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Background scope andyoal

The projectéHarmonization and monitoring platform for certification schemes and labels to advance the
sustainability of biebased systengs(HARMONITOR) targets differentstainabilitycertification schemes

and labels (CSLs) in various sectors of the bioeconomy within the European Union, aiming at improving the
effectiveness of these CSLs, and additionally the use of CSLseggiladion instrument.Compared to
bioenergy and biofuelghe sustainability of bidased products has been regulated to a lirdiextent on

EU levelThe goal of this report is to provide insight in the levelafintarysustainability certification and
labelling of a selection of biological resourcb&-based chemicals, wooden products and fiesed
products using best available data sourcaad bestpossible estimations case of low data availability

Approach
Data on the level of sustainability certification of specifiedtwsed products igenerally difficult to obtain.
Satistics do not disclose any data on flows of certified versus uncertifiebdsed products. For biological
resources and a number of wooden products and fibased products, country level data may be available
from certification schemes or literaturd=or many biebased chemicals, this type of information is not
available, meaning thahe level of sustainability certification has to determined wsing company data.
We identified treesituations and developed suitable approashe

1 Approach A: country level data on certified volumes available

1 ApproachB: country level data not availablémited number of producers
1 ApproachC country level data not availableany producers

If possible and available, the level of certification is determia¢ctountry levelby using literature,
summary reports by certification schemesd scientific research (approach A).

In case there are not so many producers of the prodadj.(n case of bidbased chemicals), it is possible

to identify the producers, their production locations and capacities and whether they have a sustainability
certificate. This way at least thehare ofcertified produces versus total producers can be identified
(ApproachB). In case the production capacities are known, the level of certification can be calcUlated.
assumptions have to be made, forming the main weakness of this appribedssumel that the company
certifies its whole productionand ifthe production capacities are knowit,is assumel that the whole
production capacity is utilised.

If approach A and B are not possilile,in case of many produce(s.g. in case of wood and fibre products)
the number ofchainof-custody(CoCXxertificates of the main certification schemes of the prodactld
be counted per countryproviding insight into which countrielsave relatively more or lesgertificates
compared to thetotal production of the productn each countryas found in statisticapproachC). Main
drawbackof this methodis that production volumes per CoC certificate are not known.

In order to give the reader an impression of the overaliability of the data, an uncertainty indicator has
beendevelopedfor all three approacheswhich consists of two componenté&) data availability andb)
quality of thedata source, resulting in an uncertainty indicator ranging from 1 (very low uncert&ingy
(very high uncertainty)which is the highest scores of the two components.
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Results
Belowindications of the level of sustainability certification of a selection of biological resourcesassol
chemicals, wooden products afithre-based productss presented

Forbiological resourcegliterature is availabléapproach A)and the found level of certification is very high

for palm oil (6593%), in Europe high for wood (49% of the forest area of EU27), and rather low for sugar
beet (4.3% in EU27), and sugar cane (5.5% Bonsucro globally). The latter is mainly certdcedsfinput

for biofuels productionThe resulting level of uncertaintiaries from 1 to 3.

Wood (forest area) 49.0% 10.7% A 2
Sugar beet 4.3% A 3
Sugar cane 5.5% A 1
Palm oil 65-93% A 2

Practically no literature was founthat presentsthe level of certification obio-based chemicalsBy
identification of producers and checking if these companies applied sustainability certification, it was
concluded that a rather high share of these companiesiaggustainability certificationOf the identified
producers of the selected bibased chemicals, within the EU 78% (31 out of 40 producers), and outside
the EU 55% (24 out of 44 producers) applied sustainability certification. In total 65% of the identified
producers (55 out of 84 prodecs) applied sustainability certification. In specific cases the production
capacities were identified, but also then it is still unknown if producers certify all or just part of their bio
based production. Therefore, we cannot make solid statement on the \eduof certified biebased
production. Nevertheless, the found result is an important indication that sustainability certification is
widely applied for biebased chemicals. This can be explained by the fact that in case oefrdbapbased
chemicals, susiinability certification, or at least bibased content certification is needed to prove that the
product is biebased, or linked to biological resources, in case of a mass balance approach. Secondly, these
products are generally substantially more expgadhan the fossibased chemicals, and the sustainability
certificate shows that this is a genuinely green product. In all cases approach type B could be applied,
meaning that individual producers of the Hiased chemicals were identified. In case prdauccapacities

could be identified, the uncertainty indicator reached 3, if only producers were identified, a score of 4 was
reached.

Bio-based chemicals # producers that apply sustainabilit Approach |Uncertainty indicator

certification, and% of production capacity

EU Global
1,4-Butanediol Oout of 1 4 out of 6 B 4
Polyurethane 7 out of 8 7 out of 8 B 4
Ethylene 12 out of 12 20out of 22 B 4
Ethylene glycol 2 out of 5 3out of 8 B 4
Poly Lactic acid No production 1-2 out of 3 (46-69%) B 3
Epichlorohydrin 1 out of 2 (63%) 3 out of 7 (39%) B 3
Propylene glycol 3 out of 4 (>43%) 4 out of 5 (>70%) B 3
Acetic acid 3 out of 4 (~100%) 5 out of 12 (30%) B 3
Palmitic acid 2 out of 2 (21:59%) 7 out of 7 (11-:45%) B 4
Algalfatty acids 1 out of 2 (29%) 1 out of 6 (10%) B 3
Sum selected chemicals 31out of 40 55 out of 84
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Certified and total number of identified producers of selected bio-based
products (worldwide)
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Determining the level of sustainability of specific groupswafod-based products appeared to be
challenging. Given the relatively high level of European forests, and the counting of CoC certificates shows
that the averagdevel of certification of most products is considerable

Sawn wooden products FSC54.8%, PEFC: 79.39 C 4
Fibreboard (MDF/particle board) FSC 47.0%, PEFG1.9% C 4
Wood based packaging materia| FSC49.3%, PEF@3.4% C 4
Pulp FSC44.3%, PEF@3.®%0 C 4
Graphic paper FSC36.3%, PEFG9. ™ C 4
Paper board FSC39.5%, PEFG8.6% C 4
Toilet paper FSC37.1%, PEFG9.3% C 4
Rubber 2.6% A 2
Tires (rubber) Low C 4
Rayon 4 out of 4 (100%) B 4

As approach C is in almost all casesdhly way to get an indication of the role of certification in weod
based products, the uncertainty indicator is dominated by the data availability indicator.

In case ofibre-based products data availability varies a lot: for cotton gosthtistics are found for the

virgin cotton (about 27% of cotton production is certified under a wide range of schemes), but little info on
European consumer market shares is available on flax, straw (4.6% organic cereals), and no data was founc
on jute andjute-based textiles. Likely, sustainability certification of these products is not common, as the
use of these feedstocks may be seen as low sustainability risk feedstock, like other common agricultural
crops such as cereals and sugatr.
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Virgin otton fibres n.d. 27% A 2
Flax 4.6% A 3
Flax based textiles n.d. (low) C 3
Jute based textiles n.d. (low) A 5
Bio-basedinsulation materials |n.d. (low) C 5
Straw 4.6% A 3

Evaluation of the data collection approaches

Except in case of the Union Database for biofuels used for the EU renewable energy targets in the transport
sectorand some voluntary initiativessuch as the Textile Exchangavering cottonand RSPO regarding
certified palm oil, data availability on the level of sustainability certificatbbiological resources and bio
based productsis rather poor. Therefore next to literature research(approach A) two different
approaches have been developethe dentification of producers of specific blmased chemicals and
whether they obtained sustainability certificatéspproach Byvorked wellbut is labour intensive and does

not result in exact shares akrtified versus uncertified volume#t is questionable whether this level of
uncertainty could be easily improved, as the number of producers is limited, and production volumes, their
destinations, and whether sustainability certification is applied towhele production volume or just a

part, can be regarded as competition sensitive informatldawever, in a future study, it could be possible

to make an attempt andsk producers to provide data dheir volumes of certified products.

