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Bottom ash is fallout from the grate of m urn waste incinerators. Large quantities are
produced and this residue has negative value. Visible proportions of sand, glass, and stones
make it appear, on the surface, to be low hanging fruit for use in a circular economy; but bottom

ash also contains appreciable gquantities of toxic ‘high level of concern’ elements and persistent
organic Pollutants.

A secondary 'fallout’ occurs when these substances leach from bottom ash into its surroundings
across a range of conditions and timescales. The waste incineration industry fails to mention
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A secondary ‘fallout” occurs when these substances leach from bottom ash into its surroundings
across a range of conditions and timescales. The waste incineration industry fails to menti
these facts when advertising bottom ash as a ‘green’ b ing mMmaterial. In comparison to direct
airborne pollution from waste incinerators, bottom ash has gone somewhat under the radar,
making it ripe for greenwash.

= =5

o = g
MEBAXPREHRXREXFLIT,
Abstract

Bottom ash is fallout from the grate of mass-burn waste incinerators. Large quantities are

produced and this residue has negative value. Visible proportions of sand, glass, and stones

make it appear, on the surface, to be low hanging fruit for use in a circular economy; but bottom ﬁ\.._.{_}r., AH
ash also contains appreciable quantities of toxic ‘high level of concern’ elements and persistent ™ e

=

organic Pollutants. RV EE = SRERTE
IEZE:Ex*ﬁtﬁﬁﬁﬁﬁmﬁ{tﬁﬁmﬁ’ﬂiﬁﬁ&mn[EEE ,EEEEMEEaE. . HIBENE
M R fIEEARE LEEREARBREENEERE | ERRESHEAETSHN SER

TR A RIS R, (=]

Bottom ash is fallout from the grate of mass-burn waste incinerators. Large quantities are
produced and this residue has negative value. Visible proportions of sand, glass, and stones
make it appear, on the surface, to be low hanging fruit for use in a circular economy; but bottom
ash also contains appreciable quantities of toxic ‘high level of concern’ elements and persistent

7o BN =
organic Pollutants. LN S
ERRBARSGEY BB, KELEE  SEREVASTaE. DT, WENa
BRI RLEPIEEERED LEERREARBEREANRERE  BRAESEAEESN EEN
RS R, (¢ R
A secondary 'fallout’ occurs when these substances leach from bottom ash into its surroundings EEQR Google i EIHIE
across a range of conditions and timescales. The waste incineration industry fails to mention :Z ?,fE * E?HE
these facts when advertising bottom ash as a ‘green’ building material. In comparison to direct A
airborne pollution from waste incinerators, bottom ash has gone somewhat under the radar, c |
making it ripe for greenwash. SRiB ISR -m ance
n ash is fallout from the grate of mass-burn waste incinerators. Large quantities are
ced and this residue has negative value. Visible proportions of sand, glass, and stones
it appear, on the surface, to be low hanging fruit for use in a circular economy; but bottom ” X8 (= s =
so contains appreciable quantities of toxic ‘high level of concern’ elements and persistent ZEAMFRE M= ES
c Pollutants. isEi
LRIRIRMER B (CHDER T, KBEE  SHEEWASAE. DT, BIBNG
[RILPIEEERE LERRZANBEREENEERE | ERGESHEAEESH BERN G Lin
s nmmesam, 2] 6 Y racey :
bndary 'fallout’ occurs when these substances leach from bottom ash into its surroundings iBERGoogl Edit LY
s a range of conditions and timescales. The waste incineration industry fails to mention YG {RAB T Delete HBS:
facts when advertising bottom ash as a ‘green’ building material. In comparison to direct elete fififF:
he pollution from waste incinerators, bottom ash has gone somewhat under the radar, Link to this comment...

g it ripe for greenwash.




2wt 7§
ExEZHETER



). CHRETAREESR, AFHNERFEH

E

HSERMAILIERENEZRE ~

/REF

10 Ak

BHIER,

I 1~
>

katteken

Ei BN
HAE

ER15{E

EH=H




(AXEE, BEAAE, MEEH AREE, F{%Introductionfd
RERE)
Zero Waste to Zero Emissions: How

Reducing Waste is a Climate Gamechanger
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Executive summary
HITHZE

As the climate crisis deepens, urgent action on all fronts is required to both eliminate greenhouse gas (GHG)
emissions and adapt to a rapidly changing climate. The waste sector offers a prime opportunity for cities to
take action that will dramatically reduce emissions, strengthen resilience, and provide substantial public
health and economic benefits. The waste sector is the third largest source of anthropogenic methane
emissions, whose reduction will deliver rapid benefits through avoided warming. In fact, good waste
management practices can reduce emissions in other sectors, delivering more than 100% emissions
reductions. Simultaneously, this approach, known as zero waste, can reduce flooding, deter disease
transmission, improve soil health, and deliver economic opportunities. This report explains how zero waste is
an essential part of any climate plan.

EREEBMNEMNE, RMAESTENFTEMHISENITE, BRIV REREHN. 82
ERER R E 4R e R R HRE R M RIR, BTN S, FReEEEEYE—MMRIMITE, HHRKH
ERIUKIERADHEL, 1852714, RRAAXKBENEEAEFRENF L, BEYHMMAZE=
KEIA 2 B HERUR, R4 BB B AT B S im R BRI 2B, B RE BB RIS B, FE L
, RITMBZEYEEREBF O IRERD RIS, M rLEEEE100% (FEHRHNEZEDH
FIEFIE) B BF R E RS, SE TS AT FRER IMREE, B thaeRl st KR 4A . b RRE
BRELERE RUEELOHE, AREER T AFAEREE2AEMRIRTFHENK
Do

Seventy percent of global greenhouse emissions come from the material economy, from extraction through
disposal. In national inventories, these emissions are tallied in the industrial, agricultural, transportation, and
energy sectors, as well as the waste sector. Yet curbing waste generation and implementing better waste
management strategies avoids emissions throughout the lifecycle of material goods—from extraction to end of
life. The mitigation potential of the waste management sector is therefore largely underestimated.
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A, SEHRERKEHFMRE (SEIREM. REAMM. E@MEPM. RRIMFALKREEY
R R A AMNGIEZRYMEL ERREMNEEYEERR, Tt ERaMnBELESD
B —EHFARIERESRE—ELEEREN. Bit, BEVEEIDMRERIZESE
BIEN, MARAKHIEMT .

Zero waste systems are versatile strategies that aim to continually reduce waste through source reduction,
separate collection, composting, and recycling. Over 550 municipalities around the world are already
implementing zero waste, in a wide range of economic, social, climatic, and legal contexts. Furthemore, these
systems are cost-effective to implement and produce fast results.
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This report is organized around the three overarching positive impacts of incorporating zero waste systems
into current waste management methods: climate mitigation, climate adaptation, and additional societal
benefits (also referred to as co-benefits). The final chapter of the report offers case studies that model the
effects of zero waste strategies in eight different cities, demonstrating that zero waste is a powerful
mitigation strategy that is highly adaptable to different needs and circumstances. Cities around the world have
already implemented zero waste systems; with these eight case studies, this report offers a new quantitative
assessment of the mitigation benefits of such programs.
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Climate mitigation

Zero waste systems contribute to greenhouse gas emissions reductions in three ways: source reduction and
separate collection and treatment of organic waste avoids landfill methane emissions; land application of
compost or digestate enhances the carbon uptake of the soil; and source reduction and recycling of all
municipal waste streams reduces “upstream” emissions from natural resource extraction, manufacturing,
and transport;
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Key takeaway 1
E

Composting is a climate game changer.

- Separate collection of different waste streams is critical to avoid cross-contamination; the
most readily implementable treatment option for organic waste is composting.
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- Source-separated collection and treatment of organics can reduce methane emissions from
landfills by 62 %, even with moderate ambition.

- HDEHRBEEYNRESFRERER, BIFEIRTMET, hasfEEBgEHD 62% HH
Btk

- Mechanical recovery and biological treatment of residual waste and biologically active landfill
cover are good complementary measures to source separated organic waste collection; in
tandem, these strategies can reduce methane emissions by an average of 95%.

- HERBEEYEIEMEKELEYRE UREHEIES FHBEMETHESE,
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Key takeaway 2
o

The zero waste model can transform the waste sector into a net negative source of GHG emissions.
EREREEAEEEY R MPEARE RIS E 8RR

- Introducing better waste management policies such as waste separation, recycling, and
composting could cut total emissions from the waste sector by 84% or more than 1.4 billion
tonnes, equivalent to the annual emissions of 300 million cars - or taking all motor vehicles in
the U.S. off the road for a year.

- HTEFMEZRVEEBR, FIINERMSE. BIUKFHAE, Lel{EERME IR
184% (BHEBLEM) HHFRE, EHERIMBERE—FHNHRE EENRE
BT A B ER —F LT SRE.

- Separate collection and treatment of organic waste is key to deep cuts in waste-sector GHG
emissions.

- AHEEDSBERENEEIXEROBZVNEHM EEREHREMRE.

- Aggressive recycling programs reduce emissions in mining, forestry, manufacturing, and
energy. Increased recycling would reduce annual GHG emissions in the waste sector by 35%
in Detroit, 30% in Sao Paulo, and 21% in Lviv by 2030.

- HEEMFEKELR DR B RE. SR AEREMEREENSIRE. RAEZRE
Y, FIEEERHER2030F KR A 30% KR BREZYAMMEE RN 2RERNZ
BA30%HEME, FIRKEZ21%,



- Combined, these two approaches can produce deeper emissions reductions than waste
sector emissions. Detroit, Sdo Paulo, and Seoul would all achieve net-negative emissions
under the road-to-zero-waste’ scenarios.

- bd@EEEFERAOMBERE, B TEAREYHMMEERE. EIERE
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- Thisis true even for relatively modest programs; full implementation of zero waste would
produce even greater emissions reductions.

- FPLEABARSTHEE hEEAMREESEE D MREEERETER, HeEIE
REEBUBER R,

Key takeaway 3
FIL=

Source reduction of waste is the best way to reduce GHG emissions, especially for food and plastic

- Source reduction is a critical strategy for addressing food waste, which currently comprises
one-third of all food production and is responsible for 10% of global GHG emissions.

- FRERERFRREVEESERMNRRE, BRELHMNEYVESR A=02—&#&
LT REEY, EMELEMEERENIGEXSERERNI0%,

- Other strategies for source reduction include restrictions on the production and distribution
of single-use items and packaging.

- RERENSESHERE, FINRE—XRAESMSEHEEMLH,

- Source reduction is especially important for plastic, most of which is not recyclable and
whose production is doubling every 20 years.

- HYPRBRRREBREFIEE, EAaRBINERELRK BEBHESES20
FErifEE,

Key takeaway 4
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- Landfill gas capture is unreliable, allowing large quantities of fugitive methane emissions to
escape.

- BIESARKELRAE, MAXERREHII KNG F,

- Incineration is a major source of GHG emissions: each tonne of plastic burned results in the
release of 1.43 tonnes of CO,, even after energy recovery.

- RIEZERERBMW—EZEHHR . BMEMERBRIE 2 R EE 1AM Z S 1Lk
BEEERWKERGEZ R ML,

- Insufficient energy is recovered to offset the carbon footprint of these technologies.
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Climate adaptation
HER e

N ST X

Zero waste systems help cities build resilience against the increasingly frequent extreme weather events and
health hazards brought by climate change. Poor waste collection and management are among the factors that
leave cities particularly exposed to these events. Zero waste systems help cities become more resilient by:
mitigating floods, reducing disease transmission, and improving soil quality.

FEEZRGEEHIES I, EL2RIEEET RN ESENABRRXREGMAOKEGERRE,
B EEYURENEEREENTREEELXFTARPHEARZ — L_Lﬁﬁ‘iﬁ%.‘f}ﬂ
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Key takeaway 1
58—

Bans on single-used plastics !SUPs) are necessary as glastlc waste exacerbates flooding.

- Plastic bans and universal collection systems are key to flood prevention as improperly
managed waste— especially plastic bags —lead to clogged drainage systems.

- ZRBBME RAIRKERG S KRR, BHaE RETIFEERE
EY—ALHEREBRBR —EEGERHKRFEE,

- After tragic flood events, many cities have successfully and swiftly adopted plastic bans.

- HEZETHEELEARKMBR LR MEMER., LENEEBBES.

Key takeaway 2
EE&:

Bannin Ps an tter wast llection will k is tors at

Fig— RABRE &N EIEREMBEEY K E R

- Uncollected waste, especially plastic, creates habitat (e.g., stagnant water) for disease
vectors, while food waste provides a food supply for vermin.

12
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- Reducing waste through bans on SUPs and minimizing discarded food can help to interrupt
the chain of disease transmission.

- BERA-XAZBANBZERLEEZNERYFRELE, AR UERFRERE

Key takeaway 3
FE =

Composting does wonders to improve soil resilience.

HE AR B S BT ol E T I 14

- Land application of compost helps nutrient-deficient soil by increasing nutrient storage
capacity, biochemical properties, crop production, and water retention.

- HAXERZESMIM EERAKE, FEEMNTEMESFEFED HREHE
L. EMEE LR ERKEEN,

- Better soil quality prevents floods, mudslides, and loss of food crops.

- MERFMTEREMAGESLK, TRRMEDNELX

Additjonal benefits
Bt 25

Well-implemented zero waste strategies benefit societies in ways that go beyond their ability to curb the
impacts of climate change: they improve many of the most fundamental ways in which society functions-
through associated environmental, economic, social, and political and institutional benefits. These
additional benefits include improving public health, reducing environmental pollution, incentivizing job
creation, supporting community development, and addressing inequalities and societal injustices.
Furthermore, waste solutions at the top of the waste hierarchy not only have the greatest additional benefits,
but also score highest on emissions reductions.

FREERBERITIFEE BUETRNTFETRZENFIEIZEBEHEENGEN, BEAIRE.
B, 8. BURRHETRFSIHFR EMAESHENHFSRERNEFRN, ELEMFF R aE
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Key takeaway 1
B8

Zero waste systems do more for our health and the environment than lower GHG emissions. Zero
waste systems:




- Lower the risk of cancer and illnesses associated with the spread of toxic ash from
incinerators and landfills by rendering them redundant;

- BERFZIEMEESHASERMAMITENRENRRRRE RAMEERT
BEZ2R ZMBETEFERLEMEES;

- Save natural resources by decreasing the need and demand for virgin materials;

- BOHEAYMER. HHNBEAER;

- Protect ecosystem health by decreasing plastic pollution, which currently affects all living
organisms;

- BAVBRBTER RELERRER BBRSREEZERANLERE.

Key takeaway 2
B

Zero waste systems contribute to a thriving economy. Zero waste systems:

- Are more economical than traditional waste management strategies;

- HEEHRMNEERVEERBERE,

- Offer more and better employment opportunities than traditional waste management jobs;

- HEERMNEZEEAZREUESEEFMNNERE;

- Spur business development: bans of single-use plastics have opened the door to innovative
businesses.

- RIBEFRER —RAEBRHNESTEAFSHAIERFAMT XM,

Key takeaway 3
FI=

Zero waste systems provide a wide range of social benefits. Zero waste systems:
EEEZRHA =iz ¥ 4% A EREEE

- Reduce poverty and inequality through the inclusion of informal waste pickers; .

- BMARREELFEXTHE AMBELEERAEFRR;

- Improve public health by decreasing the amount of toxic chemicals in the environment;

- RAREFHESHICEYE, AmE BN AMER,

- Improve food and water security via the application of compost and biodigestate, which
support food and water ecosystems;

- ERHEMBERRNER, XERBVFKEMNERER BMANRERERK
HRE,

- Reduce environmental stressors associated with waste disposal facilities.
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Key takeaway 4:
=2

Zero waste svstems strenqthen the quality of governance itself
Z }E =] b

- Bringing together a wide range of stakeholders, zero waste systems are more collaborative
and demonstrate high performance rates as a result.

- FEERSETRMASHEARANE—E BEAURRLEBRSE EMEES
EHBITE,

Case Studies
EZHIEFE

Modeling a business-as-usual versus a road-to-zero-waste scenario for eight cities revealed several
commonalities regarding the efficiency and impact of zero waste systems. Source-separated
collection and treatment (usually through composting) of organic waste is key to deep emissions
reductions, as landfill methane is the primary source of GHG emissions in the waste stream in every
city but Seoul. This is also the only effective method to fully address these emissions, and it is
relatively easy and inexpensive to implement. Recycling is also key, as increased recycling reduces
emissions, and can, in some cases, be enough to make a city’s waste sector net negative. While
source reduction strategies are underutilized across the board, all zero waste policy and programs,
even when incompletely implemented, lead to major mitigation benefits everywhere. The ‘road to zero
waste’ scenarios modeled here are conservative, realistic scenarios; many cities have already
exceeded the benchmarks in these scenarios, and the results are thus indicative of moderately
ambitious programs. Deeper emissions cuts can be expected from more ambitious zero waste
implementation.
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Recommendations
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e Incorporate zero waste goals and policies into climate mitigation and adaptation plans.

i3 BN BRI ECR B A RRAE R xS EBE E T

o Cities, which have the primary responsibility for waste management, should adopt
comprehensive zero waste programs, with emphasis on source separation, organics
treatment, and informal sector integration.

o WHEABEVEEMNTIERRE EENEEENTERNE LIEEERKRER
BN, ABEEYREBEURIFEEXTMANES,

o Funders and financial institutions should support city transitions to zero waste with financial
and technical measures.

EMEMEMBBREGEMMRMAZIE BRHEEITEE,
National governments can incorporate zero waste into their Nationally Determined
Contributions (NDCs) and relevant national climate policies.

o FHEBAFAIEEEEMAEIER BT E R/ (Nationally Determined Contributions) £t

ERHEANBERBIZEBRZH.

e Prioritize food waste prevention and single-use plastic bans.

EEHABRYBENZL-RAEEA

o Food waste prevention requires a dedicated strategy that integrates the entire supply chain,
with interventions from field to fork.

o EIBYRE FEHHEEESYHEEEETE HEREMIERMEESE
KR o

o Bans on single-use products and packaging, particularly plastic, can be adopted at the local
or national level.

o HHEMAHLEBRERES BiE—RANESNEK LEZEE.

e Institute separate collection and treatment of organic waste.

BAIARBEEY S BREREEEN E

o Cities should develop clear, easy-to-use systems with uniform signage and dedicated
outreach programs to ensure high compliance rates.

o WHRARI—EBMW. AEFAMNSEKRESE F-REMET. EMMNESR
HEHFE LERRERSERS,

o Composting is the easiest, least expensive, and most scalable treatment option for organic
waste.

o ENAHEBEVMEE HERRHE. AARKE. B ZENRENEETIE,

e |nvest in the waste management systems, recycling and composting capacity.
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Relatively small capital inputs are required for source separated collection, material recovery

facilities, organics treatment, etc.

m%?x)kﬁé BIEREEKSE. MHEIKERE. BHEREYRE.. . F%5 HE
MBRREEREBTEEMEL TS,

Municipalities should create a plan to meet ongoing operational costs, which may be lower

under zero waste.

THREMLERE—M5HE REBEEVEERRFEECMTREE MEATE

R RIS FERIFRE S LA,

Establish appropriate institutional frameworks for zero waste including regulations, educational and
outreach programs, and provide financial incentives through subsidies to recycling and composting.
ATBEESITE—EFERE AFER. AFNERERHE HRUUBFIR, EEH
Bh 5% & (2] W FN 3£ AE

Regulations to set up a comprehensive zero waste system are key, with strong emphasis on
aligned economic incentives that promote a virtuous system, continuously improving its
waste reduction rates.

BREREILEMMNERRZRRARERE AELEREZERHHMERMKEE
FE, LUTERIFMIRER, HBRSBEEVMRER,

Subsidies and other incentives to compost production and use are instrumental in developing
these virtuous systems that can counter the heavily subsidized synthetic agrochemicals.
REABMEMBRUFEHE M EERGER, APREERFNESR, HhE
EZALHMMSRIE2IEN,

Education, communication and outreach programs which ensure all stakeholders are
included are needed for high participation and compliance rates.
LEAEBIIEFAFNERARABMANEE. BRNESHEHE, LIREEMM
BHERESE,

Recognize the role of waste pickers and fully integrate them into the waste management system.

ERERENAR MM EESIBEVEERKS,

Create a consultative mechanism through which waste pickers can actively collaborate in the
design of zero waste and take advantage of new opportunities, whether as employment or as
entrepreneurs.

By —-EFEAEH, ERREARTR BT BESEGHFTEERRWRIIE
it MR AFHRMEERE TESEIE,

In cities where informal recyclers come from historically excluded populations, this may
require ending long-standing discriminatory practices.

LT, QFIE‘tE’JIEIH&%‘?:. BE LKA BHER R, EEFEERELE
RRFE B AR 1T
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— End of executive summary —

1. Introduction

1. 5]

As the urgency of global efforts to curtail greenhouse gas (GHG) emissions and the effects of climate change
escalates, the waste management sector remains an underutilized opportunity for climate action by
municipalities in countries everywhere. The mitigation potential of waste management is greater than the
sector’'s own emissions, as waste reduction and material recovery strategies enable cities to avoid emissions
associated with natural resource extraction and production, as well as the end of life of material goods; for
example, an analysis jointly conducted by the United Nations Environment Programme and International Solid
Waste Association recognized the waste sector’s potential of achieving a 20% reduction in global GHG
emissions.' Our current waste crisis is itself threatening the health and wellbeing of humanity and the planet,
and global waste generation is expected to increase by seventy-three percent in 2050.2 The good news is that
addressing our waste problem is a direct line of action against the climate crisis.
BEMFAEREHRERRIEEEVNECKALKBRERSNER, HASBENTHRERM
RRXNERBEEVEEMMAERERIEEE LATFHRNEE, BEEYEENBBEE N, KRS
FIRSEIHR, BARREREREKRBRIEETELERREAERAR. FERSEURY
EEZE R IR P B O HERR . 5130, HEE S ERIR 5537 &3 (United Nations Environment Programme) Bz [ B (&
BERE W% E (International Solid Waste Association) £k El & ERI— R D #TieE, BEEWEHFESE R
D% AEEREHRAE N, BB IHERMNEZYMEEAS U ERE S ALEE M IkA 2R
EitEl, AMAETEI20505F 0, SHRBEENELESZEH/IBMNT%, FiE, REREYHETE
BRERIRER

i

Zero waste systems offer alternative solutions to traditional waste management practices with far-reaching
benefits. Zero waste, as defined by the Zero Waste International Alliance and adopted by GAIA, “is the
conservation of all resources by means of responsible production, consumption, reuse, and recovery of
products, packaging, and materials without burning, and with no discharges to land, water, or air that threaten
the environment or human health.”® The aim of zero waste is to continually reduce waste through a range of
strategies including source reduction, separate collection, composting, and recycling.

"Wilson, David C, Ljiljana Rodic, Prasad Modak, Reka Soos, Ainhoa Carpintero Rogero, Costas Velis, Mona lyer, and Otto Simonett. 2015.
Global Waste Management Outlook. United Nations Environment Programme.

2"3olid Waste Management.” World Bank. 2022.
https://www.worldbank.org/en/topic/urbandevelopment/brief/solid-waste-management.
$7ero Waste Definition.” 2018. Zero Waste International Alliance. https://zwia.org/zero-waste-definition.

18


https://zwia.org/zero-waste-definition/
https://www.worldbank.org/en/topic/urbandevelopment/brief/solid-waste-management

SEERRIREMNEBRARE BT EaNERNBEEMEERER. RBIBERSEERE 1 (

Zero Waste International Alliance) ME %, TEEREISEEFTEIMAE. HE. BEAHEMDKE

MA ZER. RERYEENREE, BEFRSESLERK, KERER, TEMBEERERA
BREE, EEERth A SRR CEBERAEERE ) CAVNFMERA ' SEENEHEZRERZER

B, SIERERE. N EKE. #HIPREREKERE BERVEED,

This report is the first of its kind to quantify the climate impacts of better waste management with case
studies on eight cities, each in a different part of the world. This report also examines the ways in which zero
waste systems not only mitigate GHG emissions, but also help cities reduce their vulnerability to the impacts of
climate change and create overall healthier societies. Devastating signs of the climate crisis—including
increased flooding, outbreaks of vector-borne diseases, and degrading quality of soil—are already harsh
realities faced by many countries across the globe. Often, the countries suffering most from such effects are
the ones least responsible for causing climate change, and the severity of the consequences are becoming
increasingly apparent as the climate crisis accelerates.

AMEERLS, BETRIFEZVEEHREMNZE, TIRERHRATR A ZBE /BT
HIEBIFR, AMERER T TEERR MR EEREEEER. BB TG EH RIxE B 1]
M LERELE, RIFBHERLUTABLDIBRABIKRIRFR, LIEBRBBIRILK, &
IRERRUBRELURTERESIL ELERALKFZERABRNERETE. BEZTLERE
EMER RERAREREEEER/IDHUBLERR,; MEERIXEHMINL IR, HEREMBREL
SRR

Cities have a unique opportunity to tackle climate change through the waste sector. While many other sectors
are the responsibility of national or provincial-level governments, waste management is almost always the
exclusive responsibility of local governments. Waste management is also typically the single largest budget
item in municipal budgets, and even so, many cities struggle to simply collect the existing waste. There is thus
aneed for improved and economical waste management approaches that simultaneously address climate
change.” Zero waste offers cities a leadership opportunity on climate action, while managing known and new
risks. This will help build both long-term resilience against climate change, and provide much needed
short-term results, all with a relatively small budget.

WA EBEEY MM EERXIREREE BB E. AL MMM EERZZEAR
BRERBARERE EREYEELTFRAZMABMEEEENEL, —BRME, BEYEENRE
EREATHREEPE—RBES. RANEEEE  BMEMNL, 552 MHBRALZKRERA K
MEEXAH#M ALAVERENFE BEZVEEREAN ARXEREREEE, ‘E5RA
BEEEZ BHAREERIETH LM EESMM, RNEZRERHFEMER. EH PR
MUAHROWER, BEIEHREEBNRAFMNE RFERSFTHEHARE,

Zero waste systems are no longer a novel approach: they are being implemented by over 550 municipalities
around the world, in very diverse contexts, including big and small cities, towns, islands, and touristic
destinations—whether wealthy or impoverished. Beyond positive climate action, zero waste systems improve
many of the fundamental ways societies function. Tacloban City, Philippines, for instance, went from servicing
30% of households with waste collection to 100% in two years of implementation of a zero waste system,

“Kaza, Silpa, Lisa C. Yao, Perinaz Bhada-Tata, and Frank Van Woerden. 2018. What a Waste 2.0: A Global Snapshot of Solid Waste
Management to 2050. Washington, DC: World Bank. https://doi.org/10.1596/978-1-4648-1329-0.
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reducing the waste sent to landfills by 31%, and saving the annual budget by 27%.° Ljubljana, Slovenia, tripled
jobs in the waste sector and saved costs while doubling recycling rates in eight years and reducing
waste-to-landfill by 95% in 14 years through door-to-door collection combined with a pay-as-you-throw
system.®

FRERRETEINEE, 2XARB0EAREEHRFREE, L ABNMNERGHES
F—, ARy, /T, AHiE BERBLARE ANKEE® FHEERME, TERE
B%Tﬁﬂtﬁ"lﬁgﬁﬂ%&a_, HMHETHEHFLHIRAEESK, LN, EFEFRIBR ST (
Tacloban City), HRIT—FRERMMER, RARAIONRFEZAMBEZMKRERFEE KX E
MARFE, ZEEIEISHEEYRET 1%, FEFEEEE T 27%, HEHEHEEME LR (
Ljubljana), L EMEEIF K KIIRRFB R IR EEEKETE 2R, \FERNEZWEFIH TERH
ERERKAMIME, EKEPT & LRNEESMEZYRTEFERRED T 5%, °

An increasing number of local governments consider zero waste a powerful climate action strategy. As a
sector that usually lies entirely within local control and consumes an enormous portion of city budgets, solid
waste management is a prime area in which municipalities can apply zero waste strategies to reduce their
climate impact and build more just and resilient cities.

