source
of biomass, with itsdirect and indirectclimate changemitigation potentia] Macroalgaecontribute to the
transformation of large amounts of C{nto &, pay an important role in marin@cosystems contributing to the
global primary production and supporting complex food webs in coastal zamelsarea valuable resource in the
European Bioeconomy, mainly by the food and chemical indugegarding the supply of macroalgae biomass,
accordng to 2022 FAO data, the E®7 Member States imported in total 157.3 thousartdnnes of seaweed
products in 2019 (measured in net product weight) and exported a total of 89.5 thougandes In 2020, the
traded products, both imports and exports, incredseith the imports amounting to 173.4 thousangnnesand
the exports to 98.3 thousantbnnes In 2020, the Member state that recorded the largest traded seaweed products
was Ireland with 64.8 thousantbnnesimported and 77.9 thousandonnes exported, folowed by France (71.8
thousandtonnesof net product weight imported, and 9.5 thousatahnesexported)

Waste is also an important sourcef biomass in the EU. Biowaste from agriculture, industry and households
amounted roughly to 147 Mtdm in 2018 based on Eurostat d&taOf this, 90.4% was recoveréd When using
more detailed datausing a massbalance approachor food, the food waste genergd in 2019 is computed at
84.7 Mtdm aloneg(Chapter 9) and the wood waste, when computed with more detailed data, is computed at 137.5
Mtdm (in 2017, Chapter7).

The trend in biomass supply is increasing from both primary domestic production and seccsmlages.

18 Biowaste generated by sourdedicator,https://knowledge4policy.ec.europa.eu/visualisatiofi@economymonitoring system
dashboards_enZindicatorld=3.1.c.5
19 Biowaste recovered by souraedicator,https://knowledge4policy.ec.europa.eu/visualisatiof®meconomymonitoring system
dashboards_enZindicatorld=3.1.c.6
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Biomass supply, E@7 (20092017)
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Turning to the uses of biomass, most of the uses of biomass are for food production. Animal feed and bedding
accounts for almost 40% (393.0 Mtdmnet of exports of animabased food productsand plantbased food
accounts for 9.7% (95.7 Mtdmith respect to noffood products, materials account for 28% (276.4 Mtdm) and
energy for 22% (216.9 Mtdm) (Chapter 1).

The trend in the biomass used in the EAJ is increasingirom both primary domestic production and secondary
sourcesThe trend is most ppnounced for biomass uses for bioenergy, followed by material uses, while food uses
remain largely constant:

Biomass uses, EPI7 (20092017)
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Biomass production and impacts

Biomass is foreseen to become increasingly important as a resource in the EU and depending on where the biomass
will be produced, either direct or indirect impacts will occur.

One clear example is the deforestation and forest degradation in the tropical areas, which is known to be driven by
the production of cropland areas to produce commodities. The2Elhas beenidentified as an important
contributor to tropical deforestation through the consumption and trade of products and commoditieproposal

for a regulation on deforestatiotfree products (COM(2021) 7Q8ocused on six commodities (cattle, cocoa, soy,
coffee, palm oil, and wood)On December 2022 the European Parliament, the Council, and the European
Commission reached the provisional political agreement on the text of the EU Regulation on deforestaton
supply chains, which contairme additionalcommodil: rubber. Here we report on the crop commaodities (cocoa,
soy, coffee andpalm oil) and cattle The ELR27 plays a major role in the import of coffee and cocoa beans, palm

oil, andsoybean productsthe latter mostly used to feed animals.

Between2014-2019, the imports of the ELR7 contributed todeforestationwith a large variability dependingn
the commodity

In a separate analysishe Bioeconomy Footprint wapuantifiedtaking74 representative endise products and 59
primary productsinto accaint. The Bioeconomy Footprint is based on the consumption intensity and the
environmental impact intensity of a set of representative products, following the rationale of the Consumption
Footprint indicator extensively published elsewhere, and referencé&thiapter 12.The total environmental impact

of the EU Bioeconomy was shown to have increased over time between 2010 and 2020 with, as expected, the size
of the footprint being proportional to populatiorloweverthe Bioeconomy Footprint per capithasalsoincreased

in almost all EU27 countries between 2010 and 2020 (Chapte2)l Although this indicator should be interpreted
with caution because it is not contextualised within a counterfactual situation and the environmenfacts of

the nonbio counterparts (where possible, e.g. Afmod) are not measured, it is still providing a valuable indication

of the impact of an increased consumption of blmsed productsThe pressure on land to produce biomass,
whether it is within the EU or outside afur borders, should therefore be closely monitored with the perspective
that the capacity of the land to produce biomass it is not limited to the biomass we take directly, but also what we
take indirectly (i.e. water to produce biomass), as well as to twia put back into the land (i.e. fertiliser and
pesticides) and these are pressures that lead to important impacts on ecosystem ser@cesystem services
range from the biomass provision (e.g. crop, timber and fisheries) to the filtration of pollutdrdm air, water and

soil) to the protection from natural hazards (e.g. flooding and landslides) and maintenance of habitats directly and
indirectly used and valued by people (e.g. pollination, pest control and carbon sequestration). Ecosystems with
appraqoriate extent and in good condition are able to provide higher flows and more services than fragmented and
degraded ecosystems. Thus, the management of biomassducing ecosystems will impact not only the biomass
production itself, but a range of ecosyste services. This also has implications when considering bringing
abandoned or marginal lands back into production (Chagt.

Forest production systems

The EU forestbiomass stockis equal to18.4 billion tdm (referred to the total above ground biomass 2020),
corresponding to a density of roughly 117 t per hectare. About 89%af EU27 forest area, and 92% of this
]djh\ynnhnoj ~f" A\ m hrjind_"m _Ah\nfh Vag\ldg\l\]g hajmhrjj _Hfn,

The biomass stock in EU forests has continuously increased since 1990, duyt 4b2% per year, but its growth
has slowed down during the last 5 years, due to different concomitant factors, including ageing processes, an
increasing impact of natural disturbances and other climatic drivers.

Due to the strong relationship with climatthe growth rate of forests, estimated through the net annual increment
(NAI), varies considerably between Member States. Central European countries present the largest NAIl with a
growth rate of >8 nthalyr?!, and Mediterranean and Scandinavian countjigesent the lowest NAI of <4 pha

lyr! (Chapter6).

In Europe, National Forest Inventories (NFI) provide valuable reference statistics, but they refer to different
definitions, spatial scales, monitoring periods and temporal frequency. For this reaatanhdrmongation, based

on a wide collaboration with NFI experts, is essential to perform any meaningful pamopean assessmenthe
harmonged statistics presented in thiseport provide unbiased estimates, which partially overcome the limits of
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official statistics, but they remain limited in their temporal and spatial resoluti®uch harmorsation can only be
achieved with a longerm acquisition and integration of ground and remote sensufgta that are designed and
acquired in a way to be hidgh compatiblebetween EU MembeStates

Agri production systems

The total annual agricultural biomass production potential in the European Union for the reference period (2016
2020) is estimated at 924Mtdm per year in ELR7, where 54% of the agricultudabiomass produced is economic
production while the remaining 46% is residues. Cereals and plants harvested green dominate the economic
production, jointly accounting for about 80% of total biomass production. The residue production comes
predominantly fran cereals (73.2%) and in a lesser extent from-biéaring crops (16.9%). Looking at the crop
level, wheat is the crop that contributes the most to the total biomass production followed by green maize, maize
and barley. In the production of agricultural idsies, the other major contributors are maize, rapeseed and barley.

Regarding the geographical distribution of the agricultural biomass, six Member States dominate both the economic
production and residue production: France, Germany, Italy, Poland, &padiRomania (358 Mt/y and 295 Mtly
respectively). France and Germany are, respectively, the first and second largest producers, for both economic and
residue production.

The availability of biomass from residue production is expected to be rather stabteédmext few years. On the
other hand, given the improvement in agmanagement practices, there is a projection of higher yields of the
economic production for the future in all Member States except in France and Germany, but climate change will
have a major impact on crop yields perspectives (Chapter 2).

Marine production systems

The state of European fish stocks is monitored through the Common Fisheries Policy (CFP). Indicators estimated
for two main areas of European waters, the East Atlantic, Noith,Sand Baltic Sea regions; and the Mediterranean
and Black Sea region, indicate that while there is a decrease innteator of fishing pressure (F#sY in the NE
Atlantic EU waters in the period 20863020. Thisindicator for fishing pressure computefbr stocks from the
Mediterranean & Black Sedkrough modellinghas remained high during the same period. While there appears to
be a slight downward trend in the median value for the fishing pressures indicator since 2013, it is still not in line
with the objective of the CFP (ChaptB). The modelbased indicators for the trend in biomass show a general
increase over time since 2007 in the NE AtlanfieU waters only), both for assessed stocks doddata-limited

stocks for which only a relative biomass index is available from scientific survey data. On average, in 2020, biomass
was around 35% (for assessed stocks) and 50% (for data limited stocks) higher than in 2003. In the Mediterranean
and theBlack Sea, the median biomass was higher at the beginning of the timees, but declined and remained
stable from 2006, 2015, after which it showed a gradual increas&he Scientific, Technical and Economic
Committee for Fisheries (STECF) noted a largeeutainty around the indicator of median values for biomass over
time, however it stilkemains the bestavailabledata.

Focus on supply chain

We focus on specific issues at the various stages of the supply chain in this 2022 report. We analysed the prices
of timber throughout the pandemic and current crisis; assess innovative uses of wood; and look into the biomass
uses in biorefineries.

Timber price volatility

The drivers of price volatility in the forest sector following the COVID pandemic in the p2026-2022 are
assessed in this report. The interactions between different stages of the global forest products markets are put
into evidence. The study on the effect of the ledown and stimulus measures related to the CO\filandemic

was initiated in eay 2022 for the JRC Biomass Study. The effects were an increased demand for wood for
construction and renovation, while at the same time, a constraint in the supply of wood products. The result was
an increase in the prices of wood products. These were nppomounced for processed products than for primary
forest products. Furthermore, we detected that an apparent imperfect transmission of price signals from processed
wood products markets to roundwood markets could increase price volatility. A few mofftbisthe study was
initiated, the geopolitical issues were the cause of a continuation in the price volatility events, which are still ongoing
at the end of 2022.
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The strong demand for processed wood products led to price hikes. For example, compaririggsinéth pine
lumber prices illustrates how raw material prices remained unchanged in real value terms during the pandemic,
while the price of processed products increased (although time will tell: past contracts still in vigour are slower to
react to pice changes). The price of secondary processed products has increased more than that of primary forest
products. Although market participants normally tend to adapt their behaviour in anticipation of future
developments, a lack of price transmission betwesecondary and primary products most likely led forest owners

to delay fellings in expectation of higher prices, which restricted the supply of roundwood and the production of
processed wood products.

As the pandemic was ending, the prices would have radlynreverted to a lower longerm level, however the
Ukraine crisis and the associated sanctions on the Russian Federation erupted. This has led to rapidly increasing
energy prices in Europe and Worldwide, exacerbating inflation and causing reduced ecoactivity due to
reduced household income and increased production costs in most manufacturing induBteeseased demand

led lumber prices to decrease towards the end of 2022, althoygiicesremain ata higher level compared to

before the pandemi¢Chapter8).

Innovative uses of biomass

Spatially explicit data on biomass processing facilities help understand their role in the EU and global bioeconomies
and, with additional data and tools, assess their direct and indirect impacts on local econontiesugt data on
production activities and territorial distribution of biomass processing facilities are still scarce, the JRC publishes
data on biomass processing facilities in the EU and in selected Boncountries with different focus. When looking

at chemical and material biorefineries, a subset of biomass processing facilii@sichalso ceproduce food and

feed as well as bioenergy¥orestry and agriculture are the main feedstock sources, where agricultural feedstock
used is mostly (91%) of primarprigin while forestry feedstock for a relatively large share is of secondary origin
(43%). The share of secondary biomass used by the chemical and material biorefineries is lower outside the EU
(16%) than in the EU (23%) (Chapter 13).

An assessment of thénnovative wood products in the EU shows that although there is little quantitative data
available, an increase in wood biomass use for innovative products was detected. A deeper look at four semi
finished products is looked at in this report (Chapter 15).

Key conclusions

The main findings listed abovetem from a broad range of topics related to biomass, from all production systems
and waste.This report aims to provide aassessment of the latest available knowledge on the-BW biomass
production, suppland demand from the agriculture, macroalgae, fisheries and forestry primary production sectors,
as well as biewaste. The assessment of thenvironmentalimpacts of our biomass consumption, including the
impacts in regions outside of thEU were made usig a life-cycle assessment approach that was generalised and
does not necessarily reflect the supply chains we describe in the detailed chapters, but on the other hand provide
an overview of the general trends in impacts of our overall consumption.

When asessing all biomass production, supply, uses, demand, flows and impact at once, we find that in many

cases we are making progress in terms of resource efficiency (e.g. increased, food and other biavaste re

use andrecycling, however we are also praging and consuming more overabc d n i E~ q j A #4 hoK\intkn fj s
1865), is the result ofefficiency goals however,a too-narrow focus on efficiency generates lodk, and low

adaptability to changeWhereas efficiency is important in the short teragaptability is important in the long term,

such as for the sake of resiliencéHolling and Gunderson, 2083 Furthermore, wherrombined with a rebound

effect whereby there is an overall increadeise of biological resources because they are in fact more efficiently

produced, less expensive, and their diversificationses are encouraged, we conclude that our impact on biomass

producing systems is increasing.

20 puring the transition to coal as an energy carrier in teeonomy in the mieto-late 1800s, economist (Jevons, 1865) observed a certain
paradox where, as the efficiency of coal use increased, the overall magnitude of coal use also increased. Jevons, W&l Qithestdn: An
Inquiry Concerning the Progresstbe Nation, and the Probable Exhaustion of Our Edaies, 2nd Rev. e., Macmillan and Co, 1865.
2A2Cjggdib'A>)N)"AVi _HG)C)ABpPpiIi _ " mnji'h¥uM ndgd i~ A\ i _fH<urdl Rystemg,” h >t ~ g n?
Island Press, 200p. 25 62.
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Thus in our quest to produce and use biomass more efficientigre is anapparentunintentional side effect of
consuming more overallThis is well illustratedwvith the example of cascade use iwmood. While we are reising
wood fibres more and more, we are also generating more new wood fibres.

HVithbVknhAm h\di hdi hm  kj modibhjihoc Hojkd™ " hi \h gtho
i " g\

sectorcd i ] " hajpi _hHhdihgdo miopm "' Ahdi *"gp_di bREM>%nAijri
the whole socieecological systenand the implications of biomass production, supply and uses really impliésle

the reporting here aims to be eoprehensive, it still follows a reductionist approach where the various relevant
sectors are treated separately and represented by siloed chapters. The societal metabolism perspective and the
use of the MUSIASEM approach, as described in Mubareka atréthgdming?, can complement the perspective by
integrating several of the data sets used to present results here, into a holistic picture of the -smutgical
system related to biomass production and uses in the-EX A holistic perspective would caglise on the results
presented here, available after nearly 10 years of activity of the JRC Biomass Mafidate meaningful time

series and published datasets, within a context that takes our society and economy into consideration. In this way,
we aim to achieve a more balanced view of the real implications of sourcing and using biomass, and a better
understanding of the boundaries thereof.

Quick guide

This report is a compilation of chapters written by the respective experts whose names are listed hetfiening

of each chapter. Since each topic has its own specificities, including logic in units, geographical coverage and level
of depth, the chapters may seem disconnected, however the common thread between them is biomass. The authors
do not believe indistorting the data too much for the sake of a harmaeid overview, for example in expressing

the data in common units throughout because often these common units, sudio@sesof oil equivalentcarbon
equivalent ontonnesof dry matter, require additinal conversiongind therefore decreases precisionhe approach

to convert data adds to the uncertainty of the data and it is very difficult for readers to work backwards to recreate
the native units of measure.

The reportis setup according to the folloimg broad categories:
1) Overview of biomass production and uses (Chapter 1)
2) Production, supply uses and flows by sector (Chapte®) 2
3) Novel uses of biomass (Chaptet & 11)

4) Assessments of impacts of biomass production and uses (Chapi2r$5)

22 Mubareka, S., Giuntoli, J., Sanchepez, J., Lasart&j k “u' A E) ' h HR]\ m f*' A M) A Mjiuji'hO)'"AM ii°

Monitoring and assessment in the E27. JRC Science to Policy report, forthcoming in 2023.
= https://knowledge4policy.ec.europa.eu/projeattivities/irebiomassmandate_en
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1 European Biomass supply and use from a cross -sectorial perspective
Patricia Guia&Mj ] " mohHY%L] \ m™ f

‘ Key messages

O The total supply of biomass in the ER¥ adds up to approximately 1 billion tonnes of dry matter of whi¢h
90% is produced in the B

O In 2016, the shae of biomass used from agricultural sources is overall higher (61.9%) than the share of
woody biomass used (37.8%) in the EU, however, shares vary greatly between Member States.

O Harmonisation of biomass flows to common units provides a crssstorial pespective, allowing trends
in shares of biomass uses to emerge.

In the last few years, the EC has adopted multiple initiatives that set goals towards decoupling economic growth

from resource use (The European Green Deal (European Commission, 2019)), ipgoteicidiversity (The

Biodiversity Strategyuropean Commission,+ - +$$' Ahdodb\ odi bhrgdh\ o  A*c\i b” A#N
ambition European Commission,+ - +] $$A\V i _ ' Adi b i "m\g' hdi *m \'ndi bhoc ™ f°
of resouces Bioeconomy StrategyHuropean Commissior2012, updated in 2018),Farm to Fork Strategy

(European Commissior020c), Circular Economy Action PlaEufopean Commissior020d)). In all these

initiatives, biomass is a key resource.

The quantification of the flows of biomass is an essential component to assess the sustainability of a bioeconomy.
It provides necessary data to understand how the available biomass is used, where there aredffsd@and how
dependentwe are on international markets While it is the purpose of the whole report to provide numbers on
biomass sources and uses in the native units that make the most sense for each sector, this chapter is dedicated
to describingthe biomass sources and uses from a cressctord perspective through the added value of
converting all biomass to a common unit: tonnes of dry matter (tdm). This approach was develdgdd the
framework of theBiomass Assessment Studipitially published in 2017 (Gurria et al., 2017) to shdthe flows of
biomass forthree sectors of the bioeconomy, from supply to usgscluding trade Thecrosssectoral biomass flow
diagramscan be visualised in the EU Biomass Fl&w®ol in the form of Sankey diagraméGurria et al., 2017,
2020, 2022) and are theresult of the teamwork ofmultiple expers, whose work idiscussed irdetail in other
chapters of this reportThe tradeoff of presenting data in this way is a loss of sect@pecific data, for example

we do not capture all waste streams here. For exaeyplihereas the byproducts streams for the forest sector are
documented (see Chapter 7), they are not for agricultural biomass, thus these streams are not represented at all
in the overall cross sector representation.

1.1 Biomass supply & uses in dry matter

The total supply of biomasgrom primary productions systems.€.not including wasteor by-productsstreams)in

the EU27 adds up to approximately 1 billiordtn. AlImost 90% of this biomass is produced in the 2@, while 5%

of the biomass supply is importefrom extraEU countries (the origin of the remaining 5% is unknown). Of the
total biomass available for further processing or consumption, approximately 70% is of agricultural origin, making
agriculture the largest source of harvested biomass in the-El Woody biomass accounts for 25% of the total
(Figure 1). The relative weight of the fisheries and aquaculture sector is quantitatively quite small (<1%).
Nevertheless, it still is an important source of biomass when considering economic oriondlivvalues

24 This figure is complemented by secondary flows of biomass (e.g. reuse ofasi@); which is estimated to be around 180 million tonnes of
dry matter but is not discussed in this chapter.
% https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS_FLOWS/

14



https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS_FLOWS/

Figure 1. Biomass flows by sector, ER7, net trade, 2017 (1000 tdm).
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Note:Data for 2017 is shown for crossectoral comparisorThe width of the flows is proportional to the quantity of biomass
of each originand the flows may not be visible in the figures (e.g. agriculture to bioenergy). Please refer to the online version
(https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS_F)OWS/

Source: EU Biomass Flows (DataM, 2022)

The agricultural sector is also the biggest producer of domestic bionveitis 74% of the total, followed by forestry
with 26% of the dry matter content. The distribution of biomass origin for each Member State is sliowablel.

Table 1. Domestic biomass production, 201w({llion tonnes of dry matter ftdm)).

Member State Agriculture Forestry TOTAL % Agriculture % Forestry
France 158.59 2641 184.99 86% 14%
Germany 113.78 3444 14821 7% 23%
Poland 62.30 23.70 86.00 72% 28%
Italy 59.48 6.88 66.36 90% 10%
Spain 55.16 885 64.01 86% 14%
Romania 50.59 760 58.19 87% 13%
Sweden 14.19 38.80 5298 27% 73%
Finland 7.20 33.10 4031 18% 82%
Czechia 1711 10.14 2725 63% 37%
Hungary 2413 299 2712 89% 11%
Denmark 2489 201 26.90 93% 7%
Bulgaria 1764 3.36 21.00 84% 16%
Austria 11.34 924 2057 55% 45%
Greece 13.91 0.86 14.77 94% 6%
Portugal 7.60 7.10 14.70 52% 48%
Lithuania 10.84 356 1440 75% 25%
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Member State Agriculture Forestry TOTAL % Agriculture % Forestry

The Netherlands 1257 166 1423 88% 12%
Belgium 9.68 283 1251 77% 23%
Slovakia 724 490 12.14 60% 40%
Latvia 511 6.75 1187 43% 57%
Ireland 10.15 154 1169 87% 13%
Estonia 246 6.01 847 29% 71%
Croatia 554 279 832 67% 33%
Slovenia 196 2.36 432 45% 55%
Luxembourg 0.66 0.19 085 77% 23%
Cyprus 032 0.01 033 98% 2%

Malta 0.01 0.00 001 100% 0%

EU 27 704 .45 248.06 952 .51 74% 26%

SourceJRC 2022 (based odata from the JRC EU Biomass Flows)

Most of the agricultural bimass (70%) is produced in the form of harvested crops. Although much smaller in
quantity, grazing and harvested residues (each 13% of the total agricultural biomass) are also importaniesourc
Only6% of the biomass of agricultural origin is imported into the 3. Domestic roundwood is the largest source
of woody biomass in the EQ27. Only 13% of the total available roundwood is imported or of unreported origin. As
for fisheries and aquaclure®, the biggest source of biomass is imported fish and seafood (44%), followed by

"V kopm>  _hadnc md nh#.0r$)hH°?2jh nod?*\ggt»hkmj_p~" _H]djh)

aquaculture) amounts to 43% of the total fisheries biorss.supply.

Food and feed are the most important category in terms of biomass U3ge to large data gaps in terms of
biomaterial and bioenergy uses of agricultural biomass those two categories of uses are +gglenated although
they are fairly welldocumented for forest biomasgee Chapter 7)Tte imbalance in known uses for waste streams
results in a deficiency in the overall crossectorial biomass flows, becaudie biomass supply that cannot be
assigned to a specifiase oris lost or wastedfor agricultural biomass)cannot be representedturthermore, here

is little data to comprehensivelyepresent the cascading use of materials the agricultural sector(e.g. from
biomaterials to energy production from biomas#idvanced biofuels (i.e. stw, wood and other lignocellulosic
biomass for liquid biofuels) and the agricultural biomass for heating (i.e. agripellets) are also not included here.

An importantindicator in the EU Bioeconomy Monitoring System is the share of biomass used by $o(icis

gives an indication of the trends in biomass sources. The distribution of biomass shares by origin (agricultural,
forestry or fisheries and aquaculture) vageacross the ELR7, although in most MSs the share of agricultural
biomass is higher than th share of other types of biomass. The share of agricultural biomass has declined in the
last period where data from all sectors was available.

26 2016 data; it is the latest complete detailed available dataset.
27 https://knowledge4policy.ec.europa.eu/visualisatiomimecormmy-monitoring system-dashboards_en?indicatorld=5.6.b.1
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Figure 2. Biomass share by origin, in 2009 and 2016r each Member State and ER7 average
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SourceJRC 2022Ifased on data from the JRC EU Biomass Flpws

1.1.1 Agriculture

In 2019, the EU27 agricultural biomass total supply (inettrade)added up toapproximately744 Mt of dry vegetal
biomass equivalentgFigure3).

Figure 3. Biomass flows folagriculture EU27, net trade, 2019 (1000 tdm).
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Most of this biomass is sourcedn the form of domesticcrop production 69% of the total, Figure4), which in
2019, is estimated at512 Mtdmin the EUJ27. Harvestectrop residues provide an adidinal 94 Mtdm of biomass.
It should be noted that of thesédnarvestedresidues, only an estimated 33%81 Mtdm) are used for feed. The
remaining two thirds are used for other purposes (biomaterials or energy), lost or discabdédhe quantity of
biomass that is used for each purpose cannot be estimated at this pd@6t.Mtdm of biomass are grazed in
pastures and meadows.

Figure 4. Sources of agricultural biomass, EX¥, net trade, 20D (Mtdm)

Imports
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Grazing
95.23

Crop production
516.64

SourceJRC 2022 (based on data from the JRC EU Biomass Flows)

Half of the crop dry matter produced in the ERY in 2019 were cereals, followed by fodder cropsi®) and root
crops (8%). The remaining crop types account for orll§4lof the biomass dry matteproduced in the EA27.

The biomass used fdiood and feed products is almost entirely of agricultural origin0% of the total agricultural
biomass supplyriet trade, expressed in dry matter) was used as food and feed in 20owever, due to large
data gaps in terms of biomaterial and bioenergy uses of agricultural biomass, those two categories of uses are
clearly underestimated.Approximately80% of the total biomass for food and feed usds usedas animal feed &
bedding for the production of animabased food(either for domestic consumption or for exportyhile the restis
directly consumed as plarbased foodor is food wasted before consumption (vegetal biomass at the processing
and manufacturing stage)One third of the collected crop residuesused for feed and bdding and horticulture
purposes.The remainingtwo thirds are discarded or used in downstream sectors. How éhgo thirds are split

into biamaterials and bioenergy uses cannot be quantified at this point.

Within the ELR27, Germany100 Mtdm) and Franceq6 Mtdm) were the biggest producers of food anddd.Figure
5 shows how muchbiomassis dedicated to producing animabr plantbased food ineach Member State.
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Figure 5. Food and feed uses, net trade, 20XMtdm).
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Source:JRC 2022 (based on data from the JRC EU Biomass Flows)

1.1.2 Fisheries and aquaculture

EU27 production of seafood by capture fisheries and aquaculture was approximateWikdin in 2016 with 1.1
Mtdm originating from capture fisheries and 01gtdm from aquaculture. EA27 net imports of fish & seafood and
fishmeal & oil amounted to approxintaly 1.6 Mtdm (52% of the total biomass of known origin, slightly higher
than the domestic sources of fisheries and aquaculture biomass at 34&tgure6, Figure?).

Figure 6. Biomass flows for fisheries and aquaculture, 3, net trade, 2016 (1000 tdn.
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Figure 7. Evolution of the fisheries and aquaculture biomass sources,2#Unet trade, 2016(1000 tdm).
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SourceJRC 2022 (based on data from the JRC EU Biomass Flows)

Spain, France and Denmark report the largest supply of fisheries and aquaculture biomass EUtRé. Spain is
also the largest producer of farmed fish arskeafood(Figure8).
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Figure 8. Biomass supply fronfisheries and aquaculturenet trade, 2016 (1000 tdm).
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SourceJRC 2022 (based on data from the JRC EU Biomass Flows)

Roughly % of the biomassn dry matter that is used foffood and feedis of aquatic origin This accounts for 80%

of the biomass supply of fisheries and aquaculture, with only 20% being used in the production of fishmeal and
oil. Spainand Francere thelargestproducers of aquatiased foodin the EU27. Denmark, on the other hand, is
the biggest manufaatrer of fishmeal and oil

1.1.3 Forestry

Woody biomass from forests and other wooded land is used andised across complex and interlinked value
chains.Circular flows of biomass are key for woody biomass products, with wood often undergoing several cycles
of reuse until it is disposed of (usually to produce enerdgijoody biomass supply chains include the provision of
primary woodfrom forests and other wooded land industrial byproducts, postconsumer wood and production of
wood-based products and energythe most important source of woody biomass is roundwood, which includes
primary wood of any qualityEU27 supply ofroundwoodwas estimated atapproxmately 284 Mtdm in 2017, of

which at least 87% was sourced domestically.

Thissupply was complemented with 17 Mtdm of pesbnsumer wood, 8 Mtdmet imports of byproducts, wood

pulp and pellets, 15 Mtdm uncategorised wood and 1 Mtdm ofgpducts of uneported origin.The total net
imports of all woody biomass typeare estimated to be approximately 18ttdm.
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Figure 9. Woody biomass flows in théorest based sector, E37, net trade, 207 (1000 tdm).
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In 2017, 195 Mtdm of directly or indirectl? gathered woody biomass were estimated to have been used for
energy ltis important to note that, due to lack of data that can be integrated with the sources used for thédyais,
many bioenergypathways aremissing(e.g. biogas production from biowasté&imost all of the biomaterials also
have an origin in forestry activities with the biggest component being solid wood products. 1A, 2pproximately
133 Mtdm of biomasswere used for biematerials. Although anet importer of roundwood, the EB7 is a net
exporter (24Mtdm) of solid wood products. Roundwood is used for the production of solid wood products and wood
pulp, but also for energy (part of it is transformed into wood pellets and othgglomerates before being burnt).
The two main sectors for woody biomass uses are industries of wbaded products and energy production, but
they are not parallel processes. Indeed, industrial transformation of wood generatgsrdgucts that are again
used as inputs for the production of other wodshsed products or for energy generation. Both the material and
energy sectors use not only primary wood, but also industriatpbgducts, that are directly output from
manufacturing, and postonsumer wood thehas been recovered after at least one life cycle.

1.2 Conclusions for Chapter 1

Converting the main sources of biomass sourced and used in th Eli$ a useful means to compare trends in
shares of biomass uses by source. The-Elsources 1 billion tonnesfdiomass in dry matter per year, of which
only 5% are importedthis figure could beslightly higher due to the unknown origin of 5% of the biomass supply)
Over two thirds of this biomass is of agricultural origin. Woody biomass is the second most ienaburce of
biomass in dry matter. Fisheries and aquaculture, while an important sector for nutrition that shows great potential
for growth, is still a minor source of biomass when measured in dry weight.

The historical, cultural, geographicand climatic conditions of each Member State generally determine which type

of biomass it produced. In addition, the productiohbiomass from agriculture is much more dynamic than woody
biomass. Agriculture can be heavily influenced by policy and chaingeveather and can adapt quicker to changes

in demand. Most of the E27 countries specialise in agriculture, with some producing agricultural biomass almost
exclusively with respect to forest biomass. However, a few countries, mostly in the northeronsechave a
significantly higher share of woody biomass production (Estonia, Finland and Sweden), with some other Member
States producing a balanced mix of both woody and agricultural biomass (Latvia, Slovenia, Portugal and Austria).
France and Germany arthe largest biomass producers in absolute terms, followed by Poland.

Half of all the biomass availablén the EUJ27, which includes biomass produced from primary production systems
(this includedogging and cropesidues), secondary sources such as waste recoveryiaddstrial byproducts in

28 From processed wood or as bgr co-product of industrial roundwood processing.
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the case of the forest industriesas shown in the first figure of the Executive Summaiy,used to produce food

and feed 22% is used in energy production, and 28% is ugedproduce materials. Energy and biomaterials (in
particular, agricultural biomass for material use and biomass for energy production) are the areas where data
quality can be significantly improved, enabling better analysis of biomass usage.
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2 Agricultural biomass production
Giulia Roncheti& Bettina Baruth

‘ Key messages

O Agriculture is the primary source of bioms# EU and the total biomass is shared almost equally between
economic and residue production.

O Approximately70% of the agricultural biomass is produced in six Member States, namely Frdnce,
Germany, Italy, Poland, Spain and Romania.

O Wheat and maize are major contributors to agricultural biomass. For both crops, residual biomass is
higher than the economic part.

o} During the last 20 years, the biomass available from agriculture has increased thanks to, depending on
the crop and country, changes in the tuated areas or improvements in agmmanagement practices
which impacted crop yields.

O Inthe next years, an increase in biomass availability may be expected, but it is influenced by the impacts
of climate change on agriculture.

The bioeconomy policiesgy a key role in the green and fair transition in Europe by, inter alia, taking a eross
sectoral perspective to improve policy coherence and by identifying and resolving-tHgefor example on land
and biomass demands. However, an increased focus am tacbetter manage land and biomass demands to meet
environmenal and economic requirements in a climate neutral Europe is nee#euqpean Commissio2022).

Sincethe main source of biomass is agriculture for food and feed purposes, quantifying the available agricultural
biomass is key to ensure adequate and nutritious food veell asother biomassdemanding sectors for bidased
products This assessment may alsbelp maximise cebenefits, such as production of biomass, mitigati of
climate change, fair living and working conditions for primary producensd enhancing biodiversity while
safeguarding and benefiting from ecosystem services.

