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Plastic Waste and MSW Profiling Tools =™

e Waste Profiling tools
e Plastic Waste Estimation Tools
e National Plastic Waste Flow

Innovative Methods

e Citizen science and anti-litter apps

e Urban Litter survey with smartphones and street
cameras

e Microplastics




Marine Plastic Litter IGESCCET 3

* Longevity of plastic is estimated to be hundreds to thousands of
years. Hence, the plastics released into the environment will remain
for hundreds of years.

* The adverse effects of plastic litter in the environment have been
widely discussed in the literature. Plastic contaminants in environment
is a threat to the ecosystem and a potential health hazard to humans.

P RUMLETIO ML RARE presucian: * About 80% of plastic that reaches oceans comes from rivers.

270 million tonnes per year

A S— * Major sources of the marine plastic litter that is transported through
275 million tonnes per year rivers originate from improper waste management practices,
wastewater treatment plant effluent, and inland transportation related
activities.

Coastal plastic waste:
99.5 million tonnes per

Mismanaged coastal plastic Plastic in surface waters:
waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes

-

Plastic inputs to the oceans:
8 million tonnes per year




Plastic Waste
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e\Naste-Inventories

efFate (Where/When)

o EXpOSUFE (How, How much)

eEffects (Health, Economic, etc.)

Ra\n{ Polymer Plastic Production of Use Cg:l)en(?::;/n/ End of
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. . h Pharmaceuticals & personal care Weathering of marine
P Production of primary products (0.01 Mt) coating (0.05 Mt) ) )
(@) plastic pellets (0.011 Mt) Mismanaged Sc_)hcl
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Socio-economic assets, Ecosystem services, Natural heritage etc. also can be affected




Plastic Waste Inventories |GES£§§T 5

Production of
Plastic
Products

Polymer Plastic
Production Conversion

Production of primary plastic personal care
pellets (0.011 Mt) products Mismanaged

(0.01 Mt) :
Handling & transportation of pellets Weathering of marine Soé'cé\?’vﬁfte
(0.02 Mt) coating (0.05 Mt) (3. )

Textile washing (0.26 Mt)

Pharmaceuticals &

Road Marking (0.59 Mt)
City Dust (0.65 Mt)

Less than
10% plastic
IS recycled

Fishing nets & other fishing losses (0.8 Mt)

Littering (0.8 Mt)

(Modified from: UNEP,

mapping of plastic losses to
environment, 2018)

Tyre-wearing (1.41 Mt)




\ Plastic Waste Fate Studies
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Air
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Urban

* |Indoor/Outdoor

Terrestrial

« Agricultural Soil
 Natural Soil
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Sediment

Marine

* Deep/Costal

« Surface/
Pelagic/
Demersal/
Seabed

adsorbents & biofilm interactions

T Plastic related chemical

Degradation
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Adverse Effects |GES£§§I 8

Marine life
O Suffocation

O Starvation :
O Injury B
O Toxic effects BEENews )' j
M birds st to death ) . . .
wgeietieli:' sstgn?;\(l;soﬁu(mth Sea turtle entangled in plastic Fish |“9(;3ht('§2fg “gggD)D'aStICS
plastic wastefahnd they(lgie the(g (Photo: © Micr\:\:llséi ther | WWE) :
sense of hunger. oto: )

Human o)
e Drinking water and Food chain related ingestions, OCEAN MICROPLASTICS POLLUTION CHAIN

airborne micro and nano plastic inhalation.

® Currently being researched the toxicity effects. Some Aa
evidence on the human health impacts due to plastics 5
and associated chemical

PLASTICS MICROPLASTICS EATEN BY FISHES CONSUMED BY HUMAN

MICROPLASTICS ENTER THE FOOD CHAIN!



