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Executive Summary

Municipal Strategies for Organic Waste: A Toolkit to Cut Methane Emissions is the 1st of the GAIA Technical
Guidance Series for Policymakers and Financiers on Fast Action on Waste and Methane. Following commitments
within the Global Methane Pledge and the COP29 Declaration to Reduce Methane from Organic Waste (ROW
declaration), signatory countries have pledged to significantly reduce waste methane emissions by 2030. While this
will pose an increase of political and financial resources driven towards the waste sector, there is a need to ensure the
implementation of measures to reduce methane emissions is aligned with the Environmental Justice Principles for
Fast Action on Waste and Methane.

Organic Waste is a critical focus for methane reduction. Municipal solid waste is a major source of methane
emissions, yet it also presents one of the most cost-effective opportunities for rapid climate action. Waste
management policies such as waste separation at source, recycling, and composting could cut total emissions from
the waste sector by 84 %—or more than 1.4 billion tonnes—equivalent to taking all motor vehicles in the U.S. off the road
for a year. Composting, bio-stabilization, and biologically active covers for dumpsites can reduce waste methane
emissions by up to 95%. Even simple measures like waste segregation and organic composting can achieve a 62%
reduction in landfill methane emissions.

This toolkit introduces six key strategies to help municipalities reduce methane emissions from organic waste:
animal feed, composting, vermicomposting, anaerobic digestion, black soldier fly processing, and landfill
biocovers. The primary objective is to prevent organic waste from reaching landfills by prioritizing diversion and
resource recovery. Recognizing that some waste may still end up in landfills, the toolkit also includes landfill biocovers
as an essential solution to mitigate methane from existing waste. Each solution is evaluated in terms of infrastructure
needs, requlatory requirements, necessary skills, and social, economic, and environmental impacts. This analysis
provides municipal officials with clear information on enabling conditions and practical pathways for context-specific
implementation.

As key takeaways, the toolkit highlights that organic waste, when managed as a resource, offers municipalities a
powerful opportunity to support local agriculture, generate energy, create jobs, and achieve significant methane
reductions. The true value of organic waste management technologies lies in their long-term benefits—protecting the
environment, improving public health, closing nutrient cycles, and building community resilience—even when
immediate market returns may not cover all system costs. Municipalities should prioritize prevention and reduction,
redirect organics to secondary markets or animal feed where possible, and return nutrients to soils through
composting or energy recovery, with landfilling as a last resort due to its high methane emissions and nutrient loss.

Effective organic waste management starts with strong source separation, regular collection systems, and active
community engagement, including the participation of waste pickers and local groups. By choosing context-
appropriate, decentralized strategies and optimizing logistics to treat waste as close to its source as possible,
municipalities can reduce costs, minimize contamination, and create inclusive job opportunities. Ultimately,
integrating public participation with tailored technical solutions transforms organic waste from a challenge into a
valuable asset for healthier, more sustainable, and equitable communities.


https://cop29.az/en/pages/cop29-declaration-on-reducing-methane-from-organic-waste
https://cop29.az/en/pages/cop29-declaration-on-reducing-methane-from-organic-waste

Municipal Strategies for Organic Waste: A Toolkit to Cut Methane Emissions

Index

Executive Summary e 2
Introduction e 4
SErAtEUIES oottt 5
COMPOSTING ittt 6
WOrm ComPOSTING......oooiiiiieieeece e 7
Direct Applicationas Animal Feed.............ccoooooiiiiiiiiiiiceceeeeeee 8
Black Soldier FIY (BSF) ... 9
ANaerobic DIGeSTiON ...t 10
BIOCOVET e n
ProCesSiNg TIME ..ot 12
Technical RequiremMents ... 13
Requlations & Permits. ... 13
INFrastruCTUre ... 16
Environmental ASPECT ... 19
Methane ReducCtion.. ... 19
Economical ASPECTS .. ... e 20
Financial Rationale . . . . ... 20
SCalADIlTLY s 23
SOCIALASPECT e 24
Job Creation Potential . 24
Challenges & Opportunities ) 27
SUCCESS STOMES || i 30
Conclusions and Recommendations ... 34
BIbliOgrapNY e 36
Additional ReSOUrces ... 39


https://docs.google.com/document/d/1z5Li0sKXiZ6QmwQUWJW2HUbR1tyQ9u8XghrG3hRXVCU/edit?tab=t.0#heading=h.79oj67x4g3j
https://docs.google.com/document/d/1z5Li0sKXiZ6QmwQUWJW2HUbR1tyQ9u8XghrG3hRXVCU/edit?tab=t.0#heading=h.5syt18w7ap6y

2

W g8 Municipal Strét’egigsfpzlraa\nié ‘

Introduction

Reducing methane emissions from landfills is one of the most impactful strategies municipalities can pursue to
address climate change. Methane is generated when organic waste such as food waste and garden clippings
break down in landfills and dumpsites under environments with restricted presence of oxygen. Organic waste
management is therefore a key climate mitigation tool for local governments, with additional co-benefits for public
health, soil regeneration, and resource recovery. Source separation of organic discards, coupled with composting,
bio-stabilization of residual waste and biologically active cover for landfills and dumps can reduce solid waste
methane emissions by as much as 95%'. While this document focuses on treatment options, it is important to
remember that waste prevention is the most preferable strategy in terms of cutting methane emissions and
should be considered in any waste management policy and program.

To support municipal decision-makers, this guide offers a comparative and practical framework to evaluate
five viable and mature strategies: composting, vermicomposting, anaerobic digestion, black soldier fly (BSF), and
landfill biocovers. Rather than offering step-by-step technical instructions, this document supports policy and
planning by outlining essential factors such as infrastructure needs, permit and regulatory considerations,
environmental performance, cost-effectiveness, and scalability at small, medium, and large scales.

Essential elements for successful implementation include source separation and integration of the informal

sector. Both are grounded in Environmental Justices Principles - respecting planetary boundaries to ensure
intergenerational equity, valuing all waste pickers and waste workers, enhancing inclusion and building on local
knowledge, responding to pollution and environmental harm with accountability, and supporting holistic solutions
through systems change. These approaches not only maximize processing efficiency and quality, but also reduce
contamination and operational costs. Integrating these aspects further promotes public education, advances
social equity, and fosters community-supported collection systems.

Common implementation challenges, emerging opportunities, and real-world case studies are explored,
emphasizing the importance of clear system design and strong community engagement. With the right tools
and approaches, municipalities can turn food waste into a valuable resource while advancing local and global
climate goals.

" Methane Matters: A Comprehensive Approach to Methane Mitigation. 2022. Changing Markets Foundation, Environmental Investigation
Agency, Global Alliance for Incinerator Alternatives.


https://www.no-burn.org/environmentaljustice-methane/
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® DEFINITION

Controlled biological decomposition of organic
materials—such as food scraps, yard trimmings,
and other biodegradable waste—into a stable,
nutrient-rich product known as compost.

Composting

The process occurs primarily under aerobic conditions, where
microorganisms break down organic matter in the presence of
oxygen, generating heat, reducing volume, and stabilizing nutrients.
While natural decomposition can occur slowly and inconsistently,
composting optimizes the environment for microbial activity by
managing factors such as moisture, oxygen, temperature, and the
carbon-to-nitrogen ratio. Sources: (21),(22), (23), (31)

[ OUTPUTS

The primary output is a stabilized organic material-compost—that can be
used as a soil amendment.

Mature compost typically has a crumbly texture, dark color, and an earthy smell, with a carbon-to-nitrogen
ratio below 20, pH values between 7 and 9, and increased concentrations of nitrogen, phosphorus, and
potassium compared to raw feedstock. Humic and fulvic acids in compost enhance nutrient retention and soil
structure, while the germination index (Gl) is often used to verify maturity, with values above 80% considered
stable and safe for application. Compost can be used directly in agriculture, landscaping, or urban green areas.
Liquid extracts such as compost tea are also derived from mature compost for localized soil and plant
treatment. Sources: (21), (23),(26), (31)

‘®- WASTE INPUT CONSIDERATIONS R COMMUNITY ENGAGEMENT

All organic materials for composting must be Composting can engage communities at both the
clean and properly separated at the source to household and neighborhood levels. Household
minimize contamination. At a small scale, inputs composting empowers individuals, while
typically come from kitchen scraps and garden community composting encourages collective
trimmings. At a medium scale, sources include action. Success depends on strong local
markets, offices, schools, and similar facilities. leadership, and social cohesion. Source
For large-scale or industrial composting, organic separation is key for high quality composting,
material is collected from municipal waste making community awareness and participation
streams, markets, and food industries, where critical. Source: (31)

maintaining high volumes of clean inputs often

requires mechanical sorting.
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® DEFINITION

Biological process that uses earthworms—

Worm
Composting

[= oUTPUTS

primarily Eisenia foetida and Eudrilus eugeniae—
to transform organic waste into two high-value
outputs: a stable organic amendment known as
vermicompost, and a liquid byproduct often
called vermileachate.