The work presented irhis study aims to assess the available biomass from agriculture following the blueprint
established withthe work published in Gardaondado et al(2019).

In this study, the quantification of agricultural biomass and residue production for the compiete series (2000

2020) with updated statistics is conducted. Furthermore, the impact of the different drivers determining the
variability in production and yield, based on the new time series, are estimated and a detailed analysis of the most
cultivated cops, with a view on their future availability in Eld provided.

The agricultural biomass databaseovers the years from2000 to 2020, but the main results are given as an
average over the reference periaaf the last five years2016-2020. Results and angsis are providedy cr,
both at Member State andit EU leveland in aspatially explicitgrid of 25 by 25 knt°. In this report, results are
presented only for EA27.

2 available here: [https://agri4cast.jrc.ec.europa.eu/DataPortal/Resource_Files/SupportFiles/grid25.zip]
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2.1 Agricultural biomass production - statistical based assessment

Theassessment ofgricultural biomass includes the major crops cultivated in Europe, grouped in 9 main categories:
cereals, sugar and starchy crops,-biaring crops, plants harvested green, permanent crops, vegetables, pulses,
industrial crops and energy crofis

Total agicultural biomass production is estimated by differentiating two main components:
0 [Economic production: primary products, i.e. grains, fruits, roots, tubers, etc.
0 Residue production: secondary products, i.e. leaves, stems and husks.

Economic production iassessed by processing crop production statistics compiled by Eurostat antatienal
Statistics Officesto generate a consistent archive of all commodities for tHdember Statesacross all
administrative levels (NUTS-8). The main steps of the proceisg algorithm consist in homogesing, filtering,
filling gaps and merging crop statistics from the different data sources. In this update, figures for economic
production normased at standard values of moisture contentnj are considered.

On the otherhand, there are no systematic agricultural statistics for residue production. Therefore, the estimates
are deduced from crop production figures using empirical models, established from an extensive dataset of
observations for each individual crofas descibed in GarciaCondado et a).2019) basedon the relationship
between crop economic yield) provided by crop statistics, and residue yieR), through a parameter named
Harvest IndexH)):'Y — @& Residue production is then calculated by multiplying the derived residue yields by

crop area, and aggregating valués provice results atdifferent administrative levels.

No estimation of crop residues has been done fidants harvested greenjegetables andenergycrops,because
all aboveground biomasis consideredhs economigroduction

Finally, forthe spatial representation and analysis, all the biomassdated quantities reported at NUTS18vel
have been disaggregated to 25 km grid cells, usirgysral land cover classes from the CORINE land cover map
2018.

2.2 Agricultural biomass production in the EU

2.2.1 Contribution of crop groups

Thetotal annual agricultural biomass production in the European Union for the reference period (2@D20) is
estimatedat 924 million tonnesdry matter (Mtdm) per year in EU, where 54% are economic production, and 46%
are residues. As reported iRigure10, the productio has slightly increased over the years, as the 202004
average of agricultural biomass was around 817 difh per year.

Considering the last five yeara,significant deceaseis observed for the years 2016 and 2018 becauseadverse
weather conditionsAs a matter of fact, in 2016 a notable reduction of cereals production was registered in France
(BenrrAri et al., 2018), while in 2018 a more widenging drought affected yielslin central andeastern Europe
(JRC MARS Bulletin, June 2018

30 Crops gravn exclusively for energy production, not included in any of the other crop groups
31 https://ec.europa.eu/eurostat/estatvtree portlet-prod/Bulk@wnloadListing ?sort=1&dir=datmbles apro_cpshl and apro_cpshr, update
29/07/2022
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Figure 10. Evolution of agricultural biomass production (economic production and residues in Mt dry matter per year) in the
EU from 2000 to 2020.
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SourceEurostat?, JRC 202 (own calculations).

Thelast 5-year average shows thatereals (245 Mtdm/y) and plants harvested green (685Mtdm/y) dominate
economic production, jointly accounting for about 80% of total biomass production, followed by sugar and starchy
crops 89 Mtdm/y), and oilbearing crops (2 Mtdm/y). Cereals (B1 Mtdm/y) rank frst also for residue production,

second place for oibearing crops (2 Mtdm/y). In both of these crop groups, the biomass of residues is higher than
economic productiofFigurell).

Figure 11. Economic productiofabove)and residue productiorbglow)in the EU27 (expressed in Mt dry matter per year)
and the shares for each crop group. Average values over the reference p20ibg-2020.
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SourceJRC 2@2 (own calculations).

When nvestigating thedistribution of each cropin detall, it is noted that the greatest contribution in terms of
biomass is provided by wheat (whose averageoduction exceeds 100 M for both economic and resid),
followed by green maiz¢84 Mtdm/y), maize (58 Mtim/y) and barley(46 Mtdm/y) for economic productiorMaize

32 Eurostat, 2020. Annual crop statistics handbook. Crop statistics working group.
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(80 Mtdmly), rapeseed(48 Mtdm/y) and barley(45 Mtdm/y), on the other hand, rankecond, third and fourth
respectively for reside production(Figurel2).

Figure 12. Economic productiofabove)and residueproduction pelow)in the EU27 (expressed in Mt dry matter per year)
and the shares for each crop within the respective crop groups. Average values over the reference periogd220L6
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SourceJRC 2@2 (owncalculations).

2.2.2 Distribution by EU Member States

About 0% of both the economic prodeand their residues3s8 Mtdm/y and295 Mtdm/y repectively) is produced
in six Member States: France, Germalitaly, Poland, Spaiand Romania

France and Germany areespectively, the first and second largest producers, for both economic and residue
production Poland ranks fourth and third for economic and residue production, respectiRelyania is thdourth
contributor to EU residues production whereas it onlyupies thesixth place in terms of economic production. As

a matter of fact, Romania is a large producer of maize that can produce large amounts of biomass in leaves and
stems, even when grain yields are average or l@n the contrary, Italy is the thirdontributor to EU economic
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production but the sixth contributor to residue production, since the major production derives from plants harvested
green that account only for the economgart (Figurel13).

As regards residue production, after cereals the contribution ebeihring crops is relevant in most Member States,
except for Spain, Italy, Greece and Portugal where pruning residue derivedoeomanent crops prevail due to the
extended cultivation of olive trees and vineyards that can be found in these countries.

Moreover, the most productive regions in each Member Staa be seenin Figure 14, which representste
distributionacross EU NUT3 regionsof the total aboveground biomass available from the agricultural sector.

Figure 13. Economic production and residue production from the main crop groups per Member State, expressed
in Mt of dry matter per year. Average values over the reference period 20020.
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Figure 14. Distribution of agricultural biomass production (in Kt dry matter per year) across the EU {(Rltgfons) for the
reference period 20162020.
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2.2.3 Inter -annual variability in crop residue production

The interannual variability of crop residue production has been quantified using the coefficient of variation CV:
0 wb — @p m.1Theexplanatory factors to this variability are identified in chges in area (A)weather (W)

and agro-management drivers (T}he latter together contributing in inteannual variability of residue yields (R).

The computation of these factors has been performed by reproducing the approach described in-Garziado

et al. (2019). First, the fraction of the variance in residue production that is attributable to changes in area and
residue yields (R)s quantified by conducting a multiple linear regression analysis. Then, the variance of R is
decomposed in the factorsdnd W, with a linear trend modiever the considered period (206R020). The resulhg
coefficient of determination? and its complement to unifi-r? are interpreted as the proportion of the variance of

R that is explained by T and W, respectively.

Coefficient of variation in percentage, CV%, of residue production and residue yield have been computed for the
main crop groups, namely cereals,-biéaring crops, permanent crops and sugar and starchy crops, at EU level.

The interannual variability for reside production Figurel5, left panel)considering all crops is around 7%, and
would be primarily driven by changes in residue yield, with a minor influence of changes in area. Being the most
important contributors tdotal production, cereals present similar valu€onverselythe interannual variability of
residues from oilseeds, permanent crops, sugar and starchy crops is rhigtier and mostly affected by area
changes compared to cereal§ his means that in thedst 21 years residue production for cereals has maintained
rather stable and the low variability within the years has to be attributed almost entirely to changes in yield values.
On the contrary, residue production for oilseeds hedwmngedover the yearsdue to variations in both area and
yield. As regards permanent and sugar crops, the variability over the years is lower than the one observed for oil
crops, but it is highly dependent on changes in the production areas.
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Figure 15. Inter-annual variability, expressed as coefficient of variation in percentage, CV®§ residue production (Mim/y;
left panel) and residue yield @m/had); right panel) at EU level from 2000 to 2020, calculated for the complete set of crops
evaluated (Btal crops) as well as for each crop group separately: cereals, oilseeds, permanent, sugar and starch crops.
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The variability of residue yield ikargely due toagro-managementfactorsfor cereals and oilseedrops Figurel6,

right panel), whereas the effect of weather conditions explains the varianaesidue yieldfor permanent, sugar
and starchy cropdn the last 20 yearsyesearch and innovation, including improved machinery, new cultivars and
new agrepractices have played a major role in changes of residue eidr cereals and oilseeds in EU.

Nevertheless, the actual impact of these factors on yield varies within each Member State and depends on the
considered crop.

Figure 16. Interannual variability, expressed as coefficient of variation in percentage, CV&§ residue production (Mim/y;
left panel) and residue yield ¢m/haky); right panel) for each Member State from 2000 to 2020, calculated for the complete
set of crops evaluated (Total crops).
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The estimated intefannual varidility of biomass production from op residues in most of the Etbuntriesis quite

low (below 10%), while in the Baltics (i.eithuania, Latvia and EstoniaRomania and Bulgaria theariability
exceeds 20%. The variability of residue productiorpigmarily driven by variations in residue yield, rather than
changesin area Among the top producers, only in Italy the relevance of crop area changes is higher than the
residue yieldas well as in Spainwhere there is an equal contribution of area and yield changes

The interannual variability of residue yield estimations differs substantially amarmuntries. Central and western
countries, e.g. France, Germany, Italy, Austria, Belgithre, Netherlands are charactesed by high and stable
residue yields over the years (RL0%). In NortheasternEU countries (e.g. Poland, the Czech Republic, Slovakia,
Latvia, Lithuania, Estonia) thesmlue yield variability idigher(i.e. exceeding 2 in the Balticspnd mostly linked

to technicd and agremanagement factorsresulting in a positive trend in total cropiomass yield during the last

20 years. In suth-easterncountries €.9. Romania anBulgaria) the residue yield inteannual variabiity can also
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reach 20% due to a high relevance of agrmanagement practices, whereas in Spain similar CV is estimatgd
almost totally driven by wegher conditions, specificallyainfall regimes(Figurel7).

Figure 17. Interannual variability, expressed as coefficient of variation in percentage, CV®§ residue production (Mim/y;
left panel) and residue yield ¢tm/haky); right panel) at EU level from 2000 to 2020, calculated for the five crops with the
highest residue production: wheat, maize, barley, rapeseed, sunflower.
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Differencesin the variability of crop residue productiodo exist among crops. The intannual variability of residue
production for wheat, maize and barley is low (CV < 10%) while for both rapeseed and sunflower it exceeds 20%.
Among cereals, wheat has higher vasibity than maize and barley, as wheat production is relevant in Na#stern

EU where we estimated less stable production with respect to southern and western countries (mostly contributing
to maize and barley production). However, the variability foeatis mostly driven by changes in residue yigior

maize and barley the impact of crop area changes is more relevant and contributes half of the-amenal
variability of residue production.

Among oilseeds, crop residue production have doubled owelast 20 years: rapeseed and sunflower have similar
CV%, but resulting from different factors. For rapeseed, production variability is mostly explained by changes in
area: the estimated area in 2000 was around 3.75 Mha but already in 2010 it reached 6443, and the last 5

year averagetherapeseedgrowing areahas maintained close to 6 Mha. Regarding sunflower, the major driver is
residue yield: the estimated area in the last 20 years has remained stable around 4Mha, while yield was calculated
close t02.8 t/ha in 2000 and in 2018 increased to 4.7 t/ha. This is the result of technical improvements imtia
producer countries, namely Romania, Bulgaria and Hundagu(el8).

Figure 18. Interannual variability, expressed as coefficient of variation in percentage, CV®6 residue productionNitdm/y;

left panel) and residue yielddm/hady); right panel) for each MembeState from 2000 to 2020, calculated for the five crops

with the highest residue production: wheat, maize, barley, rapeseed, sunflower. Member States are ranked in decreasing order
of their residue production.
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The interannual variability of residue production estimated for each Member State for the five major crops
confirmed the general behaviour already highlighted at EU level. The variability for wihresre and barley is low

and rarely exceeds 20%, apart from in the northern and seetistern countries. In the case of maize, the highest
variability is calculated for Poland and Lithuania and it is mostly explained by area changes: in Poland, the area in
2020 is six times as large as in 2000, in Lithuania almost multiplied by nine. This can be attributed to the global
warming that is slowly contributing to cultivate new crops in historically unsuitable environments (Hristov et al.,
2020). However, the vaability of yield for maize is the lowesbtf all crops as in many countries maize is irrigated
(Zajac et al., 2022) and therefore yields are less subject to high variations. Only in Romania, Bulgaria and Hungary
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the variability of residue yield reads 10%, where maize can be exposed to droughts that redwucep yields
drastically, as in the case of 2007 and 2012 (MARS Bulletin July 2007; JRC MARS Bulletin July 2012).

The highest interannual variability for residue production, as already mentioned, isneated for rapeseedin all
Member Stateswith the exception othe top two producersKrance and Germanythe production variability is
greater than 2®%6; and in all countriesthe area change is the most relevant drivérat contributed to the increase
in productivity.

From these analyses, is shownthat the availability of biomass from residue production is expected to be rather
stable in the next few years. If we assume no changes in crop area in a medarm scenario, weather will be the
primary fador driving residue production, as research and innovation on agricultural practices can contribute little
to yield variability and particularly have a minor role in the variability of yield in the top producer countries.

2.2.4 Crop economic yield: future perspe ctives

Given that in this assessment the residue yield is derived from the economic yield, the future availability of residual
biomass is highly dependent on the economic part itself. Therefore, a short trend analysis on crop economic yield
to estimate yidd expectations of the major crops in all Member States was conductediapdesented hereafter.

The five crops with the highest residue production have been selectdtbat, maize, rapeseed, barley and
sunflower. For each cropa trend analysis with a significance leve) (@qual to 5%was computed based on yield
values in the last 20 years.

Overall, a slightly (<10%) increasing trend prevails for all crops in EU, with the exceptithre dbp EU producer
France- where no trexd has been highlighted for any crop. Similarly, in Germany only barley yields show a slightly
increasing trend. This translates the projection of higher yields for the future in all Member States, with the
exception of the two top producers. Particuigra slightrisein yields of all crops is expected in northern and eastern
countries, including Poland, Romania, Hung&uwlgaria, Slovakia and Croati&garding specific crops, barley
shows increasing trends in a much higher number of countries wegpect to wheat and maize. Nonetheless, the
highest increase (>10%) is foseen for maize yields (in Bulgaria, Denmark, Lithuania and Portydal} a
decreasing trend is calculated in the Netherlan@sgurel9).

Figure 19. Trend analysis on economic yield for each Member State, calculated for the five crops with the highest residue
production: wheat, maize, barley, rapesesdnflower. Member States are ranked in decreasing order of their production.
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In conclusion, the results of this trend analysis are quite optimistic, leading to a glgwdwth of crop economic
yield in the next years. However, this is a simple analysis that is conducted taking into account only statistical yield
values of the last 20 years, without considering any other influencing factor. More reliable estimates can be
obtained from scenario analyses, which include also environmental variables as climate. In Hristo2egal), an
analysis of the impacts of climate change on European agriculture by 2050 is presented. In this study, authors
combine the results of diffeent simulation models to estimate crop yield changes in EU in 2050 under global
warming conditions (+1.5°C and +2°C). Simulations show yield increase for wheattimern Europe, driven by
increasing amounts of precipitation and a shortening of the cgrpwing cycle, while few reductions are expected
around 2050 in southern Europe. From the simulation results, maize is projected to be the most affected crop by
climate change in the EU. Maize yield reductions are estimated for most producing countriegaaticularly in
southern Europe. Water availability is the most relevant factor to guarantee irrigation; otherwise, in rainfed
conditions maize production will be lost in most countries.
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2.3 Conclusions for Chapter 2

The total annual agricultural biomass pradtion in the European Union for the reference period (2Q18020) is
estimated at 924 million tonnes (Mim) per year inthe EU Up to 54% of the agricultural biomass produced is
economic production while the remaining 46% is residues. While the agri@llfwoduction has slightly increased
in the overall analysed period (200R2020), a significant decrease is observed for the years 2016 and 2018
because of adverse weather conditions.

In the last 5 years, cereal¢e.g. wheatland plants harvested greefe.g. green maizedlominate the economic
production, jointly accounting for about 80% of total biomass production. The residue production comes
predominantly from cereals (73.2%) and in a lesser extent fromhmharing crops (16.9%Wheat is the crop that
contributes the most to the total biomass production. In the economic production it is followed by green maize,
maize and barley. In the production of agricultural residues, the other major contributors are maize, rapeseed and
barley.

About 70% of both tle economic production and residues (358dvit'y and 295 Mtm/y respectively) is produced

in six Member States: France, Germany, Italy, Poland, Spain and Romania. France and Germany are, respectively,
the first and second largest producers, for both economind residue productio.he availability of biomass from

residue production is expected to be rather stable in the next few years. On the other hand, given the improvement

in agromanagement practices, there is a projection of higher yields of the ecoogmbduction for the future in

all Member States except in France and Germany, the two top producers, but climate change will have a major
impact on crop yields perspectives.
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3 Agricultural biom ass uses
PatriciaGuik ! A Mj ] " mohH¥%] \ m" f

‘ Key messages

O Understanding the main agricultural markets is important to assess the level of trade dependency as well
as current and future needs of agricultural biomass in the EU.

O The main use of the ceresiconsumed (not exported or added to stocks) in the-R@is feed,40% higher
than the quantity used for plantbased food and industrial products.

O TheEUis highly dependent on oilseeds and oilseed product imports. Most of the impwggetiable oil
are of seedtypes not cultivated in the EU, such as palm or coconut. The total available vegetable oil was
mainly used for food and feed50%) but also for bioenergy38%).

O Over half of the production of the main fruits and vegetables is consumed or exported fresh.

O The EU is a net exporter of meat and dairy products.

O Almost 60% of the milk delivered to dairies is processed into manufactured dairy products.

The agricultual sector is the largest producer of biomass in the @ (almost 70% of domestic biomass

producton is of agricultural origin)Once sourced, most of the agricultural biomass available in theZ&Us used

to produce food and feed. In 2®, the EU- 2 an i npk kgt hjah\ bmd” pgopMmilign] dj h\ nn |
tonnes of dry matter, of which 68% wersourced in the form of crops. As shown@hapter2, cereals and plants

harvested green accourfor about 80% of economicbiomass productiorin the EU27, followed by sugar and

starchy crops (7.7%) and ellearing crops (5.4%). Regarding residue produtierealsare the main contributors
(73.2%)followed by oitbearing crops (16.9%).

Visualising the flows of biomass in the bibased value chains of the ER7 is essential to understand the ER7
overall biomass flows andhe agricultural markets. It helpso analyse the level of dependency of the E7 in
agricultural biomass imports, as well as the biomass needs to produce and meet the demand of food and other
bio-based products in the future. The quantification of flows bfomass can provide valuable information for
potential assessments of food security risks and the shifting of biomass from food and feed, or energy production
to other uses and vice versa.

In this chapter, an overview of the main food value chains inZEUmarkets(cereals, oilseeds and products, meat,
selected fruits and vegetables, artthiry) is providedwith an estimation of their performance the coming years
(until 2030). All data used to create the flows for these commaodities have been extracted fromBbeagricultural
outlook® published annually by the European Commissigaoropean Commissio2021).

3.1 Agricultural biomass flows in detail - from the past to the future

3.1.1 Cereals

The total supply of cereals in the ERY is approximately391 million tonnesof fresh matter (Figure20), most of
which are produced domesticallPnly7% of the cereals supply is imported annually, mainly maig&% of the
imported cereals) and wheat.8%).

33 https://agriculture.ec.europa.eu/daaad-analysis/markets/outlook/mediwterm_en
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Figure 20. Cereals supply in the ERF in 2019 (absolute values in million tonnesf fresh matter).
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SourceJRC 2022 (based on data from tHdediumterm Outlook commodity flowps

The available cereal supply is exported (almo<t%d), added to existing stocks for later use (11%) or consumed
domestically Figure21). Of the cereals consumed domestically, most are used to produce food, feed and industrial
products. The quantity of cereals used in the production of anivased food-as feed for domestic aimals (56%

of the total supply of cerealsis almost 40% higher thanthe quantity usedto produceplant-based food and
industrial productg40% of the total). Only 4% of the consumed cereals are used for biofuel production.

Figure 21. Cereal flows in the E27 in 2019 (million tonnesof fresh matter).
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Wheat and maize account falmost66% of the cereals consumed annually in the £3 (cereals not exported or
moved tostocks). Barley is the third most consumed ceréah. 15%)Figure22).
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Figure 22. Cereal consumption in the E2Y in 2019 (absolute values in million tonnesf fresh matter).

SourceJRC 2022 (based on data from tHdediumterm Outlook commodity flowps

However, the uses of each type of cereal show differences. The main use of vemehbther minor cerealss the
producton of food and industrial producté69% of the wheat, 60% of other cereals and all of the rice consumption)
while barley andmaize are being primarily used for fee@0% of the maize and 78% of the barleyJrigure23).

Figure 23. Cereal quantity by use type in the E27 in 2019 (values in million tonnesf fresh matter).
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The supply of cereals is expected to remain relatively constant until 2031, with wheat kagpgoximately 40%of
the total. Howeverfuture major disruptiveeventssuch as the ones that took place in 204¢he invasion of Ukraia
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by the Russian Federation, increasing energy and fertiliser prices, rising inflation, etc.) atmatiisly have a
considerable impact on the quantity of cereals produced in the ZJas well as on the origin and quantity of
cereal imports(Figure24).

Figure 24. Cereals supply in the ER7 (values in million tonnesf fresh matter) from 2005 to 203L.
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3.1.2 Oilseeds and products

Oilseeds have a more complex value chain, as they are used to produce both meal and vegetable oil: ZhesEU
more dependent on imports of oilseeds and their derived products thay other of the main agricultural
commodities. ©% of the total supply of oilseeds (approximately 56 million tonnes) is either produced domestically
or extracted from existing stockd={gure25). Rapeseed, sunflower and soy are also imported for crushivith
these importsaccounting for40% of the total seed supply.
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Figure 25. Oilseed and product flows in the E27 in 2019 (values in million tonnes).
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In 2019, the EU27 produced28 million tonnes of oilseeds, mainly rapeseed, sunflower, soya and groundnuts.
Rapeseed is the most significant crop, at over h@#%) of the total production(Figure26).

Figure 26. Oilseed domestic production in the 23 in 2019 (absolute values in million tonnes)

SourceJRC 2022 (based on data from tHdediumterm Outlook commodity flow)s

The supply of oilseeds has suffered some shifts in recent yg&igure27). Furthermore, th@reviouslymentioned
events thattook place in 2022might have a major impact on the imports of oilseeds into the-2@ in the coming
years. Thdong-term effects are difficult to assess at this point, but future studies should provide a better picture

and improve the current projections.
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Figure 27. Oilseeds supply in the ER¥ (values inmillion tonnes)from 2005 to 2031.

T T T T T T T T T T T T T T T T T T T T T T
2005 2008 2011 2014 2017 2020 20232 2026

B Imports main oilsesds Production main oilseeds B Beginning stocks main oilseeds

Source Mediumterm Outlook commodity flows (DataM, 2022)

Approximately90% of the total supply of oilseeds is crushed ased toincrease the existing stock8% is either
used for undefined purposesr wasted and only 2% is exported. After crushing3 6o of the biomassis turned
into oilseed meal and 3% is extracted as ojlwhile2% is used for other purposesr wasted

Imports are an important contribution to the supply of oilseed meal in the E)(ocilseed meal is represented by
the orange flows inFigure25). In 2019, more than 20 million tonnes (41%f the total supply of oilseed meal
were imported, complementing the domestic production and some extraction frdstieg stocks to reach a total

of almost 50 million tonnes of meal available for consumption, of which only a very minor quantity is exported.
Imports are equally important for the supply of vegetable @il is represented by the light grediows in Figure

25. Most of the oil imported into the E@7 comes from seeds not traditionally crushed in the domestic market
(palm, cottonseed, coconut arathers). Adding up the production, imports and extraction from stocks of oil from
the main oilseeds (rapeseed, sunflower, soya and groundnuts) to that of oil from other types of sbedsvailable
supply of vegetable oil in the E@7 in 2019 was over 28 million tonnes. This available supply was almost entirely
used for food(50%), bioenergy(38%) or was added to domestic stockg4%), with exports accounting for onl§%

of the uses(Figure28).

Figure 28. Oil uses in the EA27 in 2019 (absolute values in million tonnes)
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3.1.3 Fruits and vegetables

The EWR7 produced38 million tonnes(fresh equivalenj of tomatoes, apples, oranges, peaches and nectarines,
which are the main commodities in the domestic markésgure29). Approximately60% of the total production

is consumed fresh, whild0% is further processed. In addition, over 9 million tonnes (in fresh equivalent) of these
commodities are imported, mostly in the form of processed products. The bitgre of imports of processed
products results in an almost even split between available supply of fresh products and that of processed. However,

as a larger share of processed fruit and vegetables is exported, the final domestic consumption of freshagtsod
exceeds that of processed fruits and vegetables.

Figure 29. Main fruits and vegetabldlows in the EU27 in 2019 (values in million tonnes of fresh equivalent).

Import fresh
1,850

Consumption
fresh
22,381

Export fresh
2,299

Usable

. Production
Production 38,133

38,481

Ending
stocks
340

Consumpticn
processed
15,036

Processed
Reported losses and feed use’ 22,832

688

Exports
processed
7,796

Import
processed
7.548

M Apples Peaches & nectarines Oranges M Tomatoes

SourceMediumterm Outlook commodity flows (DataM, 2022)

Peaches and nectarinegpples and oranges are mostly consumed fresh in the -B@, while tomatoes are
consumed as processed produdisa higher shargFigure30).
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Figure 30. Consumption form shares of main fruits and vegetables in the ZUin 2019.
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Approximately9% of the available fresh supply an84% of the processed products are exported. The population

in the EU27 consumes approximately 37 million tonnes of fresh equivalent of these 4 commodities (fresh and
processed).

Itis difficult to estimate the future performance of these cropas frequent fluctuations in productiohave occurred
in the past years However, the outlook projections show a baseline between 37.5 and 38 million tonnes of fresh
equivalent in the comig decade(Figure31).

Figure 31. Production of main fruits and vegetables in the 2@ (million tonnes of freshequivalent)from 2012 to 2030.
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3.1.4 Meat

The value chains of meat are very simple, as almost the entire quantity of meat produced or imported in the EU
27 is destined for human consumption. #HEU27 is currentlyalmost self-sufficient in meat consumption and
produces an excess of meat that is exported. In carcass weight equivalents, half of the meat produced domestically
is from pigs. Pigneat is also the source 057% of the exports, followed bB4% of poultry. Beef and veal exports
account for8% of the total exportsof meat. In contrast, over half of the imported meat is poultry, followed by
almost 25% of beef and veal import§Figure32).

Figure 32. Meat flows in the EL27 in 2019 (million tonnes of carcass weight equivalents).
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Meat production is not expected to experience major changes in the coming decade, although a deplmeneft
and beef and veal, and a slight increase of poultry are projedf€dure33).

Figure 33. Meat production in the E@7 (milliontonnesof carcass weight equivalenygrom 2005 to 2030.
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3.1.5 Dairy

In 2019, theEU 27 producedover 150 million tonnesf cow milk. This quantity has been steadily rising during the
past decadesbut 2020 shows a change ithe trend (Figure34).

Figure 34. Cow milk production in the ER7 (million tonnes) from 2005 to 2031. Note: for visualisation purposesarés
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A small portion of the milk production is used-darm and for direct sales, but the majority of the milk is delivered

to dairies, where it is processed in different wag€% of the milk delivered is further processed into manufactured
dairy products (chese, butter, skim and whole milk powders and whey). Approximately 28% is sold as fresh dairy
products (fresh milk, cream, yogurt and other fresh dairy products), while the remairdfgis used in other ways
(Figure35). The ELR7 is currently selfsufficient in dairy products, akess than 26 of the total supply (measured

in milk equivalents) is imported. These imports are in the form of manufactunemtipcts. In contrast, almost3%

of the available supply of dairy products is exported, almost exclusively in the form of manufactured dairy products.
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Figure 35. Dairy product flows in the EQ7 in 2019 (million tonnes of milk equialent).
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Half of the fresh dairy products are consumed as fresh milk, although the consumption of fresh milk has been
decreasing steadily since 2005, with only slight increases in the years 2848 2020. This trend is expected to
continue. The consumption of cream and fresh dairy products is expected to increase in the coming decade, while
yogurt is projected to remain stabler even slightly decrease

Cheese is the most consumed commodity irethanufactured dairy product@amounting to approximately3%
of the total, followed by whey and butter with 18% each, and skirad milk powder at 5%. The consumption of
manufactured milk products has increased b2% in the decade 20092019 (Figure36), but the projections of
the following decade indicate more moderate growth at approximat#édy.
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Figure 36. Manufactured dairproducts production in the ER7, (million tonnes of milk equivalenffom 2005 to 2031.

40,000 —
35,000
30,000 —
25,000 —

20,000
-
ety e -

15,000 — . P
10,000 —
5000 %% —*__+__1—0—‘—1—— - —g— % % 5 —8 &

v S —u

T T T T
2017 2020 2023

T T T T T T T T T T
2005 2008 201 2014 2026 2028

Cheese Butter Skimmed Milk Powder (SMP) Bl Whole Milk Powder (WWP) Il Whey

Source Mediumterm Outlook commodity flows (DataM, 2022)

3.2 Conclusions for Chapter 3

The biomass flows of the main agricultural commaodities show the current needsahass to ensure food security
in the EU. These value chains show that the EU is largelysdgficient in agricultural biomass, with the exception
of oilseeds and their related products (oil and meal). This is largely due to the imports of oilseeds$ ame oil of
varieties that are not native and cannot be produced in large quantities in the EU climates.

The projections for the next decade show fairly stable markets for all commodities, with slight increases in oilseed,
poultry meat and dairy productsupply. These projections, however, do not take into account major climatic or
other events that might have an impact on production or trade markets.

A large portion of the agricultural biomass produced or imported into the EU is used for feed. Thertfere,
performance of the animabased product markets has a major impact on all other agricultural commodifiée

EU is a net exporter of the major groups of animal products (dairy and meat products). Efficiency gains will be
required to accommodate anyx@ort increases (such as those expected in milk production) in light of the stable
trend in EU agricultural produce.

3.3 References for Chapter 3

DataM - Data-Modelling platform of resource economics  Available at:
https://datam.jrc.ec.europa.eu/datam/public/pages/index.xhtml
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Commis#on, DG Agriculture and Rural Development, Brusgelsilable at:https://agriculture.ec.europa.eu/data
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Europea Commission, Directorat&eneral for Research and Innoi@t, European bioeconomy poligtodktaking

and future developmentsreport from the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committdehe Regions, Publications Office of the European Union,
2022, https://data.europa.eu/doi/10.2777/997651
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4 European and Global Macroalgae production and uses

Céline Rebour& JavierSanchez Lépe

‘ Key messages

O Algae play an important role in marine ecosystems contributing to the global primary production and
supporting complex food webs in coastal zones. Algae resources have been explored for centuries by
coastal communities as a source of fertikrs, cattle feed, and human food. Algae biomass is a valugble
resource in the European bisased economy currently used mainly by the food and chemical industry.
Over the last decade, the demand for algae biomass has increased because of the developfewd
algae biomassbased applications (feed and food supplements, nutraceuticals, pharmaceuticals; third
generation biofuel, and bioremediation).

O Management guidelines are needed to ensure the sustainable exploitation of algae resources considering
climatic and anthropogenic pressures on the marine environment and the ecological and economic viability
of the biomass production sector. Developing sustainable algae biomass production and use can take place
as an application of the EU environmental and mamé policies related to the Blue Bioeconomy, Blue
Growth, and Circular Economy. At the European level, macroalgae production methods include harnvesting
from wild stocks and cultivation in larbased systems or offshore facilities.

O Global seaweed biomass praction has increased exponentially in the last decades as a result of market
demands.

O Globally, the production is mainly based on aquaculture cultivation, while in Europe harvesting from wild
stocks still supplies most of the macroalgae biomass. The Eeampaquaculture sector is currently seen
as an alternative to meet the increase in the market demand for high quality sustainably produced algae
biomass and has developed over the last decade. For Europe to find its place in the global seaweed market,
there are still many knowledge gaps regarding the algae sector mainly related to biology, technology, as
well as understanding and access to the market.

