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vironmental Crisis 1 : Plastics Pollution
ns of plastic waste remains-on the Earth
lowly breaking down in ~100-500 yrs

— E

million tons of Plastics in the Sea. > 872 million tons/year added.
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Solution: UsmgBlo Degradable Plastics/Materials, e.g. PBAT/PLA/PHA/PBS/PGA /Starch...

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
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: Micro-Plastics Pollution
tics/polymer particles in air/land/water

Science of The Total

Environment
Volume 831, 20 July 2022, 154907

Detection of microplastics in human
lung tissue using pFTIR
spectroscopy

dlgeSt 832, 1 August 2022, 155008

Tissue | o | Filtration | Wb | uFTIR | W 6 v ffl'- Science of The Total Environment

orp BPET
B Resin BPE

aPTFE  @Ps Plastic in the air?! - Spider webs as spatial and
OPAN BPES . . . . . .
BPMMA  OPUR temporal mirror for microplastics including tire
o 15 20 . CURBTIEMSIE ) _ _
" Total MPs identified wear particles in urban air

Solution: Using Nature/Marine composting Plastics/Materials, e.g. PHA/PGA /Starch/ Paper...

K. Jim Jem, Ph.D., PE. November 28, 2022 @ CNiTECH
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Environmental Crisis 2 : Global Warming
GreenHouse Gases from Fossil-origin®
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Greenland ice sheet is melting

Melting of the Greenland ice sheet

Using Bio-based or Cabon- Captured Plastics/Materials: e..g. bio-PE, FDCA/PEF, PLA, PGA

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH ‘Il
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Chinas fangest CO2 Emission Countr

jareestionly. by total amount, not by perrcapita)ss=
Rledged torreach Carbon Peak/Neutral'by 2030/2060

—: T

CO2 emission amount (mil T)
China r

— USA — EU Jpn  —— China

Each China province/city had received CO2 emission quota to meet the goals/timelines

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH 'Il
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018/6: UN called to “Beat Plastic Pollution”

s and the 3 R’s do not work effectively ...
How to resolve the problem?

Burn/lncinerate, Dump/Landfill, Export
BUMINGT~300-500 = C. Imcomplete breakdown, Serious air pollution.
Eieration: >1000 ° C. High enegy consumption. CO2 emission.
BUIPING: Long term pollution on air/land/water etc, Self-combustion.
EXPONting to Developing countries: Stoped foreign solid waste in 2018

==educe, Reuse, Recycle

= 8-9billion tons plastics produced

~ only 10-30 % eliminated
>6 billion tons waste remains
Impact environment for >100 yrs

UN & EU: Ban all Single Use

CCCCCCCCCC

c plasf
ation

aded r ecycling of plastics into other, lower-

pplica

Proje sam analysis - for details please refer

endix
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U Requlation: Ban all Single-Use Plastics

Council adopts ban on single-use plastics [

Single-use plastics: New measures to reduce marine litter
including all Bio-Degradable Plastics: PBAT/PLA etc. even PHA

= »
O

European Commission - Press release

Single-use plastics: New EU rules to reduce marine litter

European Council
Council of the European Union

https://ec.europa.eu/environment/waste/pdf/si
ngle-use_plastics

' T‘_-_- = https://ec.europa.eu/environment/circular-
e INA ClRCULAR ECONOMY economy/pdf/single-use_plastics proposal.pdf

K. Jim Jem, Ph.D., P.E. November 28, 2022
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Dld 3 R’s + 3 New R’s (Jem 2018/10 UN Asia HQ)
Replacement by BioPlastics/Materials

- whenever possible, especially for SUP
Bio-Mate . Starch, pulp, paper, cellulose, waste, etc for packaging....

Bio-base - Reduce CO2 emission (vs fossil- based):
adable Bio- PE Bio-nylon, PEF (from FDCA)...

ble PHA, PLA

Bio-de J . Degrade to water/CO2 in <3-6 mth / 2 yrs

-based PBAT, PBST, PCL, some PBS. Same/high CO2 emission
n captured or semi-bio- based PPC, PGA, some PBS

e
_—!-_.,

- PE, PP, PC, PVC, PET, PS ABS, ... Serious Iong -term pollution problem.
PVA: Soluble & slowly degrade. Impact on aquatic lives
Dis-integration: PE/PP + starch, minerals, “enzymes”, Oxo-catalysts, etc.