AHRB S ARG SREER ABNMKIEEBHF LK, EREZMEFEE A K
REEAENEE, AEmAEPHETHERMLES, BEE2EHRTRIETHN—EIEE
B, WA R EASEERE, HOEREEHE, BIENTE, EFIMERNET,

Box: Zero waste as a speedy solution

To tackle the climate crisis, rapid solutions are essential. In contrast with major infrastructure projects such
as incinerators and landfills, which take many years to site, permit, and build, zero waste implementation is
extremely rapid. This is particularly true for the crucial element of source separation, which relies on high
levels of public cooperation. . For example, Prelog, Croatia, tripled source separation in 5 years.” In Dar es
Salaam, Tanzania, the zero waste system implemented by Nipe Fagio to engage 32,000 people achieved
95% compliance in source separation and reduced waste disposal by 75% in just two years.? In San
Fernando, Philippines, waste diversion increased from 12% to 80.69% in six years after implementing a zero
waste system.? In Besangon, France, the implementation of a pay-as-you-throw system and decentralized
composting reduced overall waste generation by 13% in 7 years." In Santa Juana, Chile, organic waste sent

% Liamzon, Catherine. 2019. “Sunshine After the Storm: A Typhoon-Ravaged City Rises to Become Zero Waste.” Zero Waste Cities Asia.

Global Alliance for Incinerator Alternatives. https://zerowasteworld.org/wp-content/uploads/Tacloban.pdf.

5 Oblak, Erika. 2019. “The Story of Ljubljana.” 5. Zero Waste Case Studies. Zero Waste Europe.
https://zerowasteeurope.eu/wp-content/uploads/2019/10/zero_waste_europe_csb_ljubljana_en.pdf.

7 Ko$ak, Marko. 2019. “The Story of Prelog.” Zero Waste Europe. https://zerowastecities.eu/bestpractice/the-story-of-prelog.
8Zero Waste Systems for Climate Mitigation Tanzania.” Presentation by Ana Rocha, Nipe Fagio.
https://www.nipefagio.co.tz/publications-nipe-fagio.

® Dayrit, Felicia, Anne Larracas, and Gigie Cruz. 2019. “Picking Up the Baton: Political Will Key to Zero Waste.” Global Alliance for
Incinerator Alternatives. https://zerowasteworld.org/wp-content/uploads/San-Fernando-1107.pdf.

10 Rosa, Ferran. 2018. “The Story of Besangon.” Zero Waste Europe. https://zerowastecities.eu/bestpractice/besancon.
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to landfill was reduced by 35% in the first 4 months of implementation of a zero waste-oriented program.”
Salacea, Romania, went from almost zero recycling to 40% in the first 3 months of zero waste
implementation.” Capannori achieved a 82% separate collection rate in six years™ and Parma, Italy,
increased separate collection from 48.5% to 81% in seven years." In Usurbil, Basque region, Spain, separate
collection went from 28% to 80% in just two years.® These and other examples testify to the speed with
which zero waste can take effect.

AR FREERREMRAE

EEMRERERE RERRAEZEEEREEN, HHRRCIEREIRSEFTEZ FRFMAETE
b, RS TEE BN BN ERRERREHE, SREZVLUBRREREN, LEERTEENE
EnFdF—ERASEESWREL EEME—B LIRS, thin, ERBEEBEMNHE
& 4% (Prelog), BEEWREE D FR0 L BIH B & A BB A R AR AI3ME, '7E£18 M FEZE AU = (Dar
es Salaam), H/A RERET AT FFIT | (Nipe Fagio) FH#E S, (BAH32000 N\ BEER R, TEER
FEARATRENWHEREARENE T EEEREMNBENRED TT5%, EEEENEERTS
% (SanFernando), EEMFREEFIERANERN, BEEYE YL ZEEN1#12%IENNZ180.69% , 7L iEE
B B 42 (Besangon), EHENIIREREKEHFHERSBRERERLER, BENBEVELE
B T13%, "EEFIMEHLH (Santaduana), EER—SEEEMMNAETHRTOEAR,
EIEIR IS B HEEZEMILI L T 35%, "7£& B ERM BTG (Salacea), EEREZTEER=E
AR, BElUSERERANET EZRATNLG0%, "EKXFIHREEE (Capannori) 7E 7528 RE 5182
%R FEIER SR — AR THIEEE (Parma), BI2 R tERE S FE Ik R1L48.5% 1IN T 81
%, "“7E 75 T 5F BB Hi 52 0 [= (Basque region) B S &R B #E B (Usurbil), D 5B EENREEREATR
1#£28%1210%180%, “EFEFERIEHIZERA T FEEE R 2 0T LURE B 5,

" “Estudio de Caso: Estrategia Basura Cero En Santa Juana.” 2021. Global Alliance for Incinerator Alternatives.
https://www.no-burn.org/wp-content/uploads/2021/11/Serie-documentos-GAIA-Caso-7.pdf.

™2 Rastei, Elena, and Jack McQuibban. 2019. “The Story of Salacea.” 12. Case Studies. Zero Waste Europe.

" Vliet, Aimee Van. 2018. “The Story of Capannori.” Zero Waste Europe.
https://zerowastecities.eu/bestpractice/best-practice-the-story-of-capannori.

" Rosa, Ferran. 2016. “The Story of Parma.” Zero Waste Europe. https://zerowasteeurope.eu/library/the-story-of-parma.

% “Recogida puerta a puerta en Usurbil.” Ministry for the Ecological Transition and the Demographic Challenge.
https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion-residuos/buenas-practicas/Puerta_Puer

ta_Usurbil.aspx.
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2. Zero waste and climate mitigation

2. TRELBERIREE

P2
Chapter summary
AEME

e The waste sector is the third largest source of methane emissions, a powerful GHG that traps 82.5
times as much heat as CO, over a 20-year timespan. Organic waste in landfills is a major source of
methane emissions, and proper organic waste management can dramatically lower these
emissions.

o Source-separated collection and treatment of organics can reduce methane emissions
from landfills by 62 %, even with moderate ambition.

o Separate collection of organic waste, composting, mechanical recovery and biological
treatment of residual waste, and biologically active landfill cover can reduce methane
emissions by an average of 95%. Other treatment methods, such as animal feed and
anaerobic digestion, may be appropriate in some circumstances.

o BEEVHMERRRPFHRMNE=ZARE. FREREBRMAERE ER20FEHRFMEL
BE R _HLiRI825ME, MBS P A REENR R RMERNR, ATUERZSE
EEFHEZEY, HRe XD B REER.

o HHEEYWIRESBKEREE, FIFFE62%/EIESF Bk, BlEZERE
M RTFHES,

o HEWBEEVIRISBKEEHILEE BERBEEZVETHEREKRREYRER
B UREEES FHEAYEEBERFIE, FIYLEIR 5% Bk
W AEZYWEMEEAN HNREBYHREERE AELEERITH
EEBEHREEAE,

e The mitigation potential of zero waste systems in the waste sector is largely underestimated and
presents an underutilized opportunity to mitigate climate change.

o Reducing upstream emissions from natural resource extraction, manufacturing, and
transport by preventing waste and decreasing the demand for raw materials through reuse
and recycling.

o Ending waste incineration and open burning eliminate their direct emissions of fossil and
biogenic CO,.

o Land application of compost or digestate can enhance carbon uptake of soils.

o TEERMABEVIMTRBEERIZESENE N EEBABKIBEMLT, E2ER

RERDERNHE
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e A comprehensive zero waste strategy can reduce more emissions than the waste sector produces,
resulting in a “net negative” sector.

o LHEMHMTEZERMATRERVMNE, LEEMHMMELEMPFKRERE L, AI{ELLED
FIRL A TR B BRI AR,

e Plastic, a fossil fuel product and uniquely problematic material, has an enormous carbon footprint,
two-thirds of which is in the production phase. As recycling plastic has critical limitations, forceful
public policy interventions are required to reduce plastic production.

o BREEEFEBEILAMH. FHHAMENME, HIREH+2EX, HHE=222%KE
AEMRE, MEBMEKXEEHLHERS, AHLFEZEERFNDHLOKBERNA, L
BIEEBEE,

2.1. Introduction

2.1. {59

The solid waste sector is a significant source of GHGs, including methane (CH,), nitrous oxide (N,0), and
biogenic and fossil carbon dioxide (CO,). Traditional calculations indicate that 3.3% of global GHG emissions
originate from the waste sector.® The mitigation potential of the waste sector through zero waste systems,
however, is much larger than this figure implies. Globally, 70% of total emissions come from the material
economy, from extraction through disposal.” In the U.S., 42% of GHG emissions are associated with the
lifecycle of all products.” Good waste management—which includes strategies that separate organic waste
and prioritize reduction, reuse, and recycling (in that order)—will sharply reduce powerful, short-lived GHGs
such as methane as well as reduce emissions from other sectors (such as mining, farming, manufacturing,
transportation, and agriculture). As a result, the mitigation potential of the solid waste sector is greater than
its total emissions, making it a potential “net negative” sector.”

EERE MMM RS RN EASE, S HECH) . —EILZE (N0), B EE A

e R 8 Z | AL HK (biogenic and fossil C0p) . E#fE LRI E DT, EKEEREHKEFH

8 “Climate Data for Action-Emissions and Policies.” Climate Watch. https://www.climatewatchdata.org.
7 Wit, de Marc, and Laxmi Haigh. 2022. “The Circularity Gap Report 2022.” Circle Economy. https://www.circularity-gap.world/2022.

¥ “Opportunities to Reduce Greenhouse Gas (GHG) Emissions through Materials and Land Management Practices.” 2021. Reports and
Assessments. U.S. EPA.

® Hogg, Dominic, and Ann Ballmger 2015.“The Potentlal Contr|but|on of Waste Management to a Low Carbon Economy Eunom|a
https://www.eunomia.co.uk/reports-tools/the-potential-contribution-of-waste-management-to-a-low-carbon-economy; Wilson,
David C, Ljiljana Rodic, Prasad Modak, Reka Soos, Ainhoa Carpintero Rogero, Costas Velis, Mona lyer, and Otto Simonett. 2015. Global
Waste Management Outlook. United Nations Environment Programme.
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[graphic 1] The ZW vs linear economy

Contrary to the claims of the so-called waste to energy industry, converting mixed solid waste to energy is an
approach to net negative emissions that has not proved effective. The most common technology used for
waste-to-energy, mass-burn incineration, emits far more GHG emissions than the energy it displaces.? Rather
than reducing emissions in the power sector, it increases them. As countries decarbonize their electric grids,
this discrepancy will only increase. Other technologies such as pyrolysis, gasification, and plasma arc have
failed to achieve technological or commercial success.” Landfill gas collection, while frequently required to
mitigate methane emissions, is of uncertain efficacy.? Of waste-to-energy technologies, only anaerobic
digestion has proved successful, but it requires clean organic inputs rather than mixed waste.
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Zero waste systems, on the other hand, reduce GHG emissions through multiple avenues: separate collection
and treatment of organic waste avoids landfill methane emissions; waste avoidance and recycling reduce
“upstream” emissions caused by natural resource extraction, manufacturing, and transport associated with

20 Pratt, Kimberley, and Michael Lenaghan. 2020. “The Climate Change Impacts of Burning Municipal Waste in Scotland: Technical
Report.” Zero Waste Scotland; Tabata, Tomohiro. 2013. “Waste-to-Energy Incineration Plants as Greenhouse Gas Reducers: A Case
Study of Seven Japanese Metropolises.” Waste Management & Research 31(11): 1110-17. https://doi.org/10.1177/0734242X13502385.
; Tangri, Neil. 2021. “Waste Incinerators Undermine Clean Energy Goals,” February. https://doi.org/10.31223/X5VK5X.

2 Tangri, Neil and Monica Wilson. 2017. “Waste Gasification & Pyrolysis: High Risk, Low Yield Processes for Waste Management.” Global
Alliance for Incinerator Alternatives.

22 National Academies of Sciences, Engineering, and Medicine (U.S.), ed. 2018. Improving Characterization of Anthropogenic Methane
Emissions in the United States. Consensus Study Report. Washington, DC: The National Academies Press.
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the production of new goods; ending waste incineration and open burning eliminate their direct emissions of
fossil and biogenic CO,; and the application of compost or digestate to land can enhance the carbon uptake of
soils.
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2.2. Tackling landfill methane through organic waste

2.2 5B A HEZYEERREIES B KRR

2.2.1. Methane emissions

2.2.1 BRHERR

Methane is a powerful GHG, trapping 82.5 times as much heat as CO, over a 20-year timespan.” It is
responsible for approximately 0.5°C of warming in today’s world. Fortunately, methane also degrades relatively
rapidly over an average period of 12 years.” Reducing methane emissions is therefore one of the quickest ways
to reduce global heating and help us stay below 1.5°C of warming, the target set by the Paris Agreement. Swift
emissions reductions will buy countries and communities around the world the much needed time they require
to decarbonize their economies and societies.

FREEFEBRNMBEERE HN20EHEA RGN RESZ, BTELHRNS26E, "RS
ERBEFAASHEESR KBS CERIERMN, FTEHHAER, BlRofIHKNEENE
R, FHRFNRE, “hREL, BORRERERESKELRRAGEZ —, ATEIEMS
EERIEEIEEEFEEMCCHERRN—hI I ERPEMREN B R, REABEBURE A AT
HERFZEANSHEFMBIAZNITAFTENRRE, ZHMAAFEZHRAHEEENLEERE
TERE,

2 Masson-Delmotte, Valérie, Panmao Zhai, Anna Pirani, Sarah L. Connors, Clotilde Péan, Sophie Berger, Nada Caud, et al., eds. 2021.
Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge, United Kingdom and New York, NY, USA: Cambridge University Press.
https://doi.org/10.1017/9781009157896.

% "\ery Strong Atmospheric Methane Growth in the 4 Years 2014-2017: Implications for the Paris Agreement - Nisbet - 2019 - Global
Biogeochemical Cycles - Wiley Online Library.” https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2018GB006008.
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Globally, the waste sector is responsible for approximately 20% of anthropogenic methane emissions, making
it the third largest and most rapidly growing source sector.” Landfill methane emissions result from the
decomposition of organic waste—primarily food scraps—under anaerobic (oxygen-deprived) conditions.? In
some cities, landfills are the dominant source of methane emissions.”” Recent studies suggest that these
numbers may be significantly underestimated.’® Measuring the exact amount of methane emitted from
landfills is challenging, as the methane generation rates vary greatly between landfills and even from spot to
spot on the same landfill depending on temperature, moisture, and organic content.? Due to the inaccuracy of
conventional measuring methods such as the Intergovernmental Panel on Climate Change (IPCC)s “first-order
decay model,” uncertainty of the actual scale of methane emissions remains to be addressed.*

SHRFEEAERFZTNFREREES, HH0%KREBREYIM, BE=K. h2HEREE
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While waste composition and climate affect methane emissions, the waste management techniques and
technologies employed are the most important factors.® Open dumps, which are often found in the Global
South, are prone to smolder or to catching fire, reducing methane emissions but becoming major sources of
toxic air and water pollution. Fully enclosed, compacted, and sealed landfills, which are typically found in the
Global North, promote anaerobic decomposition of the organic waste into methane. Bioreactors, in which
landfill leachate is recirculated into the landfill, increase methane generation by filling air voids and providing
water to anaerobic microbes. Biologically active cover, on the other hand, contains methanotrophic microbes
that consume methane before it reaches the atmosphere, making it the obvious choice for managed landfills
during the transition to separate collection, composting of organics, and other zero waste solutions.

HAFLRENEGZIBEEYRMNRENEZE, BEAMEBEYMEE S BEEEREM, he
REENRRE£BEA IERMEXREZEBNIRG BRESZHEEMER KX, #AR LD T
RERERELRAEEERSEMKTEMN—KKR, £k 5 ), BEMNEESHETEE
fH. BE.E# BHRHETHRENRE EERBEEYEZIBEIEMELER K. EEIESEF
4 ¥ I FE 25 (Bioreactors) . 7R EIGHEIR IR B HKIREMIVEE, R LIEREESEEITIRE KD
KBREHE, EMBERRMEL, HEHh, THIES FHEEYEEEEE | (Biologically active
cover), BIFE A H &% B RS 1L E (methanotrophic microbes), A]7E B 4 id K& B S K R Z Bl i5
HERAHIED R, EERBEEDR AP EREREBREEZY, STERIIHETBEIZEZ
HI, HEENEHBEEEEAREERESNREASE.

Box 2: Global Warming Potential (GWP) and Calculations
A2 EKEEBBMEAFEANX

Methane is a much more powerful GHG than carbon dioxide, but has only a brief atmospheric lifetime: 12
years on average as opposed to ~400.%2 Global Warming Potential (GWP) is a tool used to aggregate the
effects of GHGs with very different atmospheric lifetimes. By construction, the GWP of CO,is 1; for other
gasses, the GWP depends on the timeframe considered. For a short-lived gas like methang, the impact is
concentrated in the first decade, so the 20-year GWP (82) is much higher than the 100-year GWP. Both GWPs
are scientifically correct, and the choice of which to use is a policy, not scientific matter (IPCC AR6 WG1TS
3.3.3). Whereas the initial Paris Agreement rule book prescribed the use of 100-year GWPs for national

¥ National Academies of Sciences, Engineering, and Medicine (U.S.), ed. 2018. Improving Characterization of Anthropogenic Methane
Emissions in the United States. Consensus Study Report. Washington, DC: The National Academies Press.

32 Archer, David, Michael Eby, Victor Brovkin, Andy Ridgwell, Long Cao, Uwe Mikolajewicz, Ken Caldeira, et al. 2009. “Atmospheric
Lifetime of Fossil Fuel Carbon Dioxide.” Annual Review of Earth and Planetary Sciences 37(1): 117-34.
https://doi.org/10.1146/annurev.earth.031208.100206.
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reporting, the growing urgency to address short-term emissions is driving increased use of 20-year GWPs in
policy.

FREBNEREA_SLHRMEBERE AMPREARTHENSHRENE, HER_-SR
EHRERERTAFEHLONEE, EE+2EY . “2BKIE 1L B2 (Global Warming Potential, Itk#&
LIGWPERB) BIR—EH =T E, AREAERBEATRAEKREWNNELT, HBELERE
REMELKE BETEE_SILHRMOWPE, HEBEREMNOWPAIZEEHEA SN HMNEA
ZR. GPREEREMMAERE ERIEQEETELEDELCHMI0E, FTLIER20FEGWP
(82) =& MR100FE HIGWP(27.9) . EMBEXUFHEM B L M2 EHM, EFAN—EHRFIEBEL
HE =, IBFIZ28E] (IPCC AR6 WG1TS 3.3.3) , HEA W M A BE 17 R #R BIIZE ) (Paris Agreement
Rulebook) B i 7F B R &5 o 3 FA100E £AGWP, (B R EHIRAER BN BHEE AER,
FEEEA0FEHGWPRBUR R ER kT E,

The Inédit calculator used in this report relies upon an underlying scientific literature that uses 100-year
GWPs. As a result, it effectively understates the impact of methane emissions. The practical impact is that
(FEE% /) T "the mitigation potential of”, 5% 52 ) reducing the organics sent to landfill is, if anything, far
greater than expressed in the case studies on page X.

AR E AR Ineditet & 25 TR — 10§ B 20 XX RE AR Z100F Z16WP, Rt EF £ K
ETREFREMEE, SEMAMEMMNEZE, NREMNE SROAREZYETEIZEN
WHEZBEEN, FERRAREEFARHR (ZE5) B LESHRF,

2.2.2. Alternatives to landfilling
222 RIS AR

2.2.2.1. Waste prevention and food rescue

2221 B#RRYEEREHREY

The best approach to reducing landfill methane emissions is to avoid landfilling organic waste, which
represents the largest proportion of the solid waste stream. As with other waste streams, waste prevention or
avoidance has the greatest impact. An astonishing one-third of all food produced is wasted, and is responsible
for as much as 10% of global GHG emissions.* Tackling food waste reduces emissions between 0.8 and 4.4

%5 Gustavsson, Jenny, Christel Cederberg, and UIf Sonesson. “Global Food Losses and Food Waste,” 38;
Gikandi, Lilian. "10% of All Greenhouse Gas Emissions Come from Food We Throw in the Bin.” World Wide Fund for Nature.
https://updates.panda.org/driven-to-waste-report.
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tonnes CO,e per tonne of waste prevented, and comprehensive food waste reduction could lower global GHG
emissions by 2% to 5%.% Most of these emissions reductions occur in the production and transportation of
food even before it reaches consumers, which points to the gross inefficiencies in our current food systems.®
Of the eight cities studied, only Bandung, Indonesia considers an action plan to reduce food waste; thisis a
neglected strategy that deserves more attention.

EROBIBSMRRN RFNREIZHREEAKERY MEARBREDERREEYHX
BIERKLLE, MINEREEEMERY, #REZVELE EARANNE, FARENE £
HAELHMTARYS A=02—HAEEY MELEYEREY ZIEMI0%EE KA H KA
TR S EE R —EEYMBEEE, KA 0.8~44MC02 (ZSILTRE =) HIHEKR, ML
BYEERVMBEARE, HrARE-LHEREEREHRE, “ELEMTHBDHPFRASHKERN
BYMEEREREER, MEREEHEEF LoMERET, STETHERMEMNERHESR
A S ERMER, EAREEFHRA/NERH S, AAMNEMERE (Bandung) IEFE#EE —IEIT
BEtERBLBYEREY, SETHETHMRBHEZRT, FEESHEL,

[graphic 2] food waste as proportion of all food produced, all GHG emissions, and equivalents in terms of
cars or coal-fired power plants, etc.

[graphic 3] ILSR's Hierarchy to Reduce Food Waste & Grow Community
https://ilsr.org/food-waste-hierarchy/

When prevention is not possible, recovery should be the next priority. Food rescue and redistribution programs
to communities in need, through networks of food banks, food pantries, grocery stores, restaurants, and other
food retailers, can yield both significant emissions reductions and increased community resilience. For
example, in just three years, Milan, Italy’s food rescue program has been able to divert 130 million tonnes of
food waste from landfilling annually, putting the city well on track to meet its goal of 50% food waste reduction
by 2030.%

HNREHAEZEVNRY, ERRTEIELMER: EKEFTEANEY . FIRAEYRIT. #LE
HEWEE (foodpantry) . EmHMEXGERE. BB MEEEERYHNBERATHERAIMERK, KE
RIEI EFoEMMBEREMLE, RERNITHTREREXREBRK, ZEaRIGMEEREE,

% Dorward, Leejiah J. 2012. "Where Are the Best Opportunities for Reducing Greenhouse Gas Emissions in the Food System (Including
the Food Chain)? A Comment.” Food Policy 37 (4): 463-66. https://doi.org/10.1016/j.foodpol.2012.04.006.

:Salemdeeb, Ramy, David Font Vivanco, Abir Al-Tabbaa, and Erasmus K. H. J. zu Ermgassen. 2017. “A Holistic Approach to the
Environmental Evaluation of Food Waste Prevention.” Waste Management 59 (January): 442-50.
https://doi.org/10.1016/j.wasman.2016.09.042; Venkat, Kumar. 2011. “The Climate Change and Economic Impacts of Food Waste in the
United States.” International Journal on Food System Dynamics 2 (4): 431-46. https://doi.org/10.18461/ijfsd.v2i4.247.

%"Seeking End to Loss and Waste of Food along Production Chain.” Food and Agriculture Organization of the United Nations.

http://www.fao.org/in-action/seeking-end-to-loss-and-waste-of-food-along-production-chain/en.

%8 Bottinelli, Stef. 2021. “The City of Milan's Local Food Hubs Reduce 130 Tonnes of Food Waste a Year, and Win EarthShot Prize.” Food
Matters Live, October 18, 2021.
https://foodmatterslive.com/article/milan-local-food-hubs-reduce-130-tonnes-of-food-waste-a-year-and-win-earthshot-prize.
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2.2.2.2. Separate collection and treatment
2222 SN SREL R IE

For the organic waste that cannot be prevented or rescued, the best practice is separate collection and
treatment.*’ Separate collection at the point of generation (households, businesses, etc.) is critical to avoid
cross-contamination of different waste streams, which lowers the utility and value of both organic and
non-organic materials. In this context, the most prevalent and easiest-to-implement treatment method for
organic waste is composting.

HNPLEEMBLIEGEASAKE ANARERY, RIFMNEEI T EKENRE, "TEAH
BEVHEARBINMERHAZER) MBFIHEKE +7EE, At BEr#RTREHME
EMzMERSE MARNERBERZRYNER SEXERECMMMALREER, EHATRT, &
HEARBEEMEETE. BENAE EREET,

Composting, the microbially-aided aerobic (i.e. oxygenated) decomposition of organic waste, can be carried
out at a range of scales, from household to city-wide. Well-run composting operations do not attract vermin or
create odors. Composting prevents an average of 78% of methane emissions that would otherwise be emitted
from landfills, leading to significant waste sector emissions reductions.” Moreover, the scalability of
composting initiatives (from backyard to industrial) allows for a range of waste management approaches,
including highly decentralized systems. One advantage of decentralization is that it can significantly reduce
transportation costs and the climate and public health impacts of heavy truck traffic. Care must be taken to
ensure sufficient aeration of the compost, which prevents anaerobic digestion and waste water and methane
formation. As the organic waste breaks down, it emits water vapor, biogenic CO,, and small quantities of
nitrous oxide (N,0). However, a significant portion of the carbon remains in the final product— a nutrient—and
organic matter-rich soil amendment.* This compost can be used for agricultural purposes, stormwater
management, and landscaping, among other uses.

" Morris, Jeffrey, H. Scott Matthews, and Clarissa Morawski. 2013. “Review and Meta-Analysis of 82 Studies on End-of-Life Management
Methods for Source Separated Organics.” Waste Management, Special Thematic Issue: Urban Mining, 33 (3): 545-51.
https://doi.org/10.1016/j.wasman.2012.08.004; MRA Consulting Group. 2019. “Review of Separate Organics Collection Legislation: A
Submission to NSW Environment Protection Authority.” MRA Consulting Group; Wilson, David C, Ljiljana Rodic, Prasad Modak, Reka
Soos, Ainhoa Carpintero Rogero, Costas Velis, Mona lyer, and Otto Simonett. 2015. Global Waste Management Outlook. United Nations
Environment Programme.

