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Global Markets and Trends of Bio-based Building Blocks

and Polymers 2018-2023

Executive summary

2018 was a very good year for bio-based polymers: Several additional capacities were

put into operation.

The new market and trend report “Bio-
based Building Blocks and Polymers —
Global Capacities, Production and Trends
2018-2023” from the German nova-Institute
shows capacities and for the first time also
production data for all bio-based polymers.
In 2018 the total production volume reached
7.5 million tonnes — these are already 2%
of the production volume of petrochemical
polymers. The potential is much higher, but
is currently hampered by low oil prices and
a lack of political support.

The production of bio-based polymers
has become much more professional and
differentiated in recent years. By now, there
is a bio-based alternative for practically every
application. The capacities and production of
bio-based polymers will continue to grow with
an expected CAGR of about 4% until 2023,
almost at about the same rate as petrochemical
polymers and plastics Therefore, the market
share of bio-based polymers in the total polymer
and plastics market remains constant at around
2% (Figure 1).
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Figure 1: Plastics production from 1950 to 2017 (nova-Institut 2019)
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The increase in production capacity is mainly
based on the expansion of the polylactic
acid (PLA) production in Thailand, the
polytrimethylene terephthalate (PTT) and starch
blends in US. Especially PLA and starch blends
will continue to grow significantly until 2023.
Also new capacities of bio-based polyamides,
polyethylene (PE) and, for the first time,
polypropylene (PP) and poly(butylene adipate-
co-terephthalate) (PBAT). The great hopeful
polyethylene furanoate (PEF) will presumably
only be able to offer commercial capacities after
2023.

Overall, the market environment remains
challenging with low crude oil prices and little
political support.

m So far, the two major advantages of
bio-based polymers have not been
politically rewarded. The first advantage
is that bio-based polymers replace fossil
carbon in the production process with
renewable carbon from biomass. This is
indispensable for a sustainable, climate-
friendly plastics industry and is not yet
politically rewarded.

®m The second advantage is offered by
about a quarter of bio-based polymer
production: They are biodegradable
(depending on the environment) and
can therefore be a solution for plastics
that cannot be collected and enter the
environment where they can biodegrade
without leaving behind microplastics.
Only a few countries such as Italy,
France and, in future probably Spain
will politically support this additional
disposal path.

The most important market drivers in 2018
were brands that want to offer their customers
environmentally friendly solutions and
critical consumers looking for alternatives to
petrochemicals. If bio-based polymers were to be
accepted as a solution and promoted in a similar
way as biofuels, annual growth rates of 10 to
20% could be expected. The same applies as
soon as the price of oil rises significantly. Based
on the already existing technical maturity of
bio-based polymers, considerable market shares
can then be gained.

The market report is updated every year
and the update for the year 2018 offers very
special highlights: It contains comprehensive
information on capacity development from
2018 to 2023, per bio-based building block and
polymer and for the first time production data for
the year 2018, per bio-based polymer. A total of
17 bio-based building blocks and 16 polymers
are covered in the report. In addition, the new
issue includes analyses of market developments
and producers per building block and polymer,
so that readers can quickly gain an overview
of developments that go far beyond capacity
and production figures. For the first time, a
detailed research, calculation and explanation
of the market development of cellulose acetate
(CA), bio-based epoxy resins and bio-based
polyurethanes was made possible through a
cooperation with the main experts in this area.
The deep dive into the producing companies
was comprehensively updated and shows now
173 detailed company profiles — from start-ups
to multinational corporations.

The data published annually by European
Bioplastics (www.european-bioplastics.org/
market/) are taken from the market report of
the nova-Institute, but with a reduced selection
of bio-based polymers.
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Bio-based Polymers

Figure 2 shows all commercially realized As in previous years, we have added several
pathways from biomass via different building pathways and some new intermediates.
blocks and monomers to bio-based polymers.
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Figure 2: Pathways to bio-based polymers (nova-Institut 2019)
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Schematic differentiation of pathways of drop-in,
smart drop-in and dedicated bio-based chemicals
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Figure 3: Schematic differentiation of pathways of drop-in, smart drop-in and dedicated bio-based
chemicals.' Selected bio-based polymer examples are shown for each classification group.

