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Abstract

Peri-urban regions around Southeast Asian megacities connect agriculture, markets, food-
service facilities, households, and municipal waste systems, yet comparable data for indi-
vidual waste streams are often unavailable. This study presents a screening framework for
selecting the first organic waste streams and node types to measure in Tangerang Raya,
Indonesia, before treatment performance data are available. The framework complements,
rather than replaces, city scale circularity monitoring, life cycle assessment, and technology
selection tools. Public and institutional data were screened by evidence class and temporal
and spatial compatibility. The core Peri-Urban Organic Waste Circularity Readiness Index
(PU-OCRI) evaluates five intrinsic criteria: feedstock concentration, source separation readi-
ness, treatment pre-screening compatibility, institutional readiness, and the safety/quality
gate. Scores represent collective author judgments linked to a criterion level evidence trail;
they have not been independently rated by local stakeholders or empirically calibrated.
Korea linked support is assessed separately and cannot affect the index. Available evidence
included 3248.1 t of large chili production in Kabupaten Tangerang in 2024, 798,406 t yr—! of
reported potential municipal-waste generation in Kota Tangerang in 2024, and a planning-
based estimate that 52.89% of non-residential waste in Kota Tangerang Selatan was biogenic
organic material. Under equal weights, market-linked organics scored 76/100 and garden
and landscape organics 72; production-side residues and household food waste each scored
56, and mixed residual waste scored 32. In 100,000 weight only simulations, market linked
organics ranked first in 65.9% of runs and garden and landscape organics in 31.2%. When
each score was allowed to vary by one point and sampled together with the weights, the
corresponding first-rank frequencies were 50.7% and 40.7%. These results define a provi-
sional paired audit hypothesis, not evidence of superior circular-economy performance. A
required 8-12-week comparison of market/food-service and garden/landscape nodes will
apply predefined criteria for mass stability, contamination, safety, treatment feasibility, cost,
and operator and stakeholder participation before scores are updated or any treatment or
scale-up decision is made. Korea-linked cooperation is limited to digital logging, training,
QA/QC, and pilot-operation protocols. Data provenance is explicit: the 798,406 t yr~!
value is the issuing agency’s population X per-capita estimate, whereas 52.89% is an author
calculated category sum (kitchen + garden + wood) used only as a screening proxy, not as a
direct stream level measurement or the plan’s official aggregate organic fraction.
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1. Introduction

Organic waste is a persistent urban sustainability challenge because it links food-
system inefficiency, greenhouse gas emissions, landfill pressure, public sanitation, and
lost nutrient recovery opportunities [1-3]. In rapidly urbanizing Southeast Asia, the
issue extends beyond farm residues and household food waste. Organic materials move
through farms, wholesale and retail markets, restaurants, hotels, public facilities, and
municipal collection systems. Their recovery depends on stream cleanliness, concentration,
institutional control, and safety verification.

This challenge is particularly visible in Jabodetabek, where peri-urban farmland,
dense settlements, and metropolitan food-distribution nodes are closely connected. Public
datasets, including Indonesia’s National Waste Management Information System (SIPSN),
report waste generation and management at city and regency scales [4]. However, these
totals do not show whether individual organic streams are separated, traceable, or safe for
recycling. Conversely, crop production statistics confirm that agricultural residues exist
but do not describe post-farm waste from markets, restaurants, food service facilities, or
municipal collection. Tangerang Raya can therefore be viewed as a peri-urban interface
linking organic waste generation and management rather than as a single crop residue case.
Kabupaten Tangerang retains agricultural production, including 32,481 quintals (3248.1 t)
of large chili (Cabai Besar/TW /Teropong) in 2024 [5]. Kota Tangerang represents a dense
municipal waste setting, with 798,406 t yr—! reported as potential generation in 2024,
224,092 t ylr_1 reduced through reduce, reuse, and recycle (3R) activities, and 573,551 t yr_1
formally handled [6]. A Kota Tangerang Selatan planning document reports a large biogenic
fraction in non-residential waste, including kitchen, garden, and wood categories [7]. A
regional study also documents substantial waste pressure in Kabupaten Tangerang [8],
although its 2022 estimate is used only as contextual evidence. Together, these sources
shift the immediate question from how much farm residue exists to which peri-urban
organic stream should be measured, separated, tested, and piloted first. The 3248.1 t
value is a deterministic conversion from 32,481 quintals (1 quintal = 0.1 t); the municipal
value is estimated in the cited report from population and a per-capita factor; and the
biogenic percentage is an author-calculated category sum rather than a directly measured
stream mass. Tangerang Raya’s position between agricultural production and dense urban
demand makes it a suitable case for testing whether clean, traceable, and institutionally
manageable biowaste streams can support an initial circular-economy intervention. This
study differs from crop-residue coefficient inventories and national agricultural by-product
assessments. It does not estimate crop specific residue coefficients, apply Bogor or Korean
residue factors to Tangerang, or assume that mixed organic waste is safe for agricultural use.
Instead, it provides a screening framework for deciding where direct measurement should
begin when local stream-level data are limited. The resulting rank is a testable prioritization
hypothesis, not a measured performance outcome. Established approaches address later or
different decision stages. OECD/JRC guidance covers composite-indicator construction
and uncertainty analysis; DPSIR organizes causal relationships; Wasteaware benchmarks
operating municipal waste systems; urban circularity frameworks and ISO 59020 monitor
measured system performance; and EASETECH and biowaste decision-support tools
compare defined material-flow or treatment scenarios once composition, process, and cost
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data are available [9-15]. PU-OCRI does not introduce new weighting mathematics or
replace these approaches. It addresses the earlier task of selecting a candidate stream and
node type for direct measurement while making evidence restrictions, score uncertainty,
and a field-based recalibration rule explicit. Korean experience is used only as an external
source of implementation support, not as a scored readiness attribute or a source of local
mass coefficients. Korean examples can inform logging templates, training, laboratory
QA /QC, and pilot-operation procedures, but they cannot increase a Tangerang stream’s
PU-OCRI score. This separation reduces policy-preference bias and keeps local evidence
as the basis for future ranking. Korea is the focal implementation reference for case
specific, not universal, reasons. The author consortium links BRIN and KIST; existing
Korea Indonesia smart agriculture and ODA initiatives provide channels for training
and digital systems [16-18]; and Korean and Indonesian source-separation and fertilizer-
control frameworks offer relevant procedures for logging and QA/QC [19-22]. These
links support the feasibility of collaboration, not the transfer of numerical performance
values. Accordingly, this study aims to: (i) define Tangerang Raya as a stratified node
and route sampling boundary; (ii) establish evidence inclusion and temporal/spatial-use
rules; (iii) construct a five criterion PU-OCRI for pre-audit stream prioritization; (iv) test
the ranking under random weight, leave one criterion out, and score uncertainty analyses;
(v) separate Korea linked implementation support from the numerical rank; and (vi) specify
a paired field validation and recalibration protocol before treatment selection, scale-up, or
policy adoption. The boundary design used to delimit this waste-and-recycling decision-
support assessment is summarized in Table 1.

The methodological positioning of the revised PU-OCRI relative to established indica-
tor approaches is summarized in Table 2.

Table 1. Boundary design used to position this study as a waste and recycling decision support
assessment rather than a crop residue coefficient inventory.