%8 "Methane Matters: A Comprehensive Approach to Methane Mitigation.” 2022. Changing Markets Foundation, Environmental
Investigation Agency, Global Alliance for Incinerator Alternatives.
% Brown, Sally, Kristen Mclvor, and Elizabeth Hodges Snyder, eds. 2016. Sowing Seeds in the City: Ecosystem and Municipal Services.

Springer.
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Box: Composting success story from Pune, India
ARk B ENEHMRH B RS

A composting project organized and managed by the cooperative of waste pickers SWaCH in Pune (India)
serves the dual benefits of reducing methane emissions and producing compost by diverting organic waste
from being dumped at a landfill (where methane is generated when organic waste decomposes) to an at
source composting facility (aerobic composting). Moreover, SWaCh is India's largest cooperative wholly
owned by self-employed informal waste-pickers. It creates sustainable livelihoods for the waste-pickers,
particularly for disadvantaged women, producing valuable compost that combats highly problematic soil
degradation.

FEENFERIEHR (Pune), —TEHETRE S 1F1ESWaCHEZI L EEMHIESTE, FRMAK B
R MELHEA R, 2T ERRAEHERZARIES. FEIBMEER RMIMLERK
BEEY, BRI ERNIIAHBREETIFEMIE, k5, SWaCH T2 HA—FHFEABRT

E& . FFIEASMIMBREMES, FMERKMBRE S F4 . SWaCH REEEHRTRAE MK
BAE LERHZ M SnfrUStEHAEENHERRS, dERENTZEHERSR,

Such a project is highly suitable in the Global South because the waste produced is mostly organic: 53% and
56% in middle- and low-income countries respectively.“’ In Pune, the proportion of household organic waste
(the largest source of waste) is 72%.“ SWaCH provides the expertise and materials needed to install the new
composting infrastructure in both residential and commercial spaces, and it assigns a trained waste picker
to maintain the composting unit. The waste is collected by trained waste pickers from citizens’ doorsteps
and delivered to the in-situ composting site. Currently, 71 waste-pickers are managing 7,000 Kg organic
waste daily at 121 decentralized locations. SWaCH also helps individual community members maintain their
existing composting sites, which makes them eligible to apply for a 5% tax cut on their property taxes.

“0 Kaza, Silpa, Lisa Yao, Perinaz Bhada-Tata, and Frank Van Woerden. 2018. What a Waste 2.0: A Global Snapshot of Solid Waste
Management to 2050. Urban Development Series. Washington, DC: World Bank. doi:10.1596/978-1-4648 -1329-0. License: Creative
Commons Attribution CC BY 3.0 IGO

““Existing Situation of Solid Waste Management in Pune City, India.” 2012. Research Journal of Recent Sciences 1(ISC-2011): 348-51.
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This is a clear example of how a single project can mitigate GHG emissions, increase the capacity to adapt
to climate change by improving the health of land, and provide additional benefits through the creation of
jobs and reducing gender inequality. SWaCH's work has been internationally recognized and it has received
several awards.”

EREEFBERETR EE—EFEAZSTLUREEEREEN ABUEHRET HERIRA
RFERIZEZREE D, ErRHBENEEERN A TERENE TEEEEEEN R . SWaCH HEE)
HIERKRESHEEETHESIFSEESEE.”

Other treatment methods for source-separated organics include anaerobic digestion and animal feed.*
Anaerabic digestion produces methane-rich biogas from organic waste in an enclosed vessel, avoiding the
problem of landfill methane leakage. The biogas is usually burned on site either for heat or electricity
generation. This produces biogenic CO, emissions (see the sidebar) but can replace fossil-based fuels,
particularly for cooking. Digestate, a slurry of partially decomposed organic matter, is the principal byproduct.
It is typically dewatered, composted, and used as a soil amendment. Anaerobic digestion works best at small
scales; its small footprint makes it a good choice for congested urban environments with high volumes of
organic waste and little space for composting facilities.*

HWREEDEMNEHREZEYME, BRTHEZN, EREMEESZE LNREHECMEES
A, “BREHLEREEFRSTEAREZYRBRELZ S F RABEA, SXRFTLERE
HREIRIS—EMEAM P RERHE, —BRHR, REHLMEEANBREMEEUESR
HEN EREEBEMEFLEVRE_SIHOBR(BEREEER), BRI RBAER,
HARANTEMIER RN, FRALAEERIEZRER ER— BN PBRNARYER EE
BEEERK, HIEEEFEER, FALTERRE, REHECENMRENER TEERRER
£ E E’H.Eiﬂzﬁiﬁﬁill\, HNGEAREARBEEYAZH EEMERE HIER BN EERTIREM
S AREHEEEEMNEE.”

“2 The Indlan Express 2021. PMC to End Tax Beneﬂt to 3, 081 Propertles January 9, 2021

““Awards - SWaCH https: //swachcoop com/about/awards

“ Wilson, David C, Ljiljana Rodic, Prasad Modak, Reka Soos, Ainhoa Carpintero Rogero, Costas Velis, Mona lyer, and Otto Simonett. 2015.
Global Waste Management Outlook. United Nations Environment Programme.

“ Prasad, R. 2012. “Efficient Way to Turn Waste into Resource.” The Hindu, October 17, 2012, sec. Science.
https://www.thehindu.com/sci-tech/science/Efficient-way-to-turn-waste-into-resource/article12561275.ece
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While the prospect of generating energy from organic waste is enticing, anaerobic digestion should be
employed with caution. It is much more costly to implement than composting and requires technical training
to operate effectively.” If the process is mismanaged, there can be significant negative repercussions.
Mismanagement includes landfilling the digestate, flaring the biogas instead of burning it for energy
generation, burning fossil fuels to increase the processing temperature, and processing purpose-grown crops
instead of food waste.

HMABREHCETT L ERTHERZRYREENESR, FEREETLE, BMEERELZ, BER
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YEEEYREE,

Using organic waste as animal feed is another way of diverting organic waste from landfills. Food scraps have
been fed to animals for millenia, and it remains a common strategy in rural areas worldwide. Animal feed is a
good way to capture the nutrient value in food waste; it is also a good substitute for resource-intensive feed
crops. The methane reduction potential of animal feed has yet to be robustly quantified, but one lifecycle
analysis found that this treatment method outcompetes compost and anaerobic digestion in terms of its
overall GHG emissions reduction performance. “However, precautions must be taken to avoid potential
disease transmission, and industrial agriculture is, of course, a major source of GHG emissions.
HAKBEEDEFRMNES EEREEAREBGENAZ ERRBRYKREEDY, SEAHRT
FELWEE MSEERASHMUEIIHE, SEEMEEER, EEGANEKREDY, ATLURE
BYBEEDHIHEEEETERE EVURKNLTEREXREEREMBENEREY, BE2E
FHEMEMER M, BEREERTRBOSORRER, BIEREABEEL FBRF—HLES
B AT, HEREEREHMBENSE, ERAHEMEKEHEL, A, EREEE
Az, BREFFERER MBIST, TXLtHNEEEEASHAREREREE XNEEKE,

[Pull quote/takeaway?] In all the cities we analyzed, except Seoul, separate collection and treatment of
organics has the greatest potential to reduce GHG emissions. Separately collecting and treating the
waste—usually through composting—reduced GHG emissions by at least 43% in each city (range: 43%-83%,
mean: 62% \section X). This impact is, if anything, understated, because it uses the 100-year GWP value for
methane (see box). Seoul is an exception because it already diverts 96% of its organic waste through
source-separate collection, so its emissions are primarily from incineration rather than landfilling.

[Pull quote/takeaway?] £ F FFR 7 AR T P, BR T & @ LLSY, Himhe o iERieH, A
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ATRENEEHOWPRETTEI . ERZAMURESN, RRARBHTERERIRIESE
W&, ERT IR BHEEREY), MEHREIER RN, MIEELE,

“"Global Methane Assessment: Benefits and Costs of Mitigating Methane Emissions.” 2021. UN Environment Programme.
http://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions.
“7Salemdeeb, Ramy, David Font Vivanco, Abir Al-Tabbaa, and Erasmus K. H. J. zu Ermgassen. 2017. “A Holistic Approach to
the Environmental Evaluation of Food Waste Prevention.” Waste Management 59 (January): 442-50.
https://doi.org/10.1016/j.wasman.2016.09.042
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Chart showing original emissions and reductions potential for 80% organics diversion across cities
Data here (a snapshot of either GHG or residual reduction)

The bottom line is that good source separation is the key to success with any organic waste management
program. Source separation and separate treatment of organics can obviate the need for downstream
mitigation measures such as landfill gas collection.”® Source-separated waste can be successfully diverted
from disposal through recycling or composting. Cross-contamination, on the other hand, reduces the quantity
and quality of the recyclable and compostable materials, and can cause operational failures in some treatment
technologies, such as anaerobic digestion.* Source separation is particularly important to ensure high-quality
compost for land application. In California, high-quality compost fetches a premium market price, which
significantly offsets the costs of waste management. The state’s preliminary budget also includes USD 180
million to implement state requirements to separate and compost organic waste.*
fhimE RIFHIREDE BREMAHEEYEETERIMERE, Bt REMIEFTREEZEY D
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Good source separation practices rely on the cooperation of individuals and businesses, which in turn depend
on continual outreach and culturally competent engagement from the local waste management authority,
along with a clear, easy-to-use source separation scheme. Successes in locales as different as Italy, India,
South Korea, and the U.S. attest to the viability of source separation schemes, regardless of culture, climate,
or political circumstances.
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2.2.3 Residual waste

223 REREEEY

Even with the best food waste prevention, source separation, and treatment practices in place, some organic
waste will continue to be mixed into residual waste for the foreseeable future. To address emissions from this
“dirty organic fraction,” the European Union has implemented policies to dramatically reduce the landfilling of
untreated waste.” As one of the aims of zero waste systems is to continually reduce the quantity of waste sent

“8 Morris, Jeffrey, Enzo Favoino, Eric Lombardi, and Kate Bailey. 2013. “What's Best to Do with the ‘Leftovers’ on the Way to Zero Waste?”
Ecocycle.

“* Hoornweg, Daniel, and Perinaz Bhada-Tata. 2012. What a Waste: A Global Review of Solid Waste Management. Urban Development
Series. Washington, DC, USA: World Bank Group; Wilson, David C, Ljiljana Rodic, Prasad Modak, Reka Soos, Ainhoa Carpintero Rogero,
Costas Velis, Mona lyer, and Otto Simonett. 2015. Global Waste Management Outlook. United Nations Environment Programme.

%0 Rosengren, Cole. “California’s Local Governments Grapple with Financial and Logistical Demands of Organics Recycling Law.” Waste
Dive. https://www.wastedive.com/news/sb-1383-part-three-california-local-government-budget-pandemic/625818.

S Directive 1999/31/EC of the European Parliament and of the Council of 26 April 1999 on the landfill of waste (0J L 182 16.7.1999).
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to disposal, it is important to not over-build infrastructure for residual waste management; otherwise, the
sunk costs of this infrastructure create a financial incentive to continue generating large quantities of waste,
thus disincentivizing waste reduction and diversion practices.
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As long as some organics remain in the residual waste, such mixed material should undergo “biological
stabilization,” which refers to a range of treatments from mixing and aeration techniques to more complex
material recovery and biological treatment systems. The aim of biostabilization is to reduce the potential of
the residual waste to generate methane. Although the process is similar to composting, it does not generate
usable compost because the residual waste is mixed and contaminated. One common approach to stabilizing
residual waste prior to landfilling is mechanical recovery and biological treatment, which has been shown to
reduce landfill methane generation by 80-90% or more.®
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A final mitigation step for landfills that continue to receive a dirty organic fraction or for older landfills with
organic waste in place is the use of biologically active landfill cover (biocover). Although one study found that
only 9% of landfill methane emissions originate in decommissioned landfills, these sites can continue to emit
methane decades after being rendered out of operation.” Biocover refers to soil and compost that contain
methanotrophic microbes, which feed on fugitive methane emissions from the landfill. Studies have shown

%2 Bayard, R., J. de Araujo Morais, G. Ducom, F. Achour, M. Rouez, and R. Gourdon. 2010. “Assessment of the Effectiveness of an Industrial
Unit of Mechanical-Biological Treatment of Municipal Solid Waste.” Journal of Hazardous Materials 175 (1): 23-32.
https://doi.org/10.1016/j.jhazmat.2009.10.049.

;Gioannis, G. De, A. Muntoni, G. Cappai, and S. Milia. 2009. “Landfill Gas Generation after Mechanical Biological Treatment of Municipal
Solid Waste. Estimation of Gas Generation Rate Constants.” Waste Management 29 (3): 1026-34.
https://doi.org/10.1016/j.wasman.2008.08.016.

+ Scaglia, Barbara, Roberto Confalonieri, Giuliana D'lmporzano, and Fabrizio Adani. 2010. “Estimating Biogas Production of Biologically
Treated Municipal Solid Waste.” Bioresource Technology 101(3): 945-52. https://doi.org/10.1016/j.biortech.2009.08.085; Smith, Alison,
Keith Brown, Steve Ogilvie, Kathryn Rushton, and Judith Bates. 2001. Waste Management Options and Climate Change. European
Commission DG Environment

5 Powell, Jon T., Timothy G. Townsend, and Julie B. Zimmerman. 2016. “Estimates of Solid Waste Disposal Rates and Reduction Targets
for Landfill Gas Emissions.” Nature Climate Change 6 (2): 162-65. https://doi.org/10.1038/nclimate2804; “Landfill Gas Primer - An
Overview for Environmental Health Professionals.” 2001. Agency for Toxic Substances and Disease Registry.

https://www.atsdr.cdc.gov/HAC/landfill/html/toc.html.
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biocover to reduce fugitive methane emissions by an average of 63%.> In some cases, biocover is so effective
it not only consumes all the fugitive methane emissions but draws down ambient atmospheric methane.*
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Biocover compares favorably to landfill gas capture systems, which aim to capture and burn the
methane-containing landfill gas. Landfill gas capture has highly variable mitigation efficacy and is subject to
uncertainties about fugitive emission rates.”® Long-term problems include breakage of the pipes that collect
landfill gas, an inability to recover energy from landfill gas that is low in methane content, and air pollution
from the gas combustion. Landfill gas collection systems are one of the costliest approaches to methane
mitigation, which creates a perverse incentive to maintain high rates of methane generation by landfilling
organic waste that could have been returned to the soil.
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Organic waste prevention, source separation, and separate treatment are essential elements to mitigate
methane emissions; they are also all essential to the broader goal of building zero waste systems. As organic
waste is one the largest fractions of municipal solid waste, successful organic waste diversion programs
dramatically reduce the quantity of residual waste requiring additional treatment and disposal.
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2.3. Scaling up reduction, reuse, and recycling of non-organic waste
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2.3.1 Waste hierarchy
231 EEYWAERBR

While tackling organics is critical to deep emissions cuts in the waste sector, other materials—particularly
paper, cardboard, metal, glass, textiles and plastic—hold the key to net negative emissions. Here, the waste
hierarchy is the best guide to minimizing GHG emissions, with source reduction being the most impactful and
preferred option. Source reduction, reuse, and recycling all reduce emissions by decreasing the demand for
raw materials, the energy required to manufacture goods, and the need for associated transport. In national
inventories, these emissions are tallied in the industrial, agricultural, transportation, and energy sectors—not
the waste sector—which explains how zero waste can reduce more emissions than the waste sector produces.
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[graphic 4] waste hierarchy

A study conducted by the U.S. EPA demonstrated that waste prevention showed net negative impacts and the
biggest climate benefits among existing waste management methods, such as recycling, composting,
incineration, and landfilling.”” Strategies for source reduction include restricting the production and
distribution of single-use items and packaging and designing products to be durable, repairable, reusable, and
fully recyclable or compostable. In the circular economy, products should be sourced from reused, recycled, or
renewable non-toxic materials to minimize the need for extraction and the use of virgin natural resources, and
cities should institutionalize alternative delivery systems to enable and strengthen reuse and refill models.
HAXBERAEPITH—OHRRERE HRNECRENREEMEEEE, mEK. ¥, 1
BB, FEMREEYELS (RERE) TLLEIIFE RS ER, ENERRREEMEEARAN

5 EPA, Opportunities to Reduce Greenhouse Gas Emissions through Materials and Land Management Practices (2009),
https://www.epa. gov/sites/production/files/2016-08/documents/ ghg-land-materials-management.pdf
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The emissions reductions from source separation and recycling can also be quite substantial. Our analysis
shows that Detroit, Lviv, and Sao Paulo could each reduce their GHG emissions by more than 20% through
effective source-separated collection of readily recyclable materials—metals, glass, paper, and cardboard, as
well as small quantities of plastic and textiles. Other cities, which already have efficient formal (Seoul) or
informal (Durban) recycling sectors, have less scope to improve; in these cases, it is important to avoid
problematic approaches such as waste incineration that would negatively affect existing recycling systems.
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The mitigation potential of recycling depends on the energy and emissions intensity of the material, which
ranges widely; for energy-intensive materials, such as metals, the reductions can be as high as 96% of the
emissions associated with producing the original product.®® The potential for mitigation through waste
avoidance and recycling often goes unrealized due to misaligned economic incentives. For example, recycled
plastic resin struggles to compete with subsidized virgin resin, depressing recycling rates well below
technically feasible levels.*
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2.3.2 Plastic
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% Friedrich, Elena, and Cristina Trois. 2013. “GHG Emission Factors Developed for the Collection, Transport and Landfilling of Municipal
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Anders Damagaard, Ola Eriksson, Daniel Jonsson, and Lena Fluck. 2015. Climate Benefits of Material Recycling : Inventory of Average
Greenhouse Gas Emissions for Denmark, Norway and Sweden. Nordisk Ministerrad.
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% DECD. 2018. “Improving Plastics Management: Trends, Policy Responses, and the Role of International Co-Operation and Trade.” Policy
Perspectives 12. OECD Environment Policy Paper. Organization for Economic Co-operation and Development.
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Plastic is a ubiquitous and uniquely problematic material. Plastic production is growing at 3.5-4% per year,
doubling every 20 years.*® As 70% of plastic becomes waste within a year of its production, plastic waste
generation is also growing at a similar rate.” As a fossil fuel product, plastic has an enormous carbon footprint,
two-thirds of which is in the production phase. Additional CO, is emitted when carbon is burned, e.g., in
incinerators. Judging by current investments in expanded plastic production capacity, from 2015 to 2050, the
world's plastic GHG footprint will be 129 billion tonnes combined.?? In the U.S. alone, the GHG emissions from
plastic production and destruction is projected to exceed the power sector’s GHG footprint.* If plastic were a
country, its global carbon footprint would be the fifth largest among all nations.®
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Unfortunately, recycling is not as effective for plastic as for other materials: plastic waste is a mix of different
polymers, additives, contaminants, and other materials that are difficult or impossible to effectively separate.
As a result, very little plastic (9%)is successfully recycled.® Alternative processes such as pyrolysis and
solvolysis, which the plastic industry calls “chemical recycling,” have high energy demands, low efficiencies,
and enormous carbon footprints.® However, even perfected recycling technologies would not address the
upstream emissions of growing plastic production, which is incompatible with a net-zero emissions goal.
Source reduction is therefore the key to constraining plastic’s GHG footprint.
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Plastic production needs to shrink rather than grow in the coming years.® But reduced production is not in the
interests of the oil, gas, and petrochemical industries, which are currently investing billions of dollars in
expanding capacity. Plastic use is driven not by increasing demand but by increasing supply, with the industry
actively seeking out new markets for plastic to compensate for stagnant sales of transportation fuels.®
Demand-side measures, such as promoting plastic-free and reuse-based business models, while important,
are thus insufficient to check growth in plastic production. Forceful public policy interventions are required.
The most popular policies enacted to date are bans on categories of plastic, such as single-use plastics and
hard-to-recycle packaging. Additional palicies will probably be required, such as banning new plastic
production facilities and expanding the categories of banned plastic. Other potential policy measures, such as
a plastic tax, have yet to gain consensus. The universally recognized need for stronger policies is captured in
resolution UNEP/EA.5/Res.14 of the United Nations Environment Assembly, which initiated a negotiation
process toward a new global treaty on plastic. For the first time, a global cap on plastic production is on the
table.
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The plastic that is produced should be designed for reuse and recyclability. This means avoiding the use of
additives, toxicants, mixed polymers, unrecyclable polymers (such as polyvinyl chloride) and multi-material
packaging that deter mechanical recycling. At the same time, there is little sense in investing heavily in heavy
industrial facilities (such as chemical recycling and incineration) to handle waste streams that are slated for
phase-out; these sunk costs will create incentives to continue production of problematic plastic.

57 Bergmann, Melanie, Bethanie Carney Almroth, Susanne M. Brander, Tridibesh Dey, Dannielle S. Green, Sedat Gundogdu, Anja Krieger,
Martin Wagner, and Tony R. Walker. 2022. “A Global Plastic Treaty Must Cap Production.” Science 376 (6592): 469-70.
https://doi.org/10.1126/science.abg0082; Lau, Winnie W. Y., Yonathan Shiran, Richard M. Bailey, Ed Cook, Martin R. Stuchtey, Julia
Koskella, CostasA Velis, etal 2020. “Evaluating Scenarios toward Zero Plastic Pollution.” Science 369 (6510): 1455-61.

; Borrelle, Stephanie B., Jeremy Ringma, Kara Lavender Law, Cole C. Monnahan, Laurent
Lebreton, Alexis McGivern, Erin Murphy, et al. 2020. "Predicted Growth in Plastic Waste Exceeds Efforts to Mitigate Plastic Pollution.”
Science 369 (6510): 1515-18. https://doi.org/10.1126/science.aba3B56.
% Fernandez Pales, Araceli, and Peter Levi. 2018. “The Future of Petrochemicals.Towards More Sustainable Plastics and Fertilisers.”
International Energy Agency (IEA).
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Cities have taken the lead in banning unnecessary and non-recyclable plastic, and these bans have often been
stepping stones to state/provincial-level and even national bans. Municipal-level bans of single-use plastic
have been proposed for seven of the cities in this study. Despite the relatively small tonnage of waste these
bans target, the GHG emissions reductions can be sizable, particularly in cities that use large quantities of
plastic. In addition to reducing GHG emissions, these bans are important for flood control, reduction of waste
management costs, and preventing plastic pollution in the environment.
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[graphic 5] Chart showing total BAU emissions vs. SUP ban reductions
Data here

2.4. Ending waste combustion

2.4, (X IEEEM IR

Incineration and open burning of waste (the latter usually in concert with open dumping) are common
practices in the Global North and Global South, respectively. Both emit large quantities of GHG, primarily fossil
CO, (from the combustion of plastic), biogenic CO, (from the combustion of paper, cardboard, and food waste),
and N,0, as well as particulates. Although there is relatively little data about the impact of open burning, it is
universally acknowledged to be a problematic practice that must be phased out for both climate and
environmental health reasons. Open burning and open dumping primarily occur where local authorities lack
the resources to collect and properly manage waste. These practices are aggravated by the dramatic rise in
plastic production, which is both increasing the quantity of waste and changing its composition, leading to
higher GHG and toxic emissions when burned.

BEYRILZLKIEAERNER, MEXNE(EEHFESIREXREEMHR) BIE R REK
BmA. EMEAXHEFRKRERERE BT Z2CFEREMREERMERE-_ELH, REMR
SRR MRIR R EIERRI A IR — S 1Ltk BF — S ZE B IZHANL, MR B AR EXRRIERT
EREZENEREHED, SHRAEERAESEEEINAEE TERATRIEERRERAE,
HFERIKEEEE, AASHRIIRBRIMEMZEREEMM Y, EMBFTRERZKENZE
EEBEZYTTHER MESEBESEMNIERR, BEVHHERZEMN., B EH B
HERBEZELAESAERARNESEDEN N FEELREAEAFMERMMBMERMSELLT,

41


https://docs.google.com/spreadsheets/d/1TkfNOlsqfPtvH4aP2flyjQB0C6H-e06zo3qxng0mk68/edit#gid=0

Incineration is the most expensive waste management strategy and a major source of GHG and toxic
emissions.*® Even with emission savings from electricity generation taken into account, each tonne of plastic
burned at that incinerator would result in the release of around 1.43 tonnes of C0,.” Its high capital costs and
required technical expertise create a risk of locking cities into undesirable practices for decades.”
Incinerators have performed best in cities where the waste heat can be used in a district heating network;
otherwise, the electricity produced is more carbon intensive than the electric grid, implying that it will displace
lower-emitting forms of electricity.”” In developing countries, incineration is not practical due to high moisture
content and low calorific value (heating value) of the municipal waste stream.”
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Nevertheless, many studies continue to tout incineration as a mitigation measure because it avoids landfill gas
emissions and produces energy. These studies rely on worst-case comparisons in order to conclude that
incineration is superior. In particular, they usually assume that unseparated municipal waste, with high organic
content will be sent to landfill without significant methane remediation measures.
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While that situation describes current practice in many locations around the world, it is by no means universal.
Most importantly, it is unlikely to continue. The establishment of net zero emissions goals under the Paris
Agreement means that landfills, as significant methane emitters, can no longer be regarded as an acceptable
part of the status quo “business as usual.” In the European Union, for example, pretreatment for landfilled

8 Moon, Doun. 2021. “The High Cost of Waste Incineration.” Global Alliance for Incinerator Alternatives.
https://zerowasteworld.org/beyondrecovery.

0 United Kingdom Without Incineration Network. 2018. “Evaluation of the climate change impacts of waste incineration in the United
Kingdom”.

" Corvellec, Hervé, Maria José Zapata Campos, and Patrik Zapata. 2013. “Infrastructures, Lock-in, and Sustainable Urban Development:
The Case of Waste Incineration in the Goteborg Metropolitan Area.” Journal of Cleaner Production, Special Issue: Advancing sustainable
urban transformation, 50 (July): 32-39. https://doi.org/10.1016/j.jclepro.2012.12.009; Hoornweg, Daniel, and Perinaz Bhada-Tata. 2012.
What a Waste: A Global Review of Solid Waste Management. Urban Development Series. Washington, DC, USA: World Bank Group.
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9 ; Smith,
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Commission DG Environment; Vahk, Janek. 2019. “The Impact of Waste-to-Energy Incineration on Climate.” Policy Briefing. Zero Waste
Europe. https://zerowasteeurope.eu/library/the-impact-of-waste-to-energy-incineration-on-climate.

