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Ocean Plastic Turned into an Opportunity in Circular

1
More than 9 billion tons of plastic have been
made since the 1950s
+ Made from oil (polymer ,\ =
hydrocarbons, often with ’
additives)
* Mouldable

* Durable — strong & robust

* Resist degradation, but will
slowly break-down to
Microplastics

* Recycling of plastics depends
on their polymer groups,
usage, properties and
practical recyclability

* High in energy content

@ SINTEF Technology for a better society 2
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The Norwegian Foundation for Scientific and Industrial Research,
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Only 9% has been rec cled

§- Polymer group restriction
W8 Poor technical quahtyh

5 Billion tonnes?

More than 5 Billion
tonnes of plastic wastes
might be accumulated in
dumpsites/ landfills
around the world ®

This is non-recyclable
and will slowly be
released to the Ocean
through rivers and
groundwater and
constitute a continuous
source of Microplastics if
not dealt with!

12% has been incinerated

- Normal capacity ~ 2 t/h
+ Reduces volume by 70%
- 30% end up as residue

- Poor energy efficiency |
- Difficult to av0|d alr poIIutlon

- Costly to build and maintain ;

Incinera

Improved treatment of
plastic waste is urgently
needed

Insufficient waste
management
infrastructure and
treatment capacity
in developing
countries and
emerging
economies,
especially
connected to major
river basins, landfills
and industrial sites,
is a major
challenge.
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Can cement plants be used?

+ Already in place, 24/7

+ Normal capacity > 10 t/h

+ Reduces volume by 100%

+ No residues to take care of.

+ Industry will bear investments
+ Very good energy efficiency

o bt

" Norway has been”
using its cement
kilns for treatment
¥ of organic
hazardous wastes
for more than 30
yea;.é. A

Basndsia

TLANTIC OCEAN

Rincinerator
never buil

High
temperature,
long residence
time, and surplus
oxygen —ensure
the best
destruction
efficiencies!

Today, >75% of the coal is replaced by various wastes
in the Norwegian cement industry

02/11/2020



Objective of the project "Ocean Plastic Turned into
an Opportunity in Circular Economy — OPTOCE"

OPTOCE aims to investigate how
the involvement of resource and
energy intensive industries, like
cement manufacturing, can increase
the treatment capacity for non-
recyclable plastic wastes in China,
India, Myanmar, Thailand and
Vietham.

This is called Co-processing or
Integrated waste management.

@ SINTEF Technology for a better society
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The most industrialised region

The five OPTOCE countries
produce around 75% of the world's
cement, steel and electric power,
in tens of thousands of plants that
use huge amounts of coal and
contribute with a large chunk of
the world's CO, emissions.

Replacing parts of the coal
consumption with non-recyclable
plastic waste represents a win-win
opportunity.

15

A super-important region

These countries have a population of 3
billion people, of which half live-in
coastal areas.

They have the highest plastic

consumption in the world, producing an
estimated 176 000 tonnes of plastic
waste per day, or around 64 million
tonnes a year.

Only small quantities are handled in an
environmentally sound way.

We want to showcase the potential through local proof of ¢*
"/S.roncept in all OPTOCE-countries — Pilot sites indicated

Frwe

VOOV O OOV OOO000

16
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We want to showcase the potential through local E Planned Pilots in Thailand
proof of concept in all OPTOCE-countries
>3.3 Million ton plastic waste is [ S
. H ENVIRONMENT
Pilot Demonstrations will test and document the performance, generated yearly in Thailand. TE L 2%
i.e. describe the plastic waste co-processing capacity, -
environmental performance, cost- and energy efficiency, 1. The objective is to investigate the é;”NSE,'E

need for pre-treatment, limitations in types and volumes of environmental benefits of removing

lastic waste etc. . . P2
P accumulated plastics from dumpsites FQ”
The overall aim is to provide a quantitative and qualitative and to use it as coal replacement at “Taiend PP Piastic
assessment how the involvement of private industry can the INSEE cement plant in Saraburi. SIS
improve plastic waste management and prevent marine litter /‘\
in each country. . . . m

2. Investigate how much microplastics is ¥
leaching from dumpsites. IL-J.{?N DeuntunuaY
17 18

5 _"__ T NPT T Ll
Thailand has around
: 2500 dumpsites/landfills
with an estimated
amount of up to 190
million tons of Plastic




Segregation at the site

This cement plant can co-process/remove up to 250 000
tons of mined dumpsite plastic wastes every year ©
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Yangtze river August 2019

p MEE
TR

- Planned Pilots in China

48.1 Million ton plastic waste is generated
yearly in China.

1. Investigate the potential of collecting
floating material from the Yangtze river,

and using it as fuel in a local cement BBH

plant in Zigui town upstream the Three

Gorges Dam in Hubei. @
2. Investigate the possibilities of using 1E RO

non-recyclable plastic waste from the R

paper industry as fuel in BBMG cement ‘kNIDQl

plant in Jilin, NE China. N&Sw o
—

25

1

Three Gorges dam in Yangtze river, China Floating materials upstream the dam is
damaging the turbines...what to do?