In case there are many producetie in case of biological resources wooden prodwtdibre-based
products,data on thenumber of certified producersvas used(approach C)ln this casesustainability
scheme owners are in a key position to collect and disclose data on volumes of sustainable products, but
since this i®na voluntary basis and labour intensive, this will not take place unless there is a specific need
to do it, e.g. a legal obligatiofurtherit is recommended to learn from the experiggs with the recently
started Union Database for biofuels, which regist@rsduction and transactions in certified biofuels used

to meet the EU renewable transport targets.

It can be anticipated thain the coming years, it will beecessary to rely ofurther work as performed in

the currentstudy, checking the level of sustainability, based on available literature and company data,
building on the two approaches for data collection as established in this repamvidinginsight in the

level of sustainability certification of bisased chemicals, wood basedoducts and fibrebased products
which otherwise would not be availablMoreover, afuture study could be broadened to cover a larger
selection of biebased products, and esprlly bicbased chemicals.
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(CSLs) in various sectors of the bioeconomy witlie European Union, aiming at improving the
effectiveness of these CSLs, and additionally the use of CSLseggilkaion instrument.Compared to
bioenergy and biofuelghe sustainability of bidbasedproductshas only been regulated to a very limited
extent onEU levelThere is need tainderstand better to whatlegree sustainability certificatios applied

in bio-based value chains

The goal of this report is to provide insight in the level of sustainability certification and labelling of a
selection of biological resources, Hiased chemicals, wooden products and fitwesed products, using
best available data sources, and best pgoigsestimations in case of low data availability. Seconitlly,
showcases three different approaches to of data collection on the leve¢nificationand introduces a
method to indicatethe level of uncertainty of the results.

The report focusses on the assessment of the level of certificatiarsefection obiological resources and
bio-based productas found inD2.1 inventory and characterisation of identified CSLs and selection of bio
based value chaihswhich is an aggregation of the selection made in [Election of bidased value
chaing. Tablel shows theselectedbiological resources, bibased chemicals, wooden products and fibre
based productsPlease note thabnly biological resources with multiple product applications are described
separately. The level of certification of biological resources that are used for only one of the selected
products are described together with these products (e.g. rubber and tiredgae @and algal fatty acids)

In case of biological resourcethe regional focus is othe EU.In case of apparent neexistent EU
production rates, the major extr&U producers are targetebh case of bidbased chemicals, the production
facilities within and outside the EU ane scope allowing toidentify the level of production within and
outside the EU. In case of wooden products &hre-based products, for which many producers exist, the
geographical focus is on the producers within the EU.

! Majer, S., B. Sumfleth, Jelka (2023) Inventory and characterisation of identified CSLseledtion of biebased value

chains HARMONITOR deliverable D2.1,

https://www.harmonitor.eu/ files/ugd/e39b13 c78eb02bcbd546958c96659aa2ec57fh.pdf

2 Vis, M., J. Spekreijse, S.jstaM. Mutchek, S. Ugarte (2028glection of BiBased Value ChailARMONITOR

deliverable D3.1

https://zenodo.org/records/10731694/files/Harmonitor%20D3.1%20Selection%20value%20chains%20%20%282%29.pdf
9
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For each biological resource and prodsjdhe level of certification of thene or two the mostprominent
sustainability certification scheméss been assessed.

This reportcontains an assessment of the level of sustainability certificatibm broad selection of
biological resources and blmased products Chapter2 on methodologydescribes the challenges to
determine the level o$ustainabilitycertification of specific productshe three data collection approaches
to overcome these challenges, and the method to indicate the uncertainty of the found reShlpter3
providesdetailedinsight inthe level of certificatiorfor the selected biological resources and produéig
clicking on the paragraph withifablel below, the reader is directed to the respective section

Table 1: biological resources, bio-based chemicals, wooden products and fibre-based products of
which the level of sustainability certification has been assessed. (By clicking on the paragraph, the
reader is directed to the respective section)

[Biological resources | 834 | Biobased chemicals 532
Wood 3.1.1 1,4-Butanediol 3.2.1
Sugar 3.1.2 Polyurethane 3.2.2
Palm oil 3.1.3 Ethylene 3.2.3

Ethylene glycol 3.24

IGaET proucE M ORI o) Locic aci
Sawn wooden products 3.3.1 Epichlorohydrin 3.2.6
Fibreboard (MDF/particle board) 3.3.2 Propylene glycol 3.2.7
Wood based packaging materials 3.3.3 Acetic acid 3.2.8
Pulp 3.3.4 Palmitic acid 3.2.9
Graphic paper 0 Algal fatty acids 0
Paper board 3.3.6
Toilet paper 3.3.7 Cotton based textiles 3.4.1
Rubbermproducts fires) 3.3.8 Flax based textiles 3.4.2
Rayon 3.3.9 Jute based textiles 3.4.3

Bio-basedinsulation materials 3.4.4

Chapter4 summarigs and discussethe results found for the four groups, e.g. biological resourbés,
based chemicalsyood-based productsandfibre-based productsand presents the uncertainty factor for
the level of certification of each producfThe chapter also presents the main conclusions and
recommendations.

10
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Thisreport aims to determine the level of sustainability certification and labelling for a selection of the
feedstocks and bivased productsData on the level of sustainability certification of specified-sed
products is scarceSatistics do not disclose any data on flows of certified versus uncertifieddsed
products. For biological resources aswmewooden products and fibreased products, country level data
isavailable from certification schemes or literatuFear many biebased chemicals, this type of information

is not available, meaning that the level of sustainability certification has to be determined using company
leveldata, for example by checking whether the company has a sustainability certifldateever, most
certification schemes publish only company names & certified prodacddo not disclose amounts of
certified product nor their destination Similarly, companies usually do not disclose amounts of certified
bio-based productsas this is competition sensitive informatiolloreover, each value chain consists of
various products with different trade flows. Therefore, it is very complex and labour intensive to determine
the level of certification of each intermediary chemical. Finally, two issues addumgéotainty: companies

with a certificate may certifgnly part of their bio-based production volumend given that for dropn bio-
basedproducts, statistical data is generally not available, this makes any statement on level of certification
even more uncertain.

As afirst step, the value chadfieach products briefly described and visualised using a blockchain diagram.
Next, the main producing countries or producers of the targetedldaised chemicals and materials are
identified. Depending on the targeted chemical or material and available information, pradglucers are
identified on country or company level. Initially, we focus on iita production, though in case of no or
very little intraEU production, the major extrBU producers are targeted. Productidata available from
Harmonitor Deliverable D3.d ¢ N} RS Tt 2¢6a& 27T obased maihald larfd prddBesia dzND S
utilized for this step, as well as information from, amongst others, FAQ3tpending on data availabiljty
the challenge of identification of the level of certification is taken up, by ugirge approaches for three
different situations:

1 Approach A: country level data on sustainability certified volumes available

9 Approach Bcountry level data not available, limited number of producers

1 Approach C: country level data not available, many producers.

ApproachA: country leveldata on sustainability certified volumeavailable

If possible and available, the level of certification is determia¢ctountry levelby using literature,
summary reports by certification schemes, scientific researddtitutes, etcThis results in a statemenho
the levelof sustainability certification of biological resource or product x as produced in county y

Approach Brountry level data not availablejmited number of producers
In caseapproach A is not applicable due to lack of data, while the numberaxfucers of the producis
limited - which is the case for severiaio-based chemicalg an effort is made tadentify the producers,

3 Groenestege, M.A. EbbersSustronk, J. Spekreijse, R. Hoefnagels, K. Osmans k202#é4)Trade flows of biological
resources, bidbased materials and produgtsl ARMONITOR deliverable D3.3,
https://www.harmonitor.eu/_files/ugd/e39b13 a44339606c684250980aa7f11fb668e9.pdf

11
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their production locations and capacitiebuilding on ARMONITOMeliverable D3.3rade flows of
biological resources, binased materials and produétscomplemented by additional search wérious
sources, such as reportsompany websiteqress releases, etc. After that, for each company it is checked
whetherit has asustainability certificatdor its product(s), by visiting thecompanywebsites and checking

the certificate databases of theelevant sustainability schemes footh the feedstock and productor
example, m case of bidbased chemicalsSCC PLUS is very relevant, and several feedstocks, such as palm
oil, cotton, sugarandwood have specific schemeshis way at least the share of certified produces versus
total producers can be identifiedesulting in a statement that out of y producers have a sustainability
certificate. In case the production capacities are known, the level of certification can be calculated
dividing thecapacities of companid®lding a sustainability certificate, by the total production capacity of

all companies producing the product, giving an indication of the level of certification. Please note that we
assume that, if a company is certified, we assume that the whole pramugtlume is certified, unless we

find other indications. This can potentially lead to an over estimation of the level of certification-of bio
based products. In cases where it is very likely that the whole vobfragleast the feedstocls certified,

for example, if glycerine is used as byproduct of biodipssdluction which needs to be certified to count

to EU transport targets, this is indicated in the text.

