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1 Executive Summary

Waste is the most visible face of broken material systems. People can see litter in storm drains,
plastic washed onto beaches, open fires burning at the edge of informal settlements, and rivers
running brown after floods. What they cannot see — and what conventional waste management
systems still largely fail to map — is the full causal chain from generation to leakage to environmental
harm. That invisibility is precisely where a law-faithful physical twin built on the 7 framework could
deliver its most immediate and durable public good.

This dossier asks a focused planning question: if the 7 framework provides a physically faithful,
bounded-error, coarse-grainable discrete twin of waste generation, collection, transport,
leakage, litter drift, and material fate dynamics, what public good could that unlock
across waste operations, plastics interception, and zero-waste transition design?

The scale of the problem justifies the question. UNEP’s Global Waste Management Outlook 2024
projects municipal solid waste generation rising from 2.1 billion tonnes in 2023 to 3.8 billion
tonnes by 2050 [1]. Direct waste management costs already exceed USD 252 billion per year
globally, rising to USD 361 billion when pollution, health, and climate damages are included; without
intervention, costs could reach USD 640 billion annually by 2050 [1]. UNEP also estimates that
19-23 million tonnes of plastic leak into aquatic ecosystems every year — roughly 2,000 garbage
trucks per day [2]. UN-Habitat places 2.7 billion people without access to basic waste collection
services [3], a structural gap that lies behind open dumping, open burning, flood-aggravating drain
blockage, and the daily degradation of neighborhoods that national statistics routinely ignore.

The case for T-grade waste intelligence rests on five distinct operational advantages: (a) a coarse-
grainable flow twin that maps generation through leakage with bounded error; (b) timing-aware
route, interception, and intervention optimization; (c¢) physically grounded river-to-ocean plastics
transport prediction; (d) integration of informal and formal systems through a shared operational
substrate; and (e) a platform for genuine zero-waste transition sequencing rather than incremental
route efficiency.

This paper documents those advantages across fifteen sections, including a rigorous competitive
landscape analysis (Section 6), two primary geographic case studies with real numbers — Indonesia’s
Citarum River basin and the Danube-to-Black Sea European plastics corridor (Section 8) — and a
structured finance, ROI, and climate-finance eligibility analysis (Section 9). It maps deployment
across a three-phase ladder, addresses gender and equity dimensions with particular attention to the
20 million informal waste workers globally, and frames 7 waste intelligence as enabling infrastructure
for the UN Plastics Treaty’s Measurement, Reporting, and Verification requirements.

The fundamental insight of this paper is that waste system failures are not primarily disposal
problems. They are causal-chain failures in which the inability to model what moves, where, how
fast, and under what weather conditions produces systematic mismatch between intervention effort
and environmental outcome. Bounded-error 7 modeling addresses exactly that failure mode.

2 Why This Matters Now

21 The Policy Window Is Open

Three developments in 20242026 have shifted waste and plastics from chronic background problems to
active policy frontiers. The UN Intergovernmental Negotiating Committee on Plastic Pollution (INC
process, culminating at INC-5 in Busan, November 2024) brought 175 nations to the table on a legally
binding plastics treaty, with its central MRV (Measurement, Reporting, and Verification) requirements
creating immediate demand for credible national and sub-national plastic flow accounting [4]. The
EU’s Single Use Plastics Directive entered enforcement in 2021 and its product-extended-responsibility
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provisions are generating EPR monitoring infrastructure across 27 member states [5]. And UNEP’s
Global Waste Management Outlook 202/ explicitly frames the transition not as “dispose more
efficiently” but as achieving zero-waste and circular-economy outcomes by mid-century [1].

These are not aspirational statements. They are policy commitments with timelines, reporting
obligations, and in the EU case, enforceable legal standards. What is missing — consistently, across
every national and subnational jurisdiction — is the physical intelligence layer that would allow
governments to know, with bounded uncertainty, where plastic is leaking, where waste is being burned,
what storm events will mobilize, and which interventions have the highest prevention-per-dollar
ratio.

2.2 The Climate-Waste Nexus Is Now Undeniable

Waste and climate are co-determined systems. Flooding mobilizes waste: storm events push
uncollected litter into drainage systems, causing drain blockage that amplifies flood damage while
simultaneously exporting plastic loads to rivers and coastal zones. Heat accelerates plastic degradation
into microplastics: higher ambient temperatures increase photodegradation rates, fragmenting macro-
plastic litter into particles that enter food chains and water systems. Sea-level rise threatens landfill
stability: hundreds of coastal and estuarine landfill sites worldwide sit within projected inundation
zones, with leachate and solid waste mobilization risks that are still poorly quantified [6].

These interactions mean that waste intelligence is simultaneously flood resilience intelligence, mi-
croplastics source intelligence, and climate adaptation intelligence. A 7 waste-flow twin that couples
with hydrology, coastal dynamics, and weather prediction is not a niche operational tool. It is part
of the physical infrastructure for climate adaptation at the urban scale.

2.3 The 2.7 Billion Service Gap Is Foundational

UN-Habitat’s figure of 2.7 billion people without waste collection [3] is not a rounding error. It
represents roughly one third of the global population, concentrated in Sub-Saharan Africa, South
and Southeast Asia, and parts of Latin America, where urbanization rates are highest and waste
generation growth is fastest. In these regions, waste system failure is not an efficiency problem —
it is a baseline existence problem. Open burning, uncontrolled dumping, drain blockage, and the
proliferation of waste-associated vector breeding sites impose daily mortality burdens that are not
systematically attributed to waste failure in cause-of-death statistics.

Better physical intelligence cannot substitute for collection trucks, transfer stations, and composting
infrastructure. But it can radically improve the targeting and sequencing of those investments
by identifying which neighborhoods generate the highest leakage loads, which drainage channels
carry the most plastic to rivers, and which storm events create the largest mobile waste pulses. In
resource-constrained environments, that targeting intelligence is itself a form of infrastructure.

2.4 Plastics Treaty MRV Creates Inmediate Demand

The INC plastics treaty process has placed national plastic flow accounting at the center of an
emerging global compliance architecture. To report credibly on plastic leakage reduction, nations
need sub-national flow models that connect generation to collection to escape to environment, with
uncertainty bounds that meet treaty reporting standards [4]. No existing tool provides this at the
combination of physical fidelity, spatial granularity, and climate-coupling required. 7-grade waste
flow modeling would fill that gap directly, making it not merely a public-good option but potentially
a treaty infrastructure requirement.
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3 Scope and Reader Orientation

3.1 What This Paper Covers

This paper focuses on five interconnected domains within the broader pollution and circularity
opportunity portfolio:

e Municipal and industrial waste-flow intelligence: modeling generation, collection cov-
erage, routing efficiency, transfer and sorting bottlenecks, overflow risk, and controlled-facility
throughput;

o Plastics leakage and litter interception: mapping leakage pathways from generation to drain
loading to river export to coastal accumulation, and optimizing pre-river and riverine interception
placement;

¢ Open dumping and open burning reduction: identifying highest-burden sites and supporting
service redesign and enforcement;

e Waste-drainage-flood co-management: integrating waste flow intelligence with rainfall,
drainage, and urban flood models;

o Zero-waste and source-separation transition planning: supporting the sequencing of source
separation, organics diversion, controlled disposal, and materials recovery.

This paper is Paper 4 of 4 in the Pollution and Circularity portfolio’s companion dossier series,
covering the waste operations and leakage interception layer. It is complementary to Papers 1
(clean air), 2 (emissions attribution), and 3 (chemicals/toxic-pathway intelligence), and shares an
operational substrate with all of them.

3.2 Epistemic Stance

This paper adopts a consistent planning assumption: it reasons from the position that 7’s physically
faithful, bounded-error materials-flow twin is operationally sound, and asks what would follow for
waste systems if that assumption holds. It does not claim that independent scientific review has
validated 7’s waste-specific modeling capabilities. It does claim that the structural demand for
exactly such capabilities is real, documented, and growing — and that the absence of credible
alternatives makes this a high-value first-mover opportunity.

Readers should approach impact projections as scenario-bounded planning estimates, not guaranteed
outcomes. Where official numbers from UNEP, World Bank, UN-Habitat, or peer-reviewed literature
are cited, these are authoritative. Where impact scenarios are constructed, they are clearly labeled
as planning inferences.

3.3 Who Should Read This Paper

Primary audiences: city governments and municipal waste authorities; river-basin and coastal
management agencies; environmental ministries responsible for plastics treaty reporting; waste-sector
development banks (World Bank, ADB, IFC); UNEP and UN-Habitat technical programs; extended
producer responsibility (EPR) system administrators; cleanup coalitions (ocean, river, urban);
circular-economy alliances; and public-interest funders with portfolios in urban environment, ocean
health, or climate adaptation.

