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REGIONAL WASTE
GENERATION

(ANNUALLY)

EUROPE &
CENTRAL
ASIA
tonnes

392
million
tonnes

#WhatAWaste2 | worldbank.org/what-a-waste



B Solid Waste Mismanagement.
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Water, soil and
air pollution

Disease vectors and
spread of infectious
pathologies
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In low-income countries, over 0% of waste is mismanaged.
This increases emissions and disaster risk,
which affects the poor disproportionately.

worldbank.org/what-a-waste
#Wh O"AWO ste?2 Images: Lois Goh, World Bank, Shutterstock

Data Source: World Bank (2018)
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Environmental concerns
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lll MPs and NPs Affect Ecosystems and Climate
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Economic Impact

Annual Value & Costs: All electronic and electrical products, Targeted Change

Units:

USD million per year (inflation-adjusted)

USD miillion per year (inflation-adjusted)

Annual Value & Costs: All electronic and electrical products, Targeted Change
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_ TYPES & SOURCES OF INDUSTRIAL WASTE
Types:

o Process waste and Non-Process waste
o Hazardous: Includes toxic, corrosive, or reactive materials.
o Non-Hazardous: Such as scrap metals, packaging, and construction
debris.
Sources:
o Manufacturing: Textiles, electronics, chemicals.

Construction: Cement, wood, and metals.
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Category Impact Global Value

$57.4 billion in raw materials

E-Waste 17.4% recycled

lost
, - o Billions in recyclable material
Plastics 9% recycled, 91% wasted lost
Food Waste $750 billion in annual losses 1.3 billion tons wasted
$6 billion lost from non- Energy savings from recycling
SISO A acte recycling metals

Circular Economy Potential  $4.5 trillion annually by 2030 Missed opportunity
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Category Impact Global Value
Landfilling Costs $30-100/ton $200 billion/year global cost
$13 billion annually (plastic

Environmental Cleanup N/A

waste)

7/ million premature deaths

Health Costs
annually

Healthcare costs up by 10-20%

Property value drop: 5-10%

: : 4450
Tourism & Property Impact Tourism loss: 10-15% near landfills
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Jlll Understanding Waste
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Composition of Waste

Textilesand ' urwture/Bulky Diapers/ Sanitary Products,

Leather, 6.5% Items, 4.8% 4.0%
All Other Waste,

6.9%

Electronics & Household

Hazardous Waste, 1.9% Food Waste, 18.8%

Construction &
Demolition, 7.8%

—— .
Glass, 1.8% (
: Pet Waste, Leaves

& Other Organics,
8.6%
Metal, 3.5%

Plastic, 16.2% Paper, 19.2%
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Waste Management Life Cycle
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B CURRENT SITUATION & CHALLENGES

* Rising Waste: Industrialization has led to increasing waste generation, especially
In urban centers.

 Environmental Issues: Improper disposal leads to pollution, affecting soil, water,
and air quality.

« Government Initiatives: Programs under Malaysia’s Department of Environment,

like waste-to-energy projects and stricter enforcement on hazardous waste
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Unmanaged waste causes pollution, contributing to 20% of global methane
emissions from landfills.

13% of global municipal waste is currently recycled; leading countries recycle over
60%.

Recycling 1 ton of paper saves 17 trees and 7,000 gallons of water.

Landfills account for about 5% of global greenhouse gas emissions.

Diverting organic waste through composting could reduce 25-30% of municipal
waste.

The recycling industry 1s valued at over $200 billion and employs 20 million people

globally. (Amanor-Wilks & Amanor-Wilks, 2024)
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Implementing waste-to-worth
initiatives can significantly
reduce landfill use, with the
potential to divert 60-70% of
waste from landfills.
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This process can lower
greenhouse gas emissions
by 1,100-3,000 Mt CO2e
annually through improved
waste management and soil
carbon sequestration.
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The global market for
biomass and waste-derived
products is expected to grow
by 10-15% annually,

creating significant economic
opportunities.