Plastic Properties
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Product types
Primary
Pre-production pellets
Personal care products
Polymer industrial abrasives...
o = pp Secondary
Dimensions LDPE Agricultural materials
Thickness Colour HDPE ——— Severage botthes
Red Carry bags
Surfa ce area s Morphology PVC Boo-toxing Additives Construction materials
Ferret’s diameter : Fiber PU PAHS Plasticizers Containers
T Fiber bundle PET PCBs Colorants Clothing
al Fragment PS . Reinforcements Cutlery
Brown Sphere ABS He DD | Fillers S——
Environmental Off white Pellet PMMA OPV;S:M s L i Food ;:::mugmg
Concentration White Film POM Stabilizers Furmniture
Grey Foam PBT - Insulation
Blue PC e Mattresses
Green PA Medical
Particle size - SAN P:,'_'::‘
4 . 3
distribution PEEK Textiles
PSU Toys
PU Tires
1 J J
Y Y O\
Rochman et al, 2019. i 3 5
Relatively simple approach Advance equipment Source




_Plastic Waste Estimation

e Established methods
o Waste sample
collection
o Sorting and Measuring

e |nnovative Methods
o Drones surveys
o Smartphones/Satellites
o Al/ML




_City Waste Profiling Tools
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e Baseline Report
o Stakeholder
coordination
o Policy review
o Digital readiness
o Waste profiling

e Mapping Tool
o Data, hotspots,
etc.

aaaaaaaaaaaaaaaaaa
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FOR A BETTER URBAN FUTURE

exs
ite
Sad
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’PLASTIC
M POLLUTION
a8 CALCULATOR
e
P

SOLID WASTE EMISSIONS ESTIMATION TOOL
(SWEET)
Version 3.1

on o.
July 2020

EISWA

CCET

41685 e Golaberating i
UMD on Emrinment Temages

IGES Plastic Leakage Tracker

Empowering
local
authorities!

Affordability?

Right
protected?




City Waste Profiling Tools
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Properties

WA N

giz UNIVERSITY OF LEEDS

fawag.

PLASTIC
u POLLUTION

ISWA
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wastoaware DN

WaCT

CCET-Plastic

Leakage Tracker

EQT/SWEET

Software/Platform
Pollutant

Data

Impact Quantification
and/or Decision making

Limitations

MS Excel
Waste
Waste survey (includes

data derived parameters)

Quantification based on
the fate (disposal,
landfill, recycle, etc.).

no spatial data, no
hotspot identification.

GIS and MS Excel
Plastic waste

Waste survey, proxy
values, and big data

Quantification based
on the fate, Spatial
distribution and
hotspots

Right protected,
Affordability and
limitations in
skills/resources.

MS Excel
Waste in Cities
Waste survey, proxy

values

Quantification based on
the fate Spatial
distribution and hotspots

no spatial data, no
hotspot identification.

MS Excel
Plastic Waste

Waste survey, proxy values

Quantifies Plastic leakage
and impacts

How accurate to quantify
the health impacts?

MS Excel
Air Pollution (GHG)

Waste system survey and
data

Quantifies GWP

GHG emissions.
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City Waste Profiling Tools IGESSEETs

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

AL pppppps

Family .
4 members Discard!

Because people put accumulated waste in the bag making the sample not representative

e Collection
e Reduction
e Sorting

e \Weighing

UN@HABITAT




_City Waste Profiling Tools

IGES&QSIM
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0.22 kg/cap/d
Food waste

. Z:'_
% 7

o

Household
generation

496 t/d

Total MSW
generated

708 t/d

'
| |

Non-household
generation

212t/d

UN@HABITAT

n 5%
ECJ City recovery rate
2
i m _____, recovered
Recovery facilities 37 t/ d
37 t/d
Recovered recyclables Rejects/residues
12 t/d at/d
371 t/d il ,
é ____. disposed

363 t/d

Disposal facilities

;e O -

uncollected

308 t/d

- iy aept e "

Not reaching fal:llltles

'\

- 56%

collected

/7 3.7kg/person/year

of plastic leaking to
water system



“City Waste Profiling Tools IGESCCETs

Source Separation and Collection capacity | Infrastructure Investment (composting, MRFs, RDFs, etc) Disposal operation
Environmental Awareness expansion (more vehicles improvement
Raising and Education and introduction of

transfer stations)
\7 Licensing of CBOs

D 4

Composting nr
— Wet Waste anaerobic digestion Soil Improvement and gas §

¢

60% (530t) % Un-recoverable fraction of MSW - ‘;‘ s

. 100t
Mombasa County & Private
Collection Companies

S N =

Private Recycling

Waste Generators Cleaning CBOs

Companies
880 t/day — Dry Waste cot
40% (3501)
Materlal Recovery Facilities g ARS _
UN@HABITAT RE-fuse Derived Fuel Factory Cement Companies