O The low quality and availability of production data, flows, and uses prevent an overarching approdch to
assess the potential use and value of this biomass source in thel@dsed European economy. The
improvement of the quality and quantity of the available information is critical to support policy and|the
algae sector in Europe.

Oc ™ h o  mhh ° < g\bntlfie%olputhtiof of Unécellular/pluricellular organisms of a single algae species, all
descended from the entirety/or a part of an organism or several organisms, being synonymous with a monoclonal
culture and a genetic representative of a single alggesies. This standard defines the terms related to functions,
products, and properties of algae and algae products. Thus, this definition includes microalgae, macroalgae,
cyanobacteria and Labyrinthulomycetes. Macroalgae are macroscopic eukaryotic plaicetganisms composed

of single differentiated cells able to obtain energy using chromopherés# > @1 ' - +- +$)

Algae are currently the basis of the food chain in oceans and lakes, also contributing to the transformation of large

amounts of CQinto & (e.g Raven and Giordano, 201.4However, their growth and overall performance are limited

by different factors such as nutrients, light availability, temperature, and dissolved oxygen concentration. To enlarge

the contribution of algae to the sustainabilityf onankind, the development of technologies allowing to enlarge the

production of algae is envisioned (Fabris et al., 2020). In this sense, large efforts in Europe have been devoted in

the last decades to understand what determines the performance of algad how to bring its production to the

industrial scale. For example, in the policy arena, the Commission has recently adopted the Communication
%Ojr\m_nA\ Anomj i bR\ i _fnpnol\ di*)\ajigtiatlyg@Bnfipkisind 23 acljoms tdtuadp m" f # > J +
the potential of algae in the European Union. To expand the contribution of macroalgae to the sustainability of

34 hitps://oceansand-fisheries.ec.europa.eu/publications/communicatommissiontowards strong-and-sustainableeu-algae-sector_en
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mankind, the development of technologies to enlarge the production of algae is further envisioned (e.g. Duarte et
al., 2022).

Worldwide, theproduction of macroalgae is predicted to reach a market valu€&afR9.3 hillion with 30% produced

in Europe by 2030 (Vincent et al., 2020). In this context, large efforts in Europe have been devoted in the last
decades to understand the phenomena determionthe performance of macroalgae and how to overpass it at an

industrial scale (Aradjo et al., 2021). Besides, data on the algae sector, including production values and socio
economic data are not available or not harmonised. For example, according tqu€azCalder6n and Sanchez

Lépez (2022), the enterprises in the E2F with algae as the main business stream employ 1,852 people and

generate EUR 161.4 million of turnover. These authors estimated that enterprises dealing only with macroalgae,

employ 1,068people and generate EUR 129.5 million of turnover. On the other hand, the European Algae Biomass
<nnj~d\odjifh > nodhVo nhoc @P¥%nHh\N gb\ "An ~“ojmh hkgjt > _Hhd
economic value of EUR 1.7 billion of which EUR 70Mioni specifically from the macroalgae sectdr

Macroalgae are mainly harvested from the sea where they grow naturally (wild harvest) or in specific production
systems (aquaculturedarvest of the wild seaweed resources can be done mechanically or by f@amdoot or
diving).Aquaculture is the farming of aquatic organisms including fish, molluscs, crustaceans, and aquatic plants.
Faming implies some form of intervention in the rearing process to enhance production, such as regular stocking,
feeding, proection from predators, etc. Farming also implies individual or corporate ownership of the stock being
cultivated (FAO, 2022). In Europe, cultivation of larger species @aggcharina latissimpatypically takes place at

sea on long lines, whereas smallafgae (e.gUlva spp are cultivated both at sea as on inland systems such as
earthen or concrete ponds, or even in raceway systems like microalgae. The inland production is thus mainly
reserved for niche applications or nursery facilities.

However, the Bwpean production capacity can still be much more enlarged, for that, it is mandatory to identify
major bottlenecks limiting it, including both biological and technological aspects but also regulatory and market
related framework (Barbier et al2018).

In the present chapter, the latest and best available data on macroalgae biomass production are presented,
including trade of algae products, as well as the main uses of the biomass produced. Moreover, the apgin g
uncertainties, future developments andaemmendationdor the development of the algae sector in Europe are
detailed.

4.1 Methods

The FishStatJ workspace of the FAO Global Fishery and Aquaculture Stétistas downloaded and analysed,
including the datasets on global production by production source (species, country, production area, production
source, and year (195@020)), value source (species, country, production area, and year (P920)), global
comnmodities production and trade referring to quantity (commodity, country, trade flow and year (Z2120)).

Data on economic value are available only for macroalgae aquaculture production. Data on trade only consider
macroalgae biomass and derived produc&accharina japonic& mentioned under its previous nameminaria
japonicain the The FishStatJ. The name was corrected in this report.

For statistical purposeghoseaquatic organisms which are harvested by an individual or corporate body which has
owned them throughout their rearing periodre considered asaquaculture production In contrast, aquatic
organisms exploitable by the public as a common property resource, with or without appropriate licenses, are
considered as the harvest of fisheries. Theguction of aquatic plants is given in wet weight. Quantities are given

in tonnes (=1000 kg)The value of aquaculture, converted from local currencies, is repdoie#AQGN thousands

of US dollars using appropriate exchange rates and is expressed innanerms.For the present report, economic
values are expressed in EUR using a 0.96 EUR/USD conversion rate.

The data used for the analysis of the algae biomass production, trade, and flows presented in this report were
based on the information publisheith scientific and grey literature and on the use of the available datasets on
algae biomass production and trade. These datasets are the official statistics made available by Eurostat and the
FAO that include, at the European level, the reporting by mati@uthorities. All European countries (including-non

35 European Algae Biomass Association, 2021. What are algae? Position paper#1. Versip&/Owww.whatare-algae.com/download.pdf
% https://www.fao.org/fishery/en/topic/166235
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EU countries) with available statistical data were considered relevant and included in the analysis, as some of the
main European producers are not part of the 2@. Thus, the results present a comensive overview of the
sector at the European level. Analyses at the global level were also conducted for comparative purposes.

For reporting purposes, the data in this study will be grouped and presented for th& Elnd /or for other
Europea countrie$’, if data are not reported at national level.

Countries that are known to be producers of seaweed but are not covered in the databases used for this study (e.g.
Israel) were not included.

4.2 Macroalgae biomass production

The annual global macroalgae produmti reported an increase worldwide since 199€iqure37). Until 1970, the

biomass was mainly harvested (wild catch). In 2020, the reported seaviBenhass harvested from wild stocks in

29 countries, as Bown inFigure37 (see Annexeso Chapter 4, amounted to a total of 1,379,723onnes (wet

weight, hereafter referred as w.w.). The top 5 countries harvesting seaweed from their wild stocks are Chile, China,
l'jmr\t"ADi _ji nd\V" Vi _AREVKYNID " Rrcd~ch\~~jpiohaj mhj g mh2C
from wild stocks in the EL27 in 2020 represented 9.5% of the global harvest while other European countries
represented 15.4 %Kigure38).

It should be noted that there was an anomaly in the 2016 reportihg2016, the two main producers reported to

the FAO either a very low production or none (respectively China: 6.7 million t.w.w; Indonesia: (Homexer, in
China, FAO data for 2015 and017 show a total production of 15.8 million tw.w. and 17.7 million t.w.w.,
respectively, while at the same time, from the data of "China's annual fishery #&ad&aweed production in China
reached 1.99 million tw.w in 2015, @4 million t.w.w. in 2016and 21 million t.w.w. in 2017 Table A4.4 in the
Annexto Chapter 4 Shaojun Pang pers. Comm.), thus reflecting a steady increase in production instead of a sudden
drop, as FAO data suggest for 2016. Consequently, data for global production in 2016 rdxefrom theFishStatJ
workspaceshould be taken with caution.

%7 The EWR7 comprises the EU Member States as in 2020 (i.e. AT, BE. BG, HR, CY, CZ,,BR, EE,HL, HU, IE, IT, LV, LT, LU, MT, NL, PL, PT,
RO, SK, SI, ES, and SE) while other European countries refers to Faroe Islands (FO), Iceland (IS), Norway (NO), dri€irtipe dini(&JK).
%8 http://www.stats.gov.cn/tjsj/ndsj/2021/indexeh.htm
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Figure 37. Global seaweed production million tonnes wet weight.Quantityfarmed andharvestedfrom wild stocksfrom
1950 to 2020.
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Figure 38. Top 10 countries in wild stock seaweed harvegtin 2020.
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The class Phaeophyceae is the dominating group reported hatsonia nigrescenis Chile Sargassum muticum
in IndonesialL.aminariajaponicain Japan and_aminaria hyperbore@n Norway, which is also the species the most
harvested in Europe with 153,044 t.w.w. In Europe, a variety of seaweed are reported to be harvested in 2020 but
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the brown seaweedd,. hyperboreaAscophyllum nodosuni. digitata Alaria esculentaand Undaria pinnatifida
(invasive) seem to represent the highest volume (almost 86% of all seaweed harvested). Other red seaweed species
are collected in Europé3elidium corneunor Gelidium sp.Furcellaria lumbricalisPaphyra linearis The green
seaweeds are solely reported as Chlorophyceae with no mention of species.

Aquaculture of seaweed started over a century ago and developed to an industrial scale since the 1950’s in Asia.
The aquaculture production increased stdgdintil the year 2000 to reach over 10,000,000 t.w.wkigure37). In

the following 20 years, the production worldwide was reported to more than triple and reached 35,080,591 t.w.w.
for a value of EUR 15.79 millioin 2020 (Figure37, Table2).

The main countries producing farmed seaweed in 2020 &hina, Indonesia, Republic of Korea, Philippines,
? hj "m\Vod"hK jkg "nh M kplgd*hjahFjm \'"hHh\Vi _HEVK\i)Rh Oc"
production Figure39 and Table?2). The red and brown seaweeds are estimated to be over 99.8% of the total
production, in which almost 52% of théotal production are Rhodophytes. These results are to be taken with
precaution as large production quantities are not reported under a species ndatd€?2). The highest price seems
to be obtained by the red alga&igartina skottsbergii

Figure 39. Top 10 countries in seaweed aquaculture.
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Table 2. Quantity (tonnes wet weighgnd value (thousands of US dollars) of seaweed species produced worldwide by
aquaculture. Biomass from neitlentified species highlighted in bold.

ASFIS species (Scientific 2020 Production 2020 Value Price
name) (t.w.w) (*000 US doallars) (U.S. dollar per t.w.w)

Saccharina japonica 12,469,807 4,644,676 372
Eucheuma spp 8,129,404 1,676,887 206
Gracilaria spp 5,180,416 2,363,518 456
Undaria pinnatifida 2,810,605 2,108,901 750
Porphyra spp 2,220,180 1,354,310 610
Kappaphycus alvarezii 1,648,852 1,608,647 976
Pyropia tenera 8273842 1,468,017 1,773
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Sargassum fusiforme 292,905 234420 800
Eucheuma dentidatum 154,108 10,786 70
Sargassum spp 80,936 27,319 338
Monostroma nitidum 8,286 4,644 560
Codium fragile 7,108 3,392 477
Ulva spp 3,715 1,129 304
Capsosiphon fulvescens 2,062 5,365 2,602
Gracilaria verrucosa 1,695 84 50
Caulerpa spp 1,021 623 610
Saccharina latissimi 345 1,052 3,049
Enteromorpha prolifera 200 160 800
Gracilaria gracilis 190 20 105
Alaria esculenta 150 371 2473
Cladosiphorokamuranus 105 23 219
Eucheuma isiforme 15 58 3,867
Laminaria digitate 10 38 3,800
Gigartina skottsbergii 1 5 5,000
Algae 47,627 51,734 1,086
Phaeophyceae 1,186,752 878,112 740
Chlorophyceae 952 246 258
Rhodophyta 5 300 390 74

Data sourceFAO 2022.

According to FAO data (FAO, 2022), the seaweed production by aquaculture in tB& Etdounted to 22,931
t.w.w., which represents 0.065% of the global seaweed aquaculture in 2020, while the rest of European countries
contributed with aradditional 0.067% Table2Table). Actually, he European mduction is led by Norway, supplying
more than half (52%) of the total European macroalgal biomass production i@@(Figure40). In the EU27 and

other European countries, the production of macroalgae is still dominated by the mechanical harvest of wild stocks
of kelp and the hanepicking of a variety of species. line EU27, seaweedaquaculture started only in 1985 with

a stronger development from 2006 while in other European countries aquaculture was reported only sidée 20
(Figure41%). Seaweed farming started in France in 1985, with a very unstable and slow development until about
2010 when several countries start to demonstrate an interest in seawdadning. The countries that work at
developing seaweed faring in Europe are Spain, Norway, France, Denrfiackuding Faroe Islands and Gréand),
Ireland, Italy, and Portugal. France reported the first seaweed biomass in 1985, followed by Italy in 1991. Italy
stopped seaweed farming reporting in 2000, while Spain started in 2006 followed by Ireland and Denmark
respectively in 2007 and 2008. Themé countries that started the latest were Portugal in 2014 and Norway and
the Faroe Islandn 2015 (Figure42).

In terms of economic value, the seaweaduaculture production in the ER7 represented 0.017%EUR2.7 million)
of the global seaweed aquaculture in 2020, while in the rest of European countries it represented 0.0RBR (
4,03 million) (Table).

39 1t should be noted that for EA27, only 8 Member States reported seaweed production values (DK, EE, ES, FR, IE, IT, LV, PT) wile for oth
European countries these values refer to 4 countries (FO, IS, NO, UK).
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Figure 40. Seaweed production in toes of wet weight for some European countries in 2020 by aquaculture (orange bar)
and harvesting from wild stocks (blue bar).
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Figure 41. European seaweed production in t@s wet weight. Quantitfarmed andharvestedfrom wild stocksfrom 1950

to 2020.
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Figure 42. Countries percentage (%) participation in the total European seaweed prodatichharvesting and aquaculture)
from 1950 to 2020.
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Seaweed cultivation is a nascent sector in Europe and has been focused mostly on the kelpssBacicharina
latissimaand Alaria esculentaFew other species such as the green aldiwa spp, the red algaPalmaria palmata
are also produced on a pilot scale and most of the time in the lamksed system and in some cases under the
IMTA system (Aragjet al., 2021b; Barbier et al., 2019).

Spain reported high quantities of undefined species of seaweed, namely 26,611 t.w.w. in 2019 and 22,767 t.w.w
in 2020. In the previous years, the species reported v&eccharina latissimaHowever, these data need toe
considered with precaution as the data extracted from the Eurostat database indicated a-p@@0uctionin Spain

of 1.33 t.w.w. of brown seaweed, 0,32 t.w.w. red seaweed and 6,81 t.w.w. of green seaweeds, giving a total estimate
under 9 t.w.w.

4.3 Macroalgae supply, uses and flows

Worldwide, the average price for farmed seawekds not changal since the 1950°s and fluctuates around02

EURper tonne Figure43). Howeverthereisac dbc hq\ md\ ] dgdot hdi hkmd”®  nh] or "
species sold Table2). Seaweed commodities are exchanged under a variety of names irFh@®STAT and UN

Comtrade data
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Figure 43. Global seaweed aquaculture production and seaweed [EldBoer tonnefrom 1984 to 2020. Note: price in 2016
does not ajpear as production for that year is underreported.
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Table 3. Seaweed commodity name and quantity in tonne of product weight traded worldwide in 2019 and 2020.

Commodity (Name) 2019 2020
Agar agar in powder 778 632
Agar agar in strips 67 79

Agar agar nei 29,219 27,785
Green laver 78 75
Hizikia fusiforme (brown algae) 6,382 5,485
Laver, dry 15,370 13,205
Laver, nei 1,592 1,477
Other brown algae (laminaria, eisenia/ecklonia) 15,085 13,729
Other red algae 149,457 150,654
Other seaweeds and aquatic plants and products thereof 22,225 22,504
Seaweeds and other algae, fit for human consumption, nei 269,352 256,765
Seaweeds and other algae, unfit for human consumption, nei 556,040 584,190
Undaria pinnafitidgbrown algae) 62,445 54,918
Total 618,550 624,823

Data sourceFAO 2022

In 2019 and 2020, 124 countries are reporting to export seaweed, 199 were importing seaweed products and only

11 countries were reexporting. In 2020, the 10main exporting countriesin order of volumewere Indonesia,

Ireland, Chile, Peru, Republic of Korea, China, Philippines, United Rep. of Tanzania, France, and Brazil. In terms of
imports, the 10 main importing countries in 202id order of volumewere Chna, France, Ireland, Japan, United

States of America, Republic of Korea, Australia, Taiwan Province of China, Spain, and SaudFiyat®d4 and
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TableA4.3. Out of the 11 reexporting countries, only 4 are producers (United States of America, Canada, New
Zealand, Grenada) and 3 (Saudi Aralitepublic of Moldova, Kuwait) do not report export but only inyserexport.

The fact that the quantities traded between countries are much lower than the global production indicates that
most of the seaweed commaodities are sold as extracts or consumedhiyan the country of production.

Figure 44. The top 10 countries with the largest seaweed exports (left) and imports (right) in 2019 and 2020

Brazil ) )
Saudi Arabia
France g 2020 Spain : 2020
Rep. Tanzaniam m 2019 Taiwan m2019
|
Philippines & Australia mm
China Rep. Korea mm
Rep. Korea mmmm USA
Peru s Japan s
Chile  m— Ireland  e—
Ireland  a—— France s
Indonesia China
0 100,000 200,000 300,000 0 100,000 200,000 300,000
Exports in tonnes wet weight Imports in tonnes wet weigh

Data sourceFAO 2022.

In Europe, larger variations in price per tonne were observed until 2006, but the average price per tonne in the
period 20062018 is aroundEUR28 until 2018 (Figure45). In 2019 and 2020 European seaweeds were sold for
aroundEUR 173per tonne. Such price fluctuations in Europe could be explained by the early development of the
industry and the high variation in the availability of biomass as well squality.

The trade of seaweed is a global market. European countries (as listd@ble A.4.Bexport seaweed products to
156 countries worldwideKRigure46). At the same timeEurope imports seaweed from 101 countries worldwide for
which 76.4 % are within the European regidriqure47).

Figure 45. European seaweed aquaculture production and the seaweed Rtiigper tonnefrom 1985 to 2020.
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Figure 46. Map over the countries to whidBuropean countries exports seaweed commoditiesniesproduct weight) in
2020.
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Figure 47. Map over the countries from which European countries imports seaweatmodities (bnnesnet product weight)
in 2020.
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Data sourceFAO 2022.

According to FAO data (FAO, 2022), in 2019 theZEWMember States imported in total 157.3 thousand toes of
seaweed products (measured in net product weight) and exported a wit&9.5 thousand tomes. In 2020, the
traded products, both imports and exports, increased with the imports amounting to 173.4 thousanés@mnd
the exports to 98.3 thousand tares. In 2020, the MembeState that recorded the largest traded seaweed prots
was Ireland with 64.8 thousand tares imported and 77.9 thousand taves exported, followed by France (71.8
thousand tomes of net product weight imported, and 9.5 thousand t@s exported) as shown iRigure48.
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Figure 48. Imports and exports of seaweed products in 2020 by the-EDMember States.
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Regarding seaweed uses, data on the quantity of macroalgae biomass dedicated to differebabid uses could

not be derived in this study due to theooravailability of information. The best available dateve beercollected

by Vazquez Calderén and Sdrez Lopez (2022), who report on the number of enterprises dedicating the biomass
produced to broad groups of uses. Accordindhat study Figure49), the food and feed sectors, including human
food, food supplements and nutraceuticals and animal feed, are the main markets for macroalgae biomass (up to
60% of the enterprises identified in Europe). Other minor uses are cosmetics (18% of the entedmistfertilisers

and biostimulants (11%).
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Figure 49. Algae biomass uses based on number of enterprises producing algae in Europe. Note: lines retheeraniber
of enterprises supplying biomadsr the different uses (i.e. they do not represent biomass volumes).
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4.4 Gaps, uncertainties, future developments and recommendations

Worldwide the biomass harvested or cultivated is reported annually toftbed and Agriculture Organization (FAO).
Unfortunately, the national reporting system varigearly and across countriethus mistakes can occur during the

reporting including in Europe. Many of the species are not correctly recorded or recorded ugter group names
nprch\nheo Kec\l " j ket WMcHh'_fhkKdboil o\l hf >lcmy ond k\ct » " R » Hj mh° <g

For example, Portugal reporteghly at genus level (namelfhlorophyceae, Rhodophyceae, and Phaephyceae
making it challenging to represent the variety of seaweed farmed today. Spairejrted to bethe major
aquaculture producer in Europebwevetoc " f _daa m i ofAnk > *d nh\ m hi j ofhm kj mo’

Recommendation: a system similar to tle harvest recording developed in Chile could be investigated and adapted
to be implemented in Europe. Training programmes for harvesters, producers and personnel recording and
processing the data should be developed to ensure the correct identificaticgheo§pecies.

Some volume may be reported as dried biomass, others as wet weight without any report on the dried matter
content, making it difficult to collect data that really reflect the biomass harvested or produced at each farm.
Further, the reported gantity does not mention the loss that happened during harvesting orrecessing of the
product before the first transaction, making it complex to accurately evaluate the volume farmed in Europe.

Recommendation: The national reporting system could beigiied across Europe to ensure harmsation (e.g.
units of measure, species classification used, time, location) in the reporting of seaweed biomass collected from
both wild and farms.

Some countries known to be historical harvesters of seaweed in Eurepmgo have stopped reporting to the FAO.

For example, U.K. gathered by hand on shore (drift or attached) a variety of brown, red, and green splecias:

esculenta Ascophyllum nodosun€Chondrus cripyLoralina officinalisFucus sp,Himanthalia elongta, Laminaria

digitata, L. hyperboreaMastocarpus stellatusPalmaria palmataPorphyra umbilicalisSaccharina latissimaand

Ulva sp.). The main centers for harvesting in the U.K. were the Outer Hebrides for food, health, and wellbeing
products and, inthe Orkney and Shetlands and Northern Ireland &mricultural usesPorphyraspecies were

reported to be collected in South Wales for food (Netalgae report 2013). However, the Fishstat] database only

m kj monfaj mhkmj_p*rodj i h éndmoharvelt have bebn) renorded dhce\ 1997.kOther™ ~ \ ° » f
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examples of inconsistencies/absences in the reporting of data are Portugal, which is known to be cultivating
seaweed since 2014 but has not reported any farmed seaweed in 2020, and Spain, which is retrnvegin for
aquaculture of seaweed but is reporting the highest quantity produced in Europe in 2020. In addition, the production
reported in China in the national annual yearbook is different from the quantity reported in the FAO data based.
Furthermore, lhe FAO report presents different data than the data extracted from the FAO database.

Recommendation: All European countries could have in place a uisiemdly system to easily record the quantity
of seaweed produced by harvest or aquaculture.

The food lalance statistics (FAO, 2020) and the global fish processed products productions statistics (FAO, 2022)
currently refer respectively to FAO capture and aquaculture and world annual production of processed fishery and
aquaculture products statistics of afish, crustaceans, molluscs and aquatic organismsuding aquatic plants.

Recommendation: Similar data collections could be developed about the Aquatic plants to facilitate the analysis
and understanding of this sector and contribute to a welanageddevelopment.

The Global fish trade statistics only report for the years 2019 and 2020, making it difficult to analyse the trends.
The commodity list seems not to be reported on all known algae products or species.

Recommendation: All the products containqiseaweed could be reporting on the content in seaweed with more
details (species, quantity) to facilitate understanding of the trade patterns of seaweed worldwide.

Some country seems to be exporting more than they produce and import. For example, Dereparked a
production of 22tonnes(wet weight) and an import of ;B80.2 tonnes (product weight), and export of,151.32
tonnes(product weight). This could be due to the system used to measure the quantity that is different between
seaweed in bulk or prprocess and seaweed extracts

Recommendation: A homogenous system to measure the seaweed biomass flow could be established. ‘

Finally, following the algae data collection and analysis conducted in this study, some recommendations regarding

the provision ofaccurate, robust, consistent and compete data on algae biomass production can be derived. The
>jhhdnndji hocmjpbchoc Hm ~"iogth\ jko _hHdidod\odqg fH %
(COM/2022/592), is trying to tackle the lack of algaelated data, specifically by the action no. 20 which aims to

%repare an overview of the availability of algaelated data (e.g. production, employment, turnover and other
socioeconomic data) and issue a recommendation on centralising the sources of such data

Recommendation:Di R gdi " Ardoch\ ~odji h-+Hhamjhhoc A>j hhdnndji ¥%nh~"
the algaerelated data already available (at least at European level) to clearly identify the gaps, data errors,
misreporting, data inter/extrapot@n, etc and centralise the efforts to improve data quality and ensure coordination

with the EU Data Collection Framework.

4.5 Conclusions for Chapter 4

Algae play an important role in marine ecosystems contributing to the global primary production and réungpo
complex food webs in coastal zones. At the same time, algae biomass is a valuable resource in the European
Bioeconomy, mainly by the food and chemical industry. Whilegkgonential growingylobal production is based

on seaweed farming, the macroag production in Europe primarikgly onthe harvesting of wild stocks. The
European aquaculture sector represents an alternative to meet ghabal increasing demand for high quality
sustainably produced algae biomaddowever, 6r Europe to find its plee on the global seaweed marketdre are

still many knowledge gaps regarding theuropearalgae sector mainly relatediology, technology and market.

Furthermore, ranagement guidelines are needed to ensure the sustainable exploitation of algae resources
considering climatic and anthropogenic pressures on the marine environment and the ecological and economic
viability of the biomass production sectdBustainable algie biomass production and use cédre developeds an
application of EU environmental and maritime policies related to the Bioeconomy, Blue Growth and Circular
Economy
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However, lhe low quality and availability of production data, flows and uses preventogerarching approach to
assess the potential use and value of this biomass source in theliased European economy. Several initiatives
are still needed to be orgaséed to improve the quality of the available information and support knowledmesed
polices for the assessment of the development potential and support of the algae sector in Europe. Therafore, a
improvement on the reporting systems at the national level is needed as well as harmonisation of such systems
at the European level (in terms of e.ginits of measure, species, time, origin, seaweed content of processed
products). Finally, improvements in the reporting systems could include afugsdly system to easily record the
guantity of seaweed produced by harvest or aquaculture or the demelent of training programmes for
harvesters, producers and personnel recording and processing the data.
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5 Fisheries and aquaculture biomass production, supply, uses and flows

Jordi Guillen, Jarno Virtanen, Michaél Gras, Alessandro Mannini, Christoph isyaadupschus, Henning Winker,
Paris Vasilakopoulos, Hendrik Doerner

‘ Key Messages

O There has been a reduction in the EU seafood supply from marine fishing since 2016. @ihigtion in the
supply is largely driven by the efforts to reduce overexploitation and external factors that have undermined
the performance of the EU fishing fleet, such as Brexit, the impact of the C&¥@Ipandemic and more
recently, high fuel prices.

O Tre latest results indicate a reduction in the overall exploitation rate and an increase in biomass of stocks
in the NE Atlantic, even if some stocksll remain overfished and/or outside safe biological limithe
situation regardingstocks in the Mediteanean and Black Seas remains challenging, with annual fish
mortality estimates around twice othe reference fishing mortalitf{FMSY.

ng

o] Improvements in fish stocks should result in slight increases in future fishing opportunities, which would
improve tre resilience of the EU fishing fleet.

O The economic performance and overall viability of the sector, remains still very dependent on thg fuel
prices paid by the fisheries sectd@verall,the EU fishing activity struggles to be viable in the shoetm;
but it is not viable in the long term, since the sector does not earn enough to be able to replace its capital
factors (i.e. the fishing vessels) in the future.

O In this period of high fuel prices, the importance to decouple economic performance from fued pric
variations by reducing fossil fuel consumptios even more importangs it can result in cost decreases
for the sector as well as environmental benefits.

O The high energy prices, but also difficulties and higher costs in procuring some raw matenialalso
affecting the aquaculture and fish processing sectors. However, first estimatesld indicatethat the
aquaculture and fish processing sectors face smaller reductions in their economic performance than the
fishing sector.

O Aquaculture and fisheriesrpducts tend to have aelativelylow environmental impact compared to othe
protein-sources. Aquaculture has the potential to become a major sustainable food system, in particular:
low environmental impact aquaculture (i.e. micro and maafgae, nonfed species such as filter feeders
like molluscs, organic aquaculture and integrated miittphic aquaculture IMTA). However, the succegs
ofthesenonom\ dodji \ghnk  ~2d nhrdgghg\mb > gth_"~k i |hjihoc

=

After a radical reform in 2002, th&eU Common Fisheries Policy (CFP) became one of the European Union's tools

for the sustainable management of fisheries and aquaculture. Currently, its main objective is to ensure the
npnoldi\]dgdot hjahoc hHadncdi bopdgterm By retupingthpignappctron Mmarine® o j mn Yzf
ecosystems and living aquatic resources, ensuring the availability of food supplies, with the final aim to provide

social and economic benefits to EU citizens. The purpose of this chapter is to provide up tinftateation on

fisheries and aquaculture biomass supply, production, uses and flows.

5.1 Marine fishing biomass supply

During 2022 the state of European stocks was monitored, as in previous years, through the Common Fisheries
Policy (CFP) monitoring reptttThe state of European stocks is monitored by looking at two main indicators: the
rate of exploitation (F/fsy and the state of the biomass (B/B2003). kéris the ratio of current Fishing mortality

40 https://stect.jrc.ec.europa.eu/reportsfefnitoring
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(F) over the reference Fishing mortalityw (i.e. the value of F at which the stock would be exploited sustainably).

The current state of the biomass (B) is put in relation to the biomass at the beginning of the time series (B2003)

to show the tendency of its trend through time. Both indicators are estindater two main areas of European
waters, FAO area 27 (North East Atlantic, North Sea, and Baltic Sea regions) and FAO area 37 (Mediterranean and
Black Sea region).

Trendsin the median values for Filsvover time for inside and outside EU waters in theritoEst (NE) Atlantic and

for the Mediterranean and the Black Sea are summarisedrigure50. In the NE Atlantic EU waters, the model
based indicatorof fishing pressure (F/FMSY) shows a gradual downward trend over the period-2028. For
stocks located in the NE Atlantic but outside EU waters, the median indicator has remained above 1 since 2003,
with no increasing or decreasing trend. The indicafor fishing pressure computed for stocks from the
Mediterranean & Black Seas has remained at a high level during the period 2003®. While there appears to be

a slight downward trend in the median value for Rérsince 2013, it remains close to twicewy, which is not in

line with the objective of the CFP.

Figure 50. Temporal trend of Firsvfor stocks in FAQ@rea 37 (black line), for stocks solely in European waters (red line) and
for stocks shared with notEuropean waters (green line) in FAO area 27.

Indicator \
== MED&BS: EU waters (n = 34 stocks)
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Source(STEGIADHO&2-01)

Trends in the median values for biomass over time are summarise&igure51. The Scientific, Technical and
Economic Committee for Fisheries (STECF) noted a large uncertainty around this indicator (STE@F, T2@22
modelbased indicators for the trend in biomass show a general increase over time since 2007 in the NE Atlantic
(EU waters only), both for assessed stocks doddata-limited stocks for which only a relative biomass index is
available from scientiic survey data. On average, in 2020, biomass was around 35% (for assessed stocks) and
50% (for data limited stocks) higher than in 2003. In the Mediterranean and the Black Sea, the median biomass
was higher at the beginning of the timseries, but declinednd remained stable from 20062015, after which it
showed a gradual increase.
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Figure 51. Temporal trend of B/B2003 for stocks AQarea 37 (black line), for stocks of category2 (red line) and for
stocks in category 3 (blue line) in FAO area 27.
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Source STECFADHO2-01.

5.2 Aquaculture biomass supply

According to FAO data, E2Y aquaculture production in 2020 reached 1.1 million tonr(gge (wet) weight),worth
EUR3.7 billion. Spain, France, Greece, and ltaly represent 66% in weight and 61% in value of the total EU
aquaculture production in 2020, aocding to FAO datéFigure52).

Figure 52. Share of production imveightand value in the Eldquaculture sector per M 2020.

Production weight Production value
17% m France 20%
34% = Spain
39%
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11% o 1% 15%
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Source JRC 2022, based oRACdata, 2022.
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Marine fish represent 21% of the weight and 40% of the value of the EU aquaculture production. Molluscs represent
49% of the weight and 27% of the value. Diadromous fisHesepresent 20% of the weight ath 24% of the value.
Freshwater fishes represent 10% of the weight and 7% of the value. The aquaculture productequettic plants
crustaceans and other animals are reportedrigure53.

The main species produced in weight are mussels (with unidentified sea mussels, blue mussels, and Mediterranean
mussels) that account for 37% of the total production, followed by rainbowutr¢17% of the total production),
seabream (9%), oysters (8%), seabass (7%), and carp (FAgute 53)

The main species produced in value terms are rainbow trout (17% of the total value), seabream (13%), seabass
(13%), oysters (11%), tuna (10%), mussel0@b6 considering the 3 items reported), carp (5%) and clams (4%)
(Figure 54).

