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Abstract
Rapid urbanization in Sub-Saharan Africa has widened the gap between household waste generation 
and municipal collection capacity, yet no prior study has validated a fully integrated workflow linking 
relational database management with geographic information system-based network optimization 
for waste pre-collection in a data-poor African urban context. This study develops, implements, and 
empirically validates such a framework in Zone F of Yaoundé, Cameroon, by coupling a Microsoft Access 
database with an ArcGIS geodatabase for real-time bidirectional synchronization of household-level 
spatial and attribute data. Multi-source data, including sub-meter QuickBird imagery, GPS field surveys 
with positional accuracy of approximately 3-5m, structured household questionnaires, and institutional 
archives, were subjected to positional verification, topological validation, and attribute completeness 
audits. Network analysis was then applied to optimize both manual wheelbarrow-based and motorized 
collection routes, with outputs compared against GPS-tracked agent paths.

Results demonstrate substantial route optimization gains consistent with the 20-30% efficiency 
benchmarks reported in the literature. Customer profiling of 97 households revealed structural 
inequities in service access, with non-subscribers concentrated among tenants and residents of hard-
to-reach neighbourhoods. A daily collection deficit of approximately 741kg, representing 19.1% of 
zone-wide generation, was quantified, while network-based bin distances averaged 223.6m. The study 
contributes a novel database-geographic information system architecture for data-constrained cities, 
quantifies environmental co-benefits including reduced carbon emissions, and embeds socioeconomic 
equity analysis within the optimization system. The modular, platform-agnostic design supports phased 
city-wide scaling and integration with Internet of Things tools, cloud databases, and predictive analytics. 
The framework offers a transferable blueprint for municipalities across the Global South.

Keywords: Geographic information system; Spatial database integration; Network analysis; Route 
optimization; Waste pre-collection; Service equity; Urban resilience; Yaoundé; Cameroon

Introduction
Rapid urbanization in Sub-Saharan Africa is generating unprecedented pressures on 

municipal solid waste management systems, with direct consequences for public health, 
environmental quality, and long-term urban resilience [1,2]. By 2050, the region’s urban 
population is projected to more than double, yet waste collection coverage remains below 
50% in most cities, threatening progress toward SDGs 11 and 13 [3,4]. Traditional collection 
approaches suffer from chronic inefficiencies-incomplete coverage, route redundancies, 
high operational costs-amplified by poorly maintained road networks, limited fleets, and the 
absence of systematic data on household locations and service patterns. Manual planning 
based on ad hoc local knowledge results in inequitable service distribution, leaving tenants, 

http://dx.doi.org/10.31031/EAES.2026.13.000821
https://www.crimsonpublishers.com/eaes/


Environ Anal Eco stud       Copyright © Abel Tsolocto

EAES.000821.13(5).2026 1613

informal settlement residents, and peri-urban communities 
disproportionately underserved [5,6].

Geographic Information Systems (GIS) and network analysis 
offer transformative potential for modernizing waste logistics, 
with demonstrated 20-30% reductions in collection distances, 
significant cost savings, and measurable emissions decreases in 
the Global North [7,8]. Yet adoption in Sub-Saharan African cities 
has been constrained by limited high-resolution spatial data, weak 
institutional capacity, and high proprietary system costs-creating a 
persistent digital divide in urban service delivery [9,10].

Despite growing interest, the empirical literature reveals a 
critical gap: no study to date has demonstrated a fully integrated, 
end-to-end workflow linking relational database management to 
GIS-based network optimization for household waste pre-collection 
in a data-poor Sub-Saharan African urban context. Existing research 
addresses isolated dimensions-route planning, waste mapping, or 
spatial visualization-without combining these within a unified data 
architecture supporting dynamic updating and iterative decision-
making [6,11]. Furthermore, socioeconomic dimensions of service 
access remain insufficiently integrated into spatial optimization 
frameworks [12,13].