™ Barton, J. R., I. Issaias, and E. I. Stentiford. 2008. “Carbon - Making the Right Choice for Waste Management in Developing Countries.”
Waste Management, OECD Workshop - Soils and Waste Management: A Challenge to Climate Change, 28 (4): 690-98.
https://doi.org/10.1016/j.wasman.2007.09.033; Hoornweg, Daniel, and Perinaz Bhada-Tata. 2012. What a Waste: A Global Review of Solid
Waste Management. Urban Development Series. Washington, DC, USA: World Bank Group.
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waste is now obligatory, and countries must put in place plans to avoid landfilling organic waste. The Paris
Agreement has established a clear benchmark—zero emissions™“—against which to measure climate projects.
A project can no longer claim to mitigate emissions on the basis that its emissions, although high, are lower
than a hypothetical and completely preventable (as section XX shows) alternative; all projects must aim for
zero emissions. For incinerators, this implies shutting down, which both removes a major source of emissions
and contributes to a cleaner electric grid.”
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This is precisely the situation in Seoul, the only city in the study that relies significantly on incineration. In
Seoul, emissions from incineration are five times higher than from landfills and nearly twice as high as
replacement energy sources. Eliminating incineration would transform Seoul's waste sector, increasing its
emissions reductions by an order of magnitude. Similarly, ending open burning of waste in cities where it is
prevalent is important, although much harder to quantify due to lack of data on the practice.
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2.5. Advantages of soil carbon storage
2.5. TR FRIEES

Composting has many benefits (see section 3.4.), including direct and indirect mitigation effects. The
mitigation effects of applying compost, including the digestate resulting from anaerobic digestion of organic
waste, to soil are manifold: GHG emissions associated with the use of synthetic fertilizer, peat, and/or
pesticides are avoided; N,O emissions related to use of synthetic fertilizer are reduced; emissions associated

7 There is considerable controversy about the “net” element of the net zero emissions goals established in the Paris Agreement. What
is clear is that opportunities for real CO, removal and sequestration are small and uncertain, particularly in comparison to the growing
flux of anthropogenic emissions. As such, every sector that can achieve zero emissions must do so; effectively, zero anthropogenic
emissions is the appropriate target.
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with tilth and irrigation are decreased; and the uptake of atmospheric carbon by the soil and plants is
enhanced.”
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Compost is a carbon-rich soil amendment. When applied to soil, it stimulates myriad biological processes that
result in a portion of the carbon being emitted as CO,, and another portion stored in the soil and below-ground
biomass. How much carbon can be stored in soil, and for how long, are open scientific questions. In Marin
County, California, a single application of compost on degraded rangeland resulted in dramatic increases in
water holding capacity, forage productivity, and carbon sequestration.” Soil carbon storage is strongly
affected by temperature, precipitation, land use, soil type, and degree of soil degradation, and thus its
potential is highly variable and site-specific. While soil carbon storage is no substitute for emissions
reductions, degraded agricultural land is a global problem, and returning it to health would imply a drawdown
of 16.12-23.21 GT of carbon,” 11-17% of the amount of soil carbon that has been lost since humans first settled
into agricultural life around 12,000 years ago.” At a minimum, compost provides an excellent alternative to
synthetic fertilizer, which is an energy- and emissions-intensive fossil fuel product.
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Box: The informal sector and GHG mitigation
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The informal sector plays a critical role in waste management, particularly but not exclusively in developing
countries. In most developing countries, the informal sector is responsible for the great majority of
recycling, collecting up to 45% of the total waste stream.® This collection happens at the doorstep, at
intermediate transfer points, and at open dumps. This activity, also known as waste picking, reduces
collection costs to the public, provides raw materials to formal businesses, and reduces GHG emissions.”
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The recycling market is largely unregulated and highly volatile, resulting in the collection of only high-value
recyclables (metals, glass, paper products, and a few types of plastic). Plastic recycling markets are further
undermined by additives and contaminants in the plastic and the low cost of virgin polymer, making most
plastic collection uneconomical. Source-separated organics could provide an additional income stream for
waste pickers, but the market value of the final product (compost) is usually not enough to justify the labor
and transportation costs. In addition, there are practical challenges in getting householders to practice
source separation and in finding land and equipment for composting. Many projects have successfully
overcome these hurdles through collaborations between NGOs and local governments. Householders, local
governments, or both bear the cost of the program, which is defrayed by sales of compost. The benefits of
the program, in terms of reduced GHG emissions alone, outweigh its costs.
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Constituting between 0.5% and 2% of the global population (12.5-56 million people), the informal waste
sector is an important stakeholder in existing waste management systems and must be incorporated into

% | inzner, Roland, and Ulrike Lange. 2013. “Role and Size of Informal Sector in Waste Management - a Review.” Proceedings of the
Institution of Civil Engineers - Waste and Resource Management 166 (2): 69-83. https://doi.org/10.1680/warm.12.00012.

¥ Dias, Sonia Maria. 2016. “Waste Pickers and Cities.” Environment and Urbanization 28 (2): 375-90.
https://doi.org/10.1177/0956247816657302; Mathys, Ted. 2009. “Cooling Agents: An Examination of the Role of the Informal Recycling
Sector in Mitigating Climate Change.” Chintan.
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planning for system improvements.® Experts in the field of informal recycling have recommended a
participatory governance framework including legal recognition of the access to waste, proper contracts,
support for member-based organizations, provision of infrastructure, and social protection schemes.®
Informal sector integration can yield beneficial social and economic outcomes while unlocking the potential
for greater GHG mitigation, e.qg., through cost-effective collection and treatment of source-separated
organics.®
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Box: Biogenic CO,
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Biogenic CO, is defined as CO, emitted to the atmosphere from the combustion or decomposition of
recently-living biomass, including wood, paper, food, and other plant materials. It is distinct from fossil CO,,
which results from the combustion of carbon that has been locked in the earth’s crust over geologic time.
Accounting for biogenic CO, is more complicated than accounting for fossil CO, because it is also emitted by
plants, animals, and microbes as part of the natural carbon cycle. Absent human influence, this natural
carbon cycle is assumed to be roughly in balance, at least over policy-relevant time scales (e.qg., less than
100 years). The challenge is in determining how much biogenic CO, human activity adds to the atmosphere
additional to the natural baseline. Unfortunately, the natural baseline is difficult to calculate; there is
considerable scientific uncertainty about the pools and dynamics of soil carbon, for example. There are also
significant challenges in measuring biogenic CO, fluxes from land, crops, and forest. (Fossil carbon, on the
other hand, has virtually no natural transfer to the atmosphere, so all fossil CO, emissions are anthropogenic
in nature).
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In its guidelines for national emissions inventories, the IPCC instructs national authorities to report biogenic
emissions separately from fossil CO, emissions. This is, in part, to prevent the greater uncertainties around
biogenic CO, from obscuring the picture of fossil emissions. The IPCC also indicates that biogenic CO,
should not be included in the total emissions of the power sector (which includes waste-to-energy
incinerators and biomass-fired power plants) because these emissions are already accounted for in the
Agriculture, Forestry, and Land Use (AFOLU) sector; reporting them twice would amount to double-counting.
This guidance has been widely misinterpreted as indicating that biogenic emissions do not add to climate
change or do not need to be reported at all. This misinterpretation has been thoroughly discredited® yet
remains common practice, allowing waste-to-energy (WTE) incinerators and cement kilns to take
advantage. The scientific best practice is to report biogenic and fossil CO, emissions separately, as the U.S.
EPA does.
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Biogenic CO,emissions in the waste sector derive largely from the combustion or aerobic decomposition of
biomass (food waste, yard/garden waste, wood, and paper products). In addition, the CO, that results from
the combustion or decomposition of methane (from landfills or anaerobic digesters)is biogenic. (If the
methane itself is released, that is not considered biogenic, since methane generation is the result of human
activity.
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% Schlesinger, William. 2010. “90 Scientists Urge Congress Not to ‘Cook the Books' in CO2 Accounting for Biofuels, Other Bioenergy
Sources.” Cision, May 24, 2010.
https://www.prnewswire.com/news-releases/90-scientists-urge-congress-not-to-cook-the-books-in-co2-accounting-for-biofuels-ot
her-bioenergy-sources-94741714.html.
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Waste management techniques differ significantly in their biogenic CO, emissions. Incinerators and open
burning convert virtually all carbon in the waste to CO,, immediately emitting it to the atmosphere. Landfills
convert much of the organic carbon to methane or CO,, but more slowly; best estimates indicate that
approximately 50% of the organic carbon buried in landfills will remain there for at least one year.®® Wood, in
particular, is resistant to decomposition in landfills and may persist for centuries. Composting also loses a
large proportion of its organic carbon as CO, during the composting process, but can be an effective way to
increase carbon storage in soil, particularly degraded soils.” In many cases, this has resulted in significant
long-term soil carbon storage.
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Accounting for the different fates of biogenic carbon is complex. The most accurate approach is to account
for all fluxes. The calculator used in this study omits biogenic emissions because it relies on the underlying
published literature, which is inconsistent in its approach to biogenic CO,. As a result, our calculations
understate the benefits of composting and ending incineration and open burning.
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3. Zero waste and climate adaptation

3. FEEMRERIZEE

Chapter summary

% Towprayoon et al., 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Chapter 3: Solid Waste
Disposal

¥ Brown, Sally, Kristen Mclvor, and Elizabeth Hodges Snyder, eds. 2016. Sowing Seeds in the City: Ecosystem and Municipal Services.
Springer
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Cities can withstand the impacts of climate change and build climate resilience by implementing
zero waste strategies.

ERERFEEERE BHERAIEIGEENETE BEEHREEBNIE,

Cities can lower flood risks through plastic bans and universal collection systems that keep waste
from blocking drains and stream flows. Countries including Bangladesh, India, Botswana, Rwanda,
South Africa, Tanzania, and Uganda have already adopted plastic waste reduction measures to
prevent flooding.
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Proper organic waste management and prevention of drain blockages can prevent disease
transmission via rodents, flies, and other disease vectors. The interlinkages between improper solid
waste management, drain blockages from waste—especially plastic— and increased breeding sites
were observed in Ghana and India, among other countries.
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Composting creates multiple benefits to climate adaptation; it increases nutrient level in soils,
improves soil structure, mitigates surface and groundwater contamination, and prevents soil
erosion and associated natural disasters such as flooding and mudslides.
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3.1. Introduction

3189

Climate change is expected to increase the frequency and severity of extreme weather events and health
hazards. Poor waste collection and management are among the factors that leave cities exposed to the threat
of climate impacts and their related public health risks. These include waste-blocked drains and water

channels

that contribute to flooding; improperly managed collection sites that harbor rodents, flies, and other

disease vectors; and toxic emissions and leachates from waste facilities that kill plants and animals essential
to aquatic or terrestrial systems, resulting in compromised soil health and harm to biodiversity.
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Yet conversations about climate change adaptation—measures to reduce the vulnerability of natural and
human systems against the impacts of climate change—rarely recognize the role of waste management,
usually limiting such discussion to the relocation of waste facilities and to the reinforcement of infrastructure
in response to high temperatures, floods, droughts, storms, and rising sea levels.
FEREESEEMEREREAMASHERH RIS BEFHEREVESEE, KMIBaTAL, Bk
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While these strategies focus on disaster risk reduction and safe continuation of key services related to waste
management, zero waste solutions hold great potential to protect communities from climate-induced
environmental health risks. Research and best practices already exist, providing evidence that implementing
zero waste strategies can help cities withstand the impacts of climate change.
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This chapter discusses three zero waste strategies that can help cities adapt to and further prevent climate
change:

1) plastic bans and universal collection systems to lower flood risks;

2) proper organic waste management and prevention of drain blockages to prevent disease transmission;
3) composting to increase soil resilience.
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3.2. Zero waste and flood prevention

32 FEEMLKFHE
3.2.1. Impacts of flooding
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As the global temperature rises, the occurrence and intensity of extreme flood events are expected to
increase.® A warmer atmosphere holds more moisture and heat, resulting in frequent intense downpours,
heavy rains, and rain storms that increase the chance of floods.* Floods can have disruptive and distressing
consequences to communities; they threaten lives, inundate properties, and damage essential infrastructure.
Massive floods destroy livelihoods, hinder economic growth, and can even lead to politically volatile situations,
as seen in Africa, Asia, and the Middle East in the past decade.®
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Common impacts on human health include injuries, infections, and mental health problems. A study of flood
hazards documented testimonials from local residents in poor districts of Manila, Philippines, who
experienced respiratory infections, skin allergies, and gastro-intestinal illnesses, with children at higher risk.”
Some of the respondents of the survey even stated that they witnessed sudden deaths or serious illness after
certain floods, as the community lacked proper medical care.*? Although post-flood outbreaks of infectious
disease are relatively rare, cholera cases have been reported in Zambia in 2010, where the Ministry of Health
confirmed 564 cases after a flood, with 30 deaths in Lusaka.* Poor wastewater management and inadequate
access to safe drinking water exacerbates these health threats.** Longer-term health effects of floods can be
caused by displacement, continued shortages of safe water, lack of access to public services, and delayed
recovery of health conditions.*®
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% Brunner, Manuela ., Daniel L. Swain, Raul R. Wood, Florian Willkofer, James M. Done, Eric Gilleland, and Ralf Ludwig. 2021. “An
Extremeness Threshold Determines the Regional Response of Floods to Changes in Rainfall Extremes.” Communications Earth &
Environment 2 (1): 1-11. https://doi.org/10.1038/s43247-021-00248-x.

% Denchak, Melissa. 2019. “Flooding and Climate Change: Everything You Need to Know.” NRDC.
https://www.nrdc.org/stories/flooding-and-climate-change-everything-you-need-know.

% |de, Tobias, Anders Kristensen, and Henrikas Bartusevicius. 2021. “First Comes the River, Then Comes the Conflict? A Qualitative
Comparative Analysis of Flood-Related Political Unrest.” Journal of Peace Research 58 (1): 83-97.
https://doi.org/10.1177/0022343320966783.

¥ Zoleta-Nante, Doracie B. 2000. “Flood Hazard Vulnerabilities and Coping Strategies of Residents of Urban Poor Settlements in Metro
Manila, The Philippines.” In Floods, by Dennis J. Parker. Peeters Publishers.

%2 7oleta-Nante, Doracie B. 2000. “Flood Hazard Vulnerabilities and Coping Strategies of Residents of Urban Poor Settlements in Metro
Manila, The Philippines.” In Floods, by Dennis J. Parker. Peeters Publishers.

% Jha, Abhas K., Robin Bloch, and Jessica Lamond. 2012. Cities and Flooding. The World Bank.

https://doi.org/10.1596/978-0-8213-8866-2.
% Jha, Abhas K., Robin Bloch, and Jessica Lamond. 2012. Cities and Flooding. The World Bank.

https://doi.org/10.1596/978-0-8213-8866-2.
% “Floods and Health: Fact Sheets for Health Professionals.” 2014. World Health Organization.

https://www.euro.who.int/__data/assets/pdf_file/0016/252601/Floods-and-health-Fact-sheets-for-health-professionals.pdf.
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While poor waste management can be a major contributing factor to floods (as discussed in the following
section), flooding itself poses a threat to solid waste infrastructure like landfills. Without proper water
catchment systems in place, heavy rain and subsequent flooding from extreme storms can undermine landfill
foundations, releasing leachate into groundwater and causing waste to clog other infrastructure.® In Austria,
about 30% of landfills were located in flood-prone areas, only 5% of which were equipped with proper
protection facilities.” The burden borne by impacted communities is expected to intensify as climate change
escalates, especially among people in low-income communities located in flood-prone sites.*
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3.2.2. Waste worsens flooding
3.22. BEEYEHRKELR

Unmanaged or improperly managed waste exacerbates flooding, especially in informal settlement areas with
insufficient drainage systems. Even in planned urban environments, waste clogging up drainage systems

% Climate change can have negative impacts on landfill operations in different ways; landfills near the coast or in low-lying areas are
vulnerable to sea level rise and storm surge. Water infiltration of the pit can lead to an overflow of waste from the landfill. Saltwater
infiltration from below can deteriorate the impermeable lining of sanitary landfill facilities. Temperature increases may necessitate
more frequent waste collection schedules and rigorous landfill management practices, as odors will be stronger. Higher temperatures
and drought may also increase the risks of fire at waste facilities. “Solid Waste Management: Addressing Climate Change Impacts On
Infrastructure.” 2012. U.S. EPA.
https://www.climatelinks.org/sites/default/files/asset/document/Infrastructure_SolidWasteManagement.pdf.

% Laner, David, Johann Fellner, and Paul H. Brunner. 2009. “Flooding of Municipal Solid Waste Landfills — An Environmental Hazard?”
Science of The Total Environment, Thematic Issue - BioMicroWorld Conference, 407 (12): 3674-80.
https://doi.org/10.1016/j.scitotenv.2009.03.006.

% Few, Roger. “Flooding, Vulnerability and Coping Strategies: Local Responses to a Global Threat.” Progress in Development Studies 3,
no. 1(January 2003): 43-58. https://doi.org/10.1191/1464993403ps049ra.
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increases vulnerability to flooding. The Covid-19 pandemic further exacerbated this problem, with discarded
personal protective equipment increasing the volume of litter that makes its way into storm drains.®
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The World Bank's guide to urban flood risk management, published in 2013, recognizes poor waste collection as
a factor that may cause or worsen the following adverse impacts:'®

e blocked drains that lead to flooding

e increased diseases (e.g, waste provides material on which flies lay their eggs or serves as food for
rats)

infections, especially from clinical waste and sewage

chemical toxicity, especially from discarded medicines along with commercial and industrial waste
contamination of surface and groundwater

contamination of the food chain
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Dumping of uncollected waste is the most prevalent cause of flooding in places with inadequate waste
collection systems. In Saint Louis, Senegal, the lack of household waste collection systems coupled with
wastewater discharged from households and other establishments was the main cause of blockage in natural
drains; inadequate drainage systems aggravated the situation.” In Manila, Philippines, dumping of solid waste
was identified as a key factor in the prevalence of infections during and after flood events, along with

% Talavera, Catherine. 2021. “Group Pushes Waste Management to Prevent Floods.” Philstar.Com, July 25, 2021.

https://www.philstar.com/nation/2021/07/25/2114927/group-pushes-waste-management-prevent-floods.
190 Jha, Abhas K., Robin Bloch, and Jessica Lamond. 2012. Cities and Flooding. The World Bank.

https://doi.org/10.1596/978-0-8213-8866-2.
"' Diagne, Khady. 2007. “Governance and Natural Disasters: Addressing Flooding in Saint Louis, Senegal.” Environment and Urbanization

19(2): 652-62. https://doi.org/10.1177/0956247807082836.
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blockages to drainage channels and poor sanitation systems." In Lagos, Nigeria, uncollected municipal solid
waste dumped in unauthorized places is also one of the major causes of flooding. Between 2007 and 2013,
waste that clogged drainage channels and impeded the free flow of storm water during heavy rainfall resulted
in floods on 126 streets."™
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Drainage issues have provoked swift waste reduction measures, as seen in Rwanda, Tanzania, and Uganda—
countries that all banned plastic bags to prevent flooding. Similarly, South Africa and Botswana have imposed
taxes on the distribution of plastic bags in recent years."™ After experiencing a tragic flood in Accra in 2015, in
which at least 150 people died, Ghana is also considering implementing restrictions on the production and use
of plastic bags."™
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3.2.3. Implementing zero waste systems as flood prevention measures
323 BFEEERUNEMIK

The blockage of drains resulting from poor management of waste can effectively be prevented by minimizing
waste generation and subsequent waste leakages.
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In Bangladesh and India, there is a clear link between plastic waste and flooding. In 2002, Bangladesh became
the first country in the world to ban all polythene bags, after finding that such waste was responsible for a 1988
flood that submerged half the country, and for the ongoing spread of water-borne diseases.'” India also
banned most plastic bags in 2005 following a flood, caused by mismanaged waste and drainage systems, that
incurred deaths of more than 1,000 people, mostly in Mumbai.'” In these cases, the devastating impacts of
floods prompted legislation banning the use of plastic bags, which shows how cities can take action to help
prevent future flood events by applying precautionary principles to minimize environmental, social, and
economic risks associated with plastic bags blocking waterways.'®®
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An academic study estimates that improving existing drainage canals and proper solid waste management
would help prevent about 322 hectares of land from flooding in Sylhet, Bangladesh." It proposes: (i) source
separation of organic waste; (ii) proper management of plastic waste; and (iii) local composting of organic
waste or proper disposal in landfills as possible solutions, with a note that “such interventions can be
implemented within reasonable and short time periods.”™
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3.3. Zero waste and insect-vector control

3.3. FEEMNRK LS

3.3.1. Climate change and increase in vector-borne diseases

3.3.0. IR B B A R E R A 18 AN

As climate change accelerates, raising global temperatures and causing heavier rainfalls and subsequent
flooding, the changing climate can provide conditions that are favorable to breeding of blood-feeding
arthropods, such as mosquitoes, ticks, triatomine bugs, sandflies, and blackflies,™ which transmit
vector-borne diseases such as dengue fever, malaria, and lyme disease. The risk of transmission increases
because the cold-blooded arthropod vectors are especially sensitive to climatic factors; in warmer climates,
they grow and reproduce faster, partly due to faster digestion of blood."™ More rainfall can also provide more
breeding sites and higher food availability.™ Warmer climate and shorter winter periods also contribute to an
increase in rodent population,™ and heavy rainfall can spread rodent-borne bacterial diseases.™
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3.3.2. Correlation between waste and vector-borne diseases
3.3.2. BRE AN 22 05 (8 2 9m Z FE RO R Bk

In addition to the existing factors in vector-borne diseases, such as seasonal weather variation,
socioeconomic status, insufficient vector control programs, environmental changes, and drug resistance,
improper waste management can further add to the challenge of disease control.

I ERFEAE BRTEZINENFHEMRIE L. KR, RO BIEFFAE. RIFE
BMNERFRERAFEZNSZEZN, WEEATENBEERYEEME AEE,

As seen in the previous section on flooding, waterways clogged with inadequately managed waste cause
floods, which offer favorable breeding grounds for many disease vectors. Plastic bags are often the major
obstacle to proper waste management and drainage improvement, prompting bag bans in a number of
countries and cities, notably in the African region. In Southern Ghana, improper solid waste management and
drainage channels blocked by waste—especially plastic litter—increased the presence of permanent mosquito
breeding sites."™ Another study conducted in coastal cities in Ghana drew similar conclusions on the
correlation between waste management and the breeding of mosquitoes, further emphasizing the potential
impact of future climate conditions."”
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Discarded containers, cans, and car tires may also provide breeding spaces for disease vectors by holding
rainwater in them, where mosquitoes—which transmit filariasis, yellow fever, dengue fever, and several other
arboviral infections—can breed." A study on Aedes mosquitoes warned against continued, indiscriminate
usage of plastic and poor waste management, as they increase the possibility of dengue fever transmission.™

"6 Mattah, Precious A. Dzorgbe, Godfred Futagbi, Leonard K. Amekudzi, Memuna M. Mattah, Dziedzorm K. de Souza, Worlasi D.
Kartey-Attipoe, Langbong Bimi, and Michael D. Wilson. 2017. “Diversity in Breeding Sites and Distribution of Anopheles Mosquitoes in
Selected Urban Areas of Southern Ghana.” Parasites & Vectors 10 (1): 25. https://doi.org/10.1186/s13071-016-1941-3.

" Mattah, P. a. D., G. Futagbi, L. K. Amekudzi, and M. M. Mattah. 2020. “Climate Variations, Urban Solid Waste Management and Possible
Implications for Anopheles Mosquito Breeding in Selected Cities of Coastal Ghana.” West African Journal of Applied Ecology 28 (1):
21-34. https://doi.org/10.4314/wajae.v28il.

8 “Disease Preventlon Through Vector Control: Gmdelmes for Rellef Organisations.” Oxfam Pollcy & Pract|ce

o Banerjee Soumyajit, Gautam Aditya, and Goutam K Saha. 2013. "Household Disposables as Breeding Habitats of Dengue Vectors:
Linking Wastes and Public Health.” Waste Management 33 (1): 233-39. https://doi.org/10.1016/j.wasman.2012.09.013.
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Improperly managed organic waste is another major factor in breeding of disease vectors in the waste sector.
Organic waste from households and businesses attracts flies and cockroaches and other potential hosts of
infections.™ In particular, a study found that sweet waste, such as unfinished chocolate cake, increased
transmission of dengue vectors, with a similar effect to feeding dengue mosquitoes on sucrose, an important
source of nutrition."”

AREEDH T EEERRNRREREN NS —EEERR. RERFABARNEREREY
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When organic waste pollutes surface waters already contaminated with other forms of waste, mosquitoes and
domestic flies can reproduce more easily.” In Kolkata, India, sewage channels were likely to serve as
mosquito breeding sites when beverage container waste was also present.’”
ECEIHEEEEREEYISRMMB KRB EREZRYISENE, SEFARYFMREELT,
FEENERMESE (Kolkata), FKBMR A REERFHREATFE, PRERTRER Bl FROZETEH, ™

[graphic 6] Waste and disease transmissions
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3.3.3. Zero waste as a solution
333. R E FEE

The combination of climate change and increased waste from growing urban populations has created novel
conditions that allow disease vectors to thrive. Poor waste management further creates ideal conditions for

120 Rottier, Erik, and Margaret E. Ince. 2003. Controlling and Preventing Disease: The Role of Water and Environmental Sanitation
Interventions. Loughborough University.

https://repository.lboro.ac.uk/articles/book/Controlling_and_preventing_dise

nterventions/3585086/1.

"2 Dieng, Hamady, Tomomitsu Satho, Fatimah Abang, Nur Khairatun Khadijah Binti Meli, Idris A. Ghani, Cirilo Nolasco-Hipolito, Hafijah
Hakim, et al. 2017. “Sweet Waste Extract Uptake by a Mosquito Vector: Survival, Biting, Fecundity Responses, and Potential
Epidemiological Significance.” Acta Tropica 169 (May): 84-92. https://doi.org/10.1016/].actatropica.2017.01.022.

122 Rozendaal, Jan Arie, and World Health Organization. 1997. “Vector Control : Methods for Use by Individuals and Communities.” World
Health Organization._https://apps.who.int/iris/handle/10665/41968; Rottier, Erik, and Margaret E. Ince. 2003. Controlling and Preventing
Disease: The Role of Water and Environmental Sanitation Interventions. Loughborough University.