Secondary audiences: plastics producers and packaging companies navigating EPR obligations;
informal-sector waste worker organizations; academic research groups in waste systems, environmental
engineering, and ocean plastics science.
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4 The Opportunity Baseline

4.1 Global Waste Generation: Scale and Trajectory

Municipal solid waste generation is a function of population, urbanization rate, and income level.
The UNEP Global Waste Management Outlook 2024 documents the following trajectory [1]:

e 2023 baseline: 2.1 billion tonnes per year of municipal solid waste generated globally

e 2050 projection: 3.8 billion tonnes per year under business-as-usual

o Direct management cost (2020): USD 252 billion per year

o Total social cost including pollution, health, and climate damages (2020): USD 361
billion per year

» Total social cost projection (2050, without action): USD 640 billion per year

e« Net gain achievable via circular-economy pathway by 2050: USD 108.5 billion per year

These numbers reflect only municipal solid waste. Industrial, construction and demolition, agricul-
tural, and hazardous waste streams add substantially to the totals. Food waste alone accounts for
approximately 1 billion tonnes per year [7].

4.2 Plastics Leakage: Scope, Sources, and Cost

UNEP estimates that 19-23 million tonnes of plastic enter aquatic ecosystems annually [2]. Jambeck
et al’s landmark 2015 Science paper estimated that 4.8-12.7 million metric tonnes of plastic entered
oceans from land in 2010 alone, with the 20 top-ranked coastal countries (largely in Asia) accounting
for 83% of that total [8]. Lebreton and Andrady (2019) extended this analysis using global waste
input model projections, estimating that without intervention, cumulative ocean plastic could reach
710 million metric tonnes by 2040 [9].

UNEP placed the annual economic damage from marine plastic pollution at USD 13 billion per
year as of 2016, across fisheries, tourism, and cleanup costs [10]. This figure excludes ecosystem
service losses, microplastics impacts on human health, and the welfare costs imposed on coastal
communities, all of which are likely to dwarf the direct economic estimate.

4.3 Open Burning: Health and Climate Co-Burden

WHO'’s 2025 technical summary on open waste burning identifies it as a source of PM2.5, black
carbon, dioxins, furans, heavy metals, and other toxic pollutants, with direct impacts on respiratory
health, cardiovascular disease, and cancer risk [11]. Open burning is concentrated in regions where
waste collection fails — the same 2.7 billion person service gap identified above. The UNEP 2024
waste outlook estimates that open burning of waste contributes meaningfully to black carbon
emissions, a short-lived climate pollutant with disproportionate warming impact.

The co-benefit case for reducing open burning is therefore threefold: lower local PM2.5 and toxic
exposure; reduced black carbon warming; and dignified neighborhood conditions for communities
currently living adjacent to burning waste dumps.

4.4 Informal Waste Sector: Scale, Contribution, and Vulnerability

Approximately 20 million people globally work as informal waste pickers, collectors, and recyclers
[12]. In many low- and middle-income country cities, informal workers recover 20-40% of the
recyclable value in the waste stream that formal municipal systems fail to collect or process.
They are disproportionately women, migrants, and members of low-caste or ethnically
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marginalized communities, working without occupational health protection, legal status, or
access to social insurance [12].

Informal waste work is simultaneously a critical infrastructure function and a site of severe labor
exploitation. Any 7-grade waste intelligence deployment in cities where informal systems operate
must address worker integration, livelihood protection, and equity — not as an afterthought but as
a design requirement. This is developed further in Section 12.

5 Working - Assumptions

This section defines the specific working assumptions about 7’s capabilities that underpin the
opportunity analysis in this paper. Each assumption is stated precisely so that readers can calibrate
their own confidence and so that validation tests can be designed against specific claims.

Assumption 1 — Waste-flow twin fidelity: 7 can model, with bounded and quantifiable
error, the movement of waste materials through the full chain from generation point to collection
event to transfer and processing to ultimate fate (controlled facility, leakage, burning, or residual
accumulation).

Assumption 2 — Leakage pathway prediction: 7 can predict, with materially better accuracy
than current operational tools, the pathways by which uncollected or mismanaged waste transitions
from land to drain to river to coastal zone, including under storm, flood, and tidal forcing conditions.

Assumption 3 — Temporal coupling: 7 can resolve the timing dimensions of waste dynamics —
pre-storm accumulation, storm-pulse mobilization, post-storm deposition — at operationally useful
timescales (hours to days for event response, days to weeks for route planning).

Assumption 4 — Coarse-grainability: 7 twin outputs can be aggregated from neighborhood
to city to river-basin to national scale with appropriate uncertainty propagation, supporting both
operational decision-making and treaty-grade reporting.

Assumption 5 — Physical basis for differentiation: the primary competitive advantage of 7
over existing waste optimization tools (see Section 6) is that it models waste transport and fate using
physical law rather than purely statistical routing patterns, providing performance guarantees under
novel conditions (new storm events, new land use, changed collection coverage) that data-trained
systems cannot offer.

Assumption 6 — Climate coupling: 7 integrates with hydrological and atmospheric models
well enough to propagate flood events, rainfall intensity, and tidal forcing into waste mobilization
predictions in real time.

These assumptions are deliberately strong. The paper’s value lies in tracing their consequences
for waste systems under this stance, not in defending the assumptions against scientific critique.
Validation design for each assumption is sketched in Section 13.

6 What Changes with a Law-Faithful Twin

6.1 From Periodic Audit to Continuous Operational Picture

Current waste system intelligence in most cities and virtually all low-income country municipalities
is built on periodic surveys, route completion logs, and rough tonnage estimates from facility
weigh scales. The spatial and temporal resolution of this data is, in practice, a patchwork: some
neighborhoods well-measured, others invisible; some periods covered, others not. The UNEP and
UN-Habitat Waste Wise Cities Tool exists precisely because cities typically do not know, in real
time or even in retrospect, how much waste is generated, collected, or escaping [13].
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A 7-grade flow twin changes this fundamentally. Under Assumption 1, the twin runs continuously,
updating generation estimates from population density, income, and seasonal consumption patterns;
tracking collection completion against route schedules; flagging neighborhoods approaching overflow
threshold; and projecting transfer-station congestion 24-72 hours ahead. This is not an incremental
improvement in data collection. It is a structural shift from reactive audit to anticipatory
operations.

6.2 Timing-Awareness as Operational Leverage

The most expensive failures in waste systems are timing failures: collection routes that arrive after
bins overflow; litter-trap cleanings that happen after storm events have already exported plastic to
rivers; landfill gas collection systems that miss methane peaks; composting facilities that receive
loads that cannot be processed before putrefaction begins.

Under Assumption 3, a 7 twin resolves timing dependencies with operational precision. Before a
storm event, the system identifies accumulation hotspots where litter density is highest and drain
proximity is greatest, enabling targeted pre-storm collection that prevents the storm-driven export.
After a flood, the system predicts deposition patterns and prioritizes cleanup at highest-impact
recovery points. Between events, the system optimizes collection frequency by neighborhood in ways
that reflect actual waste generation rhythms rather than fixed schedules.

The translation into public good is direct: less plastic reaching rivers, fewer blocked drains amplifying
flood damage, lower cleanup costs, and cleaner neighborhoods between events.

6.3 River-to-Ocean Intelligence: Closing the Transport Chain

Current ocean plastic source attribution operates largely by backtracking from beach or ocean
accumulation to probable river input, using river discharge and historical load data [9][14]. The
Lebreton global plastic input model and similar tools estimate annual loads at the river-basin scale
but cannot predict, with useful precision, which events within a given year account for what fraction
of the annual load — making interception planning extraordinarily difficult.

Under Assumptions 2 and 6, a 7 twin operating at the river-basin scale could close this gap. By
coupling waste load on river banks and in drainage systems with storm event intensity and river
flow prediction, it could provide advance warning — 3—7 days ahead of a predicted flood pulse —
of which drainage tributaries will export the largest plastic loads to the main river. That advance
warning transforms interception from a statistical guess to an event-triggered, targeted operation.

The public good is enormous: the same flood event that currently exports tonnes of plastic to coastal
waters could instead trigger pre-event collection at identified high-load points, reducing marine
export by a fraction that UNEP’s USD 13 billion annual damage estimate would render highly
cost-effective even at modest capture rates [10].

6.4 Integrating Informal and Formal Systems

Informal waste work is not a peripheral phenomenon to be cleaned up by formalization. In many
cities, it is the primary materials recovery system. A 7 twin that models only the formal collection
fleet is modeling an incomplete and partially fictional waste system.

Under Assumption 4, a coarse-grainable twin can incorporate informal worker activity patterns
as part of the operational picture — not by surveilling individual workers, but by modeling the
system-level contribution of informal recovery to material flows, identifying where informal and
formal systems are complementary versus in conflict, and helping design integration strategies that
improve system outcomes while protecting worker agency and livelihoods.
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This is discussed further in Section 12, but the operational point belongs here: a 7 waste twin
that excludes informal systems will systematically misestimate recovery rates, leakage
fractions, and optimal intervention points in the cities where informal systems are most
important.

6.5 Zero-Waste Transition as a Physical Design Problem

The transition from linear waste management (collect, haul, dispose) to circular and zero-waste
systems requires answering questions that are fundamentally physical: given the composition of
the current waste stream, the spatial distribution of generation, the existing and planned collection
infrastructure, and the available treatment options, what is the optimal sequence of system
changes that maximizes recovery while minimizing transitional service disruption and cost?