This study addresses these gaps through three interrelated 
contributions: (1) a seamless ODBC-linked data pipeline connecting 
Microsoft Access to ArcGIS for real-time synchronization of 
geometric and attribute data-an architecture not previously 
validated for waste management in Sub-Saharan Africa; (2) 
advanced network analysis optimizing both manual and motorized 
collection routes with empirical pre- versus post-optimization 
comparison; and (3) spatially explicit socioeconomic profiling 
identifying service exclusion patterns and informing equitable 
policy interventions aligned with SDGs 11 and 13. The objectives 
are to design an updatable spatial database, apply network 
analysis to optimize routes under local constraints, and propose an 
integrated, replicable system for sustainable waste pre-collection. 
By validating the framework through a real-world pilot in Zone 
F, Yaoundé, the study provides a transferable blueprint for Sub-
Saharan African cities confronting analogous challenges.

Literature Review
GIS in solid waste management

GIS has evolved into a pivotal technology for urban waste 
management, enabling municipalities to map waste hotspots, 
optimize bin placements, monitor illegal dumping, and plan 
collection routes [14,15]. Recent advances couple GIS with IoT 
sensor networks, mobile platforms, and vehicle GPS tracking to 
create dynamic, demand-responsive systems [7,10]. However, 
transfer to Sub-Saharan African contexts has been uneven: most 
applications remain confined to single-function analyses without 
embedding them within integrated, operationally sustainable 
data infrastructure. Chronic barriers-fragmented data, limited 
institutional capacity, high software costs-constrain adoption [5,9]. 
In Cameroon, pioneering studies [16,17] demonstrated GIS proof-
of-concept applications but did not produce integrated end-to-end 
workflows for real-time operational decision-making.

Database-GIS integration and network analysis

Effective GIS requires robust DBMS for data integrity, multi-user 
access, and cost-efficient updating [18]. ODBC provides seamless 
bidirectional synchronization between DBMS and GIS platforms, 
supporting real-time decision support without data duplication 
[16]. Yet most Sub-Saharan African waste management studies treat 
database management and GIS as disconnected stages, introducing 
version-control errors and preventing iterative scenario modeling 
[6,11]. Route optimization through network analysis can reduce 
collection distances by 20-30%, with proportional savings in 
fuel, labor, and fleet-associated CO₂ emissions [7,8,12]. However, 
earlier Yaoundé studies conducted network analysis as standalone 
exercises without comparing optimized routes against empirical 
field data [16,19].

Socioeconomic dimensions and research gap

GIS extends beyond logistics into socioeconomic assessment of 
service access inequities and environmental monitoring [20,21]. 
In Sub-Saharan African cities, where socioeconomic stratification 
maps onto spatial accessibility, spatially explicit profiling is 
essential for inclusive waste governance [22,23]. However, most 
studies treat logistics, socioeconomic analysis, and environmental 
assessment as separate analytical tracks [12,13]. Four critical gaps 
define this study’s contribution space: (1) no demonstrated end-to-
end ODBC-linked database-GIS workflow for waste pre-collection 
in data-poor Sub-Saharan Africa; (2) no systematic pre-versus 
post-optimization comparison against empirical field data; (3) 
socioeconomic profiling not embedded within the optimization 
architecture; and (4) scalability and transferability underexplored. 
This study addresses all four gaps within a unified framework.

Study Context and Methodology
Study context and area description

Cameroon’s Vision 2035 places environmental hygiene at the 
center of its development strategy, yet in Yaoundé (population 
>4 million), the systemic inability to manage household waste 
has produced chronic pollution, recurrent flooding, and elevated 
disease incidence [17,22]. Under decentralization policies, the 
Yaoundé Urban Council contracts HYSACAM for waste collection, 
but HYSACAM’s large trucks cannot access the many quarters with 
narrow, unpaved, or steep roads. Community-based enterprises 
such as GIC Le Vert provide pre-collection services in these gaps, 
deploying manual (wheelbarrow) and motorized agents. However, 
GIC Le Vert operates without systematic spatial data, evidence-
based route planning, or integrated database infrastructure.