FOR A BETTER URBAN FUTURE

300t




City Waste Profiling Tools IG SCC€T16

CCET

11- DG!S Cantre Collaborating with

CCET-IGES Plastic Leakage Tracker IGES

Data Input Key statistics
Total household MSW generation| |Plastics in household MSW Unmanaged plastic Plastic leaked into water
Information on the MSW Treatment & 51,909 tonnes/year 11,178 tonnes/year 7,618 tonnes/year 1966.8 tonnes/year
Study Area Disposal 0.532 Kg/capita/day 21.5% of MSW 28.5 Kg/capita/year 7.4 Kg/capita/year
Demographic Msw Mﬂﬂﬂ!‘f '!l" % plastic items in MSW Major plastic pollution pathways
Controlled Facilities

Landuse Possibility of plastic
leakage
MSW Generation & Plastic in the

Composition environment

Scenario setting

Collection efficiency scenario

Recycling efficiency scenario

Plastic
22%

In water

On land
4 60%
Non- y
plastic .
T8%

Share of total household MSW Share of mismanaged plastic

Impact of plastics burning on climate change

Emissions from incineration with energy recovery

537 kg CO2efyear
Emissions from plastic open burning
14,190 kg CO2e/year

Composition of plastic waste

|

Plastic shopping
bags

PET bottles 22%

Packaging, pots
trays etc.

Sanitary i

Other plastic
bottles

Plastic film, expanded
packaging etc.

R
X

|

(3] |

Health impact of plastic open burning

20%

|

|

R

Disability-Adjusted Life Years (DALYs) from all causes

77,855  per 100,000 individuals




National Level Plastic (Waste) Inventory |GESCC€T17

> Agree on objectives of the inventory: What Monitoring of
are the priorities? flows of plastics
» Agree on scope of the inventory: which
sectors should be prioritized? Which types
of plastic waste?
» Understand methodologies to be applied:
= Data sources
=  Gaps
» Agree on modalities for data collection:

=  Who can provide data? . . Basel

= How will it be collected? E.g surveys, . PIO“CV : National Convention
phone calls, site visits evelopmen : national

= What is needed to obtain access to for ESM Inventory reporting

data? E.g official letters, agreements
between ministries
=  Confidentiality issues e.g private
sector data
» Agree on how results will be reviewed and

validated:
» E.g set up technical coordinating
committee

= Validation workshop Global trends

@ Suniar N2 G

programme




National Level Plastic (Waste) Inventory |GESCC€T13

Inventory scope
definition

sPackaging
sTransportation
*Building and
Construction
sElectronic and
Electrical
Equipment
+Consumer and
Institutional
sIndustrial
Machinery
sTextiles
*Other

sConsumption-
lifespan
methodology

*Household
surveys

@) ?gf”unitar Seey LQ)

Identification of
Stakeholders

sProducers
*Recyclers
*Ministries,
Governmental
offices that
handle
information on
Imports,
exports,
domestic

production etc.

Collecting
information

*Domestic
production (CPC
codes)

elmports/Exports
(HS codes)

sTransboundary
movements

Estimation and
Validation

#Application of
the
methodology
(toolkits or
household
survey)

#Validation

*Monitoring
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National Level Plastic (Waste) Inventory IGES

Production Phase

Consumption phase

Plastic Waste
Generated

Plastic Waste
Management

a. Consumption b) Post-consume d) Ur!managed
Production and of plastic Plastic Waste
Trade of plastics containing Lifespans o
products Scope of the f) Imports,
Plastic Waste « | exports
Inventory I
e) Managed
Plastic Waste

¢) Industrial

g) Recycling | h)
Incineration

_and landfill

Scope of the Waste Statistics

environment




Data collection from Optional dat lecti
national existing statistics Toolkit ptiohal data coflection

Plastic Keys

Material composition

. 4

Trade Statistics
(HS Code)
Processing and
Validation

suidnouo

Domestic Production

L

statistics
o 2N RN /

-
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This approach provides an estimate of total plastic waste generated and, in the
toolkit, it has been adapted to estimate the plastic waste generated by type of
polymer per sector and per plastic KEYs (i.e. HS code).