Approach C: country level data not availablany producers

If approach A and B are not possible, e.g. no literature on the level of certification is available while there
are many producers of the biological resource or product, the number of elfainstody(CoCtxertificates

of the main certification schemes of the product are counted per country, providing insight into which
countries have relatively more or less certificates compared to the total production of the produetrall
countriesas found in statisticSThe databases of certification schemesg.FSC, PEFC, GOTS) are used to
check how many CoC certificates have been issued for the product in the respective countries. The number
of CoC certificates per country is then compared to the total number of certificates. Only certificates within
the EU27 a& taken into account. This means that th&sicrepresents the number of certificates within the
European Union per product category. Additionally, the share of European certificates in the total number
of certificates issued worldwide is also given. These relations serve as an indicator of thef ssaled
certificates within European countries. In order to guarantee the reproducibility of the results, the
databases were filtered according to the following criteria:

ESC
91 Certificate status = valid
9 Certificate type = Chain of Custody (CoC)
T w2tS I' ay2 TFAfGSNE

EFC

1 Site/member status = valid

1 Certificate type = Chain of Custody (CoC)

T / SNIAFTAOFIGS &adoieldS I tye oay2 FALGSNEO

T 'OGAGAGe T 1tye o6ay2 FAELGSNEOD

1 [AOSyOS Gewls I 'yé oay2 FAEGSNEDO
The access date and the specific product category are statethermore, a comparison is made between
the proportion of production in the five leading European countries and the proportion of CoC certificates.
The final tables present data on the share of CoC in each country, with colours indicating whethearthis s
is above the share of production within that country. The following explanatiefes to the colours used:

12
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| red | Production share above share of CoC certificates
|orange | Production and CoC certificate share are nearly equal
| green | Share of CoC certificates is higher than the share of production volume

The presence of green colouring could be an indication of the increased importance of certification in these
countries. However, this should only be seen as a rough indicator, as there are no associated market
volumes and it is uncertain whether the ceed products are intended for export. This indicator therefore
only represents the production side and does not allow any conclusions to be drawn about the market
share on the consumption side.

The data on the level of sustainability certification of biological resources adwhlsid products has been
obtained from a variety of sources with different levels of reliability. To enable the readdistioguish
between reliable and less reliable data sources, an uncertainty indicator was developed, ranging from 1 for
very reliable data to 5 for the least reliable dafehe uncertainty indicator is determined bg) (data
availability andl§) quality of thedata sourcewhich also both range from 1 ta $hehighestrank of both
aspects determines the resulting uncertainty indicator value.

Data availability
Data availability is determinely the following criteria.

Criteria todetermine data availability Score Meaning
Actual total production of certified + necertified material known 1 very good
Production volumes of certified product known 2 good
Production capacities known 3 satisfying
Production locations osustainability certificates identified 4 uncertain
No data found 5 highly uncertain
Quality of the data source
Thequality of the data sources determined as follows:
Criteria to determine the quality of the data source Score Meaning
directly obtained from companies 1 Very hgh quality
scientific peefreviewed literature, statistical data, data from mark 2 High quality
data specialists
Data from other reports and websites 3 Moderate quality
l dzi K2NBEQ SadAYl dSa 4 Low quality

The quality of data depended not only on the data source but on several additional factors. Tisedrase
as defined above were adjusted (up to a maximum score of 5) when any of the following circumstances
applied:

1 For every 5 years that have passed since the publication of the data: +1.

1 For every calculation performed with the data:*+1

1  When multiple different data sources independently includgailar data:cl.

4Not applied in case of conversions with low loss of reliability
13
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1 When multiple different data sources included different data: +1.

After assessing the two indicators, data availability and data source, we combine them into an overall
uncertainty indicator. The overall indicatordetermined by the highest values within the individual indicators.

This chapter shows thedeterminationof the level of sustainability certification of biological resources (chapter
3.1), biobased chemicals (chapter 3.By BT¢ wooden products (chapter 3.3by DBFzand fibrebased
products (chapter 3.4by DBFZPlease note that in chapté.1 onlybiological resources with multiple product
applications are described. The level of certification of biological resources that are used for only one of the
selected products are described together with these products (e.g. rubber and tires, or algagganthtsy
acids)in section3.2 to 3.4 An overview of the results with their uncertainty indicators is provided in chapter
4.1

Value chain description

Wood based

Forest —> Timber —»
products

Forests are the original source of wood from which various whaskd products can be manufactured.
Agroforestry systems are excluded from this report. Chapter 3.3 shows which products can be produced,
among others.

Productionlocations

European forest accounts for 25% of the global forest area with the largest forest areas located in Sweden
and Finlanél Figure2 illustrates the relative shares of forest area per country, mapping which countries in
the world have the highest share of forest area in relation to their total area.

5Food and Agriculture Organization (FAO), (2024a): SDG Indicators. FAOSTAT data. 15.1.1 foiest: Aveayv.fao.org/faostat/en/#data/SDGB
accessed T of October 2024.
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Figure2: Share of forest area in relation to total area | Year = 2021 | Data = FAOSTAT

Level of certification

According to FAOSTAT daairope had 169 million ha certified forest area in 2020, accounting for around
38% of the forest area certified worldwide. The FSC and PEFC certification schemes are the most important
for forestd. In this context, certified means that forests are managed in a sustainable way, taking into
account biodiversity, local community interests and economic viabildynongst EU27 member states, 78
million ha of forest are certified, which represent 18% of the worldwide certified forest area. For 2020, the
FAOSTAT data on total forest area and the certified area suggest that 49.0% of the European Union forest
area ha an FSC and/or PEFC certificate and 10.7% of the worldwide forest area is cEitjtied); Please

note that theshare of forestrea certified does not necessarily correspond with the shacedifiedwood

that is harvested, as both production forests and syoductive forests are being certified

8 Food and Agriculture Organization (FAO) (2024b): SDG Indicators. FAOSTAT data. 15.2.1 forest area under an indepfeddotgsveri
management certification schemeitps://www.fao.org/faostat/en/#data/SDGBaccessedTof October 2024.

" Wolff, Sarah; Schweinle, Jérg (2022): Effectiveness and Economic Viability of Forest Certification: A Systematic Rengsts.18:(5), S. 798. DOI:
10.3390/f13050798.

8 Forest Stewardship Council (FSC) (2024a): Forest Management Certification/connect.fsc.org/certification/foresimanagementcertification,

28" of October 2024.

