+

B E A KH R R Y e B AR P T A A R SR HEEN

(Ten Fundamental Building Blocks as Key Enabler of a Lean WM

Sector Transformation)

R B B EIRER AR R RIS > e T 10N =Y
BRI - LREEFEFEH - JEIRR E AR A R R S 1B IS © AT
ARz FHER AR AT LU R A S A E A - A SERIRLVE P TR S 1F
HEAEGEIERRG  FIRE ~ BEUCREMN L& S 2 M EH AP
iy - PRI B PR R SR SR AR RERYIE DL ~ (SRS ~ BREEA
e s AR B REIRRE -

Waste Management

a holistic approach to
building the sector

@ Hani Tohme
Senior Partner
Head of Sustainability & Waste

Management MENA region

123




Roland Berger at a glance

Founded in

@ offices in @ countries, with around

Nearly

Partners currently serving

international clients

in Germany by Roland Berger

employees

. with global practice focused on Waste Management

Automotive

g
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& Retail Finance
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Services Management
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Infrastructure

Pharma
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Supporting 100+ clients on WM topics

— —  Waste Management
Our approach to WM support o &
= . z
Around 10 years of Waste 500+ Waste

Management project track Management projects
record in globally across global clients

Selection of clients

Bus.
model Public sector Private sector
innovation PN .
) WS (Gl Sumit integéroh
D ¥ Coporaion BORSIG
- 3 = £ ALBA ©
s Francing A @er  man
dm strategies & i

saudi aramco

e (({ 1)) . .
SIRC \\ &/ &agawligioli
W -

\UJ S

@ veoua @ Sqsioeen

The focus for today

Global problem Sector's Envisioned social,
requiring fundamentals economic and
action building blocs environmental benefits
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The painful truth of waste management

Waste disposal method by region [2017,%]

North Europe & East Asia
America More than 50% Central Asia & Pacific

of our resources
are wasted

Latin America Sub-Saharan Middle East & South Asia
& Caribbean Africa North Africa

5%
16% YA
6% %
4% \

Open dump [ Landfil [l Composting Ml Recycling Anaerobic digestion Incineration

Source: World Bank, Roland Berger

Yes, this is Linear Economy

e N

RN )
GLOBAL WARMING POLLUTION LEVELS

accelerated through GHG emissions

generated in production rising at an accelerated rate

LTS

LANDFILL WASTE RESOURCE EXHAUSTION

from disposal of material consumed from consumption of earth's finite
products natural resources

o Dispose




Municipal Solid Waste is 1 out of 70+ waste streams

Municipal Solid [ industrial | Electrical & Electronic Eq. ‘Agricultural End-of-Life Vehicle
Paper Dredging Hazardous Hazardous HH appliances'¥ Plants

Batteries
occ ‘ Trees 0il & Gas Infectious Metal'® ‘ Greens - agri. Lead acid
Mixed paper?) Dirt rocks 0, oy sdge & oly vastewter Human body parts & issue' Plastic Fruit/ veg. residues ‘ Plastic
ONP Other® Grease (mech. shop) Blood-soaked bandage Glass Wood & timber Metal

HGDP Insulators e Surgical gloves Ceramic Animal Acid
Plastic | Asbestos Marine waste® Syringe Equipment'®) Skins Li-ion

PET Other® Lubricants & solvents String | Batteries Manure ’— Plastic

HDPE Rocks 0il mud cutting Masks Steel Fat

PVC Concrete Sulfur Needle Chemicals Bowels Organic solution

LDPE Brick Contaminated sand _ Pharmaceutical Paper Blood Tires

PP Tiles Metal & Mining Drugs & Medicines Plastic Bones Rubber

PS Asphalt Copper slag Chemotherapy products PCB Meat Steel

Other2 Cement Lead slag Radioactive Metal'" Dead animal Carbon black
Metal Recyclables Iron & Steel slag [E—— Rubber Milk & cheese prod.

Metal

Polymer Fibers
| Aluminum Wood Arsenic speiss Radioacive solopes Glass Chemicals Metal

Steel Plastic Bismuth Residue Non-hazardous'?) Plastic | ppesticide
‘ganic Glass® Scorodite 0Oxygen tanks Textile Glyphosate
| Food remain Metal Jarosite Refractory Bricks ~— Calcium based siudge Chemicals Acephate
uco Iron Mill scale Aluminum dross Red Mud Mercury Deet

Steel
Aluminum
Copper
Other

Plastic
| Colored Aluminum Spent Pot liner talings, ttanivmwaste— NORM Arsenic Metaldehyde |_rpp

Non-colored Steel Other Other'® Cadmium Boric Acid PVC
Textile Wall-cover [ ash Antimony Diazinon Textile
Wood Paint Paint Gases Malathion Glass
Composites® Varnishes Non-hazardous'? ICT - Data & digital Containers Wood
Portable batteries Paint paper Sludge PP Chemicals
Sludge Contaminated soil HDPE Ll kars

Electronics

Glass Copper Electric arc furnace dust |~ S0ld copper tailngs Gypsum®) Beryllium Propoxur

Aluminum

10 building blocks to transform the sector

Governance Awareness

Financing
e IO

127




a Governance
Tailored sector governance defines market dynamics

WM governance scenarios
Private sector — P Government
lead > ) 0 . » lead
- ' - ' — i
Option A: Option B: Option C:

4
Policy,
& Licensing C e

—>] 4 i

o Other Support in Support in
ucf‘;_‘;; %”::e LN stakeholders monitoring monitoring
s with inspection

Inspection RS capability

@i’?@ « Co-investment in WM companies and facilities
 Know-how buildup through strategic
partnership with international players

Operations

1) Environment and Protected Areas Authority

a Governance
Informal sector, opportunity vs. risk

Challenges of uncontrolled
informal waste sector

Value leakage outside formal market N

‘ >, g
gﬁﬁ Impact on financial viability of formal activities @l’lh’ﬂ J"‘Q

Consolidating

Accepting & Formalizing

@ Chemical, biological and physical health risks

%@é Safety and security risks (45 p
Traffic hazards risks S @

Employing

@—} Children's physical development risks




&B,
|
Seidje

For each waste
stream

Plant
specifications

Operating
enablers

Regulatory
overarching enablers

Financial
incentives

Engagement

e Infrastructure
Building the infrastructure

Capacities Timing Technology Emissions Manpower Output quality Land area

Land availability Logistics & utilities Feedstock Offtake

Scavenging
prevention

Export/ import Sorting at the
spec. source

Recycling Min. recycling

Inspection incentivizing content

Import tax

Gate fees Grants exemption

CAPEX support Obligations Penalties Guarantees

Partnership Contracting - EPC/ 0&M Public Private Partnership (PPP) Joint Venture (JV)

Scope On cluster/ park level On facility level On waste stream level

n Envisioned value chain -
I' Municipal Solid Waste (MSW)

National 'g¥
database /-y




© Frinancing
Who will pay for it? It's an OpEx game

Waste Management Recyclables
"Total bill" Retailers income

Illustrative financing scenario and ranges

Producers/ Balancing
importers Government Citizens fund

0% 0% 0%
—_— to to to to

Contribution

to total WM 20% 55% 55%

= C10%) |

if EPR is
troduced
Gow)
- @ Producers' net contribution

(55%) with the introduction of EPR
o e ——

=
@D
L

Financing agents' net contribution share of total WM bill [%]

a Awareness
Public awareness enables WM sector

Awareness guidelines

Evolution of landfill diversion in best a
practice countries [1990-2021, %]

Awareness should be targeting everyone
Students, public, companies, governmental

Walk the talk

Start early on

From early age at nurseries and school Public awareness

Ongoing process
Always research global innovation and new best practice

The first action towards achieving circularity is reducing waste generation




Considerable benefits to the country

Example benefits for a 16 m tons MSW size country

1 Achieve high landfill
diversion
up to

100%

4 Diversify renewable
energy-mix

8 GWh

green energy
generated

7 Boost public/ private
investment opportunities

100+

opportunities
created

- ’
T\ p—

v e

1) Plastic, metal, paper etc.

5

8

Reduce GHG
emissions

Contribute to boost
in local GDP

\— S :
—

Create local job
opportunities

Thank you!

usb

6..

annually

Reduce reliance on
non-renewable fossil fuel

Attract
substantial FDIs

=

Assist in achieving
circularity

Illustrative

20.,

oil barrel
savings

Close @he

organics
etc.
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(How Integrated Environmental Projects Can Support Transition

Towards Circular Economy on A Local Level)
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TRACK 3: BEING CIRCULAR IS THE NEW TREND, ARE YOU IN OR OUT? @J
53

'/'/' Accelerate Circular Economy Transition in South
/ Korea by Strengthening Environmental Policies

JiHye Jo
Senior Research Fellow, Korea Environment Institute, South Korea

)

V.

1
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INI Building on

sustainable
ground.

IN| Naue

How Integrated Environmental Projects
Support Transition Towards Circular Economy
on a Local Level

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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Linear vs. Circular Economy (CE) INI Naue

Infinite Infinite
resources capacity
Scarcity & Volatile Lost of Environmental
unstable value value degradation &
supply Climate change

Produce

. Alleviation of
Circular Economy ] supply risk & price
stability

Resources circularity
Re - Use within singe sectors

Recycle

Diminished waste Extending value & “Zero waste”
generation, lifespan of the “Zero emission”

environmental products

protection Zero wastewater discharge

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

Cross-sectoral Synergies as a Way Toward CE Transition INl Nawue

Integrated
Management

Wastewater
Reduced

Energy & Material
Input

Diminisghed Waste
Generation

Agriculture

Circular Economy

Source: Husemann, 2021

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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Waste Management Status Quo

Average waste generation rate: 280 kg /(cap*a)
GLOBAL WASTE MANAGEMENT

Sanitary
Landfill
™%

Opean dumps

lnnneuno'

1%
Composting
5%

Source: Adopted from World Bank, 2018

Prevention e

0%

Re-use -t

0%

" o
Recycling

0%

0%

0%

20%

0%

Wlandf  Wincineration & energy recovery

Source: Adopted from EU, 2017

IN| Naue

Average waste generation rate: 488 kg /(cap*a)

WASTE MANAGEMENT EUROPE
Composting®
Landfillng Ggesbon

25% 5%

Incineration
Recycling
0%

» Composting® Digestion  » Incineration - Recydling  » Landfiling

Source: Adopted Eurostat data from 2018

SEINFE=LAIOANEESZEUYIVGRSIILOLESE

Source: Adopted Eurostat data from 2018

0 100 00 M0 40 W0 60 0 K0 00
SRecycling @ Composting and Digestion g/capta)

Source: Adopted Eurostat data from 2018

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

Waste(water) as a Resource in CE

cities, and industry

WASTEWATER TREATMENT PLANT
(Water Resource Recovery Facility)

Anaerobic
Digester

Source: Adopted from Rodriguez, D. J. et al., 2020 & World Bank, 2018

GLOBAL WASTE COMPOSITION
am;:m “";‘:‘

Plastic

n%s

-———

Blo-waste \

Other “%

14%

_———

Motal  Glass
% 5%

Source: Adopted from World Bank, 2018

Separaben ot
Sowree

Source: GIZ, 2017

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com




Integrated projects and CE INl Nawue

Prevention
Wastewater sector Sewage sludge

H

Re-use

Kitchen waste

Waste sector Bio-waste < Garden & Park

Food-industry residues

Agricultural sector Agro-waste < ;'VEStOCk manure
traw

Recovery

Disposal

[l
[ » ; @&
Effluent i < ! P Recovery * ! ';:9
T > MAP —
i Digestate ; __— Agriculture
HEB -
Sewage Sludge T~ Slu mry — |Disposal/Treatment
Digester
£ Bogs @ "B —
- €
— ¥
. e E

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

Project Planning - Decision Support Tool (DST) INl Nawue

Decision Supporting Tool (DST)
Moyt Exost Mass Balance/ Energy potential
Integrated
Wastewater Excel Recovered energy, I Energy recovery |
& organic based wastewater and )
“waste"flows tool Phosphorus and its Phophorus recovery
preliminary cost estimation
Cost Benefit Analysis
Type of WWT Seloction  Dofault Mandaton ¢ e — Gi hical
Decentralized WWTP Yes Liducts o ETOIES P i
Yes | [ComsiSATP capac :
I Yes z
i o i
B tocovery 1 ;,? (o < ne Variants A 't [Technlcal criteria ] [ Social criteria ] [Enwronmental criteria
Vastewater reuse o3 o [Sigrbee s tlo - - —— - N P
a-tlo [Flnanaal criteria ] Administrative criteria
Pricos Price Dofaull Mandator
Electncity pace Yes o tio
Heat price g ___Yes | s e, Source: Husemann, 2021
Foed n tard sewage sludge_ BT | [Pou e
Faed in tardf agricuktural residues 157 €MWh No P ot
Financial Dota Voluw Detaoll Mandatory Jllrorvsvem 1 1 st ]
Lean [ IYes
|Equity 100% 100% No | [Breweraar 3 No.
Interest rote 4 [Potsostinas o te
i it 2 e
Valuo Default Mandato oo e
CE wastewster 1 Yes | e s o
Industnal wastawatar Yes | [wehur e
;1;%_.‘: st
her o ho
Gl
© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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DST - Integrated Scenarios & Variants INI Naue

Typo of WWT Soloction __ Dofault Mandator
Decentralized WWIP Yes

Semi-Decentralise (sequence batch reactor - SBR)?
Decentralised wastewater treatment (CW)?

RocoveryReuse of Substances Selection Dofault Mandato

Phaosphotus recovery 1 Yes |
PhOSphOrUS recovery ? Wastewater reuse Yes 4
Prices Price Detault Mandaton
Electncity pace Yes
Effluent recovery? A T T —
Faed in tardf agricuktural residues 157 €MWh No P
Financial Data Volue Detault Mandaton
Loan L IYes
Equity 100%
Interest rate A
Tariffs Valuo Default Mandato
. . Domestic wastewster | Yes ]
In total 16 integrated Scenarios (mm————— N il veshounie -
1 Mass Balance/ Energy potential

1
Effluent | Phosphorus | Effluent | Phosphorus | Effluent | Phosphorup | Effluent | Phosphorus
recovery| recovery |recovery| recovery |recovery| recoveryy |recovery| recovery

— PR —— -’

o o S o o 5 5 &
sii | e | [_ves | [ [ ves | ves | ves | |

o [ 2 ] 2 [ 4 [ ‘ Energy recovery ‘

no | no 1 Scenario a-1 Scenario b-1 Scenario ¢-1 Scenario d-1
yes | no | 2 Scenario a-2 Scenario b-2 Scenario ¢-2 Scenario d-2 Variant2 Phophorus recovery

AL es | 3 Scenario a-3 Scenario b-3 Scenario ¢-3 Scenario d-3
ILves | yes | 4 Scenario a-4 Scenario b-4 Scenario c-4 Scenario d-4
- —— Cost Benefit Analysis
© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

DST - Variants of the Scenarios IN| Naue

S o Variant 1 - centralised approach

*\‘\\.-_, Industry

i - WN-.[ ... ] Variant 2 - modular approach
BT

e ey ==
_— | Tenk ——— - e [ industry
Fertileser ———

& Agriulture

) Emueml

Re-use*

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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Data Collection

Waste-water
Municipal Measurement

Official Reports Campaign

IN| Naue

Industrial Waste-water
Survey

2
State Statistical Agro-Waste
Records Survey
National Treasury
© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
—_———— =
Effluent |Phosphorus | Effluent | Phosphorls | Effluent | Phosphorus| Effjuent | Phosphoru
Daily domestic wastewater flow | 16,302 m3/d
recovery recovery recovery recoved recovery recovery reclovery recovery Daily industrial wastewater flow 4,471 m3/d
no no yes no V no —YeS. | yes yes |Specific waste water production 143 m3/d
SBR | CW N b < a Central WWTP capacity 145,500 P.E
CW Capacity 10,000 P.E
no [ no 1 Scenario a-1 Scenario b-1 Scenario c-1 Scenario d-1
£~ Y8S |=NOmt 2 Scenario a-2 Scenario b-2 Scenario c-2 Scenario d-2
I no yes |13 Scenario a-3 Scenario b-3 Scenario c-3 Scenario d-3 gv‘)hrzle cereal ?g’ggg Z:
=yes |yesT 4 Scenario a-4 Scenario b-4 Scenario c-4 Scenario d-4 Barley 2:180 t/a
Grass 3,800 t/a
Type of WWT Selection Default Mandatory)| i:g:::z; 114'233 Z:
Decentralized WWTP Yes Yes gﬁﬂower 1,554 t/a
SBR No Yes
cw Yes Yes Livestock manure Value
Cow manure 200 t/a
Recovery/Reuse of Substances Selection  Default Mandatory| gi"w"':::"ﬂema"“re 1850 :j:
I‘F:tmsphnrus recovery Yes Yes Fogm i Va
| reuse No [ Yes ] Horses excrements ta
Prices Price fault Mandatory i°'Wﬂs‘9 Value —
ici i reen cut 300 t/a
Ef::z:ig price Zg %wﬂ ::: Kitchen Waste | 25,000 t/a|
Feed in tariff sewage sludge 84 €/MWh| 84 €MWh No
Feed in tariff agricultural residues 157 €/MWh| 157 € MWh No Brewer's grains ta
Cereal distillers t/a
Financial Data Value Default Mandatory %@ Za
0, ruit distillers a
Loar_] 90‘1/0 100:/° Yes Raw glycerine t/a
Equity 10% 0% No press cake t/a
Interest rate 7% 6% No Potato pulp tla
Z-press cutlets t/a
Tariffs Value Default Mandatory| /"\""'Tsses ‘ja
Domestic 0.26 €/m3 Yes [Rpple pomace da
Industrial 0.37 €/m3| Yes ] Whe: Ya
© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 (e
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DST Results IN| Naue

i —
H Bo-waste
'
T 10,008 1 ey
% 2300
e I |
wwip
Sewage Shudge
bed 19001 Dwe
x 161900 P8 B
5
z
a
b
5
5
b
a
3 a
2
3
3
3
u
: .
: 5 N IR T TR oo EEEEl e | @
v
: towaze
: aseican
H o
H
H
H
H
)
s
H
H
»
2
H
b
2
H
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:
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H
%
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© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

DST - CBA and Cash Flow IN| Naue

Investmont Coms Hesults | Revenves sdded valve _______Resul |
Investmant costs WWTP 17437 500 € Labour 7 Rewnows ! 30MTan €
Ivestmont costs SBR 285000 ¢ WWTP and agester Electncty Revenes theamt enengy T2 2m6 €3
Investment costs Orgester 1 43908% ¢ MAP production Revenves MAP 512 WN.’)I
Investmact costs Ongoster 2 12061898 € WWTP oBuent Gunfection Total 416,80 €/a,
Investment costs Constructed Wetland 5120000 € SBR efuent dssnfection
iestroet costs MAP recamey 78570 € CW eart Sy smlecton [Revunues it Rowit ]
Investment costs dseecton WWTP 3 Transpont and disposal of dgestate Revanwes tarfts 2.150.058 U,
Imvestment conts Eamlecton SER € Checmcaly costs
Instmmet conts dinmlecton Constucted Wetlasd € Mantesance conts Revenues fertitiver Rowwht
Total armane Total Revences fetiser 606,592 &3,
® O |
1 1 1
3.362.193) 3362193 3,342,193 3362193 3362 mf 3362193
3.536.710) 3536710 3.536,716] -3,536.710) 35367100 -3,536.710|
4923399 923,306 153908 4923398 3572308 4923398
15038 215088 2150068 215980 21s0esl 2150808
0| 173361 ¢ 73301 175361 175301 1753610 17330 175361 1733601
S of Drscounted Cash Flowt o 167,010  139.057] 1514830 144.270] 124620] 118091 113.039]  107.656] 102.530] 97.647]
Cowml iCowme2
Discount Rate 1 5%
NPV 12185388
B ctaii ] co v e Jaas ] convown faimie ] conrionc | cinde SREETIIET ciata § coonviow o Jcsada ] convon 2o SEEERN o 1 ECE ] g
© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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CBA - Comparative Variants Assessment INI Naue

4 A 1B C | D E | F | G | H | | | J | K
1 —
2|
3 | 1 |[Technical 1.1 |Flexibility/modularity Qualitative [-] XX XXX
4 | 1.2 |Operational complexity Qualitative [-] XX XX
5 | 1.3 |Process stability & Robustness |Qualitative [-] XXX XX
6 | 1.4 |Infrastructure adaptation Qualitative [-] XX XX

7| 2 |Social 2.1 |Public acceptance Qualitative [-] XX X

8 | 2.2 |Employment Opportunities Qualitative [- XX XX

9 3 |Environmental (3.1 [Landfilled residues Quantitative [t/a] 172,974 t/a 113,207 t/a
10 3.2 |Energy consumption Quantitative [MWh/a] 21,310 MWh/a 21,139 MWh/a
1] 3.3 [Reagens consumption Quantitative [t/a] 086,526 t/a 080.463 t/a
12| 3.4 |GHGs emissions savings Quantitative [t CO2eq/a] 76.681t/a 76.324 t/a
13 3.5 [Recovered energy (gross) Quantitative [kwh/a] 81,473 MWh/a 79,754 MWh/a
14 3.6 |Recovered materials Quantitative [t/a] 2,346 t MAP/a 1.757 t MAP/a; 56.795 t fertiliser/a
15: 3.7 |Re-used water Quantitative [m3/a] 0 m¥a 0 m¥a
16 | 4 [Financial 4.1 [CAPEX Quantitative €] 38,106,328 € 41,175,416 €
17 4.2 |OPEX Quantitative _|[€/a] 3,792,320 €/a 3,663,694 €/a
18| 4.3 |Revenues Quantitative [€/a] 7,125,737 €/a 7,126,391 €/a
19 4.4 |NPV (Cumulative 20 years) Quantitative €] 1,198,199 € -439,969 €
2(; 5 |Administrative |5.1 [Complexity of authorisation  |Qualitative -] XX XXX
21
22|
2
24|
2%
26 |

« | GP 1c-1 ‘| Assessment c-1 ‘ GP 1¢c-2 |‘ Assessment c-2 | GP 1c-3 ‘ Assessmentc-3 | GP 1c-4 |‘ L @ [«

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

Integrated Projects - Safe Construction with Geosyntetics INI Naue

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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The Application of Geosynthetics in Environmental Engineering INI Naue

“The need of smarter, systemic, faster climate adaption has to be supported by robust, environmentally
friendly and resource-saving constructions in civil engineering” (EU Commission, 2021).
Geotechnical solutions are durable, save COz and improve the energy balance.

Example: Water channel

Example: Irrigation ponds

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com

Naue Guiding Principles INI Naue

g@} SUSTAINABLE (> e A | © CE and Sustainability

17 GOALS TO TRANSFORM OUR WORLD

Naue focuses on innovation to create even more sustainable product developments:
The ClassicLine consists of products made from synthetic, polymeric raw materials. The products are designed to meet

the highest achievable standards for long-term durability.