Market category PE PP PS

i. PE ( po |yet hY| en e) Transportation 13%  38% 0% 4% 0% 24% 21%
ii. PP (polvpbropvlene Packaging 51%  18% 5% 2% 23% 0% 0%

( POIYPTOPY ) Building and 23% 6%  12% 43% 0% 13% 3%
aes Construction
iii. PS (polystyrene) .
. . . EEE 18%  23%  15% 10% 0% 10% 25%
iv. PVC (pO'YVIﬂYlCthI’IdE) Consumer and 38%  32%  15% 5% 0% 8% 2%

Institutional

v. PET (polyethylene terephthalate)

Industrial 38% 25% 0% 0% 0% 38% 0%
vi. PUR (polyurethane) Machinery
l Other 20% 32% 5% 11% 0% 19% 13%

@} | SPunitar - LL,%)
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Consumption, Manufacturing & Disposal

VirginRecy g A
ngg;éld?ecy Inventory Recycled
e Plastics
astcs Material Flow Analysis
Consumer Consumer
End of Life) Analysis
Goods ( ) ’ moods
| Capital
Capital Goods
\_ Goods )




National Level Plastic (Waste) Inventory |GESCC€T23

uuuuuu

Developing factors for different Architype cities and extrapolation for a country

nnnnnnnnnnn
rrrrrrrrrr

. Collection Imports
Generation
Informal C4B
C4A recyclables ‘ I .
collection < EL)
: Sortin
A | ...l 12 IF1 JGP,
: Formal A Informal Formal
Household plastics : C3A recyclables S o sorting sorting Transportation
_ collectors _.<c33 >_ (%) (%)
PR N B ; L3 T : :
ituti = TR :
Institutional waste Informal '\El/' L6 L7 RJ1
H mixed waste C2B Y RN
' C2A collection
Publi : | -
i Eodo izl D1 Disposal
] E Formal mixed CiB Controlled Uncontrolled
Commercial source : C1A waste landfill landfill
! collections T1 : TD1A TD1B
: - sg TTansportation H H
SO Rl L9: : L10
: ¥ i ¥
U1 """"""""""" » Mismanaged plastic waste

(including indiscriminate dumping)




Digital Tools and Citizen-Science
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(Anti-Litter Apps)

h AAAA s
Share !“&MBKIYB"\B . &1Units o

The world’s largest waste clean-up
social media platform.

Urban Litter Survey

Tracks litter dlstrlbutlon
through Al & smartphone

Microplastics Survey

Low-cost microplastics survey
system can be used
anywhere
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_Anti-Litter App |GESSCE Ias

Thanks
. >
Cam on
(1) Pick Up (4)Get
feedback

N o &

(@ Snap f m KK: (5)Expand
7

By visualizing previously unseen litter, Pirika actively encourages cleaning efforts by ordinary people.

¥ Pirika
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Anti-Litter App IGESCCET26

wenno

Since 2011 more than 190 million collection
em a Russia

Canada

Nortt United States
Sout Pacific

%ﬁlglmmslb Ocean
Saudi Arabi ndl&& Meo

Sudan 0
Chad
geria Ethiopia o enuueiao
® L
“DRC (1] K ‘._

dnm.' sia
Tanzanla pué’x::'::w

Angola o e e " ) QQ
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Naﬂ_e Madagascar ndian e
sSouts . Ocean Australia e South Q

A Chile
Atlantic

Jcean South Africa 9

Mono

China

Brazil




Urban Litter Survey

|GESCCET30
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(3) Heat map visualization provide useful insight to inform future sanitation policy

4 pirika




“Urban Litter Survey IGESSCE st

Mobile App, directly
connected to the GIS platform

o —
o —
o —
o —

Drones

Field Survey

360 images Students’ training Data collection

Street cameras

Drone mapping

Google Street View

. ]
"= Ubon -
. Ratchaitfani, o

#CIC” M2 Google ot ol e

Asiun Lastiluie of Tecknebogy

Counter _

MEASURE

FOR PLASTIC FREI

o




Urban Litter Surve CCETs

Data validation is important




Microplastics Survey
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o Concentrations

o Leakage
estimations

o Hotspot
identification

o Source tracking

S
- W

e s
-~
i~ - h‘

« Grab sampling

‘ 'i“ 4 \ M Filtration

Composite net based units

" Surface water -'""_'“\'

&

Submersible pump




Microplastics Survey IGESSCE e

Candidate plastic particles were separated from natural particles such as sand, plants and

corpses using a solution for density separation and an oxidizing agent for purification

Chemicals used for density
separation
Water surface sample:

NaCl, 1.2 g/cm?
Water bottom sample:

Nal, 1.5 g/cm3

Chemicals and conditions for
water purification

30 wt% H,0,+0.05 M

Fe(ll) (1:1), 50°C, 1h

4 pirika




Microplastics Survey IGESECE Tsr

Parameters such as composition, color, size, thickness and shape of the candidate plastic particles were

obtained using Fourier-Transform Infrared Spectroscopy (FTIR), microscopes and calipers.