That is a materials-flow optimization problem at scale, exactly the kind of problem for which a
7 twin built on physical law rather than historical statistics is most differentiated. Under all six
working assumptions, 7 provides not just better operational intelligence for the current system but a
design tool for the next system — the zero-waste configuration that current system data cannot
adequately describe because it does not yet exist.

7 Competitive and Incumbent Landscape

The waste intelligence and optimization market contains a variety of tools ranging from large waste
operators with proprietary logistics systems to observational monitoring platforms to global planning
frameworks. None of them provides what 7 offers under the working assumptions. This section
documents the landscape precisely, explains what each player does well, and identifies the specific
gap that 7 fills.

7.1 Veolia / Suez /| ALBA Group — Large Integrated Waste Operators

What they do well: Veolia (global, EUR 42B revenue), Suez (now partially reintegrated into
Veolia), and ALBA Group (German market focus) are vertically integrated waste management
operators with deep expertise in collection logistics, transfer station operations, mechanical-biological
treatment, and recycling facility management. They have proprietary route optimization software,
fleet tracking, and customer service systems. In cities where they hold concessions, they provide
operationally reliable collection services with high asset utilization.

Where they fall short: Their operational intelligence is logistics-centered and backward-looking.
Route optimization is based on historical bin fill patterns and GPS tracking, not physics-based
prediction of overflow risk, storm-driven mobilization, or leakage pathways. Their systems are
not designed to model the fate of waste that escapes collection, the dynamics of informal system
interaction, or the transition to zero-waste system architectures. They have no integrated river-
basin or coastal leakage intelligence. Their business model optimizes for ton-haul efficiency within
contracted service areas, not for ecosystem leakage prevention across the full waste-to-environment
chain.

7 differentiation: 7 provides what large operators cannot — the physical fate model for escaped
waste, the storm-coupled leakage prediction, and the zero-waste transition design capability. 7
and large operators are complements, not substitutes: operators execute collection; 7 provides the
intelligence layer for what to collect, when, and in what sequence to minimize environmental leakage.
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7.2 SeeChange / Rubicon — Commercial Waste Route Optimization

What they do well: SeeChange (Al-powered waste analytics) and Rubicon (now Rabid Technology
Solutions) represent the commercial ML-based route optimization segment. Rubicon built a well-
publicized platform connecting waste generators with haulers and applying machine learning to
route and schedule optimization. SeeChange applies computer vision and sensor data to fill-level
monitoring. Both improve collection efficiency and reduce fuel and labor costs per ton collected,
with demonstrated commercial traction in US and European municipal markets.

Where they fall short: Both platforms are trained on historical route and fill-level data. They
predict bin overflow probability from fill pattern statistics, not from physical waste generation
dynamics. Neither has a model of weather-driven leakage, drain loading, or river transport. Neither
integrates informal sector activity. In the absence of dense sensor coverage (not present in most of
the world’s highest-burden waste cities), their statistical models have limited generalization outside
their training distributions. More fundamentally, neither platform models what happens to waste
that is not collected — the leakage fraction that drives plastic pollution is invisible to both.

7 differentiation: 7’s physically grounded generation and transport model can operate where sensor
coverage is sparse, extrapolate to novel weather conditions, and model the uncollected fraction. This
is the operationally critical gap in the Global South and informal-settlement context where the
largest leakage burdens originate.

7.3 ISWM (Integrated Solid Waste Management) Planning Tools — World Bank / UNEP
Static Planning Frameworks

What they do well: The Integrated Solid Waste Management framework developed by the
World Bank, UNEP, ISWA, and UN-Habitat provides a structured planning approach for waste
system improvement in low- and middle-income country cities. ISWM tools help governments
diagnose current waste system performance, identify investment priorities, design collection coverage
extensions, and plan facility development. The framework has been applied in hundreds of cities
worldwide through Bank lending programs and technical assistance.

Where they fall short: ISWM tools are static planning instruments. They produce baseline
assessments and investment sequencing guidance, not operational intelligence. They do not predict
overflow risk, storm events, or leakage dynamics. They cannot be used for daily operational decisions,
real-time interception targeting, or climate-coupled waste mobilization prediction. Their value is in
system design and financing rationale, not in operational performance optimization or environmental
leakage reduction.

7 differentiation: 7 provides the dynamic operational layer that ISWM frameworks explicitly
do not attempt to provide. The two are deeply complementary: ISWM defines what system to
build; 7 provides the intelligence to operate it at maximum environmental effectiveness. In practice,
ISWM assessments often document that collection coverage is 60-70% in a given city but cannot tell
operators which uncovered 30-40% generates the largest leakage loads to waterways — exactly what
7 could resolve.

7.4 The Ocean Cleanup — Passive Collection and Deployment Optimization

What they do well: The Ocean Cleanup, founded by Boyan Slat, has executed the most prominent
large-scale ocean plastic collection effort, deploying passive collection barriers in the Great Pacific
Garbage Patch and River Interceptor devices in high-load rivers worldwide. Their work has generated
important data on ocean plastic concentration, river export rates, and debris dynamics. The River
Interceptors (deployed in rivers including the Klang in Malaysia and the Cagayan de Oro in the
Philippines) represent genuine engineering solutions to the river interception problem.
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Where they fall short: The Ocean Cleanup’s deployment optimization is constrained by the accu-
racy of the oceanographic models used to predict plastic accumulation zones and river contribution
rankings. Lebreton et al. (2018) estimated that 1% of rivers contribute 80% of ocean plastic
input [14], guiding The Ocean Cleanup’s river selection strategy. But within a given river system,
the spatial and temporal dynamics of plastic loading — which tributaries contribute when, under
what flood conditions — remain poorly resolved by existing oceanographic transport models. The
+35-40% uncertainty in annual river flux estimates (see Section 8) limits the targeting precision of
both riverine and ocean collection operations.

7 differentiation: 7-grade hydrological and coastal current modeling, coupled to waste load
prediction, could reduce river flux uncertainty from +35% to +8-10% (see Section 8), directly
improving the ROI of Ocean Cleanup-style river interventions by enabling event-triggered deployment
rather than standing-station placement. This is not a competitive threat to The Ocean Cleanup but
a precision multiplier for their operations.

7.5 Global Plastic Watch / Ocean Conservancy TIDES — Satellite and Field-Based Monitor-
ing

What they do well: Global Plastic Watch (developed by The Minderoo Foundation) applies Al
to satellite imagery to detect plastic waste accumulation sites, open dumping areas, and informal
dump sites at global scale. Ocean Conservancy’s TIDES (Trash Information and Data for Entry into
Shorelines) platform aggregates field-based beach and river cleanup data from volunteer programs
worldwide. Together, these platforms provide observational coverage of plastic waste distribution
that was previously unavailable — a genuine advancement in situational awareness.

Where they fall short: Both platforms are observational, not predictive. Global Plastic Watch can
tell you where dump sites exist today; it cannot tell you which sites will export the largest loads after
next week’s storm. TIDES data describes what reached the beach; it cannot reconstruct the leakage
pathway that put it there. Neither platform has a physical transport model that could support
advance intervention. As monitoring tools, they generate the data needed to validate predictive
models but cannot replace those models for operational decision-making.

7 differentiation: 7 prediction provides the operational complement to monitoring observation.
Global Plastic Watch and TIDES data could serve as validation inputs for 7 model calibration; 7’s
forward predictions could direct the placement of monitoring and cleanup efforts to highest-value
locations. The combination — observation feeding model calibration, model predictions directing
observation and intervention — is more powerful than either alone.

7.6 Ellen MacArthur Foundation CE100 / Material Flow Analysis Tools — Systems Account-
ing Frameworks

What they do well: The Ellen MacArthur Foundation’s CE100 corporate network and its associated
Material Flow Analysis (MFA) tools have done more than any other institution to embed circular-
economy thinking in corporate and policy strategy. MFA tools (including SimaPro, STAN, and
various national variants) provide systematic accounting of material inputs, stocks, and outputs
across economic systems, identifying where value is lost and where circular interventions have the
highest leverage. The Foundation’s work on plastics — particularly The New Plastics Economy
reports [15] — has been foundational in framing the plastics problem as a design and system
architecture failure rather than merely a waste management failure.

Where they fall short: MFA tools are accounting frameworks, not physical transport models.
They can quantify that X tonnes of plastic leak from system A to environment B annually, but they
cannot predict which weather event will drive the next pulse, which drainage channel will carry it,
or where downstream interception should be deployed. They operate at annual and sector-level
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resolution, not at the operational timescales and spatial granularities needed for actual leakage
prevention. The New Plastics Economy framework is excellent for system redesign strategy but does
not provide the daily operational intelligence for waste flow management.

7 differentiation: 7 and MFA are complementary in the most fundamental sense: MFA defines
the system boundaries and material accountings within which 7 predicts dynamic flows. An MFA
baseline establishes where plastic is in the system and at what rates; 7 tells you what it will do next
and how to intercept it. Circular-economy planning requires both.

8 Structured Opportunity Map

8.1 Opportunity Architecture

The six core opportunities for 7-grade waste intelligence are organized from highest immediate
public-good return to highest long-term structural leverage.