The GreenLine products are biodegradable. The material for these products comes from renewable raw materials (bio-
based).

o |

>
AN

Our EcoLine is made from or with recycled raw materials. The products are designed to be as close as possible to a 100%
circular economy.

[

Quality
We are particularly proud of the quality of our solutions and products.

We are certified in environmental management (ISO 14.001) and energy management (ISO
50.001). Quality management for the areas of development, production, sales and geosynthetic
application technology has been certified according to ISO 9001 since 1994. This certification is
confirmed by regular surveillance audits.

© 2022 Naue GmbH & Co. KG Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022 naue.com
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Naue - Full Service Provider

Engineering services

With our well-trained engineers,
we offer project-specific
engineering planning.

Software-Tools

Naue Portal
The Naue Portal is the basic building
block for digital access to solutions.

Naue SolutionFinder

The Naue SolutionFinder is a genuine,
multi-stage digital planning tool with
individual ~ consideration  of  your
requirements and implied calculations.

Naue DesignSuite

We bundle our design tools and
calculation software for all types of
geotechnical tasks.

Installation services

Naue has an experienced team to
carry out installations for your
sealing application.

Naue Customer Center

With the CustomerCenter, we provide
selected partners with a digital
platform where you can view and
process availability, prices and
delivery conditions as well as your
orders.

© 2022 Naue GmbH & Co. KG

Naue Application Examples

Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022

naue.com

© 2022 Naue GmbH & Co. KG

Dr. Jovana Husemann | ISWA World Congress Singapore | 21 September 2022
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Transition to circular models:is essential to
achieving climate-neutrality and-sustainability

INI Building on
sustainable
ground.

Intéé».r‘ajged Environmental Projects and
Geosynﬂ?t‘l‘csﬂpplica\tion Support Transition
Towards CirculEr%Economy

LS

Naue GmbH & Co. KG
jh

Tel. +49 5743 41-516
Mob. +49 173 549 4730

Building on sustainable ground.
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RCULAR

PACKAGING
CLUSTER

C

KEY SOCIAL INDICATORS SINGAPORE & NORWAY

EDUCATION
HEALTHCARE
PERSONAL SAFETY
QUALITY OF LIFE
INFRASTRUCTURE

HOUSING

HOME-OWNERSHIP
LIFE EXPECTANCIES AL
CONNECTED/DIGITAL 415
INFANT MORTALITY.
CORRUPTION
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Collaboration for innovation and solutions for circular barriers
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Renewable material use Circular business models Recycling

Increased use of sustainable
materials from renewable,
recycled and recyclable
resources.

Develop sustainable, circular
and profitable business models
in practice.
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Facilitation of collaboration
between the upstream and
downstream side of the
value chain.
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PACKAGING
CLUSTER

Innovation and commercialization

Products and services which have
user attractiveness, strengthen
Norwegian production of sustainable
packaging materials and packaging
solutions.
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A circular economy is being pushed forward

Role of the cluster: Collaboration platform for development, innovation and competitiveness

REGULATIONS & DIRECTIVES

INNOVATION
SYSTEMS &
COLLABORATION

ATTIDUDES & BEHAVIOUR

RCULAR

PACKAGING
CLUSTER

G

Strategic platform

Vision Mission

To facilitate collaboration and
development in the packaging value
chain to reduce circular barriers and

promote innovation and market
development within existing and new
markets.

We will create the world's
most efficient and circular
value chain for packaging.

RCULAR

PACKAGING

-— CLUSTER
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MATERIAL DEVELOPMENT
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CIRCULAR VALUE CHAIN

CONSUMERS

RECYCLING FOR PACKAGING PRVATEAID
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REUSE
SORTING
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COMPANIES
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Five challenges

Which currently limit circular development
1 Systemic challenges
2 Commercial challenges
3 Competence-related challenges

4 Regulatory challenges

Product-related challenges IG?CU LA

PACKAGING
CLUSTER
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Mapping of barriers

Desk Research £ 25

Interviews 60

Workshops E 1 2

RCULAR

PACKAGING
CLUSTER

Cv

152



Two main areas for barriers
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EFFECT

LACK OF INCENTIVES AND
INACCESSIBLE DIRECTIVE
DEMANDING DOCUM
NOT ENOUGH COLLE

TOO SMALL VOLU FOR RECYCLING

Lack of incentives and
consequences

Much packaging is not designed for a
circular value chain

1. Standardisation

2. Knowldege & Cooperation
3. Digital tools & calculators
4. Regulations
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Inaccessible
directives

Complex and inaccessible
regulations are claimed to stand in
the way of good packaging choices

1. Updated and accessible digital
source of national & international
regulations + scouting

2. Dialogue ISWA and otther

3. Stronger use of directives for
incentives and punishment

Demanding
documentation

Lack of traceability and documentation of
previous use (digital passports) is
currently difficult for used materials and
makes recycling for food very difficult

1. Industry initiative for certification

2. Establish a circular initiative of
standardisation

3. Early adaption of EFSA
4. Digital Tracing
5. Closed loops

f (.I'\’CUI.A?
g

PACKAGING
CLUSTER
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Not enough collected »

Collection is a scale/efficiency
thing. We collect less than recycling
target.

1. Nordic system for collection

2. Coordinated B2B — B2C
collection

(%

3. Nordic system of symbols

Too small volumes
sorted for recycling

There are too many different types of
plastic as well as multilayers, which
results in a low sorting rate and poor
yield (scale/volume as basis for profitable
recycling)

1. Introduce standards (fewer) of plastic materials \-//‘

2. Mechanical sorting / automated / sensoric >
G?CULA'\’
3. R&D on tracing / digital passes for suitability / EFSA - | clister
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weW use Food & drink
Seafood sector

@ Buidlings

Homecare

Other

@ Food & drink
— Recycling
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— Seafood sector —>
Collecting

Seafood sector
Buidlings
Homecare
Other
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Different regional
systems

Prevents scale and predictability

1. Nordic map for scale and fine-
sorting

2. Interactive predictions

f (.I'\’CULA'\’

PACKAGING
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The blame game

Unclear responsibilities and a
complex value chain contribute to
the pointing game, but are also
used to avoid intrusive
consequences for one's own
business

1. Three year educational programme

2. Strengthening arenas for
cooperation and co-creation r\

G RCULA?

25. Aug 2022

padfyll)

Brief introuction
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CASE: PaFYLL

Our mission

We've made it our mission to face one
of the biggest challenges for the future
consumer market: the ever-growing
pile of plastic waste.

159

Our vision

In five years, we will have made zero-
waste living easy and accessible for
every individual in the Nordics.

What are we
A data-driven service enabling the circular economy for the
consumption of everyday home goods.

How do we do it

a) Circular refill system of your favourite household product
b) On-demand web shop accessible 24-7

c) Doorstep delivery and returns

d) Lifestyle insights to make zero-waste living easier

PACKAGING
CLUSTER

t G?CULA'\’
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ReSourcer

- Join the bio-circular revolution

2,5 million tonnes

high-quality residual biological raw
material is generated in Norway
every year.

70 %

of residual raw material from
Norwegian bio-industry can be
used as input in new production,
with greater value, and replace
virgin and fossil input
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Business model // ResourcerGraph, a knowledge-graph for biological
residual resources

Processes ReSourcerGraph

document, map, and make available
biological resources in an open interface.
In this way, biological residual waste can
be defined as resources in new
productions.

Components

Resourcer

Graph

The ResourcerGraph connects industrial
Geography data with market data and data from the
natural sciences.

Q

Service under development: Analysis of
resources

ReSourcer makes biological
residual waste a valuable
resource

We offer a lab as a service to industrial actors
which need to document the content in their
residual resources. Analysis and documentation
makes the resources tradable as is, or after

processing. ‘m l

Basic analysis

Data sheet with the
content of the
biological resource

1 hour consultancy

Price 2-4000NOK

Fertilizer analysis
The resource as a
fertilizer or as part
of a organic
fertilizer.

1 hour consultancy

Price 7-10.000NOK

Feed analysis
Qualify the
bioresource as an
input in production
of animal-food.

1 hour consultancy

Price 12-15.000NOK

161

Environmental data
and LCA

Can be offered AS
an add-on service
from Resourcer in
cooperation with
Green House.

Price on request



ReSourcer creates
Quality Score

business opportunities 9.38
across different value /0.1
a \/—’\’\/\
chains.
We develop an interface to present
reports for municipalities, regions, Biomap DIY
industry-nettworks and consultancy- Acess to tool for your own mapping of
s el vierles widk mapping loeal bioresources, including 1 year subscription.
resources in the circular bioeconomy. Price 95.000NOK per mapping

Service under development: Resource
mapping

ReSourcer secure and
facilitates transactions
of bioresources.

Smart contract Traceability

Develop a facilitating

. . . Subscription Transaction fee
service for transaction in Company profile
e o g with access to the
industrial symbioses platform..

Price xxx pr year Price xx%
alt. xx pr month
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Packoorang

A reasonable solution

A beneficial loop of reusable
packaging

Packoorang is here to change the way we ship, receive and
pack stuff. Choose to join our eco-system of fully recycled
and reusable quality packages, designed to withstand up to
100 cycles. Earn loyalty points, cut unnecessary amounts of
waste and reach your carbon goals.

o
@CULA\’

PACKAGING
CLUSTER

Packoorang

For businesses

Choose Packoorang® at your Return your bag at a convenient Earn rewards and discounts as
next time you buy something. returning point. you return the reusable bags.

(@)

PACKAGING
CLUSTER

t G?CUI.A?
=
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YOUR SPEAKER TODAY

Michael Harrison

Senior Partner, Energy
Resources and Infrastructure -
Ashurst LLP

FUTURE FUELS

Michael acts on a broad range of matters across multiple
industries and jurisdictions.

Michael works for corporations, financiers and governments on
across the following sectors: energy and power, government
procured infrastructure (including economic and social
infrastructure), mining and natural resources, LNG, oil an gas,
ports and shipping (infrastructure and operational), air and
land transport (infrastructure and operational), steel,
telecommunications, waste and water sectors.

In short, Michael works across all industries that are impacted
by the energy transition. Michael is widely acknowledged as a
leading specialist on net-zero emissions across all sectors,
having acted for participants across each sector for most of his
career.

Since the Paris Agreement, Michael has focused on assisting
clients with understanding decarbonization and progress to
NZE. He is the trusted advisor to Governments, Government
Agencies and international corporations (including I0Cs and
international energy corporations) in this area.

In addition to roles for Government and Government Agencies,
Michael is currently the lead partner advising on 12
decarbonisation projects, including in respect of carbon
storage in the Bayu Undan field, and co-leading on the
Antwerp@C CCS / CCUS Project.

ashust

Future Fuels

Cosuthon: Mickael Harisan, Bichacd Gus, Dan Beisbott and Nick S4albow

+ Before the session today, we would like to
share a publication Future Fuels;

s

!
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* The purpose of the session today is not to
repeat the subject matter of the Future
Fuels article, rather we hope to tease-out
key points in the development of the Future
Fuel supply / value chains.
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w@
HYDROGEN FROM WASTE @

« Before the session today, we would like to
share a publication Hydrogen from Waste;

ashust

Hydrogen for Industry (H241) u [

FEATURE 1:
HYDROGEN FROM WASTE = |

The author of this H241 feature is Michael Harrison

« As with the Future Fuels article, the purpose
of the session today is not to repeat the
subject matter of the Hydrogen from Waste
publication, rather we hope to tease-out key
points in the development of the Hydrogen
from Waste supply / value chain.

First, some background.

(P
1. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS - GHG EMISSIONS ARISING @

GHG emissions globally — between 51 GT and 60 GT (IPCC) a year of CO2-e emissions globally (+/- 10% from 60 GT)

While the mass of CO2-e emissions globally has increased since 2016, their proportionate source remains the same

Global greenhouse gas emissions by sector

This is shown for the year 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
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2. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS % %

. What are clean and low carbon fuels?

Each fuel has a lower carbon footprint
than a fossil fuel derived fuel

Biodiesel / Not derived from a fossil fuel, derived from a
biomethanol —c carbon source that is recycled or renewable
e

On combustion give rise to CO2, and are not GHG free,
but less carbon intensive than fossil fuel alternatives

Sustainable
/ Synthetic
Aviation
Fuel (SAF)

Renewable
compressed
natural gas
(R-CNG)

Clean or Low Carbon Methanol or carbon-neutral e-methanol
(connoting the use of renewable energy) or sustainable bio-
methanol

More importantly as to choice of Future Fuel are:

. energy density
. availability and security of supply
. GHG neutrality "from well to wake”

2. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS %] }

« As yet there is no clear definition of clean or low carbon fuels:
+ The one Future Fuel that gives rise to zero GHG emissions on use is Green Hydrogen;
« Not all hydrogen is Green Hydrogen, and there is no standard definition of clean or low carbon hydrogen:

— In the EU hydrogen produced from non-renewable electrical energy is low carbon if its carbon
footprint is less than 36.4 g CO,-e MJ (4.37 kg per Kg of hydrogen);

— In the UK hydrogen produced from non-renewable electrical energy is low carbon if its carbon
footprint is equal to or less than 20 g CO,-e / MJ (2.4 kg CO2-e per Kg of hydrogen).

1638
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3. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS ®

. Policy Settings are key;
+ Hydrogen and Bio-energy global focus;

« REE + H2 said to be the two legs of decarbonisation, and two of the six or seven means of achieving
net-zero emissions;

. Uses of H2 - to decarbonise:

IRON & STEEL PETROCHEMICAL TRANSPORT

« Law and regulation intensive to support policy settings:
«  Allow production and use of H2 - principally, Blue and Green Hydrogen;
* Address CO2 / GHG arising on production of Blue Hydrogen;
»  Value capture for CO2 / GHG capture on production, and HESS;

«  Export of Blue Hydrogen and Green Hydrogen and hydrogen-based fuels (e.g. ammonia and methanol).
Blue Hydrogen does not give rise of GHG emissions on use, Blue Ammonia and Blue Methanol both do.

+ Bioenergy less intensive from new law and regulation perspective, but all bioenergy Future Fuels give
rise to GHG emissions on use.

4. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS [g 5 ]

Figure 9: Ashurst Hydrogen Rainbow Hydrogen derived from
wastewater or waste is
likely to be described as
Turquoise Hydrogen
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5. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS @
THE COLOURS OF HYDROGEN: HYDROGEN ON A PAGE

Red Hydrogen

Pink Hydrogen
Orange Hydrogen

Yellow Hydrogen
Green Hydrogen

Turquoise Hydrogen
Blue Hydrogen

Purple Hydrogen
Grey Hydrogen

Brown (or Black)
Hydrogen

White Hydrogen
Renewable Hydrogen

Clean Hydrogen or
Low-carbon Hydrogen

Cleaner Hydrogen and
Nearly Clean Hydrogen
Blue Ammonia

Green Ammonia

Turquoise Ammonia

10 MJH

A reference to the fact that “early doors” hydrogen projects tend to be loss making. Also on occasion, used as
an alternative to Pink and Purple Hydrogen, i.e., hydrogen produced using nuclear energy and steam arising
from nuclear power generation

H2 produced by splitting of H20 using nuclear power as the electrical energy source
Hz2 produced by splitting of H20 using electrical energy from a non-renewable source

H2 produced by splitting of H20 using electrical energy from mixed energy sources

Hz2 produced by splitting of H20 using electrical energy from renewable electrical energy (REE), no GHG emissions on production
or oxidation (use)

H2 produced from thermal splitting of natural gas (form of pyrolysis) to produce “carbon black” (including CO2), giving rise to
GHG emissions on production and oxidation (use)

Grey or Brown (or Black) Hydrogen but CO2 captured permanently using CCS / CCUS: logically, the means of production does
not matter as long as CO2 captured and stored

H2 produced from steam arising from nuclear power generation

Hz2 produced with fossil fuel as the feedstock, including from natural gas, coal and oil (but most often and typically natural gas),
using established processes

H2 produced from coal

Hz2 arising naturally on earth

H2 produced without any fossil fuel, but may not be GHG emission free if any carbon feedstock is used (biomass)

Blue Hydrogen, Green Hydrogen and Turquoise Hydrogen, and possibly including Clean / Low-Carbon / Renewable-Carbon
Hydrogen, and including any hydrogen produced using a process in which GHG emissions are captured

Blue Hydrogen produced using renewable energy and hydrogen produced using nuclear steam or nuclear

Power

NH3 produced from Blue Hydrogen, CO2 arising captured permanently using CCS / CCUS, and with the Blue Hydrogen combined
with N2 extracted from any source, and on oxidation (use), NO arise

NHs produced from the combination of Green Hydrogen and N2 extracted from the air using electrical energy from REE source,
the process requiring high temperature, and on oxidation (use) NO emissions arise

NH3s produced from the combination of Turquoise Hydrogen and N2 extracted from any source using any energy source, the
process requiring high temperature, and on oxidation (use), NO arise

ashust

[z

6. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS @
SCALE OF ELECTRICAL ENERGY TO PRODUCE STATED MASS OF HYDROGEN

Electrical Energy (per unit expressed in watts hours) Kilograms / tonnes of H2

50 to 55 KWh 1 kg
1 MWh to 1.1 MWh 20 kg
2.5 MWh to 2.75 MWh 50 kg
5 MWh to 5.5 MWh 100 kg
10 MWh to 11 MWh 200 kg
50 MWh to 55 MWh 1,000 (one tonne)
100 MWh to 110 MWh 2 tonnes
500 MWh to 550 MWh 10 tonnes
2,500 MWh to 2,750 MWh 50 tonnes
5 GWh to 5.5 GWh 100 tonnes

50 GWh to 55 GWh

1,000 tonnes

500 GWh to 550 GWh

10,000 tonnes

5 TWh to 5.5 TWh

100,000 tonnes

50 TWh to 55 TWh

1,000,000 tonnes (Mt)

250 TWh to 275 TWh 5 Mt
500 TWh to 550 TWh 10 Mt
1,000 TWh to 1,100 TWh 50 Mt
3,750 TWh to 4,125 TWh 75 Mt (close to current prod)
5,000 TWh to 5,500 TWh 100 Mt
12,500 TWh to 13,750 TWh 250 Mt
25,000 TWh to 27,500 TWh 500 Mt

11
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7. FUTURE FUELS: A TRANSITION TO CLEAN AND LOW CARBON FUELS =
BIOENERGY ON A PAGE @ E

BIOENERGY

Biomethane: is Biogas that has been processed and scrubbed (referred to as "upgrading”) so that it can be used as pipeline gas (i.e., complying with
the specification for hauling through the applicable natural gas pipeline, including the removal of CO,, and other compounds and elements, such
that the gas hauled through the pipeline is CH,). Biomethane is a Biofuel.

Biogas and Biomethane can be used as a fuel (typically, as a gas that is combusted / oxidised to produce electrical energy or heat energy or both) or

as a feedstock. Also, either may be referred to as Renewable Natural Gas (or RNG), or in compressed form, as compressed natural gas (CNG) and in

liquified form as Bio-LNG or R-CNG or, less frequently, Renewable LNG.

Biofuel is a fuel derived or produced from Biomass, whether in gaseous, liquid or solid form. In addition to Biogas and Biomethane, for example,

wood products (gaseous and solid biofuels), the following may be regarded as the most prevalent liquid biofuels:

* Bio-ammonia: being ammonia that is derived or produced using H, derived from a renewable source that is then combined with N to produce
the compound NH;

« Bio-butanol: being butanol (i.e., a synthetic alcohol) that is derived or produced from the microbial fermentation of carbohydrates (typically from
corn and from agricultural waste), and is similar to motor spirit, and as such may be used as a fuel for internal combustion engines. (It is a drop-in
fuel.)

« Bio-diesel: being diesel (i.e., synthetic paraffinic compound) that is produced typically using transesterification of animal fats and vegetable oils;

« Bio-ethanol: being ethanol (i.e., synthetic alcohol) that is derived or produced the microbial fermentation of carbohydrates (including from corn
and sugarcane, and lignocellulosic biomass);

« Bio-kerosene: being kerosene (i.e., synthetic paraffinic compound and another kind of methyl ester) that is derived or produced from animal and
vegetable oils (containing fatty acids);

< Sustainable or Synthetic Aviation Fuel (SAF), is a synthetic paraffinic kerosene. Currently, most SAF is derived or produced from used animal
fats and cooking oil and from the gasification of other organic waste streams (typically using some natural gas). As noted below, typically fatty
acids and hydrogenated acids are used to produce synthetic paraffinic kerosene. If the feedstock is sourced from Biomass it is a Bio-kerosene;

* Bio-LNG: being Bio-methane that is liquified at a temperature of -161° C, with the liquified Bio-methane 1/600th the volume of gaseous Bio-
methane; and

« Bio-methanol: being methanol (i.e., produced from CO, (captured or derived) and H, derived from Biomass) that is derived or produced from
biochemical (fermentation) or thermochemical (including gasification and pyrolysis) technologies.

A Biofuel is an E-Fuel (an electro-fuel) if the electrical energy used to produce it is sourced from a renewable source. Hence the use of E-Diesel, E-

Ethanol, E-Kerosene, E-LNG and E-Methanol.

e ashust

8: FUTURE FUELS A TRANSITION TO CLEAN AND LOW CARBON FUELS %] %

« Future Fuels include biofuels, being fuels produced from biomass, i.e., comprising organic compounds, being
Bioenergy, and if renewable electrical energy is used e-fuels or e-Future Fuels.

Biogas and
Biomethane can be
used as a feedstock to
produce hydrogen, CO2
arising, and if captured,
Blue Hydrogen;

Biomethane is biogas

that has been upgraded

to natural gas pipeline

quality, CO2 arises on
use;

Biogas is predominantly Blue Hydrogen can be

methane (CH4), on use / compounded with

combustion gives rise to nitrogen to produce
CO2; Blue Ammonia (NH3);

Blue Ammonia is an
energy carrier / vector that
Feedstock: biomass from can be dehydrogenated to
waste and in wastewater ) ) derive hydrogen or can be
using anaerobic Biofuels in combined with coal in coal-
technologies to derive gaseous form fired power stations, N20
biogas; - Biogas and A arising on l;sea(BIuli:f
- mmonia is a feedstock for
Biomethane fertilizer.)