5 Banerjee, Soumyajit, Gautam Aditya, and Goutam K Saha. 2013. "Household Disposables as Breeding Habitats of Dengue Vectors:
Linking Wastes and Public Health.” Waste Management 33 (1): 233-39. https://doi.org/10.1016/j.wasman.2012.09.013.
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germ-carrying pests that can spread serious, and even fatal, diseases. Implementing proper waste
management is crucial to the prevention of disease epidemics and public health risks related to pests,
especially in urban environments. Setting up timely and efficient waste collection systems is a critical element
of pest control as it prevents waste from becoming litter, unmanaged, or overflowing. Reducing waste
generation in the first place is even more effective; this can be accomplished through bans on single-use
containers that serve as breeding spaces for disease vectors, and by minimizing the amount of discarded food
entering the waste system through waste prevention and home composting.
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3.4. Soil improvement effect of composting

3.4 MR TIEBERR
3.4.1. Climate change and soil health

3.4.1 FEixEBE T IRER
Climate change has a major impact on the physical, chemical, and biological functions of soil, a vital element
of our ecosystems and agriculture. As land ecosystems are the second largest natural carbon sink after
oceans,™ healthier soils are key to tackling and adapting to the changing climate. There are several different
ways in which climate change impacts the functions of soil:
TEREARALRRNRETHN—EHEEEEN TR AMEYE L2, AWUEEAZEIR
EEBHERZE ., HRERAERRZERNEENSE KRR AMKE, "“E#RFLIEN
R RENEERIZEEMERE, RIFEBUNTEETRAXLE TIEMIIEE:

e Higher air and soil temperatures increase aridity, a permanent state of water deficiency.” Significant
decreases in soil moisture have been documented in a number of literature, including the IPCC AR5
which reported reduction in soil moisture in the Mediterranean, southwest USA, and southern African
regions.”® A report by the European Environmental Agency projects similar effects for the coming

24 Directorate-General for Environment (European Commission). 2011. Soil :The Hidden Part of the Climate Cycle. LU: Publications Office

of the European Union._https://data.europa.eu/doi/10.2779/57794.
% Huang, J., Y. Li, C. Fu, F. Chen, Q. Fu, A. Dai, M. Shinoda, et al. 2017. “Dryland Climate Change: Recent Progress and Challenges.”

Reviews of Geophysics 55 (3): 719-78. https://doi.org/10.1002/2016RG000550.
% Intergovernmental Panel on Climate Change. 2013. “Climate Change 2013: The Physical Science Basis. Contribution of Working Group |

to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.”[Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K.
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decades, with the rise in average temperatures and continued changes in rainfall patterns.'”” Losing
the capacity to capture and store water can exacerbate desertification. Research shows that as
much as 40% of the existing Amazon forest is already at the tipping point of shifting to a
savannah-like mix of woodland and grassland.””® Meanwhile, as of 2018 a total of 13 European Union
Member States have declared that they are affected by desertification, both a consequence and a
cause of climate change.”

o REMRALHEITERESIBMTIEGIEE, EEENFEERKIRE, “HFLXRMELHE
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e Climate impacts on soil also include erosion, a process by which soil is carried away by wind and,
primarily, water. It can be accelerated by extreme climate events, such as intense rain, drought, heat
waves, and storms. Sail erosion is expected to be on the rise around the world for the next 50 years

due to climate change and intensive land cultivation.™ Soil erosion may worsen flooding, as increased
pollution and sedimentation in streams and rivers can clog waterways."

o RiIFHIEMTEHTESEM, METEFRAIK(TEZZERE)FENBRE, BinRizE
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e Continuing declines in soil moisture, desertification, and erosion can all hinder agriculture with
potentially dramatic impacts on food production. A recent report by the IPCC warns that land

degradation and climate change could result in a 25% food production deficit by 2050.%? The

Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New
York, USA.

Obbe A. Tuinenburg. 2020. “Hysteresis of Tropical Forests in the 21st Century.” Nature Communications 11(1): 4978.
https://doi.org/10.1038/s41467-020-18728-7.

29 “Background Paper: Desertification in the EU.” 2018. European Court of Auditors.
https://www.eca.europa.eu/en/Pages/Docltem.aspx?did=46244.

%0 Borrelli, Pasquale, David A. Robinson, Panos Panagos, Emanuele Lugato, Jae E. Yang, Christine Alewell, David Wuepper, Luca
Montanarella, and Cristiano Ballabio. 2020. “Land Use and Climate Change Impacts on Global Soil Erosion by Water (2015-2070)."
Proceedings of the National Academy of Sciences 117 (36): 21994-1. https://doi.org/10.1073/pnas.2001403117.

" Sulaeman, Dede, and Thomas Westhoff. 2020. “The Causes and Effects of Soil Erosion, and How to Prevent It,” February.
https://www.wri.org/insights/causes-and-effects-soil-erosion-and-how-prevent-it.

2“Special Report on Climate Change and Land.” 2019. Intergovernmental Panel on Climate Change. https://www.ipcc.ch/srccl.
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European Parliament also recognized that irrigated crop yields will decrease by up to 20% across all

of Europe by mid-2030, compared to current yields, due to warming temperature.™

o TEBREMBFETR. VELMEHIMAFIMRESE, MAEFEREEEZIINIEITE,
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3.4.2. Composting as a climate adaptation measure

3.4.2. 1558 1 B R B FE R AR E B

Composting of organic matter helps communities adapt to climate consequences by reducing pollution and
strengthening the resilience of the soil. Such benefits of composting include the recovery of discarded
materials, reduction in landfill waste and pollution from incinerators, reduced surface and groundwater
contamination, reduction in soil erosion, and improvement of soil structure.™

BB, AURAITE, RIELERE, RMANREEEREIEEBEHE. #EMMER
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3.4.2.1. Composting as a solution to nutrient deficiency in soil

34217 AHEERLIEES T ERE

Compost application increases the level of soil organic matter, which significantly improves the soil's capacity

to store nutrients through pore spaces created by soil organisms, absorbing essential nutrients, such as
nitrogen, phosphorus, potassium, calcium, and magnesium; feeding billions of crucial microorganisms; and
improving water absorption.” Research demonstrates that compost has a higher absorption and storage
capacity than other common agricultural soil amendments.”® High organic matter content also increases soil
resistance to changes in soil acidity and allows faster mineral decomposition.”” The extensive beneficial
effects of composting on soil health have been abundantly documented across the globe, and the below list
categorizes some of the studies into four groups:

15 McEldowney, James. 2020. “EU Agricultural Policy and Climate Change.”
https://www.europarl.europa.eu/RegData/etudes/BRIE/2020/651922/EPRS_BRI(2020)651922_EN.pdf.

4 Taiwo, Adewale M. 2011. “Composting as A Sustainable Waste Management Technique in Developing Countries.”
https://doi.org/10.3923/jest.2011.93.102.

¥ Soil Organic Matter Matters."2016. The agricultural European Innovation Partnership (EIP-AGRI).

https://ec.europa.eu/eip/agriculture/en/news/soil-organic-matter-matters.
%6 Cuneen, Gary. 2018. “Analysis of the Barriers and Opportunities for the Use of Compost in Agriculture.” Seven Generations Ahead.

https://hub.compostingcouncil.org/wp-content/uploads/2021/08/Barriers_Opportunities_Use_of_Compost_Agriculture_2018.pdf.
7 "Soil Organic Matter Matters.”2016. The agricultural European Innovation Partnership (EIP-AGRI).
https://ec.europa.eu/eip/agriculture/en/news/soil-organic-matter-matters.
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Improved biochemical properties
WRTIEELEE

e A study conducted in Spain showed the soil quality improvement effects of compost, which increased
the organic matter content of degraded soils and improved soil biological and biochemical
properties.”®

o AU EMRETHEARRIESE RERELIEFHARESSIRELEN
AT, ™

e Anexperiment conducted over a four-year period in Southern Italy presented the benefits of compost
in maintaining an adequate level of soil organic carbon and sustaining biological activities. The
addition of compost resulted in stable vegetable crop productivity and showed the best outcome for
the restoration of soil carbon mineralization among various fertilization strategies.™

o MEXRA-—EREMNFMNERET HEAMNHEFLEDZENHE R, BrHREY
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e Astudy conducted in West Africa pointed out that the effects of compost were clearer with a
long-term experiment, in which compost amendment improved soil morphological and chemical
properties.”® As a result, composting was recommended as a sound solution for combating soil
degradation and alleviating food shortage and poverty in the Sahel.

o FAI—EMREBBRNER EFRHIHENURE HEFINRESLERBRELE
Bt CEL, R REEN RS SRR ERCRRE, 3 LUEAZERT (Sahel) it [E
BYERMEEREH,

e Particularly on the effects of municipal solid waste compost, results of a study conducted in central
Spain have shown that the use of compost had positive effects on the soil quality with microbial
biomass carbon and enzyme activities, which improved soil perturbation or restoration over a
relatively short time."

"8 Garcia-Gil, J., C. Plaza, P. Soler-Rovira, and A. Polo. 2000. “Long-Term Effects of Municipal Solid Waste Compost Application on Soil
Enzyme Activities and Microbial Biomass.” https://doi.org/10.1016/S0038-0717(00)00165-6.

9 Morra, Luigi, Luca Pagano, Paola lovieno, Daniela Baldantoni, and A Alfani. 2010. “Soil and Vegetable Crop Response to Addition of
Different Levels of Municipal Waste Compost under Mediterranean Greenhouse Conditions.” Http://Dx.Doi.0rg/10.1051/Agro/2009046 30
(September). https://doi.org/10.1051/agro/2009046.

0 Quédraogo, E., A. Mando, and N. P. Zombré. 2001. “Use of Compost to Improve Soil Properties and Crop Productivity under Low Input
Agricultural System in West Africa.” Agriculture, Ecosystems & Environment 84 (3): 259-66.
https://doi.org/10.1016/S0167-8809(00)00246-2.

"I Garcia-Gil, J., C. Plaza, P. Soler-Rovira, and A. Polo. 2000. “Long-Term Effects of Municipal Solid Waste Compost Application on Soil
Enzyme Activities and Microbial Biomass.” https://doi.org/10.1016/S0038-0717(00)00165-6.
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Increase in crop production

REEYEES

A field study conducted in Puerto Rico—under tropical conditions—demonstrated that the addition of
compost increased both the quantity and the quality of soil organic matter, improving soil quality and
crop production.'

EREREVTHELETHW—IEAFAERE, EAREATRRA T IEGRENEMN
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A study conducted in Pakistan found that the use of rice and wheat straw compost improved soil
fertility and productivity."® Reduction in the cost of crop production was also noticed, which implied
higher yield and income for the farmers practicing composting.™* As a result, composting rice and
wheat straw was recommended as an alternative to chemical fertilizers in Pakistan and countries with
similar climatic and soil conditions.
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High levels of nutrients
EEEN

A study conducted in Truro, Nova Scotia, demonstrated that compost-amended soils produced similar
or higher yields of certain crops than fertilizer-amended soils and contained higher levels of carbon,
nitrogen, phosphorus, calcium, magnesium, manganese, zinc, and boron compared with the fertilized
plots."®

MEXFEHAEEELERE (Truro) W—IEWAREER, FiEACAEAELL, 5 AR TEERTLL
HEEEENNEREDEE METEGCESHFESMHR. &. B, 55, &, &, S0, ™
In the UK, it was observed that compost consisting of green materials that are high in nitrogen, such
as fresh grass clippings, enhanced low-grade soils."®
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"2 Rivero, Carmen, T. Chirenje, L. 0. Ma, and G. Martinez. 2004. “Influence of Compost on Soil Organic Matter Quality under Tropical
Conditions.” Geoderma 123 (3): 355-61. https://doi.org/10.1016/j.geoderma.2004.03.002.

5 Sarwar, G., H. Schmeisky, N. Hussain, S. Muhammad, M. Ibrahim, and E. Safdar. 2008. “Improvement of Soil Physical and Chemical
Properties with Compost Application in Rice-Wheat Cropping System.” Pakistan Journal of Botany (Pakistan).

"4 Sarwar, G., H. Schmeisky, N. Hussain, S. Muhammad, M. Ibrahim, and E. Safdar. 2008. “Improvement of Soil Physical and Chemical
Properties with Compost Application in Rice-Wheat Cropping System.” Pakistan Journal of Botany (Pakistan).

1 Warman, P. R. 2005. “Soil Fertility, Yield and Nutrient Contents of Vegetable Crops after 12 Years of Compost or Fertilizer
Amendments.” Biological Agriculture & Horticulture 23 (1): 85-96. https://doi.org/10.1080/01448765.2005.9755310.

"“6Rainbow, Arnie, and F N Wilson Ma. 2002. “Composting for Soil Improvement in the United Kingdom.” In 12th ISCO Conference, 5.
https://www.tucson.ars.aqg.qov/isco/iscol2/Volumelll/CompostingforSoillmprovement. pdf.
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Similarly in Beijing, China, green waste-dominated compost increased the total nitrogen and available
phosphorus in soil, showing a favorable effect on strengthening soil microbial abundance albeit an
insignificant influence on soil microbial diversity. The application of compost improved levels of soil
organic matter content, pH, available phosphorus, and rapidly available potassium contents on
bacterial communities in soil."”
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A study conducted in Kerala, India, showed that vermicomposting (worm composting)“® increased the
nutrient contents of compost, in particular nitrogen, phosphorus, and potassium, improving the
quality of produce. It was also noted that the transition from chemical fertilizers to sustainable
vermicomposting can happen in a short period of time, maintaining the yield efficiency."®
FNEERERI AT FR—IRRF T IR, ME4GHEAE (SR a2 ) RN B IE S, HAIZ R, B
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Water retention

RE K5

In two towns in Greece (Aliartos in Biotia and Kiourka in Attiki), all physical properties of the soils
analyzed improved with the application of compost, in proportion to the compost rate. In particular,
total porosity and saturated hydraulic conductivity, level of water content, retention ability, and
aggregate stability were increased.™

7£ 7 B R 3 #8 — L BR 3R R (Biotia) A9 EE BB 2R % H7 (Aliartos) FNBAT R £ (Attiki) MIE BB+ (
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In lle de France, France, both immature and mature composts increased aggregate stability by
enhancing microbial activity and adding humified organic matter respectively.”

EBEM A S (lle de France) IR T IR, T MR RAM KR, MEIBMMEMEHE
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" Tong, Jing, Xiangyang Sun, Suyan Li, Bingpeng Qu, and Long Wan. 2018. “Reutilization of Green Waste as Compost for Soil
Improvement in the Afforested Land of the Beijing Plain.” Sustainability 10 (7): 2376. https://doi.org/10.3390/su10072376.

"8 \lermicomposting relies on earthworms and microorganisms to convert organic waste to nutritious soil amendments.
" padmavathiamma, Prabha K., Loretta Y. Li, and Usha R. Kumari. 2008. “An Experimental Study of Vermi-Biowaste Composting for

Agricultural Soil Improvement.” Bioresource Technology 99 (8): 1672-81. https://doi.org/10.1016/j.biortech.2007.04.028.
0 Aggelides, S. M., and P. A. Londra. 2000. “Effects of Compost Produced from Town Wastes and Sewage Sludge on the Physical

Properties of a Loamy and a Clay Soil.” Bioresource Technology 71(3): 253-59. https://doi.org/10.1016/S0960-8524(99)00074-7.
! Annabi, M., S. Houot, C. Francou, M. Poitrenaud, and Y. Le Bissonnais. 2007. “Soil Aggregate Stability Improvement with Urban

Composts of Different Maturities.” Soil Science Society of America Journal 71(2): 413-23. https://doi.org/10.2136/sssaj2006.0161.
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3.4.2.2. Composting for remediation of soil contamination

34227 MR AR TLMTE

The widespread use of synthetic agricultural fertilizers has exposed farmers and communities to soil quality
and contamination issues, as it has released large amounts of organic and inorganic pollutants into the soil.
These include polycyclic aromatic hydrocarbons (PAHs), dibutyl phthalate (DBP), and di-n-octyl phthalate (DOP),
and heavy metals such as cadmium and manganese.™
BEZEAESHRILEERRRNERMEEER T ERIERTIETRMEE RACLESELESNE
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Composting is an effective solution, as it nurtures microbes, the key agents for degradation of organic
contaminants in soil. In an experiment, it was shown that the application of compost also lowered
concentration levels of heavy metals in soils such as lead, copper, and zinc.™ The U.S. EPA also noted that
composting is a cost-effective way to restore soils contaminated with toxic organic compounds (such as
solvents and pesticides)and inorganic compounds (such as toxic metals).™ According to the agency,
hydrocarbons, a common industrial contaminant, degrade rapidly during the composting processes, and the
addition of mature compost to contaminated soil accelerates plant and microbial degradation of organic
contaminants. Moreover, mature compost also showed disease control effects on plants without the help of
synthetic chemicals.™

HIBR LB M EREE RAHRREEMEY MBEYR/BR I ETE R TEYNRERA
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3.4.2.3. Composting as a disaster prevention measure

3.423 FIFHHRTERKE

Composting strengthens soil structures, increases the water-holding capacity of soil, and reduces stormwater
runoff, which prevents soil erosion, floods, mudslides, and loss of food crops. The use of compost for

2 |in, Weiwei, Manhong Lin, Hongyan Zhou, Hongmiao Wu, Zhaowei Li, and Wenxiong Lin. 2019. “The Effects of Chemical and Organic
Fertilizer Usage on Rhizosphere Soil in Tea Orchards.” PLoS ONE 14 (5): e0217018. https://doi.org/10.1371/journal.pone.0217018.

85 Nwachukwu, 0., and . Pulford. 2008. “Comparative Effectiveness of Selected Adsorbant Materials as Potential Amendments for the
Remediation of Lead-, Copper- and Zinc-contaminated Soil.” https://doi.org/10.1111/J.1475-2743.2007.00141.X; Brown, Sally, Rufus L.
Chaney, Judith G. Hallfrisch, and Qi Xue. 2003. "Effect of Biosolids Processing on Lead Bioavailability in an Urban Soil.” Journal of
Environmental Quality 32 (1): 100-108. https://doi.org/10.2134/jeq2003.1000.

%4“An Analysis of Composting As an Environmental Remediation Technology.” 1998. U.S. EPA.
https://19january2017snapshot.epa.gov/sites/production/files/2015-09/documents/analpt_all.pdf.

155 “An Analysis of Composting As an Environmental Remediation Technology.” 1998. U.S. EPA.
https://19january2017snapshot.epa.gov/sites/production/files/2015-09/documents/analpt_all.pdf.
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reforestation further stabilizes soil. Compost is also commonly used as an erosion and sediment control
method.™ A compost blanket, a layer of compost applied on the soil surface as a mulch in disturbed areas,
protects soil surfaces from wind and water erosion and conserves water.”™ Composting socks are mesh tubes
filled with composted material. They are used to filter sediments, nutrients, bacteria, heavy metals, and
petroleum oil residues in stormwater runoff; control erosion; and retain sediment in disturbed areas.™
Similarly, composting berms act as a silt fence, controlling erosion and keeping sediment in place.™
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3.4.2.4. Challenges

3.4.2.4 BB T HREL

One of the major barriers to scaling up composting is the lack of institutional and financial support from
municipalities.®™ Because short-term costs of composting can be higher than government-subsidized
synthetic fertilizers, the compost market requires subsidies for stable compost production and application.
Researchers observed that the constraints in applying compost are mainly economic, with technical or
cultural factors playing a minor role, which could be effectively addressed by providing incentives to compost
producers and farmers."
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Variable compost quality and toxics in compost could also pose a challenge to compost application. Immature
compost can cause odors and develop toxic compounds after becoming anaerobic. When compost continues
active decomposition, it can hamper plant growth due to reduced available oxygen and nitrogen, or the
presence of phytotoxic compounds.”™ Toxic substances present in compost have been addressed by many

%6 “Erosion Control Uses - US Composting Council.” US Composting Council.

) . . c ErosionC ‘
®7“Compost Blankets.” CalRecycle. https://calrecycle.ca.gov/organics/compostmulch/toolbox/compostblankets.
6 “Compost Filter Socks.” CalRecycle. https://calrecycle.ca.qov/organics/compostmulch/toolbox/com
9 “Compost Filter Berms.” 2019. U.S. EPA.https://www.epa.gov/system/files/documents/2021-11/bmp-compost-filter-berms.pdf.
%0 Viaene, J., J. Van Lancker, B. Vandecasteele, K. Willekens, J. Bijttebier, G. Ruysschaert, S. De Neve, and B. Reubens. 2016.
“Opportunities and Barriers to On-Farm Composting and Compost Application: A Case Study from Northwestern Europe.” Waste
Management 48 (February): 181-92. https://doi.org/10.1016/j.wasman.2015.09.021.
®'Viaene, J., J. Van Lancker, B. Vandecasteele, K. Willekens, J. Bijttebier, G. Ruysschaert, S. De Neve, and B. Reubens. 2016.
“Opportunities and Barriers to On-Farm Composting and Compost Application: A Case Study from Northwestern Europe.” Waste
Management 48 (February): 181-92. https://doi.org/10.1016/j.wasman.2015.09.021.
62 | akhdar, Abdelbasset, Mokded Rabhi, Tahar Ghnaya, Francesco Montemurro, Naceur Jedidi, and Chedly Abdelly. 2009. “Effectiveness
of Compost Use in Salt-Affected Soil.” Journal of Hazardous Materials 171(1): 29-37. https://doi.org/10.1016/j.jhazmat.2009.05.132.
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researchers.”™ Certain composts were found to contain concentrations of metals including lead, cadmium,
copper, and zinc, which are usually added by oils, solvents, and paper products found in the municipal waste
stream.”™ Heavy metals and other toxic substances can potentially cause an adverse impact to biochemical
processes essential for the growth of plants;™ it is therefore recommended to use segregated food waste and
yard waste for composting.™ In this context, the practice of using incineration ash as a soil additive raises
concern. The guidelines on best available techniques and provisional guidance on best environmental
practices of the Stockholm Convention notes that “Fly ash from electrostatic precipitators and residues from
air pollution equipment almost certainly contain significant amounts of chemicals listed in Annex C of the
Convention, so these wastes have to be disposed of in a controlled way.”™
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4, Additional benefits of zero waste
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Chapter summary
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Well-implemented zero waste strategies offer a host of additional benefits beyond mitigation that

can be especially attractive to cities.
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Environmental benefits: through waste reduction and phase-out of polluting waste management

practices such as incineration, cities can reduce air pollution and toxic residues, save

environmental resources, protect biodiversity, and improve soil quality.
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Economic benefits: cities can generate green jobs by expanding reuse, composting, and recycling;

improve economic performance; achieve fiscal sustainability; and trigger innovative businesses.
BN BREER, HIEREREKMER, WA RIEHE THKE, REFE
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Social benefits: zero waste strategies enhance energy access and security by recovering material

and generating energy; reduce poverty and inequality through the inclusion of waste pickers;

contribute to agriculture with strengthened food and water security; improve public health; and

reduce stressors such as noise, traffic, and congestion.
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Political and institutional benefits: the process of designing and implementing zero waste policies

and programs involves collaboration between civil society, local authorities, and other stakeholders,

which improves democratic quality of governance.
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The waste solutions at the top of the waste hierarchy have the greatest additional benefits, and

score highest on emissions reductions.

HEREEZEVLAERRTHIARBANBEEMRRAE, WREAMEEN KGR, EHEHRE
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4.1. Introduction

4.1 {9y

In a world beset by poverty, disease, conflict, and other interconnected maladies, the positive benefits related

to the reduction of GHGs are more important than ever. Effective climate action will not only reduce GHG

emissions, but also improve many of the most fundamental ways in which society functions through

associated environmental, economic, social, and political and institutional benefits. Focusing on these more
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tangible benefits is an opportunity to gain increased support from multiple constituencies, who can easily
relate to issues that immediately impact their lives such as air quality, employment, food security, etc.
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Because climate change is partially the result of systemic problems not directly related to environmental
degradation, solutions cannot just focus on the market or unilateral policies."™ They need to be addressed
from a systemic point of view that connects them to interrelated factors like poverty, gender inequality,
corruption, conflict, and war. Taking a particular climate action without an overall understanding of how
mitigation, adaptation, and sustainable development actions interact and reinforce each other can be
counterproductive and exacerbate the root causes of climate change.™
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Linkages across issues or problem areas reveal both the complexity of global environmental challenges, and
potential opportunities.” Additional benefits of zero waste systems are an important reason to change waste
management systems. In this way, pursuing climate policies focused on additional benefits can drive forward
environmental policy in places that would otherwise find it challenging. For example, in many cities around the
world, lack of political will, insufficient technical capacity, and competing priorities make it difficult for local
governments to prioritize recycling. Much of the waste management work is therefore handled by the informal
sector. In this context, waste reuse and recycling is often driven by economics (the monetary value that
informal workers can extract from the waste they collect), rather than environmental or social policy itself.”
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This chapter provides an overview of the additional benefits related to implementation of zero waste
strategies, organized across four main categories: environmental, social, economic, and political-institutional.
Taken together, they show clearly that the waste solutions at the top of the waste hierarchy have the greatest
additional benefits, and also score highest on emissions reductions. These additional benefits include
improving public health, reducing environmental pollution, incentivizing job creation, supporting community
development, and addressing inequalities as well as various justice issues.”
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4.2. Environmental benefits

4.2 IR

Zero waste strategies deliver great additional environmental benefits, on top of reducing GHG emissions. They
reduce air pollution and toxic residues, protect biodiversity and natural resources, reduce littering, and
improve soil quality.

FEERRBRT AR EE RSN, EFLLERFSENNIRENS, BV ETRES
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4.2.1. Reduction of air pollution and toxic waste

421 BV ETEHESREEY

Zero waste ends the practice of burning waste, whether in the open, in dedicated incinerators, or in cement
kilns as “alternative fuel,” and dramatically reduces the quantity of waste sent to landfills. Burning and
landfilling waste results in leachate leakage, water contamination, air pollution, and the spread of toxic ash.”
Waste-to-energy incinerators and cement kilns are particularly significant sources of these harms.

"2 This chapter follows the co-benefits model presented by: Mayrhofer, Jan P., and Joyeeta Gupta. 2016. “The Science and Politics of
Co-Benefits in Climate Policy.” Environmental Science & Policy 57 (March): 22-30. https://doi.org/10.1016/j.envsci.2015.11.005.
% Ma, Shijun, Chuanbin Zhou, Jingjin Pan, Guang Yang, Chuanlian Sun, Yijie Liu, Xinchuang Chen, and Zhilan Zhao. 2022. “Leachate from

Municipal Solid Waste Landfills in a Global Perspective: Characteristics, Influential Factors and Environmental Risks.” Journal of Cleaner
Production 333 (January): 130234. https://doi.org/10.1016/].jclepro.2021.130234; Bihatowicz, Jan Stefan, Wioletta Rogula-Koztowska,
and Adam Krasuski. 2021. “Contribution of Landfill Fires to Air Pollution - An Assessment Methodology.” Waste Management 125 (April):
182-91. https://doi.org/10.1016/j.wasman.2021.02.046; “Pollution and Health Impacts of Waste-to-Energy Incineration.” 2019. Global
Alliance for Incinerator Alternatives. https://www.no-burn.org/wp-content/uploads/Pollution-Health._final-Nov-14-2019.pdf.
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Air pollution from waste disposal in incinerators and cement kilns increases the risk of cancer and other
ilinesses in local communities.™ These emissions include lead, mercury, dioxins and furans, particulate
matter, carbon monoxide, nitrogen oxides, acidic gasses (i.e., SO,, HCI), metals (cadmium, lead, mercury,
chromium, arsenic, and beryllium), polychlorinated biphenyls (PCBs), and brominated polyaromatic
hydrocarbons (PAHs)."”™ Moreover, these polluting industries are often sited in low-income and marginalized
communities,” with greater impacts on children,” which in turn burdens the care labor load of women, who
tend to carry most of the child-rearing work.
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Approximately 26 - 40% of waste becomes bottom ash, and the toxic residues from incineration, such as ash
and wastewater, require special treatment and separate disposal.” However, they are mostly sent to landfills,
where the ash can spread via wind and air; in some places, they are mixed into concrete, buried in salt mines,
mixed into asphalt for roads, or even spread on agricultural lands, mislabeled as soil fertilizer.”
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7 Garcia-Pérez, Javier, Gonzalo Lopez-Abente, Adela Castelld, Mario Gonzalez-Sanchez, and Pablo Fernandez-Navarro. 2015. “Cancer
Mortality in Towns in the Vicinity of Installations for the Production of Cement, Lime, Plaster, and Magnesium Oxide.” Chemosphere 128
(June): 103-10._https://doi.org/10.1016/j.chemosphere.2015.01.02

: “The True Toxic Toll: Biomonitoring of incineration emissions.” 2021. Zero Waste Europe; "Hidden emissions: A story from the
Netherlands Case Study.” 2018. Zero Waste Europe and Toxico Watch; “The not-that-well hidden risks of incineration: the case of the
Danish Norfors Plant.” 2019. Zero Waste Europe and Toxico Watch.