Dimension This Study Deliberately Excluded Reason
. Tangerang Raya: Kabupaten Avoids overlap with
(iecilgrfgg?lc Tangerang, Kota Tangerang and Kota Bfii);rResgtir(;Cy;SeZ production-side Bogor
y Tangerang Selatan p y y horticultural residue estimation.
Organic- Market-linked and horticultural ng(f)gc_isep:tcslffﬁrrfs;j;i The study evaluates circularity
waste organic-waste streams at production- aprika and laree g readiness, not farm
boundary market-municipal interfaces p Pc)hili pepper & residue generation.

Main unit of

Waste-stream readiness class and

tha~! crop-residue

A screening index is appropriate
for organizing initial

analysis PU-OCRI score coefficient measurement in data-limited
peri-urban settings.
. Which organic stream should receive . . Tangerang s miore strongly
Primary . . . How much residue is characterized by market
: the first controlled field audit and 2
question generated per crop? and municipal

pilot preparation?

organic-waste pressure.

Korea linkage

External implementation support:
digital logging, training, QA /QC,
safety screening, and SOPs

Direct transfer of Korean
residue coefficients

Korean coefficients reflect
different production and
management conditions and
require local calibration.

Operational
spatial unit

Identifiable source or handling
node within production,
market/food service, and
municipal/landscape strata

Grid-, watershed- or
raster-based
continuous surface

Creates reproducible
field-sampling units while
acknowledging the absence of
geocoded flow data.
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Table 1. Cont.

Dimension This Study Deliberately Excluded Reason
A node is eligible only if its operator, Converts the functional
. . a Untraceable flows or .
Flow linkage  candidate stream and collection or boundary from a narrative

transfer route can be identified
during pilot setup

inclusion rule

extrapolated inter-unit

mass balances

concept into an auditable
sampling frame.

Table 2. Methodological positioning of the revised PU-OCRI relative to established indicator approaches.

Framework or
Standard

Primary Purpose

Typical Unit/Output

Position of the Revised
PU-OCRI

OECD/JRC
composite-indicator
guidance [9]

Transparent construction,
normalization, weighting,
aggregation and
sensitivity analysis

Composite scores or
ranks across entities

Adopted as construction
guidance; no new aggregation or
weighting mathematics
is claimed.

Causal organization of

System level causal

Not a causal model; PU-OCRI

DPSIR [10] drivers, pressures, states, . 1. selects a waste stream for direct
. indicator set . ) .
impacts and responses audit and pilot comparison.
A later-stage complement: it
Wasteaware ISWM Benchmark integrated city =~ City level quantitative  evaluates an operating municipal

indicators [13]

waste service performance
and governance

and qualitative
performance indicators

system rather than selecting an
unmeasured stream for the
first audit.

LCA /process models

such as EASETECH [14]

Compare environmental
performance of defined
material flow and
technology scenarios

Scenario-level flows,
emissions and impacts

A later-stage complement because
it requires quantified composition,
routing, and process inventories.

Biowaste planning and

MCDA
decision-support
tools [15]

Compare collection,
treatment or system-design
alternatives using defined
objectives and parameters

Technology or
management
scenario ranking

A later-stage complement; these
tools become appropriate after
local feedstock, cost, and
stakeholder data are measured.

Urban circularity
frameworks and ISO
59020 [11,12]

Measurement and
monitoring of circularity
performance within a
defined city or
economic system

Measured city, system,
organization or product
level indicators

PU-OCRI is an earlier stage
complement: it identifies where
stream specific measurement
should begin before complete
monitoring data exist.

Revised PU-OCRI

Pre-audit prioritization of
candidate peri-urban
organic-waste streams

One provisional score
per stream and a
field-validation
protocol that can reject
or revise the rank

Stream level analysis, node and
route boundary, evidence-use
tags, separation of external
support, global weight
uncertainty, and paired
field validation.

2. Materials and Methods

As this was a desk-based screening and decision-support assessment, no chemicals,

reagents, devices, instruments, commercial cell lines, biological samples, or commercial

experimental materials were used.

2.1. Study Boundary, Spatial Operationalization and Candidate Organic Waste Streams

Tangerang Raya was represented as a stratified node system within Kabupaten

Tangerang, Kota Tangerang, and Kota Tangerang Selatan. The production stratum in-

cludes farms and initial aggregation nodes in Kabupaten Tangerang. The market and
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food-service stratum includes wholesale, retail, catering, and public-facility nodes. The
municipal stratum includes collection, landscape management, and treatment interfaces
across the regency and two cities. Administrative units therefore serve as nested sampling
strata rather than interchangeable observations.

An eligible pilot node must be located within one of the three administrative units,
have an identifiable operator, generate or handle one of the five candidate streams, and
have a documentable collection or transfer route. This study does not interpolate a continu-
ous waste surface, infer unobserved flows between administrative units, or claim a grid,
watershed, or corridor based material flow model. During field validation, selected nodes,
service areas, and transfer routes should be geocoded so that the currently conceptual links
become observed spatial flow records.

Five streams were evaluated: (1) production side horticultural residues in Kabupaten
Tangerang; (2) market linked horticultural organics, including produce trimmings, rejected
vegetables, and food service preparation waste; (3) household food waste; (4) garden and
landscape organics; and (5) mixed residual waste in conventional collection and disposal
routes. Mixed residual waste was retained as a negative control. Because the uncertainty
analysis identifies garden and landscape organics as the main competing candidate, the
validation design compares this stream directly with market-linked organics rather than
auditing only the equal-weight leader. Hereafter, the second stream is termed “market-
linked organics.”

2.2. Evidence Hierarchy and Data-Quality Controls

Data sources were not treated as statistically equivalent. Class A requires an official
issuer, publication year, administrative boundary, unit, and traceable table or dashboard; it
may support a factual input or score only when directly matched to a criterion and stream.
Class B requires an adopted plan, regulation, or official technical report with a defined date
and boundary; it may support institutional readiness or a stated composition proxy, but not
an unreported local mass estimate. Class C requires a peer-reviewed or official technical
method that specifies the feedstock, treatment, and analytical procedures; it is limited
to variable selection, treatment pre-screening, and QA /QC design. Class D comprises
qualitative author interpretation derived from Classes A—-C. Sources were excluded if they
lacked a verifiable year, boundary, unit, or method, duplicated a secondary summary, or
presented non-local coefficients as local values. Class C or D evidence cannot replace local
measurements in the numerical score.

Temporal and spatial compatibility were recorded separately. TO denotes the same
reference year as the main 2024 data; T1 denotes a one-year difference; and T2 denotes
a difference of two to three years and permits contextual use only. SO denotes the same
administrative stratum and a directly relevant stream; S1 denotes another stratum within
Tangerang Raya; and S2 denotes an external or non-local source. No temporal interpolation
was applied. The 2022 Kabupaten Tangerang waste-pressure estimate is tagged T2-51 and
excluded from scoring and direct comparison with 2024 totals. Korean sources are tagged
S2 and excluded from the core PU-OCRI. Reported masses were converted to t yr—!, but
values from different years or spatial supports were not pooled.