13
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8: FUTURE FUELS A TRANSITION TO CLEAN AND LOW CARBON FUELS

Bio-ethanol: being ethanol
(i.e., synthetic alcohol) that is
derived or produced the
microbial fermentation of
carbohydrates (including from
corn and sugarcane, and
lignocellulosic biomass);

Bio-diesel: being diesel (i.e.,
synthetic paraffinic
compound) that is produced
typically using
transesterification of animal
fats and vegetable oils;

Bio-butanol: being butanol
(i.e., a synthetic alcohol) that
is derived or produced from
the microbial fermentation of
carbohydrates (typically from
corn and from agricultural
waste);

14

9. FUTURE FUELS A TRANSITION TO CLEAN AND LOW CARBON FUELS
TECHNOLOGIES USED FOR HYDROGEN PRODUCTION APPLICABLE FOR

Bio-kerosene: being
kerosene (i.e., synthetic
paraffinic compound and

another kind of methyl ester)
that is derived or produced
from animal and vegetable

oils (containing fatty acids);

)
Biofuels in
liquid form:

Sustainable or Synthetic
Aviation Fuel (SAF), is a
synthetic paraffinic kerosene.
Currently, most SAF is derived
or produced from used animal
fats and cooking oil (and
gasification of other organic
waste streams);

Bio-LNG: being Bio-methane
that is liquified at a
temperature of -161° C, with
the liquified Bio-methane
1/600th the volume of
gaseous Bio-methane; and

Bio-methanol: being methanol
(i.e., produced from CO2 (captured
or derived) and Hz derived from
Biomass) that is derived or
produced from biochemical
(fermentation) or thermochemical
(including gasification and
pyrolysis) technologies.

Hydrocarbon
derived H,

Alkaline Er;"cltyr’g'lf,{e Solid Oxide Anion Exchange
Electrolyser e Electrolyser Membrane NATURAL
ve) G [ coimcéeo || e e i
BIOMASS
| [ ' |
Steam .
0
derived H, 9 Reforming )
(ATR) (SMR) (POX) PYROLYSIS
| unoercrouno | | sureace |
Electrolysis
T e Ccs/ccus ccs/ccus
\ U,
Renewable Nuclear Noré—lgsgzge:ble
Electrical Electrical Ererayior
Energy Energy Mixed

Black /
Brown H

Orange
or

Nuclear: Thermochemical water splitting / High Temperature (Steam) Electrolysis
In addition to wind and solar and nuclear as noted below, it is possible to derive
H, from thermochemical and biological process / technologies

15 MIH
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Grey Hydrogen




10: FUTURE FUELS A TRANSITION TO CLEAN AND LOW CARBON FUELS

[Ely

- Core of progress to achieving net-zero emissions:
The decarbonization of the electrical energy sector — electrify as much as possible.

16
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Hydrogen and Hydrogen Based Future Fuels

Green Hydrogen: no biomass and no fossil
fuels - no GHGs on use;

Green Ammonia: no biomass and no fossil
fuels, N20 arising on use;

Blue Hydrogen: biomass or fossil fuel, with CO2
captured and stored or used, and no GHGs on
use;

Blue Ammonia: biomass or fossil fuel, with CO2
captured and stored or used, and N20 arising on
use;

Turquoise Hydrogen: biomass in solid waste or
wastewater, with CO2 captured and stored or
used, and no GHGs on use;

Turquoise Ammonia: biomass in solid waste or
wastewater, with CO2 captured and stored or
used, and N20 arising on use; and

Green Methanol and Blue Methanol (CH30H)
- both give rise to CO2 on use.

Bioenergy Future Fuels arise from sourcing

CH4 and H2 from biomass

+ Bio-ammonia: being ammonia that is derived or
produced using H2 derived from a renewable
source that is then combined with N to produce
the compound NHs

- Bio-methanol: being methanol (i.e., produced
from CO2 (captured or derived) and H2 derived
from Biomass) that is derived or produced from
biochemical (fermentation) or thermochemical
(including gasification and pyrolysis)
technologies.

- Bio-diesel: being diesel (i.e., synthetic paraffinic
compound) that is produced typically using
transesterification of animal fats and vegetable
oils;

- Bio-kerosene: being kerosene (i.e., synthetic
paraffinic compound and another kind of methyl
ester) that is derived or produced from animal
and vegetable oils (containing fatty acids); and

+ Sustainable or Synthetic Aviation Fuel (SAF),
is a synthetic paraffinic kerosene. Currently, most
SAF is derived or produced from used animal fats
and cooking oil (and gasification of other organic
waste streams).

11: FUTURE FUELS A TRANSITION TO CLEAN AND LOW CARBON FUELS

&

Hydrogen(H2)

gas.

carriers and feedstocks).

Bioenergy

Methanol feedstock to produce polymers.

(CH30H)

1/3

&

Can be used as an energy carrier, including to power and propel vehicles, to undertake
high-temperature processes in difficult to decarbonise sectors, and to blend with natural

Also H2 can be used as a feedstock to produce Ammonia or Methanol (two liquid energy

Can be used as an energy carrier, including to power and to propel vessels
(marine bunkers) and to mix with another energy carrier to generate electrical
energy, and can be used as the compound in

which Hz is carried, and from which H2 can be extracted.

Also is used as feedstock for ammonium nitrate

Is a generic term that includes the use of any H2, CH4 or CO2 derived or produced
from Biomass, including to produce Ammonia or Methanol, and other Biofuels.

Can be used as an energy carrier to fuel vehicles and vessels. Also is used as a
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Hydrogen (Hz2) is derived from:
« fossil fuels or from another carbon intensive source (i.e., Biomass); or
« water.

Hz is either an energy carrier itself or a feedstock for the production of another energy carrier or another feedstock, for
example, ammonia and methanol. As an energy carrier, on use H2 combines with oxygen to produce water vapour
(irrespective of the colour of the H2).

< Ammonia: H2 synthesised with nitrogen to produce the compound NH3 - no carbon atoms in sight;
« Methanol: CO:z synthesised with hydrogen to produce the compound CHzOH - the most simple alcohol.

On use, NHz combines with oxygen to produce N20 and H20 (depending on the temperature as water vapour or as
steam), which is one of the Big Three GHGs or, as the IPCC calls them, the well-mixed GHGs.

On use, CH3OH combines with oxygen to produce CO2 and H20.

The Hz2 and CO2 for CHzOH can be produced from fossil fuels or Biomass. If Biomass is used to derive or to produce
CH3OH it will be bio-methanol. If renewable electrical energy is used as the source of electrical energy for the
production of the methanol, the CHzOH is e-methanol. If both, the CH3OH is renewable methanol.

While Hz has the highest energy (by mass) of any substance (other than nuclear fuels and anti-matter), its low density
(by volume) means that to be transported the volume of gaseous H2 needs to be reduced, whether by compression
(including for transportation by pipeline or truck), by liquefaction (resulting in energy density of 70 kg/m3 at 1 bar), or
by compounding. The two key means of compounding are:

« the production of NHs, which has the advantage of high energy density (123 kg/m3 at 10 bar (at 10 bar or -33° C
NHs is in liquid form). There is an existing trade in ammonia, as a result of which there are ammonia bulk carriers
and existing storage and transportation systems. The key disadvantage in the use of NHs to carry Hz is that it is
energy intensive; or

« compounding of Hz to form a Liquid Organic Hydrogen Carrier (LOHC), for example, methylcyclohexane (MCH), with
energy density of 47 kg/m3, and perhydro-dibenzyl-toluene (PDBT), with an energy density of 57 kg/m3. The key
advantage of LOHCs is that they are can be stored and transported safely at ambient temperatures. The key
disadvantage of LOHCs is that the H2 needs to be separated from the liquid, and this requires to the use of energy.

[Note: While it is possible to compound to form a hydride, as yet, this is not considered viable commercially.]

Each means of volume reduction adds cost to the delivered cost of Hz, critically energy use, and, in the case of
liguefaction, in addition to the energy cost, the development of liquid hydrogen vessels and infrastructure both to
liquefy (in the place of origination of H2) and to re-gasify (at the point of delivery of LH2)

18

13. FUTURE FUELS A TRANSITION TO CLEAN AND LOW CARBON FUELS ||g| E?
KEY COMMERCIAL ISSUES

Cost of transportation
compared to delivered
cost of current fuels
Cost of production
compared to
current
technologies

Development of carrier and infrastructure
capacity for hydrogen, including
liquefaction and storage, pipeline or LH2
carriers, unloading, storage, regasification,
send out, and pipeline

Development of CCS / BECCS and
CCUS / BECCUS laws and
regulations, and development of

Development of technology and deployment
supply in tandem

with demand

Development of legal and
Development of regulatory frameworks in host and
renewable electrical import countries for some Future
energy - off-grid, off-grid Fuels — not ammonia and methanol

and on-grid, and on-grid

19
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Further questions

This publication is not intended to be a comprehensive review of all developments in the law and practice, or to cover all aspects of those referred to.
Readers should take legal advice before applying the information contained in this publication to specific issues or transactions. For more information please
contact us at 12 Marina Boulevard, #24-01 Marina Bay Financial Centre Tower 3, Singapore 018982 T: (65) 6221 2214 F: (65) 6221 5484

Ashurst LLP is a limited liability partnership registered in England and Wales under number OC330252 and is part of the Ashurst Group. It is a law firm
authorised and regulated by the Solicitors Regulation Authority of England and Wales under number 468653. The term "partner" is used to refer to a member
of Ashurst LLP or to an employee or consultant with equivalent standing and qualifications or to an individual with equivalent status in one of Ashurst LLP's
affiliates. Further details about Ashurst can be found at www.ashurst.com.

© Ashurst LLP 2022

ashurst.com
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WLE is a central component of modern circular economies

Electricity N

] 1 8
@ @f\ ) \\\\( < Waste

A

Pollutants

|

Landfill “2 co,

Valuables

Bottom Ash Treatment
CO, Utilization

ISWA World Congress 2022 | Page 2

Low Temperature Oxidation (LOTOX®) for NO, removal

* High NO, selectivity: NO, removal rates of B > |
> 90%. Low NO, levels < 50 mg/Nm? are ; S‘°’“bbe§>
consistently achieved. o -
e N,Og
+ Easy to retrofit: post-combustion technology for Ozone
treating flue gas — containerized implementation Generator
possible.
100 —_NO, after SNCR

* Low CAPEX: invest costs are significantly lower

—— NO, after LOTOX®
. NW RIS

patent pending 13:00 13:30 14:00 14:30

compared to other DeNO, processes (i.e. SCR).

NO, mg/Nm?

ISWA World Congress 2022 | Page 3
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MARTIN Synthetic Combustion (SYNCOM) for enhanced combustion

and less leaching of the heavy metals in bottom ashes.

* Reduced flue gas flow: due to the substitution of air KRV Arnoldstein (AT) - 105,000 tpy

(N,+0,) with pure oxygen the flue gas flow can be
reduced significantly (up to 30%) leading to more

compact plant design and higher efficiencies.

| Page 4

@ MARTI “ ISWA World Congress 2022

* Flexible electricity utilization: hydrogen production
enables flexible use of electricity — thus a participation in

the electricity balancing market.

el IR
LIMECO (CH) — 95.000 tpy
2,5 MW Electrolysis (250 m*/h H,)

* Production of hydrogen: hydrogen can be broadly

used for i.e. fuel stations or further syntheses.

» Useful by-product: Oxygen can be used in the

combustion or by other processes like LOTOX.

e
AWG Wuppertal (DE) — 400,000 tpy
1 MW Electrolysis (100 m3h H,)

@ MARTI “ ISWA World Congress 2022
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Optimized Integration of Carbon Capture Processes in WtE-Plants

Combustion and Heat Flue Gas Treatment Carbon Capture Pre- Carbon Capture System
recovery Treatment
Grate Incineration Emission Reduction & Control Quench / Temperature Adjustment Absorption / Desorption
——————————————————— L el I et Tt
EEEE ' .

g
%
%
%
%
%

Wy Bl T il
T
L L L e L L L o I Ly L o o o o o o oo T g b e e e e e e e e - - - - -
Reverse-Acting Grate, WtE Boiler Dry System, Semi-dry System, Condensation, Polishing scrubber, Amines, Potassium Carbonates
Wet System, DeNO, Mercury

@ MARTIN (SWAWors Congrss 2022 | Page

Next Generation WtE - Integration of Electrolysis and Carbon Capture

Carbon
capture

Flue gas
bustion treatment

CO,- Recirculation b 4 Storage

Hydrogen H

Electrolysis

Hydrogen for gas stations or advanced syntheses(i.e. MeOH, SynFuels ...)

@ MARTI “ ISWA World Congress 2022 | Page 7
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Next Generation WtE - Integration of Electrolysis and Carbon Capture

State of the Art WtE SYNCOM WtE SYNCOM + CO, Recirculation
(State of the Art) (Concept)

1-4 MW, Electrolysis > 30 MW,, Electrolysis > 70 MW, Electrolysis

(~ 6 m%h O, per t of waste) (~ 150 m%h O, per t of waste) (~ 250 m?h O, per t of waste)

~15% 4, CO, >20% 4, CO, >46% 4, CO,
£ 20,000 | |y
€ 18000 |
3 16000 |
'8
c 14000 |
o 1)
80 12,000 0%e
=z W of
O 10000 |
~
£ 8000
g 6000 | oxygen
B 4000 |
I

2,000 %/
0 e
0 10 20 30 40 50 60 70 80 90 100
Self-Supplier | Purchaser Electrolysis Power MW,

@ MARTIN ISWA World Congress 2022 | Page 8

Next Generation WtE: MeOH Syntheses Project (in planning)

Key-Facts:

+ 160,000 tpy Waste

» Elektrolysis of 10 MW,
+ 10,000t CO,/y

+ 5,000t MeOH/y

———ZASt_

e

,:V {4 ":"' I &
Y [ e
SR T T
ot

.
¢
v

3

™

1

) I ML

@ marTiN Emby

m Ao
Electrolysis
MeOH
Steoq Carbon capture Synthesis

BORN ERMEL Ingenieure

@ MARTI “ ISWA World Congress 2022 | Page 9
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(The Future of Advanced Technology in Waste Management)
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B\ 2ecock | The Future of Advanced Technology
) e in Waste Management

RENEWABLE
ENVIRONMENTAL
THERMAL

Ole Hedegaard Madsen

Senior Director of Technology and Business Development

20 September 2022
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What We Do
@ Renewable Waste-to-Energy - Waste-to-Energy combustion and steam generation
@ Renewable Biomass — Biomass combustion and steam generation
@ Environmental Technologies - Integrated, custom solutions for utility/industrial emissions control
@ Ash and Material Handling - Bottom and fly ash material handling
@ Cooling Systems - Custom engineered wet, dry and hybrid cooling solutions for power plants
@ Steam Generation Technologies - Boilers to burn any fuel, from small package boilers to high-capacity boilers
@ Boiler Auxiliary Equipment - Reliable components for cleaner, more efficient operations
@ Technical Services and Parts - solutions for modifying, improving, operating and maintaining equipment
@ Construction - Field construction, construction management and maintenance services

A Leader and Innovator in the World’s Energy Transition

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 2
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RENEWABLE

THERMAL

Agenda

Circular economy — how does WHE fit into the EU future?

How can WtE reduce the GHG emissions?

What kind of fuel will be available for WtE plants in the future?
High costs - New opportunities

B&W transition towards a net zero carbon target:

© Oxy-combustion
© Carbon Capture
© Chemical Looping

Toward a sustainable future

© 2022 The Babcock & Wilcox Company. Al rights reserved. BABCOCK & WILCOX 2
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Global Need for Safe Waste Management

» World population is 7.8 billion and
growing at a rate of 1.1% (200,000/day)

» Total municipal solid waste (MSW)
generated per person, per day:
1.6 Ibs (0.74 kg)

» 500+ cities with population over 1 million

» Universal impact

» High-income countries: volume

Il Composting

B Incineration

M Controlled Landfill
Landfill (unspecified)

» Low-income countries: mismanagement (dumped/burned)

Waste Disposal (%)

WHERE DOES IT GO?

M Sanitary Landfill (gas collection)
M Open Dump
I Other
M Recycling
Source: World Bank

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 4

EU policy goals = Green deal

WHLE contribution to the goals of the EU Green Deal

(

A zero pollution ambition
for a toxic-free environment

Mobilising research
and fostering innovation

Transforming the
EU’s economy fora
sustainable future

Increasing the EU’s Climate
ambition for 2030 and 2050

Supplying clean, affordable
and secure energy

Preserving and restoring
ecosystems and biodiversity

1
From ‘Farm to Fork': a fair,
healthy and environmentally
friendly food system

/

Accelerating the shift to
sustainable and smart mobility

Mobilising industry
for a clean and circular economy

Building and renovatingin an
energy and resource efficient way

Leave no one behind
(Just Transition)

Financing the transition

184

Pollution prevention:

Safe treatment of residual
waste (landfill prevention)

Secured energy:
Dispatchable energy
Partly renewable

Does not rely on extra-EU
imports of fuels

Circular economy:
Energy & material recovery
Decarbonisation:

Landfill diversion (< CHa)

Prevents use of virgin
fuel/material




‘ Towards a circular economy

» Current rates of resource depletion
and waste generation are
unsustainable

» 28 March Denmark had used it annual

PREPARING FOR RE-USE o
part of natural resources in 2022!!

RECYCLING

> Need to de-couple economic growth
from increasing resource
consumption.

RECOVERY WASTE

DISPOSAL

» Radically different business models
required

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 6

Methane Emissions

The GHGSat team used their
satellites to spot methane
plumes on 20 August and 13
October 2021, emanating from
two landfill sites approximately
six km apart, located just 18 km
from the center of Madrid.

The largest source released
methane at a rate nearing 5000
kg per hour, with satellite
imagery showing a cloud of
greenhouse gas drifting towards
nearby residences. Both landfill
sites combined emitted 8800
kg of methane per hour =
77000 tons per year

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 7

ENHANCEMENT ABOVE BACKGROUND (ppb)
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Waste handling

What will WtE plants burn post 2030

» Source separation — system with multiple waste bins. One
bin for non-recycling = residual waste.

» Single source collection — 2 bins dry/organic - follow by
centralized sorting process.
Non-recycling = out put from MBT.

* Industrial mono waste steams

* Composite material from packaging wrapping materials

* Contaminated waste; hospital, food industry, medical
industry)

® OQutput from re-cycling industry — low quality material
from re-cycling operations

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX

Source Category

—~

Material Class

E Plant-based material
& \
D’aper and paperboard -\J:\ e
exmes ‘w%l-:' ” ~
] s . ]
[Metais Wi Synthetic polymerst
- @
P O -
S Animal produml
Dfard waste
e

EGlass
ot e

’ = lnorganit*
- eather

2 More homogeneous waste streams
» High costs - New opportunities

L) Waste streams — Non Recyclable part streams

» Wood waste

» Paper & cardboard
» Plastic & rubber

» Tires

» Textile

0 Chemical processes
» Pyrolysis = Qil
» Gasifications = Syngas
» Advanced combustion = Chemical Looping =
Hydrogen

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX
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BrightLoop™ — the next generation
of Chemical Looping

The Babcock & Wilcox collaboration with our university partner The Ohio State University has:
* Shown that Chemical Looping can effectively separate CO, while producing hydrogen, steam and/or syngas
* Demonstrated that Chemical Looping is ready for commercial scale-up

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 10

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX
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A Particle Breakthrough Made It Happen

OXYGEN A

DEPLETED AIR q q o . .
A unique particle from Ohio State University

%IE&M * Use metal oxide particles to carry oxygen

CO,;+HO

* Oxygen carrier particles has shown an
ability to sustain thousands of cycles —

approx.
2 years operation
REDUCER * Makes Chemical Looping possible for
(Endothermic) practical implementation of carbon

isolation and CO, capture

1 '
?:.:XIDIZER * Demonstrated Hydrogen production

~ (Neutral)
t ‘A]

BrightLoop™ Combustion: Steam Generation

. OXYGEN

DEPLETED AIR

' _ - — p =
/ &L \ / \
/ i \ \

AIR
REACTOR

FUEL
FUEL) REACTOR ?c;l;algcﬁv,gal

(WATER
,

Fuel Reactor: Air Reactor:
Fuel + Fe,0; = CO, + H,0 + FeO FeO + O, (Air) = Fe,O; + Heat

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX
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Depleted Air

CO,out

co, 4 iy Steam-Only Generation

Main reactions:

Coalin
Fuel ‘ ‘o
e Reducer: Fuel + Fe,0; > FeO +CO, + H,0

MOVING BED
REDUCER

Oxidizer: Air+FeO -> Fe,0, + Spent Air

Enhancer Gas in

Enbancaftes Overall: Fuel + Air - CO, + H,0 + Spent Air

FLUIDIZED BED
COMBUSTOR

Animation by The Ohio State University
Tong, A., Bayham, S., Kathe, M., Fan, L.-S. Applied Energy Journal

Thomas, T. ., Fan, LS., Gupta, P., Velazquez-Vargas, L.G. U.S. Patent 7,767,191

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 14

BrightLoop™ Gasification: H, Generation

Fuel Reactor: 4 A DEPLETED AIR
Fuel + Fe,0; = CO, +H,0+2 FeO ‘ ,
CO,«

Hydrogen Reactor: REACTOR
FeO +H,0 - Fe;0,+H, FUEL)

; o
Fe;O, + O, (Air) > Fe,O;+ Heat H, | WATER

Air Reactor:
Notes: STEAM ) REACTOR

* Fe;0, has lower oxidation than Fe,0,
¢ Equations are not balanced

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX
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Depleted Air

MOVING BED
REDUCER

Atmospheric H, Generation

Main reactions:
Reducer: C,H,0, + Fe,0, - CO, + H,0O + FeO

X' ly~z

Fuelin

Oxidizer: FeO +H,0 > Fe;0,+ H, + Q
Combustor: Fe;0,+0, - Fe,0,+Q

MOVING BED
OXIDIZER

Net Reaction: CH O

X' ly~z

+H,0+0,-> CO,+H,+Q
Steam

Steam in

FLUIDIZED BED
COMBUSTOR

Animation by The Ohio State University
Tong, A., Bayham, S., Kathe, M., Fan, L.-S. Applied Energy Journal

Thomas, T. ., Fan, LS., Gupta, P., Velazquez-Vargas, L.G. U.S. Patent 7,767,191

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX 16

» A flameless process using oxidation-reduction
reactions to process fuel and produce energy for
power generation and hydrogen

» Simultaneously produces a concentrated CO,
stream for capture, storage or PtX

» Fuel impurities, such as sulfur, nitrogen and
heavy elements report to the CO, stream.

» The CO, does not contain any nitrogen from air,
the volume of gas to treat is reduced.