15


https://www.fao.org/faostat/en/#data/SDGB
https://connect.fsc.org/certification/forest-management-certification

the European Union

-Fundedby % HARMON[TOR

D <=20% . <=60% . <=100%

Share in %

cion ] <o Wl -10% 5. owminnn

Figure3: Share of certified forest area in the world Year = 2020 | Data = FAOSTAT
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Figure4: Share of certified forest area in Europe | Year = 2020 | Data = FAGSTAT

The largest certified forest areas in Europe are located in Finland and Sweden, which also have the largest total
forest areas in Europe. An overview of the share of certified forest in the EU27 member states are visualised in
Figured. InTable2 is anoverview of the reported forest area and the certified forest area in European

Member states according to the FAOSTAT data set
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Table 2: Data table share of certified forest area in Europe | Year = 2020 | Data = FAOSTAT 1,2
Certified Certified

Country Forest area forest area Share Country Forest area forest area Share
[1000 ha] (1000 ha] [%0] [1000 ha] (1000 ha] [%0]
Austria 3899.15 3229.14 82.82 Italy 9566.13 866.44 9.06
Belgium 689.30 235.14 34.11 Latvia 3410.79 1999.34 58.62
Bulgaria 3893.00 1496.36 38.44 Lithuania 2201 1214.41 55.18
Croatia 1939.11 2044.67 105.44) Luxembourg 88.7 41.16 46.40
Czech 2677.09  1840.68  68.76 Malta 0.46 0.00 0.0
Republic
Denmark 628.44 294.00 46.78 Netherlands 369.5 168.71 45.66
Estonia 2438.40 144417 59.23 Poland 9483 7377.60 77.80
Finland 22409.00 18270.23 81.53 Portugal 3312 503.06 15.19
France 17253.00 5626.44 32.61 Romania 6929.05 2808.68 40.53
Germany 11419.00 7979.94 69.88 Slovakia 1925.9 1220.96 63.40
Greece 3901.80 0.00 0.00 Slovenia 1237.83 292.20 23.61
Hungary 2053.01 308.78 15.04 Spain 18572.17 2457.33 13.23
Iceland 51.35 0.00 0.00 Sweden 27980 15847.12 56.64
Ireland 782.02 449.84 57.52

8 The share should not be higher than 1Q0%wever, certified area is well in line witbporting from FSC as found here:
https://connect.fsc.org/impact/factdigures

Value chain description

Sugar crops are one of the main feedstocks used in the production dfasied chemicals. For the trade of
biological resources, the two main sugar crops will be studied, namely sugar beets and sug#igiaes.
shows the value chain of sugar crops studied in thischapter.

Sugar beets  |—» Beet sugar

Bio-based
chemicals

Sugarcane | —»  Cane sugar

Figure 5: Sugar crops as a feedstock
¢tKS 9! A& (GKS ¢2NIRQa o0A3IISE&G LINPRAzOSNI 2F 06SSG &dzr
sugar from beets only accounts for 20% of global sugar productionpassugar is produced from sugar cane.
5dz2S G2 9dz2NRLISQa OfAYIFGST adaAl NI OFyS OFyy2i 0SS LINE
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sugar. The climate in Europe is more suitable for the production of sugar beets, which are primarily grown in the
northern half of Europ®

Production locations

The EU is a maj@roducer of sugabeets. Over 1.4 million hectares in the EU are dedicated to the production

of sugar beets. In the 2020/2021 campaign, the EU produced 14.2 million tonnes of beet sugar. As shown in
Figure6x GKS (g2 fINBSald LINPRdAdzZOSNE | NS CN}IyOS IyR DSN
amount of beet sugar.

Sugar production
(ktonnes)

4,103

67

Figure 6: EU sugar production (in thousand tonnes) in the 2020/2021 season, data from the European
Association of Sugar Manufacturers (2022)™°.

During the 2020/2021 seaspthere were 91 beet sugar factories operational across the EU. The largest number
of factories are located in France (2Ggrmany (18), Poland (17) and the Czech Republic £&) France and
Germany are both large producers of sugar beets, and have a high number of factories, it can be assumed that
the majority of beets are processed into sugar in the country of production.

Figure7 shows the global production of sugar cafdost sugar cane is produced in South America and Asia,
with by far the biggest producer being Brazil, with an annual production of over 700 million tonnes, followed by
India (405 Mbnneg and China (107 Mhneg*.

9 European Comission Agriculture and rural developmenttps://agriculture.ec.europa.eu/farming/croproductionsand-plant-based
products/sugar_epaccessed ¥8of October 2024.

0 CEFS EU SUGAR;ys://cefs.org/wp-content/uploads/2022/04/CEFStatistics2020-2021.pd{ accessed on 18of October2024.

11 CEFS EU SUGARs://cefs.org/wp-content/uploads/2022/04/CEFStatistics2020-2021.pdf accessed on 18of October 2024,
12FEAOSTATrops and lifestock productsytps://www.fao.org/faostat/en/#data/QC| accessed on 18f October 2024.
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Figure 7: Global production of sugar cane in 2021, data from FAOSTAT®,

Level of certification

Sugar beet

Sugar beet is one of the main feedstocks for the production of bioethanol, which mainly applied as biaduel

to a lesser degree for biomethane production. In order to count towardsiBfuel blending obligations,
biofuels have to be certified by an EU approved voluntary certification scheme or a national $tihdomeover,

these sustainability schemes are obliged to publish on a yearly base the amounts of certified product. The USDA
published inEuropean Union: Biofuels Annudlat the ethanol used as fuel produced from sugar beet amount

to 4,461 ktonnes in 2022 Combined with the total sugdreet production this yields to a level oértification

of 4,3% of overall European sugar hesteTable3.

Table 3: Level of certification of sugar beet

Europg
Certifiedsugarbeet production (ktonnesf 4,461
Total sugabeet production (ktonnesy 103,451
Percentage certified production 4.3%

Sugar cane

The largest certification scheme for sugar cane is Bonsucro. A yearly outcomestepestclearly what the
current level of certification of Bonsucro sugarcari iEhe highest level of certification is reached in Brazil
with 20.2%.Table4 compares the level of certification betwedsirge sugar canproducersBrazi] Asiaand the

B FAOSTAT Crops and lifestock produttss://www.fao.org/faostat/en/#data/QC| accessed on 18f October 2024.

14 European Commission, Energy, Climate changérdiment VVoluntary schemes)ttps://energy.ec.europa.eu/topics/renewable
energy/bioenergy/voluntarsschemes_eyraccessed on 18th of October 2024.

15USDAEuropean Union: Biofuels Annuattps://fas.usda.gov/data/europeamunion-biofuelsannuat4, accessed on 18th of October 2024.
16 USDAEuropean Union: Biofuels Annuattps://fas.usda.gov/data/europeatunion-biofuelsannuat4, accessed on 18th of October 2024.
17 https://www.fao.org/faostat/en/#data/QCL

18 Bonsucro Outcome Report 2022{ps://bonsucro.com/wpcontent/uploads/OutcomeReport2022.pdf accessed on 18th of October 2024.
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global levellt isevident that theAsian market has a lower level of certificatiGiigure8 shows the origin of

the Bonsucracertification holders.

Table 4: Level of certification sugar cane

Brazi Asig Globa
Certifiedsugar production (Mtonnes) 7,3 04 9,7
Total sugar production (Mtonne¥) 36,0 57,1 177,
Percentage certified production (%) 20.4 0.7 5.9
R, o O @
< B =y
O

Figure 8 Origin of Bonsucro certification holders (producers)*

Value chain description

Figure9 shows the value chain of palm produd&esh Fruit Bunches of palm trees can be processed into crude
palm oil or palm kernel oil. Crude palm oil is extracted from the fruit pulp of the oil palm, while palm kernel oil
is extracted from the kernels. However, the market for palm oil is much léingerfor palm kernel oil. Palm oil

can be used to produce biodiesel and thereby glycerol, as well as palmitic acid and othaséibchemicals.

19 Bonsucro Outcome Report 2022, https://bonsucro.comfagntent/uploads/OutcomeReport2022.pdf accessed on 18th of October 2024.
20OFAOSTAT Crops and lifestock produtdtps://www.fao.org/faostat/en/#data/QClaccessed on 18th of October 2024.
21 Bonsucro certificate holdersitps://bonsucro.com/certifiedmembers/ accessed on 18th of October 2024.
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Palmiticacid —» Soap
> Palm oil
Fresh fruit Biodiesel,
bunchesof  |— glycerol, other
palm trees chemicals
Food &
» Palm kernels —®| Palm kernel oil ]
Cosmetics

Figure 9: Value chain of palm products

Production locations

Palm trees are native to tropical and subtropical climates. As such, the majority of palm trees can be found in
Central and South America as wellSmithern Asia. If we look at the production of palm Big(rel0), we can

see that the largest producer of palm oil is Indonesia, with almoshéliHn tonnes of palm oil being produced

in 2020, followed by Malaysia, which had a production of over 19 million tonnes of palm oil in the same year.
Other large producers are Thailand (3dvihes, Colombia (1.6 Minneg, and Nigeria (1.3 Mnhneg %.