Figure 53. Share ofproductionin weight and value in the Eblquaculture sector pespecies groups i2020.

Production weight Production value
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® Diadromous fishes
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49%

SourceJRC 2022, based oRAOdata, 2022.

4! Diadromous fishes are fishes that migrate between freshwater and saltwater. For example, salmon, sea trout species ariit asgstil
67



Figure 54. Share of production in weight in the EAduaculture sector by speciga 2020.
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SourceJRC 2022, based oRAOdata, 2022.

Figure 55. Share of production ivaluein the EUaquaculture sectoby speciesin 2020.
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5.3 Marine fishing production, uses and flows

In 2020, the EU fishing fleet numbered 7RL6 vessels with a combined gross tonnage (GT) of 1.3 million tonnes
and engine power of 5.26 milliokilowatts (kW). There were 1605 inactive vessels (23.8% of the total number
of vessels), bringing the number of active vessels to,BhL. Of the active vessels, 75% were Sma&tale Coastal
Fleet (SSCF) vessels, 24% Latgeale Fleet (LSF), and less th@rb% LongDistanceWater Fleet (DWFI.heEU
fleet capacity has decreased at a similar rate as in previous years (STECF, 2022b).

Direct employment generated by the sector amounted to 1636 fishers, corresponding to 8272 Full Time
Equivalents ETE} These values follow a similar trend as the capacity indicators. Almost 29% of the employed
persons were estimated as being unpaid labour (similar to 2019). The average annual wage per FTE was estimated
at EUR25,654, an increase compared to 2019. The considerable dispersion among the different Member States is
remarkable, ranging from an average wage BfJRL,127 for Cypriot fishers to EUR 10461 for Belgian fishers.

Both cases have higher figures than in 2019TBCF, 2022b).

To perform, the EU fishing fleet consumed 1.9 billion litres of fuel and spent 5.3 million-@dysea in 2020. This
combination produced 3.9 million tonnes of seafood (including fish) landings with a value of EUR 5.8 billion (STECF,
2022b).

The amount of Gross Value Added (GVA) and gross profit (all excl. subsidies) generated by the EU fishing fleet in
2020 was EURB.3 billion andEURL.16 billion, respectively. GVA as a proportion of revenue was estimated at 55%,
higher than in 2019 and graos profit margin at 19.7%, similar to the one obtained in 2019. After accounting for
capital costs, 7% of the revenue generated by the fleet was retained as net profit, again a drop from that obtained

in 2019 (STECF, 2022b).

There has been a reduction indlEU seafood supplgnd economic performanciEom marine fishing since 2016

17 (Figure56). This reduction in the supply is largely driven by the efffoio reduce overexploitation and external
factors that have undermined the performance of the EU fishing fleet, such as Brexit, the impact of the dOVID
pandemic and more recently, high fuel prices.

With 2020 marking the start of the OVID19 pandemicthe EU fisheries sector registered a gross profittlRL.2

billion (a 10.5% decrease from 2019) on a total landings valueE#R5.8 billion. While overall, the EU fishing fleet

was profitable, performance deteriorated compared to 2019. Three of the @@stal Member States fleets suffered

net losses in 2020: Cyprus, Finland, and Germany. Results also varied by the scale of operation and fishing region
(STECF, 2022b).

The lower values of landings are the main reason for this reduction, even in a situafiensharp decrease in
energy prices. The 2020 is a continuation of the decreasing trend observed in 2019, with the added impact of the
COVIB19 outbreak, with several shotsized value chains closed in several months of the year 2020 (STECF,
2022b).

In this context of the COVID 4 A k\' i _ " hd”"' Roc Arc\Vi b hdih  2jijhd*hk > majm
is driven by factors including, inter alia: i) lower demand for product (reduced purchasing power and closure of
HORECA channels), ii) weaker firstesprice of many fresh fish and shellfish, iii) price variance followed by price
stabilisation, for example by supporting cold storage, since fishers, retailers and processors are also confronted

with limited stocking capacity (e.g. freezing products);raduced fishing effort, due to lower demand and COVID

19 restrictions (i.e. social distancing of crew members at sea); and v) lower fuel costs due to reduced fuel prices

and reduced fishing effort (STECF, 2022b, European Commission, 2022).

Estimates indiate that the fleet's performance will deteriorate in 2021 and even further in 2022 due mainly to
the effects brought on by the Russian invasion of Ukraine, particularly with high fuel costs and inflation rates.

According to the 2022 AER report (STECF,208stimates for 2021 put GVA and gross profits of the EU fleet at
EURB billion andEURB50 million, respectively, indicating a decrease of arolldR300 million compared to 2020.
The deterioration was primarily due to higher fuel costs, as the average price in 2021 was 0.5 EURitre, while

in 2020 it was 0.40EURitre.

Currently, the EU fishing sector faces paying up to abBUWRL.0 per litre of fuel; even if in Jun2022, at the peak
of the crisis, it was payindcURL.2 per litre, which iground three times the usual pricéigure57). The high fuel
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prices are jeopardising the viability of the sector, which is largely fuel intensivearticularly vulnerable to fuel
price increases.

Figure 56. Trends on revenuand profit for the EU fleet: 20082020.
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Source STECF, 2022

Figure 57. Average monthly fuel price evolution in Eishing ports EURper litre} 2002-2022 (up to August 2022)
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In response, the European Commission adopted on 23 March 2022 a temporary State aid framework to support
the economy against the impacts of Russia's invasion. It allows MenStates to grant fishery and aquaculture
companies up t&eUR35,000 in liquidity support through state guarantees and subsidised loans and to provide aid

to compensate for high energy prices. On 25 March 2022, the European Commission triggered the European
Maritime, Fisheries and Aquaculture Fund (EMFAF) Regulation crisis mechanism (Article 26(2)) by declaring the
occurrence of an exceptional event causing significant disruption to markets. This allows the Member States to
financially compensate operators fdorgone income or additional costs. In addition, the Member States can define
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the specific measures to be used (EUMOFA, 2022b; Frederik, 2022). It is currently discussed whether existing
support is enough to make fisheries activity viable.

Assuming an agrage fuel price oEURL.O per litre in 2022, all else being equal to the 2021 estimates and without
considering public support, the economic performance of the EU fishing fleet deteriorates significantly. The EU
fishing fleet would obtairEURR.2 billionin GVA, abovE&UR50 million in gross profits and almosEUR700 million

in operating losses. This would be the lowest economic performance ever registered for the EU fishing fleet in the
last two decadesThe economic performance would be much worsassuming an average fuel price ®URL.2

per litre.

The economic impact of the fuel price increase on the fleet differs by vessel length and fishing gear used, as the
fuel consumption varies, e.g. larger vessels and active gears tend to consume frteeeSF and the DWF appear
more affected than the SSCF by this increase in fuel prices, because of their higher fuel consumption rates.

This suggests that a 10 cents increase in the fuel price per litre would lead to a loss of ar&Wwil85 million.
Hence, ograll gross profits would be null, on average, at a fuel price of abBWRL.03 per litre (shortterm break

even revenue), while thEURD.60 per litre reported by the EU fisheries sector (Européche, 2022), corresponds with
the fuel price that would leado overall net profits to be null on average (lortgrm breakeven revenue), which is
aboutEURD.62 per litre on our estimates.

Higher seafood prices may partially offset some of the increased costs and the reduction in landings, while, together
with the financial support, offset the negative social impacts in the sector.

Data on the 2022 landings are rather scarce and incomplete. EUMOFA (2022c) estimates that landings in 10 EU
countries decreased by 1% during the period Janubtsty 2022 compared to thesame months in 2021, while
landing values increased by 8%. However, some preliminary data makes us think that the weight of landings for
the EU27 fleet will decrease more than just 1% for the whole 2022.

The profitability and resilience of the EU fishemidg n © ~oj mhdnhj i " hj ahoc A>j hhdnndj i %n
the sustainability of fish stocks tancreasethe economic performance of the sector and its resilience.

In this particular period, the energy transition to a less fuetensive activity éso increases its importance as it can
result in cost decreases for the sector amtlenvironmental benefits.

5.4 Aquaculture production, uses and flows

According to the 2021 Economic Report of the &fjliaculturesector (STECF 2021}here are about 15 thousanh
aquaculture enterprises. More than 80% of these enterprises are mearterprises, employing less than 10
employees. The sector employed about 69 thousand employees, 39 thousand measured in EIEB, but this
number may have decreased in recent yeahse to the ©VID19 pandemic.

The EU aquaculture sector generated ab&RL.7 billion in GVA, anBarnings Before Interest and TaxésBI)
of EUR666 million in 2018, which are also expected to be slightly reduced in recent y&ar&ECF 2021)

There hae been a number of indications of strong negative impacts dD\WID19 and the preventive health
measures associated with the pandemic for all food sectors. However, there is increasing evidence that the picture
is quite nuanced where the@V/ID19 related measures create challenges for some and opportunities for others
(Nielsen et al.2023).

Preliminary results indicate that, on average, the impact @\3D19 is negative on the income side, increasing
cost and therefore negative with respect to profit. Hever, in every category the average covers both positive and
negative answers suggesting that what was a challenge for some was a window of opportunity for others (Nielsen
et al., In Press).

The highenergy prices, but also difficulties and higher costspirocuring some raw materiaJgare also affecting
the aquaculture and fish processingectors. However, first estimates consider that thgquaculture and fish
processingsectorsface smaller reductions in their economic performarnttan the fishing secto(EUMOFA022,
b).

71



The strategic guidelines for a more sustainable and competitive EU aquaculture (European Commission, 2021)
emphasse the potential of aquaculture as a major contributor to building a sustainable and responsible food
system, in particularas a lowcarbon footprint source of protein. As such, these guidelines aim to boost low
environmental impact aquaculture, which is identified as the production of low trophic species (micro and-macro
algae, nonfed such as filter feeders like molluscs, ganic aquaculture and integrated multiophic aquaculture
(IMTA).

The EU aquaculture sector is dominated by employees that are national (citizens) of the same country as they are
employed, male, between 40 and 64 years old, and have a low to medium Eediucation (Nicheva et al., 2022).

5.5 Processing and distribution

In 2019, theEU fish processingector was made up of abow®,200 firms and employed about 11,000 people to
produce a turnover oEUR28.5 billionand a GVA oEUR4.2 billion (STECF, 2022c)

The processing and distribution of seafood products are heavily dependent on the supply of raw materials from
the primary sector. High consumption and increased demand for seafood products together with the stagnation in
the primary sector make these agities increasingly dependent on imports from third countries (European
Commission, 2022).

The main seafood products consumed are tuna (mostly canned), cod, salmon, Alaska pollock, shrimps, mussel and
herring. These species exemplify the great heteroggnef the EU seafood sector. Tuna mostly comes from distant
waters and is processed either inside the EU or processed abroad and imported. The Bluefin tuna, typical from the
Mediterranean, is mostly exported to Japan, since they are willing to pay higtess for this species. Cod is partly
caught innorthern European waters, but mostly imported from Iceland and Norway. Salmon is mainly farmed in
Norway andwhen processing takes placi# is often in the EU (e.g. smoking). Alaska Pollock is caughtsitarti

waters and mostly imported and processed. Mussels are mostly farmed in the EU, but there are some imports from
other extraEU countries like Chile. Herring is caughhamthern European watershrimps in the EU market have
multiple sources, from lcal to distant fisheries as well as aquaculture in developing countries.

The EU is the largest importer of seafood in the world. The EU sdficiency in meeting a growing demand for
seafood products from its own waters is around 30%; i.e. EU citizenswmed more than three times as much as
they produced. EU citizens on average consume around 24 kg of seafood and spend a&blifi@0 on seafood
per year (European Commission, 2022; FAQO, 2022).

The impacts of the COVID9 pandemic on the EU fish procesgiiindustry have been changing as the pandemic

waves evolved. Since the first European outbreak in March 2020, the processing industry moved from a boost in
_hyi " (AA2\VpnT _A]lthAMjinph m¥nha \m' hoj h\hg ntegngd kodhdno
contraction in demand. Overall, the EU fish processors seem to have managed the impacts of the pandemic
disruptions quite well. Despite the initial shocks in labour productivity and the disruptions in the supply of raw
materials, sales and prices girocessed fish products recovered since the end of 2020 and returns may have

increase in many segments. The initial shocks on labour productivity and the supply chains started mitigating by

the end of 2020, heading for recovery in the levels of activitygdaeconomic performance in 2021 (STECF, 2022c).

In 2019, there were 11000 people employed in the fish processing sector, with a FTE of almost ,200
employmentsThe proportion of females and males this sectorwas quitesimilar, with50% females, 48% males

and 2% unknownOverall, the 4064 age class made up the largest proportion (50.5%) of people employed in the
processing industry, followed by the 289 age class (32.7%). A further 8.6% were apportioned to the2bage
class, 1.6% to the over 65aars category and 6.6% were unknowrhe majority (73%) of people employed in the
EU fishing processing sector were nationals of their own country, followed by 18% from EU, 5% frorRUttEA
nations, 1% from EEA countries and 3% were unknd®mECF, 2022c
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5.6 Conclusions for Chapter 5

5.6.1 Marine fishing

TheEU fishing fleet landed abou8.9 million tonneg(live fresh weight)of seafoodwith a value of EUR 5.8 billion

in 2020. There has been a reduction in the EU seafood supply from marine fishing since-2@16 his reduction

in the supply is largely driven by the efforts to reduce overexploitation and external factors that have undermined
the performance of the EU fishing fi&, such as Brexit, the impact of the COVIB pandemic and more recently,
high fuel prices.

Regarding the progress made in the achievement ef#n line with the CFP, STECF concluded that the latest results
indicate a reduction in the overall exploitati rate and an increase in biomass of stocks in the NE Atlantic over the
period 20032020. Nevertheless, many stocks remain overfished and/or outside safe biological limits and the
objective of the CFP to ensure that all stocks are fished at or beleg iR 2020 has not been achieved. STECF also
concluded that the situation with regard to stocks in the Mediterranean and Black Seas remains challenging, with
annual fishing mortality estimates around twickhe reference fishing mortalityFusy for the entire time-series
(2003-2019). There remains a need to increase the number of stocks that are assessed in the Mediterranean and
Black Seas, to increase the representativeness of the indicator values.

The improvements in fish stocks, especially in the NE Attartie improving the resilience of the EU fishing fleet.
It is expected that the status of fish stocks will continue to improve, resulting in potential slight increases in the
fishing opportunities.

However, the economic performance and overall viabilityttee sector, remains still very dependent on the fuel
prices paid by the fisheries sector. Estimates suggest that on average, fuel prices &idRe.0-1.1 per litre threat
the shortterm viability of the EU fishing sector; while the lorigrm viability would be at stake when fuel prices
are aboveEUR).6-0.7 per litre.

Hence, in this period of high fuel prices, it raises even more the importanatetmuple economic performance
from fuel price variations by reducinfpssil fuel consumptioras it can resul in cost decreases for the sector as
well as environmental benefits

5.6.2 Aquaculture

According to FAO data, BT aquaculture production in 2020 reached 1.1 million tonngise weight), worth
EURB.7 billion. Spain, France, Greece, and Italy reprealembst 2/3in weight and value of the total EU aquaculture
production.

The main species produced in weight are mussels (with unidentified sea mussels, blue mussels, and Mediterranean
mussels) that account for the 37% of the total production, followed byntaow trout (17% of the total production),
seabream (9%), oysters (8%), seabass (7%), and carp (7%).

There have been a number of indications of strong negative impacts OM{D19 and the preventivehealth
measures associated with the pandemic for all foedctors. However, there is increasing evidence that the picture
is quite nuanced where the@VID19 related measures create challenges for some and opportunities for others.

The highenergy prices, but also difficulties and higher costs in procuring seawe materials are also affecting
the aguaculture and fish processingectors. However, first estimates consider that thguaculture and fish
processingsectorsface smaller reductions in their economic performarban the fishing sector

Aguaculture andisheries products tend to have a relative low environmental impact compared to other protein
sourcesSustainable guaculturehas the potential to becoma major sustainabl€ood system

The strategic guidelines for a more sustainable and competitive Uagulture aim to boost low environmental
impact aquaculture(i.e. micro and macrealgae, nonfed speciessuch as filter feeders like molluscs, organic
aquaculture and integrated multrophic aquaculture IMTA)However, the success of neraditional species will
g\mb gth_“ ki _hjihoc h@PHANjinph  mn¥%hpkolf )
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6 Forest Biomass Production
Valerio AvitabileRoberto PilliMirco MigliavaccaAndrea CamigSarah Mubareka

‘ Key messages

O This chapter presents an ensemble of various EU forest biomassrence datasets, based on best
available data, with a higher level of harmaation and spatial resolution compared to existing data
published independently by National Forest Inventories (NFI) or produced for international reporting.

O In Europe, Natioridorest Inventories (NFI) refer to different definitions, spatial scales, monitoring periods
and temporal frequency. For this reason, data harnsation is essential to perform any meaningful par
European assessment.

O The harmorsed statistics presented ithis report provide unbiased estimates, which partially overcome
the limits of official statistics, but they remain limited in their temporal and spatial resolution. Such
harmongation can only be achieved with a lortgrm acquisition and integration ofrpund and remote
sensing data that are designed and acquired in a way to be highly compatible between EU Member $tates.

Based on the specific assessment carried out by JRC within the present chapter, the litotey
abovegroundiiomass stock of the EU fests estimated for the year 2020 is equal to 18.4 billidonnes
of dry matter, corresponding to an average biomass derfSitf 117 tonnesper ha

O The countries with the largest biomass stock are mostly locatedéntral Europe (DE, FR, PL) and
Fennoseandia region (SE, FI)

n

O 89% of the forest area and 92% of the biomass stock of E17 is available for wood suppl{Section6.3).

O Economic restrictions, mostly linked to low profitability, were responsible for 60% of the forest|not
available in terms of aredut only 42% in terms of biomass, as they affected forests often characied
by low productivity and hence low biomass stock.

O EU forests in 2015 produced a Net Annual Increment (NAI) of 770 millich an 85% of the gross
increment.

O The biomass stock iEU forests has continuously increased since 1990, by abe@®A per year, but its
growth has slowed down during the last 5 years, due to different concomitant factors, including ageing
processes, an increasing impact of natural disturbances and otheratiorivers.

O The harvest level in the EU was relatively stable between 1960 and 1985 and then presented a [clear
upward trend, with FAOSTAT removals increasing from 3.0 to 4.0an yr! between 1990 and 2015.
Moreover, these values are likely underesdited by up to 13%, mostly because of the lack of daja
reportedfor the fuelwood sector (see also Chapt@y.

O The fellings rate slowly decreased from 82% to 78% of the NAI between 2000 and 2015tdking into
account that the absolute amount of removalsportedby FAOSTAT increased4® m® hat yr! in 2020
(i.e. +12% compared to 2010}t is estimated to grow and reach the 88% of the NAI in 2020

d An unprecedented reference database of forest biomass statistics at-sational scale in Europe was
produed. The maps contained in this chapter have been published and are availablg at

42 This value, referred to 2020, includes all aboveground biomass compartments of the living trees (i.e. the abovegasuotithe stump,
stem, branches and foliage), and it is derived from the harmonisation of different data sources, integrating NF| dataydwresided from
Member States, with various remote sensing surveys (see section 6.1.3 and Avitabile et al), Z@2Ghis reason, the total forest area
considered within this assessment is slightly differenl 3%) from the area reported by ESTAT, FAO and State of Europe 2020 (see Pilli et
al., 2023).
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Biomass is a finite renewable resource and a rise in demand related to the green transition and climate neutrality
for the EU raises questions regarding the biomass availability to satisfy this demBotest biomass is becoming
increasingly relevant for sveral forestrelated policies in the European Union (EU) under the Green Deal, such as
the Bioeconomy Strategy and Bauhaus, the Forest Strategy, the Biodiversity Strategy, the Renewable Energy
Directive, the LULUCF Regulation, the Nature Restoration havttee Regulation on deforestatiefiee products.

There are issues with respect to biomass sourcing that shatlshrly be addressed in policies at all scales. There

are environmental, social and economic impacts associated with the sourcing of woody &soimgparticular,

cjr q mhdi hocdnh>cVko mhr " Hh2r2ji " i om\o hjihl p\Viodatdibh
]djh\nnhoc\ ohfhdnhfhnj i ~\Igfact, thehatcurgté ahdy updatpd asdpssmemtfpfcthe mnagilaliieo )

forest biomass stocks and related changes is an essential prerequisite to plan an appropriate management of

forest resources ando balane different and sometimes competitive interactions between various ecosystem

services provided by European forests.

While assessig the standing stock and its share available for wood supply is important to quantifyliviag

aboveground dj hi nnh° "\ kdo\g»fh sdnodi bhdi hoc™  h@pmj k> Vi haj m no
m- km > n" i onfoc f° tisedwithaut reduesirfy the daptdll he\bionfiaks ingrement is also related to

the status and health of the forest. The increment provides information on the actual carbon sequestration, forest
productivity and its response to climate, including extremermge Therefore, monitoring forest biomass increment

is pivotal to inform the sustainable use of forest resources.

With this perspective, the temporal trend of the increment during the last two decades is also assessed to check
the stability of biomass resorces and to detect early signs of change. Similarly, data on forest harvest and their
temporal trend are analsed and compared with the increment information towards an overall assessment of the
stability of the forest ecosystems and biomass resourcesdato support policy decisions related to forest
management.

The present chapter provides an overview of biomass data (i.e. statistics and maps) in Europe related to the
amounts of standing forest biomass, the share available for wood supply, its growté fat biomass increment),

and the harvest dynamics. Here, we present an ensemble of EU forest biomass reference dataset, based on best
available data, that has a higher level of harmaation and spatial resolution compared to existing data published

by most EU National Forest Inventoriésdependently(NFI) or produced for international reporting, such as the

Aim nofAM njpm® h<nn nnh i of-+-+hHj mhoc” ANo\ o hjah@ mj k" !
consequence of this harmasation effort - explained in detail within the following sectionseach of these data,

may diverge from the original data sources

This chapter emphasizes the importance of harnmsad and spatiallyresolved data, which are essential to better

assess the status of Elfbrests and their ability to produce biomass and other ecosystem services. For example,

Grassi et al. (2021) and Petrescu et al. (2021) showed how different forest definitions (regarding management and
anthropogenic effects) led to large discrepanciesbetw i f*\ m] j i hagps nhHh nodh\ o _fRrdoc
and models at global and EU level. Similarly, spatial disaggregation of national data ahatibnal scale and even

more the waltto-wall mapping of forest resources is essential for a variety applications, such as a better
assessment of biomass accessibility and extraction costs and their impacts on the locatsooimomic forestry

system.

Every European Member State has atldnal Forest Inventory (NF) system, often repeated every 5 10 years,

from which it is possible to obtain reliable statistics on forest biomass resources (Vidal et al., 2016). However, the
NFI statistics are not always recent or frequently updated, while they employ cotsgegifc definitions and
inventory designs that can be substantially differerBesidesNFI statisticsdo not often provide data with fine

scale spatial distribution but only summary statistics at national or sadtional scale. Consequently, the NFI data
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refer to different periods, biomass pools and spatial scales that impede their integration for a quality assessment
of European biomass resources (McRoberts et al., 2010; Neumann et al., 2016). It is therefore essential to
harmonse the national biomass data tperform any meaningful parEuropean assessment.

The results presented in this chapter are based on a maithual dedicated effort and collaboration of severfal
NFls, where the national statistics on biomass stock, biomass available for wood supplyiamads increment
were harmorsed using the same reference definitions and a common methodology. Then, the data were further
harmonised temporallyby the JRC to a common reference year (2020) using a forest growth mede¢ Carbon
Budget Model (CBM, P al., 2022)- adapted to European conditions and calibrated for each EU country by the
JRC using NFI data.

This data harmorsation effort produced an unprecedented reference database of forest biomass statistics at sub
national scale in Europe. THearmonsed statistics were further used as calibration data to produce maps that
complement the statistics with spatiallgxplicit and fullyconsistent information on forest area, biomass stocks
and forest available for wood supply. Such dataset allows amprehensive and detailed view on the current
biomass resources in Europe.

The harmorsation effort also included the statistics on forest biomass increment. Even more than for biomass
stock, the increment data provided individually by the European NFtsragionally compiled for international
reporting (e.g., SOEF reports) are based on different approaches and definitions, adapted to national circumstances
(Gschwantner et al., 2016; 2022). In this chapter, we present the recent results of the hasatimm work
performed by ten EU NFIs to produce comparable statistics atsational scale of gross and net forest biomass
increment.

Ad-hoc harmonged statistics of forest biomass loss and lortgrm trend analysis of the changes in biomass stock,
increment aml harvest are, instead, not yet available. Therefore, we present the latest results based on data
produced for the SoEF reports or derived from the outcomes of the Carbon Budget Model.

Lastly, this chapter provides an overview about the upcoming challeogeie production of biomass in European
forests and some suggestions about how to improve the monitoring of biomass in European forests considering
the opportunities arising from the latest developments in the field of forest monitoring with remote sensi

6.1 Biomass stock in the European forests

6.1.1 Summary in numbers: key indicators

According to our harmoséd statistics, which include all aboveground parts of the trees, tia¢al living
abovegroundiomass stock of the EU forests in the year 2020 is equal to 18.4 biltionnesof dry matter over a
forest ared® of 157 million ha, corresponding to an average biomass density of 1d@nesper ha.

The forests ofcentral Europe store most of the biomastock (10 billiontonneg and present the highest biomass
density (176tonnegha), which gradually decreases moving towamsithern andnorthern Europe. The countries
with the largest biomass stock are mostly located ¢antral (DE, FR, PL) amdrthern (SE, FI) Europe, where the
lower biomass density (73onnesha) is compensated by the large forest extents. Southern forests present a
biomass density similar tmorthern forests but their smaller extent reflects in a lower biomass stock.

43 This area, referred to 2020, includes all aboveground biomasmpartments of the living trees (the aboveground part of the stump, the
stem, dead and living branches, and foliage) and it is derived from the harmonisation of different data sources, intedt&linigta directly
provided by the Member Statdsowevera few NFIs reported the biomass statistics according to the national forest definition instead of the
definition used for international reporting, and thus their forest area differ from the value reported in the Se@Fthis reason, the total
forest area harmonised at EL27 level, is slightly different{1.3%) from the area reported by ESTAT, FAO and State of Europe 2020, equal
to about 159 million ha for 2020 (see section 6.1.3).
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The EU Forest himass is almost equally distributed between broadleaves (50.7%) and conifers (49.3%), and is
mostly produced by two conifer®iceasp. (21.5%andPinus sylvestri§19.8%), followed by the broadleavésmgus
sylvatica(11%),Quercus robu(8%),Betulasp. 6%) andQuercus cerri$4%).

The biomass density of our harmaeid statistics is depicted with high spatial resolution (1 ha) by a biomass map
that matches the 2020 statistics. Remote sensing technologies are rapidly developing, and it can be expected that
earth observation data will soon be used in combination with grodnaged surveys for the operational monitoring

of forest biomass.

The temporal trend of forest biomass, derived from SoEF datindicates that the biomass stock of E2¥ has
increased durig the period 1990, 2020 but its growth has slowed down during the last 5 years. In fact, the annual
percent growth increased from 1% to 2% during the period 199@015 and then decreased to only 0.9% during
the period 2015, 2020.

6.1.2 Reference statistics f or 2020

The reference statistics of the total aboveground forest biomass standing stock in the EU are produced by the JRC
compiling, processing and harmairig the best available data provided by the National Forest Inventoaes
national or subnationallevel. This is the first dataset that provides biomass statistics mostly harrsediin terms

of biomass definition (the data refer to the same components of the trees), temporal resolution (the data refer to
the same year, 2020) and with a subational spdial scale. The harmosed statistics at subnational scale are
available for 19 EU countries, which represent 93% of the forest biomass of the2EWhile, for the remaining 8
countries, the data are derived from the SoEF 2020 Report at natisoale §ee Annexof this chapte).

The harmorsation of the biomass definition was performed by the NFIs under the coordination of the European
National Forest Inventory Network (ENFIN) by adjusting the national data withcadcorrection and expansion
factors toinclude all the aboveground parts of the tree, from stump to top, with branches and foliage. Instead, the
harmongation of reference year was performed by the JRC using a modelling approach that simulate the biomass
changes due to forest growth, mortalitharvest natural disturbances, afforestation and deforestation.

The harmorsed biomass statistics refer to the forest area reported by the NFIs in their reporting year, updated to
the year 2020 considering the forest area change estimated from the SoRfe tseries data on forest area. The
implementation and the impacts of the harmaszition procedures on the biomass statistics are described in section
6.1.3(Harmongation approaches) and in Avitabile et al. (2020).

The total biomass stock of the EU forests estimated for the year 2020 is equal to 18.4 bitbonesof dry matter
over a forest area of 157 million ha, corresponding to an average biomass density oftbhfiesper ha {Table4).
The total forest area is derived from the harmaaition of the NFI data directly provided from 21 Member States
(see Avitabi et al., 2020) Because some of these countriesported to JRC a forest area slightly different from
the area reported to international institutionsee the Ainex to Chapter &or further details) the total forest area

for EU27 is slightly different ¢1.3%) from the area reportethy ESTAT, FAO and State of Europe 2020, equal to
about 159 million ha for 2020 (seesection6.1.2andPilli et al., 203 for further details).

According to this analysishe forests ofcentral® EUcountriesstore most of the biomass stock (10 billictonnes

and present the highest bionss density (176onnegha). The forests oforthern EU cover an area comparable to
central EU forests (58.3 and 56.9 million ha, respectively) but store less than half of their biomass (4.7 billion
tonnes. Northern andsouthern EU forests present a simildiomass density (81 and 8@onnesha, respectively)

but the smaller extent of thesouthern forests reflects in a lower biomass stock (3.6 billimmnes (

Table4).

4 In this case the forest area was not assumed as constant, but it is iayyaccording to national statistics reported from in SoEF.
4 The EU regions described in this paragraph are defined according to the SOEF 2020 Report and include the correspondirtgeé=U cou
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Atthe national level, the countries with the largest forest area are locateaamthern andsouthern EuropgSE, Fl,
ES) while the countries with the largest biomass stock are mostlytied¢an central (DE, FR, PL) andrthern (SE,
FI)Europe $ourceJRC 2@2 (own data)

Figure 58). Similarly, when considering the biomass density, the countries with largest values per ha are mostly
located incentraleast Europe (CZ, Sl, SK, AT, PL, RO) while the countries with biarasss density are located
in northern andsouthern EuropdPT, GR, ES, Fl, SiEp(Annex of this chaptgr

Moreover, in most countries our harmesad statistics present information at subational level ranging from NUTS

1 to NUTS3 that shows with moredetails the gradual decrease in forest biomass density when moving from
central Europe towards theouth and north (Figure59). Inparticular, the biomass density can reach very high
values (> 250tonnegha) in someadministrative regions otentral-east Europe (especially in CZ) and very low
values (< 50tonnegha) in southern andnorthern Europe (especially in the Iberian Peninsaled northern
Scandinavia).

The biomass statistics are also available by tree species forM@mber Stateqthe EU27 except EE, GR, LU, MT
and Sl), which represent 95% of the BT forest area. The species information shows thhe biomass stock is
almog equally stored between broadleaves (50.7%) and conifers (49.3%). Interestingly, two conifer species alone
store almost half of the biomass, namelRicea sp(21.5%) andPinus sylvestri§19.8%), followed by broadleaves

as Fagus sylvatica(11%), Quercus obur (8%), Betula sp.(6%) andQuercus cerrig4%). Abies sp.Carpinus sp.
Fraxinus sp., Alnus s®inus pinasterCastanea sativaand Populus spcontributed individually to about 2% of the
biomass stock, and all other species for less than 23ource: JRC 2@2 (own data)

Figure 60).

Table 4: Forest area, biomass stock and biomass density inZZUor the year 2020 acceding to our harmorsed reference
dataset. The EU regions are defined according to the SoEF 2020 Report and include the corresponding EU countries.

EU regions Forest area Biomass stock Biomass density
(2,000 ha) (Mill.tonneg (tonnegha)

North 58,301 4,740 81.3

Central -west 33,516 5,687 169.7

Central -east 23,350 4,357 186.6
South-west 30,850 2,352 76.2

South-east 11,115 1,262 1135

EU27 157,133 18,398 1171

SourceJRC 2@2 (own data)
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Figure 58. Forest area and biomasstock per country in 2020 as fractonof EU2 2n foj o\ g' A m\ i f
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Figure 59: Forest biomass density according to our reference harrsedistatistics for the year 2020.
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Figure 60: Biomass stock per species as fraction of total value. Conifers are in brown, broadleaves in green. The data refer to
22 EU countries, covering 95% of the EU forest arBarrepresentation purposesnly the species with a biomass stock
larger than 1% ofthe total stock are represented.
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Source: JRC 2022 (own data)

6.1.3 Harmonisation approach

6.1.3.1 Biomass definition

The forest biomass data produced by the NFlIs are not directly comparable because they refer to different years
and employ different definitiongegarding the forest area (i.e. vith conditions are necessary to classify a land
area as forest) and regarding biomass (i.e. iathparts of the tree are considered, and the minimum diameter
applied). In addition, the NFIs may employ different approaclesdtimate the biomass from the tree parameters

(i.e. allometric equations or biomass conversion and expansion factors).