The process relies on surface-dwelling worms feeding on organic
residues under aerobic, moist, and temperature-controlled
conditions. Sources: (8), (12), (17)

Three main outputs: vermicompost, vermileachate, and excess earthworms.

Vermicompost is a stabilized organic amendment, rich in humus, beneficial microbes, and nutrients such as

nitrogen (1-2%), phosphorus(0.6-1.5%), and potassium (0.4-0.6%). Vermileachate, a nutrient-rich liquid, can be

used as a foliar spray or soil drench. Excess worms—resulting from healthy, reproducing colonies—can be

harvested as a protein source for poultry or aguaculture, or reused as seed stock for new vermicomposting

systems. All outputs hold value in regenerative agriculture and circular nutrient systems. Sources: (8), (12), (13), (17)

‘@ WASTE INPUT CONSIDERATIONS

All organic materials must be clean. While plant based is
commonly used, animal manures such as cow dung are often
added as starters. However, worms are sensitive to high
concentrations of salt, oil, acidic foods (like pickles), and
chemicals such as baking soda, vinegar, and lotions. At a
small scale, suitable inputs include plant-based waste like
vegetable peels and coffee grounds. For medium scale,
waste is locally collected from markets, schools, and small
institutions. At the industrial scale, feedstock mainly comes
from agroindustrial byproducts like fruit waste, coffee
husks, or manure, secured through contracts to ensure
consistency and low contamination; mixed municipal waste
should be avoided, though carefully sorted organic waste
may be added in limited amounts.

R COMMUNITY ENGAGEMENT

Worm composting is highly accesible
and hands-on, promoting
environmental education in schools
and neighborhoods. It encourages
behavioral change, and success
depends on strong local leadership
and social cohesion. Source
separation is key in worm composting,
promoting community awareness and
participation. Sources: (19),(12)
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® DEFINITION

Involves the controlled use of food waste—such
as surplus, unsold, or post-consumer food—as
livestock feed.

D,

Direct
application
as animal
feed

This includes two main approaches: direct application, where food waste
is sent from sources like hotels to farms for soil enrichment or animal
feed, and processing, where meat and poultry waste is collected
separately and treated in rendering plants under high temperature and
pressure to produce safe animal feed or pet food components. Ruminants
are typically excluded from meat-based scraps due to disease risk, and
safe handling is essential to ensure animal health. Sources: (33), (34)

[= oUTPUTS

At small and medium scale, food waste is directly consumed by animals
without producing a distinct physical output—the benefit is embedded in
the animal’s growth or productivity. In more industrialized systems, food
waste is converted into standardized feed ingredients.

These may be dried, ground, or pelletized to ensure safety and extended shelf life. Nutritional profiles vary:
processed coconut meal contains 25-30% crude protein, and apple waste offers 12% protein and 60% total
digestible nutrients. Source: (33)

‘®- WASTE INPUT CONSIDERATIONS R COMMUNITY ENGAGEMENT

At every scale, source separation is essential to ensure It engages communities through
a clean, high-quality waste stream and prevent partnerships between local farmers,
contamination. At a small scale, acceptable feedstock food providers, food markets, food
includes clean kitchen scraps(e.qg., vegetables, bakery waste generators (restaurants, school
leftovers), which may require treatment if they contain canteens), community gardens, etc. Its
animal products. At medium scale, the focus is on clean, scale fosters on site management and
segregated waste from food businesses and educational activities like visits. It
commercial establishments. At large scale, clean and strengthens public awareness and
uniform byproducts from agroindustries (such as food builds lasting waste reduction habits.
processors and slaughterhouses)are managed through Sources: (4), (1)
long-term contracts, while post-consumer municipal

waste is avoided due to high contamination levels.
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Black Soldier
Fly (BSF)

® DEFINITION

Controlled use of the insect Hermetia
illucens to convert organic waste into two
valuable byproducts: protein-rich larvae
and nutrient-rich frass.

The larvae can reduce the weight of organic waste by up to
80%, converting it into larval biomass (15-20% weight of the
input waste)and into frass (another 30-40%), depending on
substrate and system design. Sources: (4), (88).

Larvae-derived proteins and frass, with optional oil and chitin extraction. Dried larvae contain approximately

40-44% protein and 30-38% fat, making them ava

luable ingredient in feed formulas for poultry, aquaculture, and

pets. The oil fraction—rich in lauric, palmatin, oleic and linoleic acids, and other medium-chain fatty acids—can

be extracted and used in feed formulations with po

sitive effects on animal health (antimicrobial and immune

system). The frass, a granular byproduct of the digestion process, functions as a nutrient-rich organic

amendment, typically containing nitrogen, phosphorus, potassium, and organic matter, and contributes to

improved soil health and microbial activity. The least explored but promising output of BSF technology is

chitosan, which is a protein derived from chitin present in the larvae exoskeleton. This versatile biopolymer finds

applications in biomedicine, antimicrobial agents, and cosmetics. Sources: (1), (5),(89),(90)

Technically, BSF can be fed both organic
materials and animal by-products, although the
use of animal by-products is not permitted
everywhere (see technical requirements). All
organic materials should be clean, with a
preference for waste coming from fruit,
vegetables, and grains. At the small scale, kitchen
waste is suitable. For medium scale, sources
include markets, restaurants, and food
processors, where sorting and a steady supply are
essential. At the industrial scale, BSF systems can
process municipal organic waste, market residues,
and agro-processing byproducts, but require
stable contracts, clear separation protocols, and
coordinated logistics to ensure consistent,
balanced and uncontaminated inputs. BSF could
be bred in specialized facilities, and the young
larvae distributed to waste generators for on-site

waste treatment, minimizing transport of waste.

sesseeees (G- WASTE INPUT CONSIDERATIONS -++++---->+++*- 48 COMMUNITY ENGAGEMENT ::-c---vvvvveee

It supports community-based initiatives by
encouraging separate collection of organic
waste, which is delivered to local BSF
farmers to produce proteins and frass for
local use. Revenue-sharing and reduced
reliance on imported proteins and fertilizers
strengthen these models. BSF can also be
used directly at food waste generation sites,
enabling local waste treatment and benefits
for nearby communities. An example is at
the compound of a university that operates
alarge canteen, allowing food waste to be
treated locally while the frass can be used
for local vegetable cultivation and larvae
distributed to nearby communities for their
chickens. Centralized breeding with local
distribution of larvae offers further
opportunities for community engagement

and mutual benefit.
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® DEFINITION

Anaerobic Digestion (AD)is a technology that
treats organic waste —such as food scraps and
sludge— where bacteria and several other
microorganisms decompose organic materials
in the absence of oxygen.

i¢H

Anaerobic
Digestion

Sources: (46), (51)

[=> OUTPUTS

Biogas: typically composed of 50-70% methane (CH,), 30-40% carbon dioxide (CO,), and trace gases such as
hydrogen sulfide (H,S) and ammonia (NHs). After desulfurization and moisture removal, it can be used directly
for heat, lighting, and power. When produced on a large scale, it can be upgraded to biomethane (containing
over 95% CH,4) for grid injection into the gas grid or use as vehicle fuel. For vehicle applications, the biomethane
must undergo additional purification and densification to meet fuel standards. Digestate: rich in nitrogen,
phosphorus, potassium, and organic carbon—can be used as a liquid or solid fertilizer, enhancing soil fertility,
microbial biomass, helps retain moisture, and nutrient cycling. Sources: (46), (51)

‘®- WASTE INPUT CONSIDERATIONS /R COMMUNITY ENGAGEMENT

All organic materials must be source-separated Demonstrating tangible advantages—such as

and free from chemicals and contaminants to clean energy, fertilizer, and local economic
ensure efficient processing and clear digestate opportunities—further motivates community
fit for farming. At the small scale, suitable inputs involvement and helps ensure the long-term
include food scraps, organic waste including success of these projects. Sustained
meat and fish from households and street engagement depends on clear training, user-
markets, human toilets, and manure, with small friendly design, maintenance, and technical
amounts of fats and dairy tolerated. For medium support. Sources: (51), (52), (53)
scale, organics like fruit and vegetable waste or
expired goods are used, emphasizing
consistency and low contamination. At the large
scale, biodigesters process organic waste from
municipal programs, agro-industries, and food
manufacturers, requiring strict screening and
pretreatment to maintain system performance
and safety. Anaerobic digestion is considered as

a safe process where no pathogens can survive.
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® DEFINITION

Compost- or soil-based cover systems,
known as biocovers, are engineered to
enhance the microbial oxidation of methane
emissions from landfills.