Production of palm oil (tonnes)
l 45,000,000

128

19 Mt
N\ ey

45 Mt

Figure 10: Global production of palm oil (tonnes) in 2020, data from Our World in Data®.

22 Ritchie Hannah, Explore palm oil production across the world and its impacts on the envirqri2@2fiittps://ourworldindata.org/palmolil
23 Ritchie, Hannah, Explore palm oil production across the world and its impacts on the enviroB@&it{tps://ourworldindata.org/palnoil
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Level of certification
RSPO is the largest palm oil certification scheme. AccordiBB@A, IDH, RSPO (2622) 202193%of alll
palm oil imported to Europaascertified sustainable palm oil (CSPSgeFigurell.

9 93%
100% - -

90%

80%
~; 68%
D‘_ 70% 61% 62%
a
X 60%
g 50%
T 40%
S
= 30%
O
o 20%
c 5%
) 10% 29% 2% 2

0% e |

CSPO uptake % CSPKO uptake % CSPKE uptake %

Il 2019 | 2020 J 2021

Figure 11: Estimated European progress in certified sustainable palm oil (SCPO), palm kernel oil
(CSPKO) and palm kernel expeller (CSPKE). Source EPOA, IDH, RSPO (2022).

According to WWF (202%) a survey among palm oil buyers shows a lower share of @5@ertified

sustainable palm oil (SCPOEarope.SeeFigurel?2. In this report WWF stresses that sustainable palm oil

is preferred over palm oil free products, as otherardpshave a higher land ugger unit of oilcompared
to palm oil

29t hts L51E w{th O0HnuHO {dAGFAYFEOfS tIfY hAtY itaNBspifoavp-. dzaAiy $aa
content/uploads/Sustainabl®almOilEuropesBusinesReport SEP2022.pdf
25 \WWF (2021 ttps://wwfint.awsassets.panda.org/downloads/pobs_2021_full_report.pdf

22


https://rspo.org/wp-content/uploads/Sustainable-Palm-Oil-Europes-Business-Report_SEP2022.pdf
https://rspo.org/wp-content/uploads/Sustainable-Palm-Oil-Europes-Business-Report_SEP2022.pdf
https://wwfint.awsassets.panda.org/downloads/pobs_2021_full_report.pdf

-Fundedby % HARMON[TOR

the European Union

NORTH AMERICA EUROPE
2D o Y -

@ 83%  RsPOCSPOuptake® 65%  rspocsPouptake* - TR0 T i
6%  srcasdownor '§ A% sreakdonnof 125 Lol
B amiRh 4% R 2% _rsrocsowke

[ ——
o =
% B&C)

12%

21 '(l'o'al RSPO M(?)PO volume
thousand

84%  rspoCsPO uptake
. 52% Breakdown of
supply chain model
(% SG/IP/IS; % MB;
B&C)

Total RSPO CSPO volume
(thousand MT)

¢ 4T%  srocsouuie
Z% Breakdown of Z

UPTAKE OF RSPO- T 1 ¢ NORTH AMERICAN
CERTIFIED SUSTAINABLE ’ AND AUSTRALIAN
PALMOILBY REGION**

SG = Segregated
1P = Identity Preserved
Sma

RESPONDENTS HAVE
THE HIGHEST UPTAKE
OF RSPO CSPO

MB =M ce
B&C = Book & Claim credits

Figure 12: Uptake of RSPO-certified sustainable palm oil by region. Source: WWF (2021)
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Value chain description

1,4-butanediol(BDO)s used as solvent as well as iatermediate for the production of plastics and other

chemicals. Bitnased production of BDO occurs throutye fermentation of sugarsgurel13).2¢

Further

Sugar crops —» 1,4-butanediol —» .
processing

Figure 13: Bio-based 1-4-butane diol value chain

Production locations

Within the EUpne facilityis known to producebio-based BD@om sugarsoperated by Novamonwith a
capacity of30 kionnes?® Outside the EUgommercialproduction of biebased BDO occugt the facility of
Shandong Land Biological Technology in C{20&0 kta)?” and at the facility ofSK Geo Centric e

Republic of Koreawvhere it acts as an intermediate for the production of a biodegradable pF<fither

companies havannounced tocommence commercial biBDO productiorat the end of 2023Kingfg,?®

and in 2024Qore).%° In addition, BASE expected to be producirigjo-BDQ?! althoughit is unclear if the
corresponding production location is-iar outside the EU.

Tableb: ISCC Plus certificate holders for-BibO

Bio-based 1,4butanediol (BDO) | Country Capacity] Sustainability Certificatior
(ktonnes)

Europe 30

Novamont Italy 30 Not found

North America No data

Lyondell USA No datal ISCC PIY

Qirafor BASF USA Production ISCC PIU
start 2025

BASF USA No datal ISCC PIY

Asia 2050

®p2glyY2yis wnamcs hLByAy3d 2F GKS 42NIRQa TANRG Ay Rdz (wblelrdw matdiald, S
https://www.novamont.com/eng/readpressrelease/materbiotech/ Accessed on August 22023
21 Shandong LanBiological Technology, Biiased 14 butanediolhttp://en.landbiotech.com/product/20.htm] accessed on August 2223
28 sKinno News, 2021, SK Geo Centric and Kolon Industries tneciendly biodegradable plastic PBAT,
https://skinnonews.com/global/archives/835@ccessed on August 2523
29 Kingfa Technologidgd, Annual report 202 https://www.kingfa.com/en/portal/article/index/id/7550/cid/986/type/pdf.htm| accessed on August
23, 2023
30 QIRA, 2021, Cargill and HELM partner to build $300M commsczil, renewable BDO facilliytps://www.mygira.com/giramedia/details/cargil
and-helm-partner-to-build-300m-commercialscalerenewablebdo-facility-first-in-the-us-to-meet-growingcustomerdemand accessed on August,23
2023.
31 BASF, Renewable BOM@tps://chemicals.basf.com/global/en/Intermediates/Renewable/Renewable_BDO,ndBASF, 2015oint News Release
of BASF and Genomatiddtps://www.basf.com/global/en/media/newseleases/2015/09/p15-347.html| both accessed on August 23, 2023.
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Shandong Land Biological China 20-50 Not found
Technology
SK Geo Centric Republic of No data| ISC(
Korea
Total BU: 0/1 certified
>0-80 Global:4/6 Certified

Level of certification

The level of certification of biBDO is determinetased orthe numberof certificates that are in place, as

well ason the basis othe amount of certified bieBDO versus neoertified bio-BDO .With respect to the

level of certification on the basis afiumber of certificates both Novamonf Shandong Land Biological
Technologyand BASHo not appear to hold ISCCBonsucro certificates for the corresponding processes.
SK Geo Centric holds an ISCC Plus certificate for the production ahthibiocircularnaphthain bio- and
bio-circular BDOApart from this, it is notedNovamontis a certified B corporationwhich is a sustainability

label for companie$? In addition BASFloeshold an ISCC certificate for the conversiorbinf and bic
circular methane naphthaand pyrolysis oil in bioand biccircular butanedigl though this certificate
appears to be applicable to different conversion methodcompared to the technology listed on the
product website3* 32 Screening of the ISCC database for other companies holding certificates with respect
to the production of bieBDO indicates thatlso Lyondel(both in the Netherlands and the UBJlds an

ISCC Plus certificater the production ofbio-circularbutanediol although the corresponding production
capacity is uncleait should be notedthat® 1 K . ! { CQa I y R [fSA2A)iR SHofddid yESRM
could relate to 1,4utanediol, but also to its isomergVe conclude thafour out of sixcompanies have
acquired ISCC certification with respect to the production ofBiO(Tableb).