Collection, pre-
treatment and Co-
processing of floating
materials at the Zigui
cement plant, upstream
Three Gorges dam in
Yangtze river

29

Collection of
floating material
at the Three
Gorges dam in
Yangtze river

July 2020

Yangtze river is the biggest in China and with the highest plastic
loads in the world. Location of Zigui town and upstream the Three

31

JJ- S ""\_/\V\m "~ *HongKong

32
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he floating material will
go for Co-processing in
he Cement industry in

iuil, I-!ubei Province

This cement plant uses it
>200 000 tons of coal every
year

33 34
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The Zigui cement
plant can co-
process/remove
more than 100
000 tons of plastic
ﬁwggte_s_from the
Yangtze River

10
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| ® Planned Pilots in India

9.5 Million ton plastic waste is generated yearly in =
India! —a

fan
Low)

environment

I-T.
1. Investigate treatment options for mined U N
combustible wastes from the Ghazipur dumpsite
in Delhi - a project for the Government of India.

2. Compare the cost and the environmental impacts
of using a W{E Incinerator and a Cement kiln for :
Goa Waste Management Corporation. n

hraToch

3. Investigate the potential of using a local cement gl Z
kiln as part of integrated waste managementin = _»
Aara. - geocycle

41

The project aim to remove and segregate 75 000 tons of landfilled
waste and carry out a scientific evaluation/comparison of three
different treatment options for the non-recyclable plastic fraction:
1) Cement kiln, 2) WtE and 3) Thermal power plant ©

Ghazipur
Landfill in East
Delhi is the
biggest in India
and receives

>2 200 tonnes
MSW/day

42

@ SINTEF

ACC- Wadi
cement plant,
Karnataka, India

Technology for a better society

02/11/2020
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Ghazipur Waste-to-energy plant

A thermal power plant operated by CLP India- CLP's plant in Jhajjar (Haryana, India)
with installed capacity of 1320 MW is one of the TPPs ILFS is talking to..

@ SINTEF Technology for a better society 45

45

Planned Pilots in Vietham

2.8 Million ton plastic waste is generated
yearly in Vietham.

@ SINTEF Technology for a better society

1. Investigate the possibilities of using non- ___
recyclable plastic waste from Vietnams e ,’NISEE
biggest paper recycling plant as fuel-
replacement in Hon Chong cement plant .

2. Cooperate with UNDP-project DWP5C in =z zssanss

five Viethamese cities. The non-recyclable 7 N
plastic fraction will be tried co-processed in UNIDd
local cement industry if found feasible. ENS. 27

—

47
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Location of Viethams largest paper factory Lee &
Man and the INSEE Hon Chong cement plant

i Lins Gaeng.

SaDaol

St Treng

Bisc Liny

56
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his cement plant in Hon Chig can co-process/remove 150
000 tons f various wastes (including plastics) every year.

h Planned Pilots in Myanmar

600 000 ton plastic waste is generated
yearly in Myanmar.

1. Prepare an Action Plan for Plastic
Management together with the World
Bank, the Asian Development Bank and

2. Provide technical assistance and build
capacity about the potential of involving
the cement industry in future waste
management activities. Pilot in 20227

the Government of Japan & Netherlands.

@/SCG

®
@ powa EcosysTEm

ativams oar planey

APACHE

'f CEMENT

bl o drestoc

WORLD BANK

59

Phyar on Township,
Ayerwaddy Region

Dumping Site, Pathein

Township, Ayerwaddy Region Near Bago River

Nan Kyin Dumping Site, Myit Kyi
Nar Township, Kachin State

Bamaw townshlp Kachin Loikaw City, Kayah
State State

@ SINTEF Technology for a better society
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Part of land fill which was planned to be converted in to a sanitary land fill (currently
stalled for want of funds)

. .
Current production capacity 10 Mtpa- planned
.
investments for 20 Mtpa
=== e Profucting Capacityin  Production Capaciryin
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3 Lessons learned from the Pilot demonstrations will be
i J shared through a Regional multi-stakeholder forum
5 enabling awareness raising, south-south capacity building
@ e and replication.
IES 1CE El!:-hfzmﬁ The 15t International Conference on Treatment Options for
] T Bl ot o fd BB "G Non-Recyclable Plastic Wastes will be organised in
T E. 1 ?iﬁ;r%r‘%bm @/ _ H Bangkok, 16-17 September 2021
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An Academic Collaboration conduct research
through MSc & PhD-thesis