For these reasons, during the last years the European forestry community have performed dedicated heatiooni
actions focusing on thé&rowing Stock Volume (GSV) statistics, such as the European Cooperation in Science and
Technology (COST) Action E43 (COST Action E43, 2010) and the Distributed, Integrated andsddrFumeist
Information for Bioeconomy Outlooks (DIABOLO) project (DI®B2Q15). Such initiatives, funded by the European
Union, have established reference definitions and bridging functions for common reporting, and produced
harmonsed stem volume estimates for Europe (Tomter et al., 2012; Gschwantner et al., 2019).

The JRQas a decadal collaboration with the European Network of Forest Inventory (ENFIN) to develop and apply
common definitions and methodologies for the harmead assessment of forest parameters at European level, as

a contribution to the overarching objectite provide decisiormakers with processed, qualitghecked and policy
relevant forest data. Regarding biomass data, the JRC supported a dedicated effort of 26 European NFI institutions
under the coordination of ENFIN to address the differences indicateal/a and to achieve a better harmaaition

of the forest biomass statistics in Europe. The NFIs worked together to identify a hasetiiomass definition

and a common estimator, which were applied to the NFI data to obtain biomass estimates referrithg tsame
biomass pool and estimation method for all countries.
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The harmorsed biomass definition includes all aboveground biomass compartments of the living trees, namely
the aboveground part of the stump, the stem from stump to top, dead and living braschnd foliage.

Using the common definition and an aubc estimator (a desigibased unbiased estimator calledEorest) (Lanz,
2012), the NFIs produced harmaad and comparable biomass estimates at national and sudttional levels for

22 EU countriegHenning et al, 2016; Korhonen et al., 2014). The biomass estimates referred to the areas defined
as forest according to the FAO FRA reference definition (FAO, 2000), if the countries had sufficient information to
apply this definition.

The NFI estimates @are derived from a total of about 400,000 field plots located in a forest area of 145 million

ha and were provided for species groups (broadleaves and coniferous) and for selected species. The biomass stock
of the 22 Member States was 15.7 billicilonnes(108.6 tonnegha) using the harmosied definition and 15.0 billion

tonnes (103.6 tonnegha) using the national definition. Thus, the total forest biomass is 5.3% higher using the
harmonsed definition compared to the value based on the national definitiofisis is because several countries

use a national definition that does not include all aboveground biomass compartments, such as leaves or stumps
(Avitabile and Camia, 2018), and highlights the impact of different definitions on the estimates of forestéss.

Specifically, the total biomass using the harmeed definition was significantly higher than the value based on the

national definitions for 10 countries (AT, BG, DK, ES, FR, HR, HU, PT, RO, SE), smaller for 3 countries (BE, IE, IT), while
no signiicant difference was found for 9 countries (CY, CZ, DE, FI, LT, LV, NL, PL, SK). Here, significance is assessed
with reference to the sampling errors provided with each estimate. The coesyecific values are reported in

Avitabile et al. (2020).

6.1.3.2 Reference year

Each NFI acquires ground data during different years that do not correspond across countries. Consequently, the
biomass statistics mentioned above are not temporally harnsawi but range from the year 2001 to 2013. Given

the need for updated statists (i.e. to the year 2020) and considering that the biomass stock may change
substantially in a time span of almost 20 years because of forest growth, mortality and harvest as well as changes

in forest area (deforestation and afforestation), the biomastasstics were further harmorged to a common
reference year (i.e. 2020) by the JRC using the Carbon Budget Model.

6.1.3.2.1 The Carbon Budget Model

The Carbon Budget Model (CBM) is an inventmged, yieldcurvedriven model that simulates the stardand
landscapelevel carbon dynamics of all forest carbon pools using information on age structure, management
practices, harvest regimes and natural disturbances (Kurz et al., 2009). The model, developed by the Canadian
Forest Service, was adapted by the JRC to thec#feEuropean conditions and applied to the European Union (EU)
countries to estimate the forest carbon dynamics at national and swdtional level (Pilli et al., 2016a, 2016b,
2017). The input data and the modelling framework are currently being updaed revised by the JRC (Blujdea

et al., 2022).

The model uses as main input data on area, increment and volume, generally distinguished by age classes and
main species, as reporteby the NFIs orobtainedfrom other data sourcesd.g forest managementplans). The
volume and increment data are preliminarily harmeedl and then converted to unit of carbon using speecies
specific allometric equations, which account both for the tregecies wood density and for the different tree's
compartments.

The model is alibrated at country level, on annual time steps, on the historical period 20@015, according to

the amount of harvest reportedy official statistics (i.e. FAOSTAT) and other data sources, and considering the
effect of major natural disturbances thabccurred within the same period. The model simulates the dynamic of
each carbon pool considering the annual gross growth, as derived from appropriate growth curves inferred from
NFI increment data, and the annual losses due to natural mortality, natustudbances (i.e. fires and windstorms)
and forest management practices (i.e. fellings, also due to salvage logging).

The model provides as output the amount of carbon stored within the various pools and transferred between each
pool. By reconverting thesealues to volume data, both the merchantable standing stock volume and the amount
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of removals and logging residues are estimated. These values are then used to estimate the Net Annual Increment
of each time step, as difference between the merchantable votuwith bark estimated on two consecutive time
steps, plus the removals and logging residues.

6.1.3.2.2 Temporal harmorsation

The CBM was used to quantify the percentage biomass change (gain or loss) between the NFI year and the reference
year 2020. Then, the percgage change was applied as a correction factor to the NFI statistics to update them to
the reference year. This correction considered only the biomass change due to natural growth, mortality and harvest
that occurred on the forest area reported by the NiFthe NFI year. Biomass changes due to changes in the forest
area (i.e. afforestation and deforestation) were instead computed as follows.

Firstly, the change in the forest area between the NFI year and the year 2020 was estimated by multiplying the
NFIforest area by the forest area change that occurred during this period according to the SoEF time series data
on forest arealf the difference between the forest area reported by the NFI and the (closest in time) SOEF Report
was < 2%, the difference wasansidered negligible and due to approximations (e.g., the NFI data are attributed to
the NFI reference year but are usually acquired during a longer pertaa)most countries, the NFI forest area was

in line with the area reported in the SOEF and themrefits forest area in the year 2020 corresponds with the value
reported in the SOEM case of area difference > 2% in the NFI year (9 countries: CZ, DE, HU, IE, PL, PT, SE, SI, SK
- with only IE, PT and SK having an area difference > 5%), this differarmseconsidered due to the use of different

forest definitions in the NFI and the SoEFince the harmorsed data at subnational level provided by the NFIs to

the JRC on FAWS, biomass stock and biomass available for wood supply refer to the NFI forest area (and definition),
the JRC dataset used the NFI forest area and updated it to the year 2020 considdringrea change provided by
SoEF.

For example, CZ reports in their NFI for 2003 a forest area of 2.752 Mha while the forest area in SOEF in 2000
and 2005 is 4% lower (2.637 and 2.647 Mha, respectively). The NFI forest area was updated to the year 2020 as
follows: CZ reports in SOEF an increase of forest area of 2,000 ha (0.1%) per year between 2000 and 2020, and
this annual area change was applied to the NFI forest area in 2003, multighgthe years (17) between the NFI
reference year (2003) and the ye&020.

The NFI data on FAWS/FnAWS area have been updated to the year 2020 using the same approach, while the
biomass stock and the biomass available for wood supply have been updated to the year 2020 also considering
(a) the biomass stock change on stalflerest land, due to natural growth and forest management, estimated by

the Carbon Budget Model (CBM), (b) the biomass growth on new forest land using growth rates derived from the
CBM, and (c) the biomass loss due to net deforestation reducing the biostask according to the forest area

loss.

The difference between the NFI and SoEF forest area were assessed for each country by a detailed analysis of the
NFI and SoEF Country reports, and egported in the Annerf this Chapter after Table &.1.

Secondly, the corresponding change in the biomass stock was estimated using the CBM. The CBM quantified the
biomass gains on the afforestation areas using the growth rate of young forests and the biomass losses on
deforestation areas using the biomass ddtysof mature forests. Therefore, the harmeaeid statistics considered

the biomass change related to forest growth, mortality, harvest, afforestation and deforestation.

The net biomass change due to these forest dynamics ranged from 0.1% to 2.7% perate@tional level (see
Annexof this Chapteifor the biomass stock of each country in the NFI year and in the year 2020). When considering
the total change between the NFI year (variable by country) and the reference year 2B20biomass stock
increasedoverall by 10.5% between the NFI years and the year 2020, showing the relevance of the temporal
harmongation to update of the NFI statistics, especially for the countries where the latest NFI was completed
several years ago. Most of the biomass increa8e7@o0) was due to the forest growth on stable forest land, while
only 0.7% of the increase was due to the net biomass change in afforestation and deforestation areas.
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6.1.3.2.3 Harmonsed biomass statistics

In summary, the statistics were fully harmasgd for biomasspool and reference year for 2Member States
representing 95% of the EA27 forests, for which the NFI statistics were harmeed for biomass definition and

the CBM was paramesed (AT, BE, BG, CZ, DE, ES, FIl, FR, HR, HU, IE, IT, LT, LV, NL, B, SPTSROF8&r the
remaining sixMember StatefCY, DK, EE, GR, LU, MT), the biomass statistics at national scale were taken from the
SoEF 2020 Report (FOREST EUROPE, 2020). The SoEF reports biomass in units of carbon stock, which were
converted to biomas using 0.5 as carbon fraction for dry biomass (IPCC, 2006hhis way, the biomass stock was

directly assessed, for most of Member States, from the harnsedi NFI statistics provided from the countries,

without any further conversion of volume data tddmass.

Even though the SoEF Report provides time series of forest statistics at national scale for the period 2920

and refers to the FAO forest definition, the NFI statistics harnsedifor biomass definition and reference year

were preferred, wheravailable, for two reasons. Firstly, the harmead NFI data are available at subational

level, providing a much higher detail on the spatial distribution of the biomass stocks. Secondly, the SoEF data have
a lower level of harmorsation because the hamonisation of definitions and reference year usually is not based

on data modelling but rather it is performed either with a linear extrapolation of the NFI data, or using expected
values based on expert knowledge (e.g., in national forecasts or outlaakest), or it is not performed and the
closest available NFI values are used (the approach used by each country is reported in the SOoEF Country Reports).

6.2 Biomass map for 2020

6.2.1 The need for a biomass map matching the reference statistics

Currently, there a severalmaps providing forest biomass density for Europablishedin the scientific literature
These maps were assessed by comparing them with the harsezhiNFI statistics and plot data for 2010 in
Avitabile et al. (2020)Thisstudy showed that in Europe the biomass maps present substaritierence from the
reference dataat sub-national and, in particular, at pixel level, where the relative error is larger than 50%.

Considering that thedded value of the mapsversus the regionastatisticslie in their ability to provide accurate
spatial estimates at a high and moderate resolution (i.e. at local and-eational level)to support, e.g.local
managementor modelling activities, the results suggested the need for an improved pobdhat is in line with
the reference data

The error of a map can be distinguished in two components: the random error and the systematic error (or, bias).
In the case of biomass mapshé bias is often due to systematiissuesin the calibration data, iaccurate model
parameters and in the limited sensitivity of the remote sensing data to biomass variability. Several studies have
reported that biomass maps tend to overestimate the stock in areas with low biomass density and underestimate
the stock in area with high biomass density, thus showing that the maps are affected by different systematic
errors at different biomass ranges (Avitabile and Camia, 2018; Raytachain et al., 2019).

While andom errors are essentially unavoidable, systematic erman be corrected using reference data that are
obtained from a statistical sample and an unbiased estimatbr.this study, the reference biomass statistics for
2020 were used to correct the systematic error of a published biomass map, by removing the systeoraier

or overestimation of the map estimates at the administrative level.

The European Space Agency's (ESA's) Climate Change Initiative (CCI) biomass map for 2018 (Santoro and Cartus,
2021) was selected because, according to the maps assessment pteden Avitabile et al. (2020), the CCI maps

achieved good accuracy for Europe and presented spatial and temporal resolutions appropriate for multiple
applications. The ESA CCI maps, available for 2010, 2017 and 2018, were derived from a combinatioritof Ear
observation data, namely the Copernicus Sentinedh hdnndj i ' @ gdn\ o%nh<N<MAhdi nomph"’
Observing Satellite (AL@GBand ALOS?), along with additional information from Earth observation sources.

In this study, the ESA CCI biomasap for 2018 was adjusted to match the reference statistics both in terms of
forest area and biomass density, which required to produce a forest mask matching the forest area statistics.
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6.2.2 Adjustment of forest area

The reference statistics of biomass densitgfer to a certain forest area (usually estimated from a sample) and a
systematic difference between the statistics and a map may be due to the fact that they refer to different areas.
The map assessment performed in Avitabile et al. (2020) showed timamost casesthe reference statisticshad
lower biomass density than thESA CCI biomassapin the administrative units wheréhey represent larger forest
area, most likely because thstatistics include also sparse forests with low biomass. Converstig, statistics
usually hal higher biomass density than the map the NUTS units wherthey covera smallerforest area, most
likely because thg refer to the most dense and high biomass f@®s. Hence, the bias correction of a biomass map
using referencestatistics requires to first match their érest area.

Here, the ESA CCI biomass map, provided without a forest mask, was masked using an adjusted version of the
Copernicus 208 ForestType map The Copernicus map was selected because it presents a gaaidh with the
statistics of forest area and is compatible with the spatial and temporal resolutions of the ESA CCI biomass map.

The Copernicugorest Typanap was first converted to a forest mask aggregating the forest classes to map only
forest and nonforest areas. Thethis forest mask wasadjusted tomatchthe forest area reported by thetatistics

using, as additional information, the Copernicus 2018 Tree Cover Density map as follows. When the statistics
reported smaller forest area than thdéorest mask, the forest areasin the maskwith lower tree cover were
converted to norforest, until the mask matches thestatistics. When the statistics reported larger forest area than

the forest mask the forest areasin the maskwith highertree cover butlocated outside forest and outside areas

with tree cover in urban and agricultural context were converted to forest.

Usually the forest maskwas expanded arounthe forest edges with higliree coverthat were not included in the
forest map because of edgeffect (geolocation mismatches), and then in forest areas with lower tree covae
resulting forest mask was applied to the ESA CCI biomass map.

6.2.3 Bias correction

TheESA CCI biomasaap, matched for forest area with the reference datavas then corrected by renoving the
systematic difference (i.e. thbias) with respect to the biomass density reported by the reference statistics. The
bias was removedusing a correction factor, computed astio between thebiomass density of thereference
statistics (AGB®) and the mean biomass densitpf the biomass mapAGB?) over the same area represented by
the reference statistics.

Thecorrectionfactorwas computed atthe spatialscale of the reference data, and then removed from thimmass
map at pixel level. The correction occurs by multiplying the biomass density of each(pixélthe map by the
correction factor, to match the referencgtatistics for each spatial unit (k)

Map Corrected AGB? ; x (AGB® 1/ AGHSP )

This aproach, presented in Avitabile et al. (2020), was further improved by introducing an additional correction
when the biomass map presentso biomasswhile the Copernicug-orest Type and Tree Cover maps indicate the
presence of forest with substantial treeower. In a biascorrection approach, the presence of large forest areas
with zero biomass is compensated by higher correction factors, causing overestimates in the output map. To avoid
such artifacts, the biomass map was corrected using information derifrech the tree coverdensity:.

Tree cver is spatially correlated withiomass densityand, even if this relation varies with the forest type and
saturates with canopy closurgit may be relatively strongluring the initial phases of forest development and

has been used at national (Du et al., 2014) and regional level (Bhar.eR@21).In this studythe relation between

tree cover and biomaswas estimated from the CCI and Copernicus maps using linear models for the forest areas
of the central Iberian Peninsula excluding theareas with treesoutside forest (e.g. plantatian urban areas
agricultural land)This relation was then applied to correct the biomass map in the forest areas where it estimated
zero biomass, and located in the same region wééne model was calibrated. The corrected biomass map was
then used to quantify and remove the bias at sutational level as indicated above.
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6.2.4 The harmonised biomass map

The result of the bias correction of thESA CQhap is a biomass map of Europe at 100 m spatial resolution that
matches theharmonied reference statistics for the yea2020 (described in sectiof.1.3and6.1.3.9 in terms of
forest area and biomass density at the administrative level of the statistiegg(re61). The map is available in the
JRCFOREST collection of the JRC Data Cataloltipd://data.jrc.ec.europa.eu/collection/fise

The methodology usetb produce this map assures that the map presents the same total amounts and major
spatial patterns of the forest biomass provided by the statisti€ompared to the original map, the harmead
biomass presents lower biomass in Scandinavia, Balkan regiwh Greece, it has higher biomass in Spain and
along the Atlantic coast and remained relatively stable in central Europe and Italy.

Compared to the reference statistics, the map presents the added value of describing thedale local biomass
variabilty and it can be integrated with other spatial data to derive novel information. For example, in segtBon

we integrate this biomass map with the map of the foreareas available for wood supply to estimate the current
supply of biomass resources from European foreskdoreover, the biomass map can be used for multiple
management and modelling purposes, from quantifying the harvesting cost to supporting the etstimaf the

GHG fluxes from the forest sector. Any use of this map shall take into account that the bias adjustment can only
correct systematic differences with the reference datat the random errors remain and affect the map accuracy

at local and pixelevel.
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Figure 61: Map of forest biomass densitytgnnesha) matching the harmosed reference statistics for 2020.
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Box 1: Mapping biomass from remote sensing

Satellite and airborne data caimtegrate and support grountbased forest inventory data with walio-wall forest

monitoring over large areas and are being increasingly used in the NFI systems mostly to assess forest ar¢a and

forest area change. Instead, satellite data are not yet comiyamsed for the country estimates of forest biomas

S

because, until recently, the sensors had limited sensitivity to biomass variations, and the biomass maps achieved

only moderate accuracy at local scale in Europe (Goetz et al., 2015; Avitabile and Cah$),

However, the field of biomass mapping from space has evolved rapidly in the last years thanks to new satellite

missions and advanced modelling approaches. For example, the ESA CCI Biomass map achieved good acd

curacy at

sub-national scale in Europe #nks to the combined use of data from multiple sensors (optical, radar and ligar)

and their careful calibration with various NFI data. This project has also produced global biomass maps for|

2010

and 2018 in a consistent way to directly estimate the biomassange at high spatial resolution, which can support

the carbon cycle and climate modelling (Santoro and Cartus, 2021).

Moreover, the NASA Global Ecosystem Dynamics Investigation (GEDI) mission has recently deployed in g
first high resolution lida sensor. This sensor acquires precise measurements of the forest vertical structure v
dense sampling scheme and the derived data, released recently, have improved substantially the knowledge
spatial distribution of forest biomass at global ste&(Dubayah et al., 2022).

In addition, two satellite missions planned for launch in the coming years will provide new data for bio
mapping: the ESA BIOMASS mission will bring in space for the first timbang radar sensor operating at longe
wavelengths that have an enhanced sensitivity to forest biomass with no saturation effects in dense forests
the NASASRO SAR (NISAR) mission will provide data with higher spatial and temporal resolutions part
useful for mapping lowbiomass forestsand their dynamics.

However, due to the orbit characteristics, the GEDI sensor is not able to acquire dataritvern Europe (above

pace the
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mass
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cularly

D

51.6° N), while international restrictions will impede the BIOMASS satellite to operate over Europe, suggesting the

need fa Europe to develop an integrated forest monitoring system using the wide variety of-gemeration
sensors from space, air and ground.

Besides better satellites, new remote sensing technologies such as airborne and terrestrial lidar are
promising br the acquisition of highguality biomass reference data from local to stimtional scale (Morton e
al., 2016). Compared to the spaceborne lidar, the airborne lidar has a much higher point density that prov
detailed analysis of the forest verticatructure that is highly correlated with biomass density (Asner et al., 20
and, thanks to its good balance between accuracy, coverage and cost, it is already used by some Europe
for the detailed monitoring of forest properties in targeted areasdto improve the national estimates.

In turn, the terrestrial lidar acquires detailed thré&kmensional measurements of the forest canopy from th
ground from which tree biomass can be estimated at local scale with very high accuracy, comparable toftf
destructive measurements (Disney, 2019; Calders et al., 2015). The terrestrial lidar can also be used to co
new allometric models to better estimate tree biomass using the plant parameters usually acquired i
traditional field plots (RéjomMéchain et al., 2017).

In conclusion, thanks to the latest and upcoming satellite sensors and as the new airborne and terrg
technologies are rapidly maturing and becoming operative, it is expected that monitoring forest biomass
remote sensing datavill improve considerably in the near future.

6.2.5 Trend of biomass stock

The evolution of the forest biomass in the EU is assessed using the national statistics provided by the SoEF
period 1990, 2020 (FOREST EUROPE, 2020). The SoEF reporisdiiee data on forest aboveground carbo
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stock at national scale. The carbon stock was converted to biomass using the default conversion factor of 0.47. Six

EU countries presented some missing values in the time series, which were filled using the linearoédiap of
the values available in the time series.
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This time series shows that the biomass stock B8 27 has always increased during the period 19902020.
However, the annual percent growth has recently changed trend, as it increased from 1% to 2P dloei period
1990, 2015 and then decreased to only 0.9% during the last/Bar period Figure62). A similar trend is observed
also regarding theforest area and it suggests that, according to the national statistics, the growth of European
forests is slowing down. Considering that the SoEF data are usually derived from extrapolationFthdata that

are often not very recent tis trend is futher assessed in this chapter considering the increment and removal data
obtained also from other sources to better understand the latest and upcoming changes that are occurring in the
European forests.

Figure 62: Development of the foresaboveground biomass stoaif EU27 during the period 1990 2020 according to the
SoER2020 data. The percentage values represent the annual change catapared to the previouseportingperiod There is
no reportingfor the year1995.
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6.3 Biomass available for wood supply

6.3.1 Summary in numbers : key indicators

Our reference database shows that 89% of the forest area and 92% of the biomass stock e2E$ available

for wood supply. In most countries, the Forest Available for Wood Supply (FAWS) is larger than 85% both in terms
of area and biomass, but it tendtdecrease in very hot or cold climate. The countries with the largest extents of
forest not available for wood supply are located in therthern (SE, FI) ansbuthern (IT, PT) Europe. The countries
with the largest amount of FAWS area (ES, Fl, SE) neays coincide with the countries with the largest amount

of biomass available because of their low biomass density (<tBAnesha).

Overall, the economic restrictions were responsible for 60% of the forest not available in terms of area but only
42% in terms of biomass, as they affected forests often charactesd by low productivity and hence low biomass
stock. Instead, the environmental restrictions were responsible for 35% of the forest not available in terms of area
but 47% in terms of biomass, becaugbey included protected areas with cigrowth forests charactesed by high
biomass density. The social restrictions played a smaller but not negligible role, being responsible for 5% of the
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forest not available in terms of area and 11% in terms of bionmgamostly because of the recreational use of the
forest or other intangible goods and services.

The FAWS area and biomass are also mapped at 1 ha resolution using spatial information of the main restrictions
to wood availability (high slope, high altitudgrotected areas, protected species, poor accessibility and low
productivity). The FAWS maps use consistent definitions gpmgroach andcan be integrated with the national
statistics to obtain a more accurate depiction of the FAWS areas in Europe.

The tenporal evolution of the forest area, assessed using SoEF data, indicates that the EU forests have expanded
during the period 1990, 2020 but their growth rate has declined steadily, and that the FAWS area has become
stable since 2005, suggesting that the cent forest expansion either did not occur on areas available for wood
supply, or that there has been an expansion of the restrictions (economic, environmental or social) on existing forest
land.

6.3.2 Reference statistics 2020

Knowledge of the amount and spatidistribution of theFAWSs key to assessing the woody biomass potentially
available in European forests and more generally the state of forest resources. Foraason, reporting on FAWS

has been included in the Sustainable Development Goals (SDG#$heofUN 2030 Agenda for Sustainable
Development (Sachs, 2012) and in the criteria and indicators for sustainable forest management of the SoEF
Reports (FOREST EUROPE, 2020).

The FAWS dataset presented here for the EU is a compilation of the best datantiyrievailable. For 16 EU
countries, NFI data on forest area and biomass available for wood supply atr&ttonal scale were harmoséd

using a common definition and methodology by the NFIs and were updated to a common reference year (2020) by
the JRC (se section6.3.3). For the remaining 11 EU countries, the FAWS data were derived from the SoEF 2020
(FOREST EUROPE, 20r0addition, the limitations on wood sufppwere analyzed to quantify the impact of each
restriction on the availability of forest area and biomass stock (sectt08.4).

Updated and comparable statistiosn FAWS are an essential component to better understand and model the
factors limiting the forest availability for wood supply in Europe and the potential biomass available in the future.
In particular, our dataset provides harmaet data on FAWS for 238dministrative areas, providing a much higher
spatial detail of the distribution of the FAWS area, stock and related restrictions compared to the data available
only at national scale from international reporting (e.g., FAO, SoEF). This spatial infarnsakiey to quantify the
factors limiting the wood availability at local level, to support and guide the mapping of FAWS using remote sensing
data, and to model the wood resources available at a fine spatial resolution.

Overall, our reference database shewhat, in total, 89% of the forest area and 92% of the biomass stock of-EU

27 is available for wood supply. In most countries, the FAWS is larger than 85% in terbhstlofarea and biomass,

with values slightly lower (76% 84%) in BG, IE, LT, NL and B#, it tends to decrease in very hot or cold climate,
reaching less than 60% in PT and CY. In absolute terms, the countries with the largest extents of forest not available
for wood supply (i.e. more than 1 million ha) are located in the northern (SEnEI3outhern (IT, PBurope Figure

63).

The countries with the largest amount of FAW®.(above 8% ofthe EJ 2 2n hoj o\ g$ hdi AFR 'SEBDhn hj a fh\
not always coincide with the countries with the largest amount of biomass available (DE, Fl, FR, PL, SE), with ES

and Fl presenting large areas available for wood supply with a low biomass density (¢0B80egha) and,

conversely, DE and PL preding substantial extents of forests with high biomass density (approx. 1&iegha)

(Figure 64 and Figure65).
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Figure 63. Percent of forest area available for wood supply according to our reference harsadrstatistics for the year

2020.
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Figure 64. Forest area (left axis) and biomass stock (right axis) available and not available for wood supply in 2020, by
country.
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Figure 65. Forest area and biomass available for wood supply in 2020, by country, as percentage-of E&2n f oj o\ gn)
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6.3.3 Harmonisation approach

6.3.3.1 Harmonised definition

The reference definition for international reporting of FAWS, used alstvénS0oEF, is based on the FAO (2D0
definition and agreed upon under the framework of the COST Action FP1001 (COST 4137/10, 2010). This definition
d_ " i odad fordsta\whBrél thererafe ho environmental, social or economic restrictions that could dave
significant impact on the current or potential supply of weoff # <g] " m_df >  oh\ g) ' h-+,19%)

However, the different interpretation of the reference definition or the use of different restrictions and related
thresholds by each country caused the FAWS estimatethe international reporting to be, in practice, of limited
comparability (Alberdi et al., 2016; Fischer et al., 2016). Moreover, such FAWS data are limited to summary statistics
at national scale, while more detailed spatial information is neededéttér assess and model the potential supply,

and related costs, of woody biomass from the European forests.

Given these limitations, the JRC supported a dedicated effort of 22 European NFI institutides the coordination

of ENFIN toassess, in a harmdeed approach, the main restrictions to wood availability and quantify the forest

area and biomass stock not available for wood supply (Alberdi et al., 2017, 2019). Namely, the 22 countries
participating in the methodological analysis were AT, BG, CHhEDK, ES, FR, HU, IE, IS, IT, LT, LV, NL, NO, PL, PT,
RO, SE, SK, SI. The area and biomass not available for wood supply were then estimated for 20 countries, i.e. all
participating countries besides FR and DK.

The consortium, according to the referendefinition on FAWS, identified and agreed upon a reference definition

for the Forest Not Available for Wood Supply (FNAWS), which was accompanied by an explanation of the key terms,
a harmonsed list of restrictions to wood supply, and the comparison oé thational and harmorsied definitions
(Alberdi et al., 2020). The FNAWS are definedlasrests where there are environmental, social or economic
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restrictions that have a significant impact on the current or potential supply of wood. These restrictionsecan
based on legal acts, management decisions or other reasons

The restrictions to wood availability are further defined as followsRf ¢ c Il t gpml kcl r _j pcqrpgar
protected areas, protected habitats or species, and also those protefiests meeting the above requirements.

Age or diameter class restriction should not be taken into account (except in the case of protected ancient forest).

The social restrictions include restrictions to protect aesthetic, historical, cultural, spigtusdcreational values,

areas where the owner has made the decision to cease wood harvesting in order to focus on other goods and
services (e.g. leisure, landscape, aesthetic value). The economic restrictions are considered as those affecting the
econome value of wood utilization (profitability). These include accessibility, slope and soil condition-t&tmort

market fluctuations should not be considered.

The FNAWS area and biomass were quantified using the NFI plot data and a common estimator atahatol
sub-national level, applying both the national and the reference definitions. The differences between FAWS
estimates based omational and harmorsed definitions were small, suggesting that the harmsed definition

was appropriate. The results areased on the same methodology and data used for the calculation of the
harmonsed biomass stock, making the statistics on total standing forest biomass and the fraction available for
wood supply directly comparahleThen, the harmosed FAWS area and bicams were obtained by the JRC
subtracting the total area and biomass to the FNAWS area and biomass, at the respective administrative unit.

6.3.3.2 Reference year

The FAWS data, similarly to the biomass stock, are derived from NFI ground data acquired duringntlijkemes
that do not correspond across countries. In particular, the FAWS statistics hagaabfor reference definition
produced by the NFls are not temporally harmsed but range from 2002 to 2014. In order to obtain statistics
that are updated and comgttible with biomass statistics, the FAWS statistics were further harreedito a common
reference year (i.e. 2020) by the JRC using the linear adjustment factors.

The FAWS area was updated considering the forest area change using a linear adjustment, faatoely by
multiplying the FAWS reported for the NFI ydarthe ratio between the SoEF forest area in 2020 and the forest
area in the NFI year. Similarly, the biomass stock available for wood supply for the year 2020 was computed by
multiplying the stoclkavailable for wood supply provided by the NFI in their reference year to the ratio between the
total stock in 2020 estimated by thedRC (see sectioh2) and thetotal stock reported by the NFI in their reference
year. In other words, if the total national forest area (or biomag®jreased by, e.g. 2% between the NFI year and
the year 2020, the harmorsed FAWS area (or biomass) was increased by the same amount.

In summary, the FAWS area and biomass statistics were fully harsezhfor reference definition and reference

year for 16 EU countries representing 54% of the EU forests afadd, BG, CZ, DE, ES, HU, IE, LT, LV, NL, PL, PT, RO,
SE, SI, SK). For the remainiby countries, the FAWS area and biomass statistics were obtained from the SoEF
2020 Report at national scale (FOREST EUROPE, 2020). Since the SoEF reports the wood available only in units of
Growing Stock Volume (GSV), the biomass available for wood wwpgd derived multiplying the total biomass

stockby the ratio between the GSV available for wood supply and the total GSV.

As for the biomass stock, the harmaeid NFI FAWS statistics presented here, when available, were preferred to
the SoEF data for thee reasons. Firstly, the harmaed FAWS data are available at sutational level, providing a
much higher detail on the spatial distribution of the forest area and biomass stock available for wood supply.
Secondly, the SoEF Report provides tisegies of FAWS statistics at national scale for the period 199@020 in

terms of area and growing stock but information on biomass or carbon stock are missing. Thirdly, the
harmongzation of definitions and reference year of the SoEF data is highly variable acegitd the country, and

it is usually performed either with a linear extrapolation of the NFI data, or using expected values based on expert
knowledge, or simply using the closest available NFI values.
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6.3.4 Restrictions on biomass availability

The limitations 6 the availability of forest for wood supply, reported in this section, were assessed by the 20
countries that participated in the harmasation of the reference definition. These countries used a common list of
restrictions that allowed to quantify, in @onsistent way, the impact of each restriction at regional, national and
sub-national level. Here, based on Avitabile et al. (2020), we report the aggregated result for the 20 countries
involved in the study, but it should be noted that the results are harmonsed for reference year and that the
impact of the restrictions to the availability of forest area and biomass varied largely across the countries. A
detailed analysis of the results for a subset (13) of countries is reported by Alberdi et al. (2020

Overall, the economic restrictions were responsible for 60% of the forest not available in terms of area but only
42% in terms of biomass, as they affected forests often characser by low productivity and hence low biomass
stock. Instead, thenvironmental restrictions were responsible for 35% of the forest not available in terms of area
but 47% in terms of biomass, because they included protected areas withgotivth forests charactesed by high
biomass density. The social restrictions pldya smaller but not negligible role, being responsible for 5% of the
forest not available in terms of area and 11% in terms bfomass (
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Figure 66).