<

BioCover

These passive systems are placed over aging or low-yield landfill cells
as areplacement for conventional landfill gas collection. Biocovers
provide a solution to reduce methane emissions from existing landfill
waste, complementing broader waste diversion strategies. Typically, a
biocover consists of a gas distribution layer and an overlying methane
oxidation layer, usually made from mature compost, and also other
locally sourced materials. Sources: (55), (56), (57), (58)

[= oUTPUTS

Methane oxidation and emission reduction.

As landfill gas diffuses through the biocover, methane (CH,4) is biologically oxidized by methanotrophic bacteria
into carbon dioxide (CO,), significantly reducing the overall greenhouse gas impact. Well-designed systems
achieve CH4 removal efficiencies between 70% and 100%. In addition, compost-based covers can sequester
carbon and support aerobic microbial communities that stabilize nitrogen. Emissions of nitrous oxide (N,0) are
generally minimal—less than 2.3% of the CO,-equivalent benefit—when mature, well-aerated compost is used.
Sources: (56), (57), (58)

‘®- WASTE INPUT CONSIDERATIONS R COMMUNITY ENGAGEMENT

Commonly compost or soil, bothrich in Engagement is indirect but essential for
microbial content, to enhance methane building trust and raising awareness. Involving
oxidation. local stakeholders in siting and monitoring
processes allows actors to actively participate
in ensuring the proper operation of landfills.
This not only improves public perception of
landfill management but also strengthens
support for climate action and landfill phase-

out. Sources: (57),(58), (59)




@ Processing Time (shortest to longest)

SMALL-SCALE MEDIUM-SCALE LARGE-SCALE

24-48 hours; Must be
processed (e.g., cooked)to
avoid spoilage

24-48 hours (dehydration/
sterilization); 3-10 days
(fermentation)

Immediate use (daily if
fresh and stored)

=D,

Animal Feed

10-15 days
(bioconversion); ~40 days
(full cycle)* may differ
depending on local
conditions

10-15 days
(bioconversion); 40-45
days (full cycle)* may
differ depending on
local conditions.

10-15 days
(bioconversion); 40-45
days (full cycle)* may
differ depending on local
conditions

Black
Soldier Fly

15-30 days; daily feeding
isrecommended

20-30 days hydraulic
retention time; works best
with daily or semi-
continuous feeding

20-40 days with
continuous or batch
feeding to maintain
output stability

|KZA:

Anaerobic
Digestion
45-60 days (partial 30-60 days (active) +1-2 30-50 days (active);
harvest after 3-4 weeks) weeks curing 60-75 days (total
including curing)
Worm
Composting

10-16 weeks. 3-4 weeks
active, 6-12 weeks
maturation

8-16 weeks in total,
including 2-4 weeks of
active decomposition and
a maturation phase

1-4 months (active
management); up to 24
weeks (passive systems)

Composting

Not applicable Not applicable Operates passively/
continuously for years;
methane oxidation remains
effective with proper

. compost conditions
BioCover P



£} Technical Requirements: Regulations & Permits

Small-scale

Some jurisdictions allow direct feeding without processing, but safe storage, exclusion of
spoiled material, and hygiene must still be prioritized. Sources: (33), (36)

Often lightly requlated or unregulated, especially for on-site, non-commercial composting.
Local rules may address zoning, odor control, pest management, and setbacks from
neighbors or water sources. Community composting of multiple households might require
registration or informing the neighborhood. Avoiding meat and dairy allows composting

composting facilities to stay below permit thresholds and reduces regulatory burden. Documenting
processes is advised to ensure transparency with neighbors. Sources: (22), (25), (31)
Usually unrequlated, especially if waste is generated and treated on-site. Local rules may
address odor control, pest prevention, drainage, and restrictions on organic waste or
composting in residential areas. Selling vermicompost or worms might trigger requlations
related to organic amendments, fertilizers, or animal feed. Sources: (8), (13), (17)

Worm

Composting
Often unregulated or lightly requlated. Local rules may treat BSF rearing as livestock,
waste handling, or agriculture. Backyard systems might face nuisance or health
inspections for odor, flies, or neighbor proximity. Registration as a small waste generator
or composting unit may be required. Selling larvae or frass occurs locally and may trigger

Black labeling, safety, or feed regulations depending on the location. Sources: (1), (3), (4)
Soldier Fly

Often lightly requlated or exempt from formal permits when used on-site and off-grid
(e.g., household or farm units). Building and safety guidelines may apply due to gas
storage and combustion risks (ventilation and H2S removal). Nearby neighbors may
trigger nuisance or odor regulations. Applying digestate to land must follow basic
agricultural guidelines, especially for vegetables that are eaten raw. Selling biogas or
digestate may require compliance with energy safety or fertilizer/soil amendments
regulations. Sources: (48), (53)

|KZA:

Anaerobic
Digestion

Not applicable

=

BioCover



£} Technical Requirements: Regulations & Permits

Medium-scale

Operations must obtain permits to heat-treat animal-derived scraps and licenses to operate
as feed suppliers. For example, U.S. law requires meat-containing scraps to be boiled at 100°C
for 30 minutes in licensed facilities. State or local laws may impose stricter rules, including
inspections and record-keeping. Compliance with both national and local authorities is
necessary, especially for commercial or off-site sourced food waste. Sources: (33), (34)

Usually requires formal permits from local or regional authorities, including zoning
clearance and permits for processing source-separated organics. Must demonstrate odor
and leachate control, buffer zones, and detailed site plans covering drainage and erosion
control. Compost must meet quality standards limiting pathogens, heavy metals, and
inert materials. Reqgulations vary but often follow risk-based or best-practice and
monitoring frameworks. Sources: (21), (31), (30)

Composting

More likely to require municipal permits for waste handling, particularly if accepting inputs
from external sources like markets or institutions. Health and environmental authorities
may impose odor, leachate, and vector control measures. Selling vermicompost or
vermileachate involves compliance with labeling and quality standards. Early coordination

Worm with regulators is recommended. Sources: (11), (12), (16), (17)

Composting

Require confirmation if insect bioconversion falls under waste, feed, or agricultural laws.
Permits for waste handling, zoning, and environmental health are often needed.
Commercial sales of larvae or frass must comply with animal feed and organic fertilizer
standards. Overlapping rules from health, agriculture, and waste sectors may apply, so
early coordination with authorities is advised. Sources: (1), (3), (&)

Black
Soldier Fly

Typically requires formal permits from municipal or environmental authorities, including
operation permits, zoning approval, and possibly waste processing or energy licenses—
especially if accepting food waste from third parties. ATEX (European certification for
equipment safe to use in explosive atmospheres) zones get crucial relevance in this scale.
Regulatory requirements often include operational training, environmental impact
assessments, biogas management plans, odor and leachate control, digestate
management, biogas flaring, and feedstock traceability. Sources: (46), (47), (51)

|KZA:

Anaerobic
Digestion

Not applicable

=

BioCover



£} Technical Requirements: Regulations & Permits

Large-scale

Food waste-to-feed operations require licenses for processing and heat treatment of animal-
derived food scraps. Facilities must follow food safety rules, maintain traceability, proper
labelling, especially regarding mammalian protein restrictions for ruminants. Additional
regulations include environmental permits, waste handling standards, and separation from
untreated waste. Overlapping waste and feed requlations can complicate compliance and
increase costs, so harmonized licensing is important to avoid redundancy. Sources: (33), (34)

2D,

Animal Feed

Subject to strict regulations due to scale and environmental impact. Permits include
environmental approvals, solid waste treatment licenses, and zoning compliance. Requires
comprehensive systems for leachate, odor and air pollution control, erosion prevention, and
large buffer zones from residences and water bodies. Finished compost must meet strict
safety standards. Input restrictions apply to hazardous or contaminated materials.
Regulations are based on risk, no-net-degradation, or best-achievable standards depending
on jurisdiction. Sources: (30), (31)