Figure 3 shows the different pathways of bio-
based “drop-in”, “smart drop-in” and “dedicated”
inputs within the chemical production chain.
For each group certain bio-based polymers are
exemplarily shown. The different bio-based
polymer groups are subject to different market
dynamics. While the drop-ins have direct
petrochemical counterparts and can substitute
them, the dedicated ones have new properties
and functionalities that petrochemistry does not
provide. Both have their own advantages and
disadvantages from a production and market
perspective.

Figure 4 summarises the results of the results of
the 380-page report and shows the development
of capacities from 2018 to 2023 on the basis
of forecasts by current and some additional

producers. Here an increase is shown from 8
Mio. tonnes production capacity in 2018 to 9.6
Mio. tonnes in 2023, which means an expected
yearly growth rate of about 4% (CAGR).

With an expected CAGR of 10% between 2018
and 2023, Europe will display the highest growth
of bio-based polymer capacities compared to
other regions of the world (see Figure 7).

If only the new dedicated polymers (for
definition see Figure 3) are considered, the
growth rates are expected to be even higher
(CAGR =5%), as Figure 5 shows. In the group
of dedicated bio-based polymers, price pressure
stemming from cheap crude oil is lower than
for other groups because there are no direct
petrochemical counterparts.

1 Source: Carus, M. et al.: Bio-based drop-in, smart drop-in and dedicated chemicals. Version 2017-12.

Free download at: www.bio-based.eu/technology).
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Bio-based polymers production capacities in 2018 and 2023
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Figure 4: Bio-based polymers production capacities in 2018 and 2023

Dedicated bio-based polymers production capacities in 2018 and 2023
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Figure 5: Dedicated bio-based polymers production capacities in 2018 and 2023

© nova-Institut GmbH 2019 | Version 2019-02 | www.bio-based.eu/reports 7


http://www.bio-based.eu/reports

Bio-based Building Blocks and Polymers — Global Capacities, Production and Trends 2018-2023

Bio-based Building Blocks

Figure 6 illustrates the development of capacities
for the main bio-based building blocks, the core
of the new bioeconomy, used for the production
of polymers. Between 2018 and 2023, the
CAGR of 4.5% will be only slightly higher than
that of bio-based polymers (4%) as a whole.

The building blocks can be used in structural
polymers as well as in functional polymers (for
definition see below) and also in various other
applications such as food, feed, cosmetics or
pharmaceuticals.
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Bio-based building blocks
Evolution of worldwide production capacities from 2011 to 2023
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Figure 6: Bio-based building blocks — Evolution of worldwide production capacities from 2011 to 2023

The overall production capacity of bio-based
building blocks increased about 5% (120,000
t/a) in 2018, although some pioneers went
bankrupt. The overall forecast for bio-based
building blocks evolution worldwide indicates
a total growth by 4.5% until 2023 with

1,3-propanediol (1,3-PDO), 1,4-butanediol (1,4-
BDO), 1,5-pentamethylenediamine (DN5) and
2,5-furandicarboxylic acid (2,5-FDCA)/ furan
dicarboxylic methyl ester (FDME) being the
main drivers.
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Global production capacities of bio-based polymers by region

Besides the leading Asian region which has
installed the largest bio-based production
capacities worldwide with 53% in 2018, Europe
follows with 18% and North and South America

with 17% respectively 11%. In the next five
years, the share of Europe will rise to 25% until
2023 — all other regions will face decreasing
shares (see Figure 7).