» Thus, any cleanup or environmental equipment
is likely smaller and less expensive

» Lower cost, higher efficiency

gas—to electricity, hydrogen, syngas, chemicals, or liquid fuels

BABCOCK & WILCOX

© 2022 The Babcock & Wilcox Company. Al rights reserved.
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BrightLoop™ Chemical Looping is a Platform Technology

»

Process
Waste Combustion:
Steam ( C Turbine ()
Natural Gas ’
Biomass » ‘ Gasification: (g Fuel Ce"/B°"e’: ;
Hydrogen
Hydrogen Storage

Partial Oxidation:

Syngas Shift Reaction
Methanation
Fischer-Tropsch

Biogas

Coal (Petcoke)

BrightLoop™
Chemical Looping
Technology

co, for Storage
and Beneficial Use

(Gasoline, Diesel, Jet Fuel)

BABCOCK & WILCOX
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Gas CDOIingl—b[ Baghouse H ID Fan

Combustor Gas Sample

Reducer Gas Sample €=

Coal Feeder

Particle
Makeup

. Y
Carrier Gas —

A4

Natural Gas

Enhancer Gas =
Air

Compressor Heater L-valve Gas Tt
Air >4 Natural Gas Injection

Specifications

[ 0 * Materials: Refractory-lined carbon steel + Maximum Thermal Rating: 250 kW
250 kW,,, CL Pilot Test Unit _ . b
* Max Operating Temperature: 1100 C° * Design Feed Rate: 16 kg/hr
* Overall Height: 9.7 m * Oxygen Carrier: Iron based

* Footprint: 3mx3m * Particle Diameter: 1.5 mm

Development Path

B&W’s

10 MW, .
Techno- Pre-FEED Commercial
Economic Study 100 - 550 MW,

Analysis

o 1t05.5 M Ib/hr

Scale

Small Plant
50 MW,
500,000 Ib/hr

Demo Pilot
2.5 t0 25 MWy,
8,500 — 85,000 Ib/hr

B&W’s 250 kW,

Next step: Pilot demonstration

OSU'’s Pilot at a commercially scalable size

Laboratory Scale 25 kW,
2004 2008 2014 2016 2020

© 2022 The Babcock & Wilcox Company. All rights reserved. BABCOCK & WILCOX

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

192



BrightLoop™ Advantages

CO, Capture Emissions

» CO, capture by design: no need for post-combustion CO,

capture (amine scrubbing) » Contaminants report to the CO, strea-m g

» ASU contributes to ~40% of CAPEX of H, or syngas plant » Concentrated product streams.result in more efficient
L . ) and less expensive control equipment

» Significant operating cost saving

High Selectivity Flexibility

» Moving bed design allows high purity of product from » Base technology has wide range of products and
reaction equilibrium

applications
» Compatible with CO, capture regulation

Scalability

Lower Capital Costs

» Process maintains performance at small scale

» All the above advantages result in lower costs when
» Not limited to ASU scales to be cost competitive compared to competing technologies.

Decarbonization Technologies are Ready

ClimateBright™

DECARBONIZATION TECHNOLOGIES

BrightLoop™ OxyBright™ SolveBright™

CHEMICAL LOOPING OXYGEN-FUEL COMBUSTION

oxvGeN A

S

BrightGen™

HYDROGEN COMBUSTION

POST-COMBUSTION CARBON CAPTURE

) < _—
) ] - » Pilot testing complete
» Jointly developed with The Ohio State University

» Post-combustion amine-based solvent process : : ’
» Can simultaneously produce hydrogen » First solvent demonstrated at National Carbon Capture » Commercially ready and currently in operation
» Pilot testing complete on both syngas and coal Center (NCCC) Southern Company’s Plant Gaston » A combustion technology that produces no CO,
at 250 kW,, input » 168 MW, full-scale design ready » Reference plant design ready » Can be retrofitted to fire hydrogen
e
» Ready for scale-up to 4 x 2.5 MW,

» Pilot-scale testing complete (30 MW,,)

FUELS: Any combustion, gasification and industrial
FUELS: Coal, pet coke, natural gas and waste streams

FUELS: Natural gas and solid fuels (biomass, coal) process that produces a flue gas stream with CO?

FUELS: Hydrogen, alone or in combination with
natural gas, oil, or other gaseous fuels

BW sascock ' B&W is at the forefront of developing CO, capturing technologies
S &WILCOX

» 93 active patents related to carbon capture technology
N ENY/RONMENTAL » Multiple technologies ready for commercial demonstration

»

Positioned to provide critical solutions to meet global climate goals

B&W has successfully tested three carbon capture technologies

applicable to a wide range of fuels and processes

193



+/\

{58 A S B L R S BT G R P e iR L F S 88 oy T P AR

L XS o =
Hb/ﬁﬁ@

(Using Advanced Landfill Closure and Solar Technologies to

Transform Landfills into Renewable Energy Assets)
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WG Watershed Geo-
= Unearthing Solutions

Using Advanced Landfill Closure and Solar
Technologies to Transform Landfills into
Renewable Energy Assets

Ming Zhu, Director of Engineering Services
Mike Ayers, CEO
Watershed Geosynthetics, USA

ISWA 2022

% Y WORLD CONGRESS
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\/ Watershed Geo’
About Watershed Geo w Unearthing Solutions

o Based in Atlanta, Georgia, USA

o Founded in 2007 by civil engineers with landfill operation and
management experience

o Atechnology company providing landfill closure solutions through
development of innovative products

o Maijority ownership by Shaw Industries Group, a Berkshire Hathaway
Company (a Top 10 Fortune 500 company)

o Partner with Agru America for market development and structured
geomembrane supply

o Both Shaw and Agru have offices worldwide, including Asia

- e
haw Berksuire Hatnaway ne.  WEIERU

STRUCTURED MEMBRANES

) ISWA 2022

' WORLD CONGRESS

Beneficial Reuse of Landfill for Solar Energy

+ Benefits of developing a solar farm on a closed
landfill:

% Reuse large space to provide a clean source of
renewable energy

« Prevent disturbing a “greenfield” and save natural
areas

+«+ Save construction costs because the landfill already
has infrastructure built in place (e.g., access roads, a
stormwater management system, security fences, an
electricity connection system, etc.)

« Develop stronger public relationships through
commitment to sustainability

« Transform liabilities into renewable energy assets and
generate revenue to offset landfill operation and (Source: Watershed Geo)
maintenance costs

) ISWA 2022

/ WORLD CONGEF
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Traditional Solution

' h 4
0.15m TOPSORL

PROTECTIVE COVER SOIL

045m
GEOCOMPOSITE DRAINAGE LAYER
JAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
TEXTURED HDPE GEOMEMBRANE
03m

BEDDING SOIL

Vegetative Landfill Cover

Utiiity Grid

PV Modules

Transformer

\
Inverter ~~_—" | < Meter

A4 gl
s

Combiner
Box

Source: NREL

Racking-Supported Photovoltaic
(PV) Solar Panels

ISWA 2022

Traditional Solution

' WORLD CONGRESS

A 2.7-MW solar farm constructed on a portion of a landfill in Somerville, Tennessee, USA
(Source: https://www.wastetodaymagazine.com/article/tennessee-landfill-solar-project-complete/)

ISWA 2022
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Challenges with Traditional Solution

Source: RBI Solar

Impact of Loading on Landfill

Soil Erosion Vegetation Overgrowth (e.g., settlement)

NAZa

' WORLD CC

Challenges with Traditional Solution

Difficulties with Installation on Slopes

Row Spacing and Shading (constructability and impact on landfill slope stability)

ISWA 2022

' WORLD CONGRESS
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Advanced Solution

Mounting Edge Block

Engineered Turf
(32 mm or 1.25 inches
high typical)

3 j Friction/Anti-Creep Strip

ClosurelurtSyserid, \(| w'
L\ &ﬂwh\ki\wm&

Specified Infill
(13 mm or 0.5 inches minimum)

ClosureTurf®

P ™
Landfill Final Cover System owerCap

Rackless PV Solar Panels

) ISWA 2022

' WORLD CONGRESS

What is ClosureTurf®

2

« ClosureTurf is a patented 3-component landfill final cover system:

®,

< A structured geomembrane: serves as the hydraulic barrier

K3

+ An engineered turf: is made of synthetic grass blades tufted into a double-layer woven geotextile
backing and provides ultraviolet (UV) and wind protection of underlying geomembrane

K3

< A specified infill (min. 0.5 in or 13 mm): provides additional ballast against wind uplift, UV
protection of engineered turf geotextile backing, and improves trafficability

" Minimum %"

Specified Infill R \
X e Engnecred Turt \
~ ;-Geotextile Layers q LY A (

Engineered Turf
(32 mm or 1.25 Inches
high typical)

\ Structured ré

Geomembrane %
I
Prepared / Structured

Infil
\ Subgrade f Commembrny
\ ClosureTurf* System /

1 - Structured . 3 - Specified Infill
Geomembrane 2- Engineered Turf (Sand)

) ISWA 2022

3 WORLD CONGRESS
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Comparison with Traditional Soil Cover

Geotextiles,
. _, HDPE Grass
Agru SO-mil LLOPE
Super Gripnet “Sand Ballast

with Spike Down

Foundation Soil =~

6" (150 mm)

Geocomposite 18” (450 mm)
Drainage Layer
:
40-mil LLDPE EAs t
Geomembrane 18”

Intermediate
(450 mm) ) (450mm)  Int

Traditional Vegetative Cover ClosureTurf

< The soil layers in a traditional vegetative cover are replaced by the engineered turf and specified sand infill layers in ClosureTurf.

< By removing the soil layers, ClosureTurf provides more predictable and consistent performance that is less affected by changing
weather and site conditions.

< ClosureTurf replaces the vegetative/protective soil layer, resulting in an additional airspace (typically 2 ft or 600 mm) for landfills that
are permitted based on a maximum elevation of the final cover.

ISWA 2022

' WORLD CONGRESS

ClosureTurf Project Map (USA)

« First ClosureTurf installation completed in 2009

« To date, 3,400+ acres (1,300+ hectares) of
ClosureTurf installed or being installed at 90+
sites in the USA

% ClosureTurf sites including municipal solid waste
(MSW) landfills, construction and demolition
(C&D) landfills, industrial waste landfills, and coal
combustion residuals (CCR) impoundments and
landfills

+» ClosureTurf installed in warm and cold climates,
under severe weather conditions (hurricanes,
storms, and high winds), and in seismic zones

v “ \
WG WatershedGeo ClosureTurf

ISWA 2022

5/ WORLD CONGRESS
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ClosureTurf Projects

Baldwin County Municipal Solid Waste (MSW) Landfill, Georgia, USA
Completed: 2017
ClosureTurf Area: 23 acres (9 hectares)

ClosureTurf Projects

South Hilo Sanitary MSW Landfill, Hilo, Hawaii, USA
Completed: 2019

ISWA 2022

' WORLD CONGRESS
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ClosureTurf Projects

Mississippi Phosphates Corporation Site (US EPA Superfund Site)

Pascagoula, Mississippi, USA
Currently Under Construction

ClosureTurf Area: 220+ acres (90+ hectares)

ClosureTurf Projects

Kpone MSW Landfill, Tema, Ghana
Currently Under Construction
ClosureTurf Area: 35 acres (14 hectares)

23rd October 2021
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What is PowerCap™

« PowerCap is a patent-pending PV solar panel system that is custom-designed for direct
installation on ClosureTurf.

Friction Stri PowerCap™
(backside)p Rail (with friction strip) Rackless PV Solar Panels

PowerCap Installation

202



Wind Tunnel Testing

Wind Tunnel Testing at lowa State University

) ISWA 2022

' WORLD CONGRESS

PowerCap Projects

A Confidential Site in Southeastern USA
Project Completed: January 2019
PowerCap System Size: 39 KW, 120 panels
Side Slope: 3H:1V

bl S e W o el % ]

) ISWA 2022

' WORLD CONGRESS
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PowerCap Projects

A Confidential Coal Ash Impoundment Site in Southeastern USA
ClosureTurf Area: 309 acres (125 hectares) - Under Construction
Side Slope: 4H:1V

PowerCap System Size: 100MW (Under Design)

ISWA 202

' WORLD CC ESS

Benefits of Advanced Solution

< Easy Installation: ClosureTurf installation is typically 2 to 3 times faster than traditional soil cover installation.
The non-racking design of PowerCap makes it fast and easy to install too.

+ Minimal Impact on Landfill Performance: PowerCap does not penetrate and is not mechanically connected to
ClosureTurf. Therefore, it does “no harm” to the landfill cover. Both ClosureTurf and PowerCap are light systems
and do not create significant settlement of the waste.

«» Minimal Maintenance: ClosureTurf provides a stable foundation that requires minimal maintenance (e.g., no
soil erosion repairs or grass cutting and no dust).

*» More Area to Use: PowerCap allows installation of solar panels on landfill side slopes in addition to the top
deck, increasing the footprint of solar farm for more solar power generation.

¢ Increased Solar Panel Density: Because of its low profile, PowerCap reduces shading and inner row spacing,
increases panel density, and can provide 1 MW per 2 to 2.5 acres (0.8 to 1 hectares), compared to 5 to 7 acres
(2 to 2.8 hectares) per MW for the traditional racking-supported solar system.

Use of the advanced landfill closure and solar technologies can save closure construction and post-closure
maintenance costs, generate additional revenue, and transform landfills into renewable energy assets!

ISWA 2022

' WORLD CONGRESS
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THANKS!

Ming Zhu, Director of Engineering Services
mzhu@watershedgeo.com

Mike Ayers, CEO
mayers@watershedgeo.com

W Watershed Geo-

Unearthing Solutions
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(Preventing and Removing Contaminants from Organic Wastes)
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ISWA Working Group \\',/ ° “\
Biological Treatment ‘%z\\é ISWA
of Waste Intoraons Aok e Assesiston f
A
September 2022, Singapore ,

Presenter: Jane Gilbert & Marco Ricci

Preventing and Removing
Contaminants from Organic ‘\
Wastes

www.iswa.org  f @iswa.org W @iswa_org
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ISWA Working Group *",
Biological Treatment %\:G I SWA
of Waste I

Introduction

ISWA’s Working Group on the Biological
Treatment of Waste:

* Aims to discuss topical issues &
disseminate information

» Our previous soils project highlighted the
need to apply quality compost &
digestate to increase soil organic matter
levels

* Preventing & reducing contamination is
an ongoing issue raised by WG members

e Currently developing an issue paper on
contamination

www.iswa.org/biological-treatment-of-waste

ISWA Working Group \\",
Biological Treatment %\\é I SWA
of Waste N -

What are contaminants?

Undesirable items, substances or biological materials in organic wastes and/or their
recycled products that have potential to adversely affect the recycling process
and/or the recycled end product(s)

Examples:

Pathogens/weed
seeds

Chemicals

Plastics
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ISWA Working Group

)
Biological Treatment $\’é' I SWA

of Waste

n

Why are they important?

Can adversely affect:
Increased regulation

* The composting or anaerobic digestion process
* Damaging equipment
* Impeding mixing

» Safety of operators, end users and/or the

environment

* Processing times & profitability

* Recycling rates
* Increasing disposal

* Quality of the end product
* Restricts application
* Potential to transfer into wider environment
* Regulatory restrictions

Poor perception

ISWA Working Group
Biological Treatment %.\\é I“S_WMA‘

of Waste

Contamination hierarchy

» Selecting feedstocks carefully
* Separate collections
* Good, consistent communication

REMOVAL B4 » Screening
TREATMENT + Presses

* Cyclones

REMOVAL AFTER « Screening

TREATMENT «  Wind sifters
NO + Disposal only
REMOVAL
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ISWA Working Group *",
Biological Treatment %\:G I SWA
of Waste I

Preventing & reducing contaminants at source

Segment according to source type:

Collection scheme

Collection tools

C&I = Commercial

& Industrial
ISWA Working Group
: S
:;c:’l:agsl;::l Treatment 71‘\\\ I.§WA
Collection schemes Type of Scheme Affects Behaviour
FOOD WASTE

* Door-to-door or kerbside collections perform
better than roadside containers
Quality control
Potential to ‘reject’ contaminated bins

GARDEN WASTE
* Manned centralised collection points
Recycling centres
Clear signage
Verbal instructions to people

COMMERCIAL WASTES
* Clear instructions
» Collection bins
Convenient location

PREVENTING ‘MIS-THROWS’ Kept away from residual waste bins
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ISWA Working Group *",
Biological Treatment %\:G I SWA
of Waste | ot s et

Collection tools

* Use of compostable bags/liners
Kitchen caddies

Dedicated bins outdoors

* Minimum of weekly collection

Convenient

ISWA Working Group &',,
Biological Treatment 74\§<' ISWA
of Waste | - -

Information

* Consistent messages
‘Ins’ & ‘outs’
‘How to’
* Encourage & make people feel good
Clear branding
Different communication channels
Signs
Social media
Repeating messages

Weekly food
3 waste collection

Milan, Italy
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ISWA Working Group

Biological Treatment %:(é I_§WA

of Waste

Managing food waste packaging at wet AD facilities

De-packaging of food waste at wet anaerobic digestion facility

| Depacking | | Separation of Impurities I
> * Supermarket
food waste
| Crushing (A) |+]_Separation (D) | [ Secondary Separation ] * Arrives at facility
still packaged
l Separation Comminution (B) |

* Plastics need to
be removed
prior to
digestion

I Separation Dissolution (C) ]

Before
digestion(E)

During digestion (F)

After
digestion(G)

Source: German Biogas Association

ISWA Working Group

Biological Treatment %
of Waste N

S

ISWA

Removing contaminants at dry AD & composting

Example: Kompogas® dry AD, Hogbytorp / Sweden
* Green waste, manures & food waste
* Contaminants due to ‘mis-throws’

19 20

© ‘ Hitach) Zasen
INGHA

Screening

Source: Hitachi Zosen Inova

211



Overview & aims of the paper

MAIN CHAPTERS

1. Types of contaminants
2. Sources

3. Prevention strategies
4. Removal techniques

AIMS

@ Reference document

@ Hierarchy of options

ISWA Working Group

\l2 ;
Biological Treatment ‘%\(& I SWA
of Waste ‘ R i

THANK YOU
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ISWA Working Grot

Biological Treatm
of Waste

PUBLISH Q1 2023

PREVENTION
REMOVAL B4
TREATMENT

REMOVAL AFTER
TREATMENT

www.iswa.org

NO
REMOVAL

. s
e ISWA

-

¥ @iswa_org

f @iswa.org
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(How Food Waste Can be Handled Appropriately — by Centralized or
Decentralized Approach)
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Holdings
WORLD CONGRESS

Limited
21 - 23 SEPTEMBER, SINGAPORE

¥ s

AEL (International Holdings) Ltd

How Food Waste Can be Handled Appropriately —
by Centralized or Decentralized Approach

+852 2767 1222

Science Park Unit 105-106, Bio Informatics Centre (2W), Hong Kong
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Jude Chow

Membership

Th

& 45«
@< 35
v 30%
ik, 20+
% 20~

Food and Agriculture Organization of United Natig

of all fruit and
vegetables

of all fish and
seafood

of all cereals

of all dairy
products

of all meat and

poultry

ISWA Member since 2013

Chairman Hong Kong Waste Management Association 2017 — 2019
Chairman Environmental Council (FHKI) Since 2017

Vice Chairman Federation of Hong Kong Industry Since 2019
Committee Member, China Association of Urban Environment and
Sanitation

ink Tank

Committee Member, Greater Bay Area Task Force on Innovation
and Technology: Trade Development Council

Committee Member, Innovation and Technology Development
Committee (FHKI)

Government Funding Committee / Environmental Award

Cleaner Production Partnership Program 2018-2022

Enterprise Support Scheme (ESS) Assessment Panel's assessor,
Innovation and Technology Commission.

Awards Committee, The Hong Kong Awards for Environmental Excellence

“Roughly one-third of
the edible parts

of food produced for
human consumption,

gets lost or wasted glob
ally, which is about 1.3
billion ton per year.”

214



Mega Cities Challenges

LOGISTIC AND TRAFFIC ENERGY FOOD SECURITY CARBON EMISSION

TRt
He
SANITATION IN HIGHLY ODOUR LABOUR SHORTAGE
POPULATED AREA

215



Driver for Sustainable Mega
City Waste Management

SMART

* Big Data: On-Demand
Collection

* Energy Efficiency

Sustainability

* Economic for
stakeholders, SOCIETY,

* Natural Science

* Community Engagement

David C Wilson (2007) Centre for Environmental Control and Waste
Management Department of Civil and Environmental Engineering, Imperial
College, London, UK
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Consideration for Centralized Food Waste Treatment

Policy &
Subsides

Technology

Energy Efficiency /
Carbon Foot Print

Community Engagement
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Conventional Centralized Food Waste Management

1. Collection 2. Transportation

3. Treatment

Require tedious manual
separation of food waste
and occupy lots of space

for storing food waste

Delivered either by
refuse collection
vehicles or tail gate
trucks to centralized
facilities

4
ol
&
o

Require complicated
pretreatment before
going through
anaerobic digestion
to produce biogas

Key challenges:

* Manual separation:
labour-intensive
Lots of space for storage

Pretreatment:
complicated & costly

Decentralized Food Waste Treatment
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Consideration for Decentralized Food Waste Treatment

Policy & Technology

Subsides

Energy Efficiency /
Carbon Foot Print Community

Engagement

Decentralized Food Waste Treatment

T

WP\

Compost Animal Feed
Inconsistency in fertilizer quality * High capital investment for equipment
Manual handling * Energy Intensive

* Odor and Sanitation * Farm Application

* Gardening Application
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Consideration for Satellite Food Waste Treatment

Policy & Subsides

Technology

Energy Efficiency /
Carbon Foot Print

Community
Engagement
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Satellite Approach for Decentralized Waste to Energy

» Splitting the conventional Centralized Anaerobic Digestion
process

Pre-
Treatment

Methanogenesis

At Waste Source At The Community

Containerized Two Stage Anaerobic Digestion

An all-in-one 2-stage Anaerobic
Digestion (AD) system that
converts food waste into Energy

» Compact / Small Food Print
« Zero Discharge

* Fully Automated — Unman
operation with loT

« Exterior Design to match the

surrounding environment
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Two Stage Anerobic Digestion Process

Hydrolysis /

Pre- Treatment

Methanogenesis

Acidification

Mouth — Chew Stomach - Using Using bacteria to
and Grinding to Acid to covet food into
breakdown Food breakdown food biogas

Mimic Human Digestion

Patented Food Waste Pretreatment System
Feeding food waste -

&

Food Waste Slurry
(97%)

Food waste
(100%)

* ~97% of the food waste is
converted into slurry, leaving
~3% garbage for disposal.

Garbage
(3%)
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Satellite Food Waste Management

.

Shopping Mall Pre-treatment
Hotel & Resort Pre-treatment

a~
~ Pre-treatment Food Waste Tankers

Residential (Food waste slurry)

Install at Food Waste Source

Satellite Waste to
Energy Facility

Recycling of Food Waste to Valuable Resources

| .-

Food Waste Floatable Oil
Decomposition (10 — 15 Liter)

Bioreactor
u |

Nutrient
1 tonne Food Waste Solution

(1.8 tonne)

Biogas

Production o
Bioreactor
Biogas (130 —160m3)

! LI Fa
Solid Residue Eco Pet Feed
(0.1-0.2 tonne)
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Awards — Hong Kong

18th October 2022

Food waste

/4 Food JTanSmarter
o B B8R B & X

Food Waste Slurry
(97%)

“Food TranSmarter”, the food waste conversion system developed by the Hong Kong Productivity Council
(HKPC), scooped two grand awards at the first-ever City I&T Grand Challenge. It was crowned the
Champion of the Open Group (Environmental Sustainability) category and won the Most Favoured Award
by receiving the most public votes from the audience of the award presentation ceremony on-site.