5 Baptista, Ana Isabel, and Adrienne Perovich. 2019. “U.S. Municipal Solid Waste Incinerators: An Industry in Decline.” The New School
Tishman Environment and Design Center. https://www.no-burn.org/u-s-municipal-solid-waste-incinerators-an-industry-in-decline.
6 “Pollution and Health Impacts of Waste-to-Energy Incmeratlon 2019 Global Alliance for Incinerator Alternatives.

m Lundqwst Chrlstofer, Monlek Zuurbler, Marlke LEIJS, Carolma Johansson, Sandra Ceccatelh Margaret Saunders, Greet Schoeters,
Gavin ten Tusscher, and Janna G. Koppe. 2006. “The Effects of PCBs and Dioxins on Child Health.” Acta Paediatrica (Oslo, Norway: 1992).
Supplement 95 (453): 55-64. https://doi.org/10.1080/08035320600886257; Winneke, Gerhard, Ulrich Ranft, Jiirgen Wittsiepe, Monika
Kasper-Sonnenberg, Peter Fiirst, Ursula Krdmer, Gabriele Seitner, and Michael Wilhelm. 2014. “Behavioral Sexual Dimorphism in
School-Age Children and Early Developmental Exposure to Dioxins and PCBs: A Follow-Up Study of the Duisburg Cohort.” Environmental
Health Perspectives 122 (3): 292-98. https://doi.org/10.1289/ehp.1306533.

8 petrlik, Jindrich, and Ralph Anthony Ryder. 2015. “After Incineration: The Toxic Ash Problem.” International Pollution Elimination
Network. https://ipen-china.orag/sites/default/files/documents/After_incineration_the_toxic_ash_problem_2015.pdf.
% Petrlik, Jindrich, and Ralph Anthony Ryder. 2015. “After Incineration: The Toxic Ash Problem.” International Pollution Elimination
Network. https://ipen-china.org/sites/default/files/documents/After_incineration_the_toxic_ash_problem_2015.pdf.
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In Oporto, Portugal, environmental samples collected throughout several years showed that closing the
incinerator greatly reduced air pollution levels in the area.™ Similarly, a study in Seoul, Korea, observed an
increased risk of asthma-related hospitalization in relation to a person's distance from an incinerator, and
concluded that asthma should be considered an adverse health outcome during health impact assessments of
incineration plants.” In this sense, it becomes clear that by reducing our reliance on these polluting practices,
zero waste strategies such as waste reduction, organic waste prevention, source separation, and separate
treatment alleviate the harm that incineration poses to human health and the environment.
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4.2.2. Saving natural resources

422 FIHBEARER

Zero waste strategies like single-use plastic avoidance, reuse, refill, and recycling reduce demand for virgin
materials. The extraction, transport, and processing of virgin materials produce high amounts of GHG
emissions, consume high volumes of energy and water, deplete non-renewable resources, and destroy natural
ecosystems. Recycling discarded materials such as aluminum or glass in particular provides industry with an
alternative source of raw materials from which to make new products without the damage associated with
virgin materials.
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Similarly, recycling of paper and wood products reduces the demand for virgin wood fiber, thus reducing
deforestation rates, which benefits the overall ecosystem. Some materials, like glass and aluminum, have
relatively high recycling rates and can be recycled endlessly. ® For this reason, it is estimated that 75% of the

180 Coutinho, Miguel, Margaret Pereira, and Carlos Borrego. 2004. “Air Quality Impact of the Shut-down of a Hospital Waste Incinerator in
the Oporto Region.”

¥ Bae, Hyun-Joo, Jung Eun Kang, and Yu-Ra Lim. 2020. “Assessment of Relative Asthma Risk in Populations Living Near Incineration
Facilities in Seoul, Korea.” International Journal of Environmental Research and Public Health 17(20): E7448.
https://doi.org/10.3390/ijerph17207448.

182 Wakefield, Faith. 2022. “Top 25 Recycling Facts and Statistics for 2022.” World Economic Forum. June 22, 2022.
https://www.weforum.org/agenda/2022/06/recycling-global-statistics-facts-plastic-paper.
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total aluminum ever produced is still in use today,™ and that the recycling of aluminum reduces emissions by
over 90% compared to primary production.® Successful recycling of these materials directly contributes to
saving natural resources.
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4.2.3. Protection of ecosystem health

423 RELERME

Zero waste strategies have been demonstrated to achieve an important reduction of plastic waste in the
environment, which significantly supports the overall health of ecosystems. In particular, plastic waste, which
is often found to be the most leaked type of waste in the environment, severely contaminates biodiversity and
the overall ecosystem balance.
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From the approximately 6,300 million tonnes of plastic waste that has been generated globally as of 2015, only
around 9% has been recycled and 12% incinerated. 79% has accumulated in dumps, landfills, lands, and
waterways."™ While ocean plastic waste is most publicly prominent, further scientific research points to a wide
spectrum of environmental, social, and economic impacts from plastic pollution throughout its life cycle.™
Plastic pollution has not only been found in the marine environment but also in remote terrestrial locations,
with growing evidence of plastic ingestion by organisms, including humans,™ and contamination of the soil
ecosystem, #8189

185 Martchek, Kenneth. 2006. “Modelling More Sustainable Aluminium (4 Pp).” The International Journal of Life Cycle Assessment 11(1):
34-37. https://doi.org/10.1065/Ica2006.01.231.
184 Martchek, Kenneth. 1997. “Life Cycle Benefits, Challenges, and the Potential of Recycled Aluminum.”

18 Geyer, Roland, Jenna R. Jambeck, and Kara Lavender Law. 2017. “Production, Use, and Fate of All Plastics Ever Made.” Science

Advances 3(7): €1700782. https://doi.org/10.1126/sciadv.1700782.
18 | au, Winnie W. Y., Yonathan Shiran, Richard M. Bailey, Ed Cook, Martin R. Stuchtey, Julia Koskella, Costas A. Velis, et al. 2020.

“Evaluating Scenarios toward Zero Plastic Pollution.” Science 369 (6510): 1455-61. https://doi.org/10.1126/scien

87 Huerta Lwanga, Esperanza, Jorge Mendoza Vega, Victor Ku Quej, Jesus de los Angeles Chi, Lucero Sanchez del Cid, Cesar Chi,
Griselda Escalona Seqgura, et al. 2017. “Field Evidence for Transfer of Plastic Debris along a Terrestrial Food Chain.” Scientific Reports 7
(1): 14071. https://doi.org/10.1038/s41598-017-14588-2.

188 Chae, Yooeun, and Youn-joo An. 2018. “Current Research Trends on Plastic Pollution and Ecological Impacts on the Soil Ecosystem: A

Review.” Environmental Pollution 240 (September): 387-95. https://doi.org/10.1016/j.envpol.2018.05.008.

189 Souza Machado, Anderson Abel de, Werner Kloas, Christiane Zarfl, Stefan Hempel, and Matthias C. Rillig. 2018. “Microplastics as an
Emerging Threat to Terrestrial Ecosystems.” Global Change Biology 24 (4): 1405-16. https://doi.org/10.1111/gch.14020.
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The plastic industry’s continuing increase in plastic production and plastic waste generation is the most
significant obstacle to solving the persistent problem of plastic waste.” Since the 1950s, global plastic
production has grown by an average 9% per year, with a significantly increased production in the last two
decades: half of all plastic ever manufactured has been made in the last 15 years.™ It has been predicted that,
unless the trends are reversed, production of plastic will double again over the next two decades." This is why
zero waste strategies that minimize plastic production and consumption, such as single-use plastic bans,
reuse systems, or redesign solutions, are instrumental in reducing plastic in the environment and maintaining
ecosystem health.
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4.2.4. Improve soil quality
424 HELTEME

A key pillar in zero waste systems is the recovery of organic waste, which makes up the largest fraction of
municipal solid waste and can easily be turned into compost on site, at decentralized, community-scale
facilities or at larger, centralized facilities depending on local capacities and needs.
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As discussed in the Adaption chapter, finished compost sent to gardens and farms returns organic matter and
nutrients to the soil, improving its quality through boosting carbon sequestration capacity, increasing

0 Borrelle, Stephanie B., Jeremy Ringma, Kara Lavender Law, Cole C. Monnahan, Laurent Lebreton, Alexis McGivern, Erin Murphy, et al.
2020. "Predicted Growth in Plastic Waste Exceeds Efforts to Mitigate Plastic Pollution.” Science 369 (6510): 1515-18.

" Geyer, Roland, Jenna R. Jambeck, and Kara Lavender Law. 2017. “Production, Use, and Fate of All Plastics Ever Made.” Science
Advances 3 (7): e1700782. https://doi.org/10.1126/sciadv.1700782. Note: this estimate includes high rates of growth in the 1950s and
1960s. In recent decades, the growth rate is 3.5-4% per year. “The New Plastics Economy: Rethinking the Future of Plastics.” 2016.
World Economic Forum. : -new- ics- -rethinking-the- -of- i

2 Ellen Macarthur Foundation. 2017. “The New Plastics Economy: Rethinking The Future of Plastics and Catalysing Action.”
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/NPEC-Hybrid_English_22-11-17_Digital.pdf.
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resistance to flood and drought, and reducing irrigation and tilling needs.™ In this way, compost prevents
desertification and land degradation, which impact mostly poor rural communities, small-scale farmers,
women, youth, Indigenous peoples, and other at-risk groups.” When compost replaces synthetic fertilizers,
the impact is even greater, saving energy and reducing emissions of nitrous oxide, a powerful GHG.™

MAFE=EFEREFBEREEE IR, ARMNEEXIERRESAGER, ARAHELEES
ESFLIE XELERE, MAE E%iiﬁﬁrlﬁﬁ He1, BAEHRBKERZ 2HI8E S, B E B
PER, CthEL, #HEAERDRERE TSk MEEHRIELKEITEN, KELHHE
EFVDMRORE.BE. RERREMEARKS, "EHEIRA TLE, SrIEE6R, B —&
EZREEBNAERENPR, MBEEKX, ™

4.3. Economic benefits

4.3 48 B HLF

A zero waste strategy holds significant alignment between economic and environmental goals. This approach
not only minimizes environmental harms, but is also significantly less expensive than systems that primarily
burn or bury waste. It also contributes to a just society.
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Zero waste systems offer more desirable employment opportunities than traditional waste management jobs,
as they foster skills beyond basic manual labor, provide higher wages, offer more permanent positions, and
improve quality of life. They also require a much lower initial capital investment in comparison to traditional
industrial facilities, leading to better fiscal sustainability. Zero waste businesses have flourished across the
world, triggering innovation and sustainability simultaneously.
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" Favoino, Enzo, and Dominic Hogg. 2008. “The Potential Role of Compost in Reducing Greenhouse Gases.” Waste Management &
Research 26 (1): 61-69. https://doi.org/10.1177/0734242X08088584.
19 “Global Land Outlook 2nd Edition.” 2022. UNCCD. April 27, 2022. https://www.unccd.int/resources/global-land-outlook/glo2.

'8 Favoino, Enzo, and Dominic Hogg. 2008. “The Potential Role of Compost in Reducing Greenhouse Gases.” Waste Management &
Research 26 (1): 61-69. https://doi.org/10.1177/0734242X08088584
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4.3.1. Job creation

431 R ETEKE

According to a recent global meta-analysis of the job creation potential of different waste management
sectors," zero waste strategies score highest on environmental benefits and create the most jobs of any
waste management approach:
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e Reuse creates over 200 times as many jobs as landfilling and incineration.
BEAREMI RS B EEMRIEH 200 B1E.

e Recycling creates around 70 times as many jobs as landfilling and incineration.
E U EF ARENAEHRE R EENREMNEES,

e Remanufacturing creates almost 30 times as many jobs as landfilling and incineration.
[ ERERENMFEHE R EENREAIRIEI06E,

The report analyzed the job growth potential of cities around the world if they were to divert 80% of recyclable
and compostable waste from landfilling and incineration. The numbers were impressive: for example, Dar Es
Salaam and Ho Chi Minh City could create over 18,000 jobs, and S&o Paulo could create an astonishing 36,000
new jobs.
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The findings also discredit the common belief that waste management offers only low wages and undesirable
jobs. Strong qualitative evidence of diverse, high-skill job creation through elements of zero waste programs
was also observed. This evidence was reinforced by case studies that found that zero waste systems create
large numbers of better-than-living wage jobs."’

6 Ribeiro-Broomhead, John, and Neil Tangri. 2020. “Zero Waste and Economic Recovery: The Job Creation Potential of Zero Waste
Solutions.” Global Alliance for Incinerator Alternatives. http://zerowasteworld.org/zerowastejobs.

¥ "Wastepickers to Robust Entreprenuers: Creating Stories of Change.” 2016. Hasiru Dala.
https://hasirudala.in/wp-content/uploads/2020/09/HD_Annual_Report._2015-16-1.pdf.
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This remarkable correlation demonstrates the compatibility of environmental and economic goals and
positions the waste management sector as an opportune social infrastructure in which investments can
strengthen local and global resilience.
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For example, in San Francisco, the unionized and worker-owned waste management company Recology, which
has achieved an 80% recovery rate,® offers a starting wage to waste collection drivers of USD 40 per hour,
compared to the average California waste collection driver's income of USD 16 per hour."®
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4.3.2. Improved economic performance

432.WERERE

By switching to a zero waste strategy, municipalities can immediately begin reducing the costs of their waste
management. A zero waste strategy is, essentially, good value for money.””

HRBEEERR, THRERRELMTURERZEMEERAL, TEERBAE LEYEREMN,

200

If a city is paying for a waste management service that only includes waste collection and disposal in a
centralized facility like a landfill or incinerator, a switch to a zero waste system can be very beneficial. It avoids
costs associated with transport, operating transfer stations, maintenance of sophisticated vehicles, leasing
landfill space, and gate fees at the landfill or incinerator. In contrast to disposal facilities, there are potential
revenues that can accrue from the sale of recyclables and compost.
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8 “San Francisco Annual Rate Report.” 2021. Recology Sunset Scavenger, Recology Golden Gate, Recology San Francisco.

https://www.sfpublicworks.org/sites/default/files/RY2021%2004 %20Report %20%2006132022.pdf.

9 “Cleaning Up Waste and Recycling Management and Securing the Benefits: A Blueprint for Cities.” 2015. The Los Angeles Alliance for a
New Economy. http://laane.org/wp-content/uploads/2017/06/Cleaning-Up-Waste-1.pdf.

200 Moon, Doun. 2021. “Zero Waste Systems: Small Investment, Big Payoff.” Global Alliance for Incinerator Alternatives.
https://zerowasteworld.org/beyondrecovery.
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For instance, the city of Parma,””' Italy (population 196,518), has seen a €450,000 reduction in overall annual
costs for waste management after introducing a zero waste system. In northern Italy, the cost of managing
residual waste in 50 municipalities oriented to a zero waste strategy is €178.9 per household/year, compared
to the average cost in Italy of €245.6 per household/year, representing 27% cost savings through zero
waste.?”
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The city of San Fernando (population 306,659) in the Philippines has reduced the annual waste management
budget by Php 36 million (594,745 EUR) after transitioning into a decentralized zero waste system.?” The
Philippine city of Tacloban (population 242,089), in turn, saved Php 21.6 million (348,065 EUR) in their annual
budget after transitioning into zero waste, representing 27% cost reduction.”®*
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In cities that have centralized and technology-driven waste management systems in place, one of the potential
financial barriers to transitioning into a zero waste system is paying for the initial costs. Once set up, zero
waste will be much more affordable than the conventional system, but overpaying for current waste
management systems leaves cities without the resources needed to invest in new approaches. The Zero Waste
Cities savings calculator”® has been designed by GAIA member Ekologi brez meja?® to help visualize and
understand the financial benefits that adopting zero waste policies can bring to a local area.
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2 Rosa, Ferran. 2016. “The Story of Parma.” Zero Waste Europe. https://zerowasteeurope.eu/library/the-story-of-parma.

202 Simon, Joan Marc. 2015. “The Story of Contarina.” Zero Waste Europe._https://zerowasteeurope.eu/library/the-story-of-contarina.
203 Dayrit, Felicia, Anne Larracas, and Gigie Cruz. 2019. “Picking Up the Baton: Political Will Key to Zero Waste.” Global Alliance for
Incinerator Alternatives. https://zerowastewor|d.org/wp-content/uploads/San-Fernando-1107.pdf.

204 | iamzon, Catherine. 2019. “Sunshine After the Storm: A Typhoon-Ravaged City Rises to Become Zero Waste.” Zero Waste Cities Asia.
Global Alliance for Incinerator Alternatives. https://zerowasteworld.org/wp-content/uploads/Tacloban.pdf.

2057ero Waste Cities savings calculator.” Zero Waste Europe. https://zerowastecities.eu/academy/savings-calculator.

206“Ekologi Brez Meja.” Zero Waste Europe. https://zerowasteeurope.eu/member/ekologi-brez-meja.
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4.3.3. Fiscal sustainability

4.3.3. B Bk 18

Conventional waste management approaches are often expensive propositions that are generally directly or
indirectly funded by the public. Often, waste management is the single greatest line-item in many municipal
budgets, despite much of the world’s municipal waste remaining uncollected. Incinerators and engineered
landfills require large investments to be built and maintained, often pushing municipalities into significant
debt.
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Waste-to-energy incineration is the most expensive waste management approach, three times the costs of
landfills and up to five times the cost of recycling and composting.2”” A comprehensive study of the industry in
the U.S., from its rise in the 1980's to today, concluded that incinerators are a bad investment for cities.?”®
Construction and maintenance costs are significant and more capital-intensive compared to other forms of
waste disposal. When an MSW incinerator has reached or is close to reaching its life expectancy, it requires
another round of capital investment, often at the expense and risk of local taxpayers. Incineration revenue
streams are volatile, dependent on competitive tipping fees and access to the renewable energy markets.
Although larger plants provide economies of scale that may make profitability more secure, these oversize
facilities require hauling and importing waste from a larger area, sometimes even different countries.”®®
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[borrow a chart from Beyond Recovery pub]

207 Moon, Doun. 2021. “The High Cost of Waste Incineration.” Global Alliance for Incinerator Alternatives.

https://zerowasteworld.ora/beyondrecovery.
208 Baptista, Ana Isabel, and Adrienne Perovich. 2019. “U.S. Municipal Solid Waste Incmerators An Industry in Decllne The New School

Tishman Environment and Design Center.

29 Jofra Sora, Marta. 2013. “Incineration Overcapacity and Waste Shipping in Europe: The End of the Proximity Principle?” Global
Alliance for Incinerator Alternatives. https://www.no-burn.org/wp-content/uploads/Qvercapacity_report_2013.pdf.
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Well-known examples of city bankruptcy due to investments in incinerators are the Harrisburg (Pennsylvania,
USA) Incinerator,”® and the Detroit incinerator (Michigan, USA).?" Both were an ongoing source of contention
due to toxic air emissions and unforeseen costs, which greatly contributed to the bankruptcy of these cities.
The economic “lock-in effect” is caused by the fiscal debt incurred by the municipality to set up and run an
incinerator, creating waste management systems locked into providing large amounts of waste as feedstock
to incinerators that prevent development of sustainable policies, and essentially punish attempts to be less
wasteful. This dynamic has also been reported in locations around the world, like Géteborg, Sweden,”?;
Honolulu, USA?® and the UK,”* amongst others.
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In contrast, this lock-in effect does not exist in zero waste systems, which, particularly in the Global South,
tend to be decentralized and rely on local community-led collection, sorting, recycling, and composting
infrastructure. Ideally, these systems are reinforced with waste reduction policies, although this is not
widespread.

AT, EREEMEATEERRPAESFE, SEELRM LEASHKEA, BEEETP
MERY, (MEBTE M =GR, 758, BIURAHABRE, 28 £, ERNAMERABEZEYR
EBRMETMRIE, BESHEREREE,

By implementing a better collection and recycling/composting system, municipalities can, on average, reduce
waste management costs per tonne of waste by 70%.7® Organics represent the largest component of global
waste streams.”® Organic waste prevention and source separation, therefore, can greatly reduce the volume of
material sent to landfills or incinerators. This in turn avoids the costly construction of new disposal
infrastructure. When it comes to alternative treatment options, composting is cost-effective, has low start-up

20 Cooper, Michael. 2010. “Lost Bet on Incinerator Leaves Harrisburg in the Red.” The New York Times, May 20, 2010.
https://www.nytimes.com/2010/05/21/us/21harrisburg.html.

M“Detroit's Waste Incinerator, USA.” Environmental Justice Atlas. https://www.ejatlas.org/print/detroits-waste-incinerator-usa

%2 Corvellec, Hervé, Maria José Zapata Campos, and Patrik Zapata. 2013. “Infrastructures, Lock-in, and Sustainable Urban Development:
The Case of Waste Incineration in the Goteborg Metropolitan Area.” Journal of Cleaner Production, Special Issue: Advancing sustainable
urban transformation, 50 (July): 32-39. https://doi.org/10.1016/].jclepro.2012.12.009.

28 “Community Tools for Anti-Incineration Organizing.” 2021. Global Alliance for Incinerator Alternatives.
https://www.no-burn.org/wp-content/uploads/2021/12/Al-Toolkit_v5.pdf.

74 "Why Oppose Incineration.” United Kingdom without Incineration Network. https://ukwin.org.uk/oppose-incineration.

75 Moon, Doun. 2021. “The High Cost of Waste Incineration.” Global Alliance for Incinerator Alternatives.

HQSZ“ZQ owastewo d,Q g[bEyQ d ecovery.
8 Kaza, Silpa, Lisa C. Yao, Perinaz Bhada-Tata, and Frank Van Woerden. 2018. What a Waste 2.0: A Global Snapshot of Solid Waste
Management to 2050. Washington, DC: World Bank. https://doi.org/10.1596/978-1-4648-1329-0.
https://openknowledge.worldbank.org/bitstream/handle/10986/30317/2113290v.pdf
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costs, and requires less land area than landfills.2” In countries where governments are expanding waste
services, the low cost of composting can free up funds for expanded waste collection coverage. Finished
compost can also be sold to defray operational costs. Decentralized treatment can save further resources
spent on collection, transportation fuel, and large infrastructure.”®
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4.3.4. Innovative business development

LILBIFMEERE

Zero waste business models have emerged in recent years, as businesses increasingly align their production
and consumption models with the principles of waste avoidance and minimization. In particulr, businesses
that have replaced single-use packaging items and packaging in general have flourished, tapping into demand
from a consumer base increasingly aware of the impacts of plastic waste.
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Bans on wasteful products and packaging such as SUPs should therefore not be seen as detrimental to
business because they create conditions conducive to new businesses. As opposed to multinationals, which
depend heavily on plastic packaging, these new businesses are more likely to be local and to keep economic
activity local as well.

ZIEREERMESNEE (FlN—RASR) FTEEELEAEZENEE, RAEMAIE
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27 Ravishankara, A. R., Johan C. |. Kuylenstierna, Eleni Michalopoulou, Lena Hoglund-Isaksson, Yugiang Zhang, Karl Seltzer, Muye Ru, et
al. 2021. Global Methane Assessment: Benefits and Costs of Mitigating Methane Emissions. Nairobi: United Nations Environment
Programme.

78 “Ministry of Environment, Forest and Climate Change notification.” 2016. Government of India Ministry of Environment, Forest and
Climate Change. https://cpcb.nic.in/uploads/MSW/SWM_2016.pdf
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In Europe, the packaging-free shop sector is growing rapidly, with an increasing number of shops, jobs, and

sales turnover over the past 5-10 years. Long-term forecasts present a mid-estimate EU market for bulk goods

of €1.2 billion in 2030, with its best-case potential being significantly greater.”
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This overlaps with characteristics and trends observed in circular economy businesses.?” In both cases, they

are defined in opposition to linear businesses, which are based on the paradigm of “take-make-waste.”
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BOX - Innovative ZW businesses - what do they look like?*”

RIFMEEEZECEZ—EMERHERH 2P

A zero waste business is organized to recover high-guality materials post-consumption i.e. used
products and packaging like reusable cups or electronics. While linear businesses are not
concerned with a product after it is sold, a zero waste business is designed to track it, so that the
product can be easily taken back for reuse or to serve as feedstock in the production process. In
this way, companies are also motivated to ensure the delivery of high-quality, long-lasting products
designed for durability and reparability. Ensuring that the product can be repaired, upgraded,
refurbished, remanufactured, or remarketed is an essential added-value. Examples of this model
involve deposit return schemes (DRS) or leasing.
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barePack: reusable containers for food meal deliveries in Singapore

barePack : # 0% (F A EIRE SN ERN LR

barePack facilitates the purchase of food from restaurants in reusable containers through an
app. It's a membership-based service that works across several delivery platforms like

79 Eunomia. 2020. “Packaging Free Shops in Europe. An Initial Report.” Zero Waste Europe and Reseau Vrac.
https://zerowasteeurope.eu/wp-content/uploads/2020/06/2020_06_30_zwe_pfs_executive_study.pdf.

220 Ellen Macarthur Foundation. 2017. “The New Plastics Economy: Rethinking The Future of Plastics and Catalysing Action.”
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/NPEC-Hybrid_English_22-11-17_Digital.pdf.

21 Vilella, M. (2021). New Business Models Cutting Back Plastic Waste. Sustainable Consumption Institute, University of Manchester, UK.
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2.