Composting

Requires permits for waste processing, environmental protection, and public health.
Obligations include leachate management, odor control, buffer zones, and environmental
impact assessments. Commercial outputs must meet national standards for organic
fertilizers. Large systems generally use controlled feedstocks (agroindustrial byproducts or

Worm manures)to ensure consistency and minimize contamination. Sources: (12), (14), (16)

Composting

Must fully comply with national laws, requiring multiple permits such as solid waste treatment,
animal feed production, soil amendment standards, environmental impact assessments,
occupational health, and zoning. Products (larvae, oil, frass) must meet quality standards for
market entry. Requlations often involve several ministries (health, agriculture, environment,
industry). Export operations must adhere to international standards (e.g., EU, Codex) for
traceability and safety. Legal due diligence is essential. Sources: (2), (3), (5)

Black
Soldier Fly

Subject to comprehensive regulation with multiple permits for environmental impact, ATEX
(European certification for equipment safe to use in explosive atmospheres) zones, energy
generation, organic waste processing, and emissions control. Facilities must demonstrate
control over methane emissions, odors, noise, and effluents, and maintain engineered
systems for biogas capture, flare safety, and digestate storage. Digestate sale or land
application requires meeting safety standards. Coordination across waste, energy, and
agricultural requlations is needed to avoid overlap. Sources: (46), (47), (51)

|KZA:

Anaerobic
Digestion

Biocovers typically require approval from environmental authorities, especially for landfill
closure or methane mitigation, because these uses are closely tied to long-term
environmental protection and regulatory compliance. As part of the landfill's final cover,
biocovers must meet strict standards for emissions control and public health. Permits often
require methane flux assessments, documented designs, long-term monitoring, and
compliance with air quality and climate regulations. Compost used must meet safety
standards, and authorities may also evaluate secondary emissions and require best available
technology. Sources: (56), (57), (59), (91), (92)

=

BioCover



N Technical Requirements: Infrastructure

Small-scale

D,

Animal Feed

Composting

g

Worm
Composting

YN

Black
Soldier Fly

|KZA:

Anaerobic
Digestion

=

BioCover

Needs under 5m? for collection, sorting, storage, and direct feeding. Food waste is manually
sorted, with attention to moisture to avoid spoilage. Energy use is low, mostly refrigeration
or simple drying. Transport is informal and relies on short supply chains near livestock to
reduce spoilage and costs. Hygiene is maintained by pest exclusion and weather protection.
Sources: (22), (24)

Uses simple bins(plastic, clay, wood) allowing airflow and drainage, or piles directly into
the soil. Manual tools like forks or tumblers help control odor and pests. Energy use is
minimal or negligible, with bins near kitchens or gardens for convenience. No transport is
needed since composting is on-site. Key factors for efficient operations are source-
separation, aeration, and moisture control. Requires up to 1-2 m? for a household, and
proportionally bigger space for schools. Sources: (20), (21), (31)

Constructed from local materials or commercial bins, requiring covers, drainage, and
aeration. No machinery is needed:; it requires only manual feeding and harvesting. Energy
use is negligible. Worms need healthy initial seeding and protection from predators. Usually
located near waste sources, thus transport is minimal. Suitable for backyards, patios, or
indoors with up to 1-3 m? space. In colder climates, shelter or insulation are needed.
Sources: (8), (13), (17), (18).

Minimal infrastructure is needed using local materials; shelter/heating must be considered.
Home setups prioritize compact, low-maintenance designs. Access to starter larvae neonates
("seed”)is essential; wild locally existing larvae may also be found in dumpsites and used to set
up a new colony. Passive self-harvesting reduces labor. Space requirement is just a few
square meters, making it suitable for backyards or small containers. On-site breeding is
possible but often less controlled, thus ages of larvae differ and make it more difficult to reach
high efficiency in bioconversion and survival rates. Small scale BSF farm uses locally sourced
clean waste, with sufficient manual sorting and shredding. Sources: (1), (4), (6)

Minimal infrastructure with prefabricated plastic or fiberglass digesters, or masonry fixed
domes equipped with inlet/outlet valves, sealed biogas collection domes or bags, and
simple piping to stoves, water heaters, or lamps is required. No electricity needed unless
optional components are added, such as pumps, blowers, or grinders. Passive in warm
climates; insulation or heating may be required in cold areas. Feedstock is treated on-site,
eliminating transport needs. Manual feeding and basic water mixing will suffice. It is usually
placed near kitchens or gardens, needing about 2-6 m? of space. Sources: (51), (53)

Not applicable
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Requires 100-300m? for receiving, pre-processing, storage, and cooking or dehydration. It
uses advanced technologies like dehydration, pelleting, and extrusion to produce consistent,
safe feed. Energy demand is high, especially for drying. Cold storage and refrigerated
transport are key for longer supply chains. Feedstock is cleaner and more uniform, often from
agro-industrial sources, supporting stable operations. Sources: (33), (44)

Uses windrows or aerated static piles, often with mechanized shredders, loaders, and
turners. Moderate energy use is needed for aeration, leachate, and odor control. Waste is
transported, sorted, and moisture-adjusted. It requires 500-1,500 m? including reception,
active composting, and curing areas. In-vessel composting systems, in contrast, use
enclosed reactors with automated control of aeration and temperature, requiring less
space and allowing for more efficient process management. Sources: (30), (31), (33), (93)

Structured layouts with zones for feeding, harvesting, and curing, often concrete or
masonry beds. Pre-processing of waste (grinding, sorting) is necessary to remove
unsuitable inputs like meat, dairy, or citrus. Some mechanization (sifters, shredders) may
assist but core processes remain manual. Requires protection from weather and pests.
Energy use is low, mainly for tools, water, and lighting. Typically needs 50-200 m? with
roofed/shaded infrastructure. Transport of inputs and outputs may be required. Sources:
(11),(12), (13), (16), (17), (18)

Requires structured infrastructure with separate logistics for larval rearing, prepupae
separation, and residue handling. Waste must be pre-processed (sorting, shredding).
Temperature, humidity, and light control are vital to run smoothly; climate control may be
necessary. Starter colonies and colony maintenance protocols are crucial. Biosecurity,
drainage, and leachate management are required. Moderate energy use scales with capacity.
Site design must address odor and requlatory compliance. Space needed is about 100-300 m
for 0.5-3 tons/day throughput. Sources: (1), (2), (3)

2

Requires structured infrastructure with zones for feedstock reception, sorting,
homogenization (grinders, mixers), biodigestion, biogas use, and digestate storage.
Digesters are fixed-dome, CSTR (Continuous Stirred Tank Reactor), covered lagoons or
plug-flow, with pumps, valves, and heat/energy recovery units. Energy is needed for mixing,
heating, and monitoring. Drainage, odor, and leachate control are essential. Proximity to
feedstock sources reduces transport time. Requires 200-1,000 m? space to include storage,
buffer zones, and equipment areas. Sources: (46), (47), (52)

Not applicable
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Needs over 2,000 m? with covered reception, sorting, storage (dry and cold), and multiple
processing steps including drying, pelleting, and fermenting. High energy inputs and strict
hygiene controls are essential. Continuous supply of clean, homogeneous feedstock is
critical. Efficient logistics with refrigerated transport can handle large volumes. Sources:
(26), (33), (35)

Employs mechanized systems like windrows, aerated piles, or in-vessel composting with
industrial equipment. In-vessel systems use more energy but offer better control.
Facilities cover 2-5 hectares with reception, processing, leachate management, roads,
and auxiliary services. Design accounts for transport logistics, traffic flow, and requlatory
setbacks. Sources: (22), (31),(30)

Industrial layouts with feedstock reception, pre-processing, composting beds or
windrows, curing, and storage areas are needed. Inputs must be homogeneous and pre-
treated; unsuitable materials must be excluded. Facilities are roofed/enclosed to requlate
temperature, moisture, and leachate. Some mechanization supports operations, though
decomposition is a biological process. Energy use is modest, and tied to equipment and
water supply. Requires 4,000-8,000 m? operational space plus additional buffer and
access areas of up to 10,000-15,000 m?in total. Transportation logistics for inputs and
outputs are critical. Sources: (12), (14), (16), (17)