Among the economic restrictions, the low profitability was the main factor limiting the use of the forest, causing
40% of the area (18% of the biomass) being not available for wood supplitiich was mostly located in the low
productive Scandinavian forests. The low accessibility to the forests was responsible for 10% of the area (10% of
biomass) to be unavailable, mostly related to the excessive distance from forestry roads. Similarlyx¢hesive
slope of the terrain caused 10% of the area and 13% of the biomass to be not available for wood supply.

Among the environmental restrictions, the protected areas, habitats and species all together accounted for 28% of
the area and 37% of the biomss not available for wood supply, with the protected areas being the main category
(18% of the area and 26% of biomass) followed by protected habitats, mostly represented by the Natura 2000
network, and the protected species, mostly due to oak trees inlbeian Peninsula and Pinus mugo in the Alps.
The protective forests, including the forests for soil protection and water regulation, were responsible for 7% of
the area and 10% of the biomass not available for wood supply.

Among the social restrictionghe main limiting factor was the use of forest for intangible goods and services,
mostly for recreational purposes and to a lesser extent for cultural and spiritual sites. The use of the forests for
physical goods and services, such as forestry nurserynganclosures and power lines, affected a smaller area.
However, the specific social restriction was not reported for 37% of the area, where the forest was generically used
for non-harvesting goods and services.
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Figure 66. Percentage contribution of each restriction to the forest available for wood supply in terms of area (left bars with
light colors) and biomass (right bars with dark colors). The restrictions are divided into three main categories: ecoad)nic (r
environnental (green) and social (orange) restrictions. The results refer to 20 countries indicated in the text and were
harmonsed in terms of definitions (i.e. using a common list of restrictions).
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6.3.5 Mapping biomass available for wood supply

6.3.5.1 How to map the FAWS?

The map of the forest area available for wood supply (henceforth called the FAWS area map) was produced using
the reference statistics on FAWS3esented above (sectioB.3), the forest map matching the reference data on

total forest area, and six maps representing the main restrictions to wood availability. Then, the FAWS area map
was applied as mask to the harma@d biomass map (sectiof.2.4) to obtain the map of biomass available for

wood supply (henceforth called the FAWS biomass map). The maps were produced using the reference data at
national scale and were then compared with the reference statistaissub-national scale (where available) to
assess the ability of the maps to depict the spatial distribution of the biomass availability at local scale.

The reference data to calibrate the FAWS®amap were the harmosed information on the restrictions to wood
availability provided by the NFIs for 16 countries, which quantified BNMAWSor each restriction. These reference
area statistics were mapped using maps of the restrictions to wood availability. Even though not all restrictions to
wood availability can be mapped (e.g. there are no spatial information on the forest used for riemmed cultural

or other nonharvesting purposes or for protective forests against erosion or wind), we produced six maps that
capture the main limitations to wood availability. Namely, the maps identified the forest areas not available due
to: high slope high altitude, protected areas, protected species, poor accessibility and low productivity.

The spatial distribution of these restrictions was obtained as follows. The forest areas located on too steep slopes
or above the maximum altitude were identifiagsing the European Digital Elevation Model {EBM). The protected
areas were defined as the areas classified as IUCN | and/or Il category and were mapped using the World Database
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on Protected Areas (WDPA). The protected species were mapped as the E®sier] as the appropriate forest

type (Broadleaf or Coniferous) according to the Copernicus Forest Type map and with probability of species
occurrence > 5% according to the JRC European Atlas of Forest Tree Species. The protected spefesiwease
suber and Quercus ilexprotected by law in Portugal, arRinus mugowhich however was already included in the
altitude restriction because located in areas above the maximum altitublee forests with poor accessibility were
identified according to theiridtance to paved and unpaved roads, which were mapped using the Open Street Map
database. The forest areas with low productivity were identified usingkiiemel NormalizedDifference Vegetation
Index(kNDV), a vegetation index highly correlated to thegetation Gross Primary Production, which was computed
using the MODIS NDVI data.

For each restriction, the threshold that defines the areas not available for wood supply was set separately for each
country to consider the differences in forest managementdilegislation. The threshold was usually identified as
the value that maps the area indicated by the reference statistics as not available. When the reference data do not
provide information on the restriction to wood availability (i.e. when the FAWS iardarived from the SoEF), the
thresholds are set using the values from the neighboring country (or the average of neighboring countries) that
have similar ecological conditions.

The countryspecific thresholds are relatively constant for altitude and guwtivity, because usually the forests are
not available for wood supply above 2,000 m or with a productivity below 2 m® ha' year!. Similarly, the
protected forests usually include the IUCN category | and/or Il. Instead, the thresholds for othectiess may
vary substantially by country. For example, the maximum slope that allows harvesting can vary fre25 2@grees

in Mediterranean countries to 4@5 degrees in mountainous countries, or the maximum distance to roads may
range from 500 m to 3000 m, according to the timber value and the technological capacities of the harvesting
systems.

6.3.5.2 FAWS map for EU-27 in 2020

The area available for wood supply in Europe is 89% of the total forest area according to the reference statistics
and87% accordingo the FAWS area map. In terms of biomass, the stock that is available for wood supply is 92%
of the total standing stock according to the reference statistics a8 according to the FAWS biomass map.
Therefore, the FAWS maps based on the six main ret#ris captured most of the limitations to wood availability.
The FAWSmaps are available in the JREFORESTcollection of the JRC Data Catalogu@-igure 67 and
https://data.jrc.ec.europa.eu/collection/fise

The added value of the FAWS maps over the reference data is that they dém@cpatial distribution of the area

and biomass not available for wood supply. According to the maps, most of the biomass not available for wood
supply is located ifPT(protected speciesE S(protection forests), on the Alps (steep slopes and high i), and

in northern Scandinavia (low productivity).

As mentioned above, the FAWS/FNAWS maps did not match exactly the reference data at national level because
not all restrictions to wood availability could be mapped. According to the data reported by 20 coufsteiesection

6.3.3, the six restrictiongonsidered in the FAWS maps cover 82% of the forest area not available for wood supply
and 71% of the corresponding biomass.

However, some restrictions that cannbe mapped tend to overlap (i.e. occur on the same area) with others that
can be mapped, such as protection forests to prevent erosion that are usually located on steep slopes. Moreover,
the FAWS maps identified six restrictions that limit the wood avaligbin all countries but, in some cases, the
reference statistics did not include such restrictions in their reporting, probably due to a lack of data. For these
reasons, the FAWS maps identified a percentage of the area and biomass not available forswpply comparable

with the values reported by the reference values, and the two datasets should be integrated to obtain a more
accurate depiction of the FAWS in Europe.

The FAWS maps, besides matching relatively well with the reference statistics, uséstean definitions and
approach, resulting in consistent maps across Europe of these parameters. Still, each country has specific
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circumstances that cannot be accommodated in an&lde map, and the FAWS maps can certainly be refined and
improved at natimal scale using countrgpecific maps of restrictions that are either not available at EU scale or
that are spatially and thematically more detailed.

Figure 67. Map of forest areaavailableand not available for wood supply in 2020

Forest available for wood supply
|:| Forest available
- Forest NOT available

Source: JRC 2022 (own data)

6.3.6 Trend on FAWS (1990 - 2020)

The evolution of the FAWS in the EU, in relation to the forest area, is assessed using the national statistics provided
by the SoEF for the period 19902020 (FOREST EUROPE, 2020). The SoEFRsreporplete timeseries data on

forest area and FAWS for almost all EU countffe®Only3 countries presented some missing values for FAWS,
which were filled multiplying the forest areby the ratio between FAWS and forest area of the nearest reporting
year. No temporal information is available regarding the FAWS in terms of biomass stock.

46 Since data are based on SoEF, these directly representntiteforest area change (i.e. afforestatiedeforestation) as reported by MS.
Therefore afforestation (also due to the natural forest expansion on marginal lands) was not specifically assessed.
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This time series shows that the forest area B{J27 has always increased during the study period, but the intensity
of growth has declined steadily, with an annualrpent growth that decreased from 0.4% before the year 2000 to
only 0.1% between 2015 and 202@Figure68). Instead, the FAWS area has increased always smaller rate
than the forest area, with about null annual growth rate in the period 2002015.

This analysis indicates that, while the growth of the forest area has gradually slowed down during the period 1990
, 2020, the FAWS area has flattenedrabdy since the year 2000, suggesting that the recent forest expansion
either did not occur on areas available for wood supply, or that there has been an expansion of the restrictions
(economic, environmental or social) on existing forest land.

Figure 68. Development of thaotal forest area (above) and FAWS area (below) of the Elduring the period 1990 2020
according to the SoEF dat&he percentage values represent the annual change mapared to the previouseporting
period There is no reporting for the year 1995 and the annual change rates in 2000 refer to the period 192000. For

representation purposeshé y axis does not start from 0.
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6.4 Biomass growth: Gross and Net Annual Increment

6.4.1 Summary in numbers : key indicators

According to our reference dataset on forest volume incremehné EU forests in 2015 produced a Gross Annual
Increment (GAI) of about 902 million hof wood, of which 132 million iwere lost due to Annual Natural Losse
(ANL), resulting in a Net Annual Increment (NAI) of 770 millidnen 85% of GAl.

When considering the increment per ha, the average GAl was.Aa? yrt of which 4.9m?® ha?! yrt of NAI and
the remaining 0.8 iha yr* of ANL. The increment values on the FAWS were usually higiteen scaled against
the areabut they were smaller in terms of total increment due to the lower forest area.

The growth rate of the forests varies largely across Europe according to a latitidiradient: the largest NAI (> 8
m?® hat yr?) is found in central Europe while the Scandinavian and Mediterranean countries presented the lowest
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rates (< 4m? ha' yr?). For the Mediterranean and some east European countries, the low NAI is also thrgeo
natural losses, with the ANL between 16% and 43% of the GAl.

The longterm evolution of the NAI, estimated by combining multiple data sourd¢eghlights that for EU27 the
increment is continuously increasing from aboun® ha? yr! in 1950 to abaut 5.1 m® ha' yrt in 2005 (a percent
annual increment of about +3% W). According to most data sources, the average NAI remained quite stalsté (5
ha! yr') between 2005 and 2015 and then, assuming the continuation of the forest management practippked
between 2000 and 2015it is expected to decrease to 4,84.9 m® ha! yr! during the period 202Q 2025.

These results confirm the ongoing reduction of the NAI already repolgdther studies at EU level and, more
recently, also at country lest, such as in SE, Fl and AT. Other countries, however, report a stable or slightly increasing
NAI, possibly due to favourable effects of climate change.

The recent stabidiation of the NAI and the expected reduction within the coming decades is likelyaitee ageing

of the European forests. According to our modelling results, the average age of the-aged forest stands
increased from 58 to 64 years from 2000 to 2020, and most of this increase is due to the ageing of the broadleaves
stands.

6.4.2 Some definitions on gross and net growth

An accurate assessment of the woody biomass net growth is an essential prerequisite of any forest management
strategy. The average annual increment of all living trees within a certain time period is defined as GrosalAnn
Increment (GAI). But, to estimate the potential amount of woody biomass available for wood supply, we need to
subtract from the GAI the Annual Natural Losses (ANL) due to the trees that died for natural causes during the
same period of time. The resiitlg value represents the Net Annual Increment (NAI).

Periodically, an amount of woody biomass, usually smaller than the NAI, is harvested and accounfteliras.
Most of thefellings are taken away from the forestémovals), besides some residues th&main in the forest

and gradually decomposéddgging residues). The difference between the NAI andféléngs corresponds to the

net change in the woody biomass in the forest (Alberdi et al., 201&pYre69). This last parameter allows to
estimate the forest mitigation potential since it determines the net carbon uptake provided from the aboveground
living biomas$’.

Here, first we report the grosand net annual increment of European forests and then we focus our analysis on
the NAI, which is generally considered most informative as it allows to quantify and monitor the net growth of
woody biomass. The NAI also best informs on the amount of biontass can be sustainably harvested anah

the carbon sequestration due to the net biomass accumulation in the forests, in addition to the carbon stored into
harvested wood products.

Figure 69. Schematiaepresentatiorof the comporents related to forest volume and biomass change (from FOREST EUROPE,
2020).

Gross increment
Net increment
Natural losses Fellings

Net change
Logging residues Removals

Source JRGlaboration of Alberdi et al 2016

47 In most cases, the net carbon sink attributed to the otheofso(belowground living biomass, dead organic matter and soil) derives from the
net carbon uptake attributed to the aboveground living biomass pool.
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6.4.3 Data sources for the foresti ncrement

The GAIl, ANL and NAI are included amongst the forest variables for international repgsritigas the SoEF, but

in the national reporting the NFIs usually report only the GAI and not the other two variables. The NAl is a relatively
recent indicator of forest growth and it is often not included in the national reporting for the difficulty toagobt
accurate data on the natural losses (ANL), and also to maintain consistency with the historical time series of
information that is acquired in terms of GAI. Consequently, in most cases, the NAI data produced for the
international reporting are obtainedy adjusting the national GAIl data, using different approaches and variable
levels of accuracy.

In fact, the analysis of the latest SOEF data on NAI published in 2020 (FOREST EUROPE, 2020) revealed some level
of incompleteness and inaccuracy. In terms afmpleteness, we noticed that &U27 level only 20 countries
provided data on NAI for 2015, and 6 of them reported the NAI only for the forest area or for the FAWS area but
not for both, resulting in NAI data covering 58% of the forest area and 68% & BEAWS (FOREST EUROPE, 2020).

In every reporting period, the NAI reporting for total forest area was less frequent than for FAWS. dsareia

included in the SoEF reporting on NAI was quite variable across the reporting years, with incomplete reiporting
1990, 2000 and 2015 when it included only 44%, 51% and 66% (respectively) of the FAWBUR7, while a

larger coverage (83% and 85% of FAWS, respectively) was reported in 2005 and ZLAREST EUROPE, 2020

In terms of accuracy, a detailed analysis tfe increment values highlighted that, in some cases (e.g. CZ, IT, RO
and ES), the NAI reported by SoEF is in line with the GAI reported by the NFI data, and therefore overestimated,
because referring to the gross rather than the net increment. In additwwe note that some countries (i.e. AT, Fl,

LU, NL, SK and SE) report for 2015 almost the same NAI values reported for 2010, while IT reports the same
increment for the entire time series 19902010.

Overall, these considerations suggest that, in somses the NAI figures reported by SoEF are not derived from
direct NFI field measurements but from adjustments and simplified assumptions that reduce their accuracy. It is
also important to notice that the SoEF reports NAI only in termgafime (n¥ ha® yr?) rather than biomasstpnnes

ha! yrl) and only as summary statistic at national scale.

For these reasons, the JRC processed and compiiledest available data provided by the NFIs, the SoEF 2020
Report and the outputs of the CBM to obtain a NAlakt for EUJ27 that is harmonsed, as much as possible, in
terms of increment definition, forest area and reference year.

6.4.4 Harmonisation approach

6.4.4.1 Increment definition

The JRC supported a dedicated effort of 10 EU NFI institutions under the coordinatENFEIN to achieve a better
harmongation of the forest increment statistics. The countries involved in this work, which covered most of the
forest area ofEU27, were AT, CZ, DE, ES, FI, FR, IT, PL, RO SE. Similar to the work performed for biomass stock and
FAWS, the NFIs worked together to identify and apply a harsszhdefinition and estimation method of forest
increment to the national data, using adjustment factors and a common estimator.

In particular, the harmosed increment is defined as the averag@nual increment of living trees over the specified

forest area during the period between two NFIs, and includes the growth components of survivor, ingrown, cut and

hj mol\gdot hom™ "nhrdoch\V A _d\ h o  mA\ ofh] m'the overharkindrenteoth # ] ¢ $ A
of the stem from stump height to the top diameter of 7 cm, and fdiroadleavesadditionally includes large

branches with a minimum diameter of 7 cm. The diameter thresholds were defined to focus on the increment of

oc A°h  mMAdVii_@wnjoand\ ghrjj_»"hoc\l\ohdnh-HAHhhgjbnhrdoch\ ohg
increment includes the stem biomass from ground to the stem tip, and large and small branches, and perennial

foliage (needles).

The implementation of the harmosed definition and method, reported in Gschwantner et al. (2022), takes into
consideration the difference in sampling designs, applies a common-ttibbshold, and includes specified tree
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parts and components of change. The results of this harmsation effort were NAI estimates for volume and
biomass at subnational scale referring to the same growth components for the 10 countries mentioned above.

The increment estimates were also stratified by forest types (i.e. coniferous, broadleaved, mixed and temporary
unstocked forests) according to pkb¢vel information orforest maps,following the definitions usedn Forest
Europe, namely: coniferous forests present >75% tree cover of conifers, broadleaved forests present >75% tree
cover of broadleaves, mixed foreshave neither coniferous nor broadleaved species with more than 75 percent
of tree cover Instead, the émporary unstocked areas can be due to harvest or forest damage and subsequent
logging, where the forest type cannot be assigned due to absent or sptees.

The impact of the harmomsation of the NAI definition, computed as the difference between the harrsediand

the national estimates divided by the national estimates, varied among the countries, ranging-ft8f% to +12%

in terms of volume incremet and from , 6% to +2% in terms of biomass increment. In general, the effect of the
harmongation for the biomass increment was lower compared to the volume estimates, because usually the same
aboveground tree parts are included in national and harnmssd estimates.

For the remaining 1™ember Statesot involved in this study, the NAI estimates were obtained from the SoEF
(for 15 countries)or, if not reported in theSoEF, from the CBM (sélee followingsectiors).

6.4.4.2 Reference year

The increment estimates rpduced by ENFIN, harmead for definition and estimation method, were usually
obtained using the latest two completed NFI cycles and thus refer to different periods among countries, spanning
between 1986 and 2020. @Gnsideringthat the increment rates maychange substantially in such time frame
because of changes in the forest area, age structure, mortality and harvest, the increment statistics were linearly
adjusted to a common reference year by the JRC using the time series of increment provided bYDREST
EUROPE (2020).

The reference year was set to the year 2015, because thithislatest reporting year available in SoEF 2020. For

5 countries (CZ, FI, PL, RO, SE) the temporal adjustment was not necessary because their reference period was
approx.2010-2020 and therefore their estimates were considered representative of the4yé@dr 2015. For the
remaining5 countries, the adjustment was performed using a correction factor, obtained as a ratio between the
SoEF mean GAI value for FAWS for the yeal®2@nd the corresponding average SoEF value for the ENFIN
reference period, which quantifies the relative change of the mean GAI during this period. The correction factor was
computed using the SOEF GAI data relative to FAWS rather than all forest araadmethe increment for FAWS is
reported more frequently and is considered more accurate than the increment for all forests due to the larger
density of field samples placed in productive and accessible forests. In the case of Spain, which reported in SoEF
the mean GAI only for 2010, the temporal adjustment could not be performed.

The correction factor was computed at national level and then it was multipbgdhe ENFIN mean GAI of each
country to update it to the year 2015. Instead, since the mean ANL is considered as a relatively stable percentage
of the GAl, it was adjusted to 2015 by multiplying the corrected mean BAhe ratio between the mean ANL and

the mean GAI before correction. Then, the mean NAI was obtained as difference betweare#reGAl and the
mean ANL. Lastly, the adjusted mean GAI, ANL and NAI were attributed to forest or FAWS (see68dj@and
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then multipliedby the respective forest or FAWS area for the year 2015 reported by SoEF to obtain the total
increment values for 2015 harmoséd with the SoEF forest or FAWS area.

The impact of the tempmal harmongation to the year 2015 of the mean increment values was in the range of =
2%. Instead, the impact of the temporal harmaation for the total increment values was usually larger, ranging
from , 6% to +10%, because it also included the adjustmentforest area to match the 2015 SoEF values.

For the countries without the ENFIN harmsed estimates, the temporal harmasation was not necessary because
the increment data were obtained from the SoEF or from the outputs of CBM, which provide thengercrealues
at national scale for the year 2015.

6.4.4.3 Reference forest area

Similar to the other forest variables, the increment estimates refer to a certain forest area (usually, total forest
area or FAWS area) and should be interpreted accordingly. In cod@oduce complete and consistent data on the
forest increment, we computed the forest increment for tB&}27 countries both for the total forest land and for
the FAWS area.

The ten NFIs with harmaosed increment estimates applied the forest definitiarsed in the FAO Forest Resources
Assessment (FAO, 2000) when possible, otherwise used the national forest definition. The analysis of the results
revealed some variability among the countries regarding the types of forest includedLOAdountries includd
productive and temporary unstocked forests, and excluded permanently unstocked forests, but some variability
remained regarding the unproductive forests. Five countries provided increment estimates including all protective
and unproductive forests, whild countries excluded unproductive forests, protective forests without yield and
inaccessible forests. One country included poorly productive forests but excluded unproductive forests.

These categories do not match exactly the Forest/FAWS categoriesheutomparison with the Forest and FAWS
areas reported inthe SOEF showed that the forest area excluding unproductive and inaccessible forests is close to
the FAWS area (which usually excludes also the protective forests with yield) while the area inchheing
unproductive forests is close to the total forest area of the country. Therefore, the NFI hasewbrincrement
estimates were attributed either to the total forest area or to the FAWS area.

Then, the harmosid increment values for the missing categofforest or FAWS) were obtained as follows. If the
SOEF did not report increment data, the mean increment was simply considered equal for forest and FAWS, and
the total increment was obtained by multiplying the mean increment for the respective (foredtAWS) area.
Instead, if the SOEF reported mean gross increment data for both Forest and FAWS, the ratio between the two GAI
values was used to compute the missing increment value, to consider the variability of the increment between
forest and FAWS. In &, the mean increment often resulted to be slightly higher for FAWS than for forests because
the FAWS usually includes the most productive forests. Thus, if the NFI missing value was for forest, the ratio of
the SOEF Forest/FAWS mean increment was migtifdy the NFI value for FAWS, and vigersa if the missing

value was for FAWS. The correction was applied also to the increment data atatibnal scale.

For the remaining 17 countries without harmaed data, the increment values at national scale weobtained

directly from SoEF or CBM. When a country reported only increment estimates for forest but not for FAWS-(or vice
versa, which was more common), the mean increment was simply considered equal for forest and FAWS. For these
countries it was not pssible to obtain increment values at sufiational scale. 12 cases (BG and LU), the SoEF
reported only the NAI and the GAl was estimated multiplying theliyAte ratio GAI/NAI reported byreeighbouring
country (RO and BE, respectively).

6.4.5 Comparison of i ncrement statistics

The NAI estimates of the 10 countries harmeed for definition and estimation method by ENFIN and by year and
forest area by the JRC were compared with the NAI values reported by SoEF (FOREST EUROPE, 2020) and by CBM
for the corresponding area (forest or FAWS) and for the same reference year (201310 in case of missing
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data for 2015). This comparison allowed a better understanding of the information provided by the data sources
and the magnitude of their differencegrableb).

Overall, the JRC NAI estimates tended to be comparable but lower (9% and 4%, respectively) than the corresponding
SoEF and CBM values over a similar forest area. At country level, the JRC values were bedd@eand +3%6

than the SoEF values, with largest differences for E®L#6), RO-B1%) and IT{21%), and with smaller differences

(below +10%) for5 countries (AT, DE, FI, FR, PL). The comparison between the JRC and the CBM values reported
similar results for most contries, with lower JRC values especially for E®¢6), CZ-23%) and SE-(9%) and

instead a higher JRC estimate for RO (+32%).

The differences among the datasets are due to various factors. In general, some differences are due to the
differences in the mcrement definitions and estimation methods, where the JRC values were obtained through an
ad-hoc harmorsation for all 10 countries while the SoEF and CBM values were derived from the NFI data based
on the national definitions and methods or after some @pximated adjustmentsgee sectior6.4.4).

In the case of SOEF, since most NFIs provide only estimates of the GAl because of the scarcity of data on the ANL,
their NAI data are obtained by adjusting the GAI values with variable @ggires, and we found that for some
countries (CZ, FI, IT, RO) the SoEF values for NAI were closer to the JRC values for GAI rather than for NAI. In the
case of CBM, some differences are likely due to the input data used for model calibration, which dwhiote the

most recent NFIs used instead for the JRC dataset (e.g., RO and CZ). Similarly, in the case, tie&SpRIG values

are based on NFI data for total forest land spanniagd for a long timeframe (1986, 2008), which introduces

larger uncertainy in their update to 2015, while the SoEF values may be higher because they refer to the FAWS
area.

Table 5. Compaiison of the NAI values (total and per ha) and respective forest area reported by the hasethdataset
(JRC)the SEF(2020) andthe CBMfor a certain year (2010 or 2015) and Reference area (total foresea orFAWSarea).

JRC (1) SOEF (2) CBM (3)
150 Year Ref. Area Area Tot NAI NAI Area Tot NAI MNAIL Area Tot NAI MNAI Notes
1000ha 1000 m>yr' m*ha*yr'| 1000ha 1000m° yr' m*hatyr'| 1000ha 1000 m>yr' m®hatyr?
AT 2015 |FAWS/Forest 3,319 27,477  8.23 3,319 27,024 8.14 3,889 34,756 8.94 (4)
cz 2015 Forest 2,668 21,110 7.91 2,668 24,262 9.09 2,668 27,358 10.25
DE 2015 Forest 11,419 119,419  10.46 11,419 119,890  10.50 10,792 103,186 9.56
ES 2010  |Forest/FAWS| 18,551 26,435 142 17,082 35478 2.08 18,348 40,667 2.22 (4)
FI 2015 Forest 22,409 91,556  4.09 22,408 100,412  4.48 22,521 99,256 441
R 2015 FAWS 16,015 85,371  5.33 16,015 81,375  5.08 15,499 83,878 5.41
I 2010 FAWS 8,216 26,425  3.22 8,216 33,512 4.08 8,088 29,515 3.65
L 2015 Forest 9,420 77,808  8.26 9,420 79,374  8.43 9,400 68,668 7.31 (s)
RO 2015 Forest 6,901 28,709  4.16 6,901 52,253 7.57 6,871 27,251 3.97
SE 2015 Forest 27,980 94,716  3.39 27,980 114,047  4.08 27,354 119,285 436
Total/Mean 126,899 599,026  4.72 125430 667,625  5.32 125,428 633,820 5.05

(1) Harmonized for definition and estimation method by ENFIN and by year and forest area by the JRC

(2) Data derived from https://fra-data.fac.org/FE/panEuropean/home/

(3) Data derived from Pilli et al. (2022)

(4) The SoEF data is only available for the FAWS area while the CEM data is only available for the total forest area

(5) The SoEF NAI data for PL are not reported and are estimated from the reported GAl values multiplied for the JRC ratio NAI/GAI

Source: JRC 2022 (own data)

6.4.6 Reference statistics on volume increment

The JRC reference dataset on forest volume increment provides consistent data for the average and total GAIl, ANL
and NAI for forest land and FAWS area in 2015 for the-El countriesat national or subnational level The
reference statistics were produceby the JRC compiling, processing and harrsimgj the best available data
provided by the NFIs, the SoEF 2020 dataset and the outputs of the CBM, following an approach similar to that
used for the assessment of the biomass stock and FAWS.

The increment esnates were harmorsed for definition, reference year and forest area (as described in section
6.1.2) at subnational scale for 10 countries covering about 82% dig EU27 forest area. For the remaining
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countries, the increment data were obtained by the SOEBREST EUROPE, 20&thational scale for 15 countries
covering 14% of the E27 forest area and by the CBM for th2 countries that did not report increment values in
SoEF (GR and PT, 5% of the-EUforest area). For all countries, the increment estimates were adjusted to fill
missing data and to match the forest and FAWS area for 2015 reported by SoEF using the appsodescribed

in this chapter

The forests of the Ek27 countries in the year 2015 produced a GAI of about 902 millioA of wood over 158
million ha®, of which 132 million mMwere lost due to natural causes (ANL), resulting in a NAI of 770 milliédn m
(see Annexof this Chapte). When considering the increment per ha, the average GAl wambha? yr! of which
4.9m?® ha'! yrof NAI and the remaining 0.8 frha? yr! of ANL. In comparison, the increment values on the FAWS
area, covering 134million ha,were usually higher in terms of the average increment per ha, with a GAI oh&.0
ha! yr! and a NAI of 5.1 rhha?! yr? but they were smaller in terms of total increment due to the lower forest
area, with a GAI of 79@nillion m* and a NAI of 681 million m® (see Annex of this Chaptér On average, the ANL
on forest land affected 15% of the GAl, and thus the net increment was 85% of the gross increment.

The growth rate of the forests varies largely across Europe, with a NAI that ranges at national level from 1.1 to
10.7m® halyr? (in CY and DK, respectively). As expected, the growth rates showed a clear latitudinal gradient: the
largest increment rates(above 8 m® ha?® yr') were found in central Europe while the Scandinavian and
Mediterranean countries presented the lowest rates (equal or below®sa? yr?), with intermediate values (5

7 m?® hat yr?) found in the transition between thesegions(Figure70). The spatial variability of the NAI is mostly
driven by the GAI but, for the Mediterranean and some east European countries, the low NAI is also due to large
ANL, which range between 16% and 43% of the GAI, whilertbghernand west European countriesrded to

report lower losses, affecting between 5% and 15% of the GAI.

48 This corresponds to the forest area reported in SoEF 2020 for the year 2015. Since this area was riotipaely harmonised, it is not
directly comparable with the harmonised forest area referred to 2020.
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Figure 70. Net Annual IncrementNAI)in the forest area according to our reference harmsed statistics for the year 2015.
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Source: JRC 2022 (own data)

Theincrement estimates derived from the harmaeid NFIs of 10 countriescovering 82% of the EL27 forest

area, are also available by forest type. The analysis of the results shows that most of the increment (58%) is

produced by coniferous forests, which are predominant in central and northern European countries (e.g., DE, FI, SE,

PL), while broadleaves forestsatej m> A ~j hhji Vi _hkmj _p~ AV Anp]lnoliod\ghk
increment in the centrakouthern countries (e.g., FR, IT, ES), followed by mixed forests that contributes to 18% of

the total increment Figure71).
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Figure 71. Reference statistics on the Net Annual Increment in the forest astEthe 10 harmonised NFlIs countridsy forest
type for 2015.
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The JRC harmosed estimates of NAI are based on a courtspecific harmorsation of best available data. For 10
Member States covering about 82% of the total forest areathe NAI was derived from increment data directly
reportedby countries already harmorged to a common definition, further aligned (for 8 countries reporting the
increment for FAWS) to the total forest area attributed to each Member State and scaled to a common reference
year (2015). According to the data reported to JR@, percentage error of these primary data, i.e. the harnsedi

total NAlI, is always lower than 2% at national level. Of course, scaling these data to a different forest area and
reference year, we introduced a further uncertainty. Indeed, when scaling5(foountries) the increment data
referred to the FAWS to the total forest area, we may overestimate the average annual increment of unproductive
forest sites.

For 15 Member States, the NAI was derived from SoEF. These data were not preliminarily tsethboivever,
based on the information inferred from the previous group of countries, the impact of the harsatioh ranges
from -13% to +12% in terms of volume increment. In this case, however, apart from the uncertainty due to the
harmongation to a commorreference year, some of these data are probably referred to GAI, and should be further
corrected.

Finally for GR and PT, the NAI was derived from the estimates provided from CBM. In thesgveasionot have

an assessment of the error associated to thesstimates, also because at country leyeb recent statistis are
currently availableHowever, based on the comparison performed with other Mediterranean countries (IT and ES)
we can infer that, for these countries, the relative difference between ti&MCoutput and the harmonised NAI
ranges between23% and-10%.
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6.4.7 Trend in the increment (1950 - 2025)

6.4.7.1 Assessing the trend

The longterm evolution of the NAl is estimated by combining multiple data sources, namely the statistics provided

by the FAO, the SoEfRe Member State®National Forest Accounting Plans (NFARh the CBM. The trend of the

NAI per unit of area (in fhha! yr?) is reported here Figure72 - from 1950 to 2025 based on the data provided

by the UNECE/FAQO (2005) (with 5 years times intervals derived as simple average of the values), the SoEF 2020
(referred both to the total forestarea and to FAWS for the period 19902015), the CBM (referred to the total

forest area for the period 2000 - +- +$ AV i _A\ nh_"mdq _hamjhhoc hdi aj mh\ od)]
(reported as average for the historical period 20ED09 and as pojection for 2022, see Korosuo et al., 202ihd

Korosuo et al., in prep). For the SOEF we also highlight the share of forest area covered by increment data. All data

are referred to ELR7, except for UNECE/FAO (2005) and the estimates derived from the\ARh also include

the UK.

Figure 72. Development of themean Net Annual IncremeriNAI)of EU27 during the period 180 , 2020 according to
multiple data sources for the total forest area (Tot Forest) or for the FAWS area (FAW8)percentage valuggfer to the
SoEF data andepresent thefraction of the forest area (ifight orange or FAWS area (in yellowg which the NAI values
refer to. The mean NAvalues provided by the CBM and JRC refer to all EU 27 countries, whiléNECE FAO 2005 and the
NFAP values include also the UK.
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These data sourcekighlight that for EWJ27 the increment is continuously increasingpf about 3m® ha! yrt in
1950 to about 5.1m? ha' yrt in 2005, which corresponds to a percentage annual increment of about +8in

49 1n 2019, each EU Member State submitted to the European Commission a National Forestry Accounting Plan, as part of the/&.1 201
Regulation's requireents. These documents include a detailed description of the forest resources of each country, in particular within the
period 2000- 2009 and its expected evolution until 2025 (Korosuo et al., 2021).
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ocdnhk> mdj )AHhAjmh-++0"Hh\ ggh_\Vo\lhAnjpm*» nh#Nj @QAR-+, 0' fh>=
average NAI ranging from 4.9 to 5/2° ha' yr.