Global production capacities of bio-based polymers by region in 2018 and 2023
(excluding polyurethanes, epoxy resins and cellulose acetate)
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53%

All figures available at www.bio-based.eu/markets
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Figure 7: Global production capacities of bio-based polymers by region in 2018 and 2023 (excluding
polyurethanes, epoxy resins and cellulose acetate)

This increase is mainly due to the dedicated
bio-based polymers PEF, PHA, PLA and starch
blends as well as the new established bio-based
production capacity of PP, the increase in PE
capacity and an increase in polyamides and
PBAT.

This shows that the substantial investment in
research and development in Europe is bearing
fruit. Now, if the political framework were
designed more favourably, the bioeconomy in
Europe could really flourish. Technology and
business are ready.

© nova-Institut GmbH 2019 | Version 2019-02 | www.bio-based.eu/reports 9
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Market segments for bio-based polymers

Today, bio-based polymers can be used in almost
all market segments and applications, but the
applications per polymer are very different.

Figure 8 shows a summary of the applications
for all polymers.

Shares of the produced bio-based polymers
in different market segments in 2018 and 2023

1% 1% 2% 1%
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All figures available at www.bio-based.eu/markets
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Figure 8: Shares of the produced bio-based polymers in different market segments in 2018 and 2023

Consumer goods make up the largest share of
actually produced bio-based polymers with
28% in 2018 (mainly PUR, epoxy resins and
PA), followed by the building and construction
sector (epoxy resins, PA, PUR) with 21%, the
automotive and transport sector with 19% (epoxy

resins, PA, PUR) and the packaging (flexible and
rigid) (PLA, PBAT, PE, PET, starch blends)
with 15%, as well as textiles (wovens and non-
wovens) (CA, PA, PLA, PTT) with 11%. For
2023, no significant changes are expected with
regard to market application shares.
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3.5  Ethylene propylene diene monomer rubber (EPDM)................... 70 4.40 DuPont Tate & Lyle Bio Products Co., LLC.........ccccovvveruerrernnnns 177
3.6  Poly(butylene adipate-co-terephthalate) (PBAT) — 4.41 Eastman Chemical Company. 180
fossil- and bio-based al 4.42  EggPlant Srl 182
3.7 Polyamides (PA) 73 4.43 EMS - Grivory 183
3.8 Polybutylene succinate (PBS) and copolymers — 4.44  Evonik Industries AG 185
fossil- and bio-based 76 4.45 Far Eastern New Century Corporation...........c.cceeuevncuniniecnnns 187
3.9  Polyethylene (PE) 78 4.46  Fujian Haobang Chemical INdUStries...........ccovuevernerierereniinnenns 189
3.10 Polyethylene furanoate (PEF) 80 4.47  Full Cycle Bioplastics LLC 190
3.11  Polyethylene terephthalate (PET) 82 4.48 Futerro 191
3.12  Polyhydroxyalkanoates (PHA) 84 4.49 FuturaMat 193
3.13  Polylactic acid (PLA) 87 4.50 Galactic 194
3.14  Polypropylene (PP) 90 4.51 Global Bio-Chem Technology Group Co., Ltd........ccccrvvrinnnnne 196
3.15 Polytrimethylene terephthalate (PTT)........cocovevivrivicricriinenns 91 4.52  Grabio Greentech Corp. 198
3.16  Polyurethanes (PUR) — based on NOPS ...........cccoeurerrirecerenenens 93 4.53  Greencol Taiwan Corp. 199
3.17 Polyurethanes (PUR) — based on 4.54  Gruppo Mossi Ghisolfi 201
other polyols than NOPs 100 4.55 Hebei Casda Biomaterials Co., Ltd 203
3.18 Starch blends. 101 4.56 Hebei Jiaao Glycerol Chemical Co., Ltd...........ccocvvurevinrireen... 204
4.57 Hebei Xinhua Lactic Acid Co. 205
4 Producers — Gompany profiles 458 Henan Jindan Lactic Acid Technology Co., Ltd. .......................206
41 Advanced Biochemical (Thailand) Co., Ltd. .........ccocovrrrurcrrinnnns 103 4.59 Henan Piaoan Group Co., Ltd 207
4.2 AGRANA Staerke GmbH 105 4.60 Hengshui Jinghua Chemical Co., Ltd. ........cccevrrrrrrrrirerirnrnnns. 209
4.3 Anhui COFCO Biochemical & 4.61 Hitachi Plant Technologies Ltd
GALACTIC Lactic Acid Co., Ltd. 107 4.62 Hubei Guangshui National Chemical Co., Ltd..
4.4 AnoxKaldnes AB 108 4.63 Hunan Anhua Lactic Acid Co.
4.5  Anging He Xing Chemical Co., Ltd. .......ccocovvrurrerererirrircrniennns 110 4.64 India Glycols Ltd
4.6  Archer Daniel Midland Co. 112 4.65 Indorama Ventures Public Co. Ltd. ........c.oovveeveereerrreeresnrs
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4.66 INOVYN
4.67 Jiangsu Senda Biological Engineering Co., Ltd.
4.68 Jiangsu Yangnong Chemical Group Co., Ltd.
4.69 Jiangsu Zhongzheng Biochemical Co., Ltd...