Opportunity 1 — City-Scale Waste-Flow Digital Twins

What it is: A continuously operating 7 model of waste generation, collection coverage, route
completion, overflow risk, transfer-station throughput, and sorting facility performance for a single
city or metropolitan area.

What it enables: Operators know, 24-72 hours ahead, which neighborhoods are approaching overflow,
which routes are most at risk of incomplete collection, which transfer stations are approaching
capacity, and which days require surge collection capacity before forecast rainfall events.

Public good: Higher collection reliability; fewer overflow episodes; less litter in public spaces; reduced
storm drain loading; lower downstream leakage.

Entry scale: A city of 500,000 to 3 million population with mixed formal and informal collection, no
existing real-time monitoring, and a World Bank-supported improvement program. This describes
dozens of cities currently engaged in waste system improvement.

Opportunity 2 — Plastics Leakage and Litter Interception Intelligence

What it is: A 7 model that maps, with bounded error, the pathways by which uncollected plastic
moves from generation point to drain entry to river loading to coastal deposition, and optimizes the
placement and timing of interception infrastructure.

What it enables: Pre-storm collection campaigns targeted at highest-load accumulation points; litter
trap placement in drains and rivers calibrated to actual flux predictions; advance warning 5-7 days
ahead of flood-driven plastic pulses in river systems; post-event cleanup targeting at highest-recovery
deposition points.

Public good: Measurable reduction in annual river-to-ocean plastic flux; protection of marine
ecosystem services; reduced beach cleanup costs; stronger performance on plastics treaty MRV
reporting.

Entry scale: A coastal river basin or port city with identified high plastic loads and existing collection
infrastructure that needs targeting intelligence, not additional infrastructure.

Opportunity 3 — Open Dumping and Open Burning Elimination

What it is: Spatial intelligence that identifies the highest-burden open burning and informal dumping
sites, quantifies their health and pollution loads, and supports sequencing of service extension,
alternative infrastructure, and community-based alternatives.

What it enables: Evidence-based prioritization of service extension to neighborhoods currently
dependent on burning and dumping; prediction of health exposure hotspots; integration with air
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quality monitoring to measure burning reduction co-benefits.

Public good: Reduced PM2.5 and toxic air pollution; lower vector breeding; neighborhood dignity
and safety improvement; black carbon reduction.

Entry scale: A peri-urban or informal settlement district in a city with significant open burning
burden and active service expansion programs.

Opportunity 4 — Waste-Drainage-Flood Co-Management

What it is: Integration of the T waste-flow twin with urban drainage and flood models to create
a unified picture of how waste accumulation affects drainage capacity, how storm events mobilize
waste, and how waste management decisions affect flood risk.

What it enables: Pre-flood waste clearing from high-risk drainage channels; post-flood waste and
debris recovery sequencing; long-term planning of drain maintenance and waste service co-investment;
quantified co-benefit accounting for waste-flood risk reduction.

Public good: Lower flood damage from blocked drains; less plastic mobilization in floods; better-
maintained urban drainage; compound co-benefits across waste, flood, and water quality outcomes.

Entry scale: A monsoon-belt city or flood-prone coastal city where drain blockage and waste
mobilization are well-documented flood risk amplifiers.

Opportunity 5 — Zero-Waste and Source-Separation Transition Planning

What it is: A T-powered transition design tool that, given current waste stream composition,
generation patterns, and infrastructure, identifies the optimal sequence of source separation pilots,
organics diversion programs, residual waste reduction campaigns, and secondary materials recovery
investment.

What it enables: Evidence-based transition sequencing rather than politically driven program design;
material recovery rate projections under different intervention scenarios; cost-benefit analysis of
transition investments with uncertainty bounds; monitoring and adaptation frameworks for ongoing
transition management.

Public good: Lower residual waste volumes; lower landfill pressure; lower methane and burning;
higher material recovery value; stronger circular-economy development.

Entry scale: A city or district with political will for zero-waste transition, existing separate collection
infrastructure, and investment in organics composting.

Opportunity 6 — Municipal/Industrial Circular Logistics

What it is: Extension of the waste-flow twin into the secondary materials recovery and circular
logistics domain, modeling how recovered materials move from collection to sorting to reprocessing
to secondary market, and optimizing the entire chain.

What it enables: Higher-value material recovery; better-matched supply and demand in secondary
markets; lower contamination of recyclable streams; more efficient collection sequencing for separate
streams.

Public good: Higher resource productivity; lower virgin material demand; stronger EPR system
performance; more viable recycling economics.

Entry scale: A city or industrial park with existing separate collection and plans to improve secondary
market integration.

9 Geographic Case Studies
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9.1 Indonesia — Citarum River Basin, West Java

The Citarum River is one of the most plastic-polluted river systems on Earth. The World Bank’s
2019 audit of the Citarum catchment identified over 2,000 discrete waste leakage points into the
river system, ranging from informal dumps on river banks to drainage outfalls from dense peri-urban
settlements [16]. The catchment supports 28 million people across the greater West Java region,
including the cities of Bandung, Karawang, and the greater Jakarta metropolitan fringe.

Indonesia ranks as one of the world’s top contributors to marine plastic pollution. Jambeck et
al. (2015) estimated that Indonesia contributed 0.48—1.29 million metric tonnes of plastic to
ocean systems in 2010, placing it second in global marine plastic input [8]. More recent estimates,
accounting for improved waste generation data, suggest that Indonesia’s contribution to marine
plastic input could be as high as 320,000 tonnes per year from land-based sources [2][8]. The
Citarum River is among the primary vectors for this input, with river flow and tidal dynamics in
Jakarta Bay governing downstream transport to marine accumulation zones.

The current modeling gap: River plastic flux estimation in the Citarum system currently relies
on discharge-scaled load models calibrated from limited monitoring points. The uncertainty in
annual plastic flux and in beach accumulation site distribution is approximately +40% at current
modeling resolution [9][17]. This uncertainty prevents effective targeting of cleanup and interception
infrastructure: with a +£40% flux uncertainty, operators cannot determine whether a proposed
interceptor placement in a given tributary will capture 15% or 45% of the annual load — a difference
that determines whether the intervention is cost-effective.

7 application and projected improvement: A 7-grade hydrological and waste load model for
the Citarum basin would integrate: waste density mapping (from satellite monitoring and field data);
drainage network topology and hydraulic parameterization; rainfall and river discharge prediction
from weather models; and coastal current dynamics for Jakarta Bay. Under Assumption 6 (climate
coupling), the combined model would reduce annual flux uncertainty from +40% to approximately
+10%, a fourfold improvement in targeting precision. This would allow cleanup and interception
campaigns to target tributaries with 3 X greater efficiency — achieving the same plastic capture
with one-third of the interception infrastructure currently required.

The financing context: The World Bank’s Citarum Harum Program (2019-2024) committed
USD 200 million to river restoration, waste management improvement, and pollution reduction in
the Citarum catchment [16]. The program improved waste collection coverage and reduced some
point-source pollution loads, but it lacked a real-time physical intelligence layer capable of
predicting storm-driven plastic pulses and optimizing interception placement dynamically. The
absence of predictive targeting capability meant that infrastructure investments were placed based
on historical observation rather than predictive optimization, reducing their long-run effectiveness.
A 7-grade intelligence layer integrated into the next Citarum program cycle would address this gap
directly, at a fraction of the infrastructure investment cost.

SDG and treaty relevance: Indonesia is a signatory to the INC plastics treaty process and has
made national commitments to reduce marine plastic pollution by 70% by 2025 under its National
Plan of Action on Marine Plastic Debris. Credible progress reporting under these commitments
requires exactly the kind of river-basin plastic flow accounting that 7 would provide.

9.2 European Plastics Flow — Danube to Black Sea

The Danube is the second-longest river in Europe, draining 19 countries across Central and Eastern
Europe before emptying into the Black Sea through a UNESCO-protected delta in Romania. It is
also one of the most important plastic transport vectors in the European marine environment. The
Austrian Water Management Institute (AWM) and associated partners have documented Danube
plastic loads of 1,500—4,500 tonnes per year entering the Black Sea, with seasonal variability
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driven by spring snowmelt floods [18].

Storm amplification dynamics: During spring flood events, Danube plastic loads increase by
approximately 10X compared to baseline flow conditions [18]. These events are short-lived
(days to weeks) but account for a disproportionate fraction of the annual Black Sea plastic input.
Current transport models, operating on the Lebreton et al. global river plastic framework [9], carry
an estimated £35% uncertainty in annual flux and cannot resolve which flood events will be
highest-load or which tributaries will contribute most in a given spring season.

7 application and projected improvement: A 7-grade Furopean hydrological and plastic
transport model for the Danube basin, coupled to meteorological and snowmelt forecasting, would
provide 5—7 day advance warning of flood-driven plastic pulses, identifying which tributaries
and which reach segments will carry the highest loads. Under the working assumptions, annual flux
uncertainty would reduce from £35% to approximately 8% — a reduction sufficient to upgrade
Danube plastic flow data from “monitoring-grade” to “treaty-grade” quality. Satellite-coupled 7
prediction could extend monitoring coverage from the current 40% of Danube river banks (covered
by Bulgaria/Romania joint monitoring) to 95% effective coverage through model-augmented
inference over unmonitored reaches.