Industrial setups feature automated waste pre-processing, larval rearing, and separation.
Climate control ensures productivity across multiple zones. Feedstock quality consistency is
typically secured via contracts. Facilities are designed for continuous flow operations with
leachate, odor control, biosecurity, and compliance. Dedicated breeding space with controlled
photoperiods and skilled staff for colony genetics is required. Processing outputs according
to the market needs is necessary - efficient drying and pulverising techniques, as well as
packaging and logistics of distribution. Space requirement ranges from 2,500-5,000 m? net
area, up to 6,000-15,000 m? to include access and buffer zones. Sources: (2), (3), (5)

Requires industrial infrastructure with automated systems for feedstock sorting, grinding,
slurry preparation, and continuous feeding. Large CSTR or modular plug-flow digesters
integrate heating, agitation, and real-time monitoring. Facilities include biogas treatment
(e.qg., desulfurization), odor and leachate control, and energy recovery via CHP (combined
heat and power) or upgrading units. Feedstock supply is secured through contracts. Must
meet industrial safety and environmental standards. Requires 6,000-15,000 m? space for
digesters, storage, traffic flow, and buffer areas. Sources: (46), (47), (49)

Large-scale biocover systems need engineered landfill infrastructure with a gas distribution
layer (e.qg., gravel) beneath a compost or soil-based oxidation layer. Construction involves
excavators and compactors to shape and layer the system. Though biocovers run passively
without energy input, monitoring may use gas analyzers and flux chambers. Transport is limited
to initial material delivery. Space requirements range from thousands to tens of thousands of
square meters, covering full landfill cells or high-emission zones. Sources: (56), (57), (59)
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Can significantly reduce environmental impacts associated with conventional feed production and
waste disposal. Diverting food scraps from landfills lowers methane emissions, while displacing feed
crops like corn and soy reduces demand for water, fertilizers, and land. Studies show it outperforms
anaerobic digestion and composting in greenhouse gas reduction and energy efficiency.
Environmental performance depends on logistics and processing methods. Sources: (31), (36), (44)

Reduces methane emissions by preventing anaerobic decomposition in landfills. An average of 78%
of the methane emissions that would normally be released from landfills, representing a significant
reduction in emissions from the waste sector. Compost also adds organic matter that improves soil's
chemical, physical, and biological properties, reducing reliance on chemical fertilizers and supporting
long-term soil health. When located near waste sources, composting further lowers emissions from
transport, strengthening its environmental contribution. As a carbon-rich soil amendment, compost
also enhances carbon sequestration by stimulating biological processes that store a portion of carbon
in the soil and below-ground biomass, helping to mitigate climate change. Sources: (20), (22), (31), (61)

Diverts organic waste from landfills and can reduce methane emissions by up to 50-60%
compared to landfill disposal. While slower than thermophilic composting or BSF, the aerobic, low-
temperature process avoids anaerobic decomposition, resulting in minimal direct greenhouse gas
emissions. Additional benefits include improved soil carbon content when vermicompost is applied to
land, reduced synthetic fertilizer use, and enhanced microbial biodiversity in treated soils. When
implemented close to waste sources, further emissions reductions from transport can be achieved.
Sources: (12), (14), (16)

Can reduce organic waste volumes by up to 80%, cutting methane emissions by 50-90% compared
to composting or landfilling respectively. This reduction comes from the larvae's fast digestion of
substrates, which prevents methane-generating anaerobic breakdown. A peer-reviewed study on
livestock manure treatment found up to 87% reduction in methane emissions using BSF larvae.
Locating facilities near waste sources also lowers emissions from transport. Additional benefits
include reduced leachate, minimal land use, and nutrient recovery as animal feed and soil improver.
Sources: (2),(3),(5),(7)

Controlled anaerobic digestion in biogas plants or biodigesters optimizes the decomposition
of food waste in closed environments, significantly reducing methane emissions, leachate,
and odor that would otherwise result from uncontrolled landfill disposal. When biogas or
biomethane displaces fossil fuels for cooking, heating, electricity generation, industrial energy
needs or vehicle fuel, further emission reductions are achieved. Digestate application enhances
soil fertility and reduces reliance on synthetic fertilizers, lowering indirect emissions from
fertilizer production. Co-locating systems near waste generators and planning decentralized
management to minimize transport-related emissions, supporting climate mitigation and local
resource use. Sources: (46), (47), (51)

Reduce landfill methane emissions by 60-100% through microbial oxidation, converting CH, into
CO0,—a gas with far lower global warming potential. Unlike flaring, biocovers operate passively
without combustion byproducts. Field studies show long-term performance without significant
degradation, even in cold climates. When mature compost is used, nitrous oxide emissions remain
negligible, ensuring high net climate benefit. Biocovers also avoid the infrastructure demands of gas
extraction and energy systems, making them suitable for aging or remote sites. Applying biocovers
on-site minimizes environmental disturbance and reduces emissions from material transport.
Sources: (56), (57), (58), (59), (60)
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Minimal investment; as food scraps reduce feed and disposal costs, especially in
rural or peri-urban areas with limited waste services. On-site use also promotes
food sovereignty and enhances local resource efficiency. Source: (34)

Low-cost and decentralized, small-scale composting saves on transport and
disposal. Built with local or commercial materials, it offers financial benefits
mainly through avoided costs. Efficiency improves with household education and
strong community participation. Sources: (22), (31)

Low-cost and accessible, small-scale vermicomposting reduces household waste
and landfill fees while producing compost for gardening. Initial worm stock (Eisenia
foetida) can be costly and hard to source. Economically viable mainly through avoided
costs and municipal support. Sources: (8), (13), (16), (18)

Inexpensive and accessible, small-scale BSF systems reduce municipal waste
collection and transport needs. Key economic benefit lies in avoided costs,
potentially justifying subsidies in high-organics areas. Sources: (1), (3), (4)

Household or farm-scale biodigesters are low-cost and reduce expenses on fuel
and fertilizer. They also lower municipal waste collection needs, especially in rural
areas. Cost savings can justify support through energy, sanitation, or climate
programs. Sources: (51), (53)

Not applicable



© Economical Aspects: Financial Rationale

Medium-scale

Cuts transport, disposal, and feed costs. However, if treatment is needed (e.qg.,
dehydration), costs may double compared to other methods. Success depends on
logistics, proximity to farms, and clean feedstock. Sources: (3), (8)

e

Animal Feed

n . Offers savings on landfill transport and tipping fees. Cost-effective for
N2 o o
- municipalities, though compost sales rarely cover costs. Financial success
" : depends on clean input, nearby users, early farmer involvement, and clear market
= : planning. Public-private or municipal models are feasible. Sources: (21), (22), (31)

Composting

Offers savings on landfill transport and tipping fees. Supports local waste solutions
but offers limited profits. Compost has low market value; vermileachate may
generate some revenue if properly treated and marketed. Viability depends on low
costs, steady feedstock, and institutional backing. Sources: (11), (12), (13), (16)

&

Worm
Composting

Offers municipalities savings on landfill transport and tipping, with revenue from
larvae, frass, and oil. Financial viability depends on stable feedstock, clear output
markets, and strong management. Cooperative or public-private models are often
used. Sources: (2),(3), (4)

97

Black
Soldier Fly

Requires moderate investment but offers returns via reduced disposal costs,

¢ energy production, and fertilizer substitution. Revenue may come from tipping fees
ﬂ: @ H or feedstock contracts. Viability improves with stable inputs and access to climate
or energy subsidies. Sources: (47), (51), (52), (54)

Anaerobic
Digestion

Not applicable
'
v

BioCover
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Economically viable with efficient processing and secure markets. Despite higher
upfront costs, savings from feed production, reduced tipping fees, and potential
revenue can balance investments. Profitability depends on hygiene, input reliability,
and market stability. Sources: (34), (36)

Requires major investment in infrastructure and labor. Viability depends on
tipping fees and clean, source-separated waste. Compost sales alone are
insufficient; it is essential to develop local markets and secure customers early
on, as producing a product you cannot sell undermines the entire effort. Sources:
(22),(31)

High infrastructure and labor costs. Compost and leachate rarely cover expenses.
Profitability is limited without policy incentives or circular economy models. Better
suited for public or subsidized operations. Sources: (12), (14), (16)

High investment but provides multiple revenue streams from larvae, soil
improver, and oil. Cost-effective for carbon mitigation and landfill diversion.
Success relies on long-term contracts, diversified feedstock, and quality control in
public-private or private models. Sources: (2), (3), (5)