Environmental and Economic Impact

The transition to waste-to-
worth strategies could
generate $300 billion in new
economic activity globally by
2030.
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Concept of the 3Rs in a Sound Material-Cycle Society

Input of Natural
Resources

Production

(Manufacturing. distribution, etc.)

Matorial Recyelin R
—tle cycling Consumption, Use things repeat
Recycle things that cannot Use :?-_s_—i B - =alie
be reused as raw matenals puss
— Step 3(b): Recyvcling:
Treatment Recover energy f.rmn things
: R . recycled and having no
(Recyching, mcmerat;m, etc.) — alternative but incineration

l Final Disposal 4---""] Step 4: Proper Disposal

Dispose of thines which cannot be used bv anv
nmeans
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Waste Pathway to 2035

« Targeting waste emissions will
support the shift to a circular
economy

« To reduce our biogenic methane
emissions from waste

» Strategic changes will support
emissions reductions.

» Efforts to reduce waste emissions
must focus on organic waste.

o — — — — — — — — —— — — —— —— — — —— ——— — —— — — —

e Consultation e New Waste e Landfill gas
2022 on kerbside Strategy (and capture feasibility
standardisation waste legislation investigations
policy decisions) commence
Waste infrastructure
plan published

‘¢ * Increased e Organic waste
2023 investment in prevention
resource recovery programmes
available

» New waste = National e More council
2024 legislation enacted waste reporting kerbside organics
programme collections
= More new organics

P .

recovery facilities

7
____________________________
s
4 « New regulations to » Proposed national e All municipal
i 2025 reduce emissions waste licensing landfills required to
i from waste (eg, scheme introduced capture gas by the
I requirements to end of 2026
i separate wastes)
{
1
\
~

T — — — — — — — — — — — — — — — — — — — — — — — — — — -

» Possible organic e 40% reduction

20 30 waste landfill 2035 in biogenic methane
limits/bans by 2030 by 2035

Nei Zealand Waste Strategy (Waste Strategy)
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THE INCINERATION
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* Waste is converted into electricity or heat through incineration, gasification, or pyrolysis.

* Singapore’s Tuas South Incineration Plant processes 3,000 tonnes per day. 105 tonnes per
hour, 35 barG at 370 °C. 0.17 barA. 80 MW, 10.5kV generator voltage.

* Each ton of waste generates 500-600 kWh of electricity, at 6 cents per KWh
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Plastic Waste
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Waste to Hydrogen (W to H)

Organic and plastic waste is used to produce
hydrogen via pyrolysis, gasification, or
anaerobic digestion.

In Osaka, Japan, waste 1s converted into
hydrogen to fuel buses and other hydrogen-
powered vehicles.

60-80 kg of hydrogen can be produced from 1
ton of waste, contributing to 18% of global
energy needs by 2050.

(Sharma et al., 2021)
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Waste to Chemicals and Enzymes

Supercritical
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Biological and chemical processes extract
valuable chemicals and enzymes from waste,
including food waste.

Novozymes extracts 0.3 tons of enzymes per
ton of food waste, used in food processing,
biofuels, and detergents.

Captures up to 50% of food waste's chemical
potential, reducing raw material reliance and
diverting waste from landfills.
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" OI‘g&IliC waste is broken down in Wastewater Biosolids Foc;:zs:' Other Organics
anaerobic  conditions,  producing eodppgeret || Corg || CnRm | (Sl
biogas for energy and digestate for
fertilizers.

* Bioenergiepark Saerbeck processes
40,000 tons/year, generating 9.8

N
million cubic meters of biogas. w”u) J ® ﬁ
A . rticulture
e FEach ton of waste generates 100-150 | Bioproduct 4 oo "Prgggctsm
cubic meters of biogas, producing 300- % -
600 kWh of electricity. .A

replacement, plant pots)

oo

—

Other
. . Renewable Organic Animal Products Crop
Eldettcity shicie st Natural Gas Fertilizer Bedding (e.0. buliding material) Irrigation
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— Organic Waste Composting for
Agricultural Soil Enhancement

Grinding Mixing
: ol Biogas Storage

* Organic waste 1s  biologically
decomposed into nutrient-rich
compost, enhancing soil health and
fertility for agricultural use.