NEToT [Auaganaz

m University Of Yangon

Mission to renovate and upgrade

@ SINTEF Technology for a better society
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Master Programme in Marine
Plastic Abatement at AIT

SINTEF is:

8!}
3 e JIL @ESCAP
* SINTEF s
* International Partner * Ocean rastc Turned into an
*  Member of the Advisory Board
* Teaching

* Supervising students

Watnr
o Cithes and Comamunities

« Speclal features
= Individual conching, Sonathos wrking space. Mwkd
expotnre anc tador made
* Consist of
* Freparstory (e learning) courses, ¢-learn gnaum
nd provocative discussions with fiek
- |.m- wiive Summer (Winter) School ""u]urr (155%)

71

Join |-Year MSnFrugram in
Marine Plastic Abatement IEI_AIT

[ur Mission
Ta train next generation environmental leaders capable of combating marine plestic
litters with ad | technologies end practices; simed at reducing

additinnal pollution by marine plastic litters to zern by 2050,

Apply
Online Now

Ms. Suchitra Piempimsat, Progrom Secretary

Environmental Engineering and Management Program [0S 00 IS
Dieparient af Energy, Environmen wd Climeate Charige, Tok +662 525 5842

Schaol of Environment. Resources and Development

70

Article in International Cement Review, DRAFT ONLY - NOT FOR PUBLICATION n
October 2020 about Plastic waste in

Municipal Solid Waste in India

DRAFT ONLY - NOT FOR PUBLICATION ﬂ

India’s current and potential
MSW use in ROF production

et iyt s s Y] g it et e A e
. e

[
P Wt v o

72
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Article in ZKG, 5 June 2020, about
involvement of Chinese cement
industry in disposal of Covid-19 wastes

e i e il e o 8 St L sl oo b
[ s a4 1okl D by o Rt s i o

Cement industry in China assisted
with disposal of Covid-12 healthcare waste

Article in International Cement Review,
March 2020 about Plastic waste in Asia

Asias plastic potential

B R s S T S £ e e s s
T

73

Article in International Cement Review,
October 2019, about Co-processing potential

Ocean plastic: an opportunity in
the circular economy?

75

Sadhan Kumar Ghosh Editor

Circular
Economy:

Global
Perspective

o
¢ Springer

Book chapter
ISBN 978-981-15-1051-9 ISBN 978-981-
15-1052-6 (eBook)
Springer Nature Singapore Pte Ltd.
2020

Chrouber Eommmy lnltlathes o Sorway 8

i Bk s, it i g et i s e

02/11/2020
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Book chapter . . . .
ISBN 978-981-15-0531-7 ISBN 978-981- OPTOCE is a pioneering project
15-0532-4 (eBook)
Springer Nature Singapore Pte Ltd.
2020 . .
Treatment of non-recyclable plastic wastes is
Sadhan Kumar Ghosh Editor e Do (CID Wt -] currently not on the world agenda, but constitute one

il Industrial Inorgamic Wastes

Sy in Cemmnt Mamafucuring of the biggest threats to life in Sea.
| Urban Minin e

and Sustainable
Waste

Management

To avoid that the plastic strangle us and our Oceans,
we need to explore all cost-efficient options available.

Our initial estimates shows that the involvement of
the energy intensive industry in the five OPTOCE-
countries can contribute significantly in removing non-
recyclable plastic waste and at the same time replace
huge amounts of coal ©

@ SINTEF Technology for a better society

Regular updates:

httpS ://0 ptOCG N 0/ WEGSU;:B m;;:::ﬂ-::é: ,  BASEL CC‘}NVENTION
https://www.facebook.com/Optoce/ BT N AL PRAGTICES - TECHNICAI LINES
relevant to Article 5 and Annex C
e T T L L e of the Stackholm Convention on

Persistent Organic Pollutants

Cernentkilng fiting hazardous waste

B Sy | @es
Technology for a better society 79 @ SINTEF Technology for a better society
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No PCDD/Fs, PCBs &
HCB were detected

The toxic insecticide also
reduced the coal

1 consumption with 2.5t
coal/h

>99. 999984

92
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Enwvi lly sound di ion of obsolete
In developing countries using cement kilns

Kirw Helge Karmmaen ', Nguyen e Kinh", Le Bich Thung', Fham Hang Vie ),
By Dinh Tann', Dosn Thi Toi%, Ngayen Hosmg Hung®, Tue Mank Oaon®,
Lusng Dy Henk |, Bloan Hi Theng'

T s e o Tt BT o 13, T4 b Wt

- P

PCB in Colombo

02/11/2020
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o Pilot demonstration with Ozone depleting
QSPHER substances

PERSISTENT ORGANIC
POLLUTANTS AND DIDXINS

Eiioes L Hosectharn e . Pl

.