Awards — International

*|IChemE Global Awards 2018 - Highly Commended for
the Energy and Sustainability Award

B wwstuton of 1 2
18} Cromocs ngresn ) Chemcar bngreen

|ChemE

*45th International Exhibition of Inventions of Geneva,

2017 - Gold medals DIPLOME

Gold Medal- “Total Food Waste Cetions
Recycling System” - High Market Value
Products and No Wastage

Gventions @

eneva i A

INTERNATIONAL
DES INVENTIONS
‘ GENEVE

224

*|ET Innovation Award 2017 - Winner of
the IET Innovation Award for Power and
Highly commended in the for Sustainability

INNOVATION %

FINALIST 2017

lH AWARDS
The Institution of

Engineering and Technology

The “Food Waste Total Recycling System”, developed by
HKPC, was granted the winner of the “Power” category
and a “Certificate of Highly Commended” in the
“Sustainability” category at the prestigious “IET
Innovation Awards” in London, the UK




Thank You!

Please come to visit our Booth B13
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(Full Sustainability Assessment of an Electric Car NMC Battery
Recycling)
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m innovation
for life

) SUSTAINABILITY ASSESSMENT OF BA

DIANA ELIZA GODOI BIZARRO, CHARIDIMOS:

i
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g,
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) E-sMOBILITY AND THE WASTE SNOWBALL

) Electric vehicle sales grew 9% in 2021

) ban on the sale of new petrol and diesel cars from 2035

] nlectric car sales surged due to EU CO2 targets
} 240 ktonnes of waste EV batteries (2021) 20%

18%
O
S

> 16%
2
£ 14%

'gmg

2018 2019 2020- EU target 2021 - EU target
year year

@ Battery Electric share @ Plug-in Hybrid share

N
Scope: EU2T
Source: ACEA (202
7= TRANSPORT & ‘ L
= DARONMINT @ wamportemssmmenterg

m innovation
for life

» E-MOBILITY AND THE WASTE SNOWBALL

) Electric vehicle sales grew 9% in 2021

) ban on the sale of new petrol and diesel cars from 2035 “

) 240 ktonnes of waste EV batteries (2021) ' ‘
I O . ’
D,

(&
@ Recycling

) Solves waste treatment
) Provides critical raw materials
) Secondary materials can be produced locally

) BUT -> there are limitations

m innovation
for life
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» PROJECT TRIPL=LINK

Project goal:
Create an integrated software solution to Target audience:

help design, assess and optimize the Process and manufacturing industry
footprint of products and technologies.

' Funding
Assessment methods:
LCA @ RawMaterials
Material Criticality Connecting matters
Circularity —
the European Union

Thermo-economic information

m innovation
for life

» CASE STUDY

CASE STUDY DESIGN

Test the assessment framework with
different indicators

Generate knowledge on the challenges and limits

for recyclability of energy storage technology {2 @
- (choice: electric vehicle NMC 111 batteries)

m innovation
for life
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) RESEARCH QUESTIONS

How does pre-treatment influence the recycling of EV batteries?

mifnn%ation
Image credits: Images from HSC chemistry software orie
) RESEARCH QUESTIONS
How does pre-treatment influence the recycling of EV batteries?
Can we use thermodynamic principles to tackle battery
recyclability limits and assess circularity at once?
TNO 52
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) RESEARCH QUESTIONS

criticality?

» CASE STUDY

NMC 111 BATTERY

) weight: 360 kg
) Composition from GREET model*

~

Functional unit

~

Pyrometallurgical recycling of 1 kg of NMC 111 battery

~

Assessment
Environmental impacts [ReCiPe 2016 (h)]

~ ~

Thermodynamic circularity [CExD and exergy loss]
Criticality [GeoPolRisk]

~

230

How does pre-treatment influence the recycling of EV batteries?

Can we use thermodynamic principles to tackle battery
recyclability limits and assess circularity at once?

How does recycling affect the environment and battery material

TNO i

Steel 5.7%

Battery casing Electl.'onics 2.7%
(34%) Alum!num 17.9%
Plastics 5.7%

Cables 2.3%

Aluminum 5.3%

Plastics 1.5%
Steel 3.3%

Al foil 5.5%

Li 1.0%

Ni 3.0%

Co 3.0%

Mn 2.7%

02 4.6%

Anode Cu foil 9.2%

(17%) Graphite 7.8%
Aluminum 5.8%
Volatiles 8.3%
Plastics 3.8%
Difluoroethylene 1.1%

TNO 52



CASE STUDY

NMC 111 BATTERY

Foreground system:

) Discharge and disassembly

) Thermal and mechanical treatment for material separation

~

Pyrometallurgical recycling

~

Hydrometallurgical processing of the slag

~

Material recovery (avoided products)

~

Background system (Ecolnvent 3.8):

~

Further sorting and recycling of waste streams

~

Waste treatment and landfilling of mixed residual waste

~

Transport

CASE STUDY

NMC 111 BATTERY

Foreground system:

) Discharge and disassembly

) Thermal and mechanical treatment for material separation

~

Pyrometallurgical recycling

~

Hydrometallurgical processing of the slag

~

Material recovery (avoided products)

~

Background system (Ecolnvent 3.8):

~

Further sorting and recycling of waste streams

~

Waste treatment and landfilling of mixed residual waste

~

Transport
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Battery Part

Steel 5.7%

e Electljonics 2.7%

(38%) Alum!num 17.9%

Plastics 5.7%

Cables 2.3%

Aluminum 5.3%

Plastics 1.5%

Steel 3.3%

Al foil 5.5%

Li 1.0%

Ni 3.0%

Co 3.0%

Mn 2.7%

02 4.6%

Cu foil 9.2%

(17%) Graphite 7.8%

Cell Housing Aluminum 5.8%

Electrolyte Volatiles 8.3%

Separator Plastics 3.8%

Difluoroethylene 1.1%
TNO

Steel 5.7%

Battery casing Electl"onics 2.7%

(38%) Alum!num 17.9%

Plastics 5.7%

Cables 2.3%

Aluminum 5.3%

Plastics 1.5%

Steel 3.3%

Al foil 5.5%

Li 1.0%

Ni 3.0%

Co 3.0%

Mn 2.7%

02 4.6%

Cu foil 9.2%

(17%) Graphite 7.8%

Aluminum 5.8%

Volatiles 8.3%

Plastics 3.8%

Difluoroethylene 1.1%
TNO



» CASE STUDY

Steel 5.7%
Electronics 2.7%
Aluminum 17.9%
Plastics 5.7%
Cables 2.3%

NMC 111 BATTERY

Battery casing

Foreground system: (34%)

) Discharge and disassembly

Aluminum 5.3%
. ) ) Module ) o
) Thermal and mechanical treatment for material separation (10%) Plastics 1.5%
Steel 3.3%
) Pyrometallurgical recycling Al foil 5.5%
_ ) Li 1.0%
) Hydrometallurgical processing of the slag Ni 3.0%
. . Co 3.0%
) Material recovery (avoided products) _ Nin T
02 4.6%
Anode Cu foil 9.2%
) Background system (Ecolnvent 3.8): (17%) Graphite 7.8%
. . Cell Housing Aluminum 5.8%
) Further sorting and recycling of waste streams Electrolyte Volatiles 8.3%
- . . Separator Plastics 3.8%
) Waste treatment and landfilling of mixed residual waste Difluoroethylene 11%
) Transport
TNO
) SYSTEM BOUNDARIES
Scenario 1
Discharging )
SL‘I);:‘ ’ & Machsias— Pyrometallur: C‘Z?;;CU
Disassembly ay
Scenario 2 )
; LithoRec Process :
Spent | Discharging Mechanical ! Black Co-Ni-Cu
— LBs & —Modules—» & Thermal T Mass Pyrometallur Alloy —>»
E Disassembly Pretreatment ! o
TNO
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- Feed Material wt.-%
) Battery Recycling puomerate g 0
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Image credits: Images from HSC chemistry software

) PRE-TREATMENT PROCESS

75% efficiency assumed
up to 98% possible

DA

i

v

v

|
|
|
! Neutralization1

?

N2in1 - N21In3
! ¥ 1,44
Shredder Machin0,26 Drying 1,10 i
Discharging Disassembly Condesator & Scrubber
()
Discharged J \
— Shredded
577 “
L=
o
' 0 I
#Out *1 Scrap
! Dried Parts
0 $ 0 198 5 0 926 0 110 ' Liquids N2 Out3
A ! i
048 144
Sieve 48-2 v v
Air Classifier 2 Tl LightParts  Alr Classifer
G\ »
Metal Plastic Mix fuaixe Pas 229
< 7 129 \ 4
L v - -—0
| *6 <+ L
Mostly Plastic Black Mass 0 ¢4 | HeavyParts
! 1
° Yois 1100 P o L1

Image credits: Images from HSC chemistry software
Sources for pre-treatment process

Diekmann, J., Hanisch, C., Loellhoeffel, T., Schélicke, G., & Kwade, A. (2016b). Ecologically friendly recycling of lithium-ion batteries-the lithorec process. ECS Transactions, 73(1), 1.
Diekmann, J., Rothermel, S., Nowak, S., & Kwade, A. (2018). The LithoRec Process. In Recycling of Lithium-lon Batteries (pp. 33-38). Springer, Cham.

Kwade, A., & Diekmann, J. (2018). Recycling of lithium-ion batteries. The LithoRec Way, Switzerland: Springler International Publishing AG.
Kwade, A., Diekmann, J., Hanisch, C., Spengler, T., Thies, C., Herrmann, C.

& Scholl, S. (2016). Recycling von lithium-ionen-batterien—lithoRec Il Abschlussberichte der beteiligten
Verbundpartner. Verbundprojekt im Rahmen des Férderprogramms, Erneuerbar Mobil “des Bundesministeriums fir Umwelt, Naturschutz, Bau und Reaktorsicherheit, 2017-01
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) RESEARCH QUESTIONS

Image credits: Images from HSC chemistry software

) RESULTS

| ) 2x more energy consumption (due to less aluminium and

graphite in black mass)
) 25% - 2% cathode material loss in mixed waste streams
) 94,1% of the resulting alloy is Cobalt and Nickel

) Copper impurities reduced from 55% to 5,5%

234

How does pre-treatment influence the recycling of EV batteries?

HOW DOES PRE-TREATMENT INFLUENCE THE RECYCLING OF EV BATTERIES?

m innovation
for life

(no pre-treatment

Alloy Content in
component %mass
Mn 0,1%
Co 18,1%
Ni 19,2%
Cu 55,1%
Al 0,0%
Fe 7,5%
Li 0,0%

Alloy
component

Mn
Co
Ni
Cu
Al
Fe
Li

Content in
%mass
0,2%
44,7%
49,4%
5,5%

0,0%

0,2%

0,0%
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) RESEARCH QUESTIONS

) Mass circularity: recycling Al and Co = 39%
) Thermodynamic circularity:

) recycling Al and Co = 87%

Battery Pack Composition

Thermodynamic
Rarity

Materials Mass

0% 20% 40% 60% 80%

m Al m Plastics m Cu mFe mGraphite mEC mCo mNi mMn  LiPF6 m C2H2F2

Can we use thermodynamic principles to tackle battery
recyclability limits and assess circularity at once?

% L4
ENTROPY O
..~
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) RESULTS - CIRCULARITY (THERMOECONOMICS)

) 62% of the Exergy lost due to Lithium recovery

) Higher for recycling than for primary production

TNO

innovation
or life

) Exergy conservation/Circularity: - 81% scenario 1, -58%

Scenario 2
Cumulative Exergy Demand of Li,CO; per
battery
2000
1600
3
£ 1200
&
=
T 800
=
0
Scenario 1 Scenario 2
Prod. Brine Prod. Spodumene RoW  m Prod. Spodumene CN = Recycling
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) RESEARCH QUESTIONS

criticality?

1 3 CLIMATE NO
ACTION POVERTY

) RESULTS - LCA (GWP)

Without pre-treatment
) CO2 emissions avoided = 1.75 kg CO2

) 80% emissions of CO2 eq. from Heat demand, combustion
of graphite, plastics etc

How does recycling affect the environment and battery material

12%

10%

8%

6%

; II"III Il
~ i ol

With pre-treatment

m innovation
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) CO2 emissions avoided = 6.79 kg CO2 (4x better)

) 80% emissions of CO2 eq. from Heat demand and direct

CO2 emissions

Scenario 1 GWP contribution of product/process

Nickel sulfate (avoided material) T R
Li and other recovered materials... - e
Li recovery (hydro proccess) SR E

Al scrap (scrap recycling) i
Other inputs for recycling (pyro and... . : S
Soda ash (hydro process) .
Sulfuric acid (hydro process) - o W
Quicklime (pyro process) =~ - RS

Nickel (avoided material)

Pig Iron (avoided material)

Alloy treatment (hydro process)
Inputs (discharge and disassembly
Inputs (pyro process)

Inputs (pre-treatment)

Other materials recovered...

Scenario 2 GWP contribution of product/process
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3 2 -1 0 1 2 3
kg CO2 eqg/kgbattery kg CO2 eq/kgbattery
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) RESULTS = LCA
) Scenarios 1and 2 impact Categoy _____________Scenario 1 Scenario 2 lunit [ |
) impact reduction in 16 out of 18 impact categories with Fine particulate matter formation -0.01 -0.02kg PM2.5eq 43%
pre-treatment Fossil resource scarcity -0.74 -1.75kg oil eq 57%
Freshwater ecotoxicity -10.84 -11.20kg 1,4-DCB 3%
Freshwater eutrophication -0.01 -0.01kg P eq 19%
. i X Global warming -1.75 -6.79kg CO2 eq 74%
) Scenario 2 performs better than scenario 1 in all e e e iy 091 2.35kg 1,4.DCB  61%
categories except for Human non-carcinogenic toxicity -106.54  -110.69kg 1,4-DCB 4%
. . lonizing radiation 0.81 0.25kBq Co-60eq 70%
) Mineral resource scarC|ty Land use 0.05 0.0lm2acropeq 87%
) Terrestrial ecotoxicity Marine ecotoxicity -13.48 -13.92kg 1,4-DCB 3%
. Marine eutrophication -4.30E-04 -4.70E-04kg N eq -9%
) Water consumption Mineral resource scarcity -1.09 -0.89kg Cu eq -23%
) Stratospheric ozone depletion Ozone formation, Human .health -0.02 -0.03kg NOx eq 25%
Ozone formation, Terrestrial ecosystems -0.02 -0.03kg NOx eq 25%
Stratospheric ozone depletion -2.79E-06 -3.75E-06kg CFC1lleq -34%
Terrestrial acidification -0.03 -0.05kg SO2 eq 42%
Terrestrial ecotoxicity -125.25 -85.36kg 1,4-DCB -47%
Water consumption -0.37 -0.31m3 -21%
TNO

) RESULTS - MATERIAL CRITICALITY

GEOPOLRISK ($) EU Material Criticality method
) criticality is calculated taking material prices into ——
account SpRE e
upply risk [l |
' .. Cobalt  Extraction 6.2 35
) 10% material recycling = - 5% up to -17% (cobalt) Lithium  Processing 1.6 31
' Copper  Extraction 0.3 5.3
Nickel Extraction 0.5 4.9
0% - 26,56 1,60 7,91 2,76 o

5% bestcase 24,01 151 7,26 2,55
5% worst case 25,88 1,52 7,71 2,67
10% bestcase 21,99 1,43 6,76 2,33 "
10% worstcase 2520 1,44 7,48 2,56

m innovation
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) CONCLUSIONS

) Pre-treatment -> big and positive impact
) environmental impacts in general
) Circularity (more materials and high quality)

) Battery discharge -> 20% to 80% of the energy demand of pre-treatment
) (only 0,2% of total GWP)

) Indicate circularity with CEXD -> possible but... energy flows weigh much heavier

SENSITIVITIES AND BOUNDARY CONDITIONS

) Pyrometallurgical recycling can result in reduction of environmental impacts in comparison to
primary production

) Results are sensitive to the geographic location

) Highest reduction -> aluminium and cobalt recovery

m innovation
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A WORLD WITHOUT WASTE

About us

Complete circular economy
- Output products
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A WORLD WITHOUT WASTE

How does it work?

Key benefits of our solution

1. ABOUT US C’ee"

Green Desert Company Limited (*) is the only company dedicated to
the R&D and commercialization of its in-house patented gasification
technology for Solid Waste treatment in Vietnam.

We have successfully commissioned our first Solid Waste (Municipal
and Industrial) Gasification Plant passing all the strictest tests by the
Environmental Authority of Vietnam, recognized by both the MONRE
re e n (Ministry of Natural Resources and Environment) and the MOST
(Ministry of Science and Technology) to have successfully achieved
A WORLD WITHOUT WASTE 3 goals:

- Least Impact on the environment

- Negative Carbon Emission

- Waste Recovery & Complete Circular Economies by converting
all solid waste into commercially useful end products.
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Our vision

A WORLD FREE OF TRASH

e Mindset change:

Waste is no longer a problem to be solved, but rather a renewable
source of energy and resource.

e Set new standards for waste management:

o  All domestic & industrial solid waste will be transformed or
repurposed into useful and environmental-friendly end-
products, creating complete circular economies.

o Our ultimate goal is not just to achieve zero carbon
emissions but rather achieve net negative carbon emissions
from the process of solid waste treatment to effectively
combat climate change.

Our mission

TO CREATE SUSTAINABLE WASTE TREATMENT SOLUTIONS

— 2g ¥ “-‘ P
- ’ 5 W ® T2

NO MORE heavily polluted solid waste landfills or Develop complete circular economies by transforming
incineration waste to power plants resulting in serious solid waste (Municipal and Industrial alike) into two
environmental degradation on water, land and air that main products: Syngas and Biochar

poses serious health risks to the general public
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2. Complete circular economy - Output products i

A WORLD WITHOUT WASTE

All of the trash, domestic and industrial alike, after segregation for recycling
such as paper, plastics, and metal, are repurposed and/or transformed into:

/ Syngas - a CLEAN renewable source of energy

/ Biochar - enriched/enhanced soil, made of organics and biochar,
excellent for anti-erosion, degradation of soil and great for organic
farming.

Our technology has one of the LOWEST emissions IMPACT on the environment
when compared to other commercial solid waste treatment solutions.

Complete Circular Economy is here reen

A WORLD WITHOUT WASTE

All solid waste that ends up in our plant will be processed, recycled, or repurposed into useful end-products such as the very unique products below.
This is the complete circular economy we have been striving for

@ syYNGAS

Syngas is a green renewable energy
produced from gasifying MSW which
contains plastic and biomass. Syngas can
be used for steam boilers, municipal heating
systems, generation of CLEAN Electricity,
and production of petrochemicals such as
ethanol and methanol.

@ BIOCHAR @ UNBURNT BRICK BLOCKS

"Biochar, also known as "black soil" or Only 1-2% of the inorganic materials
“chernozem”, has been used in agriculture in
developed countries such as Germany to
improve and breathe new life into nutrient-
depleted lands.

normally found in the incoming trash is
turned into clean non-burnt bricks for
construction projects.
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APPLICATIONS OF SYNGAS

Lighting system at the Dong Van | Industrial Park run by
Syngas-powered internal combustion engine generator
from waste gasification for 7 consecutive days

Syngas is burnt to produce heat for drying waste before
transferring them into the gasification reactors.

Advantages of Biochar

in improving organic and circular agriculture i
in improving organi ircu gricultu « vomD o W
z The test results show that our organic carbon does not contain
4 heavy metals (Cd, As, Pb, Hg) and 2 bacteria (E.coli & Salmonella)
10. Két qui/ Results
STT Chi tidu Bon vj Két qua Phuong php thir Ghi chd
No. Parameter Unit Results Testing method Note
1 | pHHO - 7.95 Ref. TCVN 5679: 2007("XC)
2 | Nitotdng sb % 071 TCVN 8557:2010("XC)
3 | P20s hiru hidu % 122 TCVN 8559:2010("XC)
4 | K0 hou hidu % 1.74 TCVN 8560:2018(C)
5 Cadimi (Cd) mg/kg KPH TCVN 9291:2018(C) LOD = 0,1 mg/kg
6 Asen (As) mg/kg KPH TCVN 11403:2016 LOD = 2.5 mg/kg
7 Chi (Pb) mgikg KPH TCVN 9200:2018("%C) LOD = 0.5 mg/kg
8 Thiy ngdn (Hg) mg/kg KPH TCVN 10676:2015(€) LOD = 0,25 mgkg
9 | Cacbon hiru cor téng s % 8,54 TCVN 9294:2012("XC}
10 E colf 9 KPH TCVN 6846 2(?7)(&50 7251:2005)
11| Saimonefia spp. 259 KPH TCVN 10780-1:2017¢""%C)
11. Tai ligu kém theo! Enclosed documents (ndu cof any)
12. Nhdn xét khac! Comments (ndu co/f any)
Ha Noi, ngdyidaie 19 théng/month 08 ndnvyear 2020
/7702 TUQTONG GIAM DOC
G THU NGHIEM
sy
CO PHAN
CHUNG NHAN VA =

Test result of VINACERT-CONTROL
(August 2020)
No: VICB12012841/YNKVICB1.2313
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Advantages of Biochar Creen

. » A WORLD WITHOUT WASTE

in improving organic and circular agriculture

; -l
o 1
¥5

‘ﬁ/\

Beans after 5 weeks planted on soil Roots grow deep into the soil with GD's biochar. Well-developed roots help
without biochar (left) and with biochar (right) absorb more nutrients for plant growth.
Source: Tedx Talks

Organic plants and vegetables grown C’ee"
with our nutrient rich soil at GD’s Gasification plant
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Organic plants and vegetables grown \Freen
with our nutrient rich soil at people's home

BIOCHAR HAS BECOME A TREND reen
IN ORGANIC & CIRCULAR AGRICULTURE S
“Black Gold" of Ukraine According to the World Reference Base (WRB), the

United Nations Food and Agriculture Organization's
(FAO) soil classification system, Chenozem is the
name of a soil in Ukraine that has an at least 25-cm
black top layer and is rich in decomposed plant
material.

Chernozem contains a lot of humus and carbon. This
type of soil has a very good structure, supporting roots
to easily develop and providing enough oxygen for
organisms in the soil. Chernozem contains a wide
range of organisms and they work at greater depths
than other soils, thus helping to further improve soil
structure. Black soil also composes a lot of calcium so
it is not easily acidic. All these properties allows
Chernozem to produce high crop yields without
additional fertilizers or soil conditioners.