High upfront costs but benefits from economies of scale. Profits come from
energy sales, tipping fees, and digestate. Financial success depends on feedstock
consistency, market value of outputs, and access to subsidies. Source: (49)

Affordable methane mitigation option for legacy landfills. It doesn't produce
revenue but can reduce emissions liabilities and policy incentives. Key costs include
site assessments, compost transport, and installation. Local compost sourcing
keeps costs low; distant hauling raises them. Monitoring adds upfront costs, but
long-term operations are passive and low-maintenance. Compost typically lasts 5-7
years, offering favorable life-cycle economics. Sources: (56), (57), (58), (59)



=& Economical Aspects: Scalability

Influenced by supply chain logistics, technology, and market demand. When feedstocks are
consistent and pre-treated (e.g., heat-dried), systems can be expanded with minimal additional
infrastructure beyond drying, grinding, or pelletting. Industrial operations benefit from integrating
food waste into existing feed manufacturing lines, reducing reliance on land and water compared
to commodity feed crops. However, contamination, variability in waste composition, and
regulatory constraints remain barriers to wider adoption. Policy support, public-private
partnerships, and standardized safety protocols are critical to ensure safe and cost-effective
expansion. Sources: (34), (36)

Animal
Feed

Highly scalable, ranging from household bins to large industrial systems. Expansion is simple:
increase the composting area, input volume, or the number of processing units. It does not require
specialized organisms—microbes are naturally present and self-sustaining, reducing technical
barriers. For industrial systems, or regions with prolonged rainy seasons, scalability may depend on
access to roofed or protected areas, or investment in impermeable covers. Windrow and in-vessel
systems can scale with equipment and space. Across all scales, success depends on steady
feedstock supply, site layout, and early planning for output distribution. Sources: (24), (30)

Composting

g

Worm
Composting

Scalable across small- to medium-operations but presents limitations at industrial scale. Its low-tech
nature makes it accessible to households, schools, and cooperatives, and it can be expanded
modularly. However, as scale increases, so do challenges in labor, land requirements, climate control,
and feedstock consistency. Unlike BSF, which is fast and compact, vermicomposting is slower, less
space-efficient, and harder to automate. Its primary output—compost—has limited market value
unless part of a certified or branded system. Despite these constraints, vermicomposting remains a
strong option for community-scale circular models, especially where social, agricultural, or
educational outcomes are prioritized over rapid throughput or profit. Sources: (12), (13), (14)

Inherently scalable, functioning effectively at household, mid-sized, and industrial levels. It does not
require complex infrastructure, making it adaptable to a range of contexts and geographies. Ongoing
improvements in system design and genetics are expected to reduce costs and improve yields. The
byproducts—protein-rich larvae and nutrient-dense frass—are already valuable in feed and
agriculture markets, with potential for higher margins as circular bioeconomy policies expand.
However, BSF will face increasing competition from precision fermentation and other next-
generation protein sources. Long-term viability will depend on positioning not only as a protein
solution but as a cost-effective, decentralized waste management strategy. Sources: (2), (3), (5)

Black
Soldier Fly

Anaerobic digestion is highly scalable and adaptable, producing renewable energy and nutrient-
rich digestate. However, digestate often requires further composting to ensure safety and value, as
it can contain contaminants like PFAS (Per- and polyfluoroalkyl substances). While promoted for

iz gl

_ circular economy goals, biogas systems face economic and technical barriers, and may
Anaerobic unintentionally support intensive farming practices. Environmental justice principles call for careful
Digestion oversight to prevent pollution and ensure benefits reach all communities, not just large industrial

operators. Sources: (46), (47), (51)

Inherently scalable and adaptable to diverse landfill contexts. It can be deployed over entire landfill
surfaces or targeted high-emission zones, making them suitable for both small and large sites.
Because they rely on passive microbial oxidation and locally sourced compost, implementation is
feasible without major infrastructure. Scalability is limited more by material availability and site-
specific methane distribution than by technical complexity. Biocovers are particularly suited for aging
or closed landfills. Their modular nature and low energy demand support phased deployment and
integration into post-closure care strategies. Sources: (56), (57), (59)

=

BioCover



a= Social Aspect: Job Creation Potential

v/ CAPACITY SKILLS NEEDED

Personnel must understand requlatory restrictions and ensure exclusion of unsafe

materials. In industrial settings, coordination between nutritionists, feed

D
Animal
Feed

technologists, and operators is essential to maintain feed consistency, optimize
energy use, and safely incorporate alternative ingredients. Operators must be
familiar with computerized systems, Good Manufacturing Practices (GMP), and
Hazard Analysis and Critical Control Points (HACCP). Ongoing training and
communication enhance process control and product quality. Source: (44)

&= JOB CREATION POTENTIAL

Generates jobs in collection, transport, and processing, especially in informal

or decentralized settings. Models like Rutgers University's show how local

ENTRY BARRIERS partnerships with farmers create stable employment and business

Low to moderate opportunities. Sources: (33), (44)

v/ CAPACITY SKILLS NEEDED

Operating composting systems requires different levels of trained personnel (from
basic to more specialized) to manage picking of contaminated materials, moisture
balance, aeration, and temperature control. Staff must understand how to operate

shredders, turn equipment, and monitor compost maturity. At all scales,

knowledge of acceptable feedstock and contamination risks is essential. Municipal
[

compostlng staff or community members may need initial training and ongoing support to

maintain quality standards and avoid odor, pests, or anaerobic conditions.
Sources: (31),(30)

&= JOB CREATION POTENTIAL

Labor-intensive, creating jobs in collection, sorting, processing, and marketing.
Small-scale composting can employ significantly more workers per tonne than
landfilling or incineration, supporting local economies and small businesses.

These include low-qualification jobs that offer more opportunities for waste
ENTRY BARRIERS

® Low

pickers inclusion. The use of composting to manage organic waste generates an
average of 6.6 jobs/10,000 tonnes per year (TPY). Sources: (24), (25), (86)



a= Social Aspect: Job Creation Potential

Worm
Composting

ENTRY BARRIERS
® Low

Black
Soldier Fly

ENTRY BARRIERS
Low to moderate

v/ CAPACITY SKILLS NEEDED

Requires basic technical knowledge but consistent attention. Operators must
understand worm biology, feeding rates, moisture, temperature, and pH control.
Worms are more sensitive than compost microbes and may require closer
monitoring—especially under fluctuating conditions. At a small scale, informal
training or guides are often sufficient. Medium and large systems demand more
structured skills in feedstock management, environmental control, and product
quality. Practical experience in composting or horticulture is helpful. Municipal or
non-government organization (NGO)-supported training may be necessary to build
capacity in community or cooperative settings. Sources: (8), (12), (13), (16)

&= JOB CREATION POTENTIAL

Fosters inclusive, community-level job creation through schools,
cooperatives, and neighborhoods. Encourages environmental education and
shared ownership of waste solutions, though success depends on ongoing
engagement and training. Sources: (12), (19)
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v/ CAPACITY SKILLS NEEDED

Basic training is needed for usual operations. Users need to understand the BSF
life cycle, feeding requirements, and basic hygiene practices. Most systems can
operate without technical expertise, especially if starter larvae are sourced
externally and breeding is outsourced to specialised facilities. Community
workshops or visual guides can support adoption. Common challenges include
poor waste selection, under- or overfeeding, and neglecting moisture or airflow—
simple troubleshooting capacity is key. Marketing and distribution channels of the
outputs is essential to ensure financial flow. There exist multiple open source
guides and an interactive Community of Practice to exchange between peers.
Sources: (1), (4), (6)

&= JOB CREATION POTENTIAL

Creates employment at all scales—from home-based care to roles in sorting,
larval rearing, feeding, transport, and product marketing. Offers a pathway to
formalize jobs in organic waste management, particularly in urban and peri-urban
areas. With better access to quality animal feed and soil improvers, farmers will
yield better outputs thus potentially increasing jobs in rural areas. Sources: (2),
(4),(6)
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ENTRY BARRIERS
@ High

v/ CAPACITY SKILLS NEEDED

Operating anaerobic digestion systems requires personnel trained in feedstock
preparation, digester loading, biogas safety, and basic microbiological principles.
Staff must understand factors affecting methane yield—such as antibiotics
presence in animal manure for instance, substrate mix, pH, temperature, and
retention time—and be able to identify and respond to signs of process imbalance.
Equipment operation includes handling pumps, biogas systems, safety valves, and
safety and monitoring instruments. At larger scales, staff must also manage
digestate handling, emissions monitoring, and compliance documentation.
Training is critical across all levels to avoid system failure, ensure safety, and
maintain biogas quality. Municipal operators and community members may require
capacity-building support for long-term reliability and regulatory compliance.
Sources: (46), (47), (51)