Bio-Plastics: small scale, expensive, weak

Healthy, Good for environment, Lower total costs, Need goverment protection/regulations

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CN ITECH III

All copy right reserved 8



oth R: "Requlation for BDP in China
BDP for SUP by 2025 nation-wide..Forbit non-BDP
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Major BioPlastics Projects in China
®LPLA/PGA: 1-5-70KT PHA: 1-10KT
O PBS/PBAT: 20-100KT  © PPC:—1-10KT
@® Starch-blending: 2-20KT OPCL: 2+£50KT PhaBld

P3/4HB
Juren L Esun | BBCA/Gal || Yangtze 5
PCL PCL 3D PLA PLA fiber . Ecoman
' P3/4HB

. Bluepha
PHBH

4 JinDan JinJu
LongJun tide b o | A
sl Xinjiang~ SO iddnink P3/4HB

e \ ] \ > ; TianAn
Starch I~ Beil(@Siqn)
* Hual.i = >, : :
- Starch E RN %
.. 2 N D5 N,

GraBio 7 -_ %

Starch 3 &

TianGuan
PPC

JinLong BangFeng DaZhe KingFa MoGao JinHui
PBC PPC PPC PBAT PBAT PBAT PBAT




Key Bio-Plastics Projects
PLA/PBAT plants) . -
China Planned: China Planned:
__3-5 million tons 10-20 million tons
PLA projects PBAT projects
ZREER b
X
L T3
o SE
China: > 300 KT, 6 major ones Chall; 3
~ DongHuaTy, Tunhe, Hengli
~ Jinhui, Kingfa, Changhong ﬁf
,.YE:2025 Expecting > Mil T /
— PLANW+75, TCP+100, BBCA+300 KT I NOVOMONT
PBAT: China + >500 KT
< &. Q\e\v &
Announced China project: 10-20 Mil T , 0\ O

(Many may not build/work)

2017 market data from Total Corbion PLA JV

K. Jim Jem, Ph.D., PE. November 28, 2022 @ CNiTECH ‘Il
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T/ST/SA: flexible/soft fossile-based BDP
, film bags (shopping, trash; shipping...)
r arket iIn China but planned 10-20 MT PBAT

A

2 MT Market (PBAT + 20-40% starch/mlnerals/PLA) Cost 2-3 X PE.
1 MT Market (PBAT with higher vaper permiability then PE)
et area, root plants (peanuts, potatle) & small vegetable, short term. OK.
r cold/dry area, big plants (corn, tobacco, cotton...), 3 §) months needed

—

"wrapping shipping, bubble bags....

Chlna 300-500 KT PBAT, Short of BDO

-~ Tunhe, Jinhui, Kinfa, Hengli, Wanhua, ChHn.
+ ~50 new plants, ~20 MT announced
BDO projects catching up by 2025
Unrealistic over-planned.

Source:
GuangHe, etc.

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
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'ating, fiber..., 2x price, no clear benefits
/niche applications:
)leware, straw, etc. with higher HDT & fast processing

%-?S_uccmlc acid: multiple int'l companies
- China LangDian 20 KT

PBS: Thailand PTT-MCC 20 KT, bio-S
China Sealong 20 KT, fossil-S
Tunhe uses PBAT lines for its PBS

Source: HSM Tech, PTT-MCC, etc.

K. Jim Jem, Ph.D., P.E

» PE. November 28, 2022 13 M III
All copy right reserved @ CNITECH *\
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rmer ation process, bio-based, marine degradation
o reach high Mw/purity, low sugar yield, expensive...