Foodpanda, Deliveroo, and Grab. The app shows restaurants that are enrolled in the network and
reusable container options. Customers return the used containers to the restaurants, where they
are cleaned and made ready to be used again.
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Zero waste businesses are made possible through collaboration along the supply chain: while linear
businesses are based on downstream cost-reduction and competitive relationships with suppliers,
a zero waste business benefits from the joint work of all the actors along the supply chain, because
the added value is the joint process of assembling and disassembling, delivering, and recovering.
This is especially important for reusable packaging systems: collaboration amongst customers,
businesses, staff, logistics providers, and the cities is key to success . For example, online
refillable/reusable delivery models offer an alternative to take-out SUP dining and operate in a
closed-loop system of reuse and redistribution. Customers utilize these services by downloading
sustainable apps to directly order food delivery, or to locate take-out restaurants that have
sustainable container reuse and return models in place.
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Refillables Hoi An: a packaging-free shop in Vietnam

Refillables Hoi An: #iFE 2 B BE J5

Refillables Hoi An is the first refillable concept shop in Central Vietnam, founded by Alison
Batchelor, a zero waste lifestyle practitioner who moved from Canada to Vietnam and missed the
option of shopping in packaging-free shops in her new locale. The shop proposes an affordable
packaging-free experience, targeting low-income families.

Refillables Hoi An 2 Pl — R URI ERIE T 4 E = H T MR E, H Alison Batchelor &l
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222 Closed Loop and Ideo. 2021. “Bringing Reusable Packaging Systems to Life Lessons Learned from Testing Reusable Cups.”
https://www.closedlooppartners.com/wp-content/uploads/2021/01/CLP_Bringing-Reusable-Packaging-Systems-to-Life.pdf.
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Its engagement with the community on increased waste prevention is also part of its value
proposition: the founder has observed that suppliers are seeing increased patronage from
startups; there are three different spots in Da Nang that are doing refills; and newly opened
shops take their cue from Refillables Hoi An in terms of their product offer. Refillables Hoi An has
a very strong alliance with suppliers, a critical collaboration to ensure both the minimization of
plastic waste and affordable prices. Some of the suppliers have provided discounts on wholesale
prices, which are facilitated by bulk purchases.
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Often, zero waste businesses sell a service rather than a product. This development is also known

as ‘servitization' - providing access to products to satisfy user needs without needing to own
physical products. These types of services are often run through local networks of similar
businesses on a subscription or membership basis. Many companies have developed mobile apps
or website maps to help customers identify participating businesses.
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The Lavanda project by Eta Beta, Bologna (Italy)

The project provides a collection and washing service of used cloth diapers to the local
community, in addition to delivering clean ones in return. Currently, the project works with
public administrations, organizations, and cooperatives that manage nurseries. In the future,
Lavanda wants to gradually open its services to families.
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4. Zero waste businesses are based on ecological and social values that complement overall business

culture and philosophy. Zero waste businesses are regenerative and restorative by design, keeping
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resources in use at their highest value for as long as possible; they also ensure social-economical
returns with better inclusive livelihoods, giving priority to local economies. These businesses seek
to replace the linear economy based on a take-make-throw away model, which assumes our planet
has infinite resources. In this sense, the value proposition of a zero waste business model is a
direct engagement in improving the sustainability of the overall system, going beyond the
conventional eco-consumerism.
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Hasiru Dala in India: integration of waste pickers

Hasiru Dala works with a vision to integrate a generation of waste pickers into the mainstream
circular economy. They aim to create better livelihoods for waste pickers through inclusive
businesses that have an environmental impact. Their current services include the organization
and provision of zero waste events where all SUP is replaced by compostable or recyclable
options. They also provide brand owners with Extended Producer Responsibility (EPR)
compliance.

HasiruDala: NEBSIERENKENE
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4.4, Social benefits

L4 2T EHIF
4.4.1. Enhanced energy access and security
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Within a zero waste system, the use of anaerobic digestion can offer an accessible source of energy when
developed and implemented in a decentralized and community-led manner, improving energy security for local
communities. Biogas derived from anaerobic digestion is a substitute for natural gas, providing a renewable
energy source that can be deployed in sectors that are difficult to electrify. Yet caution should be given to
implementation of AD, as explained in section 2.2.2.2.
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Anaerobic digestion is a biological process wherein diverse groups of microorganisms convert complex
organic matter into simple and stable end-products in the absence of oxygen. This process, which takes place
in sealed vessels (anaerobic digesters), collects methane until it is burned as fuel, converting it into biogenic
C0,. In this sense, anaerobic digestion can be very attractive because it yields biogas, a mixture of methane
and carbon dioxide that can be used as energy resources. Biogas can also be stored for timely conversion to
electricity, which is useful in balancing fluctuating supply from intermittent renewables.”
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AD of the organic fraction of municipal solid waste (OFMSW) is used in different regions worldwide to reduce
the amount of material being landfilled, stabilize organic material before disposal in order to reduce future
environmental impacts from air and water emissions, and recover energy. Advances and adoption of the
technology are rapidly gaining momentum. Several research groups have developed anaerobic digestion
processes using different organic substrates. Cheap, small-scale anaerobic digestion units have been
employed with great success in remote communities with less-reliable access to energy grids in countries
such as Bangladesh, India, and China.?* In Kerala, where 70% of the waste is compostable organics, anaerobic
digestion is an attractive option for energy generation from the putrescible fraction of MSW as well as for
reducing the region's disposal problem.
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2% Thran, Daniela, Martin Dotzauer, Volker Lenz, Jan Liebetrau, and Andreas Ortwein. 2015. “Flexible Bioenergy Supply for Balancing
Fluctuating Renewables in the Heat and Power Sector—a Review of Technologies and Concepts.” Energy, Sustainability and Society 5(1):
35. https://doi.org/10.1186/s13705-015-0062-8; “Using Quality Anaerobic Digestate to Benefit Crops.” 2012. Waste & Resources Action
Programme. https://www.nutrientmanagement.org/using-quality-digestate-to-benefit-crops.

24"Converting Waste into Cooking Gas in Low-Income Communities.” 2021. Community Partners International. 2021.
https://www.cpintl.org/field-notes—updates/converting-waste-into-cooking-gas-in-low-income-communities.
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4.4.2. Reduction of poverty and inequality through the inclusion of waste pickers

4.4.2. HEA*D m.%lélﬂﬁ'}‘ﬁﬁﬁiﬁﬂulzg

Despite the critical role the informal sector plays in waste management, waste pickers are often marginalized
and live in extreme poverty.”® Waste picking is poorly remunerated, dirty, and often demeaning work.
Governments often ignore or actively discourage waste pickers’ services, neglecting a potential route to
increasing the reuse and recycling of waste.”® As a result, many waste pickers face health risks and lack
access to health care and other social protection.?”’
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The inclusion of waste pickers is a fundamental pillar within zero waste systems, improving livelihoods and
therefore reducing poverty and inequality, particularly amongst vulnerable women. An analysis of 45 recent
papers covering case studies on waste pickers from 27 different countries demonstrated that the integration
of waste pickers into the formal sector can alleviate poverty by securing the livelihood of waste pickers and
their families.”® It also brings other societal benefits such as reducing child labor and gender inequality, as
well as removing the stigma attached to this line of work. Other studies also recognize the importance of
formal inclusion to generate income for waste pickers and economically empower women waste pickers; it
can also contribute to the achievement of Sustainable Development Goals on eradicating poverty (SDG 1) and
improving gender equality (SDG 5).%°

25 Samson, Melanie. 2010. “Reclaiming Reusable and Recyclable Materials in Africa - A Critical Review of English Language Literature.”
WIEGO Working Paper (Urban Policies) No. 16. Women in Informal Employment: Globalizing and Organizing.
https://www.wiego.org/publications/reclaiming-reusable-and-recyclable-materials-africa-critical-review-english-language-Ii.

228 Mpanang'ombe, Wrixon, Adrian Mallory, and Elizabeth Tilley. 2021. “Poverty, Politics and Plastic: Organic Waste Sorting in Blantyre's
Public Markets.” Journal of Urban Management 10 (3): 192-204._https://doi.org/10.1016/j.jum.2021.05.001; Kasinja, Cidrick, and Elizabeth
Tilley. 2018. “Formalization of Informal Waste Pickers' Cooperatives in Blantyre, Malawi: A Feasibility Assessment.” Sustainability 10
(April): 149, https://doi.org/10.3390/su10041149; Oteng-Ababio, Martin. 2012. “The Role of the Informal Sector in Solid Waste
Management in the Gama, Ghana: Challenges and Opportunities.” Tijdschrift Voor Economische En Sociale Geografie 103 (September).
https://doi.org/10.1111/].1467-9663.2011.00690.x; Scheinberg, A., S. Spies, M. H. Simpson, and A. P. J. Mol. 2011. “Assessing Urban
Recycling in Low- and Middle-Income Countries: Building on Modernised Mixtures.” Habitat International 35 (2): 188-98.
https://doi.org/10.1016/j.habitatint.2010.08.004.

21"Informal economy.” 2020. Women in Informal Employment: Globalizing and Organizing. https:// www.wiego.org/informal-economy
228 Morais, Jandira, Glen Corder, Artem Golev, Lynda Lawson, and Saleem Ali. 2022. “Global Review of Human Waste-Picking and Its

Contribution to Poverty Alleviation and a Circular Economy.” Environmental Research Letters 17 (6): 063002.
https://doi.org/10.1088/1748-9326/ac6b49

229 Morais, Jandira, Glen Corder, Artem Golev, Lynda Lawson, and Saleem Ali. 2022. “Global Review of Human Waste-Picking and Its
Contribution to Poverty Alleviation and a Circular Economy.” Environmental Research Letters 17 (6): 063002.
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PR, BREFEEREETEMAERXMMMA, HRERERERERENER, EMRER
B, OLbSt, EFHMAENE, LBV ETIRENFFEE RRREHERE—THEAEL,
HtI Rt EERBREMAELBPANEEYE, RARARTRETRKA, RFRFLMEET
HREERN SHNERKERREEHARER 2R EREE (E—EHER RREMHANTH
(FHRBERR) ™

The inclusion of waste pickers can help address these issues by offering formal recognition, involvement in
municipal waste management decision-making processes, and access to facilities, which can provide dignity,
personal safety, and increased earnings.

MEETRE SFRMMMAEXSE, BHMBRETREENMEENREBRE, NSHAHR
Mttt ERER. EARER, Eﬁ‘éi%bl]ll&k EIE BN ARRET S,

BOX - Successful integration of waste pickers
E'A-Ijj HEA?EI JIL%— E’JWJ?

e InIndia, the integration of waste pickers into the formal system has proved invaluable to the sector.
Hasiru Dala, an organization based in Bangalore, for example, worked with the local authority to
issue formal identification cards to waste pickers. With the |Ds, women were able to open bank
accounts, hundreds of youth were able to get education loans, and families were able to access
health insurance.

o THEHIE ﬂfr?nm.%%PUKIE‘tﬁ‘—%E’H’Flf BEEEHSEIME AR, tbin, ﬁﬁﬁi(
Hasiru Dala) SEEAI R BIMBEBHIE LS, MAMBAFESE ZBEXNS M RGEERT
BTERSMF MEFURRITIRSE, F2EE2FMARLUIMGEHEER, ﬁ'ﬁﬁzk
HI1F LB ISR BR R B2 o

e Inthe Philippines, the waste workers who used to pick waste from the streets have been officially
integrated into the zero waste program as formalized waste workers. This has allowed them to earn
better wages under better working conditions.

o HFEE BEAHELBIGEEVNERECHEAMATERNE HAEXMEE
EYIEE, ERETHMAMIEGRE RRRER THRANEFE,

e Malabon City, a highly-urbanized and densely populated city in Metro Manila, Philippines,
implemented a city-wide zero waste program starting in 2017 to all the barangays (neighborhoods)
in the city, many of which are now in advanced implementation. Waste pickers in Potrero, Malabon
City used to earn about USD 20-40 a month from selling recyclable materials to junk shops; now

https://doi.org/10.1088/1748-9326/ac6b49; Singh, Dr Richa. “Integration of Informal Sector in Solid Waste Management: Strategies and
Approaches.” Centre for Science and Environment.
https://cdn.cseindia.org/attachments/0.89670700_1626944339_integration-of-the-informal-sector-richa.pdf.
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they receive a monthly salary of USD 60 as a village waste worker, on top of what they earn selling
recyclables collected from households.??

o HEHFREEBEREHNAME FESEATIL. AOFEERM T : FBHIE (Malabon) ; EE T
H07E2EERT —EFERE SEEETHHTIAALE, SEHEHFSHE
AR ER, T RASTHIAME (Potrero), IETREBEREIKYME B L YBENAE
HAagA0-4 T BEMMR AN EMBEEY IS, BAFHEET, HAEFE
RRRF FRRMEIKRYEEZEBEHRE,

4.4.3. Food and water security

443 ERERAKES

Both compost and biodigestate (an output from anaerobic digestion) have a beneficial impact for waste
management and agriculture: by providing nutrients for soil, they increase soil fertility and its capacity to hold
water, thus supporting food and water ecosystems.

HEREER REBBMNELY BRNBEEYERERERAITE AR LTSS, BntiE
BALURGRKEED, RLAFRERBERAKERMERR,

Research shows that agroecological practices — like farm diversification, agroforestry, and organic agriculture
— can make a significant contribution to helping low- and middle-income countries meet their climate
adaptation and mitigation targets through their food systems;* the zero waste system can be a great ally to
agroecology. The application of compost or biodigestate to soils supports urban and periurban agriculture,
whichin turn helps reduce the risk of flooding and the severity of drought, especially beneficial for small
farmers and self-sufficient families.

MEET ERERNEEL LUNRRSHRE. ENXERRER, TXXENHEKABRE
BHEBERERAFELREERIZEENER. "ERERAMMEEBRXRAERE. HHE
ERAREARLIE AMRETRARSMENRER EMERERKEZEZENRR, &
HWPMREBRERMEFMESHAIBED,

The fact that, in many parts of the world, waste is primarily organic (over 50%) and that compost can play a
major role in supporting the farming that feeds the world should lead to a market for compost. Challenges that
currently prohibit this market are lack of support at the city level, reliance on government-subsidized

20 Salazar, Marlet. 2019. “Route to Zero Waste: A Flood-Prone City Shows How It's Done.” Zero Waste Cities Asia. Global Alliance for
Incinerator Alternatives.

2 Jones, Sarah K., Nadia Bergamini, Francesca Beggi, Didier Lesueur, Barbara Vinceti, Arwen Bailey, Fabrice A. DeClerck, et al. 2022.
"Research Strategies to Catalyze Agroecological Transitions in Low- and Middle-Income Countries.” Sustainability Science, June.
https://doi.org/10.1007/s11625-022-0116 3-6.
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fertilizer,”? and lack of public awareness. Subsidies to enable composting and the use of organic waste in

agriculture would be an effective measure to increase acceptance and demand.”

A EHFSHS, BEVNIERMNZHHRE (BiE50%), MELETHEXHRERNEEZAE,
MEEITEHKERKRE SLEEREERMAAFNNHERHTISIRE, AT BARRZHTRER
BB X #F . R RIMBE B MR IE R LI R KR & RENRBT R, Mk T EEM SR
B, BRMEHEHRIELURZBERERAKERY SRRFHEEIELETRMA LK,
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BOX - success story from Sao Paulo
EREMRTISRSE

Sao Paulo is a great example of a city taking steps towards building bridges across zero waste, agroecology
and sustainable food systems, while addressing inclusion and equity issues. The project Connect the Dots,
an initiative from Sao Paulo's City Hall that won the grand prize of Bloomberg Philanthropies’ 2016 Mayors
Challenge in Latin America and the Caribbean, aims at creating a circular economy for food by supporting
local and peri urban farmers to transition to organic agriculture. Sao Paulo municipality seeks to buy 30% of
produce from small farmers for school meals to incentivise the transition.”* In turn, organic farmers receive
compost from a pilot composting facility in Lapa, which receives organic waste collected from around 50
street markets as well as garden waste. The composting facility can treat up to 60 tonnes of organic waste
per week and produce approximately 900 tonnes of compost each year.?® Sao Paulo also has a network of
more than 50 local civil society organizations promoting the Sdo Paulo Composta, Cultiva Campaign, asking
the the Sao Paulo City Hall and City Council to increase its commitment to public policies for source
separation and recycling of organic waste, and the promotion of agroecology in the municipality.®® The local
think-tank Institute Polis has put forward a comprehensive proposal to implement a segregated collection
of organic waste and a community composting program prioritizing the participation of organizations of
waste pickers.?’

EFE R (Sdo Paulo) BB ERMP IR, REFTEE. ABRREKERRER, RRREE
SRMETEFEE e EEEERMES T, BRETBATIRE G E HEEE (

2 Mpanang'ombe, Wrixon, Adrian Mallory, and Elizabeth Tilley. 2021. “Poverty, Politics and Plastic: Organic Waste Sorting in Blantyre's
Public Markets.” Journal of Urban Management 10 (3): 192-204. https://doi.org/10.1016/j.jum.2021.

25 Barré, Juliette. 2015. “Waste market in urban Malawi.” Second cycle, A2E. Uppsala: SLU, Dept. of Urban and Rural Development.
January 7, 2015. https://stud.epsilon.slu.se/7550; Dijk, Meine van. 2008. “Urban Management and Institutional Change: An Integrated
Approach to Achieving Ecological Cities,” January.

24 “Regenerative Agriculture around Sao Paulo: Connect the Dots.”
https://ellenmacarthurfoundation.org/circular-examples/connect-the-dots.

%5330 Paulo Tackles Organic Waste | Climate & Clean Air Coalition.” 2019. April 12, 2019.

https://www.ccacoalition.org/en/news/s%C3 %A3o0-paulo-tackles-organic-waste.
25"S30 Paulo composta e cultiva.” Instituto Pélis. https://polis.org.br/projeto/sp-composta-cultiva.

574330 paulo composta e cultiva.” Instituto Polis. https://polis.org.br/projeto/sp-composta-cultiva.
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Connect the Dots), B S &:18 % E X £ & (Bloomberg Philanthropies) 20164 i1 T 35 ;M 00 8 Lt 3
EMREBENKRE, RGAEHEREHXFTREEMMBEREREERERX FAIEBYNRE
REE ERETBHANERZE ZSBR/NERBIOLCHNEERMARRERNEM, LUFEEE
RENEHEHEE EE BHERT{ENINE (Lapa) & &9 — {5 H BB 53115 R4S HE AR AR & ; T 3%
HAESEARBIZ R BREXRK0EFTRKRMRREE, RN EFERREY. ZHEESE
B RIES E60MIM A HEEY, SEEL KH00MIM MR, “EREZHEN KM\, H50
BEfEu s RERSHEE, M2 R H# AL L = #HE B | (Sdo Paulo Composta, Cultiva Campaign), 3%
MR ERERETBMAETZRERIEENRBERRE, CEEDEREEYRES FRER
A, UERERRETEREEE, P Einstitute PolisBIRH —EEZEMNIRE, REARE
RERERBEEVNIBRE EF—ALEREEBBRABTMHEEHBEGE, Y

4.4 .4, Better health outcomes
bbb EREIKE

Because disposable items cause pollution throughout their lifecycle, a zero waste system will inevitably cut
pollution and improve community health, especially for those living closer to these facilities. This has been
comprehensively presented in point 4.2.1, under reduction of air pollution and toxic residues.
HR—XARRMNEELMBERNEERTE AETEERRMOLATTAIBISE, NEHERE
 AHBHMABEEEREREMOIMRRAME, E2MEt, EEA42INBLERSEEEERE
ZW I —EpER,

The widespread leakage of plastic in the environment and its persistence in the form of microplastics (<5 mm)
has infiltrated the human food system, with increasing evidence that humans are eating plastic through food.
238259 The prevalence of toxics from plastic packaging and plastic waste in the food supply is leading to
increased toxicity in our bodies and surrounding environment: recent studies have found these toxics in
human blood and everywhere on the planet.

BREAZRRENREFEETE, TEUMEBR (Smm) MEXRAFTRREDR, HEBAZIAE
HERYRH FHRESERET ANEEARYIEEBZ T, " REEBEKEBEBEMN
ENYERIEYHEIMEERR, SRAMWSRERERENSMHISM AHARER, &
EEMYEERIABLES, TFEERERSH,

There are thousands of chemicals in “food contact materials (FCM) that can potentially migrate into our food or
drink, and eventually end up in our body. In Europe alone, some 8,000 chemicals can be used in food packaging

28 Barboza, Luis Gabriel Antao, A. Dick Vethaak, Beatriz R. B. 0. Lavorante, Anne-Katrine Lundebye, and Lucia Guilhermino. 2018. “Marine
Microplastic Debris: An Emerging Issue for Food Security, Food Safety and Human Health.” Marine Pollution Bulletin 133 (August):
336-48. https://doi.org/10.1016/j.marpolbul.2018.05.047.

29 Peixoto, Diogo, Carlos Pinheiro, Jodo Amorim, Luis Oliva-Teles, Lacia Guilhermino, and Maria Natividade Vieira. 2019. “Microplastic
Pollution in Commercial Salt for Human Consumption: A Review.” Estuarine Coastal and Shelf Science 219 (April): 161-68.
https://doi.org/10.1016/j.ecss.2019.02.018.
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and other FCM,*® and many of the chemicals are carcinogens®' and hormonal disruptors that are associated

with higher incidences of cancer, infertility,** developmental disorders,?* and immune disorders, with the
costs related to neurodevelopmental disease and 10 loss reaching EUR 157 billion per year.”* Women are
exposed to higher risks of miscarriages, cancer, and further gender-related disparities, as these chemicals are
commonly found in household and feminine hygiene products.”*®

=1 B A4 41 | (food contact materials; FCM) P E B F2LEYME R GEER I KM B ER
#, RRBBEMERN. ERERN AKX\ TELSHERNEANEMREEREMER
Efaas, CEEBIAZHEYHERETER EMANEE. A2 . RFEERAEER
MBERRSHM MTERMAERTRFLEERENERBE BF5:E) 570 Ekm: a::
REME H:'.IEﬁ"EéREﬁiit MELERAST, ERXERLMRE. BEMRIRES, EmEE
BT EE, ™

4.4.5. Reduced stressors (noise, traffic, congestion)

L45 BOBRAOR(EE . KBHREE)

Zero waste programs are able to reduce disamenities involved in waste disposal facilities, specially
waste-to-energy incinerators. People living near incinerators and landfills complain of noise, litter, heavy
vehicle traffic, odor, and air pollution. As temperatures rise in the summer, the smell often gets worse, forcing
people to close their windows and avoid sitting outside. Areas with incinerators also experience greater
vehicle traffic, with trucks bringing rubbish from other boroughs or counties. Operators often downplay these
disamenities during the planning and permitting application stages, and when these problems do occur, these
same operators will often dismiss them as inevitable or unavoidable.

FRESERABVEZYRES ﬁ’tﬁ(tﬁl BALIR) FARBIRB A E . (£ E R bR R R I5
R, ERABE. M. ERE Eﬂﬂi,‘: BH, EEXRRR LR, BREEMEE,

EEERAESAEAEF, :&f‘a%?’i’%ﬁo RILBERMME, hERRLSHNERE AR
-FE%ZE%%FEI?EKLE’] iRk BALERE AR B RPFT AR, BEEREELTAREN
FE MESEMERERRELER RAKNEENSIEELMERAREIER. LAGELE MA
%IEEO

20 Simoneau, Catherine, Barbara Raffael, Simone Garbin, Eddo Hoekstra, Anja Mieth, LOPES Joao Filipe Alberto, and Vittorio Reina. 2017.
“Non-Harmonised Food Contact Materials in the EU: Regulatory and Market Situation: Baseline study: final report.” JRC Publications
Repository. January 17, 2017. https://doi.ora/10.2788/234276.

21"Impact of EDCs on Hormone-Sensitive Cancer.” Endocrine Society.
https://www.endocrine.org/topics/edc/what-edcs-are/common-edcs/cancer.

242 Trivedi, Bijal P. 2021. “The Everyday Chemlcals That Might Be Leadmg Us to Our Extinction - The New York Times.” The New York
Times, March 5, 2021. https:
243 Nielsen, Pia Juul. 2021. "Hormone D|srupt|ng Chemicals May Also Harm Ch||drens Brams Suentlsts Call for Action.” CHEM Trust
(blog). May 12, 2021. https://chemtrust.org/edcs_brain_development.

24 Trasande, Leonardo, R. Thomas Zoeller, Ulla Hass, Andreas Kortenkamp, Philippe Grandjean, John Peterson Myers, Joseph DiGangi,
et al. 2015. “Estimating Burden and Disease Costs of Exposure to Endocrine-Disrupting Chemicals in the European Union.” The Journal

of Clinical Endocrinology and Metabolism 100 (4): 1245-55. https://doi.org/10.1210/jc.2014-4324.

25 Calil, Juliano, Marce Gutiérrez-Graudins, Steffanie Munguia, and Christopher Chin. 2021. “Neglected- Environmental Justice Impacts
of Marine Litter and Plastic Pollution.” United Nations Environment Programme.
https://www.unep.org/resources/report/neglected-environmental-justice-impacts-marine-litter-and-plastic-pollution.
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BOX - Stressors from waste-to-energy incinerators?*
R EBEEYMRICIERIE DR

In the UK, residents in areas hosting waste facilities have raised serious complaints of noise, odor, and
other types of disturbances. The cases include daily noises lasting 2-3 minutes each time and disturbing
vibrations from cargo trains for waste transportation in Runcorn, which led to a protest by 100 residents in
2015%; and reported odors of rotting food and growing number of flies, which forced residents to keep their
windows closed in Derby.?® Residents in Detroit, U.S.A., suffered for decades from strong odors of rotten
eggs and rotting garbage coming from an incinerator with over 20 odor violation records, until the facility
was shut down in 2019.%

ARE BEYVEEREREMKIER, HRNELREMTRAKRE. RIREEMERNT
2, X’ﬁ?&;dﬁﬂﬁu EEH*—L.,\(Runcorn) EREZYHEESESREER, MEWREFE

—3"f§ﬁ’] REEZHBANRE, EFATENBE, EH20LFAF100MF R HKRNGE E

f& Lk (Derby), #%ﬁﬁ“ﬁ&ﬁ%ﬂ’]iﬂ*u&tkigﬂﬁﬁﬂﬂﬁ ZERTF/ARAEF. “HEXBIE
‘-‘F—*Hi(Detrmt) HKE—EREmMERIIRERENEIKE, FERRERETTFIES, ZRKE
B 2% BRI 2 AR A H0 BB B 20, E EI20195 R A& Lk, 29

Incinerators also depend on large, heavy-duty diesel trucks for waste hauling, which emit hazardous air
pollutants and cause loud noises and traffic congestion.”°

BBt MBS R MR FEEEEYEERR, ELEREHRETNERT Y I E MR
FHRBMEE, ™

246 “Why Oppose Incineration.” United Kingdom without Incineration Network. https://ukwin.org.uk/oppose-incineration.
247 Clay, Oliver. 2017. “In the Shadow of the UK's Biggest Incinerator - Part Two.” Liverpool Echo, January 5, 2017.
http://www.liverpoolecho.co.uk/incoming/shadow-uks-biggest-incinerator-part-12406245; Barbara. “Health Fears over Runcorn
Incinerator.” Runcorn and Widnes World.
https://www.runcornandwidnesworld.co.uk/news/11753701.health-fears-over-runcorn-incinerator.
Z8nttps://www.derbytelegraph.co.uk/news/derby-news/residents-slam-controversial-waste-plant-2021845; Reid, Nick. 2018.
ReS|dents Say Derby Incmerator That ‘smells of Rotten Food Should Be Shut.” Derbysh|re L|ve, September 19, 2018.