&= JOB CREATION POTENTIAL

Generates jobs from small-scale system maintenance to skilled work in plant
operation and gas upgrading. Supports formal employment in organic waste
management while promoting local energy access and circular economy
practices. Sources: (46), (51), (52)
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v/ CAPACITY SKILLS NEEDED

Implementing and maintaining large-scale biocover systems requires
multidisciplinary expertise. Personnel must understand landfill gas behavior,
methane oxidation processes, and compost dynamics. Skills in site surveying, gas
flux measurement, and material selection are essential for proper system design
and installation. Field technicians must monitor gas concentrations, surface
emissions, and compost temperature and moisture. Long-term success depends
on the ability to interpret monitoring data and adjust system conditions
accordingly. Laboratory capacity for oxidation potential testing and emissions
analysis may also be required to support regulatory reporting and performance
verification. Sources: (56), (57), (59)

&= JOB CREATION POTENTIAL

Creates specialized roles in engineering, landfill management, and emissions
monitoring. While less labor-intensive, it supports skilled employment in
methane mitigation and builds local capacity in environmental services.
Sources: (56), (57), (59)



A Challenges & Opportunities

é@% Animal Feed

O CHALLENGES » OPPORTUNITIES

Strong regulatory and safety challenges. It is often Reduces reliance on commodity crops like soy
illegal to feed untreated food waste, especially with and corn, lessening land use, water demand, and
animal products, due to risks like foot-and-mouth deforestation. Species-specific approaches can
disease or bovine spongiform encephalopathy. optimize nutrition and safety. Success depends on
Although heat treatment (e.g., boiling 30 minutes at investment in segregation systems and public-
100°C) makes waste microbiologically safe, concerns private partnerships to scale hygienic, requlated
about non-compliance remain. The European Union processing. Countries like Japan and South Korea
encourages animal feed use but enforces strict recycle over 35% of food waste this way, using
biosafety standards that severely restrict strict regulation and thermal treatment. Sources:
applications. Consistent waste separation and (32),(34), (40), (42)
freshness are crucial for safety. Sources: (33), (34),

(35),(37)

Composting

O CHALLENGES # OPPORTUNITIES

A key barrier is the lengthy and inconsistent Composting saves landfill space and produces

permitting and zoning process. Properties must valuable soil amendments that improve soil health,
provide adequate space and buffers, increasing water retention, and crop yields. Emerging policies—
complexity. The compost market is underdeveloped: state compost procurement laws, incentives, —are
low and unstable demand discourages investment. expanding markets and financial viability, especially in
Post-consumer waste contamination by plastics and underserved areas. Composting supports regenerative
glass raises processing costs and reduces quality, agriculture, job creation, and climate mitigation through
therefore, separation at source is essential for carbon sequestration. Promoting compost in
quality. The absence of standardized national infrastructure, landscaping, and agriculture can embed
compost specifications in some countries further itin circular economy initiatives. Composting can be
weakens buyer confidence. Coordinated policy, added as a new waste stream service to the separate
education, and supply chain management are

needed. Sources: (32),(26)

collection and processing of materials done by waste
picker organizations, leveraging their work. Sources:
(32),(25)



A Challenges & Opportunities

@ Worm Composting

O CHALLENGES Z OPPORTUNITIES

Operational and biological limits include worm sensitivity to Suited for decentralized, local organic
moisture, temperature, and pH, requiring stable environments waste management, especially in urban
that can be hard to maintain outdoors or in variable climates. areas. |t reduces transport needs and
High-moisture inputs must be carefully managed to avoid yields high-quality soil amendments that
overheating or anaerobic conditions. Vermicomposting cannot enhance nutrient availability, soil
directly process meat, dairy, or oily waste, often needing pre- structure, and microbiology—key for
composting steps that add cost. Throughput is slow as worms and resilient food systems. Worms
microbes gradually stabilize waste under mesophilic conditions, themselves are valuable products for
requiring space, time, and careful feeding. Maintaining animal feed or aquaculture. Market
hygienization is challenging due to low process temperatures. An prices vary, with potential in premium
emerging risk is invasive worm species (e.g., Amynthas), which can channels. Scaling requires supportive
disrupt ecosystems. Success depends on trained operators, policies, guaranteed feedstock, and

infrastructure, and long-term oversight. Sources: (12), (13), (14), (18) demand development. Source: (12)

1S Black Soldier Fly

O CHALLENGES » OPPORTUNITIES

Regulatory uncertainty is widespread, especially where insect Offers scalable, circular, low-carbon

waste treatment overlaps health, agriculture, and environment waste treatment adaptable to various
sectors. Misconceptions about hygiene, waste, and pests cause sizes. It meets demand for sustainable
resistance among authorities and communities. A stable, local protein, organic soil improver, and
uncontaminated feedstock supply is essential; contamination or landfill diversion, supporting compliance
volume fluctuations reduce productivity. Market access for with organic waste bans and emissions
larvae, frass, or oil is limited by emerging standards and buyer targets. Co-locating BSF with markets or
skepticism. Competition from alternative protein technologies agro-industries improves efficiency.
(e.g., precision fermentation) may pressure BSF to better

differentiate itself. Sources: (3), (4), (5)

Opportunities exist for carbon finance,
green jobs, and enhancing regional food
system resilience. Sources: (2), (3), (5)



A Challenges & Opportunities

Anaerobic Digestion

17 B

O CHALLENGES Z OPPORTUNITIES

Regulatory and permitting complexity delays Reduces landfill use while generating renewable
projects, especially medium and large scale, due to energy and nutrient-rich digestate to replace
overlapping rules for waste, energy, and agriculture. chemical fertilizers. It supports climate goals by
Siting near waste sources is limited by land availability, capturing methane and displacing fossil fuels.
zoning conflicts, and community concerns about odor, Policies like organic waste diversion mandates and
safety, and traffic. Feedstock variability and feed-in tariffs boost financial viability and
contamination (especially post-consumer food waste) investment. Biogas promotes local jobs, rural
disrupt digestion and increase preprocessing costs. energy resilience, and circular economy
Inconsistent digestate quality and unclear fertilizer integration via closed-loop nutrient and waste
standards hamper market development. Financial management. Sources: (46), (47), (49), (51)
viability relies on long-term feedstock contracts,

energy pricing, and sustained policy support, which

vary greatly by region. Sources: (46), (47), (49), (54)
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O CHALLENGES »” OPPORTUNITIES

Scaling faces structural and operational barriers. Provide a low-cost, low-maintenance methane

Regulatory uncertainty arises because biocovers fall mitigation option for legacy landfills, making them
between waste management and air quality specially suitable for meeting global climate
jurisdictions, complicating permits and targets. Their passive operation not only fits areas
accountability. The technology is underused due to lacking active gas collection infrastructure but can
limited awareness among landfill operators and also serve as a more effective and practical
decision-makers. Sourcing and transporting large substitute. Expanding methane reduction targets
amounts of mature compost can be expensive where may enable climate finance opportunities. Biocovers
local supply is low. Compost degrades over 5-7 years, promote reuse of local compost, improve landfill
requiring periodic replacement; performance varies post-closure care, and support site rehabilitation.
with moisture, compaction, and landfill gas flow. With standardized protocols and policy recognition,
Lack of standardized monitoring protocols and long- biocovers could become mainstream climate tools in
term funding mechanisms constrain adoption. waste management. Sources: (56), (57), (58), (59)

Sources: (56), (57), (58),(59)
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Success Stories

é@% Animal Feed
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Japan and South Korea recycle Fundacién Realim in Chile operates a food waste-to-feed

o circular model that integrates social and environmental
3 6—43 /o

goals through local collection and delivery systems.
of food waste as animal feed under

tightly requlated systems.