WW >50 projects: Daminer, Kaneka, CJ ... ~5 KT

(Shut-down: Metabolix/ADM.... up to 20 KT)
China: TianAn, MedPha, BluePha, PhaBuilder ...
(Idled: GreenBio, Ecomann, ... up to 10 KT)

PHA resin types

PHA PaHB PaHB-3HB PuHB-3HB Paramoter Units
[erystailing [sam|-Crystailing) (Armorphous) Sem|-Crystailine Ammpnu.ug
GHy © e 9 s o 1.23 123
Structure | —~ .”. R o R Jl .."- .
0~~~ Ton H] >~ >~ Tto” ~ ToH Te € -10 -30.0
Tm WA
&HB p 5.1 .50k Flexural Modulus  MPa &

Mot nepeace in sHB content js associated with rubber-like property

Hardnoess Ghare D 56 [ &0 B

. MF1 S0 min 10 1
Foatures - nwue “neral Vel :‘Llul:::::?lﬂmwnw >
Tg=2°C Tg=-10"C Tans 30 9C Charpy Impact Kl/m? & WA

Tensile Strength MPa 36 15

dLinear polyester produced by pactena fesmentanon

Source: PHA Builder, BluePHA, etc.

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH ‘Il
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. _PPC (Poly Propylene Carbonate): Carbon Capture

Dlo-based, fast degradation, gas barrier..."
~ (soft/weak, low HDT, special applications)

= |

L

bio-CO2 from the off-gas of ethanol ferementation plants

= -
= =
—— e =

~—PPC: 10-20 KT in China
~ S plants (REBRHMERIAEEHAF)

e
—

Br s ¥ = E (Mpa)

HRELE (%)

PPC-P: new version to improve strength Bhbkd (kT/md)
3 projects announced (B£fix XJEHEPR) BEHME (T)

GFHS

K. Jim Jem, Ph.D., PE. November 28, 2022 @ CNiTECH
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'PCL (Poly Carprolactone)

ased, expensive, soft, low.Tm & HDT T+
special application, additive, polyol

UK: 407 KT Ingevity (Perstorp tech)
Japan: DAICEL 20 KT
China: BrightChina 2 KT, etc.

Juren 5 KT, + 50 KT due 2023/7

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
16 . GFHS
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Jem's Law (2012) : PLA Demand Forecast

r= ~700KT
|
|
—#— PLA Sales volume, KT == Estimation based on 26% annual growth : TCP +100 KT
stx ] NW+75KT
e Actual PLA production capacity d J BBCA+300KT
- r: 1 B&G +70 KT
Jem’s Law: PLA Market doubled every 3-4 years! : ﬁgﬁ;aoﬁﬁgf
400 (calendar year-2003)/3" |
C PLA Market Growth = 10 KT X 2 ) sk |
o o / B&G + 30-50 KT
E W275 KT | Hisun + 30 KT
E 300 |
. (] / |COFCO 10 KT
= i =~ Total Gorbion = 75 KT
el — ﬂ
= E 700 + =
Henglian 10 KT
< 180KL Hisun + 10 KT
Rt NW +10 KT SUPLA 10 KT
NW +70KT  ™synbra 5 KT
100 “MatureWorks 70 KT Hisun 5
=10 :
(pilot: TJL, Esun, Jiuding, Sulzer, Udhe, eic)

K. Jim Jem,

All copy right reserved
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China LA/PLA/ "

Foxconn |
L: TR O 0. 1
Longjiang [EX™y#%: KRR fER KT R FAR
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- PLA food/drink applications in China

és; straws, bowls, cups, boxes, coffee capsule...
_hot, cold/r.t., dispossible or semi-durable
PLA produ eed industrial composters!)

Source: HSM, Huizefeng, XinYiFeng, Hisun, GuangHe, P&P, etc.

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
All copy right reserved 19 ﬁ




PLA high-end/value applications in China

and pipe, tea bag, 3 C, glases, filter, card...
need at least 3 years shelf-life or durability)

\ \
i v A
5\
\ \ \
1 \

Source: Naton, Hengtian, Shikaer, Jierong, etc.

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
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fiber applications in China

nderwear, mask, wet-wipe, filler, plllow blanket
ent, nonwoven (melt-blow, thermo-bond, skin-core...)

A MmFoa
{7t A T F:I!EE*I-&E

,,,,,,
¢
rrrrrrrrrrrrrrrr
rrrrr

.......................