Value chain description

Polyurethane isa collective name for a wide rangg polymersobtained from reactinga polyolwith a
diisocyanateDepending on thaelectedreactans and ther correspondingcharacteristics, many different
materials are obtainedvhichare used in a wide range of applicatiofi®¥ie use of two different reactants,
eachwith their own production processeggsult intoan extensive value chaiRigurel4 (on the next page)
shows a segmenaf this value chain, startingt the reactants that are required to obtain the polyol and
diisocyanateln turn, the polyol and diisocyanate are reacted to obtain the desired polyurethane. Although
the figure shows aolyether polyol and methylene diphenyl diisocyanate (MBIstarting point for the
polyurethane production, many other types of polyols atidocyanats are used in industry.

Production locations

Inside the EU, production of blmased polyurethane appears to be limited to a handful of companies. Most
companies produce padlly bio-based polyurethane, by choosing fobm-basedpolyol or diisocyanate,
and by producing bibbased polyurethane on a mabslance basidt is also common tdlend bio-based
with fossitbasedpolyurethare. For exampleHuntsman Polyurethanes producesalyurethane system

32 Novamont, Impact Report 2022,
https://www.novamont.com/public/Bilancio%20di%20sostenibilit%C3%A0/Novamont%20Relazione%20Impatto 0909 ENG.pdf

33|SCC certificate BASC@PLUSCertDE12935348573
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that contains up to 20% bibased content that is derived from vegetable éflsAlso BASF produces
polyurethanewhere 45% up to 60% is bioased®® The identified companies are: CIECH Pianki, Covestro,
Epaflex, Huntsman Polyurethanes, BBA, Reckli GmbH, Stainld BASF

Polyether
polyol

X —» Carbohydrate —

> Polyurethane

Methylene
diphenyl
diisocyanate
(MDI)

Figure 14: A segment of the polyurethane value chain

Level of certification

The level of certification of bibased polyurethane is determined on the basis oftlaenberof companies
holding an ISCC certificate versus thenberof companies that do not hold ISCC certificatibBrom the
eight companies that are identified to produce biased polyurethanesevencompanies have acquired
ISCC certificatiofiTable6). Two of the companies with an ISCC certificate have acquegdication for
the diisocyanate(Huntaman polyurethanesand NMC SApnd thefive remaining companiesQemetica,
Covestro, Reckli Gmbi$tahland BASFhave acquired certification for both the polyol as well as the
diisocyanate. Based on this analysis it appearsttiere is some extend of certification for the production
of bio-based polyurethane.

Table 6: ISCC Plus certificate holders for bio-based polyurethane production

Bio-based polyurethane Certified Country Capacity| Sustainability
reactant (ktonnes) Certification

Europe

Qemetica (CIECH Planki) Diisocyanate & |Poland No data ISCC PIL
Polyol

34 Huntsman https://www.huntsman.com/about/polyurethanes/news/detail/15761/huntsmagtevelopsbreakthroughbio-basedpolyurethane
accessed on 24/10/2024.
35 BASF bidnased plastichttps://www.basf.com/global/en/media/newseleases/2023/04/p23-170, , accessed on 25/10/2024.
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Covestro Diisocyanate & | Belgium, No data| ISCC Plu
Polyol Netherlands,
Italy, Spain ang
Germany
Epaflex Not found Italy No data Not found
Huntsman Polyurethanes Diisocyanate Netherlands No data| ISCC Plu
NMC SA Diisocyanate Belgium No data ISCC PlL
Reckli GmbH Diisocyanate & | Germany No data| ISCC Plu
Polyols
Stahl Diisocyanate & | Netherlands & No data| ISCC Plu
Polyols Germany
BASF Diisocyanate & |Belgium No data ISCC PIL
Polyols
Total Undetermined| BJ:7/8 Certified

Value chain description

Ethylene is a widely used commodity chemmadl actsasintermediate for the production of many other
chemicalslts biobased counterpart is produced from sugars, as well as through steam cracking of bio
naphthaandother bio-based hydrocarbon@-igurel5).

Sugar crops —» Ethanol —» Ethylene || Further
processing
A
Bio-based
hydrocarbons

Figure 15: Bio-ethylene value chain

Productionlocations

Within the EU, on demand production of Hiased ethylene occurs through the mdssance approach by

BASPF, Borealis’’ and Versali$® amongst others. Outside the EU, a large share of theetiiglene

LINE RdzOG A2y 200dzNB | (i . NlethyleseYoRthe produ@iant ofbipahethyfeneg K A O f
amongst others. India Glycols produces-btbylene as intermediate during bigthylene glycol production,

so does Greencol Taiwan. Bithylene is produced as an intermediate for {githylene oxide by Croda.

36 BASF, The Mass Balance Approhttps://www.basf.com/global/en/whoewe-are/sustainability/wedrive-sustainablesolutions/circular
economy/massbalanceapproach.htm) accessed on August 21st, 2023

37 Borealis, 2020, Borealis to gain International Sustainability & Carbon Certification for all its European polyolefinopreiesti
https://lwww.borealisgroup.com/news/borealio-gairrinternationatsustainabilitycarboncertificationrisceplus-for-all-its-europeanpolyolefin
productionsitesAccessed on August 21st, 2023

38 Eni Versalis, 2021, Versalis: new certified product range for sustainaitiifty;//www.eni.com/assets/documents/presgelease/migrated/2021
en/02/PRVersalislSC&Plus.pdf accessed on August 21st, 2023

27


https://www.basf.com/global/en/who-we-are/sustainability/we-drive-sustainable-solutions/circular-economy/mass-balance-approach.html
https://www.basf.com/global/en/who-we-are/sustainability/we-drive-sustainable-solutions/circular-economy/mass-balance-approach.html
https://www.borealisgroup.com/news/borealis-to-gain-international-sustainability-carbon-certification-iscc-plus-for-all-its-european-polyolefin-production-sites
https://www.borealisgroup.com/news/borealis-to-gain-international-sustainability-carbon-certification-iscc-plus-for-all-its-european-polyolefin-production-sites
https://www.eni.com/assets/documents/press-release/migrated/2021-en/02/PR-Versalis-ISCC-Plus.pdf
https://www.eni.com/assets/documents/press-release/migrated/2021-en/02/PR-Versalis-ISCC-Plus.pdf

nFundedby \m LAV A\ g |

the European Union

Level of certification

The level of certification of bibased ethylene is determined based on the number of certificates that are
in place. Inside the EUR different companies hold ISCC Plus certificates for the conversion -babexl

and biacircular hydrocarbons to bibased and biaircular ethyleneTable7). All of these companies hold
ISCC Plus certificates, related to different production facilities in different locations. Braskem and India
Glycol hold ISCC Plus certificates for the production eéthiglene from bioethanol. These two companies
also hold Bonsuorcertificates Table7). Croda holds different certificates, although ISCC and Bonsucro are
not on the list. Greencol Taiwan appears not to have ISCC Plus and Bonsucro certificates. A2ftal of
companie?’® are identified to produce bioor bio-circular ethylene on a commercial scale. Out of th22e
companies,20 companies have acquired ISCC Plable7) and/or Bonsucro certification. The level of
certificationcould not be calculatedased ormproduction capacitiesdue to lack of data.

Table 7: ISCC Plus certificate holders for bio-ethylene production

Bio-based Ethylene Country Capacity]  Sustainability Certificatior
(ktonnes)
Europe
Borealis Sweden, Finland & 36% ISCC PIY
Belgiunt®
Versalis Italy, France 25 ISCC PIu
LyondellBasell Germany, France No data ISCClBs
DOW Europe Netherlands 2% of naptha i ISCC s
bio-naphth&?
INEOS Germany, UK & France No data| ISCClBs
ORLEN Czech Republic 5% ISCC Plu
oMV Germany, Austria No data| ISCC PIU
Raffinerie Heide GmbH | Germany No data| ISCC PIU
Repsol Polimeros Portugal No data ISCC PIy
Sabic Netherlands No data| ISCC PIu
Shell Germany No data ISCC PIU
TotalEnergies France, Belgium No data| ISCC PIY
South America
Braskem Brazil 260+ ISCC Plus & Bonsu(
Asia
India Glycols ISCC Plus & Bonsu(
Greencol Taiwan No data| Not found
Croda Singapore No data Not found

3% Companies with facilities in different continents are counsegarately, e.g. DOW Europe and DOW (USA).