Add Unit

 The City of San Francisco processes

600 tons of organic waste daily, : @ (R, A
converting it into  high-quality - O i —
compost for agricultural applications. (Carbon Rict Addies e e T~ Elctrity o Pows

 FEach ton of organic waste produces

300-500 kg of compost, significantly Straws S dust
improving soil fertility while diverting

50-70% of organic waste from

landfills, reducing environmental Bl
impact.

Dry leaves

Wagqas et al. (2023)
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E-Waste to Metal Recovery

Electronic waste (e-waste) is recycled to
extract valuable metals such as gold, copper,
silver, and palladium.

Treatment

Umicore, a Belgian company, processes technologies

350,000 tons/year of e-waste, recovering 96
tons of gold, 350 tons of silver, and 50 tons of 'f
palladium annually. I

Recovered
metal

Electrical &
Electronic
equipment

Each ton of e-waste contains up to 100 grams */
of gold and 300 grams of silver, providing a ¢
valuable secondary resource while reducing
environmental pollution from discarded o
electronics. pollution
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Focus Area Details

« If unaddressed, emissions could reach 2.6 billion tonnes
of CO2-equivalent by 2050.

« Enhanced waste management practices can bolster city
resilience against flooding.

Solid Waste Emissions

» Properly organized recycling efforts can generate jobs,
alleviate poverty, and reduce municipal costs.

* Over 15 million informal waste pickers face unsafe working
conditions and lack social support.

Informal Recycling

« Key strategies include formalizing the role of waste pickers,

What a Waste 2.0 Recommendations strengthening recycling initiatives, and exploring new
employment opportunities for these workers.
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Technology Utilization

1. Combustion Heat

\ Electricity
3. Liquefaction

\ Energy
Biomass Tar

4. Carbonization

2. Gasification

BDF
5. Esterification Bioethanol
6. Hydrogenation Biobutanol
7. Fermentation Carbonized Products Material

Biomass-based plastics

.
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Biochemical conversion processes

Fermentation / K‘ Digestion

Enzymatic
hydrolysis

Biogas
(CH,4 + CO»)

: Aerobic digestion
Fermentation

!
, s —

Liquid biofuel/ chemicals

H, gas



Category

Smart Waste Collection

Advanced Recycling
Technologies

Innovation
loT Sensors

Mobile Apps

Automated Sorting Systems

Chemical Recycling

Waste-to-Energy Technologies Anaerobic Digestion

Gasification

Composting Innovations In-Vessel Composting

.
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Bio-reactors
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Description

Monitor bin levels and optimize collection routes.

Provide recycling options and collection schedules.

Use Al to efficiently sort recyclables.

Break down plastics for reuse in new products.
Convert organic waste into biogas.

Turn materials into energy sources.

Faster, controlled organic waste decomposition.

Efficient breakdown of organic materials.
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Category Innovation Description
Smart Waste Collection IoT Sensors Monitor bin levels and optimize collection routes.
TN Provide recycling options and collection
schedules.
A R li . :
anycd ) ceyelinsg Automated Sorting Systems Use Al to efficiently sort recyclables.
Technologies
Chemical Recycling Break down plastics for reuse in new products.
te-to-E N . : . :
ML ) nergy Anaerobic Digestion Convert organic waste into biogas.
Technologies
Gasification Turn materials into energy sources.
Composting Innovations  In-Vessel Composting Faster, controlled organic waste decomposition.
Bio-reactors Efficient breakdown of organic materials.
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Trash to Treasure: Harnessing Waste-to-
ENEeT = |
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- Thermo-Chemical Conversion and Biochemical Conversion

process

Thermo-chemical Conversion

Combustion

Gasification Pyrolysis

Liquefaction

Biochemical Conversion

Fermentation

v v v v v
Steam Gas Gas QOil Charcoal
+ ‘4 + -
Steam Gas turbine, Methanol/ Upgrading Distillation
Turbine combined hydrocarbons/
cycle engine synthesis
|
v
fuel cell Diesel Ethanol
|
v ¢ l v
Heat Electricity Fuels

A
~
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mmm Industrial Symbiosis

Energy ENAMELLING
OR GLASS T o
COMPANY

Sludge ' '
N —— - |

BIOGAS PLANT

Liquid
fertiliser

CERAMICS
INDUSTRY o o

Energy

.V

: WATEWATER
Agricultural . j TREATMENT
waste :

\ )’ & Regenerated ' PLANT
Eggshells BN ) Water
&

Organic
waste

Gy | b# Bt
AGRICULTURAL -
SECTOR CITY

Wastewater

e . N N .