PO —— |~ s——

T
T vy Chemosphere

Test burn with PCH-oil in a local cement kiln in S Lanka

sbvarak®, 1N, Cumadasa®, Bandilasoma Wikagunasekan *
Jayavilal Fernando ®

@ SINTEF Technology for a better society @ SINTEF Technology for a better society
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Ozone depleting

stable organic

105

We just needed a suitable cement kiln
to carry out the Demonstration

ACC, Keymore, Madhya Pradesh, volunteered

107

Ozone depleting substances needs to be
destroyed by high temperature

— cement kilns are ideal and we wanted to prove
this!

106

NP
l’ _ d

DEPLETING SUBSTANCE CO-PROCESSING FACIL
ACC _LIMITED KYMORE CEMENT WORKS

FTen Gyt Wk
Assessment

L of
Gesttuction & Remowal
4 Gremeat #in (No-2)
L

3008 Deplating Substance (0
i
ACC Linted, Kpmoew Cormamt Wi
N Awnociwten we
Mis SGS India Put. Lid,
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Flow system of ODS gas

0ODS gas pipeline and Feedings Station for ODS gases
valve train

@ SINTEF Technology for a better society
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@ SINTEF

Main Burner Flame Temp = 2000 °C

0DS fed directly into
main flame

Inside the Cement Kiln

111 112
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The destruction

of the CDF- _ e
gases was 0 s E

much better EITE: :
than required hey s o e ansemle
and Saved the ;i!:;l:j:r:‘mly curb climate change and ozone
release of A v O R D AN
5. Bala’, D.V. Kapadia

131 000 ton of e oty by
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New formation of dioxins in cement kilns

To overcome the activation energy needed for the
chemical synthesis, the following requirements are
also necessary:

4. Atemperature of 200-400 °C for heterogeneous
solid-phase reactions and 400-800 °C for
homogeneous gas-phase reactions;

5. Sufficient residence time (milliseconds to
seconds);

6. Catalysts or particulate surfaces.

(ﬁ SINTEF Technology for a better society 115
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New formation of dioxins in cement kilns

New formation synthesis of PCDD/PCDFs needs the
following:

1. Carbonaceous/organic compounds will be the
starting point for new synthesis of PCDD/PCDFs;
a wide variety of compounds may suit the
purpose, from plain carbon, to aliphatic and
aromatic hydrocarbons;

2. Chlorine (in all forms);
3. Oxidizing conditions, i.e. surplus oxygen.

(D SINTEF Technology for a better society 114
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Clean gas
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200 — 90 °C weoptsr |
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Burner | 11
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Cooling air | e,/

}
1100 — 2000 °C [ e el
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Avoid formation of dioxins in cement kilns

A smooth and stable kiln process, operating close to the
process parameter set points is beneficial for all kiln emissions
as well as energy use.

PCDD/PCDF control becomes a simultaneous effort to reduce
the precursors from wastes and organics from the raw meal.
Maintaining stable waste fuel and raw material feeding, smooth
process conditions and sufficient oxygen concentration aids
emission control.

Operators should aim to improve waste combustion conditions,
especially when feeding waste to the pre-calciner, i.e. avoid
overfeeding and ensuring sufficient quality of the solid wastes,
i.e. particle sizes, heat and water content, as well as
temperature, residence time, mixing conditions and oxygen
control.

@ SINTEF Technology for a better society 117
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The following primary measures are considered to be
most critical in reducing the emissions of PCDD/PCDF
from cement kilns

* Quick cooling of kiln exhaust gases to lower than 200 °C
in wet and long dry kiln;

» Characterize good operation and identify changes when
feeding waste;

* Monitoring and stabilisation of critical process
parameters, i.e. homogenous raw mix and fuel feed,
regular dosage and excess oxygen, stable kiln operation
and monitoring of CO;

* Pre-treat waste to make it more homogenous and create
stable combustion and lower emissions;

Formation of dioxins in cement kilns

The primary source of formation is usually due to embedded
organic compounds in the raw materials or incomplete
combustion of wastes in the pre-calciner, or a combination of
these two. Some raw material sources contain elevated
concentrations of organic compounds which might be stripped
off or volatilised when it enters the pre-heater at a temperature
of around 350 °C.

Incomplete combustion of wastes in the pre-calciner may be
due to over-feeding or too large particles; insufficient
temperature, residence time and oxygen concentration, in
combination with low energy- and high-water content of the
waste derived fuels.

@ SINTEF Technology for a better society 118

118

The following primary measures are considered to be
most critical in reducing the emissions of PCDD/PCDF
from cement kilns

« Careful selection and control of substances entering the kiln;
» Appropriate storage, handling and feeding of waste;

* No waste feed as part of raw-material-mix if it includes
organics;

+ No alternative fuel feed during start-up and shut down;
* Feeding trough the main or secondary burner (>900 °C);
+ Dust should be fed back to the kiln as much as possible.

02/11/2020
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