Cleanup cost framing: EU and Black Sea Commission programs have estimated cumulative Black
Sea plastic cleanup costs at EUR 500 million to 1 billion over 20 years, assuming continued
current plastic loading rates [19]. This estimate implies that interventions which reduce Danube
plastic input by 30-50% via better-targeted interception during high-load flood events could displace
EUR 150-500 million in future cleanup costs, at an interception investment cost of a small fraction
of that figure if T-grade targeting is applied.

Cross-border governance: The Danube River Protection Convention (ICPDR) provides a multi-
lateral governance framework that could integrate T-grade plastic flow monitoring into its existing
reporting infrastructure, providing treaty-compliant data to the EU Single Use Plastics Directive
and the INC plastics treaty MRV system simultaneously.

9.3 Lagos, Nigeria — Informal Waste Sector and Storm-Driven Leakage

Lagos generates approximately 13,000 tonnes of waste per day across a metropolitan population
exceeding 20 million, making it one of the largest urban waste generation centers in Sub-Saharan Africa
[20]. UN-Habitat estimates that 60% of Lagos waste goes uncollected by the formal municipal
system [20], with collection coverage concentrated in commercial and high-income residential zones.
The uncollected 40-60% accumulates in drainage channels, vacant land, and informal dumpsites
across the city’s sprawling peri-urban areas.

Flood-waste dynamics: Lagos is highly flood-prone, with multiple high-rainfall events per year
amplified by inadequate drainage infrastructure. SWEEPNET’s analysis of West African urban
waste systems estimates that flash flooding redistributes 35—40% of uncollected waste in Lagos
and similar cities into drainage channels within hours of a storm event [21]. In the absence of
pre-storm collection interventions, this uncollected waste becomes a storm-mobilized plastic pulse
that flows through the drainage network to Lagos Lagoon and ultimately to the Bight of Benin.

7 application: A 7-grade storm prediction and waste mobilization model for Lagos would provide
3—-5 day advance warning of high-intensity rainfall events and identify which informal settlement
drainage catchments carry the highest pre-storm waste accumulation. This advance warning enables
targeted pre-flood waste collection campaigns that, if effective, could reduce storm-driven marine
leakage by 25—35% per event — a substantial fraction given the concentration of annual leakage in
storm events.

Informal sector integration: Lagos has a significant informal waste picker community operating
primarily in the formal residential and commercial waste stream. A 7 twin that integrates informal
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sector recovery rates into its material flow model would more accurately estimate the uncollected
fraction and identify which peri-urban areas have the highest net leakage loads, enabling both formal
service extension and informal sector coordination to be targeted at maximum environmental return.

10 Finance, ROI, and Climate-Finance Eligibility

101 Investment Scenarios

Scenario A — City-Scale Plastic Leakage Intelligence Platform

Investment range: USD 2-5 million for a single city or river-basin implementation, covering platform
development, sensor integration, model calibration, and operational deployment over a 3-year period.

Output: A continuously operating 7 waste-flow and leakage prediction system delivering: daily
overflow risk forecasts by neighborhood; pre-storm litter accumulation and drain vulnerability maps;
river plastic load forecasts with 5-7 day advance notice; and post-event cleanup targeting.

Benefit calculation: UNEP estimates global economic damage from marine plastic pollution at
USD 13 billion per year [10]. Indonesia alone contributes an estimated 320,000 tonnes per year of
land-based plastic to ocean systems. A 25-35% reduction in storm-driven leakage events — achievable
with 7-grade pre-event targeting applied to a single high-load city or river basin — translates to
tens of thousands of tonnes of plastic prevented from entering aquatic systems annually. At UNEP’s
damage rate of approximately USD 40-50 per tonne of ocean plastic (ecosystem + tourism + fishery
impacts), the avoided damage from a single high-load city implementation reaches USD 0.5—2
million per year, yielding a breakeven period of 2-5 years on the platform investment.

More importantly, the collection efficiency gain provides direct operational cost savings. If
25-35% of storm-driven plastic is captured in pre-event targeted collection rather than requiring
post-event recovery from drainage systems and waterways, the operational cost per tonne of plastic
prevented from entering the marine environment falls by an estimated 40-60% compared to reactive
cleanup, providing strong operational ROI independent of the ecosystem damage avoided.

Benefit-to-cost framing: UNEP’s 2016 estimate of USD 13 billion per year in marine plastic ecosystem
damage, distributed across an estimated 8 million tonnes of ocean plastic entering annually at that
time [2][10], implies avoided damage values that easily justify city-scale interception intelligence
investments. Even at a conservative 10% leakage reduction in a single high-load river basin
contributing 50,000 tonnes per year, avoided ecosystem damage exceeds USD 25 million annually —
an order of magnitude above the platform investment cost.

Scenario B — National Waste Flow Intelligence and Circular Economy Platform

Investment range: USD 10-25 million for a national-scale implementation covering 5-10 major cities
and their river-basin connections, plus a national-level plastic flow accounting system for treaty
MRV compliance.

Output: A national 7 waste intelligence platform that: (a) provides operational intelligence to 5-10
major city waste authorities; (b) generates treaty-grade annual plastic flow accounts by river basin
and province; (c) supports EPR system monitoring by tracking which producer categories’ plastics
are leaking and where; (d) provides climate-coupled flood-waste co-management intelligence during
monsoon and storm seasons.

EPR monitoring value: Extended Producer Responsibility systems are increasingly being mandated
globally (EU, UK, Canada, India, Kenya) as the primary mechanism for financing waste system
improvement. EPR requires accurate tracking of plastic types, quantities, and leakage fractions by
producer category. A national 7 platform that provides credible, defensible plastic flow accounts
reduces EPR system administration costs and eliminates the gaming that occurs when producers can
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dispute monitoring data. Estimated annual value of credible EPR monitoring to a national system:
USD 5-50 million in avoided disputes and more efficient fee collection, depending on system scale.

Treaty MRV wvalue: Nations party to the INC plastics treaty will face reporting obligations that
require sub-national plastic flow data with documented uncertainty bounds. A national 7 platform
built to treaty-grade standards could serve as the primary national MRV infrastructure, eliminating
the need for separate reporting systems and potentially enabling treaty-based financing to fund the
platform itself.

10.2 Named Climate Finance Windows

UNEP Plastic Global Treaty Financing Mechanism (INC-5, Busan, 2024): The INC
negotiations have included extensive discussion of financial mechanisms for treaty implementation,
particularly for developing-country parties with high plastic leakage and low waste system capacity.
A dedicated treaty financial mechanism, analogous to the climate Green Climate Fund, is under
negotiation [4]. 7-grade national plastic flow intelligence would be among the most fundable categories
under such a mechanism, as it directly enables the MRV obligations that treaty compliance requires.

GEF International Waters: The Global Environment Facility’s International Waters focal area
finances efforts to address transboundary marine and freshwater pollution, including plastic and solid
waste flows in major river basins. The Danube-Black Sea case (Section 8.2) fits directly within the
GEF International Waters mandate. GEF-8 replenishment (2022-2026) allocated over USD 1 billion
to International Waters, a portion of which is accessible for plastic flow modeling and interception
infrastructure [22].

World Bank CCAP (Cities and Climate Change): The World Bank’s urban climate resilience
programs, operating under the CCAP umbrella, finance waste system improvement in low- and
middle-income country cities that frames waste reduction as a climate co-benefit investment. Waste-
drainage-flood co-management projects (Opportunity 4, Section 7) are directly eligible under CCAP
framing, as they simultaneously reduce plastic leakage and improve flood resilience [23].

IFC Circular Economy Program: The International Finance Corporation’s circular economy
program provides financing for private-sector circular economy investments, including waste system
innovation. 7-grade platform technology with a credible pilot track record could attract IFC financing
for scale-up in middle-income country markets, particularly in combination with EPR system
operators or formal waste management companies seeking to improve their leakage performance.

EU Plastics Strategy / Single Use Plastics Directive: The European Union’s plastics strategy
provides grant financing for member state waste monitoring and reporting infrastructure under the
Single Use Plastics Directive and the Circular Economy Action Plan. Countries like Romania and
Bulgaria (in the Danube-Black Sea context) are eligible for EU Structural Funds investment in waste
system improvement and monitoring infrastructure that could support 7-grade plastic flow modeling
as part of broader waste management upgrades.

The Climate-Waste Nexus as a Co-Finance Lever: All of these windows are strengthened
by the climate-waste co-benefit case. Waste management projects that can credibly demonstrate
climate co-benefits — methane reduction from organics diversion, black carbon reduction from open
burning elimination, flood resilience improvement from drain management — are eligible for blended
finance from both environmental and climate windows simultaneously. The 7 platform’s ability to
quantify these co-benefits with bounded uncertainty is itself a financing asset.

1 Evidence and Translation Ladder
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1.1 Phase 1— Diagnostics and Shadow-Mode Operation (Months 0-24)

The first phase establishes the physical intelligence baseline in a small number of high-value pilot
contexts without displacing existing operations. The 7 twin runs alongside current systems, generating
predictions that are compared to actual outcomes but not yet used to direct collection or interception
decisions.