These tags control data use; they are not correction factors. The 2022 contextual
estimate, 2025 planning proxy, and Korean references are not combined with the 2024
administrative totals to create a common mass balance. Their uses are limited to those
specified in Table 3. Three data-use labels were applied in addition to the evidence classes:
reported values were transcribed from the cited source; derived values were produced only
by a displayed deterministic unit conversion or arithmetic sum; and inferred values were
ordinal screening judgments mapped to the published anchors. Derived values do not
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constitute new empirical observations, and inferred values were never treated as measured
mass, composition, contamination, safety, or treatment performance. No missing local
value was imputed from another city, year, crop, or Korean case.

Table 3. Evidence classes, temporal-spatial compatibility tags and permitted analytical uses in the

Tangerang Raya assessment.

. Reference . .
Evidence Layer Year/Spatial Support Tag Class Permitted Analytical Use
Kabupaten Confirms production side presence and
P 2024 /Kabupaten informs feedstock concentration rationale; no
Tangerang T T0-S0 A id fficient is derived
horticulture angerang crop residue coefficient is derived.
32,481 quintals x 0.1 t/quintal = 3248.1 t.
Documents municipal pressure and
institutional context; not treated as a
Kota Tangerang 2024 /Kota T0-S0 A stream-level composition audit. The
municipal waste Tangerang 798,406 t yr~! figure is the source’s
population X per-capita estimate, not a direct
weighbridge total.
Nominates biogenic categories for sampling;
Kota Tangerang not converted into a Tangerang Raya mass
Selatan 2025 plan/Kota T1-51 B estimate without node validation. The 52.89%
non-residential Tangerang Selatan proxy equals 32.44 + 11.23 + 9.22; it is an
composition author sum only, not the plan’s official
aggregate or a mass estimate.
Narrative pressure context only; excluded
Kabupaten . .
Tangerang 2022/Kabupaten from scores and direct cross year comparison.
rooional waste Taneeran T2-S1 B The manuscript rounds 841,497 t yr ! in the
8 & & source table to approximately 841.49 thousand
pressure _1. 7 .
tyr~"; no extrapolation is applied.
SIPSN national Current
waste dashboard /city T0/T1-50 A Update and cross check source; does not
. . : replace site level audits.
information regency units
Korean smart External implementation support mapping
agriculture ar}d 2024-2025/external ~ TO0/T1-S2 B only; no effect on PU-OCRI score or rank.
waste cooperation
Koreaim and 2019-2022 /national Defines regulatory and QA /QC variables;
Indonesian safety S1/52 B : :
or external does not provide local readiness values.
references
Korean Treatment variables and non-local stress-test
benchmark 2011-2026/external S2 C context only; numerical coefficients cannot be

literature [23,24]

transferred to Tangerang.

2.3. Construction of the PU-OCRI Readiness Index

The revised Peri-Urban Organic-Waste Circularity Readiness Index (PU-OCRI) is
a transparent screening tool, not a predictive model of recycling success. The core in-
dex contains five locally relevant criteria: feedstock concentration (F), source separation
readiness (S), treatment pre-screening compatibility (T), institutional readiness (I), and
the safety/quality gate (Q). Korea linked transferability was removed because external
cooperation is not an intrinsic property of a Tangerang waste stream.

These criteria represent the minimum conditions that can be assessed at stream level
before selecting a site or treatment. A candidate stream should be sufficiently concentrated,
practically separable, compatible with at least one plausible treatment, linked to an iden-

https://doi.org/10.3390/su18136603


https://doi.org/10.3390/su18136603

Sustainability 2026, 18, 6603

7 of 22

tifiable host institution, and able to enter a defined safety and quality control pathway.
The criteria are kept separate to limit double counting: concentration is not separation
quality, treatment compatibility is not product safety, and institutional presence is not
stakeholder willingness.

Economic feasibility, transport distance, land availability, stakeholder willingness,
operating cost, and site specific permitting were excluded from the baseline score be-
cause comparable stream level observations were unavailable and several depend on the
selected node and treatment. Institutional readiness does not imply willingness, and
the safety/quality criterion does not imply regulatory approval. These dimensions are
mandatory measurements in the paired audit and may be included in later recalibration.

Each criterion is scored on a 0-5 ordinal scale. The OECD/JRC handbook informed the
principles of transparency, normalization, and uncertainty analysis but does not prescribe
this scale [9]. A six point range was chosen to distinguish more levels than a binary or three
level screen while remaining auditable with limited evidence. A score of 0 indicates no
usable criterion matched evidence or no operational readiness, or a contamination or safety
constraint that prevents direct circular use. A score of 5 indicates strong criterion matched
evidence of regular concentration, practical separability, a compatible pilot treatment, an
identifiable host, or a manageable safety /quality pathway. Intermediate values indicate
documented partial readiness; they are judgments, not measured quantities. The five
criteria and scoring anchors are summarized in Table 4.

Table 4. Core PU-OCRI criteria and scoring anchors.

Criterion

Score 0-1 Score 2-3 Score 4-5

Mixed residual waste

Source-separation oy Partial separation or Source separated or readily
) with high . . .
readiness (S) .o feasible manual separation separable organic stream
contamination
Feedstock Dispersed or unknown Moderate or see}sonal Large or regularly concentrated
. mass; no regular stream; partial . i
concentration (F) . . . stream at an identifiable node
collection point concentration
Institutional No identifiable Some program, facility or A named muruClpgl, market,
. . . . farmer group or facility actor can
readiness (I) responsible actor authority exists . .
host an audit or pilot
Safety/quality High unknown risk and Screening required but Low risk stream or a clear .
. . regulatory and laboratory testing
gate (Q) no screening pathway  operationally manageable

pathway before reuse

For stream j, PU-OCRI; = 20 x sum(w, X sjc), where s is the 0-5 score for criterion c,
each w¢ is non-negative, and the weights sum to 1. Equal weights (w. = 0.20) provide the
baseline. The 0-100 transformation aids communication but does not indicate probability,
interval-scale measurement, or empirical calibration. The bands > 75, 60 < 75, 40 < 60,
and <40 are heuristic screening categories rather than validated performance thresholds.

To improve reproducibility, each score is linked to a criterion anchor, a stream-specific
evidence statement, and a field observation that can revise it. A numerical score requires
criterion matched local Class A or B evidence. Class C may support treatment or safety
interpretation only when linked to local Class A /B evidence, and Class D cannot create a
score. When evidence fell between two anchors, the lower score was retained. Table 5 pro-
vides the full evidence to score trail and a one-point range, [max(0, s — 1), min(5, s + 1)], for
each assigned score. These ranges represent pre-field judgment uncertainty, not statistical
confidence intervals.
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Table 5. Criterion level PU-OCRI evidence to score audit trail. The pre-field intervals are one anchor
step judgment perturbations, not statistical confidence intervals.