40 Borealis bornewables\ttps://www.borealisgroup.com/storage/Polyolefins/CirculiconomySolutions/The

Bornewables/BOREALIS Bornewables Brochure finaaecgssed on 25/10/2024

4 0il & Gas Journal Borealis renewable feedstock steam cracker,//www.ogj.com/refiningprocessing/petrochemicals/article/55016953/finnish
steamcrackerto-boostolefinsproductionfrom-renewablerecycledfeedstocks accessed on 25/10/2024.

42 Dow Terneuzen decarbonization options, https://www.ieabioenergy.combaptent/uploads/2020/02/Biebasedchemicalsa-2020updatefinal-
200213.pdf , accessed on 25/20/2024.

43 Orlen group launches production from used cooking bilsys://www.orlen.pl/en/about-the-company/media/presseleases/2022/march
2022/0ORLEMErouplaunchesproductionof-plasticsfrom-usedcookingoils, 25/10/2024.

44 Braskem new investment bisased ethylene plantjttps://www.braskem.com.br/usa/newsletail/braskemexpandsits-biopolymerproduction-by-
30-followingrarrinvestmentof-us-87-million, accessed on 25/10/2024
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Shell Singapore Singapore No data ISCC Plu
North America
BASF USA No datal ISCC PIY
DOW USA No datal ISCCIBs
INEOS USA No data ISCC PIu
Shell USA No datal ISCC PIU
Total Energies USA No data| ISCC PIU
Total EU:12/12 ISCCertified
>326| Global:20/22ISCC, 22 also
Bonsucro certifieg

Value chain description

Bio-based production of ethylene glycol occurs through tteversion of sugar crops subsequently
ethanol,ethylene,and ethyleneglycol Figurel6). Alternatively, biebased ethylene glycaln be produced
through steam cracking dfio-basedhydrocarbons and subsequenbnversion of ethylene in ethylene
glycol. Ethylene glycol is widely used as an drgeze agent, and also acts as intermediate for the
production of poly(ethylene terephthalate) (PET) and poly(ethylene glycol) (PEG), amongst Btlers.
bio-based ¢hylene glycolnd ethylene glycol of fosdilel origin arealso known as monethylene glycol
(MEG).

Further
Sugar crops | Ethanol —> Ethylene  —» Ethylene glycol— Hrine!
processing
A
Bio-based
hydrocarbons

Figure 16: Bio-ethylene glycol value chain

Production locations

Commercial scale bibased ethylene glycol production mainly occurs outside the EU, at the facilities of
India Glycol Ltd. In addition, Greencol Taiwan might be producingthigene glycol, though information

about this facility is very limited. Also Gl BieChem lists bigethylene in its portfolio, yet it is unclear if

it still produces bieethylene glycol as most of Global BioK SYQa I OUAQBAGASAE Ay @K
segment are suspendéef.inside the EUhere is one majoupcomingcompany, UPM biochemicals. The

UPM Biopurds asecond generatiomiochemicalmonoethylene glycol (BioME@®joduced fromwood ¢
Theindustrialproduction locationm Leuna, Germanshould be operational at the end of 2024th a total

45 Global BieChem Technology Group Company Limited, Annual Report B8g2/media-
globalbiochem.todayir.com/20230424174801527110700180_enafessed on August 21st, 2023

46 upMm Biopura, 2024ttps://www.upmbiochemicals.com/glycols/megaccessed 088 October 2024.
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annual productioncapacity of 220ktonnes making it the largest producer in Europe and possibly
worldwide.*” Furthermore,Clariant might be producing bigthylene glycobn a commercial soa) acting

as intermediate for theproductionof bio-based poly(ethylene glycdlj.Next to this,demonstration scale
plantsfor bio-based ethylene glycol productiaxistwithin the EUand are operated by Avantium in the
Netherlands’® and a joint venture of Braskem amthldor Top®e in Denmarké® Several companies have
announced commercial production of bbased ethylenglycolwithin the EY including UPMogether with
HAERTOL Chenfiw 2024,Avantiumtogether with Cosun for 2025 and Braskentogether with Haldor
Topsoe for 2026

Level of certification

The level of certification of bibased ethylene glycol idetermined on the basis of theumber of
certificates that are in placdndia Glycols Ltd. holds an ISRIGsand a Bonsucro certificate. Both Global
Bio-Chem and Greencol Taiwan appear not to have ISCC or Bonsucro certification ifr@iabe. Leuna
biorefinery UPM has no ISCC certification, but other plants are certified.

Table 8: ISCC Plus certificate holders for bio-ethylene glycol

Bio-based Ethylene glycol Country Capacityl Sustainabilitycertification
(ktonnes)
Europe 10.1
UPM Germany *Expected: 22( Not found
Clariant Germany No data| ISCC s
Avantium Netherlands 10° Not found
Braskem & Haldor Topsoe Denmark 0.1 Glycoaldehyd Not found
Shell Germany X ISCC PIU
Asia 177.2
India Glycols India 1753 (combination ISCC Plus & Bonsu(
of bio-MEG, DE(
and TEG
Greencol Taiwan Taiwan No data Not found
Global BieChem China 2.4 Not found
Total EU:2/5 ISCC certifie
187.3| Global:3/8 ISCC, 1/&lso
Bonsucro certifieg

4T uPMm luilding thefuture of biochemicals industry, 2024ttps://www.upmbiochemicals.com/biorefinery/accessed on 28 October 2024.

48 Clariant, 2022, Clariant launches 100%!ssed surfactants range driving the transition towards renewable carbon,
https://www.clariant.com/en/Corporate/News/2022/02/Clariadaunches100-bio-basedsurfactantsrangedrivingthe-transition-towardsrenewable

carbon accessed on August 23rd, 2023.

49 Avantium, Technologiesftps://www.avantium.com/technologies/accessed on August 21st, 2023
50 Braskem, 2020, Braskem and Haldor Topsoe achieve first productioniodised MEG from sugarttps://www.braskem.com.br/news
detail/braskemand-haldortopsoe-achievefirst-production-of-bio-basedmegfrom-sugar accessed on August 21st, 2023

51 Avantium, 2021, Cosun Beatmpanyand Avantium join forces with the ambition to produce phatsed glycols from sugars,
https://lwww.avantium.com/wpcontent/uploads/2021/04/2021042Z osurBeetCompanyand-Avantiumjoin-forceswith-the-ambition-to-produce
plant-basedglycolsfrom-sugars.pdfaccessed on August 21st, 2023
52 Avantium MEG Plant iitps://avantium.com/wp-content/uploads/2019/11/2019110Presskit-Avantiumcelebratesthe-openingof-MEG

demonstratiorplant-final.pdf, accessed on 25/10/2024.
53India Glycols Bio Glycolsfps://www.indiaglycols.com/bieglycols2/, accessed on 28/10/2024.

54 Global BieChem press release, 2004{p://www.globalbiochem.com/download/press _release/20041027.paécessed on 28/10/2024.
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Clariant has obtained an ISCC Plus certificate for the conversion-ethlyiene in biepolyethylene glycol.
Additional screening of the ISCC certificate dataladieates that one other companies within the EU hold
an ISCC Plus certificate for the production of-msed ethylene glycol: Shell Chemical Europe for the
conversion of bieand biccircular hydrocarbons in biand biocircular ethylene glycol. Correspding
production capacity is unknown.

In conclusion, one company that produces -bibylene glycol on a commercial scale, another six
companies that might produce biethylene glycol on a commercial scale of where identified and one
companies is expected to produce on a commercial scale byrti®f 2024. Three out of the total of eight
companies hold ISCTable8) and/or Bonsucro certification, indicating that sustainability certification is
applied to this product. However, on the basis of existing data it is not possible to quantify the volumes of
certified bioethylene glycol and determine the level of certfion on the basis of volume certified bio
ethylene glycol versus volume uncertified {gthylene glycol.