Zone F, located in Biyem Assi, Yaoundé VI Sub-Division 
(3°49’52″-3°50’18″ N; 11°28’55″-11°29’25″ E; ~0.41km²), was 
selected as a representative pilot site for its heterogeneous urban 
morphology, mixed socioeconomic strata, and dual formal-informal 
road infrastructure. The undulating terrain (685-715m a.s.l.) with 
steep gradients, sub-equatorial climate with four distinct seasons, 
and predominantly residential land use with informal economic 
activity are broadly representative of Central and West African 
cities (Figure 1).
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Figure 1: Location of Zone F within Yaoundé-Cameroon.

Data acquisition and quality assurance

A multi-source data acquisition strategy combined remote 
sensing, GPS field surveys, structured household questionnaires, 

and archival review (Table 1). This triangulation mitigates the 
documented limitations of single data streams in data-scarce Sub-
Saharan African environments [9,11].

Table 1: Summary of data sources, instruments, and roles.

Data Source Instrument Resolution Role in Framework

QuickBird imagery Geo-referenced raster 0.6-1.0m Base layer for digitizing households, roads, features

Administrative maps Vector shapefiles (INC) 1:5,000-10,000 Reference framework; network topology

GPS field surveys Garmin eTrex (WGS 84) ±3-5m Household locations; agent tracks; reference points

Household surveys Structured questionnaire Household-level Socioeconomic profiling; subscription analysis

Archival records GIC Le Vert / HYSACAM Zone/city-level Baseline metrics; historical benchmarking

Rigorous quality assurance comprised: (a) spatial accuracy 
verification by cross-referencing GPS points against satellite 
imagery (>5m offset flagged for re-verification; RMSE calculated); 
(b) topological integrity checks using ArcGIS topology rules to 
detect and correct dangling nodes, undershoots, and disconnected 
segments; and (c) attribute completeness audits validating one-to-
one correspondence of unique household identifiers across Access 
and ArcGIS, with mismatch rates documented and resolved.

Spatial database construction and ODBC integration

The spatial database was constructed in ArcGIS (version 10.x) 
as a geodatabase comprising household point locations, classified 
road network polylines, administrative boundary polygons, 
and collection infrastructure, all standardized to WGS 84/UTM 
Zone 32N. The critical innovation is the dynamic ODBC linkage 
between the ArcGIS geodatabase and a relational Microsoft Access 

database, enabling bidirectional real-time synchronization. The 
Access schema was structured around a primary key (unique 
household ID) linking demographics, subscription details, and 
agent assignments, with referential integrity constraints enforced. 
Synchronization was validated through controlled test updates 
confirming field-level consistency across platforms. The modular 
schema is compatible with QGIS, PostGIS, and PostgreSQL, reducing 
vendor lock-in.

Network analysis and route optimization

Network analysis was performed using ArcGIS Network 
Analyst. A network dataset incorporated edge attributes for 
segment length, estimated travel speed by road type (manual: 
4-5km/h; motorized: 15-25km/h, calibrated against observed track 
data), and mode-specific restrictions for impassable segments. 
Two solvers were employed: the Route solver computed optimal 
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collection paths returning total distance (km) and time (minutes); 
the Service Area solver delineated reachable extents from depot 
locations, identifying coverage gaps. Both were run under dual-
mode scenarios (manual and motorized). Optimized routes were 
compared against pre-optimization GPS field tracks, with key 
performance indicators including route distance, travel time, 
households served, coverage percentage, and unreachable zone 
identification. Where access gaps were detected, optimal secondary 
collection point locations were modeled to minimize maximum 

walking distance while maintaining vehicle accessibility. The entire 
workflow was documented for independent replication [10,24].

Figure 2 presents the validated data integration architecture. 
Real-time bidirectional synchronization between Access and 
ArcGIS via ODBC was confirmed, eliminating data duplication 
and version-control fragmentation characteristic of conventional 
workflows [11,17]. The modular design supports future migration 
to cloud-hosted or open-source environments.