Sources: (34),(36)
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Composting
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In Surabaya, Indonesia, the city implemented a Hasiru Dala is a Bengaluru-based organization
decentralized composting strategy by distributing that supports over 30 Dry Waste Collection
19,000 composting bins to households and Centers in India through decentralized
empowering community leaders and women'’s composting projects that process organic waste
groups to promote source separation. The program from communities and markets. Their work has
successfully diverted up to 40 tonnes of waste per helped more than 8,500 waste pickers gain

day and accounted for only 1-2% of the city’s waste formal recognition and access to social services.
management budget.

0

San Francisco’s compost system, launched citywide in 1996, uses a mandatory green bin for all food scraps, yard
trimmings, and soiled paper from homes and businesses. Over 500 tonnes of organic waste are collected daily
and processed by Recology into compost for local farms and vineyards. This program is a key reason the city
diverts over 80% of its waste and avoids about 90,000 metric tonnes of CO,e annually—equal to removing 20,000
cars from the road.

Sources: (31),(20)

@ Worm Composting

0=

In Costa Rica, the company Lombrictica
has been producing and selling
vermicompost since 2002. It supplies the
agricultural sector with standardized
organic amendments and has established
aretail presence in the country. This
model showcases how small-to-medium
enterprises can build markets for
vermicompost through product
consistency, branding, and outreach.

Sources: (11),(9), (15), (94)
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In Brazil, the R4 Project (Rancho Reduz, Recicla e Recomeca)
in Rancho Queimado, Santa Catarina, launched in 2018,
distributed home composters to residents to promote
decentralized composting and reduce landfill waste. Serving a
population of 3,411, the project recycles 30 tonnes of organic
waste annually—cutting organic landfill disposal by 25%—and
achieves a 40% dry waste recycling rate. The initiative has
reduced emissions by 20 tonnes CO,eq and 0.64 tonnes CH,
per year, saved USD40 per tonne composted, and led to a 70%
drop in recyclable materials sent to landfill, with a total
investment of around USD 99,000 between 2018 and 2022.
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In 2023, the Climate and Clean Air Coalition (CCAC) studied At small scale, NGO Living Soils in Grand

a Black Soldier Fly (BSF) facility for Lima, Peru, where over Bassam, Cote d'lvoire, created a successful low
8,600 tonnes of municipal waste are generated daily, more tech decentralised “outgrowers” model where
than half of which are organic. The proposed plant would the breeding stage is managed at the Farm
process 250 tonnes/day, mainly from food markets. The Centre Abel, while the neonates are distributed
study found BSF technically and legally feasible in Lima, to five locations where waste is generated.

with potential to cut methane emissions by over 50% Local markets collect their organic waste to be
versus traditional methods. Key factors for success sent to the fattening locations. The farm
include co-location with markets, stable tipping fees, and started operating in January 2025 and currently
strong downstream markets. Economic viability is likely results in monthly diversion of 30 tonnes of
above 100 tonnes/day. The Ministry of Environment organic waste from landfills (63 tonnes of C02-
recognized BSF as a priority circular economy technology, eqg avoidance), producing 3 tonnes of larvae,
especially for Amazonian regions with organic inputs and while directly employing 8 workers.

aquaculture needs.

O =

In Neglasari, Bandung in Indonesia, the waste management system is a collaborative effort: YPBB established the
separated collection system, while the BSF and composting infrastructure was developed by the city government
authorities. Although overall waste reduction remains limited due to compliance issues on source separation, the
project has successfully processed between 500 and 700 kg of organic waste daily—about 40% to 60% of the area’s
estimated 1,200 kg organic waste potential. Strong leadership from the Village Head has been crucial, particularly
in budgeting, labor provision, and requiring local administrators to practice home composting, setting an example
for residents.

Source: (3)

Anaerobic Digestion

IKZA:
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@ EI The Caju Ecopark in Rio de Janeiro, Brazil, is piloting a circular economy model for organic waste
management. In 2024, its "Biomethanization Unit" processed 4,300 tonnes of organic waste from
schools, restaurants, supermarkets, and tree pruning, converting it into renewable electricity and
biogas, which powers the Ecopark’s operations and electric vehicles for its Food Bank. The Food
Bank, launched in 2024, supports over 700 vulnerable residents in the Caju neighborhood, with
more than 16 tonnes of food donated by local supermarkets. Additionally, the Ecopark produced
over 540 tonnes of organic compost (“Fertilurb”) in 2024, used in urban agriculture and

Source: (55) reforestation programs throughout Rio de Janeiro.


https://youtu.be/W2k1pn7T1mo?si=fmSBrxuQk1-MARge&t=1546
https://youtu.be/W2k1pn7T1mo?si=fmSBrxuQk1-MARge&t=1546
https://youtu.be/W2k1pn7T1mo?si=fmSBrxuQk1-MARge&t=1546
https://ypbb.web.id/wp-content/uploads/2021/03/BANDUNG-ZWC-CASE-STUDY-THE-PATH-OF-TRANSITION-BANDUNGS-JOURNEY-TOWARD-A-ZERO-WASTE-CITIES-ENGLISH.pdf
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A full-scale biocover system was implemented at the Klintholm landfill in Denmark in 2009 over a 4,800 m” area
using locally sourced compost and crushed concrete. Designed to mitigate methane emissions from a closed cell
with no gas recovery infrastructure, the biocover achieved 80% average methane oxidation efficiency. Six years
later, despite no maintenance, field measurements confirmed sustained performance, even during winter.

Elevated compost temperatures (13-27°C) and consistent gas oxidation rates demonstrated the system'’s resilience
and long-term functionality in temperate climates.

Source: (59)




Municipal Strategies for Organic Waste: A Toolkit to Cut Methane Emissions

Conclusions and Recommendations

Policymakers play a pivotal role in transforming organic waste from a challenge into a valuable
community resource. The following key takeaways highlight proven strategies and actionable
insights that can help cities design effective and inclusive organic waste management systems,
driving environmental, social, and economic benefits for their communities.

1 Organic waste is aresource rich in nutrients and energy that, when
managed properly, can support local agriculture, energy generation,
job creation, and methane mitigation.

The true value of organic waste management strategies lies in their long-term benefits—protecting the
environment, improving public health, and delivering lasting community savings. While life cycle costs may
exceed the direct market value of outputs, these systems reduce landfill use, cut methane emissions, and
close nutrient cycles. By treating organic waste as a valuable asset and designing systems that maximize
these broader benefits, municipalities can build healthier, more resilient communities.

A waste management hierarchy should quide action.

Prevention comes first—often through policies beyond the waste sector—followed by redirecting

organic waste to secondary markets or animal feed where feasible, and otherwise returning it to
soils via composting, or using it for energy through anaerobic digestion. Landfilling organic waste, due to high
methane emissions and nutrient loss, should be avoided. Robust guidance and trained inspectors are key to
reducing regulatory uncertainty and enabling safe food waste donation and recovery for both human and
animal consumption.

3 Effective organic waste management starts with strong source separation, supported
by reqgular, intuitive collection systems, and active community engagement.

When residents, local groups, and waste pickers are involved in sorting organics at the source, municipalities
can leverage a wide range of scalable technologies—such as Black Soldier Fly processing, vermicomposting,
composting, anaerobic digestion, and landfill biocovers—tailored to their unique needs. By integrating public
participation with the right technical solutions, communities can transform organic waste from a challenge
into a valuable resource, building more efficient, inclusive, and sustainable management systems.
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While technological solutions for organic waste management are well established,
the real opportunity lies in optimizing logistics.

By treating food waste as close to the source as possible, municipalities can reduce transportation costs
and minimize contamination from packaging and plastics. Designing systems that leverage spatial and
material efficiencies—such as decentralized collection and processing—allows communities to turn
logistical challenges into advantages, creating cleaner, more cost-effective waste streams that are easier

to process and recycle.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

5 Strategy selection must be context-driven.

If a decentralized option reduces transport costs and performs better financially—without creating
greater environmental or social harms—it should be prioritized. Factors such as availability of space,

waste volume, geographic dispersion, regulatory capacity, and methane mitigation potential should quide
decisions. For example, processing organic waste that is 30k away from their point of generation may be
inefficient; in such cases, smaller-scale composting or BSF systems located close to the source may yield

better outcomes.

A major advantage of today’s organic waste management technologies is their
flexibility and inclusive potential to create jobs with low entry barriers.

Decentralized options like Black Soldier Fly processing, composting, and vermicomposting are accessible
to small businesses, cooperatives, and individuals—including waste pickers—enabling their inclusion and
formalization within the sector. These systems not only generate employment but also empower
community groups and the informal workforce to participate in and benefit from new value chains.
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