Crlter.l on and . . Pre-Field Field Observation That
Stream Assigned Evidence to Score Rationale Score .
Can Revise the Score
Score Range
Production 2024 BPS statistics confirm Farm gate kg d ! by crop
side F=o horticultural production, but no 1-3 and node, collection
horticultural a residue mass or recurring aggregation frequency, and seasonal
residues node is measured. coefficient of variation.
Residues arise at the production . .
source and are physically Non-organic fraction,
S=4 e - 3-5 rejected loads and observed
distinguishable from municipal waste; ) .
. o . separation practice.
actual handling purity is not audited.
Comg‘r’zgﬁg‘i’e‘z‘sﬂ)ﬂ‘;ﬁ;"Char Moisture, TS/VS, C/N,
T=3 literature-supported possibilities only 2-4 b10ch.e mical methane
; potential or bench-scale
after local moisture and
. . route test.
composition screening.
Farmers, groups and public agencies Named host, signed SOP or
I=3 could host an audit, but no named 24 data agreement, staffing
operator agreement is documented. and record completion.
Pesticide, physical and microbial risks Pesticide, metals, microbial
are unknown, although a laboratory s
Q=2 1-3 and germination-index
and regulatory pathway can ass/ fail results
be defined. p ’
Markets and food service nodes may Dailv separated mass
Market linked concentrate vegetable rich material, as collecti(}),n frpe wenc misée d
horticultural F=4 suggested by the non-residential 3-5 | redq %
. . collections and weekly
organics planning proxy, but no node-level mass variabilit
mass has been measured. Y
Source or manual separation appears Median and 90th-percentile
S=3 feasible, but packaging and plastic 24 non-organic contamination
fractions have not been measured. and rejected load frequency.
Vegetable-rich feedstock can plausibly Route specific feedstock
T=5 enter several treatment routes after 45 criteria and bench or pilot
- verification; no route has yet been entry gates for composting,
validated locally. BSFL, or AD.
Identifiable market, food service and Signed node agreement,
I=4 municipal actors could host an audit, 35 named operator, staffing
B but formal participation is not continuity and
yet secured. data completeness.
Packaging, pesticide and spoilage Repeated safety testing,
Q=3 risks may be manageable through o4 germination index, and an
a screening, but no safety results Indonesian regulatory
are available. pass/fail decision.
Murucllpal totals indicate a large Measured separated mass
Household potential source, but the mass of
F=5 4-5 rather than total
food waste separately collected household food .
. municipal waste.
waste is unknown.
Current collection is predominantly Participation, set out rate,
S=1 mixed and household participation 0-2 contamination and rejected

and purity are unknown.

load frequency.
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Cr1ter.1 on and . . Pre-Field Field Observation That
Stream Assigned Evidence to Score Rationale Score .
Can Revise the Score
Score Range
Food waste may suit composting, Moisture, VS, salt,
T=3 BSFL or AD after reliable separation; o4 contaminants and
- no local substrate route-specific
characterization exists. pilot performance.
Municipal actors exist, but no Named program ownet,
route coverage, signed
I=3 household program owner, coverage 2-4
. . . procedures and
area or dedicated route is confirmed. .
data completion.
Variable household contaminants and . . .
. N . . Chemical, metals, microbial
Q=2 microbial risks require screening 1-3 .
and product-quality results.
before reuse.
Garden and Landscape nodes may concentrate Daily or weekly mass,
landscape F=3 material, but quantity, frequency and 24 collection frequency and
organics seasonality are not measured. seasonal variability.
- The. stream is generally Non-organic fraction, soil
distinguishable and cleaner than . .
S=4 . . . 3-5 fraction, woody oversize
mixed waste, but soil, plastic and .
: ! and rejected loads.
oversize fractions are unmeasured.
Landscape managgment nodes may Moisture, lignocellulosic
concentrate material, but quantity, .
T=4 . : 3-5 fraction, treated wood
collection frequency, and seasonality .
screen and route trial.
are unmeasured.
Landscape and municipal actors exist, Named operator, route
I=3 but a stable route and named pilot 24 continuity, SOP and record
host are not documented. completion.
Food contact risk is relatively low, but Contaminant screen and
Q=4 plastics, treated wood and soil 3-5 route-specific product
contaminants remain possible. quality tests.
Mixed A large and regular municipal flow Route-level
. F=5 . 4-5 o
residual waste is documented. mass verification.
Source separation is absent Post-sorting purity from an
S=0 L 0-1 .
by definition. advanced sorting process.
Direct recycling is implausible Post-sorting composition
T=1 without major sorting 0-2 and route specific
and preprocessing. feasibility test.
Collection and disposal actors exist, Permitted sorting operator,
I=2 but no direct agricultural recycling 1-3 accountable product owner
host is identified. and approved route.
Mixed contaminants create an Complete post sorting
Q=0 unknown safety profile with no direct 0-1 safety assurance and

reuse pathway.

regulatory approval.

Where local evidence established only stream presence or institutional context, the
authors treated the assigned score as a conservative structured inference, retained the lower
plausible anchor, and specified the field observation required for revision in Table 5.

The score matrix reflects collective author judgment. D.I. compiled the criterion-level
evidence map, and D.I, N.A.S,, and J.Y.L. reviewed each score against the published an-
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chors. A higher score was accepted only when criterion-matched evidence supported it.
Individual preliminary ratings were not archived, inter-rater agreement was not calculated,
and no local stakeholder panel independently reviewed the scores. Before policy use,
municipal agencies, market and food service operators, waste managers, farmer representa-
tives, and laboratories should repeat the scoring independently, document disagreements,
and report inter-rater agreement. AHP consistency ratios would be appropriate only if a
future panel undertakes formal pairwise weighting.

PU-OCRI should therefore be interpreted as an expert-supported screening tool with
visible and testable assumptions. The anchors do not eliminate subjectivity; the evidence
matrix, global weight analysis, leave one criterion out tests, and prospective field compari-
son make it explicit. No statistical validation or causal prediction is claimed.

2.4. Weight Uncertainty, Calibration Limits and Reproducibility

The matrix contains five candidate streams and five ordinal criteria but no observed
recycling success outcome. It is therefore too small for stable PCA or regression calibra-
tion. AHP would require a separately designed stakeholder panel, documented pairwise
comparisons, and consistency testing. Applying these methods to the present data would
create false precision. Equal weighting is used only as a transparent reference case, not
as an empirically estimated optimum. The earlier separation logistics, safety first, Korea
transfer, and No-K schemes were removed: Korea is no longer part of the index, and
policy-labeled fixed weights were replaced by a fully specified analysis across the full range
of non-negative weights.

Weight dependence was assessed following composite-indicator uncertainty princi-
ples [9]. Using seed 4403916, 100,000 weight vectors were sampled from Dirichlet (1,1,1,1,1);
every vector is non-negative and sums to one. In leave one criterion out tests, the omitted
criterion received weight 0 and each remaining criterion 0.25. A second 100,000 run analysis
used seed 4403917, sampled each criterion score with equal probability from its Table 5 one
point range, and combined the sampled scores with new Dirichlet weights. These analyses
quantify dependence on author judgments; they do not establish empirical validity. Table 6
reports all weights, score-sampling rules, replication counts, and seeds. All spreadsheet
calculations, score aggregation, random-weight sampling, and uncertainty analyses were
performed using Microsoft Excel for Microsoft 365 (Microsoft Corporation, Redmond, WA,
USA,; Version 2505).

Table 6. Exact weighting and uncertainty analysis specifications used in the revised PU-OCRI.