“Good black soil, like Ukraine's Chernozem,
is the black gold of the future.”

Source: Dantri
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LEAST CARBON EMISSIONS

Creen

A WORLD WITHOUT WASTE

- Combat global warming and climate change

The Innovation of our Technology - Negative Carbon Output

o Our waste processing technology releases only a small
amount of CO2 into the air. The carbon in the waste is mostly
sequestered in our biochar during the gasification process.

o When trapped in a solid-state as biochar, the carbon is not
released back into the atmosphere and can be stored for
thousands of years in the soil, helping to slow climate change
and improve agriculture output.

Source: University of New South Wales

1 Ton of biochar could retain

Tons of CO2, preventing carbon
3 dioxide from being released

into

the atmosphere

Source: Carbon Gold

BIOCHAR HAS BECOME A TREND TO HELP REDUCE reen

OUR CARBON FOOTPRINT IN THE WORLD
Stockholm Biochar Project - Low Carbon City

246

A WORLD WITHOUT WASTE

“With the help of the city residents and local authorities,
garden and park waste are collected and stored in different
waste management centers located across Stockholm.
Once gathered in the plant, this waste is turned into biochar
through a carbonization process. The by-product of the
biochar production, pyrolysis gas, generates energy for the
city’s district heating system.

When delivering garden waste to the management centers,
the residents can pick up biochar to use in their gardens.
The product is also sold to other local authorities to be used
to grow plants and trees in parks and public spaces of the
city.”

Source: https://nordregio.org/sustainable_cities/stockholm-
biochar-project/



OUR TECHNOLOGY ACHIEVES NET NEGATIVE CARBON EMISSIONS
THROUGH CARBON SEQUESTRATION

reen

A WORLD WITHOUT WASTE

GD's Gasification Plant:
Carbon sequestration

Through carbon sequestration, we will be able to meet the carbon neutral target set forth
by the UN's Climate Change Resolution.

Normal CO2 emissions

reen

A WORLD WITHOUT WASTE

Comparing CO2 emissions

Total CO2 emission when processing 1 ton of waste (Unit: ton of CO2/ton of waste)

o Incineration method: Releases about 0.7 to 1.7
tons of CO2/ton of waste.’

o Landfilling method: Releases about 6.2 tons of .
CO2/ton of waste.?

o GD's Gasification method: Releases about
0.074844 ton of CO2/ton of waste.3

0,074844

Gasification of GD Incineration Landfill sites

1 Waste Incineration getting away with CO2 emissions unscathed, Zero Waste Europe, 2019
2 How Gasification Turns Waste Into Energy, CNBC, 2020

3 Test result of Green Desert
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CO2 emission of GD's gasification plant in comparison with
those of I-WTE plants and landfill sites reen

A WORLD WITHOUT WASTE

83X more
pollutants

9X-23X more
pollutants

Green Desert's Incineration waste-to-
Waste Gasification power plants

Landfill sites

The amount of CO2 emission when processing 1 ton of solid waste by Incineration (waste-to-power plants) is 9-23 times higher than that by Waste Gasification.

The amount of CO2 emission when processing 1 ton of solid waste by Landfills is 83 times higher than that by Waste Gasification.

3. HOW DOES IT WORK? G

A WORLD WITHOUT WASTE

The plant consists of 2 sections:

Section 1: Preliminary Processing of Solid Waste into RDF (*) Section 2: RDF Gasification System of Linear Reactors

(*) RDF: Refuse Derived Fuel
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Section 1: Preliminary Processing of SW into RDF reen

A WORLD WITHOUT WASTE

Preliminary Processing of SW into RDF

Note:
Ulitsaliteis) eaiica sl el I:' Preliminary Processing of SW into RDF
l . Recycled products after processing

Recycle Tearing and cutting

Segregation of metals & . Unburnt bricks and other
f ] —> Inorganic . )
inorganics construction materials

Segregation of nylon &
other plastics

Nylon & plastics

Mixture of soft organic tissue & water

by

Recycle Squeezing of organics

!

Drying squeezed organics

Blended with biochar

Section 2: System of Linear Reactors for RDF Gasification reen

A WORLD WITHOUT WASTE

System of Linear Reactors for RDF Gasification

Squeezing of organics

!

Drying squeezed organics

!

Refuse-derived fuel (RDF)

}

Gasification

Mixture of soft organic tissue
& water

\ 4

Blended with biochar Nutrient rich soil

Partially used for drying

Biochar

Good for steam boilers,
municipal heating

systems, generation of I:l Preliminary Processing of SW into RDF
CLEAN ENERGY, etc.

I:l System of Linear Reactors for RDF Gasification

- Recycled products after processing
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THE PROCESS OF GASIFICATION TECHNOLOGY C’ee"

D WITH

Tearing and cutting machine Segregation of metals & inorganics

Segregation of nylon & Squeezing of organics Drying system
other plastics
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THE PROCESS OF GASIFICATION TECHNOLOGY C’ee"

D WITH

Gasification System Syngas purification and separation

THE PROCESS OF GASIFICATION TECHNOLOGY C’ee“

> WITH W

Emission treatment system
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THE PROCESS OF GASIFICATION TECHNOLOGY C’ee"

A WORLD WITHOUT WASTE

Mixing biochar with organics

4. BENEFITS OF GREEN DESERT’s GASIFICATION C’een

A WORLD WITHOUT WASTE

4.1. Reducing Our Environmental Footprint

® ¢

ABSOLUTELY NO WASTE WATER NO SOLID WASTE LEAST AIR EMISSIONS
discharged and free of leachate, is dumped into the environment in terms of toxigity levels, where we are
which is normally a headache found ~ Such as fly ash, which is lower than the limits mandated by
in all landfills and incineration-based ~ contaminated with toxic dioxin the EU, Japan and S.Korea
waste-to-energy plants. and furan, typically found in ) o

incineration-based W2E plant (I- and in terms of total volume, which is
W2E plants) dozens of times less than other

conventional technologies.
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A WORLD WITHOUT WASTE

GD's Test results of air emissions

P Tesceye mornG
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i vk v 8 o
el e

. m zom .:":T:‘_.'“w«. ®C

PHIEUKETQUA PHIEU KET QUA

Nowde TH Mk g Nguphe Hang Mias. Mowg >/’- ° vt TN -
L4 .—nrpmm«-u.d-nww--m-.—/ m ._;}
Pt By T T e T e T )
4 cadibgn ol G e o -
B Gl A AR e e I A O 7 1 e R L 5 . __:....‘._..‘.-_-..-__...W.J
A R e et s e
: %‘:&uﬁ—ﬁnnﬂ-ﬂ*‘ » F‘.—.h~‘.~‘.'~-~‘ a2
« g b e « o ;——- ey Tl iy o b s e oy
B e R A Y ST T e o
R e = Rt i
Ly U 4 T . e N i
Test result of Northern Center for Test result of Northern Center for
Environmental Monitoring (CEM) - Vietnam Environmental Monitoring (CEM) - Vietnam
Environment Administration (MONRE) Environment Administration (MONRE)
(August 2019) (August 2019)
No: 19.L60.DVAG06 No 19.L60.DVAG07
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A WORLD WITHOUT WASTE

GD's Test results of air emissions
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Test result of Center for Research and Technology Test result of Center for Research and Technology
Transfer (CRETECH) Transfer (CRETECH)
(January 2021) ) (March 2021)
NO: DXL.21-0029/01.KT.21 NO: DXL.21-0081/03.KT.13
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Air emission monitoring and sampling at the plant

reen
A WORLD WITHOUT WASTE
’
Emission monitoring and sampling over 4 consecutive days Under the supervision of Hung Yen’s Department of Natural
from 5th to 8th February 2021 conducted by Northern Resources and Environment and the observation of
Center for Environmental Monitoring (CEM) - Vietnam residents near the plant.
Environment Administration (MONRE)
reen

Comparison of air emissions from GD’s plant with the current regulation limits

A WORLD WITHOUT WASTE

Total Ash and Hydrogen chloride (HCI)
556 100

75

25

Total Ash Hydrogen chloride (HCI)

Parameter (Unit: mg/Nm3)

W Actual test results from GD's Plant W VN Limits (QCVN61) M EU limits Japanese limits W Korean limits

(*)“Gasification of Municipal Solid Waste” by Yong-Chil Seo, Md Tanvir Alam, and Won-Seok Yang (https://www.intechopen.com/chapters/59269)
(**) Based on actual test results from GD's plant, measured by State agencies
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TOXICITY LEVELS - EXTREMELY LOW ' sert

A WORLD WITHOUT WASTE

Comparison of air emission from GD’s plant with the current regulation limits

CO, SO2 and NOx 500
500

400

300 250 250
200
200
106,8
100

50 50
& 19,7} 26,8
NG
0

co S02 NOx

Parameter (Unit: mg/Nm3)
B Actual test results from GD's Plant B VN Limits (QCVN61) ® EU limits Japanese limits W Korean limits

(*)“Gasification of Municipal Solid Waste” by Yong-Chil Seo, Md Tanvir Alam, and Won-Seok Yang (https://www.intechopen.com/chapters/59269)
(**) Based on actual test results from GD's plant, measured by State agencies

TOXICITY LEVELS - EXTREMELY LOW

reen
Comparison of air emissions from GD’s plant with the current regulation limits * "o "o

Hg, Cadimi (Cd) and Lead (Pb)

1,2
1,25
1,00
0,75
0,50
025 i - 016
000508 . © WNG NG 004\ no
0,00
Hg Cadmium (Cd) Lead (Pb)

Parameter (Unit: mg/Nm3)

W Actual test results from GD's Plant ® VN Limits (QCVN61) ® EU limits Japanese limits
W Korean limits

(*)“Gasification of Municipal Solid Waste” by Yong-Chil Seo, Md Tanvir Alam, and Won-Seok Yang (https://www.intechopen.com/chapters/59269)
(**) Based on actual test results from GD's plant, measured by State agencies
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Which would you choose? reen

A WORLD WITHOUT WASTE

Waste incineration plant

Green Dessert’s Plant

Source: Green Dessert

Opinion of Vietnam Environment Administration on Gasification Technology of Green Desert

reen
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A WORLD WITHOUT WASTE

“The results of emission concentrations measured at the plant in Hung Yen (sampled and analyzed by units granted the
certificate of eligibility for operation of environmental observation services by the Ministry of Natural Resources and
Environment) show that some parameters are lower than the emission standards of some developed countries (such as EU,
Japan) and QCVN 61-MT: 2016/BTNMT - National technical regulation on solid waste incinerators.”
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D. BENEFITS OF GREEN DESERT's GASIFICATION reen

A WORLD WITHOUT WASTE

4.2. Lowest CAPEX and OPEX compared to existing solutions

Plasma Gasification/
> Thermochemical treatment's CAPEX & OPEX
4X - 6X higher compared to GD’s gasification

Incineration's CAPEX & OPEX «—
2X - 4X higher compared to Gasification

Green Desert Gasification’s CAPEX & OPEX

Sources:
https://en.vietnamplus.vn/first-energyfromwaste-incinerator-built-in-can-tho/114158.vnp

https://www.researchgate.net/publication/232924683_thermal_plasma_gasification_of_municipal_solid_waste#pf21

https.//www.biofuelsdigest.com/bdigest/2013/01/17/enerkem-raises-37-5m-for-landmark-waste-to-biofuels-plant-in-
edmonton/#:~:text=And%20in%20December%202011%2C%20Waste,week%20by%20WM%20and%20EB

D. BENEFITS OF GREEN DESERT's GASIFICATION yreen

A WORLD WITHOUT WASTE

4.3. Minimal consumption of input resources

S "y LAND POWER
No landfill required for toxic fly ash.

Minimal outside power required as electricity produced
from the plant can fully sustain its operations.

WATER
A Minimal water usage as the cooling water

is circulated in a closed-loop system.
CHEMICALS AND ADDITIVES

Our air emission contains mainly steam from
dehumidification of garbage, therefore it requires less

LESS OXYGEN CONSUMED chemicals and additives to clean, as is the case with
Gasification operates in an oxygen-controlled waste incineration where the concentration of dust

chamber, therefore very little concentrations and other particulates is high within the emissions.

of oxygen is required when compared with

incineration.
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Green Desert Company Limited

Address: 4th floor, Ago Hub, 12 Hoa Ma Street, Pham
Dinh Ho Ward, Hai Ba Trung District, Ha Noi, Viet Nam

Website: greendesertwte.com
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Creen

A WORLD WITHOUT WASTE

CONTACT US

Mr. Hai Dang, Project Manager
T: +84 90 447 8193 | E: hai.dang@greendesertwte.com

Ms. Hoang Thuy Lan, Business Development

T: +84 948 812 984 | E: support@greendesertwte.com
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(Hazards & Risks Association with Managing Healthcare Waste and
How to Mitigate Them)

FECOVID-195E-EHAR] > BREEEYINVEE S [EARAVER » 5P F R
A {E A P i (PPE) L PR A A8 S 50 S5 Ry B PR BE FE MR IR L o KIS B 2
fEE T EE A R i BT HE DL Bt HA i B RS M BE Sy T RE L IR

& COVID-198 & AR FEEYIREICE RAVERS > 15 1 BE IRE TR R A
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SENEH - IsOEFEREE -

Healthcare VWaste Management

A ‘ Transportation Safety

ISSL

Dangerous Goods Safety Advisors

Hazards and risks associated
with healthcare waste and
how to mitigate them

Dr Anne C Woolridge
Chief Operating Officer
Independent Safety Services Ltd

A\l
£ % Iswa
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Risks to Public Health
Pandemic waste
Classification of waste
Sharps

Handling

Summary

/7
0‘0
\/
0’0
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%

XS

%
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*%

S

*%

raraportaton ety
VWate Mar

ISWA

1’9
Noro e S
ISSL | ossszapeadires il

“* It is important that everyone is kept safe and the
management and movement of waste does not cause harm to
people or the environment.

260



% 4-5% of global greenhouse
gas emissions come from
the delivery of healthcare

%* Good healthcare waste
management is key to
reducing this

%+ Open burning and 2.0
dumping of healthcare
waste still a global issue

. : Nz
. & Iswa

-

Evetually autoclaves supplied but later in
Smoke from short T I e

incinerator stack All images from WHO WASH report, Emmanuel et al, 2015

, : R/
=, % Iswa
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Pathological waste including anatomical
Blood
Chemicals

R/
0‘0
K/
L X4

X3

%

%

%

Pharmaceuticals, non hazardous and cytotoxic/cytostatic

X3

%

Medical Devices

)
0‘0

Radioactive Materials

)
0’0

Must all be segregated to ensure correct treatment

R/
0‘0

Note: Not just from humans also from animals including farming

2
SE ISWA

ISSL | owee

around 15% of it is considered hazardous

“* It may be a small waste stream typically less than 0.15% of a
nations waste arising but can have massive health effects
when managed incorrectly.

¢+ High income countries up to 0.5kg hazardous per day, 2.5 kg
including non hazardous — non pandemic

% In some economies the cost of wasted pharmaceuticals is up
to 30% of that prescribed

% Wastes must be correctly segregated to ensure correct
disposal

W/
3

ISWA

ISSL | o
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arps injuries — needles from
drug users, discarded in
recycling

** Exposure to infectious material,
toxic pharmaceuticals,
chemicals and radioactive
material

+** Injuries associated with heat
treatment, chemical treatment
and manual handling

2 o
IE,Y s \
1,

ISSL

ISSL
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%

Global portal for the supply of PPE set
up involving 7 major UN partners,
87,000 tonnes supplied between

March 2020 and November 2021.

Many healthcare systems under
stress prior to the pandemic.

COVID-19's tainable waste

The environment and climate crisis
did not stop just because a pandemic
was occurring.

ISssL

O
%

O
%

®.
R4

\/
¥

SARS-CoV-2 is an enveloped virus which means that is inactivated

relatively quickly when expos nmental factors such as heat

and light
Research shows that tr
from viral particles o

WHO has indicated that
infectious or non infe

o person rather than
r classifying wastes as

All that waste, yet only suppliedcapable of

taking 61,000 tonnes of

87,000 tonnes of PPE (plus ot
the other 26,000 tonnes?

erated) what happened to

ISsL
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** Needles
+»* Syringes with needles

¢ Broken glass ampoules
+*Scalpels & other blades
+* Infusion set (sharps part thereof)

y e & IswA

“* Open burning can cause health issues as can open dumping,
however well managed incineration with energy recovery may
be an option

** Need to be aware of drug resistant microorganisms and ensure
that they are not unintentionally released into the environment

** In 2015 WHO/UNICEF found only 58% of sampled facilities from
24 countries had safe disposal for healthcare waste

ISWA

E
|
?
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+»Can also affect those who have
to handle waste and do not
expect to find healthcare wastes
e.g in recycling and domestic
waste streams

ISSL

been administered covering over 56.6% of
the world population, this was 35% in

December 2021

“* Over 80 million sharp boxes will have been
used

++ Creating 150,000 tonnes of additional
waste
** 90,000 tonnes of glass vials

+» 50,000 tonnes of syringes and needles
++ 10,000 tonnes of sharps boxes

** No requirement to wear gloves when
vaccinating, but people do, why?

\z
i< ISWA

ISSL
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+* Specific training for lifting and moving heavy
items

*» There is an expectation that if it fits in the
receptacle it can be lifted

X/

+* Not always so!

i Nz
- % Iswa

Wear protective clothing when handling waste.

NEVER transfer waste from sack to sack/bag to bag
or press down to make more room.

» Don’t carry bags against the body but hold them
away

«* Don’t grab bags in the middle, always carry by the
top where the tag is.

+* Hand hygiene is important even after wearing
gloves

)/
0‘0
/7
0’0

N4
= e 1Iswa
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X3

o%

/
> 0‘0

R/

%

R/
0.0
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°

0,
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Red Cross

Doctors without Borders Médecins Sans Frontieres
Oxfam

ISWA Healthcare Waste Working Group

International experts and suppliers of equipment

Experience of migrant crises, Ebola, flooding, tsunami, economic
collapse, global COVID-19 pandemic

Might not be able to physically attend but can offer advice from afar
Consultants may be prepared to be contracted to assist

anaporta
Jare Wiats M.
S

ISSL } “” c

agerrent
Satery Advisor

*%* The principles of goo
practice applies to everyone

.
SiE ISWA

ealth and safety

** Good training will reduce risks of manual

handing and needlestick injuries throughout
the waste chain

** An emergency plan is crucial, you don’t want

to be planning whilst managing a crisis

oy
Maragernent

ot | ==t

Advisors

SE ISWA
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Traraporston ety
eaxtcare Wiats Maragernent
Dungeron Geommts Safery Adwisors

ISssL

Thank you

Dr Anne Woolridge

Independent Safety Services
Unit 8

12 O’Clock Court

21 Attercliffe Road

Sheffield

S4 7TWW

Tel: +44 114 272 2113

Web: issafe.co.uk

& IswA

Tranaporston Ladety
eaxtcars Waate Muugerment
Dungerone Geoxs Safery Adwisors

IssL
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(Effects of the Pandemic on Waste Generation and Management in

Healthcare)

COVID-19A4 & 355 AMRYIRREAT 2 BREOK 1E AR BRI - ki 25 B R
FEESRAUEIE G5 E (BIEEEEYIEEL) AIRETT - BRI BRI AR
IRSEEAIMERE » NI > SEERESE — AR IR R R Y e HET
&~ FANEST R EEREYINAERBOR K5 m ~ WH7E KPS Ek RIS T
&~ B U R R R E AR o MR S B B YRR IR -
FEREVET SRRV EHEREK > W EYHE U -

A\ 1 o Health, Care
N Leaders' Forum on Long-term Resilient = |3 4
N Healthcare Waste Management Planning . -4

Effects of the Pandemic
on Waste Generation
and Management in Healthcare

Health Care Without Harm Southeast Asia

noharm-asia.org

ISWA World Congress 2022

Singapore
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Introduction

PERCENTAGE OF ) L2

©
P L S I . c s e wa:(ezl)oay plas'('::)loay m

IN A HOSPITAL WASTE STREAM

Presentase Sampah Plastik
Pada Sampah Rumaoh Sokit

#PlasticFreeHealthcare

#breakfreefromplastic

Table 1.0: Amount of waste produced per day

Leaders' Forum on Long-term Resilient #§3
Healthcare Waste Management Planning ’f 4

GENERAL COMPOSITION OF WASTE GENERATED IN A

300-BED CAPACITY TERTIARY CARE HOSPITAL (810KG/DAY) Before the pandemic struck,

healthcare facilities* in the

HGeneral mInfectious Pathological & Anatomical capital region had been
B Pharmaceutical Genotoxic m Chemical estimated to produce °n|y 47
mRadioactive msharps WPressurized Containers metric tons of medical waste
1%% daily, with 56%—around 26
tons—of this considered
31% 36% potentially infectious.

https://www.philstar.com/headlines/2020/08/15/2034
986/earth-not-healing-medical-waste-piles-covid-19-
cases-rise

* At 216 hosps in 2019, it means
the average waste generation of

% hosps was 217 kgs of waste per
Source: Survey on health care waste generation and management (LCI, 2019) hosp daily.

- Leaders' Forum on Long-term Resilient #"$
N Healthcare Waste Management Planning +._
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Dr. Gerardo D. Legaspi, MD, director of the m
University of the Philippines (UP)- |

Philippine General Hospital (PGH) in
Manila, explains that as a tertiary hospital,
their facility accumulates around 1.2 to 1.5 m
tons of garbage daily. Disposing waste can
cost 1.2 to 1.3 million pesos a month, and

this amount continues to rise with the =

increasing number of patients.

https://news.abs-cbn.com/ancx/culture/spotlight/05/14/20/how-hospitals-are- Momos]
managing-the-covid-19-threat-of-overflowing-medical-waste

llow our hospltals are disposing the tons of trash caused by
COVID treatments

One group says there is no need to burn PPEs. PGH, for , is using to shrink the
volume of hazardous waste. BY BAM V. ABELLON

-\\ Leaders' Forum on Long-term Resilient *ﬁj )
N Healthcare Waste Management Planning . -4 B
DOH and HCWH conducted plastic waste audit during the 2" half of 2020.
Waste generated (%)
Half of the waste produced :
by 4 surveyed areas* in five o -
hospitals are infectious ) - ‘
e 50% of total waste across ~
all hospitals are
infectious
e 226 kgs - Average weight -
of waste produced by 4
surveyed areas* in 5
hospitals per day.
*Dietary, ER, ICU, Medical Ward ) i - £ %
;\ Leaders' Forum on Long-term Resilient wljj @
L N Healthcare Waste Management Planning . s
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e 57% of total plastic
wastes are non-
essential, ie. food
preparation, food
storage, utensils

e 25% of total plastic
wastes are essential

e 18% of total plastic
wastes are PPE

Breakdown of waste materials

Total items used in the hospitals (per unit)

Heal

Leaders' Forum on Long-term Resilient '"ﬁ
Healthcare Waste Management Planning . -

@
U[N
DiP

DOH and HCWH through the support of UNDP conducted

o

waste audit early this year [2022]

. Pasig City General Hospital and Jose N. Rodriguez

Memorial Hospital

- Trainings on Health Care Waste Management were

conducted in April 2022

. Followed up by a health care waste audit training in May

2022

. Waste and Supplies audit were conducted for seven (7)

days

. For the Emergency Room (ER), Intensive Care Unit (ICU),

Medical Ward and Dietary areas.