PLA 3-layer Non-woven Q\\ 3
static ele. charged. No PP ~—

Meet N90 or N95 standards  soyrce: BBCA, NatureArts, Hengtian, RenYi, Yongguang
Bio-degrable/FDA certified LightBatt/Gaoxin,

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
i 21 . GFHS
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6th R: Research & Innovation

. ""“toimprove the property/costratio
—Compounding to increase melt-strength 70 folds
. . ~ (needed for PLA foaming ratio 10-20X)

— neatPLA compounded PLA

0.35

03

025

neat PLA < 0.3N

compounded > 20N

200 400 600 800 1000

100 50 200
$§?$§]§mm/s S =i ¥ mm
Source: CAS Ninbo Institute of Tech

0 50

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH Ill
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- PEA/PBAT Foaming Products .

00ds, holding box, heat resistent |WO)$.‘--
(PLA rigid, PBAT soft)

K. Jim Jem, Ph.D., P.E. November 28, 2022
All copy right reserved
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—.

A (Poly Glycolic Acid) : Carbon Capture

Xing CO (or CO2), off-gas from coal related plants
= (China: very rich on coal but not oil/gas)

8s: from CO to DMO (Dimethyl Oxalate), GA and/or Glycolide then PGA

(]
) ’ 0 0
~ OH -p,0 H OH H,C—C
n U/r i TD/II'L cH,—{:{ITIP]H - H:0 u.-"‘" "'*-.D FRARE -{-CH _‘I: H --(I:--ﬂ 3
|. ""-«. Fd ! U E H
: . II'JI-I'. ':—ﬂHI
. HKD/\I_rD{'_H_; ~CH;OH H\[U/\[drULHJ ’ RLER
= 0 0"

= e

“Kureha: 4 KT in USA —— e
China Pilot: 0.5, 1.5, 3 KT et : i 5 e

FEAT [42] 110120 D.OB

tom P s,

Tz ("Ch Tm [ Tensils strength (MPa) Tong's moduhes (GPa) Elongation at break (%] Flexural sirength [MPa]} Flexural

ChnEnergy: 50 KT 8/2022 |[r=hs - e S e
. 4
SinoPec: 200 KT by 2024 [ESEcENEElEN - £

Phase 2 +300 KT
Source: Pujing (PGA tech provider)

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH ‘Il
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PGA vs. PLA : Similar/Complementar

trong/rigid, high HDT, fast degradation, gas barrier, soon cheaper
~(Shortage: high density, darker & not durable but resolvable)

gl

B e —— =

Contents lists available at ScienceDirect —_— | P GA Wi | I re p I a Ce SO m e P LA a p pl ica ito n S
Advanced Industrial and Engineering Polymer Research ki

H SEVIER journal homepage: http://ees.elsevier.com 1 000 — — — —
| *|PE
The development and challenges of poly (lactic acid) and poly (glycolic aci - 100 B
K. Jim Jem?P*, Bowen Tan® h
* China Prosperity Green Industry Foundation, 27 Wanshoit Road, Room 2807, Building 1, Ministry of Industry and Information Technology, Haidian District, Beijing. 1 - : ™ P [_ A
Z’Nin@a msttte of Matertals Technology & Engineering, China Academy of Science, 1219 West Zhongguan Road, Zhenhat Distric, Ningbo, Zhejiang, 315201, China v 3 -I 0 ! {
{ PJIM Polymer Scientific Co., Ltd., Room 615-618, T1, Lane 166, Minhong Road, Shanghai, 201102, China T
L - e PET e PLGA40/60
ol — = § | *BOPA
y Ty TUVY
B 'b g — AUSTRIA e PVDC
s « PGA SEVOH |
CERTIFICATE FOR AWARDING AND USE OF THE
'OK BIODEGRADABLE MARINE' CONFORMITY MARK
TA8062004767 0.01
Issued by TOV AUSTRIA CERT GMBH

Preducts Biodegradatia n SEAWATER
Growp Raw materal

Famiy Bio maweral

In form of Resin of Ganuatas

PG4

0.2 2 20 200

“Marine bio-degradable™

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH Ill
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PGA Applications in China

are, straw, bags, hotel SUP, oil-gas drilling....-~
uture cost only half of PLA, no sugar needed)
a’s needs of using coal & reduce CO2 & plastic pollution