Analysis F S T I Q Replications/Seed Purpose
Equal .
weight 0.20 0.20 0.20 0.20 0.20 Single Iransparent
g calculation reference score.
baseline
Global Explores all
weight un- Dirichlet  Dirichlet  Dirichlet  Dirichlet Dirichlet 100,000,/4403916 nqn—negatlve
. alpha=1 alpha=1 alpha=1 alpha=1 alpha=1 weight vectors
certainty
that sum to one.
. Tests dependence
Leave F 0 0.25 0.25 0.25 0.25 Single on feedstock
out calculation .
concentration.
. Tests dependence
Leave$ 0.25 0 0.25 0.25 0.25 Single on source
out calculation .
separation.
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Table 6. Cont.
Analysis F S T I Q Replications/Seed Purpose
. Tests dependence
Leave T 0.25 0.25 0 0.25 0.25 Single on treatment
out calculation )
pre-screening.
. Tests dependence
Leavel 0.25 0.25 0.25 0 0.25 Single on institutional
out calculation .
readiness.
. Tests dependence
Leave Q 0.25 0.25 0.25 0.25 0 Single on safety/
out calculation .
quality gate.
Joint Dirichlet  Dirichlet  Dirichlet  Dirichlet Dirichlet . .
Combines weight
score- alpha=1 alpha=1 alpha=1 alpha=1 alpha=1 uncertainty with
weight + score- + score- + score- + score- + score- 100,000/4403917 . ty
one-point score
uncer- range range range range range Uncertaint
tainty sampling sampling sampling sampling sampling Y

2.5. Korea-Linked Implementation-Support Mapping External to PU-OCRI

Korea-linked material is not a readiness criterion. It is presented separately so that
an international partnership cannot raise the score of a locally weak stream. All Korean
sources are tagged S2 and have no direct effect on scores, screening bands, or ranks. The
former Korea transfer and No-K scenarios are therefore unnecessary. Korean examples may
provide auditable operational products only after Tangerang stakeholders select a stream
for field testing.

Implementation will be led locally. Indonesian partners and Tangerang authorities
will select nodes, interpret regulations, own the primary data, and make safety and scale-
up decisions. Korean partners may co-develop data dictionaries and standard operating
procedures, provide train the trainer sessions, and support inter-laboratory QA /QC under
a written work plan. Each module should identify a local owner, deliverable, verification
record, and maintenance plan; none can change the PU-OCRI rank.

Three guardrails apply. Level 0 prohibits direct transfer of Korean residue coefficients
or waste generation rates. Level 1 permits non-local values only as clearly labeled stress
test context, never as Tangerang inputs. Level 2 permits protocols, training, laboratory
methods, and pilot operation procedures. This distinction resolves the earlier overlap
among benchmark, training, and scoring roles: only Level 2 implementation products are
transferred operationally, and none changes the core rank. The resulting implementation-
support modules are summarized in Table 7.

2.6. Prospective Paired Validation Protocol

The paired audit is a prerequisite, not an optional extension. PU-OCRI only nominates
streams and nodes for measurement; the screening rank alone should not determine
treatment choice, procurement, infrastructure commitment, or scale—up.

Because no direct waste-flow or contamination measurements are available, validation
is designed as a paired prospective field study. Phase 1 should monitor 2—4 market or
food service nodes and at least two garden and landscape collection nodes for 8-12 weeks,
matched by service area or collection frequency where feasible. Daily records should
include source, fresh mass, missed collections, visible contamination, packaging frac-
tion, moisture proxy, storage time, operator, and routing decision. Phase 2 should apply
mandatory safety and quality tests for moisture, pH, EC, total and volatile solids, C/N,
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NPK, heavy metals, pesticide residues, microbial indicators, and germination index before
treatment trials.

Table 7. Korea linked implementation support mapping; all modules are external to the core
PU-OCRI score.

Local Implementation Permitted Korea Taneerane Deliverable Verification and
Gap Linked Support 8 8 Score Effect
Traceable feedstock Digital mass logging Daily nc')de,.stream, mass, Data completion audit; no
template and contamination and route
data - effect on the PU-OCRI rank
data dictionary level records
. Training materials, Documented separation Observed separation
Source-separation feedback . d land P i P
uality eedback routines an protocol an performance; no effect on
q operator SOPs contamination log the baseline rank
'QA /QC panel, Moisture, pH, EC, nutrients, Regulatory pass/ fail gate;
Safety and inter-laboratory metals, pesticide residues,
. . . LR cannot compensate for a
product quality comparison and microbial indicators, and failed safety result
reporting template germination results ty
o Comparable run logs for Operational evidence for
. . . Process-monitoring SOPs . o
Pilot-operation capacity . composting, BSFL, AD or later recalibration; no
and trainee exchange . . .
biochar preprocessing pre-field score bonus

The baseline market-linked recommendation will be compared with the garden and
landscape stream by domain rather than through another unvalidated composite score.
Any stream that fails a mandatory legal or safety requirement is ineligible for scale-up.
Streams that pass will be compared for feedstock stability, contamination, treatment and
recovery performance, net operating cost, and stakeholder participation. The market-linked
recommendation is contradicted if it fails a mandatory safety gate or if the comparator
performs at least as well in every non-safety domain and better in at least one. If neither
stream clearly outperforms the other, the result is inconclusive and the observed data
should be used to revise scores, weights, and sampling before any infrastructure or policy
decision. After the audit, each baseline score will be replaced by the observed band in
Table 8, and the equal weight, leave-one-out, and uncertainty analyses will be rerun. A
stream may enter a controlled treatment pilot only if it passes the mandatory Q gate
and receives scores of at least 3 for F, S, T, and 1. A total score of 75 or more remains an
audit-priority indicator, not authorization for scale-up.

Table 8. Provisional field to score recalibration rules for the paired audit.

I Score 4-5 After Field Score 2-3 After Field Score 0-1 After Field
Criterion
Measurement Measurement Measurement
At least 8 usable audit weeks; 50-79% of scheduled <50% of scheduled
F: feedstock >80% of scheduled collections collections completed or collections completed,
concentration completed; weekly mass coefficient weekly mass CV > 30-60%;  weekly mass CV > 60%,
of variation (CV) < 30%; intermittent but Or No recurring
identifiable recurring node. recoverable supply. collection point.
Median non-organic fraction < Median contamination > Median
S: source 5% of wet mass and 90th 5-15% or manageable contamination > 15%,
separation percentile < 10%; manual sorting and hazardous items, or
no hazardous items. occasional rejected loads. repeated rejected loads.
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Table 8. Cont.

Criterion

Score 4-5 After
Field Measurement

Score 2-3 After Field
Measurement

Score 0-1 After
Field Measurement

T: treatment At

pre-screening

least two pathways pass

feedstock and bench/pilot

entry gates.

One pathway passes after
manageable preprocessing.

No pathway passes or
major preprocessing
is required.

Name
I: institutional

d host and operator; signed

SOP or data agreement;

Partial host commitment or
50-79% record

No accountable host, route
or agreement; <50% record

. ~80° .
readiness _E(;;’ /rfngaigﬂlgﬁziiggd completion/adherence. completion/adherence.
= o .
Q: safety/ Repeated samples pass all non—nﬁiﬁigsi bleualit A?glrli‘aeniitr(;?(l)lsvaefcelty
- sarery mandatory Indonesian limits and . Oty quatty ’ .
quality gate no unresolved hazard remains issue requiring control hazardous contaminant, or

or retesting. no valid testing pathway.