3 ; Hawley, Zena. 2018. “Foul
Smells from Sinfin Waste Plant Still Tormentmg Residents after Almost a Year.” Derbyshlre lee, June 9, 2018.
https://www.derbytelegraph.co.uk/news/derby-news/smell-sinfin-derby-waste-plant-1641728.
%9 Ellison, Garret. 2020. “Toxic Waste Fixer Rises from Incinerator Shadow as Source of Stink in Detroit.” Miive, September 27, 2020.
https://www.mlive.com/public-interest/2020/09/toxic-waste-fixer-rises-from-incinerator-shadow-as-source-of-stink-in-detroit.html

20 Baptista, Ana Isabel, and Adrienne Perovich. 2019. “U.S. Municipal Solid Waste Incinerators: An Industry in Decline.” The New School
Tishman Environment and Design Center._https://www.no-burn.org/u-s-municipal-solid-waste-incinerators-an-industry-in-decline.
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4.5. Political and institutional benefits: improved democratic quality of governance

4.5 BUREARIE RN WEREMNRERE

Some of the most successful zero waste systems have been led by collaborations between civil society, local
authorities, and governments, bringing together a wide range of stakeholders to build a political and visionary
common ground that strengthens the quality of governance itself.

EERVHNSEERMzY, AEEHA RS AT EHAHESRBF BB HEEREEN
K BEAEPIEERNAETHEBRABERR, BABAKBEARES mMEAERILTA
BAEMME,

In these cases, communities took part in the design of the plan, or there was a significant initial consultation
process. This paid off with better design and higher participation rates, since programs were tailored to
community members’ specific needs and context. Residents were therefore more active in consuming
sustainably, minimizing waste, separating discards, and composting at home. They were also more active in
monitoring the implementation of the programs in their community, in collaboration with the local authorities.

FELEFh, HERABEGTENREFR, HE AR EtRAXENTHEBIE. SHRME
EELRABZIEF . &Y, RAHEERBEHAEREMEFIREREEIMES R, EARIFN
RE, BHEEEHLRS ALERUWEEBREEEXEHE. BOBEEY. 7 EEKERAERHEE,;
EREBEEMMTENGERTERE, RS T EREAE.

For example, in Thiruvananthapuram (India), young volunteers who call themselves Green Army International
have been instrumental in the implementation of the Green Protocol, a government initiative to eradicate
single-use plastics from public events.

550, 7£ENEEME AL AL N & AT 4% B FL43IR (Thiruvananthapuram), B8 A& EBIf& 4%k & KXE | (Green Army
International) I EEE T, £ —BATETE#E 1% E | (Green Protocol) BIITIAFE P IR R E KB A
BRI REMBAA T —RABBRAXFTEFHRATHENEE,

Inclusive zero waste systems ensure that resource recovery programs include and respect the community and
all social actors involved in resource conservation, especially informal recyclers whose livelihoods depend on
discarded materials. The workers who handle waste are fully integrated into the design, implementation, and
monitoring processes, as it is the application of their skills and efforts that ultimately make the system
function. A successful zero waste system prioritizes waste workers’ safety and well-being and ensures that
their interests are aligned with programmatic success. In some communities, where informal recyclers come
from historically excluded populations, this may require ending long-standing discriminatory practices.
BARMHNTREERR EREREAKEHREETMALEURMEME RN AR
EAG, LESMEFEXMEYKE, tfIMEHNBREZNYE., EFELFEREYMNT
EETERAGTEMNMABIERE. THETBERES, EAathMaREiEssn, BERTEENER
B AVHNERERMEEAEEY I EENTLEGL, EROMOFIZEGZHRTIETE
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b. Case studies

5. ZHIEAF
5.1. Introduction

5.1. B

5.1.1. Background

5Ll &=

The case studies below offer a snapshot of what zero waste could look like, and the GHG emissions mitigation
impact, in a variety of cities. While the principles of zero waste are universal, the implementation will vary
widely from place to place, based on a host of local factors. The cities included in this report were selected to
represent a wide range of conditions. They are megacities and small-to mid-sized communities; cities with
ample waste management budgets and some that struggle to collect the waste generated; a variety of climatic
conditions; cities with a robust informal sector, and those without; cities with highly centralized waste
management systems, and those with many private and public actors; cities that are growing rapidly, growing
slowly, and even one whose population is expected to shrink.
ETRELEFHARZRMGU-—BESETRBM T A FEZEMIIH ERHEEURELRD
BERBRFHMNEN. HATEZMNRIZEHFERN, AMEBEEAXERSKREBEFSHAR
Fmaxat, B2 FRMAXFHEE . KBRS ERESETRERNEROBHEAEFTR.
FERAOMSHMER M. B/ LN ERPRME FERT AR RNEZYEERE
B AEHMmEKEREZYMNESTRRER SHHTHNREEGFLEEZE AN EEEH AR
FIZEEEXAFY, FLZE FLEBETHEEZYRERRESEEDLIXMN, FLAZKREFLZTE
FAIFNARFMIMA S BEAORERRMHT ., bR EBARN. EEF — @RI B ELGHER.

One thing that all these cities have in common is the presence of an active GAIA member organization that is
eager to partner with local governments to bring about a transformation in waste management. Most of them
are implementing successful pilot zero waste projects that can be scaled up with government support. These
organizations played a critical role in obtaining, analyzing, and translating the data that underlie the GHG
analyses. The zero waste scenarios depicted in the case studies are drawn from their visions for their own
cities.

EEHTAELEMMEEAEMMCANE BE R, thMAUIMEZREMBAFS/E, UMERERE
EYEERFHEL, SLERSHEAVERBHABMNIEEIE REBNXFMEEREX
HERE, MMENET EEEAE, REHMEMRG. 2MEPIZEETHEN, MEaL
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EHEREAHELERAEHRS AR RRHEREN , AEFIMRHARENSEREE, &
=R fE MM E S HHIEE,

5.1.2. Modeling zero waste

5.1.2. EHIBEE

To calculate the GHG emissions from the waste system, we used the ‘Carbon Calculator for Zero Waste
Projects’ developed by inédit for the Mission Zero Academy. This tool compares a baseline and an alternative
scenario to determine the change in overall GHG emissions associated with the waste system. A particular
feature of this tool is its ability to analyze the emissions of reducing waste generation. For more details, see
the Data and Methods Appendix.

ATHEBRZVMASERSVEZRE BMAEATIFEZFTEERHETE R (Carbon
Calculator for Zero Waste Projects), & i Hinédit/ 5] & FEEFEE 205 | (Mission Zero Academy) (A 5%
M—EIE . EETESHBEMERE —SEERE —SERN—LIEREEHEMBENRFER,
AREHEMERRED., AEEDRMEMMEERRIREENER, EETEAARRZRESN
HESMEZYMRENREEE N, FEEEWRIERESE,

The year 2030 has been identified by the Global Methane Assessment as an important target for rapid climate
action. Past experience has shown that waste management systems can dramatically transform in this short a
time. For each city, we created a baseline, or business-as-usual scenario, and a zero waste alternative
scenario (‘road-to-zero-waste’). Both scenarios used the same population, waste generation, and waste
composition inputs. The zero waste scenario differs from the baseline in two important aspects, and the
resulting changes in GHG emissions reflect only these two changes:

A EIREREIZE (UNEP) RO £ Bk B b 5Tt #R &5 ) (Global Methane Assessment) # 20304 17 & 1R &
ETHN—EEZEEF, BERRET BEVEERRIUEEERMAMARNEEE, 3
MasERMEET —EREEFR KBFR—VRBREFER, ©WEET —ERNFEEEENE
RER(BATEBRAZTERIFR). MEFBRDREMAD. BEXRVELSMEZYRNF S HE
— K EFEEREETMEEEEEREAEFRETR, BLEAEHMAEREGBERREE H{E
& IR BREMIERE

1) the use of waste minimization strategies to reduce the generation of targeted waste streams
(particularly single-use plastic and, in the case of Bandung, food waste). These scenarios are city-specific and
based upon plans or proposals that already exist in each city.

DEREBEEMREER, LR EEREEDE (RER-RAEB &, UREERETES
PHEBYBEEY NELE, EERREKHEMZTRAMAZER, EXLERESHTEFEME

BHREEHRE,

2) efforts to divert waste material to beneficial uses, such as compost and recycling. We projected
80% diversion rates for easy-to-recycle material categories (organics, metals, glass, paper, cardboard, and
wood), and 15% diversion rates for hard-to-recycle materials (plastic, textiles). These produced overall
diversion rates between 42% and 68%.
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) EEYMERA RGN ETR, NHEEMNERRE YK, BLZREKEFRBYE 0F
WE. 2B, B, Rk, MRIMAH, TMFELEFS0%MEIKER, 75 BB AKYE, 0
BREMBE S, BIFEGEEA5%ME KR, 0t EIS R B KR EE42%~68% 2 fH,

Past experience has indicated that cities can reach 80% or higher rates of waste diversion within just a few
years (see Section 2.1) Our modeled scenarios are thus conservative and fall well short of what is technically
and economically feasible within the 2030 timeframe.

IR BEREE, MhaERFERNFREERKRIZSFI80%HER (R2.187) . Bt FH M= L
FIR R R FHY, L FE20304 B2 RS i L AIHEE L Al Z R K £, BiRET K,

The zero waste scenarios modeled in this report do not represent an end point or ultimate goal for waste
management; rather, they represent a conservative estimate for a waste system undergoing transformation,
and a 2030 milestone along that path. Results are thus indicative of moderately ambitious programs. Deeper
emissions cuts can be expected from more ambitious zero waste implementation.
ABEPEHNFTREEFEIRARBEEZDEENREIRBER MERTHE—EEE B
HEZRYEBERTMESE S, LEEBERFTERZERYD, R2030FEMMERRE, FTLURES
RERBRHSHEERTFHABNE N EREREFBHTRERIEIE, FEREERE RXABHEHR .

5.2. City-level case studies

5.2. I THh EHIBFZ

5.2.1. Lviv, Ukraine £ EFZIRAKR
5.2.2. Dar es Salaam, Tanzania # ZE #5E kg A
5.2.3. Temuco, Chile 2t FHEE ARAR

5.2.4. S30 Paulo, Brazil 2 S FEE IR A
5.2.5. eThekwini (Durban), South Africa 2t ZE F]ZZ IR A

5.2.6. Seoul, South Korea 2t SEFHEERR AR
5.2.7. Bandung, Indonesia £ =FEE IR A
5.2.8. Detroit, USA (longer version here) £ &z

5.3. Lessons Learned

5.3. (it E=HIFZE P HAIREH...

Several commonalities emerge from the GHG analyses of eight cities. First, zero waste policies and programs,
even incompletely implemented, confer major mitigation benefits everywhere. Emissions reductions ranged
from 50% to 105% against a business-as-usual scenario. These deep cuts were achieved with relatively
modest system changes, as described above. Complete implementation of the zero waste model would deliver
even deeper emissions cuts.
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8/ AT REREERS P, RMAFEM— LB — ERWEHRT, FEENBER
FAEAERTERE ERRHARRREETREREM. HER—REFER TR
50%E106% FI HE R & . aNATFTR, R FEEH RMETHERTHINE, SEBZERNLL 2 % B HE
RS MRAEEMEEZETREEER, BEEMBHEEE A,

The key to deep emissions reductions is source separated collection and treatment of organic waste. In all
cities but Seoul, which already separately collects 96% of its organic waste, landfill methane is the primary
source of GHG emissions in the waste system. Separate collection and treatment of organics - usually through
composting - reduces these emissions by 43% to 83%, even with incomplete implementation. This approach
is the only effective method to fully address these emissions.

ReER KTE R B REE S A HEEYMIRE EKENREE, R T EIESHHEZEY S
WEHERLS, Rt maERs R Rl RREYMARKMEERERE FHEHKEED S
FWEINMUEEREBEREEHBAEE), MELZEHENIT, a4 43%~83%88EK
B, SREER T ERREMDHRME—FR L A,

Burning waste, whether with energy recovery or not, results in massive GHG emissions. In Dar Es Salaam, the
only city in this study with wide-scale open burning, ending the practice would reduce GHG emissions almost
half as much as ending landfill methane emissions (in addition to significant public health benefits). In Seoul,
scenarios that continue to rely on incineration fail to achieve deep emissions reductions, because incineration
is itself a major source of GHG emissions.

RENKEELEAENEERRE TEAERKER, ZEEBEARE=FHTPH——ESE
RABEI IR E R, MMAERILETREITA, FTEEROMEBEEREHRE, R TEFNEIEE
RRBE e — 4, MEEEHE KMERETREAF S, EREMERBSFERKBRILIE, &/
FEHEXZERANEAFEERS, BARINIRAEME—EERMNEEREHERR,

While organics are essential to emissions reductions, recycling creates the possibility of a net-negative waste
sector. Increased recycling reduced emissions between 3% and 35%. In Sao Paulo and Detraoit, this is
sufficient to make the waste sector net negative - reducing more emissions than it produces. Recycling
reduces emissions in the industrial, agricultural, forestry, and energy sectors as well as emissions from waste
management. Source separation can strengthen recycling rates by reducing cross-contamination (for
example, mingling food waste with paper renders the paper valueless). Current recycling rates are lower than
technically possible because of a lack of financial incentives to recycle. These financial challenges affect both
city-run recycling programs and the informal sector, which is the backbone of recycling in many countries.
Strengthening and incorporating the informal sector can yield very high recycling rates. Although not captured
in our analyses, rising levels of plastic use are a threat to high recycling rates: most plastic is not recyclable,
and it tends to displace other, more recyclable materials.

HEMURERR, AHREZYMENEEAXZEHE MEEEREKNATRE-DEREY
EFEEFEEER, REEREIK, mIED3%H30%EEME ; AERBMNERE EXHVERES
BREUEZEERZVHMMAERFAFR—ILHWAZERBHNELELEMNES HAERBKFR
BOBREYEERMELEMER, HEFRDI. B, MAEREMMMHR. BEYRESE, 7]
EREMHR X5 (RBEIRR, MBENEREE—EMNELXEEKER ) EMERREKE,
B RTRI B SRR ER M AIITKE, BARZHF LHER., WHEBER R EHBAARITHIE
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WEtE, HITETEREXEM MEFSER, SEEXAMMAREREI KR FFEE, 521, BE3FE
EXAM, RRRIBRFEREIYKE, H-HHRAERMUIMERPREER, BNES—REH

E—HATAERRNEBEREHERANKIERRNEE KB EBEERE YK, MEELERE
RERAEMREZEKMME,

Generating energy from waste is not an effective mitigation measure. Cities that rely on landfill gas capture
(Detroit, Sdo Paulo, and Temuco) and incineration (Seoul) see relatively small GHG savings from displacing
fossil energy sources while allowing large quantities of methane (from landfills) and fossil CO, (from
incinerators) to escape to the atmosphere. Landfill gas collection is plagued by low capture rates and break
downs. As the electric grid decarbonizes, the benefits of waste-derived energy will continue to shrink.
FAEZEYRERLTTZAMAERIZREENTFR, ALERTKBERIES IR ERBLDEREY
ERFIRHER, BlanERE ., ERBREARN, MEWA2KERILER, BELEHL2FR L
BOLZLOREREENE, #HAFME—SeaME, BEEEXRERR(REEES) BELRIR
— &bl GRERLE) MEIKEF ., BESARUEEBRATREERE, WA SKE,; mERE
EEBWEMERL, BEEYREIRE KR B hiFFEERE.

Seoul is a unique but instructive case: it is the only city in our study that currently has a net negative waste
sector, due to its successful organics diversion program and overall high recycling rate. However, its program
is marred by its reliance on incineration, which produces twice as much as GHGs as replacement sources of
energy. Ending incineration and improving recycling in Seoul would increase its GHG savings by an order of
magnitude. Replacing existing incinerators with renewable energy would further deepen these cuts. Seoul also
stands to benefit the most from source reduction of plastics, both because of its high current plastic use rate
and because its plastic reduction program is more ambitious than other cities'.
EREEREEEEERBEEMNES, ENAMRBEFE—W—EREEYMHIEIEFEHK
R, ERRRERDISEREEYE Y, BEERBMEREKELS, AMEBWHERILEN
1K3E, EREEAML LS RILEMNEEREHFRES LMK EERMME, BB MaelE
R, wEEY, EREREPFRREREFRE —ERER(+HE)  FLBERRRAERSA
HIZEILYE, ERE—SHBAEBHARY. e RRERBIERPRERLF, RAeskm™ R
MEBBERES, BfENRETEHRLEEERTERE,

Another common theme is the underutilization of source reduction strategies. Upstream reductions,
particularly of food and plastic, can trigger significant GHG emissions reductions throughout the supply chain,
as well as in the waste sector. These programs, such as bans on plastic bags and plastic take-out containers,
are largely in their infancy and should be dramatically expanded.
H—EAEEFTERMNFERSRERERES E, B LFRE, &
EEZEYHMMAEREHERAERLS, LEZEYMEBBEZML, S
KREBBBNERE, REERVARERE, FEKXNEFRELHER,

i =

REEREEMRMERLL
EfETe, BlanFEIEBEE
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6. Conclusions and recommendations

B. fEMFIE R

With its potential to dramatically reduce short-term methane emissions, and even function as a “net-negative”
sector, waste management can and should play an instrumental role in climate action. Zero waste systems
deliver mitigation, adaptation, and additional benefits by source reduction for both organics and non-organic
waste, and following the waste hierarchy as subsequent lines of action. For cities, zero waste is an opportunity
to take a leadership role in climate action.

BEVEEERBETHIREARIEBRNER, BRAFE N ERKEAXEBRLREHER £E
RefEREEMAFERINEEEENR). B AMRIEARBERMNRERE, URIKEEZEYCER
REIEH—RINTE), FREERLRTERRE. FERIZEE, EReFRE MK, HgmRR,
BTESREZHMAKEE ERIRITEIPREEMA,

As this report has outlined, zero waste systems not only benefit society through climate mitigation and
adaptation, they also enhance community health, environmental justice, and local economic development.
Investments in waste reduction, separate collection, and material recovery increase environmental resilience,
and can improve the broader economic state by creating green jobs and new business opportunities.
MINEMHEFTFHRE, TEERMAIRABRNABREEBAE AL EFTRTRE LEEN
HiCER. RERRESNEMKEERZRE, REREYRE. PHEREMERRBYK, EHIEAR
T, hEERERMB TEMPHERRE, REEREZHEERE,

Previous analyses and the experience of hundreds of cities around the world show that zero waste is a
practical, rapid, and affordable waste management strategy. Many cities have already achieved diversion rates
above 50% within a few years of beginning implementation. Zero waste is far more economical than
capital-intensive alternatives such as incineration and engineered landfills; it also generates significant
economic benefits in terms of new and better jobs and new business opportunities.”
EEEfISTMEEERBBEAMTHEES EEETHTEREREAER. REXEETITHE
ZYEHEERR, rERMERKREBETSREREERE M, kiR EEKEERT50%. tt
EFERAKXEEARMNEE, MBEMMEEEXRIFRNEES FEEZELENAE.
FRELTFRESUEENE, LEREHH., EF TIERE URFTEE",

While the principles of zero waste remain the same everywhere, the manner of implementation is specific to
each cities’ economic and environmental context. With a large focus on community engagement, the
implementation of zero waste systems has consistently proven to reduce overall waste generation and waste
disposal rates, and to boost compliance in source separation in short periods of time. Examples can be found
all around the globe (See Section 2.1.).

%1 “Beyond Recovery: A Zero Waste Future for Thriving Families and Communities.” 2021. Global Alliance for Incinerator Alternatives.
https://www.no-burn.org/beyondrecovery
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HAFTEZERAZEEER HEBAXAEEFRESHHHEENREREME, REEEF
BEIEHEZE NEFTEENRE, IRV EENEZVEASENRERZREE, thighla
B R E KM RED 8, ERMEAASREMIMILGE (REEH2).

A resilient city is able to respond quickly and effectively to climate change, in an equitable and efficient way.
When implementing zero waste systems to better withstand the impacts of climate change, considerations for
marginalized groups are critical, as climate change will place unique and accentuated burdens on them. These
include residents of low-income communities and informal settlements, especially women, children, the
elderly and disabled, and minority populations. The work of building resilience must therefore be based upon a
strong web of institutional and social relationships that can provide a safety net for vulnerable populations.
ERIMEMEMREAUATEEREMNAX, REMEMMEERIEEE, HERSEELUES
RIEEBEROER, LABLIIBRERE RARREEHSLERBIERNEZEREMRE, &
LREFAEREVKACEMFEXREZNER LEERK. KE. ERE . BRENDBIERH.
HRF W TE, LERBEREMTIEMLESHAGREG L, FHRHBEEEREH —FLE
o

In the light of the above, this reports puts forward the following recommendations:

RIBLU LB, AREBEHUTERE:

e Incorporate zero waste goals and policies into climate mitigation and adaptation plans.

o HEEENDENRERARBNAERIREB0HED

o Cities, which have the primary responsibility for waste management, should adopt
comprehensive zero waste programs, with emphasis on source separation, organics
treatment, and informal sector integration.

o WHMARERYEEMIEZERE EBERNEEMMNFEERTE HIEERREIR
BN, ARBEEYNEELURIFEXSFAHES,

o Funders and financial institutions should support city transitions to zero waste with financial
and technical measures.

o BEHEMEMEBEZASMMRMAXE, HEIHMTHERIIFESRE,

National governments can incorporate zero waste into their Nationally Determined
Contributions (NDCs) and relevant national climate policies.

o RBEIBMFAIFEREEMAEIEZR B E R (Nationally Determined Contributions) £+

ERERANBEREIZEBRZH.

e Prioritize food waste prevention and single-use plastic bans.

EEHABRYBENRZL-RAEEA

o Food waste prevention requires a dedicated strategy that integrates the entire supply chain,
with interventions from field to fork.

o EILBYERE FEHHEBEEARYUEERIETE AEREMIIBRMERE
iR
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o Bans onsingle-use products and packaging, particularly plastic, can be adopted at the local
or national level.

o FAAEMAHLEBIERERES FiL—RANERNEEK LEEER,

Institute separate collection and treatment of organic waste.

B AHKEEY S AR SRR EEMT E

o Cities should develop clear, easy-to-use systems with uniform signage and dedicated
outreach programs to ensure high compliance rates.

o WMERI—EFM. AEEAMSEKESE F-HEMNER. ZFNESR
HEHFE LERRRSERS,

o Composting is the easiest, least expensive, and most scalable treatment option for organic
waste.

o ENAHMBEEVNKRE HEERREE. MARKE. REZBENREMEETE,

Invest in the waste management systems, recycling and composting capacity.

REBEVMEERR, RFEKMHEILEESRE

o Relatively small capital inputs are required for source separated collection, material recovery
facilities, organics treatment, etc.

o FERAEE ERERESBKRE. WHEKSEE. BHRERVRE.. FF EBL
MRREMERETEEINSLET S,

o Municipalities should create a plan to meet ongoing operational costs, which may be lower
under zero waste.

o MBEMUHEABRE—HHE RUBEVEERMFEEFFFREE MEATE
ERISFERI IR LR AR,

Establish appropriate institutional frameworks for zero waste including requlations, educational and
outreach programs, and provide financial incentives through subsidies to recycling and composting.
ABRBEESITE—EGERE, QFER. AEMNKEEHNE LIREMBFR, 26
Bh S BRI Y FIHEAE .

o Regqulations to set up a comprehensive zero waste system are key, with strong emphasis on
aligned economic incentives that promote a virtuous system, continuously improving its
waste reduction rates.

o BEERBILSHMMSEERRRBREE, BELZFAEZERHEHEMRMNKEE
FHE, fTERIFHIRER, LIFEREBEEYHESR,

o Subsidies and other incentives to compost production and use are instrumental in developing
these virtuous systems that can counter the heavily subsidized synthetic agrochemicals.

o RUEMMAMEMFPFRLUNXBHIEMNAEENRFER, FONEBRIFNER, HRE
EXALHEMMSRIE2IEN,
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o Education, communication and outreach programs which ensure all stakeholders are
included are needed for high participation and compliance rates.

o WHABRMNIEMEBENERMEAMMANEET. BEENEEHENE, LIRERAHN
BHERESE,

Recognize the role of waste pickers and fully integrate them into the waste management system.

ERERENAR IRMMTEESIBEVEERKD,

o Create a consultative mechanism through which waste pickers can actively collaborate in the
design of zero waste and take advantage of new opportunities, whether as employees or as
entrepreneurs.

o BI—EHAEN EIETEAREALLEG, FESEGHTRERRIVBASIR
it R AFHRME I TESLEIE,

o Incities where informal recyclers come from historically excluded populations, this may
require ending long-standing discriminatory practices.

o XLy, FEXMEKE LB LUREIREENER, SETEEREMLE
IRIRH E #1717 &

More information on zero waste implementation, including best practices for source separation, how to
finance zero waste, and step-by-step quides, is available on the GAIA website at www.no-burn.org/zw-guides.
&\l LATECAIARY B 5 #8835 www.no-burn.org/zw-quides#ER B L iR BT SR EMER, SITRES
BHREER. MAASEERSHCE, URIREAYIRIES],

The urgency of climate action is greater than ever before. The scientific community has made clear that we
are not doing enough to limit global warming to the crucial 1.5°C threshold. Yet we have solutions in our hands.
As this report shows, we have come along way in our ability to identify what works best for people and the
planet. The challenge now is to gather the political will to implement these solutions quickly and at scale, while
ensuring that all stakeholders are included and that justice is not sacrificed along the way.
MSEMFTERETHNZAMERLUE. HERMEBRRA, ERSIKIELIZEEGI R
AI1.5°CH, HMMMBATTE BHRMEZETHRRZE, MRAKXRERE R HRERBT 28
AN MEIF, RMELMETRAMWER, BEMRBAZERBUAERM, REAEKXRIER
RELBMRAEMFBER, ANERFTEANSHARARMAZE, BETFTFERULTESR,

Zero waste strategies show a way forward and give us reasons to be hopeful. By starting with small steps
toward separate collection of waste, and further building up zero waste systems to maximize source reduction
and material recovery, cities can ameliorate the catastrophes of climate change, while reaping additional
benefits in all directions. With zero waste, cities can take concrete actions toward climate mitigation and
resilience in the waste sector, raising the ambition of national pledges made under the Paris Agreement and
closing the emissions gap.

FERERBAZMELET —GERRFLEMER, £ —RAR/NSHEDEEDH S BKE RERE
—SRIKREBREMNEREBRRIEHATEZRR, BHAERERIZEEH RO KHEE,
hEEEHFSHE A EER. FHFTREERE, BHREREEYHMMNEEANRRERTE, L,L,J‘,E
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