The estimates derived from CBM for the B3 between 2005 and 2015 indicate that the averagdAl is quite
stable and equal toabout 5 m® ha! yr!. The CBM resudtmatch well the values estimated in ounarmonised
dataset, which reports an average NAI o®4n® ha' yr? for the total forest area and of 5.2m% ha! yr! for the
FAWS of EA27. Thevalues reportedn the SoEF for total forest area and for FAWS in the year 2000, 2010 and
2015, however, are on average 12% higher than the estimates provided by CBM for the same period, with the
largest difference in 2015 (+15% for forest and +24% for FAS)

As highlighted within the specific analysis based on the harrsation of NAI (sectiot®.4.4), the higher SoEF values

may be due to two main reasons. Firstly, not all countries report to the SoEF data on forest increment. In particular,
the average NAI of the SoEF refers only to 36%8% of the forest area and 52% 85% of the FAWS area of EU

27 (seeFigure72 for details) and does not include the countries with lower increments, such as ES, PT or GR.
Secondly, the comparison with the incrememlues reported by the NFI reports indicated that, in some cases, the
NAI values reportedh the SoEF are in line with the data on the gross increment and thus they seem to refer to the
GAl rather than the NAL.

Assuming the continuation of the forest magement practices applied within the periods 20@015 (for CBM)

and 2000, - ++4h#aj mh”rj piomd n¥%hl A<Kn$' hoc h\ g 4eamhalfgrt <Dhdnh"
within the following period 202Q 2025 according to these two data sourcds.addition, even though the overview

on the NAI reported by the SoEF (2020) for the EU within the period 192015 does not highlight any evident
ndbi\ghjafhdi *m> h io¥“nhAn\lopm\odji hj mhm  _p~rodjiuntrigmc ™ f  qgj
(4 countries do not report a consistent time series) during this period indicates a different trend.

In fact, the relative growing stock change of 19 countries report a decreasing annual growth rate. Only CY, FR, HU,
and SE report a stable or inaising annual growth rate. Since the NAI is equal to the net stock change plus the
fellings, the decreasing growing stock can be partially due to an increasing felling rate (see sdécBohon
removals). However, the other data sources presented here (CBM and NFAPs) suggest that part of the decreasing
stock is also due to a reduction of the forest NAI in European forests.

Overall, these results confirm the ongoing reduction of the NAI already repdijeather studies at EU level (see
for example Nabuurs et gl2013; Pilli et al, 2022) and more recently, also at country level. For example, according
to the NFAP submittetfom AT, the total NAI estimated at country level decreased from 30.4iamilm? within the
period 2000, 2009, to 29.7 milion m® within the following period 201Q 2018 (Austria, 2019).

Similar results were recently reported also from other countriesFInaccording to the latest NFI, the average
annual increment at country level decreased from about m¥ha? yr! within the period 20142018, to about 4.6
m? hat yr?, within the period 20162020 (Finland, 2022). In SE, the average annual incrementdased from
about 4.8m? ha! yrtin 2002, to 5.3m? ha! yr! within the period 20162013, but then it decreased to 5.° ha
1yrtin 2016 andrecent datacollected at country levetonfirm this trend(Sweden, 2022).

Other countries, however, report a stable or slightly increasing NAI. In some cases, imertftgrn European

countries, this could be due to the ongoing effect of climate change which may increasen¢hecosystem
productivity on some European regions,i _h k\ mod\ ggt A*j hk in\Vo hoc hdi*"m h™i
processes (Pilli et al., 2022). In other cases, such as for some central European countries, despite the major natural
_dnopm]\i~"nhj**pmm _fr do ctidticsido ot highiightraoyflieect gffedydn NAlfsee, H ~ j pi
for example, CZ). This may be because, in some cases, most of natural losses were removed through salvage
logging and therefore, by definition, accounted as part of the NAI.

6.4.7.2 Understanding the trend

Most of the recent studies attribute the stabdlation of the NAI, and the following expected reduction within the
coming decades, to the ongoing ageing process of the European forests (see for example Nabuurd®t3IPilli

et al, 2022). To better undrstand this process, we analgd the evolution of the age class distribution of the even
aged forest stands as expected from CBM from 2000 to 2020. Within this period, the average age of these stands,
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which cover about 84% of the total forest area consiggl by CBM, increased from 58 to 64 ges (Figure73).
Howeveraccording to our estimatesyhile the average age of the coniferous stands is quite stable, just increasing

by about 0.2% per year, the average age of the broadleaves stands increases by about 1% per year. Certainly,
theseresults\ m™> A\ aa™ "o~ _fH] t hoc £ nk hetndanademBnt gractices pplied on differerk o d j i n A
species groups and countries. In particular, excluding afforestation, the evolution of the age class distribution is

mostly determined from stand replacing activities (i.e. final cuts) and natural disturbanegslétorms and fires),

which may rejuvenate existing forest stands

Figure 73. Evolution of the average age of the eveaged broadleaves andoniferousstandsfrom 2000 to 2020 in the EU
27 as estimated by the CBNFor representdon purposes,hie y axis does not start from O
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Despite the uncertainty on the amount of harvest reportéyg different data sources (Camia et al., 2018), the
FAOSTAT data used for calibrating CBM report that the coniferous species provided about 66% of the total
removals within the period 200Q 2015. Therefore, forest management activities applied on coniferous species
may have partially offset the ongoing ageing process of these stands. On the opposite, in cases the natural
ageing process acting on broadleaves stands was not offset from the management practices applied on these
stands. This could be, for example, the case of coppice stands abandoned in some Mediterranean countries.

The faster ageing processf broadleaves indirectly also affects the evolution of the increment. Indeed, according
to the estimatesobtainedfrom CBM between 2000 and 2025, while the living biomass stock is continuously
increasing for bothconiferous and broadleaves species, faig last group the percentage annual increment derived
from this biomass decreases from 0.7% to 0.35p&r year(Figure74). On the other hand, for cders, despite the
major intensity of removals, the percentage annual increment is quite stable within the entire period. This dynamic
has direct consequences also on the overall evolutiomeff ecosystemproduction andnet biome production (see

Pilli et d., 2022).

50 This analysis does not consider afforestation and defstation within the period 200Q 2020.
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Figure 74. BEvolution of the Net Annual IncremeiiNAI)of broadleaves and conifers as percentage of the biomass stock in
the EU27 in the period 2000, 2025 as estimated by the CBM.
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6.5 Biomass loss: forest harvest & natural disturbances

6.5.1 Summary in numbers : key indicators

According to various data sources, the harvest level in the EU was relatively stable between 1960 and 1985 and
then presented a clear upward trend, with FAOSTAT rersamateasing from 3.0 to 4.0 fha? yr! between 1990

and 2015.During the pastears, some countrieBaveimproved the completeness of their data series, in particular

on wood used for energy, which was partially unaccounted from previous statisticsSSFAD data series were
updated according to these new data. However, since data repdyesther countries need to be further revised,

the overall removals estimated at EU level are still partially underestimated (see @wpter 7 within this report

for further details). Despite our effort to harmose current data series and to account for possible inconsistencies,
the lack of data collected at country level may also affect the accuracy of our results.

The trend of the fellings rate, that is the ratibetween the total fellings and the NAI, determines the evolution of
the forest biomass stock. The fellings rate slowly decreased from 82% to 78% of the NAI between 2000 and 2015,
but it is estimated to grow and reach the 88% of the NAI in 2020. The fekimgte has beencertainly increasing
duringthe last decade but it is still below the current NAL.

However natural disturbances, mainly caused by wind and insects, have increased by 138% during the period
2014-2018 in 17 countries, confirming the increamj trend incentral Europe reported in the literature. The salvage
loggings following thee disturbances might be partly responsible for the increased harvesting rates observed in
the EU over recent years. For instance, due to the worst-edtle outbre& ever recorded, CZ doubled their total
removals in 2019 compared to their harvest rate in 2014hUs, the increasing impact of natural disturbances
combined with the growing harvest demand may further reduce the marginal share of increment available for
wood supply.
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6.5.2 Forest harvest and the carbon cycle

An accurate assessment of the amount of woody biomass removed from forests is essential not only to quantify
the intensity and sustainability of current management practices but also the net carbon uptakedem from the
overall forest ecosystem.

Indeedpn theone side, the ratio between the total amount of fellings and the total net annual increment condenses
the evolution and the intensity of previous forest management practices, and it is an essengatquisite to
assess the future forest management strategie@nthe other side, the difference between tid¢Aland the amount

of removals is directly proportional to the living biomass carbon sink.

In addition, the absolute amount of biomass removals difg affects the net carbon sink attributed to the
harvested wood products pool while the relative amount of logging residues, as well as the biomass lost due to
natural disturbances, indirectly affects the net carbon sink attributed to the dead wood ittied pools @illi et al.,
2021; Korosuo et al., in prep).

6.5.3 Data sources on forest harvest

The amount of biomass harvested in the forests is reportgdvarious data sources, which however present some
differences regarding the spatial and temporal coveraged the variable reportedsge Figure69) for an overview
of the definitions).

FAOSTAT reports the total amount of roundwood removals since 1961 for aR Etbuntries (in nd under bark),
including both wood used for energy and faraterial, SOEF reports the total amount of fellings at specific time
intervals since 1990, including logging residues (attributed both to the total forest area and to the FAWS area, in
m?® over bark) but omitting data for some Member States; ESTAT collects voluntary basis, data on removals
from logging activities since 2000 and makes also available the amount of roundwood removals reported in the
Joint Forest Sector Questionnaire (JFSQ). A detailed comparison between these data highlights thattgt cou
level, they are generally mutually consistent (Pilli and Grassi, 2021 et al.,2023).

Based on the data reporteith the SOEF (2020), we noticed that at least 95% of the total amount of fellings (100%

for 6 out of 14 countries reporting data for 2015) of most Member States is provided for the FAWS rather than for
the total forest area (only in the Netherlands, about 2086 fellings is allocated outside the FAWS). Therefore, to
provide a consistent comparison between various data sources, all values are converted to over bark and scaled
against the area attributed to FAWS, as reporied¢he SoEF (2020) for specific timatervals.

6.5.4 Trend in fellings and removals

For the ELR7, the amount of fellings reportedh the SoEF shows a clear upward trend, increasing from about 2.4
m? ha! yrtin 1990 to 4.7 n? ha' yr® in 2015 (Figure75). FAOSTAT also reports a similar trend, with removals
relatively stable between 1960 and 1985 and then increasing from about 3.0ma? yrtin 1990 to 4.0 n? ha'

yrt in 2015. However, site fellings are (by definition) larger than removals, the SOEF data are likely
underestimated, as the total amount of fellings reported by the SoEF until 2010 is lower than the FAOSTAT
removals.

This effect is due to two reasons. Firstly, the SOEF doegepobrt data for a few countries that, all together, cover

at least 25% of the total FAWS area. Secondly, in some cases, the values reported as fellings in the SoEF are
probably referred to the removals, as described in Pilli and Grassi (2021). Moreavbigllighted from Camia et

al. (2018), also the removals reportday FAOSTAT resulted to be underestimated by up to 20%, mostly because
of the lack of data reportedor the fuelwood sector.

Recently, a detailed analysis of the data reportbgthe MemberStates within their National Forest Accounting

Plans highlights that some countries (such as DE, BE and NL) improved the completeness of their data series,
including for example the amount of wood used for energy, which was partially unaccounted frowiopre
statistics (Korosuo et al., 2021; Paivinen et al., 2022). These adjustments were taken up by FAOSTAT, which was
partially revised accordingly to these updates, improving the overall accuracy of the data series (Péivinen et al.,
2022) and making it wé in line with the total removals derived from the NFAPs for-2WUin 2005 and 2009.
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However, considering that the data reporteg some countries, such as RO or IT, still need to be further revised
(Ciceu et a].2019; Pilli et al., 2021), we can infehat the overall removals estimated at EU level are still partially
underestimated. In these cases, ancillary information provided from remote sensing may integrate other data
sources collected at country level (i.e. Ceccherini et al., 2020, 2022).

A further comparison of these data sources with the data used for calibrating the CBM highlights that the removals
considered by CBM are well in line with the most recent data provided from FAOSTAT (and fromi!NRARsst

until 2015. Instead, the amount of féihgs estimated by the model is generally higher than the fellings derived
from the SoEF, except for 2015 when, according to both data sources, the fellings were arourndt&.5m° ha'

yrt,

Figure 75. Comparison between (ifellings (FEL, including logging residues) estimated from SoEF (2020) and CBM and (ii)
removals (REM, excluding logging residues) derived from FAOSTAT (FAOSTAT, 2022), from CBM and from the data reported
within the National Forest Accounting Plans (NFARnstted in 2019 from EU Member States (see Korosuo et al., 2021). All
values are reported in fhover bark (0.b.) hayr?, scaled against the FAWS area reportadSsoEF 2020 (before 1990 the
FAWS area is assumed as constant and equal to the value attribu_ hoj , 44 +$"' i\ nnphdi bRV i N g  m\ b~
12% to convert the volume under bark (u.b.) reportedFAOSTAT to o.Bor SoERhe figures are only scaled against the
area corresponding to the countri¢kat report data The share of FAWS ceved from these countries is reported in thight-
orange boxes.
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6.5.5 Balancing growth and losses: the fellings rate

The ratio between the amount of fellings and the net increment represents the fellings rate, which is a key indicator
because its longerm trend determines the evolution (increasing, stable or decreasing) of the biomass stock
standing in the forest. Assefng the evolution of the annual fellings rate is challenging because the overall

51 This is due to the fact that FAOSTAT data were preliminarily corrected, at country level, to account for possible untemwest taking
into account other ancillary information reported by literature (sedi Btlal., 2015).

115



uncertainty on fellings and removalsbtained from various data sources adds up to the uncertainty on the
increment data.

As expected, the fellings rate inferred from the SolBcreases in time, from 66% in 1990 to 79% in 20¥%5(Figure

76). However, these values refer only to part of the FAWS and they are estimated astivebetween the total
amount of fellings, including the merchantable wood components, the Other Wood Components (OWC) removed
with harvest and the logging residuesand the NAI. Since the NAI, according to international definitions, is mostly
referredto the merchantable standing stock (see Gschwantner et al., 2022), the fellings rate derived from the SoEF
also includes a fraction of removals (i.e. OWC) not accounted within the definition of NAL.

When applying the same definition of the fellings rate tive dataobtainedfrom CBM, we estimated a fellings rate
varying from 82% of the NAI in the year 2000 to 78% of the NAI in 2015, with this last value being in line with
the rates derived from the SoEF. However, by using the CBM output, we could alsatestiva ratio between the
amount of fellings including only the merchantable wood component and corresponding logging residues (i.e.
excluding OWCand the merchantable NAI. In this case, the fellings rate decreases to about 74% in 2000 and 69%
in 2015.

Based on the historical data series derived from CBM for the period 202015 and taking into account that the
absolute amount of removals reporteldy FAOSTAT increased to 4.3 ha! yr! in 2020%, we estimated that the
actual fellings rate in 2020 rangs between 77%if calculated against the merchantable fellings rgtand 88%

of the NAI(if calculated against the total fellings ratfe

Based on this analysis, and despite the differences between various data sources, it is important to note that the
overall fellings rate at EU level, even ifitas beercertainly increasingluringthe last decade, is still certainly below

the current NAI. Of course, the increasing impact of natural disturbances on some @mmidtiring the last
qguinguennium, and theecent increase of the harvest demand, also determined from the international framework,
may further reduce the marginal share of increment available for wood supply.

52 Official statistics on the felling rate in 2020 are not yet available.

53 This corresponds to +12% compared to the amount of removals reported by FAOSTAT for 2010. This share was used to calibnaoeitin
of fellings and merchantableemovals derived from CBM for 2020, deriving the corresponding fellings rate. The NAI was already available
from the CBM output for the period 2018100 (see Pilli et al., 2022, Korosuo et al., in prep).
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Figure 76. Comparison betweentte fellings rate derived from SdEand estimated from CBM, considering the total amount
of fellings (CBMrotal= NAI / (merchantable components + other wood components + logging residues) and the merchantable
a ggdi bn¥%h"j h lajtables NAI ¢nercheinfiablé components + loggiregsidues)).
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6.5.6 Natural disturbances

6.5.6.1 Climate change and natural disturbances

Forest types and forest functioning are strongly determined by the interplay of climate and environmental factors,
such as temperature, precipitationapor pressure deficit, and radiation. Therefore, changes in climate conditions
and climate extremes can impact forest ecosystems (e.g. Hartmann et al., 2022).

In Europewe are witnessingn the recent yearsn increase in climate variability. Extreme events such as droughts
and/or heat waves are becoming more frequent and severe than in past decades (Trenberth2&t1d; Spinoni

et al., 2018), and they are spreading in wetter regions (Kornhuber et al.p202here vegetation is less adapted
to cope with droughts and heat stress.

Recent climate extremes have impacted forests mainly through, first, an increase of tree mortality (e.g. Hartmann
et al., 2022); second, an abrupt reduction of productivity (Re&hset al., 2013), and finally, through potential
carry over effects that impact forest productivity and functioning, as well as the probability of biotic disturbances,
in the years after theclimate extremes.

Recently, Salomon et al. (2022) evaluated ta#ect of the 2018 European heatwave on tree growth for 21 tree
species in 53 locations in Europe. They found that the effects varied substantially by species and showed that
conifer (particularly Norway spruce and Scots pine) are more vulnerable toregtfeeat waves and droughts than
deciduous species. This is a very relevant finding, considering that these two conifer species alone store about 40%
of the total biomass of the EU forests (see sectiérl.2).

Moreover, drought and heatwave interplay with other natural disturbances such as fires and pest outbreaks that
can lead to increase of tree mortality as shown in a recent literature review (Hartmann €2Q#2).
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6.5.6.2 Natural disturbances in European forests

European forests are threatened by natural disturbances caused by abiotic and biotic agents such as windstorms,
droughts, fires, insect outbreaks @ combination of these agents, which are exacerbated biynate change.
Natural disturbances influence forest ecosystem services in different ways and there is evidence that such
disturbances have dramatically increased in Europe in the #syears (Thom and Seidl, 2016).

The forest vulnerability to natural digrbances is determined by its structural properties, climate and landscape
factors, and the agent of natural disturbances (Forzieri et al., 2020). Climate change will modify forest structure
and dynamics through direct effects, such as precipitation, tengpure and droughts, and indirect effects such as
natural disturbance, which in turn will affect wood production, carbon storage and other ecosystem services
(Lindner et al.2014; Senf et al., 2020).

The rising intensity and frequency of natural disturizges are mainly due to the changing climate and a long history
of human activities in the forests, and it is expected that these disturbances will be more frequent and intensive in
the future due to climate change (Seidl et al., 2017). All these processesxpected to impact the forest growth,
and their future dynamics will have substantial impacts on the forest increment in the coming years (Pilli et al.,
2022).

It is estimated that the average amount of wood damaged by windstorms and bark beetlesaserefrom about

35 million m? per year over the period 1950 2000 in Europe (Schelhaas et al., 2003) to over 100 millioA im

2018 only in 17 Member States (Camia et al., 2021), with large variations between years and among countries.
When comparing thelecade 1971- 1980 with 2001 - 2010, in Europeinsect outbreaks increased by 602%,
wildfires by 231% and windstormdyy 140% (Seidl et al., 2014).

6.5.6.3 Trend and causes of salvage logging

Natural disturbances in the EU are often followed by salvage loggivitich can affect the primary wood supply in

the forestbased sector. Salvage logging is a common and, in many EU countries, mandatory practice to remove
damaged wood after a disturbance. Wood removal is performed to misenwsses and to prevent the sprdeof

pests and disease to the remaining living trees. After wind or snowstorms, the damaged logs tend to degrade
rapidly due to insects and other pathogens, therefore salvage logging is often performed in the weeks following

the disturbance although, in of large events, it may take years to be completed.

In the case of a largescale disturbance, salvage logging introduces on the market a significant amount of wood
of various qualities (damaged, infected, rotten, broken, split) within a very short timiech might distort the
market by reducing wood prices aty increasing the woody biomass flows for energy (Holmes, 1991, Udali et al.,
2021, Camia et al., 2021).

Currently there is no common European dataset on salvage logging that allows to estimateftbcts of natural
disturbances andto draw conclusions at EU scale. For this reason, the European Commission (DG iAGRI)
collaboration with the JRQas collected data for the period 2004 2019 on total harvest, salvage loggings and

causes of salvagdoggings in 17 Member States, representing 76% of the tdEA} 27 forest area. The data were

extracted from publicly available national datasets, reports, Eurostat and/or consulting with national experts. Data

on salvage loggings were founfdr the following Member States: AT, BG, CY, CZ, DE, EE, FI, FR, HR, HU, LT, LV, RO,
PL, SE, SK and Gke Camia et al, 2021)

The national data on salvage logging were harmezd to perform a meaningful comparison and integration. Since
most countries report salvag®gigings under bark, the countries reporting data over bark were converted to under
bark by using forest product conversion factors (FAO, 2020). In PL, data on salvage loggings are collected only in
the state forests that represent 80% of the national forearea and were upscaled to the country level.

The results of this study, first published in Camia et al. (2021), were recently revised using FAOSTAT data for the
cases where the original dataset did not report sufficient information to attribute corretily salvage loggings
either to fellings or removals, or to volume under bark or over bark.

The revised time series with annual data on salvage loggings varies among Member States and data are available
for all 17 Member States only for the period 2014 2018. According to this revised dataset, salvage loggings
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increased from 44.3 million fin 2014 to 103.5 million nt in 2018, corresponding to an increase from 10.6% to
23.6% oftotal removals Figure77).

Figure 77. Evolution of the amounts of wood extracted from salvage logging as percentage of the total removals during the
period 2014, 2018 as reported by 17 EU countries.
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Data on the causes of salvage loggings for their respective time periods are availall® countries: AT, CY, CZ,

FI, DE, LT, PL, SI, SK and SE. This dataset indicates that, for most countries, wind was the first causg®f salv
logging, followed by insect outbreaks and then fires or other causes. However, the magnitude of the rise in salvage
logging varies largely between countries, withntral Europe showing a large pulse of bark beetle infestations. For
example, in CZ in@L8, salvage loggings accounted for 90% of total removals, while in SE were negligible (Camia
et al., 2021).

The increase in salvage loggings might be partly responsible for increased harvesting rates observed in the EU over
recent years. For instance, @Zs experienced since 2015 the worst balleetle outbreak ever recorded, and their
total removals doubled in 2019 compared to the harvest rate in 2014 (CSO, 2019).

This case illustrates that natural disturbances may force significant amounts of woody bésnato the market in

a very short time. Even though it is likely that damaged wood is used for lower quality wood products and for
bioenergy, it is difficult to assess the overall flow and the various uses of the wood obtained from salvage loggings
due tolimited data availability andhe further workneededto characterse the woody biomass flows after salvage

loggings.
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6.6 Conclusions for Chapter 6

6.6.1 The status of biomass in European forests

This chapter presented an overview of harmsed and recenstatistics and maps for the EU forests regarding the
forest biomass stock, the share available for wood supply, the biomass growth (gross and net increment), and the
losses due to harvest and natural disturbances. Most of the results presented here weireedéby harmorsing
national statistics and published maps using common definitions, estimation methods and updating them to a
common reference year.

According to our harmosed statistics, the aboveground biomass stock of the EU forests in the year 282@ual

to 18.4 billiontonnesof dry matter, corresponding to an average biomass density of *@@nesper ha. The forests

of central Europe store most of the biomass stock (10 billtmmneg and present the highest biomass density (176
tonnesper ha), which gradually decreases moving towardsuthern (86tonnesper ha) andnorthern (81tonnes

perha) Europe. The EU forest biomass is almost equally stored between broadleaves and conifers, and about 40%
is produced by two conifer species alotcea spand Pinussylvestris

In total, 89% of the forest area and 92% of the biomass stock of the EU is available for wood supply. The share

of wood available decreases fromorthern (SE, Fl) teouthern (IT, PT) Europe, mostly because the relatively lower
produdivity of some area, makes harvesting not profitable, at least within a market still domindig@oniferous

nk > ~"d n¥%h_~h\i _)YAROc Ahn ~ji _HhNdi ha\*"oj mhgdhdodi bhrjj h
Apennines) which historically reduced the access to marginal lands, indirectly preserving ecosystems {e.g. old

growth forests withhigh biomass density) recently included within protected areas. Finally, ssmaomic and

historical reasons certainly played a key role. Until the 5€sjthern andcentral European forests resources have

been largely exploited, but after the second YbWar, the economic drivers have reduced the pressursaithern

European forests (i.e. on coppices), increasing the demambahern European forests.

In 2015, the EU forests produced 902 million*rof wood, of which 132 million riwere lost due mordlity, resulting

in a net annual increment of 770 million (85% of the gross increment)The average net annual increment is

4.9 m? per ha but it varies largely across Europe reaching more tham8per hain central European forests and
gradually decrasing towards Scandinavian and Mediterranean countries as a consequence of environmental
constrains but also, in some areas, of therge natural losses.

The EU harvest level in 2015 was about 4.C° per ha (or likely higher, since fuelwood removals tend to be
underestimated), meaning that 82% of the net annual increment was harvested. It is important to noticatibat
quality of the harvested wood is affected by the impacts of the natural disturbasclin 2015, &dout 15% of the
wood harvested was obtained from salvage loggings, which is likethihamaged wood that can be used for lower
quality wood products and for bioenergy, and this share has recently increased, especially in central Europe.

6.6.2 Upcoming challenges for biomass production in European forests

According to international reporting, the total area and the biomass stock offhkforests have increased during
the period 1990, 2020 but their growth rate has slowed down significantly during tlest 5 years. Instead, the
forest area available for wood supply has increased since 1990 but it has become stable already since 2005.

This dynamic is reflected (and related) to the temporal evolution of the net annual increment. The average forest
increnment in the EU has increased from 1950 until 2005 but, between 2005 and 2015, it has remained quite stable
and, according to the most recent data and modelling results, it is expected to decrease during the period 2020
2025, assuming the continuation ofhie current forest management practices. This evolution of the net annual
increment is likely due to various factors, one of them being the ageing of the European forests, in particular of
the broadleaves stands.

Contrastingly, the harvest level in EU wasatively stable between 1960 and 1985 but showed a clear upward
trend between 1990 and 2015This trend is related to the ageing of the forests, the increase wood demands from
the market, and to the substantial increase imatural disturbances, and subsegnt salvage loggings, observed
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during the last yearsespecially ircentral Europe. For instance, due to the worst badetle outbreak ever recorded,
CZ doubled its removals in 2019 compared to 2014.

The ratio between the fellings and the net incremerr( fellings rate) is a key variable because it determines the
temporal evolution of the forest biomass stock and affects the future wood availability. The fellings rate slowly
decreased from 82% to 78% of the NAI between 2000 and 2015, but it is estimatedjrow and reach the 88%

of the net annual increment in 2020.

The fellings ratehas beenthus increasingluringthe last decade as a resulbn the one sidegf the growing wood
demand from the market, andn the other side, othe stable (or decreasing)et increment, but it is still below the
current net annual increment. However, the increasing impact of natural disturbances may further reduce the
marginal share of increment available for wood supply. In faBurope is witnessing an increase in cliraat
variability and climate extremes that have caused a surge of tree mortality and a reduction of productivity.
Moreover, drought and heatwave interplay with other natural disturbances such as fires and pest outbreaks,
multiplying the negative impacts on thforest increment expected in the coming years.

This chapter focuses on the assessment of forest biomass production, without considering the companion land use
category "other wooded land" (OWL). Harvest statistics often includes also the amount ofaepodg from OWL,

but this is generally just a minor fraction of the total amount of harvest that cannot be easily disentangle. This
means that, the felling rate attributed to forest land may be slightly overestimated when harvest include also the
wood harvested from OWL. However, while within the Mediterranean countries the @i&4is always > 20% of

the area classified as forest land, within central and north European countries, this area, if reported, generally cover
less than 5% of the forest land (Pilkt al., 2023). Moreoverwithin the Mediterranean countries, OWL are mostly
marginal areas, not managed for wood productibn

6.6.3 How to improve the monitoring of forest biomass

In Europe, the NFIs provide valuable reference statistics but they refer to réiffedefinitions, spatial scales,
monitoring periods and temporal frequendyhen integrating statistics from 27 countries, data harmsetion is
essential to perform any meaningful paRuropean assessment. Such takighlights the importance of a wide
collaboration with NFI experts, as they provided key data for this study under the coordination of ENFIN. Moreover,
harmonsed data can support and facilitate stronger ntegration among existing EU monitoring and reporting
systems, such as the Forest Infoation System for Europe (FISE), the SoEF reports, the JRC Forest Observatory
and the Copernicus maps.

The harmorsed statistics presented in this chapter provide unbiased estimates at administrative level but they
remain limited in their spatial resolutiarFor these reasons, we also produced&ide maps at 100 m resolution
on forest area, forest biomass and forest available for wood supply that are consistent with the statistics.

Cijir g m Anp”~rch°nolod”»»h_\ o\ ]\ n" ligations increasmdlygeqiested franppg a d g f o |

forest monitoring system, which also needs to provide tiseries information that are coherent, ip-date and
spatially detailed on a variety of forest variables. Such characteristics can only be achieved withgatdom
acquisition and integration of ground and remote sensing data that are designed and acquired in a way to be highly
compatible.

On one sidethe ground surveys need to acquire reference data that can be used to calibrate and validate remote
sensingmaps as well as to estimate the forest properties that cannot be estimated by remote sensing. Considering
the growing impacts of climate change on forest, it is becoming increasingly important to invest in repeated,
consistent ground surveys of, e.g. fotggowth, health, mortality, natural disturbances and management practices.

On the other sideEarth Observation can be used to integrate and support grebaded data with waHto-wall
forest monitoring over large areas with high spatial resolution itiraely, consistent and independent way. Remote
sensing of forest can improve thmonitoring of forest dynamics, facilitate early warnings and timely responses to
forest disturbances, and support the implementation of forest policies and traffeanalysis.

54 For an in deep analysis of the definition and assenent of the area classified as OWL at country and EU level, we refer to Pilli et al., 2023.
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In the bioeconomy context, Earth Observation (see Box 1) allows a better assessment of the potential supply of
forest biomass through the detailed mapping of the standing biomass stocks and the geospatial modelling of the
restrictions to biomass availalifl, the harvesting costs, and the potential traddfs between economic and
ecological ecosystem services. In relation to climate policgztellite data can be used to better measure and
monitor the forest carbon sinks and sources from the forest sector

Satellite and airborne data are also increasingly used within the NFI systems to improve the efficiency of the ground
sampling (prestratification) and the estimation of the forest variables (pestratification), or to provide an
independent source ofata to compare with sampléased statistics.

Moreover, the remote sensing of forest properties is rapidly evolving thanks to new, dedicated satellite missions
and sensors, the increasing use of airborne laser sensors forsafional monitoring, the promisg results of the
terrestrial laser sensors for higlguality ground reference data and a better understanding of how to collect and
relate plot data with satellite data.

Certainly, the monitoring strategy depends on the scale of analysis (European, ahtsutenational, local) and the
forest characteristics, with substantial differences between the Mediterranean and boreal regions. Given the
variability of the ground data availability, the different capabilities of the satellites among the ecoregionstiaad

high diversity of European forests in terms of ecological conditions and dynamics, there will not be a single optimal
data source for all forest types. Instead, the way towards a better monitoring will be through the skillful integration
of the existng and upcoming satellite data with other geospatial data, with airborne and terrestrial lidar
measurements, with ground plots and with local and expert knowledge.

For example, a costffective strategy may use a muklayered approach and integrate satidl data, freely
available over large areas with frequent walb-wall coverage, with airborne lidar flights, which are relatively costly
but provide highquality biomass estimates for mapping at sufational scale and for satellite calibration at
regionalscale, and with forest plots and terrestrial lidar, which provide accurate reference data at local scale for
the proper calibration and validation of airborne and satellite data. The synergic use of these data can allow the
accurate, consistent, timely émation of the biomass stocks and their changesEuropean forests, and ultimately
support a better assessment of the forest resources and their potential role in the bioeconomy.