Activities: - Select 2—3 pilot cities or river basins representing different waste system contexts (a
large Asian city with significant informal sector and monsoon flooding, a Furopean river basin with
transboundary management, a Sub-Saharan African city with high uncollected fraction) - Build
waste-flow twin calibrated to local generation patterns, collection routes, drainage topology, and river
hydrology - Generate retrospective validation: run the model on historical storm events and compare
predicted plastic mobilization to observed beach /river accumulation data - Establish benchmark suite
baselines (Section 13) - Publish shadow-mode performance dashboards accessible to city authorities
and partner institutions

Governance setup: Establish data governance agreements with city waste authorities, river-basin
agencies, and (where relevant) informal sector worker organizations. Ensure all data collection
complies with worker privacy protections and is not usable for surveillance or punitive enforcement.

Outputs: Validated waste-flow dashboards; leakage hotspot maps; pre-storm vulnerability assessments
for 3 pilot contexts; published uncertainty characterizations; first-round stakeholder workshop reports.

11.2 Phase 2 — Operational Deployment and Scale (Years 2-5)

Phase 2 moves the system from shadow-mode validation to operational integration with waste
authority decision-making in proven pilot contexts, while expanding to new cities and basins.

Activities: - Integrate T predictions into collection dispatch systems for 2-3 pilot cities, providing
real-time overflow risk alerts and pre-storm collection recommendations - Deploy river interception
targeting for 1-2 high-load river basins, providing 5-7 day advance warning of flood plastic pulses
- Launch source-separation transition planning support in 1-2 cities with zero-waste transition
programs - Expand to 5-10 cities based on Phase 1 performance evidence - Produce national-scale
plastic flow accounts for treaty MRV reporting in 2-3 national government partner contexts

Key milestones: - Measured reduction in storm-driven plastic leakage in at least one pilot context,
with before/after quantification using independent satellite monitoring validation - Published EPR
monitoring reports demonstrating credible plastic type attribution - First treaty-grade national
plastic flow account submitted to INC MRV process

Outputs: Operational waste-flow twins in 5-10 cities; published leakage reduction measurements;
treaty MRV reports; EPR monitoring infrastructure in 2-3 countries.

11.3 Phase 3 — Circular System Integration and Global Scale (Years 5-10+)

Phase 3 integrates waste intelligence into broader circular economy planning systems and scales to
global coverage for the highest-priority river basins and coastal zones.

Activities: - Integrate 7 waste and materials flow twin with secondary-market logistics systems and
EPR platforms - Develop zero-waste transition planning tools operating at city and provincial scale
- Connect waste intelligence with ocean plastic transport models to provide end-to-end source-to-
accumulation prediction - Support global plastic treaty MRV infrastructure for all major contributing
nations

Outputs: Waste systems treated as part of full urban and regional environmental operating systems;
treaty MRV infrastructure operational in 30+ high-priority nations; measurable global plastic leakage
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reduction trajectory established.

12 Stakeholder Map and Change Management

12.1 Primary Enabling Stakeholders

Municipal Waste Authorities: The operational core. They control collection routes, fleet
deployment, transfer stations, and sorting facilities. They need operational intelligence, not theoretical
frameworks. Entry point is typically the deputy director for operations or the chief engineer for
waste systems improvement. They respond to demonstrated operational efficiency gains, not to
upstream modeling capability claims. Piloting in shadow mode alongside their existing systems is
essential for trust-building.

Environmental Ministries and River-Basin Agencies: Responsible for leakage reduction
reporting, water quality management, and increasingly for plastics treaty compliance. They have
regulatory authority that creates incentives for adoption. Entry point is typically the department
responsible for national waste reporting or the river-basin monitoring program. They respond to
data quality arguments and treaty compliance requirements.

Development Banks (World Bank, ADB, AIIB, EBRD): Provide the large-scale project
financing for waste system improvement. They require credible evidence of operational performance,
quantified environmental co-benefits, and fiduciary accountability. 7-grade waste intelligence can
strengthen the impact case for waste sector lending and improve implementation monitoring. Entry
point is typically the urban environment team or the solid waste specialist.

UNEP and UN-Habitat: Frame the normative context and provide technical assistance programs.
UNEP’s Global Waste Management Outlook and plastics treaty work create demand for better
national-level plastic flow data. UN-Habitat’s Waste Wise Cities program creates demand for better
city-level waste diagnostics. Both institutions can serve as validation partners and distribution
channels for 7 adoption.

12.2 Potentially Resistant Stakeholders

Incumbent Waste Operators (Veolia, Suez, etc.): Large operators have existing route
optimization systems and may resist intelligence layers that make their performance more visible.
The key to navigating this is to position 7 as an additive layer that helps operators demonstrate
their impact to municipal clients, rather than as a competitor or auditor. Operators who can show
quantified leakage reduction through better-targeted operations are stronger bidders for municipal
contracts.

Local Political Elites with Vested Interests in Informal Systems: In some cities, informal
waste collection is organized by political patronage networks that benefit from the opacity of current
arrangements. Better physical intelligence that makes waste flows and leakage more transparent can
be politically inconvenient. Change management here requires building coalitions with transparency-
oriented civil society and with informal worker organizations that benefit from formalization and
safety improvement.

National Statistics Offices: Treaty MRV requirements will eventually require integration with
national statistical systems. Statistics offices protective of their methodological autonomy may resist
external modeling tools. Positioning 7 as data infrastructure that improves national statistics
rather than replacing them is essential.
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12.3 Change Management Principles

The most consistent finding from waste system digital transformation projects is that technology
adoption fails when it is not co-designed with the operational staff who will use it. For 7 deployment
in waste systems, this means:

1. Shadow mode first: never present 7 predictions as directives before they have been validated
in local context

2. Worker co-design: involve waste collection workers, route supervisors, and informal sector
representatives in interface design and alert system design

3. Transparent uncertainty: always display prediction uncertainty bounds, not point predictions;
this builds trust and prevents overconfidence failures

4. Local data sovereignty: municipal and national partners should own the data generated in
their jurisdictions and control its downstream use

13 Gender, Equity, and Labor Dimensions

13.1 The Informal Waste Sector: Scale and Composition

The global informal waste sector encompasses approximately 20 million people working as waste
pickers, informal collectors, and small-scale recyclers across low- and middle-income countries [12].
They provide a service that municipal waste systems fail to deliver: recovery of recyclable value from
the waste stream that would otherwise be lost to landfill, incineration, or open dumping.

The gender composition of informal waste work varies by region and activity type. In Latin America,
women predominate among waste picker cooperatives and organized associations (over 60% in Brazil,
Argentina, and Colombia) [24]. In South and Southeast Asia, caste and gender intersect in waste work
hierarchies, with Dalit women disproportionately represented in the lowest-status and highest-hazard
collection tasks [25]. In Sub-Saharan Africa, women predominate in household-level sorting and
organic composting activities while men more often dominate in collection vehicle operation and
bulking.

Across all contexts, informal waste workers face: exposure to hazardous materials including sharp
objects, infectious waste, and toxic chemicals; lack of occupational health and safety protections;
income insecurity; social stigma; exclusion from social insurance systems; and vulnerability to
harassment and violence, particularly for women working alone in peri-urban areas.

13.2 How 7 Intelligence Can Help — and Harm — Informal Workers

The entry of digital intelligence systems into waste management has a mixed track record on informal
worker welfare. Commercial route optimization platforms (SeeChange, Rubicon) have in some cases
been used to justify reducing the scope of formal collection in favor of informal networks, without
improving informal worker conditions. In other cases, digital waste management systems have been
used to exclude informal workers from newly formalized collection contracts.

T-grade waste intelligence creates both risks and opportunities for informal workers:

Risks: (a) If T efficiency gains are used to reduce formal collection staff without transition support, job
losses will fall disproportionately on low-income workers; (b) if neighborhood-level waste monitoring
is used for enforcement rather than service improvement, informal workers in low-income areas may
face punitive consequences rather than better services; (c) if informal sector recovery activities are
modeled as noise to be eliminated rather than as productive contributions to the waste system, the
intelligence layer will support exclusionary rather than integrative policies.
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Opportunities: (a) 7 modeling of the informal sector’s contribution to material recovery demonstrates
its economic value, supporting policy arguments for formal recognition, cooperativization support,
and EPR fee redistribution to informal workers; (b) better route and route-scheduling intelligence
can improve the safety and efficiency of informal collection, if workers are co-designers rather than
passive subjects; (c) zero-waste transition planning informed by 7 modeling can identify which
informal recovery activities are most valuable to preserve and formalize, and which transitions require
livelihood support.

13.3 Equity in Service Coverage

The 2.7 billion people without waste collection are not randomly distributed within cities — they
are concentrated in informal settlements, peri-urban areas, and low-income neighborhoods that
generate lower per-household waste volumes but have the highest leakage rates per tonne of waste
generated, because uncollected waste in dense informal settlements with limited land area has no
local absorption capacity [3].

A 7 waste-flow twin that maps service coverage against leakage rate will, if implemented faithfully,
reveal that the highest-priority intervention areas for leakage reduction are also the lowest-income
areas currently receiving the worst service. This creates a political alignment between equity and
environmental effectiveness that is otherwise absent from waste system politics. Making this
alignment visible and quantifiable is one of the important contributions 7 intelligence can make to
waste governance.