The Table 8 thresholds are provisional operating rules for the planned Tangerang pilot,
not universal standards. They should be preregistered with the participating Indonesian
authorities and laboratories and replaced wherever binding Indonesian requirements are
stricter. A safety failure overrides the aggregate score.

The overall evidence to criterion workflow, including evidence screening, criterion
mapping, uncertainty analysis, paired validation, and external Korea-linked support, is

shown in Figure 1.

Evidence-to-criterion PU-OCRI workflow

Screening defines what to measure first; field evidence determines whether the rank survives.

(= ) -
1 Local evidence 2 Evidence-use controls 3 Criterion mapping GRRUOCRISCIEENINg
Official statistics, plans, Class A-D | TO-T2 | SO-S2 F concentration | S separation g Pejaicinaliscoles
; ! 2 ; A : Equal-weight baseline
regulations and technical methods No incompatible pooling T pre-screen | | readiness | Q safety I | o e g
- _/ . l _
- = r
8 Update decision 7 Paired field validation 6 Provisional paired-audit hypothesis 5 Weight & score uncertainty
Retain | revise | reject 2 A B Mass | contamination | safety * Market/food-service vs. T Random weights | leave-one-out
Recalibrate scores Feasibility | cost | participation garden/landscape nodes Joint score-weight sampling
— & —

External Korea-linked implementation support - no score or rank effect
Digital logging | operator training | QA/QC | pilot-operation SOPs

o

Figure 1. Evidence to criterion PU-OCRI workflow. Local evidence is screened by class and tem-
poral/spatial support before being mapped to F (feedstock concentration), S (source-separation
readiness), T (treatment pre-screening compatibility), I (institutional readiness), and Q (safety/quality
gate). Weight and score uncertainty define a provisional audit hypothesis. Paired field measurements
then update the scores and may retain, revise, or reject the rank. Korea-linked QA /QC and SOP
support remains external to the score.
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3. Results

3.1. Tangerang Raya Is a Peri-Urban Organic-Waste Interface Rather than a Crop-Residue
Inventory Site

The evidence hierarchy identifies contrasting production, municipal, and non-
residential organic waste contexts, but it does not provide a common contemporane-
ous mass balance. Kabupaten Tangerang produced 3248.1 t of large chili (Cabai Be-
sar/TW /Teropong) in 2024 [5], whereas Kota Tangerang reported 798,406 t yr’1 of total
municipal waste, 224,092 t yr’1 reduced through 3R activities, and 573,551 t yr’1 handled
in 2024 [6]. The first value confirms a production-side source category, while the municipal
totals document waste pressure and institutional activity. Neither measures a market-linked
stream, and the values are not divided, summed, or directly compared to generate a score.

Kota Tangerang Selatan planning data report that non-residential waste contains
32.44% kitchen waste, 11.23% garden waste, and 9.22% wood, yielding a 52.89% biogenic-
organic screening proxy [7]. This proxy identifies market/service and landscape categories
for sampling; it does not establish their local mass, contamination level, or relative perfor-
mance. The approximately 841.49 thousand t yr~! estimate for Kabupaten Tangerang in
2022 [8] is contextual T2-51 evidence and does not affect any score or rank. The stream-
level result below is therefore an evidence-supported screening inference that requires
field confirmation.

Data-transformation note. The 3248.1 t value equals 32,481 quintals x 0.1 t/quintal [5].
In [6], 798,406 t yr~! is labeled potential generation and calculated from population x a
per-capita factor; 224,092 and 573,551 t yr~! are separately reported reduction and handling
amounts, summing to 797,643 t yr—!, with 763 t yr ! reported as unmanaged. The 52.89%
proxy is the authors’ sum of the kitchen (32.44%), garden (11.23%), and wood (9.22%) rows
in Table 9 of [7]. Because the plan’s separate aggregate pie-chart label does not reconcile
with those category rows, the sum is used only to nominate sampling categories and not as
an official organic share or a mass estimate. The 841.49 thousand t yr ! value is a rounded
transcription of 841,497 t yr ! in Table 10 of [8], not an extrapolation.

Table 9. Core PU-OCRI criterion scores and equal-weight totals. Scores are pre-audit author judg-
ments, not measured performance.

. Equal Screening
Residue Stream S T I Q Score Interpretation
Production side Pre-oilot

horticultural 4 3 3 2 56 P
. measurement stream
residues
. Baseline first audit
Market h.nked 3 5 4 3 76 hypothesis; not ready
organics
for deployment
Household food 1 3 3 ’ 56 . Separation .
waste improvement required.
Garden and Required paired
landscape oreanics 4 4 3 4 72 comparator and
pe org possible co-feedstock
Mixed residual 0 1 5 0 30 Not recommended for

waste

direct recycling.
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Table 10. Weight only and joint score weight uncertainty results for candidate streams.
Residue W;f_‘; ;?}r: ly Weight Only  Weight Only  Joint 5th-95th Joint P Joint P
Stream . P (First) P (Top Two) Percentile (First) (Top Two)
Percentile
Production side
horticultural 46.3-66.6 0.0% 2.8% 37.7-74.6 4.4% 17.9%
residues
Market linked 66.2-86.6 65.9% 96.8% 56.9-90.4 50.7% 86.0%
organics
Household 38.9-75.2 2.9% 13.5% 32.1-74.7 4.0% 16.7%
food waste
Garden and
landscape 64.9-78.1 31.2% 86.5% 55.1-89.1 40.7% 78.0%
organics
Mixed residual =59 g0 0.0% 0.4% 12.3-59.5 0.3% 1.4%

waste

3.2. Core PU-OCRI Scores and Weight Uncertainty Results

After removing the Korea linked criterion, the equal-weight core PU-OCRI scores were
76 for market-linked organics, 72 for garden and landscape organics, 56 for production-
side horticultural residues, 56 for household food waste, and 32 for mixed residual waste.
Table 9 reports the five criterion scores separately. The four-point gap between the leading
streams is a screening distinction, not a measured performance margin. Market-linked
organics are the baseline first-audit hypothesis, and garden and landscape organics are the
required comparator.

Here, “priority” means priority for direct audit and controlled pilot preparation, not
immediate technology deployment or infrastructure investment.

Across 100,000 weight-only simulations, market linked organics ranked first in 65.9%
of runs and among the top two in 96.8%; garden and landscape organics ranked first in
31.2% and among the top two in 86.5%. Market-linked organics remained first or tied for
first in all five leave one criterion out tests. Under joint score weight uncertainty, however,
its first rank frequency fell to 50.7%, while the garden and landscape stream rose to 40.7%;
their top two frequencies were 86.0% and 78.0%. Table 10 and Figure 2 report the full
ranges. These results justify a paired audit but do not establish that market linked organics
are the best circular economy feedstock.