4.70 JinHui ZhaoLang High Technology Co., Ltd. ........ccoovurrurcrrinnnes 222
4.71  Jungbunzlauer Suisse AG 223
4.72 Kaneka Corp. 225
4.73 Kingfa Sci. & Tech. Co. Ltd 227
4.74  KRATON Corp. (formerly Arizona Chemical Company LLC)......... 229
4.75 LEUNA-Harze GmbH 231
4.76  Loick Biowertstoff GmbH 232
4.77 LOTTE Chemical Corp. 233
4.78 Lukang Pharmaceutical Co., Ltd...........cccoorverrieriiiciiieianns 235
4.79 Mango Materials 237
480 MBI 239
4.81  METabolic EXplorer S.A. (METEX) .......cc.vrueerierererereeseeinenenes 241
4.82  Mitsubishi Chemical Corp 243
4.83  Mitsubishi Gas Chemical Co., Inc 245
4.84  Mitsui & Co., Ltd. 247
4.85 Moore Capital LLC 249
4.86 Multibax Public Co., Ltd 250
4.87 Musashino Chemical Laboratory, Ltd 251
4.88 Myriant Corp. 253
4.89 Nafigate Corp 255
4.90 Nantong Cellulose Fibers Co., Ltd. 257
4.91 Nantong Jiuding Biological Engineering Co., Ltd..........ccccco...... 258
4.92 NatureWorks LLC 259
4.93 Neste 262
4.94  Newlight Technologies LLC 264
4.95 Ningbo Huanyang Chemical Co., Ltd 266
4.96 Ningxia Hypow Biotechnology Co., Ltd.........cccovrererruecrrirrinnnnes 267
4.97 Novamont S.p.A. 268
4.98 NUREL SA. 270
4.99 Oleon N.V. 271
4.100 Origin Materials 273
4.101 Paques B.V. 275
4.102 PHARIO Project 276
4.103 PHB Industrial S.A. 278
4,104 Pizzoli S.p.A. 280
4.105 Plantic Technologies Ltd 281
4,106 Plaxica Ltd. 283
4.107 PoliKompleks SIA 285
4.108 PolyFerm Canada Inc 286
4.109 PT Intera Lestari Polimer (formerly Inter Aneka

Lestari Kimia, PT) 287
4.110 PTT MCC Biochem Co., Ltd 288
4.111 Radici Group 289
4.112 Rennovia Inc. 291
4.113 Reverdia 293
4.114 Rhodia Acetow GmbH 295
4.115 Rodenburg Biopolymers B.V. 296
4.116 Roquette S.A. 298
4,117 S-EnPol 300
4.118 S2G BioChem 301
4.119 Samyang GENEX 303
4.120 SAudi Basic Industries Corp. (SABIC)........ccccceverirereirerseenennnnn. 304
4.121 Sebacic Oman SAOC 305
4.122 SECI S.p.A 306
4.123 Shandong Baisheng Biotechnology Co., Ltd.........ccccocoruevrrinnnes 307
4.124 Shandong Fuwin New Material Co., Ltd.........cccccoevvniivincnnns 308