13.4 Minimum Equity Guardrails
Any 7 waste intelligence deployment should meet these minimum standards:

o Informal sector workers are represented in co-design processes, not treated as objects of optimiza-
tion

¢ Model outputs that affect service coverage decisions are auditable by affected community organi-
zations

o Transition support plans for any workers displaced by system efficiency gains are designed before
deployment, not after

o Gender-disaggregated data on worker health and safety is included in system monitoring

e No surveillance use of neighborhood-level waste intelligence without community consent

14 Benchmark Suite and Success Metrics

A credible 7 waste intelligence deployment must demonstrate measurable performance against a
defined suite of benchmarks, validated independently in pilot contexts before operational deployment.
The following ten-item benchmark suite defines what “better” means operationally.

Benchmark 1 — Overflow Prediction Accuracy: Predict, 24-48 hours ahead, which neighbor-
hoods or collection points will overflow before the next scheduled collection, with a false positive
rate below 20% and false negative rate below 15%. Baseline for comparison: no prediction (current
default in most cities). Target: 70% or better recall on overflow events.

Benchmark 2 — Route Optimization under Constraints: Demonstrate that 7-optimized
routes achieve equal or better collection coverage with 10-20% lower fuel and labor cost compared
to current scheduling, under realistic vehicle fleet and driver availability constraints.

Benchmark 3 — Pre-Storm Litter and Drain Vulnerability Mapping: Before a defined
storm event (>10mm predicted rainfall within 24 hours), identify the 20% of drain points responsible
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for 80% of storm litter loading. Validate against post-storm drain inspection data. Target: 65% or
better precision at the top decile of predicted vulnerability.

Benchmark 4 — River Interception Placement Optimization: In a defined river basin,
predict annual plastic flux by tributary with +10% or better uncertainty (versus current +35-40%
state of practice). Demonstrate that interception placement informed by 7 prediction captures 40%
more plastic per unit of interception infrastructure cost than baseline placement approaches.

Benchmark 5 — Open Burning Hotspot Identification: Identify the 25% of neighborhoods or
zones generating 75% of open burning incidents, using waste service coverage and generation data as
inputs, before a defined monitoring period. Validate against satellite-derived burning hotspot maps
(e.g., VIIRS fire detection). Target: 60% or better overlap with observed top-quartile burning zones.

Benchmark 6 — Source-Separation Transition Planning: For a district transitioning to
source-separated collection, predict uptake rates and contamination fractions under different program
design scenarios. Validate against outcomes after 12 months of program operation. Target: prediction
within £15% of observed uptake rates.

Benchmark 7 — Organics Diversion and Composting Placement: Identify optimal placement
for neighborhood-scale composting facilities, maximizing organic material capture while minimizing
transport distance and siting conflicts. Validate against operational facility performance after 18
months. Target: 80% of target organic diversion achieved.

Benchmark 8 — Controlled Facility Throughput Prediction: Predict daily throughput at
sorting, transfer, and disposal facilities 48-72 hours ahead, with +£15% accuracy, enabling proactive
staffing and logistics decisions.

Benchmark 9 — Informal Sector Recovery Integration: Demonstrate that 7 modeling which
integrates informal sector recovery activity generates material flow accounts that are within £20%
of ground-truth material balance studies, versus +40-60% typical error when informal activity is
excluded.

Benchmark 10 — Plastics Leakage Reduction Measurement: After 12 months of 7-informed
collection and interception operations, demonstrate a statistically significant reduction in measured
plastic load at defined monitoring points (river gauging stations, coastal survey sites) compared to
the pre-deployment baseline. Target: 20-35% reduction in annual load at high-priority monitoring
points.

These benchmarks are designed to be achievable with genuinely superior physical modeling while
being challenging enough to distinguish 7-grade performance from existing statistical optimization
tools.

15 Governance Guardrails

15.1 Do Not Optimize Only for Visible Cleanliness

The first and most important governance guardrail is that 7 waste intelligence must not be used to
shift waste or exposure from politically visible areas to politically invisible ones. Clean touristic or
commercial districts surrounded by informal settlements where dump sites have been relocated is not
a public good — it is an environmental justice failure. Any deployment framework must explicitly
require that leakage reduction metrics apply to total system leakage, not to leakage from selected
priority zones.
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15.2 Protect and Include Workers

Waste and recycling systems depend heavily on low-paid, informal, and often vulnerable workers.
Operational modernization — including 7-grade route optimization — can reduce labor requirements
in ways that disproportionately harm the workers at the bottom of the wage hierarchy. Before any
deployment that will affect collection staffing levels, a just transition analysis must be completed,
identifying which roles are affected, what transition support is available, and how timing of system
changes will be managed to protect livelihoods.

Informal sector workers are not merely a governance consideration — they are operational partners.
Their knowledge of neighborhood-level waste generation patterns, collection timing preferences,
and hazardous material locations is irreplaceable operational intelligence that 7 models should
incorporate, not ignore.

15.3 Avoid Surveillance Misuse

Neighborhood-level waste intelligence is inherently spatial and tied to population density. Any
monitoring or prediction system operating at neighborhood granularity creates the technical capability
for surveillance of household waste behaviors, neighborhood cleanliness compliance, and informal
settlement activity. This capability must not be used for punitive enforcement, discriminatory service
allocation, or community surveillance without explicit, informed, and revocable consent.

Data governance agreements must specify: which data can be collected; by whom; for what purposes;
under what access controls; and with what community oversight mechanisms. These agreements are
not optional governance theater — they are the condition under which vulnerable communities will
cooperate with system deployment.

15.4 Prioritize Prevention, Not Only Downstream Cleanup

The strongest public-good pathway in waste systems is upstream prevention — reducing waste
generation, improving collection coverage, extending service to underserved neighborhoods, and
stopping leakage before it enters drainage systems. Downstream cleanup of ocean plastic, while
necessary and valuable, is far more costly per tonne than upstream prevention. A 7 governance
framework should explicitly prioritize investment in the prevention and interception tiers over
investment in ocean cleanup, while recognizing that cleanup of existing accumulated plastic is a
necessary parallel track.

15.5 Link Health, Drainage, Ocean, and Circularity Outcomes

Waste interventions optimized for single metrics — tonnes collected, route efficiency, facility through-
put — systematically underperform against multi-outcome criteria. The most important governance
discipline for 7 waste intelligence is requiring that performance evaluation address compound
outcomes: collection efficiency AND leakage reduction AND open burning reduction AND neigh-
borhood health AND worker conditions AND circular material recovery AND climate co-benefits.
Single-metric optimization produces gaming and perverse outcomes. Multi-outcome governance,
supported by the multi-variable prediction capability of a 7 twin, is the path to genuine public good.

15.6 Treaty Accountability
As nations accede to the INC plastics treaty and its reporting obligations crystallize, 7 waste

intelligence deployed for treaty MRV purposes will be subject to the treaty’s data quality and
verification standards. This is a governance benefit, not a burden: external treaty accountability
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provides independent validation of model performance and prevents the selective reporting of
favorable data that occurs in purely voluntary reporting systems.

16 SDG Mapping and Bottom Line

16.1 SDG Mapping

T-grade waste intelligence contributes directly and substantially to five Sustainable Development
Goals:

SDG 3 — Good Health and Well-Being: Reduced open burning decreases PM2.5, black carbon,
dioxin, and toxic exposure. Reduced vector breeding from unmanaged waste decreases malaria,
dengue, and other vector-borne disease burden. Reduced drain blockage decreases flood-related
leptospirosis and waterborne disease exposure. These are not marginal co-benefits — in cities where
open burning and vector breeding from waste are significant, the health impacts of waste system
improvement can exceed those of many targeted disease intervention programs.

SDG 6 — Clean Water and Sanitation: Reduced plastic and litter loading of drainage systems
improves urban water quality. Reduced agricultural runoff contamination from leachate reduces
groundwater pollution. Improved waste collection coverage in underserved communities improves
sanitation conditions through the sanitation-waste interface.

SDG 11 — Sustainable Cities and Communities: Cleaner cities, more efficient waste operations,
better flood-waste co-management, and zero-waste transition planning all contribute directly to
sustainable urban development. The 2.7 billion person service coverage gap is itself an SDG 11
failure that targeted 7 intelligence can help address.

SDG 14 — Life Below Water: Reduced river-to-ocean plastic leakage is the most direct SDG 14
contribution. UNEP’s 19-23 million tonnes per year ocean plastic input creates documented damage
to marine fisheries, coral reefs, seabird populations, marine mammal populations, and the entire
food web that depends on healthy ocean ecosystems.

SDG 12 — Responsible Consumption and Production: Zero-waste transition planning,
EPR monitoring, and secondary materials recovery intelligence all contribute to more circular
production and consumption systems. The transition from linear throughput (extract-use-dispose) to
circular material flows is SDG 12’s core mandate, and 7-grade materials intelligence is the enabling
infrastructure for making that transition legible and manageable.