To this end, as announced in tHeU Forest Strategy for 2030, the Commissiwvill come forward with a legal
instrument on EU Forest Monitoring and plans that look into lbeign development of forests and the forest
based sector. Today, information about EU forests is patchy, derived by a range of methodologies for parameters
with different definitions across Member States and provided too late for rapidly evolving situations. The -above
mentioned legal proposal would stress the roleezfrth observation technologies in combination with groubdsed

data collection approaches to nke available harmorsied data layers and information about EU forests in a timely
manner and at high spatial granularity, where appropriate. Such information will be essential not only to assess
the high and increasing demands on forests but also to devedppropriate integrated policies, taking into account

the growing stress of forests under a changing climate and combatting the loss of biodiversity.
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7 Woody biomass sources, uses, flows and cascade use of wood
B _dhdi\nhE\ ndi ~gqdydpn' Al j hdh@\ip g\h>\uulidb\'fh<i_m

‘ Key messages ‘

O The total use of woody biomass (primary wood, secondary wood, unreported antiaud) for material
(including the paper and paperboard sectand enegy in the EUJ27 was 947 million cubic meter§Mnr)
in 2017. Of this total, 45% (424Mn¥’) was used for energy, while 55% (52@n?) was used for material.

O Theuse of primary woody biomasdas increasedmainly driven by the increased demand for primary
woody biomass fomaterial and energyA slight trend towards an increase in the share of woody biomass
used for energyis observed.

O The ®urces ofprimary woody biomass were mainly domestic removals fromrésts and other wooded
landswithin the EUJ27. The overall neimport of primary and secondary wood to the EX7J is less than
5% of the total sources. The natport of primary wood has remained steady during the analysed period
(2009-2017), while the netimport of secondary wood has slightly decreased.

O Theincrease in the domestic removals is attributed to the growing demand for woody biomass for material
and energy uses, as well as an increase in salvage loggings due to natural disturbances.

0 1In2017, seondary woody biomass (such as industrial-pyoduct$5 and bark)accounted for 48% of the
sourcesused for energy production, whild4% came from primary wood and 8% was uncategseid
(origin not reported). Onlg small amount of postconsumer wood was usefdr energy.

O For material production, primary wood is the most used source, followed by recovered woody bigmass
(mainly recovered paper).

O The sawmill industry plays sital role in the woodbased sector in the EQ27, asit is the largest industrial
user of primary woody biomasandthe main supplier of industrial byroducts.

o] Woody biomass sources are underreported, while inconsistency among different datasets is increasing
over time.Significant efforts to improve data qualtaretherefore required.

—

O The cascade use of bproducts and postonsumer woodo materials has slightly decreased throughou
the period (20092017) relative to the total woody biomass used. This decline is partly due to the increase
in direct use of secodary woody biomass for energy.

O There is potential to increase theseof by-products and postonsumer woodor material use, particularly
in the woodbased panel and wood pulp industries.

More than half a billion cubic meters of various wood assortmefgawnwood, pulp wood, fuelwood etc.) are
harvested and placed on the ER¥ market yearly. Traditionally, primary wood (stemwood, treetops and branches)
that is harvested from the forest anather wooded land is mainly used for wood products (sawnwoodp puld

paper, wooebased panels), and for energy. Secondary woody biomass (forest industprdgucts,referring to
secondary products made in the manufacture of sawnwood, wbaded panels and wood pulpark, and recovered
postconsumerwood®®) is mainly used for energy but is also used for materials (webdsed panels, pulp and
paper). Analysing primary and secondary woody biomass flows, including circular flows and trade, is a complex

55 The term 'byproducts' used throughout this chapter refer to secondary products made in the manufacture of
sawnwood, wootbased panels and wood pulp.

5 In thisreport, postconsumer wood is generally considered as secondary wood, but in some cases reported separately.
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task, because within the woedased industries there are syngies as well as competition (see Cazzaniga et al.
2022).

The typical supply chainf woody biomass startaith primary wood which is processed either into materials or
directly used forenergy generationlf processed into materials, the final productay befurther transformed for

either material or energypurposesafter its lifecycle.A quantification of woody biomass flows, including use of
industrial byproducts and the recycling of postonsumer wood or recovered paper and trends thereof, is impdrta

to support the implementation of the European Green Deal, and to the EU Forest Strategy for 2030, the EU 2018
Bioeconomy Strategy, and the Renewable Energy Directive.

An EUlevel analysis of woody biomass sources, uses and flows is derived from diftedatasets to produce
guantities for all the ELR7 Member States. Good quality and continuous data are an essential basis to support the
analysis of woody biomass flows. Many scientific publications deal with the known open issues of data coverage
and themethodologies to check and improve data quality, both for national and international analyses (Buongiorno,
2018; Kallio and Solberg, 2018; Jochem et al., 2021). For this reason, during the last years, international
organizations (FAO, EUROSTAT, UNEQHaete.been working to gather more reliable and complete statistics on
woody biomass. Nevertheless, for andepth analysis of the foresbased sectors, available reported data still
needs a critical overview to identify the best data sources both for $ipecific sectors and for the different Member
States. The EA27-aggregates can be derived only after detailed data analysis for each Member State. In this
respect, during the last years, the JRC has invested in building a referdaiedase which is pblished asthe EU

wood resource balances (Cazzaniga ef 2021) and Sankey diagrams of biomass flows (Cazzaniga et2422),

both at Member States and at EPJ7 levels This effort has minimised the data inconsistencies and obtained, where
possible, estimtes of unreported amounts of woody biomass. This chapter will exploit the results of that work.

The results presented in the wood resource balances (WRB) and in the Sankey diagram have been derived from
various official data sourcesT@able6). All values in the wood resource balances and in the Sankey diagram have
been converted to cubic meters of solid wood equivalents (SWE) using conversion factors to overcome tamprobl

of different reported units.

Table 6. Data souces used for WRB and Sankey estimates in Cazzaniga €@21) and in Cazzaniga et a2022).

Data source Organization Data

Joint Forest Sector Questionnaire EUROSTAT, UNECE, FAO, ITTO Production, imports and exports of fores

(2021) products and removals

Eurostat database (2021) EUROSTAT Wood pellets production imports and expor

Input/output coefficients (Mantau, 2019 Input/output coefficients for wood products

Forest product conversion factors for UNECE, FAO Bark correction factor, input coefficients

the UNECE region(2010/2020)

Joint Wood Energy Enquiry (2021) UNECE/FAO Forestry and Timber Section, Use of wood for energy, input coefficients
EUROSTAT conversion factors

National Renewable Energy Action Plans | European CommissiodRC Use of wood for energy

(NREAR Progress Reports (2020)

SourceJRC own elaboration

7.1 Wood resource balance

The wood resource balance (Mantau, 2015) is a recognised tool to verify data quality and to compagetaad
overview of woody biomass sources and uses. Some woody biomass is used more than once before reaching its
final use (for instance, part of roundwood input to a sawmill is output as sawmill residues and afterwards used as
input in woodbased panelswood pulp production or energy). For this reason, in the balance table, some woody
biomass is accounted for more than once, both in the sources and the uses side, according to the number of
processes. The summary results of the wood resource balance asepted inTable7 for the latest available
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year (2017).The Wood Resource Balance sheets for each Member State from 280@®17 are published in the
Knowledge Centre for Bioeconotiyn f) k g as doavijloadable publicatiort$ and interactive diagram® .

Table 7. Summary ofwoodresourcebalance for the year 2017 irthe EU27, derived fromCazzaniga et al(2021)%.
Rrimarysourcesincludes all woody biomass removed directly from forest and other wooded laticcémponents of the
tree), Materialtepresents the feedstockeededfor the material industries¥4&P/eans Heat and Power

Wood Resource Balance 2017 (all units IBWE)

SOURCES

E Industrial roundwood removals 355.5 195.4 Sawmill indus é
: L
<§( Fuel wood removals 118.1 100.6 Wood panels indug '<T:
& Netimport roundwood 10.7 155.3 Wood pulp indusiies
Bark 67.1] 187.8 Direct woo
> 3
E Domestic solid-psoducts 100.§ 201.3 Indirect woq T
% Black liquor 71.3 34.5 Unknown wo
S Netimport solid pyoducts 7.4
n
Netimport wood pellets 2.0
Postconsumer wood 38.1]
Total source: 771.1 874.8 Total uses
103.7
Unreported
sources

SourceJRC 2022

Results of wood resource balance data analysis show that the declared amount of primary wood sources in 2017
in the EU27 was 551.4million cubic meter{Mn?) (484.3 Mnt under bark), of which 97.8% are from domestic
removals and only 2.2%re netimports. This means that the ERY7 is almost selfsufficient in terms of primary
wood supply. Industrial Bproducts, wood chips and particles together with black liquor, amadarit79.6 Mn?¥ of

which 95.9% is domestic and 4.1% are nighported, again illustrating low dependency on wood supply from third
countries.

More than half (451.3 Mrf) of woody biomass sources were used for material (excluding the paper and paperboard

sector) The sawmilling industry is the largest industrial user of woody biomass followed by the wood pulp industry

and wood panel industry. Energy production is obtained by a mix of 44% of primary wood and 48% of secondary
woody biomass and 8% of woody biomas$ unknown category.

Ideally, the woody biomass sources and uses should be balanced. However, comparison between sources and uses
reveal a nonnegligible difference between the two. For all the analysed years (2@04.7), the total amount of

woody biomass sed in manufacturing of woodased products and for producing H&P exceeds the total amount
jafhm  kj mo™ Hnjpm” " nf #TableB)hThis gaw Has bean mtreajnty, andgn\2017, amofynded A

S@pmj k>\VifAh>j hhdnndj i %nfFi jhttps://kndwledyedpolicy.au.euiopd.eaifublidajioh/dambujcdbaldhdes_en

B@pmj k> \VifAh>jhhdnndji®%nhFijrg _b > h>"iom hajmh=dj > ~jijht5sh
https://knowledge4policy.ec.europa.eu/visualisation/bioecordiffarent-countries_en#wrb

59 In Cazzaniga et al. (2021), the wood pellets industrgs included in the material sector too, following the approach of Mantau (2015), and
consequently its domestic production is considered as secondary source too. This is important in terms of value addedaifgoroahich
is out of scope of this report-or the sake of the following analyses, the production of domestic wood pellets has been accounted for just in
the H&P sector.
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to close to 104 M at the overall ELR27 level, with large differences among Member Statdsble9). This increase
could, to some extent, be explained by the more complete reporting by the EU Member Statlkes uses side

Table 8. Summary of wood resource balances 20@®017, derived from Cazzaniga et d021). Values are expressed in

Mm® SWE.

Sources Uses Balance
vear Primary Secondary Post-vc\:lggzumer Material Energy (Uses - Sources)
2009 464 148 29 378 324 61
2010 524 165 31 408 357 45
2011 522 162 32 412 349 45
2012 520 170 34 407 373 56
2013 530 169 36 412 399 76
2014 533 171 35 419 397 77
2015 544 170 35 425 409 85
2016 551 176 37 440 421 97
2017 551 181 38 451 424 104

SourceJRC 2022

Table 9. Summary of wood resource balances of 2017 for all MS, derifreuin Cazzaniga et a2021). Values are expressed
in thousand n§ SWE.

Sources Uses Balance
Member State
Primary Secondary Post-\(l:v?)r:)sdumer Material Energy (Uses - Sources)

Austria 29,606 12,181 1,680 30,642 24,569 11,744
Belgium 8,456 6,158 1,546 8,843 5,660 -1,657
Bulgaria 6,794 1,109 0 4,650 4,565 1,312
Croatia 5,015 812 253 4,271 3,435 1,625
Cyprus 21 12 0 2 112 81
Czechia 16,509 5,935 296 14,024 13,544 4,827
Denmark 4,129 7,185 350 1,857 17,374 7,567
Estonia 10,119 1,969 337 8,543 5,420 1,538
Finland 76,356 37,504 1,047 71,791 41,492 -1,624
France 53,753 15,093 2,837 34,357 42,729 5,403
Germany 80,337 26,101 14,768 72,883 59,684 11,361
Greece 2,083 389 19 788 902 -802
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Hungary 6,014 972 0 2,917 3,465 -604
Ireland 3,725 1,097 458 3,692 1,356 -232
ltaly 18,978 8,650 4,733 11,245 44,811 23,695
Latvia 12,691 2,891 0 14,085 8,943 7,447
Lithuania 6,087 2,561 0 5,004 6,491 2,847
Luxembourg 748 300 67 873 421 180
Malta 1 5 0 0 4 -3
Netherlands 2,965 1,006 1,891 1,047 4,385 -431
Poland 50,136 11,247 1,272 35,895 22,888 -3,872
Portugal 17,162 10,051 210 17,756 19,459 9,793
Romania 18,382 7,418 2,250 20,908 27,192 20,051
Slovakia 9,404 3,084 130 8,368 4,478 229
Slovenia 2,641 592 0 2,347 2,696 1,810
Spain 18,281 6,909 729 19,980 11,865 5,925
Sweden 90,986 46,945 3,238 91,008 45,650 -4,510

SourceJRC 2022

7.2 Woody biomass flows

The wood resource balance désusefultool to point out inconsistencies in the data, but it is not suitable to identify
where the major inconsistencies arise, nor to infer the unreported sources. In this respect, tracking the flow of
woody biomass through the different sectors using a tootbuas the Sankey diagram can be more helpful.

The Sankey diagrams are composed of arrothat represent the direction anduantity of the flows of woody
biomass across the different sectors. The links among the different arrows are the nodes, which repieseme

cases processes, while in other cases aggregate or disaggregate of the flows of the different categories of woody
biomass. Each node should balance in terms of input and output, so it is possible to analyse the gaps in the nodes
of the diagram,thus highlighting where there are gaps.

The methods usedo derive woody biomass flows are published in Cazzaniga et(2022) and the valuesare
reproducedn Figure78 for the year 2017. This Sankey diagram also includes the paper and paperboard sector
that is not included in the wood resource balance. The green arrows repréissve of roundwood over barkThe
darkest green arrow represents bark, whitbe lightest greenarrow are flows ofroundwood under bark. Orange
arrows represent the flows of all kinds of industrial fproducts (both solid and liquigfark purple arrows the
paper and paperboard produgtshile light purple the recovered paper that is used in paper making industry. Yellow
arrows represent postonsumer woogred semifinished wood producta/hile the woody biomass flows for energy

is shown inblue. The uncategorised woody biomass used for energynoaibe attributed to any major flows,
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therefore itis shownasa grey arrow.The Sankey diagrams for each Member State from 268917 are published
in the Knowledge Centre for Bioeconomy as interactive diagfdms

Figure 78. Sankey diagram of woody biomass flows in the 2@ (year 2017).Values are expressed Mm* SWE.
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The Sankey diagram analysis reveals that domestic removals are the primary source of woody biomass in the EU
27. A large proportion of primary sources is used by the material industry (sawmill, wood pulp and- peset

panel industries); the remaining sources are used for energy. The sawmill industry is the largest industrial user of
woody biomass and the main prodeicof secondary wood fibres. About half of the available industrialgnpducts

are produced by the sawmill industry, namely higbality secondary wood that are used by wobdsed panel and
wood pulp industries, as well as for energy. This means thatsae/mill industry plays a crucial role in the wood
based sector, both as largest industrial user of primary woody biomass as well as an important supplier of industrial
by-products. The wood pulp industry is the second largest industrial user of primargecahdary wood. The wood
pulp industry mainly uses primary wood and industrial -psoducts. Black liquor is the result from the
manufacturing wood pulp and it is primarily used for energy, often within the same pulp mill, to generaigess
energy. The wod-based panel industry is the third largest industrial user of woody biomass. The vbased panel
industry uses primary wood, bgroducts, and a small amount of postonsumer wood. It produces small amounts

of industrial byproducts, namely plywood angeneer sheets industries.

External factors, such as demand for wood, natural disturbances and policies, affect woody biomass sources and
uses and they are changing over time. Therefore, in the following sections we analyse trends of woody biomass
sources ad uses.

7.3 Trends of woody biomass sources and uses

The time series analysed in this study covers the period from 2009 to 2017 and is too short to allow for the
drawing of robust conclusions regarding trends. At the beginning of this time series, markeésstibrecovering
from the effects of the 2008 global financial crisis, making it difficult to rely on this time period as a benchmark.
Therefore, it is important to consider this event when interpreting the overall trend signals that emerge from the
avaiable time series.

In the EU27, the sources of woody biomass ti@abeen increasing over time. The total sources increased from 786
Mne in 2009 to 961 Mn¥ in 2017 (Figure79). Primary wood is the most important source, followed by secondary
woody biomass and finally by recovered wood (incl. pogshsumer wood and recovered paper). Primary wood
sources increased from 438 Mtrin 2009 to 551 Mn? in 2017. The uncategorised woody biomass for energy is
decreasing, indicating a slight improvement of data quality in the energy sector.
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Figure 79. Woody biomass sourcda Mm? SWEn the EUJ27 (2009-2017).
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Primary wood is the most important source of woody biomass for both material and energy. The share of primary
wood out of the total sources has increased throughout the timeframe monitored, from 56% in 2009 to 57% in
2017. The share of secondary wood is steaat around 27%, and the share of recovered wood remained at more
or less 12% of the total woody biomass source®verall, the trend is of an increase in woody biomass sourcing,
which concurs with an increase in wood removals from the forest (see Chapteas Bue to an increase in demand

for sawlogs and for woody biomass for energy (Camia et 2018). Natural disturbances such as windstorms,
droughts, fires and insect outbreaks have also impacted EUforest harvest and removals in the past years.
Natural disturbances followed by salvage loggings have increased mainkeitral Europe since 2014, bringing
significant amounts of wood on the market (Chapter 6, section 6.5.6 and Camia,&0&l1).

Oc ™ h %¥%b\ k%L¥%A] or " i h nj p mce balafce was flipcatedrtijodgh the Kankyrdipgramfh m™ nj ¢
approach, for the whole time series (2008017). We estimate that at E\level, out of the total unreported sources,

primary wood accounted on average for 53%, 42% was uncategorised wood andva%secondey wood. The

share among these categories varies for each year depending on data availabigyre80). Large amouns of

woody biomass of unknown sources (primary or secondasygported as uncategorisestoody biomass used for

energy.
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Figure 80. Allocation of the btal unreported source§in Mm* SWE as calculated from the data available (2062017).
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The total woody biomass uses for both material (including the paper and paperboard sector) and for energy
increased from 759 to Mriito 947 Mn? over the analysed period (2062017). This increase could be due to an
actual increase in the uses, but also to a better reporting quality of energy data. The use of woody biomass for
energy has increased at a higher rate with respect to the use for malealbeit this remained the dominant use

of woody biomassFigure81). Wood used for energy increased from 324 Mim 2009 to 424 M in 2017 while

wood use for material increased from 435 MWSWE to 523 Mrhin the same time span.
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Figure 81. Use of woody biomass for material and ener¢im Mm? SWEin the EU27 (2009-2017).

2009 2010 2011 2012 2013 2014 2015 2016 2017

600

500

40

o

30

o

20

o

10

o

o

H material ®energy

SourceJRC 2022

The qualityof wood for energyse is unknown due to data constraintsut it is possible to analyse woody biomalsg categories
(primary, secondary, postonsumer and uncategorised wodeigure82 and Figure83).
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Figure 82. Woody biomass uses for enerdin Mm* SWE by sources (20092017).
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In the EU27, woodbased energy is produced from secondary wood (including qoosisumer wood), primary wood, and
uncategorised wood. Use of primary wood for energy increaech 136 Mm? in 2009 to 188 Mn? in 2017, the share of
primary wood usefor energy out of total woody biomass use for energy increased from 42% to 44%e se of secondary

wood for energy (including postonsumer wood) increased from 147 Mnn 2009 to 201 Mn¥ in 2017 while the share of
secondary wood use for energy out ofahotal woody biomass use for energy increas&@m 43% to 48%. The se of post
consumer wood for energy increased from 15 Min 2009 to 23 Mn¥ in 2017. During the analysed period, the share of post
consumer wood use for energy out of total woody biomass use for energy ranged between 4.5% and 5.5%. Improved data
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reporting on woody biomass uses for energy reduced guantities of uncategorised wiodyass from 41 M to 35 Mn?
during the studied timespan.

Figure 83. Share (%) of surces of woody biomass used for energy in the-EWin 2017. (FW: fuelwood, IRW: industrial
roundwood).
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Primary wood contribute: to 44% (188 Mnd) of all wood used forenergy Within the primary sources, fuelwoéd

is the sourcemost used for energyThis may consist in tree parts that do not fulfil the quality requirements for
industrial roundwood, or wood that is either harvestabe used directly as fuel or to produce processed wood
fuels such as wood pellets and briquettednreported primary wood is largely used for energy. We assume that
only small amounts of industrial roundwood are used for energy. It is unlikely thigh-quality industrial
roundwood, like sawlogs or veneer logs, would be used for energy because of its high market price. Secondary
woody biomass, which comprises-pyoducts from the wood processing industry, both solid (sawdust, chips, etc.)
and liquid fromthe pulp industry (black liquor or tall oil), processed wood fuels, fmmsisumer recovered wood

(from construction, renovation and demolition, packaging as well as old furniture), contributed to 48% (261 Mm

of the total woody biomass use for energy.

Within the secondary sourceblack liquor and barlare the sourcesmost used for energy. IBck liquor and bark

are traditionally used for energy within the same factory to generate process energy. Solmtdgucts are used

by woodbased panels and wood puipdustries or innovative woethased value chains in bioeconomy, as well as

for energy. Using byroducts for energy when there are higher value uses will negatively affect the indicator for
the cascade usef wood (see Section 7)4Postconsumer wood cdd be used by the woodased panel industry,

as well as for energy, however part of the pesbnsumer wood is not suitable for materiak energyuse due to
contaminants and additives. Unreported and uncategorised wood is a large part of all the woodfarsedergy

that remain unknownStatistics report a certain amount of woody biomass used for energy whose origin, primary
or secondary, is not known. This "uncategorised" woody biomass for energy accounted for 8% of total energy uses
in 2017 (35 Mm3).Datareporting on woody biomass use for energy should be improved.

51 Wood that is harvested to be used directly as fuel or to proelygrocessed wood fuels such as wood pellets and briquettes is considered to
be fuelwood.

139



Figure 84. Woody biomass uses for materigin Mm® SWE by sourcesn the EUY27 (2009-2017).
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Materials (woodbased products) are mainly produced fropnimary sourcesKigure84). Uses of primary wood for
material increased from 303 Mrhin 2009 to 363 Mn¥ in 2017. Secondary wood used for material jghaction
increased from 62 Mrhin 2009 to 73 Mn*¥ in 2017. Itsshareon the total uses oscillates between 14.2% in 2009
and 13.6% in 2010. Recovered woody biomass (poshsumer wood and recovered paper) ds@r material
purposesin 2009 amounted to 65 M and reached the quantity of 78 Mfby 2017. Total secondary woody
biomass recovery for material uses had increased from 1#v 2009 to 151 Mn? in 2017. The paper and
paperboard industry uses a relatively small amount of wood pulp, on averadgénd, that is net imported(less
than 2.5% of the total uses)whichis not possible to allocate to primary or secondary biomasgl is therefore
represented separately (iarange in Figure84.

140



Manufacturingof wood based products in the EQ7 creates added value, supports bioeconomy development and
mitigates climate change when biogenic carbon is locked in the {tived wood products. The overadtoduction
of wood-based products increaseidom 292 Mn¥ in 2009 to 336 Mn¥ in 2017 (Figure85).

Figure 85. Production oemifinished wood productén Mm? SWE in the EUY27 (2009-2017).
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In the EU27, the production of sawnwood increased from 88m?® in 2009 to 107 Mn¥ in 2017. The sawmilling
industry is the largest industrial user girimarywoody biomass and the main producer of secondary wood fibres,
meaning that increasing sawnwood production increasies availability of by-products for other industries such
as woodbased paned,wood pulp industriesand forenergy. Wootbased panel prodetion increasedrom 75 Mn?

in 2009 to 88 Mn¥ in 2017. Pulp and paper productiomcreasefrom 128 Mm? in 2009 to 141 Mn¥ in 2017. The
paper and paperboard production uses large quantities of readylel materials,41% of the feedstock is recovered
paper.This saidthe increase in productioof paper and paperboart ratherlow compared with other woodbased
products.This might be explained iye decreasing demand for graphic paper due to the substitution of electronic
information and communication tecluhogy. According to FAOSTAT dathe production of printing and writing
papers in the EL27 decreased by 33% from 29.4 Mt to 19.7 M the period2014-2020. At the same time, the
production of packaging paper has increaseahd this haspartly compensaté the decline in the production of
printing and writing papers.

7.4 Cascade use of woody biomass in the EU

The cascade use of wood aims to maximise the carbon mitigation potential of febested bioeconomy by
increasing biomass availability in the system, tieéore potentiallyreducing harvestlemand thus contributing to
maintain the carbon sink rofé of the forest and to conser® biodiversity. It also implies higher valuadded and
employment benefits for the EU bioeconomy. One of the characteristics of woody biomass is that most of it can

52 Although, as described in Grassi et al. (2021), a systeenspective is required to assess the climate benefits in reducing harvest to enhance
the net sink.
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be used for a variety of purposes and products. Moreover, many wumegkd products can be rased or recyad.
In this dedicated section, we report the different concepts related to the cascade use of anddvepresenttwo
indicators, one at M3evel based on the Wood Resource Balance, and one a2 Elédvel, which is based othe
woody biomass flows data argsis as well as on additional data sources.

7.4.1 Cascade use of wood in EU policy

In recent years, the concept of cascade use of wood has received a lot of attention when debating EU policies on
bioeconomy, circular economy and renewable energy. The cascadingiple is highlighted in the EU 2018
Bioeconomy Strategy, the New EU Forest Strategy for 2030, and the Revision of the Renewable Energy Directive,
and is seen as a measure to maximise resource efficiency, increase the availability of renewable materehls
promote a higher economic added value when keeping biomass in the material cycle of use for as long as possible.
In the Revision of the Renewable Energy Direc@®@M(2021) 55% the cascading principls defined as follows:

°The cascading principleras to achieve resource efficiency of biomass use through prioritising biomass material
use to energy use wherever possible, increasing thus the amount of biomass available within the system. In line
with the cascading principle, woody biomass should beduaccording to its highest economic and environmental
added value in the following order of priorities: 1) webdsed products, 2) extending their service life, 3use,

4) recycling, 5) bieenergy and 6) disposal »

The EU 2018 Bioeconomy Strategy prot@® the implementation of principles for cascading use of biomass,
circularity, and resource efficiency. In the progress report of the EU Bioeconomy Strategy is noted that the cascading
k md i Mndskapplyffd®the use of all biomassfh # F~ t f h ™ n B8), &nd in hé aase lofothe foresbased
industries, there is room for improvement for the cascading use of the secondary woody biomass, by reinforcing
the implementation of the cascading principle.

The New EU Forest Strategy highlights optimised use obavim line with the cascading principle through market
incentives. Wood should be used for Ietiged products to substitute their carbon intensive and nemewable
counterparts. With due regard to the cascading principle and waste hierarchy, as setthietEU Waste Framework
Directive, Member States should take an action to minimise distortive effects of biomass use for energy.

In the revision of the Renewable Energy Directive, it is proposed to strengthen the obligation to minimise market
distortionsthat result from support schemes, and to avoid supporting the use of certain raw materials for energy
production. To be in line with the cascading principle and the concept of waste prevention;tise @nd recycling

of waste for materials should be theriority use. Member States should avoid creating support schemes that would
lead to an inefficient use of recyclable waste.

In 2019 the Commission publisheal guidance on cascading use of biomass with selected good practice examples
on woody biomass. Thison-binding guidance explains cascading and provides some principles and practices to
inspire stakeholders when applying the cascading use of biomass. The practices presentatdo¢hment came

from a range of stakeholders, EU research projects, stsdird other sources.

742 > “chcha *][m][~_ om_ i > qii”~s \Ncig[ mme°

The concept of resource cascading was first introduced in 1994 by Sirkin & Ten Houten. They specified that
cascading is a way to increase resource efficiency and reduce negative environmeniatisnpVoody biomass is

a versatile material that, in many cases, canberecycledanggre = ) A Cjr " g m' Rrjj _H°o 2\ n~\
of wood does not have one universal definition. The terminology is fragmented in the literature, although a common
understanding is that wood use for material should be prics#d over wood use for energy and wood should stay

in the given system for as long as possible. A variety of cascade use definitions for woody biomass was found in
the existing literature. As desbed by (Olsson et al.,, 2016) the cascading concept has three different
forms/dimensions most prominently used when describing wood cascading.

Cascadingn-time meaning that wood should be recovered as many times as possible enabling resources to stay
in the given system for as long as possible.-Ree and recycling of wood would reduce the pressure on forests

5 Revisbn of the Renewable Energy Directivegtps://eurlex.europa.eu/legatontent/EN/TXT/?uri=CELEX%3A52021PC0557
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resources and positively would impact forest ecosystems and carbon sinks in the forest. Extended lifetime of wood
fibres would have a positive effean carbon storage in wood products.

Cascadingn-value meaning that resource shall be recovered with the aim to increase value within the cascade
chain however, the meaning of increased value differs among different studies. Some studies refer to thengicono
added value (Carus et aR014) while other refer also to environmental added value (Keegan et2al13).

Cascadingn-functionmeaning that each woody component is used for an optimal purpose in a way that magdmi
value. For example, optimal feettek for biorefinery would be byroducts instead of roundwoqavhich shoulde
used for sawnwood production.

Cascade use of wood can be of different stages (Essel e8l14): single and multiple stage cascad&igure86).

In a single stage cascade, wood is processed into a final product and, after use, this product is used once more for
energy purposes or disposed. Some definitions only acceggt t®@mmon multiple material uses as a cascade use
where final products are recovered for manufacturing new products (for example-possumer wood use for
manufacturing wooebased panels). In a multistage cascade use, wood is processed into a final graddahis
product is used at least once more in material form before disposal or recovery for energy purposes. It should be
noted that with each stage of cascade use, the quality of wood fibres decreaSesexample, paper can typically

be recycled an agrage of five times. After each cycle, the fibers become shorter until they reach a point where
they can no longer be used for paper productianymore In this chapter, we do not consider {products as
products, they are collateral products. FHastance the sawmill industry produces sawnwood as a sefimished
products, and the byroducts are not a part of that product.

Figure 86. Distinction between the single and multiple stage cascade use of wood.
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Furthermore, cascade use may be considered and analysed at different lavegsfpdact levelgparticular product
or factory) andat ¥harket level{particular sector or different sectors within the country even between the

countries.

manufactured by using several inputsuch as

A poduct level example: Particleboard is

residues, recovered materials, primary wood and
additives. The sum of the cascaded materials g
rates for particleboard production determines hog

cascaded wood. The higher the total input rate

Product level analysis does not incluagerrelatiors
(flows of woody biomass) between the sectors

much primary wood has been replaced usinc

cascaded woody, the higher the cascade use facto

of

A market levelexample:The sawnwood industry
uses primary wood and produces secondary wqo:
fibers that are used by the woothased panel and

wood pulp industries, as well as for energy.

estimate the cascade use at the market level, it|is
important to inclde the interrelations (flows of

woody biomass) between the sectors.

Tc

When estimating cascade use, we consider the market level, hence the inclusion of the interrelation between the
sectors is essentialThis requires the inclusion of the interrelations between the sectors, which is essential fo
comprehensive analysis:or instance, analysing and estimatirige cascade use effecbnly at the wood-based

panel industry level might suggest a great potential to increase sawmillingpbyducts utilisation forthis same
industry. wever, these byproducts are also used in other secto¢s.g. from energy othe pulp industry) thus
increasng the by-products usefor wood-based panel productiomould deviate feedstock from these and would
have to be compensated, for example throughports or other sarces This would therefore result in ahange or
decrea® in production quantity in other sectors. Byroducts that are redirected fahe wood-based panel industry
would have tobe substituted by other means of woody biomass (e.g. domestic removals or importgy
alternative energy sourcesind this will influence whole system that is analysefigure87).
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Figure 87. Simplified schema of theénterrelation between the woodtased panel industry, the energy sector and domestic
removals where sawmilling bproducts flows are redirected from energy usepanel industry to increase cascade use of
wood in the panel industry
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7.4.3 Quantifying cascade use of woody biomass in the EU -27

When attempting to quantify the cascade use of wood, we acknowledge the cascading principle highlighted in the
EU policy documents as defined above, and for implementation of the indicator, we understand cascade use of
rj j _ e effigiént utilisation of resources by using residues and recycled materials for material use to extend
total biomass availability withi a givensystem ) f Amj hh\ Ao  "ci d*\ ghk mnk ~odqg ' hoc
when wood is processed into a product and this product is used at least once more for mateeakergy purposes
(Vis et al., 2016) For the purpose of tlis assessmentthe production ofby-productss not accounted as material
use in the wood-based industriesThusfor the computation of the cascading indicator of this specifissessment,
the energy use of industrial bproducts is considered equivalent to the energy wdgrimary wood.

Quantifying the cascade use of woody biomass is not a new practice. Mantau (2015) proposed a set of cascade
factors that indicate the level of the overall cascade use in the forestsed sector. fle previous analysis was
intended for a sgcific scope and temporal dimensiolm this analysis, we are aiming to quantify the E27 market

level cascade use of woody biomass (as described in Sedtidr) andto present the trends of cascade use that
includes an interrelation between the main sectors and the EU Member States. The main limaattia analysis

is that it does not cover cascade use related with external EUtrade of woody biomass.
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