4.125 Shandong Sigiang Chemical Group Co., Ltd..........ccocceerrrruennee 310
4.126 Shanghai Disoxidation Macromolecule Materials

Co., Ltd (DM®) 311
4.127 Shanghai Tong-Jie-Liang Biomaterials Co., Ltd............cccccueenee 312

4.128 Shantou Liangyi
4.129 Shanxi Leda Biochemical Co., Ltd

4.130 Shanxi Zhengang Chemical Co., Ltd
4.131 Shenzhen Ecomann Biotechnology Co., Ltd.
4.132 Shenzhen Esun Industrial Co., Ltd. (formerly

Shenzhen Bright China Industrial Co., Ltd.)........ccccevrvrerrinrienns 317
4.133 Shenzhen Hongcai New Material Technology Co., Ltd.

(fomerly Shenzhen Rainbow Fine Chemicals) ...........c.cccevunene. 318
4.134 Showa Denko K.K. 320
4.135 Sichuan Dikang Sci & Tech Pharmaceutical

Industry Co., Ltd 321
4.136 Sichuan Yibin Wuliangye Group Co., Ltd..........cccovvvevrervrciriinnnne 322
4.137 Sinolac (Huludao) Biotech Co., Ltd........coverrurerrcerieirirrinnne 323
4.138 Sinopec Group 324
4.139 SK Ct Is Co., Ltd. 326
4.140 Solvay S.A 328
4.141 SPC Biotech Private Ltd. 330
4.142 Spolchemie 331
4.143 Storopack GmbH & Co. KG (formerly Starch Tech Inc.).............333
4.144 Succinity GmbH 334
4.145 Sulzer Chemtech AG 335
4.146 SUPLA Material Technology Co., Ltd. .......cccovevrrrerrrennnnnnn. 337
4.147 Suzhou Hydal Biotech 339
4.148 Synbra Technology B.V. 340
4.149 Synvina 342
4.150 TAIF Group 343
4.151 Teijin Ltd. 344
4.152 TerraVerdae BioWorks Inc. 346
4.153 The Dow Chemical Company 348
4.154 thyssenkrupp Industrial Solutions AG (includes Uhde

Inventa-Fischer AG and thyssenkrupp Uhde GmbH).................350

4.155 Tianan Biologic Material Co., Ltd. ...
4.156 Tianjin GreenBio Materials Co., Ltd..
4.157 Tianxing Biotechnology Co., Ltd

4.158 Tongliao Xinghe Biotechnology Co., Ltd. .......c.cccvuvverrirniiniennes 357
4.159 Total Corbion 359
4.160 Toyobo Co., Ltd. 361
4.161 Unitika Ltd. 363
4.162 UPM 364
4.163 Veolia Water Technologies 366
4.164 Verdezyne Inc. 368
4.165 Wuhan Huali Environment Protection Science &

Technology Co. Ltd. 370
4.166 Wuhan Sanjiang Space Good Biotech Co., Ltd. .........cccocevereenne 3n
4.167 Xinjiang BlueRidge Tunhe Chemical Industry

Joint Stock Co., Ltd. 372
4.168 Yihai Kerry Group 374
4.169 Yunan Fuji Bio-Material Technology Co., Ltd. .......cccocevurereenenee 376

4.170 Zhangjiagang Glory Biomaterial Co., Ltd
4171 Zhejiang Hangzhou Xinfu Pharmaceutical Co., Ltd..
4.172 Zhejiang Hisun Biomaterials Co., Ltd.

4.173 Zibo Qixiang Tengda Chemical Co., Ltd...

5 GCompany Product Index

6 List of acronyms
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nova-Institute is a private and independent
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