" — E

Oil-gas drilling: High HTD
High strength, Fast digradation

\ N /B
N

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
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Source: Pujing, Xinyifeng, Sunflux...
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aper/Pulp Applications in China
, cuttery, cup, bowl, egg-box; lunch box, ...

er bottles need interanl plastlc layer)

Source: Hengxin, Zidan, HuiZeFeng... PBS frame, w/ cover: 46.4g PLAfilm ontop 28.4g

K. Jim Jem, PhD, P.E. November 28. 2022 4 “ %, v II
| ’ % CNITECH |
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tarch Applications in China
ompounding, additing to BDP or PE/PP

bag, film, tray, filler, buffer, ....

- L —

Starch, modified/foamed Fake BDP: Starch+PE etc

Y.
20-30% Starch s Fakely claimed:
SEErL O poee “All-nature, Degradable”
for rigid/soft BDP g PE portion breakdown
fast/control degradation - to micro-plastic particles

Source: GraBio, Green Fill, ... causing serious pollution

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
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re Work for BDP in China: #1

B il

0 inceneration, add fuel to raise temp, cause CO2 emission,

[ the whole environment protecion program. Wrong direction.
nposting/Biogas Plants: Use localize or subcontract
ESmall fast-track industrial composters to reduce volume of wet
gabage, then ship to central final maturalizing facility. Carbon neutral.

| =

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CNiTECH III
GFHS
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iture Work for BDP in China: #2

aw Enforcement to stop Fake BDP -
J. O o-degradatlon & starchladdltlves to PE/PP...
panned ir egal in US

verment banned traditional non-degradable plastics (PE,
ior SUP, and only allow “Degradable” SUP for personal needs.

g E"Iﬁ:ﬁl”ﬁl%l%ﬁﬂﬁ FEH = SR

—

(g ]
B . RENAE L EAR AT EE—RIEE

- LA EER (E—iHt) BRRE: SB2E
SRR ARMEERS%  (PE) . BAKE (PP) . BEZEPS). BE
I EAE A T ERYIEED ZIE(PVC). ZIE-BEEAZIE (EVA) . BWHE—

- . Mz BB (PET) SHEMBRESEHTH
Soon expand to hotel & agri SUP, etc. [N )

Problem: Some local companies claimed thier PE+starch/additives
products (e.g. “OBE”) as “Degradable”, and called PLA/PBAT etc as
“‘Bio-Degradable” to confuse |ocal goverments. Even called me a spy.

1l

K. Jim Jem, Ph.D., PE. November 28, 2022 @ CNiTECH
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re Work for BioPIs in China: #3

~Solid RD to improve tech & reduce costs
(especially for lactide and compouding)

it BDP: technology and cost competitive (barely)
Vil :'-compete by big volume/scale. Need effort/control.

tart to compete with other countnes Not there yet
= )-waste (cellulose) conversion to sugar for fermentation:
—— ~ Cost > corn sugar, similar to other countries. Far to go.
LAlIactldeIPLA Lower on conversion yield & purity.
PLA cost >50% higher. High-end PLA worse.
Many fake projects will fail/delay. Need solid effort.
- Coumpounding for the needs, e.g. cost, mulch film, bottle...

K. Jim Jem, Ph.D., P.E. November 28, 2022 @ CN ITECH III
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BioPlastics for our Cleaner Earth
Summary + Q&A

argest CO2 and plastics producing country, but not
(US #1 polluter?). Very serious to reduce pollution, protect
inment, promote BioPlastics/Materials.  Falling Behind!

bans BDP for SUP, UK allows PE/PP+starch, US?)
iire China: Soon to be the largest BDP producer (especially
=PBAT/PLA) and market (>5 mil T) in the world. Set the example!

= Work to do: Add composting facility. Stop fake BDP, Improve tech &
= reduce costs, Enlarge the BDP/SUP market, control over-expansion.
- One Earth: Global collaboration & Harmonization of BDP/SUP policy.

K. Jim Jem, Ph.D., P.E.
Jim_Jem@126.com, +86 13661595602
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