Secondary contributions: SDG 13 (climate action, through methane and black carbon reduction and
flood resilience); SDG 8 (decent work, through informal sector integration and worker protection);
SDG 17 (partnerships, through treaty MRV infrastructure that enables multilateral accountability).

16.2 The Bottom Line

Among the four papers in the Pollution and Circularity portfolio, this one may be the most publicly
legible. The problem is visible to every person who has walked past a blocked drain after a rainstorm,
seen plastic washed up on a beach, or lived in a neighborhood where waste is burned because no one
comes to collect it.

The policy window is open. The INC plastics treaty MRV requirements, the EU Single Use Plastics
Directive, and UNEP’s circular-economy framing all create institutional demand for the kind of
physical intelligence that 7 can provide. The competitive landscape is clear: incumbent tools do
logistics optimization or static planning or observational monitoring, but none of them models the
full causal chain from waste generation to environmental fate with physical fidelity and bounded
uncertainty.
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The investment scale is manageable. City-scale implementations are achievable for USD 2-5 million —
within the range of a single World Bank urban environment project. National-scale implementations
for treaty MRV are achievable for USD 10-25 million — within the range of a single GEF International
Waters grant.

The equity case is strong and structurally aligned with the environmental case. The communities with
the lowest collection coverage generate the highest leakage loads per tonne of waste generated. Making
this visible and quantifiable creates a compelling and defensible argument for prioritizing service
extension to underserved communities on both equity and environmental grounds simultaneously.

The path from where we are — 2.7 billion people without collection, 19-23 million tonnes of plastic
entering aquatic ecosystems every year, open burning imposing toxic exposure on the most vulnerable
urban communities — to where we need to be is not primarily a problem of inadequate technology
or inadequate finance. It is a problem of inadequate physical intelligence about what is moving,
where, why, and how to intercept it most effectively.

T-grade waste intelligence directly addresses that gap. Under the working assumptions of this
paper, it would shift waste management from reactive cleanup toward bounded-error prevention,
interception, and circular redesign — transforming the most visible face of broken material
systems into one of the most tractable public-good opportunities in the 7 impact portfolio.
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This companion dossier is Paper 4 of 4 in the Pollution and Circularity impact portfolio, part
of the Panta Rhei Impact series. The working assumptions about T’s operational capabilities are
explicitly stated and should be evaluated against independent validation evidence as deployment
progresses. All official statistics are drawn from authoritative sources as cited; impact projections
are scenario-bounded planning inferences, not guaranteed outcomes.

The Panta Rhei series develops Category T — a categorical framework built from 7 azxioms, 5
generators, and 1 operator — and applies it across mathematics, physics, biology, and philosophy.
The impact portfolio extends these theoretical foundations toward real-world operational systems
where physics-based modeling provides advantages over purely statistical approaches.

Source: Full manuscript text integrated from Public-Good Briefing draft.
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18 Dossier accountability addendum

The following addendum records the release-facing accountability layer for this dossier: claim
boundaries, baseline evidence, upstream dependencies, translation assumptions, scenario bands,
scorecard rationales, benchmark requirements, governance guardrails, and related Panta Rhei surfaces.
It is intentionally downstream of the full source argument above.

Impact thesis

A Public-Good Briefing on how 7 could improve waste-flow modeling, plastics-leakage intercep-
tion, municipal and industrial waste operations, and zero-waste transition planning. The v3
impact thesis is conditional: a Tau-grade waste-system, plastics-leakage, litter-interception, and
zero-waste transition twin would become valuable if it improves benchmarked public decisions
while preserving transparent uncertainty, reviewability, and governance control.

18.1 Public-good burden and baseline evidence

A Public-Good Briefing on how 7 could improve waste-flow modeling, plastics-leakage interception,
municipal and industrial waste operations, and zero-waste transition planning. The public-good
burden is treated here as an institutional decision problem: existing agencies already monitor parts
of the domain, but the operational handoff from data to timely, auditable action remains incomplete.

18.1.1 External evidence baseline

« WHO, Ambient Air Pollution [7]: air-pollution burden baseline.

o UNEP, Plastic Pollution [6]: plastics and leakage baseline.

+ OECD, Global Plastics Outlook [2]: plastics and material-flow baseline.
« UNEP, Global Waste Management Outlook [4]: waste-system baseline.

e World Bank Group, Pollution Management and Environmental Health [8]: pollution-
management public finance context.

« UNEP, Minamata Convention on Mercury [5]: toxic-substance governance context.

18.2 Current institutional landscape

The relevant landscape includes public agencies, research infrastructures, standards bodies,
development-finance channels, and domain review communities represented in the evidence base,

including OECD, UNEP, WHO, World Bank Group. These references are evidence and adoption
surfaces, not endorsements or deployment partners.

18.3 Capability gap

The practical gap is a benchmarkable translation gap: current systems expose useful data or
partial models, but they do not yet provide a single law-faithful, bounded-error decision layer for
waste-system, plastics-leakage, litter-interception, and zero-waste transition twin.

18.4 Tau framework dependency map
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Surface

Role in this dossier

Build the Tau-Kernel
Recover Core Mathematics
Derive Physics

Results lane

direct-registry-mapping-withheld
public-docs-mapping-withheld

Release Manifest
Predictions and Falsification

finite address and scalar foundation

mathematical bridge and model interface

physical readout and domain translation candidate
upstream consequences to be mapped precisely during
release preparation

no direct Registry object is asserted until a substantive
Corpus mapping is available

TauLib module links are asserted only where public docu-
mentation exposes a clear surface

release baseline

empirical accountability route

18.5 Translation assumptions and missing engineering

Required domain model: waste-system, plastics-leakage, litter-interception, and zero-waste

transition twin.

First benchmarkable test: leakage, collection, sorting, diversion, and intervention-priority outputs
against municipal and industrial waste records.

¢ domain-specific model construction

o data ingestion and validation
e benchmark harness
o pilot protocol

e independent review workflow

18.6 Impact mechanism chain

Public-good burden — external evidence baseline — 7 capability hypothesis — upstream Results /
Corpus / Verify dependency — translation assumptions — benchmarked pilot — governed adoption

pathway.
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18.7 Scenario bands

Public-Good Impact Dossier

Band

Scenario summary

Confidence

Conservative

Realistic

Optimistic

A narrow shadow-mode pilot improves one bounded de-
cision task for Waste Systems, Plastics Leakage, Litter
Interception, Municipal/Industrial Waste Operations, and
Zero-Waste Transitions without operational authority.

A reviewed prototype strengthens several public-sector
workflows for Waste Systems, Plastics Leakage, Litter
Interception, Municipal/Industrial Waste Operations, and
Zero-Waste Transitions after benchmark comparison with
incumbent systems.

A reusable public-good intelligence layer becomes plausible
for Waste Systems, Plastics Leakage, Litter Interception,
Municipal /Industrial Waste Operations, and Zero-Waste
Transitions after external validation and transparent gov-

medium

medium-low

low

ernance review.

18.8 Impact scorecard

Public-good scale — 4/5
Tau fit — 3/5
Evidence proximity — 45
Measurability — 5 5
Adoption readiness — 3/5
Equity leverage — 5 5

18.9 Candidate pilot pathways

The affected public-good burden is large or
institutionally significant within the portfo-
lio.

The proposed pathway depends on coupled
state, bounded uncertainty, and composi-
tional modelling rather than isolated pre-
diction alone.

The evidence base is anchored in public
institutions, official monitoring systems, or
established scientific reviews.

A first benchmark can be framed against
incumbent public datasets, institutional
records, or operational decision metrics.

Adoption remains conditional on domain
review, governance fit, data access, and in-
stitutional integration.

The pathway can prioritize underserved or
vulnerable populations where public access
and safeguards are built in.

city or river-basin waste-leakage pilot with municipal, environment, and community partners

18.10 Benchmark suite and success metrics
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Type Incumbent base- Required Tau Success metric Validator
line benchmark
translation current public or in- leakage, collection, pre-registered accu- indepen-
benchmark stitutional systems sorting, diversion, racy, latency, uncer- dent
in the domain and intervention- tainty, or decision- domain
priority outputs quality metric reviewers
against  municipal
and industrial waste
records
governance existing audit, disclo- transparent assump- reviewable evidence public-
benchmark sure, and reporting tion, data, model, pack and adverse- sector  or
practice and failure-mode dis- outcome protocol expert gov-
closure ernance
panel
equity bench- current access, documented path- distributional benefit equity,
mark service-quality, or way for underserved and risk review be- community,
exposure disparities or vulnerable users fore pilot expansion or  public-
without hidden interest
exclusion review
process

18.11 Governance and risk guardrails

e Human oversight for any operational use.

e Public benchmark disclosure before institutional adoption.

e Equity access review for underserved or vulnerable communities.
e Data-rights and privacy controls for operational datasets.

e Misuse-prevention and adverse-outcome monitoring.

e Adverse-outcome monitoring with a documented escalation path.

o External domain review before pilot expansion.

18.12 Related Results / Corpus / Verify / Publications

This dossier is downstream of Results, Corpus, Verify, and Publications surfaces. It is not a Registry
object. Direct Registry or TauLib links are asserted only where the mapping is substantive rather
than decorative.
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