Figure: industrial symbiosis in the ceramics industry
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- Disposal Recovery/

Recycling

Industrial
Intra IS

Symbiosis Tool
/\ Inter IS (Sender)

Figure: Materials and =g
surplus flow scheme options. TrDLts h h
the potential material flows Rawl\l;atcdals S -

of Input Raw Materials and Industry A Industry B

Surplus (wastes and by-

Inter IS (Receiver)
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Jll Circular Economy

* Globally, the circular economy could reduce 45% of

% N ﬁ greenhouse gas emissions from industrial sectors
by 2050, if fully adopted

Secondary Material

* In Malaysia, the government aims to achieve 40%
recycling rate by 2025 as part of its efforts to
transition to a circular economy.

Biowaste
can be a raw
material for
other
industry

* Government Policies (Numbers & Percentages):

bioenergy

* Malaysia's initiatives include 30% incentives for
green technology and sustainability projects under
the Green Technology Financing Scheme.

* Fines for non-compliance with waste management
regulations can go up to RM 500,000 under the
Environmental Quality Act.
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Waste i1s managed through reducing, reusing, and
recycling materials to minimize environmental impact. IKEA | 2022

* Reduce: The IKEA climate footprint was estimated
at 23.7 million tonnes CO2 eq in absolute terms.
This is a 12% reduction compared to FY22 and
22% reduction compared

 Reuse: Habitat for Humanity ReStores repurpose

building materials, reducing demand for new -,
resources. o)
» Recycle: Germany recycles 65-70% of its waste 54 /O 36 ) 000 $37M“"°"
) ? Food waste reduction Tonne of greenhouse gas diverted Substantial cost savings

making it a global leader in recycling efficiency.
Recycling 1 ton of plastic saves 2,500 liters of oil,
and 1 ton of paper saves 17 trees.

1z

&g effrey Cheah ™
SUNWAY ) e

Nurturing the Seeds of Wisdom Unive rSity

Our Vision: To be a World Class




Circular Economy Concept

Q\“c.“““ ECONOMY BE”EF,,S

1.Transforming Waste into Resources: Converts 100%
of waste into valuable materials.
2.Reducing Raw Material Extraction: Minimizes raw
material demand by up to 50%.
3.Focus on Recycling, Reusing, and Composting:

1. Recycling: Recycles 75-90% of plastics, metals,

and glass.
2. Reusing: Extends product life by 20-30%.
3. Composting: Reduces organic waste by 40-60%.

Value Chain

1.Turning Food Waste into Compost: Converts 70-80%

of food waste into organic fertilizer.
2.Recycling Plastics, Metals, and Glass: Reclaims 85-
95% of materials, cutting raw material needs by 30-40%.
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"From Waste to Worth" illustrates how innovative waste management can reclaim up to 90% of
discarded materials, turning waste into resources. By focusing on recycling, reusing, and
composting, we can reduce raw material use by up to 50% and create a more sustainable
future that benefits both the environment and society.
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Sunway Environmental Lab Members

Jeffrey Sachs Center on Sustainable Development Sunway University
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Binaya Sapkota Suvi . A
: ying Zang Chee Perng Ng Bristi Khatun
DI PhD Candidate Municipal Solid PhD Candidate PhD Candidate Food Waste Dr. S. Thanam
Pharmaceutical Waste Waste into Artworks Constraints Optimization Enhance Soil Fertility and Subramaniam
Management. for Food Value Chain. Crop Productivity. Research Assistant
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