Microplastics Survey
Developing database to find MPs source

1. Local partners collect macroplastics
2. Transported to research institute in Japan
3. Analyze for composition and thickness, eftc...
4. Create a database that can be compared with microplastics
¥ Pirika



Pollution is different from country to
country

Mekong river, Styrofoam gained

more attention
Which type of Styrofoam is PSP EPS
contributing more?
Polystyrene sheets (food
packaging)

o orthe EPS (such as fisherman

buoyant).

Policy measures
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Plastics, Marin Litter and LCA
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e Past and Present
LCA do not
consider the
impacts of plastic
litter.

® Most of the case
studies indicate
plastics with least
impacts compared
to the alternatives.

IMPACT INDICATORS

Abiotic depletion
potential

Acidification

Eutrophication

Freshwater aquatic
ecotoxicity potential

Climate change

Human toxicity
potential

Marine aquatic
ecotoxicity potential

Ozone layer
depletion potential

Phatochemical oxidant
creation potential
Terrestrial
ecotoxicity potential

Primary energy
demand

Medium Impact

Medium Impact

Highest Impact
Medium Impact

Medium Impact

Highest Impact

Highest Impact
Highest Impact

Highest Impact

Medium Impact
Medium Impact
Least Impact
Medium Impact
Medium Impact
Highest Impact
Highest Impact
Least Impact
Medium Impact

Least Impact

Medium Impact

Medium Impact
Medium Impact
Highest Impact

Highest Impact

Medium Impact
Medium Impact
Medium Impact

Medium Impact

Medium Impact
Medium Impact

Medium Impact

Least Impact

Least Impact
Medium Impact
Least Impact
Least Impact
Least Impact
Least Impact
Medium Impact
Least Impact

Medium Impact

Least Impact



“Plastics, Marin Litter and LCA |GESSCE Te2

IE&HIE: Olivier J Jolliet

® Marine Litter
Integration into LCA

h ig h Sta kehOId er Poznan workshop 30-31 AUSUSt Environmental |validity & :Putential for |Stakeholder | Owverall

2019 relevance maturity  |consensus |needs |Applicability |priority Comments

demand activity. gt af il i —

Integration of EQ

scoping workshop & criteria

H Integration of natural resources and
HOWGVGF, Stl” nOt ecosystem service endpoints
. |Normalisation and weighting i wx% i srew
achieved due to lack Nutritional impacts - = : - . v+ | Forspedicfoon ica
-e - - - L
=% == =% - " e

Ocean acidification

Of |nventory and POCP effects on ecosystem quality

Start exploring/ indude
Biotic resources i e ? e ? - if consensus reached

Impact assessment omempecs—————— - : ]
Impacts caused by plastic pollution/litter ? & - - . check results of Maril:aJ
models. imvasive-spacios ——— = j . 21 Divlora visting ok

Light pollution
Antibiotic resistance

o LCA Communlty |S Hormones & Endocrine

Heat effects in water

Urban heat island effects

Stl” Worklng On thIS Non ionising radiation

programme




_Take-home Points
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eData?

® Established approaches such as waste profiling tools and
emission trackers should recognized as important tools to
tackle marine plastic pollution.

® Innovative approaches such as, Al based litter survey with
drones, smartphones are gaining attention and have high
potential. However the data validation, and finding proper
partners for the development is essential.

® [nnovative technologies for Microplastic Pollution is a
good example of developing new methods and continuous
improvement.

e Plastics and LCA needs to be handled with care, specially
in countries with poor plastic end of life management.
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L@) abeynayaka@iges.or.jp
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https://www.researchgate.net/profile/Amila_Abeynayaka

IGES Centre Collaborating with
UNEP on Environmental Technologies

Amila Abeynayaka

Institute for Global Environmental Strategies (IGES)

Policy Researcher,
IGES Centre Collaborating with UNEP on Environmental Technologies (CCET),
Institute for Global Environmental Strategies (IGES), Japan
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