3.3. Treatment Implications for the Provisional Leading Streams

Treatment compatibility in PU-OCRI is only a screening-level criterion. It indicates
whether a stream warrants feedstock characterization and controlled testing; it does not
establish process suitability and cannot replace laboratory or pilot scale evaluation. No
selected stream has yet been demonstrated to be safe or suitable for composting, black
soldier fly larvae (BSFL) bioconversion, anaerobic digestion, biochar-oriented preprocess-
ing, or agricultural reuse. Table 11 is therefore a pre-screening matrix. Market-linked
organics may enter composting, BSFL bioconversion, or anaerobic-digestion trials only
after packaging, plastic, pesticide residues, moisture, and storage time have been measured.
Garden and landscape material may be considered for compost bulking or biochar-oriented
preprocessing only after checks for moisture, treated wood, and contamination. Missing
data or failure of a mandatory safety gate suspends the pathway; PU-OCRI does not select
a technology [25,26].
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Production-side
horticultural residues

Market-linked
organics

Household
food waste

Garden and
landscape organics

Mixed residual
waste

Score ranges and first-rank frequencies under uncertainty

mmmm \Weight-only 5th-95th percentile

Joint score-weight 5th-95th percentile

& Equal-weight score

P1 W/

0.0/4.4%

i

20 40

60
PU-OCRI score (0-100)

65.9/50.7%

2.9/4.0%

31.2/40.7%

0.0/0.3%

T
80 100

Figure 2. Equal weight scores and 5th-95th percentile ranges under weight only and joint score-

weight uncertainty. The joint analysis samples each criterion score from its one level Table 5 range

and each weight vector from Dirichlet (1,1,1,1,1). P1 W/J denotes the first-rank frequency under

weight only/joint uncertainty. Vertical reference lines indicate the heuristic scores of 60 and 75.

Table 11. Preliminary treatment-feedstock decision matrix and minimum controls for prospective

pilot testing. No pathway is validated by the present study.

Treatment Pathway

Preferred Measured
Feedstock Conditions

Exclusions or
Suspension Triggers

Required Measurements
and Pilot-Entry Gate

Composting

Separated vegetable and
garden material; controllable
moisture and C/N; available

bulking fraction.

Plastics, glass, metals,
excessive salinity, pesticide
residues or
uncontrolled storage.

Measure contamination,
moisture, C/N, and safety;
then monitor temperature,

stability, mass reduction, and
germination index.

Clean, moist, readily

Packaging, chemicals, high

Pass the substrate safety gate;

. . biodegradable food or salt, pesticide residues, then monitor survival,
BSFL bioconversion . . . . .
vegetable material with pathogens or conversion, residue quality,
regular supply. woody material. and regulatory compliance.
Wet, pumpable, high Woody or inert fractions, Measure TS/ VS and

Anaerobic digestion

volatile-solids feedstock with
stable loading and a feasible
digestate outlet.

inhibitors, irregular
loading, or unresolved
digestate management.

biodegradability; then monitor
biogas, solids reduction,
stability and digestate safety.

Biochar-oriented
preprocessing

Dry lignocellulosic material
with low contamination and
manageable drying demand.

High-moisture food waste,
plastics, treated wood or
contaminants that may
persist in char.

Confirm drying and safety
feasibility; then monitor
energy demand, char yield,
and product quality.

3.4. Korea-Indonesia Pilot Roadmap

Table 12 summarizes the locally led four phase roadmap. Korea linked support

remains external to the rank, and treatment or scale-up decisions depend on measured

field evidence.
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Table 12. Locally led prospective validation and external Korea-linked protocol-support roadmap.

External Korea

Phase Tangerang Activity Linked Support Decision Gate
Monitor 2—4
. . Comparable node level
. . market/food-service nodes and Logging template, data
1. Paired source-separation I Ay records of mass,
. at least two garden/landscape dictionary, operator training . .
audit (0—6 months) . missed collections,
comparator nodes for and dashboard design. o

and contamination.

8-12 weeks.

2. Safety and quality
screening (6-18 months)

Analyze pH, EC, moisture,
solids, C/N, NPK, metals,
pesticide residues, microbial
indicators, and
germination index.

Only streams passing
mandatory safety gates
proceed to treatment.

QA/QC protocol and
inter-laboratory comparison.

3. Comparative pilot
treatment (18-36 months)

Test composting, BSFL, AD, or
biochar preprocessing with Process-monitoring SOPs and
verified market and/or training; no score bonus.
garden feedstocks.

Compare recovery, stability,
product quality and operating
cost by stream.

4. Scale, retain or recalibrate

Replication package and
monitoring templates
(Microsoft Corporation,

Scale only when safety,
comparative performance,

Geocode routes, assign local
roles, evaluate incentives and

(>36 months) revise criteria or weights with cost, and governance are
observed data Redmond, WA, USA; supported by field evidence
: Version 2505). PP y :
The prospective paired validation roadmap and the external Korea-linked protocol
support modules are shown in Figure 3.
Prospective paired-validation roadmap
Local evidence controls every decision; external support remains outside the PU-OCRI score.
External Korea-linked support
-{no_score or rank effect) __
( 0 7 5
- - . 1 1
Paired source-separation audit 0-6 months ! Logging template !
Monitor 2-4 market/food-service nodes and at least two __" Data dictionary !
garden/landscape nodes for 8-12 weeks. 1 Operator training 1
! Dashboard design :
Gate: comparable mass, missed-collection and contamination records. : I
\ N ;
K 2
( N\ I' \:
1
Safety and quality screening 6-18 months ! !
Measure pH, EC, moisture, solids, C/N, NPK, metals, __,' gﬁégggg%%?; i
pesticide residues, microbial indicators and GI. ! comparison !
Gate: only streams passing mandatory safety requirements proceed. : :
- N ;
Yy _____
' ’ N
i i
Comparative pilot treatment 18-36 months ! o :
o Test verified feedstocks in composting, BSFL, AD or 4 3 Process-r_IT_:gir::itrz])gng S0FS :
biochar-oriented preprocessing. ! (no score bonus) :
Gate: compare recovery, stability, product quality and operating cost. : :
N e ;
2
( 0 A 3
Scale, retain or recalibrate >36 months i i
Geocode routes, assign local roles, evaluate incentives, __" Replication package |
and revise criteria or weights with observed data. : Monitoring templates :
Gate: scale only when safety, performance, cost and governance are supported. : :
& J '\ ________________________ /
—
Local governance: Indonesian partners select nodes, own primary data, interpret regulations,
and make all safety and scale-up decisions.
-

Figure 3. Prospective paired-validation roadmap. Korea linked logging, training, QA /QC, and pilot
SOPs are shown as external implementation support rather than a readiness score. BSFL, black soldier
fly larvae; AD, anaerobic digestion; EC, electrical conductivity; GI, germination index; QA /QC,
quality assurance/quality control; SOPs, standard operating procedures.
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4. Discussion
4.1. Reframing Tangerang as a Peri-Urban Organic Waste Circularity System

PU-OCRI is not a new indicator algorithm. Wasteaware and urban circularity frame-
works assess operating systems, whereas LCA and biowaste tools compare quantified
management or treatment scenarios [13-15]. PU-OCRI addresses an earlier decision: which
stream and node type should be measured before comparable composition, process, cost,
and outcome data exist. Its practical features are a node and route sampling frame, explicit
evidence use rules, a criterion-level score trail, separation of external support from scoring,
joint score weight uncertainty, and a field rule that can reject the initial rank.

The functional boundary is operational only as a reproducible sampling frame. Ad-
ministrative units define nested strata, but geocoded pilot records are still needed before
production to market or market to treatment flows can be modeled quantitatively.