. All three shifts of waste collection were part of the audit
. Data collation was conducted using the Health Care Without

Harms Baseline Assessment Tool.

ith,

Leaders' Forum on Long-term Resilient ""ﬁ
Healthcare Waste Management Planning e

.
Without Harm
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Pasig C|ty eneral Hospital

Leaders' Forum on Long-term Resilient #"§i @@ of [
Healthcare Waste Management Planning . 4 & s
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Leaders' Forum on Long-term Resilient "“‘"ﬁ G
k. N Healthcare Waste Management Planning . - &0

Pasig City General Hospital

Total waste per day (kg)

Total Waste per ER ICU Medical Dietary
day (kg)

Yellow bag 68 33 19 18 0

Black Bag

Total 169 44 31 66 30

‘Leaders' Forum on Long-term Resilient "“«‘"ﬁ @& A
Healthcare Waste Management Planning . 4 &7
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Pasig City General Hospital

WASTE CATEGORIZATION GENERATION

W Yellow bag mBlack bag M Green bag

Leaders' Forum on Long-term Resilient "“"“ﬁ G
Healthcare Waste Management Planning Nl

Without Harm

Dr. Jose N. Rodriguez Memorial Hospital

Total waste per day (kg)

Total Waste per ER ICU Medical Dietary
day (kg)

Yellow bag

Black Bag

Others

414 98 154 162 0

14 6 6 2 0

Total

679 248 192 217 21

Leaders' Forum on Long-term Resilient
Healthcare Waste Management Planning
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Dr. Jose N. Rodriguez Memorial Hospital

WASTE CATEGORIZATION GENERATION

Yellow bag ®Black bag M Green bag

Number of Beds audited
Total waste per day (kg)

Total waste/occupied bed/day (kg)

Health Care

Leaders' Forum on Long-term Resilient - N1 4
Healthcare Waste Management Planning » 4

Waste Summary

PCGH DIJNRMH
129 143

169 679

1.32 4.75

alth Care

Leaders' Forum on Long-term Resilient * N
Healthcare Waste Management Planning .
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Plastic supplies categories

. PPEs

o Materials that are used as protective covering of the hospital personnel from infectious agents
o i.e. gloves, isolation gowns, bunny suit, facemasks, face shields

. Essential plastics
o Plastics that are involved in direct patient safety and treatment including medical paraphernalia

o i.e. Syringes, IV bottles, IV lines, IV cannula, respiration tubes (ET tubes, O2 cannula), O2 masks, and
other medical plastics not specified

. Non-essential plastics

o Plastic materials that are not directly involved in the treatment of the patient but is still used in the
hospital

o i.e plastic food containers, (sachet, bottle for condiments, wrappers), bottled water, plastic food ware
(plastic bento boxes, plastic cups), and plastic utensils

- | Leaders' Forum on Long-term Resilient W‘"ﬁ @
Healthcare Waste Management Planning . & Blb
Pasig City General Hospital
Plastic supplies categories
e 54% of total 60%
plastic wastes o
are essential
plastics 40%
e 41% of total
plastic wastes 30%
are PPE
o 12% of total o
wastes are o
Others (gauze) -
0%
PPE Essential Plastics Other
M PPE M Essential Plastics M Other
- Leaders' Forum on Long-term Resilient *" g @
Healthcare Waste Management Planning . . Dl
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Dr. Jose N. Rodriguez Memorial Hospital

Plastic supplies categories
60%

o 23% of total plastic e oot s

wastes are essential
plastics o
« 48% of total plastic 30% Essenual _Other, 29%
PPE

20%

plastics, 23%
wastes are PPE I I

o 29% of total wastes are
Others (gauze and
cottons balls) -

W PPE M Essential plastics H Other

R Leaders' Forum on Long-term Resilient ""jj A o O
N Healthcare Waste Management Planning . < 7 &% S
Conclusions
Based on the results of the audit:
*  Some medical wards have very high percentages of infectious waste [unsegregated]
* HCFs should improve segregation especially in non-covid areas in order to reduce
the amount of waste requiring expensive treatment
*  Annually, hospitals generate tonnes of food waste, which can attract disease vectors
and generate methane, a green house gas, as it rots
*  When possible, HCFs should compost or biodigest food waste to retain some of its
value and reduce the carbon footprint
* There are some gaps in the data
* Implement continuous waste monitoring via the waste data registry
1 \ Leaders' Forum on Long-term Resilient wljj B @
L N Healthcare Waste Management Planning . < 7 a5 §S
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Recommendations

To Department of Health and the Department of Environment and Natural Resources:

1. Develop a resilient Health Care Waste Management Plan with the participation of
facility staff including housekeeping personnel who handle waste

2. Continuously build the capacity of the hospital staff on waste monitoring, waste audit,
and other waste management needs

3. Bring in recyclers as partners in waste management

4. Review and revise the JAO 2005-02 (Policies and Guidelines on adequate and proper
handling, collection, transport, treatment, storage, and disposal of health care wastes)
5. Study, understand, and develop ways to leverage green procurement initiatives.

L N Leaders' Forum on Long-term Resilient rj R % O
LN Healthcare Waste Management Planning . @ sase R

Thank you!

Health Care Without Harm
Southeast Asia
noharm-asia.org

HCWH SEA Team
Paeng Lopez, Faye Ferrer, Ruth Stringer, Pats Oliva,

Ramon San Pascual, Kris Evangelista
infoasia@hcwh.org

| \\ Leaders' Forum on Long-term Resilient
N\ Healthcare Waste Management Planning
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(Improving Worker Safety in Solid Waste Collection and Disposal)

fitsm A ORI F M R B % - USRS S RS FE A ] (e U Ay g2
Ve —HEE bR Sy TAE - 3R BEEYWEEFEASKNEEBEE - &
AR E R E B IR B R 25 A4 B T IE S E ML S - JEEERS
FEEYI S (SWANA)FIE —TEZ 2518 AEREFINE AN EREEEY)E
THE B HE LB FEMNEE - #Ettokinz et > i eElE T F
Fte e B L2 % - B D ERRIGE

Improving Worker
Safety in Solid Waste
Collection and Disposal

DAVID BIDERMAN, SWANA EXECUTIVE DIRECTOR
DBIDERMAN@SWANA.ORG
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Background on SWANA

The Solid Waste Association of North America is the largest waste associationin
the U.S. and Canada — we are celebrating our 60™ anniversary this year!

SWANA has 11,000+ members in the public and private sector solid waste sector

47 chapters in states/provinces and 7 Technical Divisions

A very strong commitment to improving safety in the waste industry

ISWA 2022

57 WORLD CONGRESS

SWANA Safety Program and Resources

Safety Ambassadors in all 47 chapters
Annual Safety Summit/Safety Awards at WASTECON
Safety Matters — weekly safety newsletter — available in English/Spanish/French

Five to Stay Alive worksheets — available in English/Spanish
Frequent chapter summits & training sessions
OSHA Alliances — National and Regional Partner with federal safety agency in US

AASLOW,

IOV IN
RGO

Slow Down to Get Around

Safety Pledge
Hauler Safety Outreach

ISWA 2022

57 WORLD CONGRESS
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Why Safety?

Improving safety in the solid waste industry is a universal need
o Large/small companies

o Cities/counties

o Collection/processing/recycling/disposal

Reducing fatalities, accidents, and injuries is the right thing to do
Reducing fatalities, accidents, and injuries makes the industry more attractive to work in

SWANA has made safety a core part of its new Strategic Plan

ISWA 2022

G

Collecting Waste is a Dangerous Job

In the US, waste collection workers have the

6t highest workplace fatality rate in the
country — higher than police officers or e
firefighters. This is an improvement over past Aircraft pilots and fiight engineers NN
!ears. roofers |
There are thousands of crashes and injuries Helpers, construction trades [N
every year Refuse and recyclable material collectors [N
1 worker is killed each week, and 2 deaths per Dehvar/sales workers aad truck deivers. (NS
week involving collisions with industry trucks Structural iron and steel workers [N
_ Dr|Vers Farmers, ranchers, and other agricultural managers [ v v
Grounds maintenance workers - s A ANA

BOUID WASTE ASSOCIATION OF KORTM AWERICA

- Pedestrians

o
=3
S
3
S

Doro: U S Bureay of Looor Starisries 80 100 120 140 160

- Bicyclists/Motorcycles

) ISWA 2022
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This Problem is not Just in America

A recent article in an Indian newspaper reported 16 fatalities involving a single municipal waste
collection system over the past 7 years!

DEATH BY CITY —— sl
CORPORATION’S e o
GARBAGE TRUCKS \ mEE ¢
YEAR | NUMBER OF DEATHS
2022 4 g e e A
2021 6 NUMBER OF VEHICLES
s 5 AND DRIVERS
ary ‘ VEHICLES | REGISTERED
2017 2 CORP | | DRIVERS
2016 2 DSCC } 337 . 135
SOURCE: MEDIA REPORTS DNCC 145 113

ISWA 2022

5/ WORLD CONGRESS

This Problem is not only in America

India | BBMP garbage truck kills bank official; 3rd death in 1 month (April 2022);
Two killed as Pune Municipal Corporation garbage truck hits motorcycle (August 2022)

Australia | Garbage truck driver dies two days after Mount Wallace crash in early
morning fog (April 2022)

Japan | Garbage truck driver arrested over fatal hit-and-run in Kamakura (Jan 2022)

Canada | Vancouver council mandates side guards for city-owned heavy trucks after
cyclist's death (June 2022)

Guyana | Woman crushed to death by garbage truck (May 2022)
Nigeria | Waste Truck Crushes 2 Soldiers To Death In Kaduna (July 2022)

ISWA 2022
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Principal Safety Hazards - Collection

There are a wide variety of safety hazards facing waste collection workers on a daily basis

The truck

The garbage

Distractions
Weather
Pedestrians

Other drivers

N o v~ w N oe

The disposal site

ISWA 2022

3/ WORLD CONGRESS

Principal Safety Hazards — Collection

A helper should not ride on the riding step unless the truck is going forward 10 mph or less and
is going less than 1000 feet (300 meters) or is backing (ANSI ASC 245.1)

Driver and helper should always wear safety belts

Driver should always follow traffic laws and driver/helper should not be on phone or texting

All collection employees should wear personal protective equipment (hi viz, gloves, footwear)

ISWA 2022

») WORLD CONGRESS
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We run on clean burning natur
'\ IV

ISWA 2022

5/ WORLD CONGRESS

Principal Safety Hazards - Disposal

Every collection crew brings waste or recyclables to a disposal site. It is important to remind
collection employees to follow the site’s safety rules

o Traffic direction/speed limits b N
o Truck separation at the landfill

o Do not walk under an open tailgate
o Slips trips and falls

o No cell phone use

o

PPE — hi viz, shoes, gloves

D ISWA 2022

J WORLD CONGRESS
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Principal Safety Hazards - Disposal

Landfill, WTE, recycling and other disposal facilities can be dangerous and employees need to
receive training on applicable safety hazards. They differ by type of site, but there are some
common hazards:

o Heavy equipment/trucks need to stay separate
o Spotters at landfills need to be highly visible

o Lockout tagout of equipment — balers/compactors/repairs
o Confined space
o Slips trips and falls

o

No cell phone use
o Always wear PPE — hi viz, shoes, gloves, safety glasses

Education and Training on

Safety

SWANA recommends frequent and consistent Ny

communications, using lots of pictures, and
making safety personal for the employees as
the best way to reduce accidents and injuries.

Safety Communication —
meetings/posters/signage

“A picture tells 1,000 words” — this is
particularly true in safety.
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Use Pictures

BREAKING NEWS

GARBAGE TRUCK DRIVER KILLED IN CRASH

POWELL COUNTY

ISWA 2022

3/ WORLD CONGRESS

Use Pictures

) ISWA 2022

RESS
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Make Safety Personal for the Workers

Many solid waste employees perform their job safely on a regular basis.

20% of workers have 75% of the accidents, injuries, and claims.
Explain why these workers should be safe:

1. They could lose their job

2. They could get injured or killed

3. They could kill someone else

ISWA 2022

5/ WORLD CONGRESS

Concluding Thoughts

Solid waste collection and disposal is often dangerous work and employers have a responsibility
to provide safety training and information to workers to help them reduce accidents and injuries

With garbage generation increasing and collection/recycling becoming more formalized, now is
the right time to make worker and public safety a top priority

SWANA has developed a sophisticated safety program with resources that associations,
companies, and government agencies can use to develop their own safety program

SWANA will assist other ISWA members to develop better safety programs — and save lives.

ISWA 2022

5/ WORLD CONGRESS
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Thank you

QUESTIONS?

R ISWA 2022

> 2/ WORLD CONGRESS
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(Good Practices to Separate Collection of Households Hazardous

Wastes)
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HOUSEHOULD HAZARDOUS WASTE MANAGEMENT
(HHHWM) AND BEST PRACTICES

Presenter: Alan Encinas
Technical Programme Manager

HWWG: HHHWM project team
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Household hazardous waste management and best practices

v HHW Definition

v Types of HHW

v’ Segregation

v' Collection

v’ Can re-use be an option?

v How can you reduce HHHW

v Examples of household HW Management
v" When can HHWM management work?

v Next steps and recommendations

Defining household hazardous waste

Household hazardous wastes (HHW) are materials found in residential wastes that
would be regulated as hazardous wastes if they were generated outside of a household.
These household wastes can be flammable, toxic, corrosive, or reactive and can be
dangerous if handled improperly.

HHW = 1%-4% of MSW, risks though to health and environment are disproportionate
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Types of household hazardous waste

Aerosol sprays Eeft”‘ll.zrs

Asbestos unglc.l -js

Batteries Insef:t.la es
Pesticides

Cleaners and disinfectants
Fire extinguishers
Fluorescent bulbs

LED bulbs smaller)
Medication Rodenticides
Nail polish & remover Weed killers
Perfumes

Sharps/needles

Shoe Polish

Toiletries

Pool chemicals

Segregation

Propane (5 gallon-cylinders and

L3\

CORROSIVE

Antifreeze
Auto batteries
Automatic transmission fluld
Brake fluid ‘
Engine cleaners \
Flammable liquids & solids |
Fuels (such as butane, dlesel‘
gasoline, kerosene and lamp oil)
Solvents




Collection

Collection centers: Locations where waste is delivered, weighed, segregated and
stored until their final disposal in a licensed facility

Collection at home: Door2door collection on particular days

Can re-use be an option?

Re-use is to use again for the same purpose for
which they were conceived.

Some types of waste if not further needed can
be reused:

- Waste paints

- Laboratory chemicals

- Fertilizers

- Cleaning products

Liability is an issue = Limit what and to who is
given, have guidelines, and limit types of
products

© Prevent
|  Reduce
(:: Reuse

[}) Recycle
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How can you reduce household hazardous waste

THINK AND ACT BEFORE YOU BUY!

- Purchase non toxic products, read labels and choose. Try environment friendly
products.

- Purchase what and as much as you need only, check what you already have,
use it up.

- Does someone need what you no longer need?

- Make your own product: Vinegar, salt, baking soda, lemon juice make miracles!

- Store properly, keeping original labels for future use

When life

gives you

Examples of household hazardous waste recycling

According to 2001/83/EK for the medicines of human use the member
states need to have the relevant infrastructure for their collection and
final disposal.

- Non expired medicines can be collected from social pharmacies on
each municipality. Donation location can be found at GIVEMED

- 12000 containers have been placed outside pharmacies in Greece
for the collection of expired medicines.

- The institute of pharmaceutical research and technology (IFET) is
responsible for the collection and storage of the medicines until a
large amount has been collected. A tender is then issued for their
safe final disposal following segregation and re-use of non expired
medicines.

- The Greek Ministry of Health targets to create a Management Body
for these medicines that will be supervised by the Ministry of
Environment and Energy and all pharmaceutical companies and IFET
will participate.(Public Private Partnership)
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Examples of household hazardous waste recycling

Pesticide container waste collection has taken place in various
municipalities of Greece, however this has not been so successful so far.

The ministry of Environment is currently considering to create an
Alternative Management System, where each pesticide container
bought will be “charged” at the VAT number of each farmer and he
needs to return it to designated location and only then will be
“released” from his VAT number

It is important to segregate contaminated or not empty containers from
those which are triple rinsed and contained a product with less than 1%
active ingredient.

Examples of household hazardous waste recycling

Alternative management system for household batteries AFIS operating
since 2004, is running very successfully in Greece. It managed to engage
all cizitens and has placed a cylinder almost everywhere.

AFIS had placed 65000 cylinders up to now in public sector, private
businesses, shops etc

There is no excuse, you will find somewhere the special cylindrical
container!
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When can HHWM management work?

Who is paying?

Extended Producer responsibility

Awareness: when people understand the impact of illegal dumbing in the
environment or mixing with the non hazardous solid waste stream

Training and education: Classification of waste, safe storage

Disposal points: in nearby locations <10km

Collect from home scheme

Digital use: Online platform/application (where/what/how)

Show them: creating accessible info to see the impact but also the

solution/ way to manage it.

Encourage, make them part of it! 'ENIEI.ESS
- Provide special containers for the collection nEcYcl'!L"G

- organize campaigns and special recycling weeks

Paying as a citizen: via the municipality tax
Paying as a consumer:  via the increase of cost in the product due to disposal

Pay as you throw: fair, but what incentives does it give?
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Next steps/ Recommendations

In the ambition of circular economy, citizens need to understand the importance of
segregation. If we need to increase the resources from non hazardous waste, this can
be achieved with uncontaminated waste streams.

Some input could be made to the existing technical guidelines on Basel Convection in
order to clearly include household hazardous waste.

How much would you be willing to pay per year?
What is being done in your country?

"Use it up,
wear it out,

THERE 1§ No SU(H
THING: AS <AWAY." .

13

WHEN WE THRow
ANYTHING AWAY- IT
MUST 4o SoMEWHERE:

TRP+ Officially Launched

We provide reliable and usefubinto
related to key issues of hazardouswaste
management

To student
hazardo

https://trpplus.iswa.org/
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(Considerations for Economic Success in Plastic Recycling Structure)
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Considerations for Economic Success
in Plastic Recycling Structure

Michael LANGEN, Dr.-Ing., Ph. D.

HTP Engineers, Aachen - Germany
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1

Structures in plastic recycling

2 Facts and figures for sorting and reprocessing

3 Cost analysis of value chains

4  Price analysis of virgin polymers

5 Drawing the sums

6 Key figures & Summary

1. Structures in plastic recycling

. A 2022
) WORLD CONGRESS
B> 21 - 23 SEPTEMBER, SINGAPORE

Plastic recycling has been good practice since the early days of plastic industry. Post-industry waste is recycled

and taken as feedstock to substitute virgin plastics. The challenge is with post-commercial waste plastics,

which are mixtures of different polymers and with post-consumer waste streams, which contain any type of

polymers along with other waste material.

collection

post-industry

post-
commercial

post-
consumer

24.08.2022

Sorting

By type of po-
lymer/material

++

washing extrusion
- +
(o] +
++ +

Legend: + successful
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1. Post consumer waste streams containing plastics @ WORLDCO‘N‘GJRQES% “'I?J

SOURCE Post consumer waste streams containing plastics

collection residual waste segregated recyclables Deposit refund scheme (DRS)
4
o
'—
(@]
w
=
(@]
O
g sorting * single/split-line * single/split-line e single-line
E * yield 5—20 % plastics * yield 50 — 80 % plastics e yield 100% plastics
2 (all Polyolefins, PET) (all Polyolefins, PET, PS) (PET, HDPE)

washing e min. 3-lines *  min. 4-lines * min. 3-lines

(LDPE-film, HDPE/PP, PET) (LDPE-film, HDPE/PP, PET, PS) (PET-clear, PET-colour, HDPE)
«  vyield55-75% «  vyield 65 -85 % «  yield 75 -95%
extrusion ¢ min. 2-lines *  min. 3-lines *  min. 3-lines
(Polymers, PET) (Polyolefins, PET, PS) (Polyolefins, PET)
e yield 94-98% e vyield94-98 % * yield96-99 %
24.08.2022
1  Structures in plastic recycling
2 Facts and figures for sorting and reprocessing
3 Cost analysis of value chains
4  Price analysis of virgin polymers
5 Drawing the sums
6 Key figures
24.08.2022
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2. Facts and figures for sorting and reprocessing Q WA Z022 mj

product

|

Modules in LDPE film sorting Collection agibing o
Sorting

heavies

bag opening

residue classification

residual segregated DRS | 20-220mm \ windsifing —

‘ windsifting

capacit 35t/ 12 th 4 th NIR pepdlbeverage
Paclly | 240,000ty | 80,000t/ | 20,000 try
yield ‘ 8 % 20 % =

NIR berage carton }4—{ eddy-current separation ‘ A !

i —————— >

NIR standard polymers }4—{ NIR mixed plastics ‘

i

beverage non mixeld PET PS ep PE paxer residue ferrous mixed plastics soft/ foils

residual | segregated DRS o e NP0 boars e Heo |

I
~ Reprocessing ]
capacity 19,200 tly 16,000 tly -
yield 55 % 65 % -
<1gfem®
Output 10,560ty | 10,400 tly
© Institute cyclos-HTP Gmbl
https://www.cyclos-htp.ds ns/r talogus recyclate
24.08.2022 6

»/ 21 -23 SEPTEMBER. SINGAPORE

2. Facts and figures for sorting and reprocessing @ WA 2022 HT?)

product

Modules in HDPE/PP sorting Collection
Sorting

rosklue €20 classification >220 mm
residual segregated DRS 20— 220mm \ windsifing —
‘ windsifting
capacit 35t/h 12 t/h 4 t/h - MIRTEEIBEERR
Paclty | 540,000ty | 80,000ty | 20,000 tly
NIR
yield ‘ 4% 15 % 20 % T Beveragplcarton
Eddy-curren
bevera,\g:ca rton }‘—{ sepa iaﬁon ' ‘
standar: I:)Qolymers }'—{ mixecli\I L’Itxstics ‘
J
paper and board
residual segregated DRS e s AP0 o
capacity 9,600 t/ly 12,000 t/y 4,000 tly
rejects
yield 70 % 80 % 90 %
rejects
Output 6,720 t/y 9,600t/y 3,600 t/y refocts
© Institute cyclos-HTP GmbH
https:// cyclos-htp.d ons/r 1t I recyclate
24.08.2022 7
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2. Facts and figures for sorting and reprocessing

Modules in PET-bottle sorting

Collection

P/ 21 -23 SEPTEMBER. SINGAP

20

S TOVAT PR -
) WORLD CONGRES!
PORE

product

Container/bag/bring-system

Sorting

<20mm

residue

it

bag opening
> 220 mm
¥

J20-220mm

windsifting H

residual segregated DRS vindsiting
I 35th 12 t/h 4t/h = =
Paclty | 240,000ty | 80,000ty | 20,000 tly
yiel d 4% 30 % 70 % NIR beverage carton |« eddy—currerltseparalion |
NIR standard polymers. }c—{ NIR mixe.. plastics ‘
[
T
- mixed P:T PS PP PE Pang residue 'Emf o foil
processing —
residual segregated DRS @
capacity 9,600ty | 24,000ty | 14,000 tly %
density separation <1 glem’
yield 70 % 80 % 90 % ——
e
Output 6,720ty | 19,200ty | 12,600 tly —
© Institute cyclos-HTP GmbH
https://www.cyclos-htp.de/publications/r-a-catalogue; PET-recyclate PO-recyclate
24.08.2022
1  Structures in plastic recycling
2 Facts and figures for sorting and reprocessing
3 Cost analysis of value chains
4  Price analysis of virgin polymers
5 Drawing the sums
6 Key figures
24.08.2022
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3. Cost analysis of value chains

residual
segregated
DRS
residual
segregated

DRS

300 €/t

280 €/t

- €/t

280 €/t

ISWA 2022

ORLD

RLD COI
21 - 23 SEPTEMBER. SINGAPORE

120 €/t

180 €/t

80 €/t

220 €/t

250 €/t

200 €/t

250 €/t

280 €/t

250 €/t

-250€/t

400 €/t

The specific cost figures are taken to calculate the value chain figures of processing
the polymers by applying the information got so far e. g.