Value chain description

Polylactic acid (PLA) is a biopolymer produced from lactic acid. It is used-@sgbaalable packaging
material, and as filament in 3D printing, amongst oth&$he lactic acid required for the production of

PLA is derived from starch crops (e.g. corn) and sugar crops (e.g. sugar cane). The corresponding value cha
is depicted irFigurel?:

Further

Starch crops Glucose —» Lacticacid ¥ Polylactic acid —» :
processing

Sugar crops

Figure 17: Polylactic acid value chain
Production locations

The major PLA production locations are located outsideBbieNatureWorks operates a PLA plant with a
capacity of 150 ktnneslocated in the USAS Futerro (part of Galactic) operates a PLA plant in partnership
with BBCA Biochemical with a capacitf@0ktonnes/yearocated in Chind/>® andthe joint venture Total
Energies Corbion has a plant with a capacity of #rdyear in Thailand®® Natureworks started

55 TotalEnergies Corbion, About Ph#tps://www.totalenergiescorbion.com/aboutpla/ Accessed August 24th, 2023
56 NatureWorks, About NatureWorkhbttps://www.natureworkslic.com/aboutatureworks accessed on Augst 24, 2023
57 Futerro, The Futerro storpttps://www.futerro.com/

58 K. Laird, Futerro launches fully integrated PLA plant in China, BB2€;//www.sustainableplastics.com/news/futersaunchesfully-integratedpla-
plant-ching accessed on August 24,2023

59 Total Energies, Thailand: Total Corbion PLA stgrits 75,000 tonnes per year bioplastics pldnttps://totalenergies.com/media/news/press
releases/thailandotal-corbionpla-startsits-75000tonnesyearbioplasticsplant, accessed on August 24, 2023
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manufacturing a new PLA plant in Thailawith full production of 75 ktonnégear anticipated in 202%°
Inside the EU, the build ofRLA productiomocationisannounced byruterroin France with the production
capacity of 75 ktonndgear and the goal testart production in early 202662 The plan offotalEnergies
Corbionto also build a PLA plant in Europe is cancelled recéntly.

Level of certification

To determine the level of certification, the ISCC and Bonsucro databases are cofisstltBidtureWorks

is listed in the ISCC databased has obtainedan IS Ccertificate for the conversion of lactic acid to
polylactic acidNo ISCC certification was found for the FutegrBBCA Biochemical partnership and Total
Energies CorbiorScreening of the Bacro database indicates that Purac Biochem (a Corbion company)
holds a Bonsucro certificate. Indeed, the TotalEnergies Corbion website indicates that Bearestitieal

PLA is available upon requést.

The level of certification ithen determined on the basis of the amount of certified PLA versus total amount
PLA produced by the major PLA producers. As TotalEnergies Corbion provides Bonsucro certification upon
NBIljdzSaidz ¢2G1f 9y SNHASA / 2ND A 2 Y Qanonseftiied NdegoryNaRdRadzO (i A
YAYAYdzy £ S@St 2F OSNIAFAOFIGAZ2Y Aa SadAYlFIiSRo Ly
Gt AR T2NJ bl dzNB2 2NJ] Qa Sy dANS LINBtiendzPLA i8 etim@editd: O A (
be at leas46% and maximally 69% if also Total energies would certify all of their capacity

Table 9: ISCC Plus certificate holders for PLA production

Poly lactic acid (PLA) Country Capacity SustainabilityCertification
(ktonnes/year)

North America 150

NatureWorks USA 150 ISCC PIY

Asia 175

Futerro partnered with BBCA China 100 Not found

Biochemical

Total Energies partnered with Thailand 75 Bonsucro certified PLA available

Corbion request

Total 325 Global:1/3 ISCC ceffied (46-69%)

60 Natureworks Next phase of construction PLA biopolymer facility in Thaa28, https://www.natureworksllc.com/abouhatureworks/news/press
releases/2023/2023.0-18-natureworksannouncesnext-phaseof-constructionthailand , accessed on October 29 2024.

61 Futerro, Futerro aims to satp a new fully integrated PLA biorefinery in Normandy, France, 20@;//www.futerro.com/news-media/futerro-
aimssetnew-fully-integrated-pla-biorefinery-normandyfrance accessed on August 24th 2023

62 NormandyFuterrofuture of sustainable plastic in Normandy, 20B#ps://www.choosenormandy.com/futerregreenplasticnormandy/, accessed
on October 29 2024.

63 K. Laird, Corbion calls off French PLA bioplastics plant, B&28;//www.sustainableplastics.com/news/corbietallsfrench-pla-bioplasticsplant,
accessed on August 24th, 2023

64 TotalEnergies Corbion, Luminy® PLA portfbtips://www.totalenergiescorbion.com/luminypla-portfolio/, accessed on August 24, 2023
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Value chain description

Epichlorohydrin is an important intermediate for the production of epoxy resins. Its partialipasied
counterpart is produced frorglycerineand hydrochloric acid. Thgdycerineis obtained as byproduct from
bio-diesel productiorf® With each reactant having its own production process, the epichlorohydrin value
chain is quite extensivé&igurel8 shows thesegment of relevance for this study.

Glycerire —
Epichlore Further
= . > :
hydrin processing
X N Hydroghlorlc ]
acid

Figure 18: A segment of the bio-epichlorohydrin value chain

Production locations

Within the EU, bidbased epichlorohydrin production takes place in France and Germany by INOVYN (50
ktonnes/yearin total) % and by Spolchemie in Czech Republic (3hkés/yea).b” Outside the EU, bio

based epichlorohydrin production takes place in China at the facilities of Jiangsu Yangnon Chemical Group
(60 kbnnes/yea) 8 the facilities of Yihai Kerry (100dkines/yea),* and the facilities of Dow Chemicals

(150 konnes/yeai).®® Bio-based epichlorohydrin is also produced in Thailand at the facilities of Advanced
Biochemical Thailand (120dktnes/yea)’® and India by Epigrgb0 ktonnegyear).

Level of certification

The bieepichlorohydrin level of certification is determined considering ISCC certification. Frose\tae
companies listed to produce biepichlorohydrin, INOVY,NEpigrdand Advanced biochemical Thailand for

AGC Vinthahave acquired ISCC Plus certification for the conversion oftiboular glycerineinto bio-

circular epichlorohydrin. The majority stakeholder in Jiangsu Yangnon Chemical Group, Sinochem, also
holds an ISCC Plus certification. However, the certificate details are not given, and it is unclear whether this
particular certificate considerthe production of biebased epichlorohydrin. Another company in the
Sinochem business family, Jiangsu Ruixiang Chemical, holds ISCC Plus certification for the conversion of bit

65B.M. Bell et al., 2008, Glycerine as a renewable feedstock for epichlorohydrin production. The GTE Process, Cleant&pB@&\ipWar 661, DOI:
10.1002/clen.200800067

66 INOVYN, 2021, INOVYN-hitributed epichlorohydrinhttps:/Avww.inovyn.com/news/inovyAlaunchesworlds-irst-commerciallyavailablegrade
of-bio-attributed-epichlorohydrin/ accessed on August 28th 2023

57 D. de Guzman, 201Bjo-basedECH growing rapidly, in Green Chemicals Biiygs://greenchemicalsblog.com/2012/09/1#io-basedech-growing
rapidly/, accessed on August 28th 2023

68 pagliaro, 2017, C3 monomeis Glycerol: The renewable platform chemical, Elseyie29.

69 A Barrett, 2014, Solvay and Bio Epoxy Production, in Bioplastics INggg/bioplasticsnews.com/2014/03/09/solvagpoxy/, accessed on August
28th 2023.

70 AGC, Bidbased epichlorohydrirhttps://www.agcce.com/biebasedepichlorohydrin/ accessed on August 28th 2023
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