4.2. Implications for Waste and Recycling Practice

The ranking supports a paired source-separation audit, not a technology project.
Market-linked organics are the baseline candidate, and garden and landscape organics are
the comparator identified by the uncertainty analysis. The paired design may retain, reject,
or revise the initial ranking. Accordingly, Table 11 should be read only as a pilot-entry
screening matrix; PU-OCRI does not select a treatment pathway:.

4.3. Addressing the Main Vulnerabilities of This Study

The main limitation is the absence of direct node-level data on waste flow, contam-
ination, and treatment. Official statistics and planning proxies establish relevant source
categories but not a validated rank. Market linked organics are therefore a first audit
hypothesis, while the joint uncertainty analysis identifies garden and landscape organics as
a close alternative. The paired audit is designed to test both.

A second limitation is score and weight subjectivity. Table 5 documents the evidence
for all 25 scores; Table 6 specifies the weighting and randomization rules; and the joint
analysis shows how one level score changes affect rank. These steps improve reproducibility
but do not calibrate the index. Independent local scoring, inter-rater statistics, and repeated
pilot outcomes are still required before policy use.

A third limitation is the heterogeneous temporal and spatial support of the data. The
data use matrix prevents arithmetic pooling, excludes the 2022 contextual estimate from
scoring, and separates external Korean material from local evidence. The boundary is also
limited to a node and route sampling frame. These controls improve internal consistency
but do not replace geocoded material flow measurement.

A fourth limitation is treatment uncertainty. Treatment compatibility is a literature-
based pre-screen, not measured process performance. Table 11 states what must be
measured before a pathway can remain eligible. Comparative pilots must assess
recovery, operating stability, product safety, and cost before treatment selection or
infrastructure investment.

4.4. Korea Linkage as Protocol Transfer Rather than Coefficient Transfer

Korea was selected for practical rather than normative reasons. BRIN-KIST collabo-
ration and bilateral training and ODA channels make digital logging, operator training,
and laboratory QA /QC feasible, while Korean source separation and fertilizer-control
experience provides documented procedures [16-22]. These links do not make Korean
coefficients or technologies local defaults.

Governance remains local. Indonesian agencies and operators control node selection,
data ownership, regulatory interpretation, and pass/fail decisions. Korean partners may
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provide time limited templates, training, and inter laboratory support under named work
packages. A transferred procedure is retained only when it has a local owner, verification
record, and maintenance plan; it cannot compensate for poor separation, safety failure, or
weak stakeholder participation.

4.5. Future Validation and Recalibration

Future work should focus on empirical validation and reproducibility rather than
further refinement of the pre-field score.

The required next stage is an 8-12 week paired source separation and mass logging
audit at market/food service and garden/landscape nodes, followed by feedstock char-
acterization, mandatory safety testing, and laboratory and pilot scale process testing. In
addition to mass, contamination, and safety, this study should record transport distance,
space or land requirements, labor and operating cost, stakeholder participation, permitting
constraints, and treatment specific performance. Independent local raters should rescore the
evidence matrix, archive individual ratings, document disagreements, and report inter-rater
agreement before policy use. Repeated outcomes across additional streams and locations
could later support empirical calibration, stakeholder AHP, or outcome based regression.

Future pilots should use the indicator panel in Table 13, the comparison rule in
Section 2.6, and the criterion specific thresholds in Table 8. Observed bands will replace
the baseline scores, and the complete uncertainty analysis will be rerun. A market-linked
starting point is retained only if it passes all mandatory safety requirements and is not
outperformed by the garden and landscape comparator across stability, contamination,
treatment, cost, and participation. Discordant or inconclusive results require re-scoring and
revised sampling rather than retrospective justification of the original rank.

Table 13. Pilot-performance indicators and comparison rules for empirical validation and recalibration
of PU-OCRI.

Indicator Group

Example Metrics

Decision Use for PU-OCRI Validation

Feedstock stability

Daily separated mass (kg d—1), audit
duration, coefficient of variation,
missed-collection days

Confirms whether the stream is concentrated
enough for a pilot and whether supply is
operationally reliable.

Source-separation quality

Visible contamination class,
packaging/plastic fraction (%), rejected-load
frequency, storage time

Tests whether the source separation readiness
score was realistic under market or food
service conditions.

Treatment and
recovery efficiency

Mass reduction, composting process stability,
BSFL conversion, biogas or biochar yield,
residue recovery rate

Checks whether the stream can enter at least one
technically feasible resource-recovery pathway.

Product safety and quality

Moisture, pH, EC, C/N, NPK, heavy metals,
pesticide residues, microbial indicators and
germination index

Determines whether compost, soil improver,
BSFL residue, digestate or biochar-oriented
products can pass safety and quality gates

before use.

Economic and
operational feasibility

Cost per tonne, labor requirement, logistics
reliability, avoided disposal cost, potential
product value

Assesses whether the pilot can be maintained
beyond a demonstration phase.

Stakeholder and
institutional adoption

Participation rate, training completion,
data-completion rate, host institution
continuity, and agreement compliance

Tests whether institutional readiness judgments
and externally mapped Korea-linked support are
sustained in practice.

Comparative decision rule

Mandatory safety pass, followed by a
domain by domain comparison of stability,
contamination, recovery, cost,
and participation

Contradicts the market linked recommendation
if the comparator performs at least as well in
every non safety domain and better in at least
one; inconclusive results trigger recalibration.
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The framework’s present value is organizational and testable: it specifies what to
measure first, how each score can change, and how the initial recommendation can be
rejected. Its empirical value must be demonstrated through the paired audit; until then, the
score should not justify procurement, infrastructure, or scale-up.

5. Conclusions

This study developed a stream level screening tool for Tangerang Raya and a separate
Korea linked implementation-support module. PU-OCRI addresses the gap between
incomplete public evidence and later-stage city benchmarking, circularity monitoring, LCA,
or treatment scenario analysis. It is not a validated performance model or a new weighting
method. Public data were retained under explicit evidence class and temporal/spatial-use
rules. The 2024 horticultural and municipal data, 2025 planning proxy, and 2022 contextual
estimate were not pooled as equivalent masses. Korean sources were excluded from the
numerical score.

Under equal weights, market linked organics scored 76 and garden and landscape
organics 72. Their first rank frequencies were 65.9% and 31.2% under weight only uncer-
tainty and 50.7% and 40.7% under joint score weight uncertainty. Market-linked organics
are therefore the baseline audit hypothesis, not an empirically confirmed best stream.
Production-side residues and household food waste each scored 56, and mixed residual
waste scored 32.

Because the scores are collective author judgments without archived individual ratings
or independent stakeholder scoring, the ranking remains provisional. Treatment compati-
bility is only a screening criterion and requires feedstock characterization and laboratory or
pilot scale testing.

Accordingly, an 8-12 week paired audit is required before treatment selection or scale-
up. It will compare market/food-service and garden/landscape nodes using geocoded
routes, predefined mass and contamination thresholds, mandatory safety gates, treat-
ment feasibility, cost, stakeholder participation, and independent local scoring. Observed
evidence will replace the baseline scores, and the uncertainty analysis will be rerun. Korea-
linked partners may support logging, training, QA /QC, and pilot SOPs but cannot affect
the rank or local decisions.
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