LDPE,

residual

3. Cost analysis of value chains

= COStoring X VOIUME + COStyehing X VOIUME + COStyyi50n X VOlUME

= production cost

Remark:

» Collection cost are
to be allocated for
source segregation
and DRS schemes

> Disposal cost are to
be allocated for
residues of sorting
and washing
processes (110 €/t)

residual
segregated
DRS
residual
segregated
DRS
residual
segregated

DRS

T 24082022

23,116,800 €/y

11,506,286 €/y

10,992,000 €/y
7,457,143 €ly
2,055,556 €/y
12,576,000 €/y
19,851,429 €ly

9,784,444 €/y

304

350 €/t
350 €/t
900 €/t

350 €/t

600 €/t

1,045,440 €/t

4,197,600 €/t

290,400 €/t
3,810,400 €/t
48,400 €/t
580,800 €/t
4,100,800 €/t

169,400 €/t

ISWA
WORLD CONGRESS

21 - 23 SEPTEMBER, SINGAPORE

2022

we: HIP)

10

2,288 €/t

1,860 €/t

1,636 €/t
1,524 €/t
1,471 €/t
1,871 €/t
1,384 €/t

1,377 €/t

11
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4. Price fluctuation virgin polymers (1/2) oW/ 2022 "'l?’

Preisentwicklung:

production cost residual waste

Betrachtungszeitraum: Jull 2021 - Juli 2022

ing

LOW-level:  1.750 €/t o«
HIGH-level:  2.300 €/t

Fluctuation: +/-31 % production cost segregated waste -

Augunt 2021 Septemeer 2021 Okusber 2021  Okteser 3021 November 2021 Deremder 30210ezember 2021 Jamsar 2022 Febesar 2022 MAr?2002 MM 2022  Aprd 2022 ai 2022 i 2022 Joni 022
© EUWID 08/2022

Preisentwicklung:

HOPE: Spritzguss
Betrachtungszeitraum: Juli 2021 - Juli 2022

LOW-level: 1.550 €/t
HIGH-level: 2.100 €/t

Fluctuation: +/- 35 % o— production cost segregated waste

Augus 071 Sepcember 1031 Okasoar 2071 Cktsber 3021 Nowember 071 Onzember 207100aembns 2031 Jamear 2023 Februar 2022 Mz 3022 Marz 2027 Agrt 2022 Mt 2022 Jomi 2032 o 2022
© EUWID 08/2022

T 2082022
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4. Price fluctuation virgin polymers (2/2) Q WA 2022 lm)

PET-bottles juaice B

PET Europdische Folien- und Flaschenware: A

Oktober 2021 - August 2022

LOW-level: 1 1050 €/t ./production cost residual waste
HIGH-level: 1,750 €/t
— 0,
Fluctuation: +/- 40 % : .\production cost segregated waste
- asus L ¥ © EUWID 08/2022
24.08.2022 14

5. DraWing the sums @ Y‘V())E\L.‘IDW(‘%S!}\GQRESR% m)

The main recycling structures are residual waste collection/sorting, source segregated collection/sorting and
deposit refund schemes (DRS).

The total volumes to be processed to get the same volumes of recycled polymers are 3 to 5 times higher when
processing residual waste streams against source segregation or DRS.

The production costs when sourcing recycled polymers from residual waste are the highest compared to source
segregation or DRS-schemes, even taking additional collection and disposal cost into consideration.

Source segregation and DRS schemes do not deviate significantly in production cost; the main difference is the
limited coverage of packaging types with DRS-schemes.

The price of virgin polymers do not cover the production cost of recycled polymers from any of the recycling
structures. Additional financing like licenses or premiums on virgin prices are needed.

24.08.2022 15
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6. Key figures-Summary

Contact

The prices of virgin polymers over the period of the last 12 months varied between 1,500 €/t (LOW) and 2,300 €/t
(HIGH) for Polyolefins and 1,100 €/t (LOW) and 1,800 €/t (HIGH) for PET-A bottle grade.

The total cost to collect and process recycled polymers varied between, 1,550 €/t and 2,300 €/t for
r-HDPE, r-PP and r-LDPE and between 1,400 €/t and 1,900 €/t for r-PET.

Profitability of plastic recycling is being jeopardizes by fluctuation in virgin prices/oil prices (HIGH levels in spring
2022 mainly due to the Ukraine crisis). LOW levels cannot be weathered by small and medium sized companies of
the recycling industry.

Profitability is safeguarded only with a premium for recycled polymers on virgin prices or alternative financing e.g.,

Extended Producer Responsibility (EPR) licenses.

Presently, r-PET is traded with a premium of ca. 30 % against virgin PET, that makes r-PET a profitable business.

Prospectively, Polyolefin recycling would be profitable if traded with a premium against virgin as well. To achieve
this, r-Polymer prices need to be decoupled from the oil market and a recycled content should be mandatory.

24.08.2022

Any comments or questions, please contact:

Michael LANGEN HTP GmbH & Co. KG
m langen@htp.eu
Maria-Theresia-Allee 35
52064 Aachen, Germany
Phone: +49 (0) 241/94900-0

www.htp.eu
www.cyclos-HTP.de

Local contact:

B%Ydlng Pa rtners Sebastian GIEBEL Recycling Partners Pte. Ltd.
Projects | Equipment | Services +65 9737 9071
s.giebel@recyclingpartners.net 33 Maude Road, #02-01,
Singapore 208344
Juergen MILITZ www.recyclingpartners.net

+65 8228 6767
i.militz@recyclingpartners.net

24.08.2022
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(2010-2020)

(Transitioning to a Circular Economy: An Evaluation of WBG’s

Support for Municipal Solid Waste Management (2010-2020))
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WABG'’s experience with
municipal solid waste
management and circular
economy approaches

>

4 | ‘JP

International Solid Waste Association Congress
Singapore (Sept 23, 2022)

Carmen Nonay, Director, IEG

Ramachandra Jammi, Sr Evaluation Officer, IEG
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IEG’s Unique Role in the World
Bank Group (WBCQ)

An independent unit within WBG

Reports directly to the Board of
Executive Directors

With a mandate to
* Foster WBG accountability
* Contribute to learning by the WBG

* Support Evaluation Capacity
Development globally

........
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World Bank Group Evaluation Principles

Main Purposes 3 Core Evaluation

of Evaluation Principles Modalities

* Promote accountability * Utility * Independent
* Promote learning * Credibility evaluation
* Promote development * Independence * Self-evaluation

effectiveness

sssssssss
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Theory of Change

o A
Y = (AN

IEG Implements the Stakeholders Use Evaluation Use

WABG Evaluation Evaluations Influences Change
Principles

IEG’s Products

DGE Statements

Learning Engagements

\ Bite-size Products

o
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Our strategic Gender Fragility, Mobilizing
Conflict, and Finance for

framework is aligned Violence (FCV) Development
(MFD)

with WBG's priorities.

e o | Human ¢ Climate Jobs, Growth &
Capital Change | Shared
Environmental Prosperity
Sustainability

Governance & Institutions

WBG Corporate Effectiveness

Increased and Balanced Country Focus

WORLD BANK GROUP

I EG World Bank « IFC - MIGA

nnnnnnn
........
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MSWM and Climate Change

* Poor MSWM contributes to climate change. Landfills and open dumps
contribute 4-5 percent of global greenhouse gas emissions.

¢ Landfill gas is a natural byproduct of the decomposition of organic material in
landfills and is composed of roughly equal proportions of methane and CO2
together with a small quantity of non-methane organic compounds.

* MSW can potentially be a resource and a net sink of greenhouse gases through
recycling and reuse.

e The World Bank Group’s Climate Change Action Plan (CCAP) sets out a goal of
pursuing integrated waste management and circular economy approaches to
help countries and cities advance climate, development, and broader
sustainability goals.

@ IEG ‘ WORLD BANKGROUP
{2 Official Use
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IEG’s evaluation: Transitioning to a Circular Economy

* This is IEG’s first thematic evaluation of the World Bank Group’s (WB, IFC and
MIGA) support for municipal solid waste management (MSWM) covering fiscal
years 2010-20.

Transitioning toa

* The evaluation adopts an SDG context: Circular Economy
. oy Al g
v SDG 11 for sustainable cities B:nivgf}:;‘?:sfggzr\:/forid
or

Municipa| Solid Waste
lanagement (2010-20)

¢/ SDG 12 for reducing waste generation through prevention, reduction,
recycling, and reuse.

¢/ Other SDGs relevant to waste to energy, informal workers’” welfare and
employment, climate action, and marine plastic pollution.

12 CONSUMPTION 1 Em 14 gl‘ﬂ'"l“[l

} 'WORLD BANKGROUP
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Transitioning to a Circular Economy - evaluation questions

1. How relevant is the Bank Group's approach and engagement in meeting client country needs,
considering the latest evidence and thinking on MSWM practices and country context and readiness?

2. How coherent has the Bank Croup engagement been in collaboration among the World Bank, the
International Finance Corporation, and the Multilateral Investment Guarantee Agency (MICA), and
collaboration and partnerships with other actors to support better outcomes for client MSWM needs?

3. How effective have Bank Group engagements been in delivering improved MSWM for clients, and what
factors explain such effectiveness?

@ IEG } WORLD BANKGROUP
(e, Official Use
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Transitioning to a Circular Economy - evaluation framework

Pillar 1

Pillar 2
Improved policies and institutions

MSWM infrastructure, access, and service delivery

accompanied by provision for:
Policies and regulations (including environmental

and social aspects) . Cost recovery and financial sustainability
Institutional and capacity development at all . Private sector participation

government levels

Awareness and behavior change
Planning

Integrating the informal sector, with gender considerations

—

Improved, sustainable, and equitable municipal solid waste management

——

Environmental impacts Social impacts Economic impacts
Local: 'reduced water and soil « Improved health « Increased investment and
pollution ) ) « Enriched quality of life private sector growth
Gl‘:lb‘:!' re-du(cjed r;aélg(espias_th « Enhanced welfare of informal + Increased employment
pollution; reduce emissions waste pickers . Increased land value

@ IEG ‘ WORLD BANKGROUP
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Transitioning to a Circular Economy - findings (relevance and
CQ\IR/EE?Q\(c‘ise?ess for MSWM than for any other urban service, but is the leader among multilateral
development banks in providing finance and knowledge on solid waste management.
*WBG has increasingly recognized and advocated for waste hierarchy and circular economy
approaches for MSWM, but these are adopted sporadically in the lending portfolio.
. *Low-income countries (LICs) received less than 2 percent of World Bank lending for MSWM and
no investments from IFC. In contrast, MSW is projected to triple in volume in low-income
countries by 2030.
*WBG is well positioned to convene other developmental institutions to raise MSWM’s profile in
client countries given its lending portfolio, flagship publications ['What a Waste’ and ‘Bridging the
Gap’l, online MSWM courses, and leadership in the ProBlue initiative that addresses riverine and
marine plastic pollution.
@7 |EG ‘W?RLDBANKGROUP
Official Use
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Transitioning to a Circular Economy - findings (effectiveness) q

*WBG support for basic MSW infrastructure and service delivery—the main WBG activity for
MSW - has been generally effective. These are necessary but not sufficient conditions for
mainstreaming waste hierarchy measures and a circular economy approach.

eLack of financial unsustainability limits the effectiveness of infrastructure and services projects.
Only 56% of projects which supported cost recovery yielded positive results.

*Very few projects tracked outcomes of MSWM activities. Only 6 to 15 percent of projects in the
portfolio capture environmental, health, social, or economic outcomes linked to MSWM activities
making it difficult to make the case for greater attention o MSWM.

@ IEG ‘WORLDBANKGROUP
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Transitioning to a Circular Economy - findings (factors supporting / Q
inhibiting effectiveness )

*Long-term, well-sequenced, and coherent engagement across the evaluation pillars of the
evaluation framework improves MSWM.

eLack of provincial and central government policymakers’ attention to updating policy and
regulation attaining financial sustainability.

*Local governments’ lack of accountability for providing adequate and sustainable MSWM
services constraints effectiveness.

*Constraints in ability to acquire land for solid waste infrastructure is a systematic constraint
across the portfolio.

@ IEG ‘WORLDBANKGROUP
A Official Use
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Waste generation in low income and lower middle-income
countries is growing at alarming rates

Estimated Waste Generation by Country Income Classification, 2016, 2030, 2050
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93% of waste in low-income countries and 66% in low-middle

income countries is disposed of in open dumps

Select Municipal Solid Waste Parameters by Country Income Category

a. Collection rates b. Disposal methods share

£ B — B e 5
¥ 2 —

2 UMIC I g

i LMVIC | I 51 & 1

z b

S Luc) s s

8 .

Dzpozal methods share %8
= Lot Incineqtion
= Compostng = Other aovanced methods @ Recydng

Country
=S
™

o

Official Use

[

vvvvvvvvvv

315

Official Use



Transitioning to a Circular Economy (1)

* Waste hierarchy and circular economy principles
are yet to be mainstreamed into many country

strategies and operations.

a. Waste Hierarchy

WosT

b. Circular Economy

o

¢ Just over one-third of the 55 countries in which the World

Bank has supported MSWM activities include references to
the waste hierarchy or circular economy aims in their
country diagnostic and partnership framework documents
and only 20 percent included related activities.

MSWM in Systematic Country Diagnostics (SCDs) and Country Program Frameworks (CPFs) 2010-20

Countries (no.)

3

65 (63%)
50 (77%)

19 (38%)

m Countries with SCDs

® Countries with SWM mentioned in SCD
¥ Countries with follow-up Country Program Framework

Countries with MSWM work program

@ G ‘ WORLD BANKGROUP

Transitioning to a Circular Economy (2)
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*There has been little intra World Bank Group collaboration (WB, IFC, and MIGA) in support of MSWM.

*MSWM is absent from most IFC country strategies.

*MSWM has been a very difficult sector for MIGA to enter due to several constraints, mainly related to the

lack of bankable projects.

World Bank Group MSWM Activities (Approved and Ongoing FY10-20)

Activity Category Countries Projects Commitments Projects closed and evaluated
(no.) (no.) ($, millions) (no.)
World Bank projects 55 117 2,676 68
World Bank ASA 40 156 44 naf
IFC investments 7§ 13 398 1
IFC advisory services 19 26 23 9
MIGA guarantees 1 106 0

@ IEG ‘ WORLD BANK GROUP
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Transitioning to a Circular Economy (3) L,\’

*Low-income countries, where MSW is set to triple by 2050, get the least attention.

World Bank Group Municipal Solid Waste Management Operations by Country Income Group
. (Approved and Ongoing, 2010-20)

Income World Bank Lending IFC Investment IFC Advisory

Group  Countries Commitments Countries Commitments Countries Commitments
(S, (percent) (percent) (percent)

(no.) millions) (no.) (S, millions) (no.) (S, millions)
HIC 1 22 1 0 0 0 0 0 0
UMIC 11 616 34 4 382 96 11 11.3 50
LMIC 21 1,145 63 3 16 4 5 9.2 40
LIC 4 28 1.5 0 0 0 2 24 10
Total 37 1,811 100 7 398 100 17 22.9 100

@ G ‘ WORLD BANKGROUP
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Transitioning to a Circular Economy (4) L,\’

Py

*|FC’s investments are low compared to WB, and are concentrated in a few upper-middle income (UMIC)
countries.

World Bank Group Municipal Solid Waste Management Operations by Country Income Group
(Approved and Ongoing, 2010-20)

Income World Bank Lending IFC Investment IFC Advisory

Group  Countries Commitments Countries Commitments Countries Commitments
(S, (percent) (percent) (percent)

(no.) millions) (no.) (S, millions) (no.) (S, millions)
HIC 1 22 1 0 0 0 0 0 0
UMIC 11 616 34 4 382 96 11 11.3 50
LMIC 21 1,145 63 3 16 4 5 9.2 40
LIC 4 28 15 0 0 0 2 24 10
Total 37 1,811 100 7 398 100 17 22.9 100

@ IEG ‘ WORLD BANK GROUP
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Transitioning to a Circular Economy (5) L,}_\

*Performance in Policies, Institutions, Capacity Building, *WB support for basic municipal solid waste

and Planning is mostly favorable. infrastructure and service delivery has been generally
effective.

*But results are mostly outputs (new polices, plans,

training) but follow up is poor, and impact on MSWM *The effectiveness of infrastructure and services

outcomes is unclear. activities is undermined by challenges achieving
financial sustainability.

Table 3.2. Effectiveness of Pillar 2 Determinants: Infrastructure, Access and Service Delivery

Determinants Projects Addressing Projects closed  Projects with Effective
: « s s vt . o g . D i and a
Effectiveness of Pillar 1 Determinants: Policies, Institutions, Capacity Building, and Planning o cRSINRANL: e Performance’
Share of portfolio £ Share
Determinants Projects Addressing Determinant Projects closed and Projects with Effective (“‘f') (Pe’_‘e"’) (no.) (percent)
(of Total Portfolio of 117 Projects) evaluated Performance® Infrastructure development 65 56 40 33 83
Share of portfolio (no.) > .S.hare Access and service delivery 44 38 26 24 £
(no.) (percent) (no.) (percent) Solid waste management operations 44 38 31 23 74
Policy and regulations 17 15 10 7 70 < overy/ financial sustainability 37 32 25 14 56
Institutional development 19 16 3 9 62 Pelimte:sectos participetan 2 L 5 B
Capacity buildin 33 30 5 i & Awareness and behavior change 35 30 23 20 87
“ v g 2 Z 7
21 18 1" 9 32
Planning 28 24 14 10 71 b e

@ I EG ‘ 'WORLD BANK GROUP
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Transitioning to a Circular Economy (6) c’}.’)

*Very few projects tracked the environmental, social, or economic outcomes of improved MSWM activities.

Environmental, Social, and Economic Impacts of Improved MSWM Activities

Determinant Projects Addressing Determinant Projects closed and Projects with
evaluated Effective

(no.) Performance

Share

(no.) Share of portfolio (percent) (no.) (percent)
" Environment 25 21 20 13 65
Climate change 12 10 7 5 7
Social {focus on

-] 2 25
health) L 2 9 e <
Job creation 17 15 12 7 58

Achievement of MSWM Outcomes in Dedicated MSWM Projects Versus Part-MSWM

Projects

Solid waste management  All projects World Bank Closed and MS+ Outcome Rating®®
content commitment evaluated projects

(S, milli (no.) (no.) (percent)

Dedicated MSWM projects? 23 611 3 1 73
Part-MSWM' projects? 8 1,834 37 23 62
Other® 23 181 16 8 50
Total 2,626 67 4z 63

@7 IEG ‘ WORLD BANK GROUP
l Official Use

318



IEG’s recommendations .—

Give clear priority to the adoption and implementation of waste hierarchy practices
Recommendation 1 -> To achieve more sustainable and scalable outcomes in MSWM, WBG technical and financial
support to clients should give clear priority to the adoption and implementation of waste hierarchy practices, in line
with client needs and capabilities for municipal solid waste management. To achieve this, the World Bank Group’s
support should:

e Build on WBG’s own experience in addressing the entire waste value chain (collection, transport, recycling,
recovery, and disposal) in an integrated and incremental manner.

* Foster greater collaboration between the World Bank, IFC, and MIGA to support governments for financial
sustainability and accountability in service provision

* Increase awareness and behavioral change

* Integrate waste pickers into MSWM processes.

G ‘ WORLD BANKGROUP
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IEG’s recommendations .—

Urgently support low-income countries (LICs) where municipal solid waste is growing most rapidly
Recommendation 2 -> To support the LICs where municipal solid waste is growing most rapidly, WBG should
identify constraints on demand and investments, and leverage external partnerships to implement
context-specific MSWM solutions.

1 In LICS, the World Bank Group’s should:
* Increase its advisory services and analytics
* Leverage external partnerships to supplement lending limits and technology needs
* Find context-specific solutions for systematically closing illegal dumps, ensuring clear and predictable

regulatory framework, and provide incentives to reduce growth of waste generation and increase recycling,
with a view to leapfrogging to the extent possible.

@ IEG ‘WORLDBANKGROUP
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IEG’s recommendations .—

Need for a Global convening mechanism to raise the profile of MSWM

Recommendation 3 -> To bring prominence to and spur action on the global MSW agenda, the World Bank Group
should take up a clear leadership position, collaborating and convening with developmental partners.

In the absence of an international coordination mechanism for MSWM, leading sector experts see scope for a
global convening role for the World Bank Group on MSWM by leveraging current partnerships to improve
municipal solid waste practices in the context of the CCAP and in specific areas such as with PROBLUE for
addressing riverine and marine plastic pollution.

One area for expanded action is of current efforts on marine plastic pollution through PROBLUE and advocacy
for circular economy approaches for MSWM under the Climate Change Action Plan.

@ IEG ‘WORLDBANKGROUP
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