Figure 2: Data integration workflow: Acquisition → Cleaning → DBMS (Access) + ODBC → GIS (ArcGIS) → Analysis 
→ Outputs.

Results
This section presents the empirical outputs of the integrated 

spatial database-network analysis framework applied to solid 
household waste pre-collection in Zone F, Yaoundé.

Data architecture and spatial context

The road network database (Table 2) classifies segments 
by surface type (tarred, untarred, footpath), width, and vehicle 
accessibility-the topological foundation for all network analysis 
operations. Administrative quarter and sub-division attributes 

(Table 3) enable disaggregation by governance unit for equitable 
service planning.

Table 2: Road network attribute structure for Zone F.

Attribute Type Description

ID Integer Unique road segment identifier

Name Text Official or locally recognized road name

Type Text Surface classification: Tarred, Untarred, 
or Footpath

Length Float Segment length in meters (computed from 
digitized geometry)
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Table 3: Administrative quarter and sub-division 
attributes.

Entity Attributes Description

Quarter ID, Name, Sub-
Division

Administrative identifier linked 
to governance boundaries

Sub-Division ID, Name, Population, 
Area

Demographic and territorial 
profile for demand estimation

Household and customer profiling

Table 4 presents the customer distribution by type. Landlords 
constitute the dominant segment (52.6%) with highest subscription 
stability, while tenants (37.1%) exhibit higher turnover, and 
service-sector clients (10.3%) generate disproportionately higher 
per-unit waste volumes-patterns consistent with literature on 
homeownership as a predictor of waste service participation in 
African cities [22,23].

Table 4: Customer distribution by type (n=97).

Customer Type Count (%) Characteristics

Landlords 51 (52.6%)
Clustered centrally; highest 

subscription stability and fee 
compliance

Tenants 36 (37.1%) Dispersed; higher turnover; lower 
average fee recovery

Service Sector 10 (10.3%) Commercial nodes; higher waste 
volumes; irregular generation

Table 5 disaggregates households by housing standard and size. 
High-standard housing predominates (62.9%) among subscribers, 
indicating a positive correlation between housing quality and 
service uptake. The 4-7-person bracket (47.4%) is the modal 
demand driver, while households with 11+ members (14.4%) 
constitute concentrated high-output demand nodes warranting 
prioritized allocation.

Table 5: Household standards and size distribution.

Variable Count (%) Implications

High standard 61 (62.9%) Greater waste volume; highest 
willingness-to-pay

Average standard 32 (33.0%) Moderate output; core base for 
scaling

Low standard 4 (4.1%) Lowest volume; potential for 
subsidized models

1-3 persons 25 (25.8%) Low waste; suitable for reduced-
frequency collection

4-7 persons 46 (47.4%) Dominant segment; primary driver of 
route loading

8-10 persons 12 (12.4%) Elevated volumes; higher capacity 
per stop

11+ persons 14 (14.4%) Largest producers; dedicated routing 
priority

Spatial distribution and socioeconomic patterns

Figures 3-7 present a sequence of thematic maps translating 
customer profiles into georeferenced spatial intelligence. 
Figure 3 maps customer type distribution, confirming landlord 
concentration in central, well-connected quarters and tenant 
dispersion into narrower-access zones-underscoring a structural 
dimension to service coverage. Figure 4 plots precise customer 
coordinates, revealing non-uniform density with concentrations 
along accessible roads and thinning in peripheral areas. Figure 5 
categorizes households by economic activity, showing sectoral 
concentrations mirroring land use patterns. Figure 6 overlays 
housing standards, confirming that high-standard residences 
concentrate centrally while lower-standard households at the 
periphery remain underserved. Figure 7 maps household size 
classes, revealing that the largest households (11+ persons) create 
localized demand peaks in both central and peripheral zones.

Figure 3: Types of customers and their spatial distribution in zone F. Adapted from the 2013 GIC le VERT 
project, with permission. The figure visualizes the concentrations and dispersion of different customer types. The 
obvious spatial clustering points to areas of high demand versus uncovered zones information essential for route 

optimization and marketing.
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Figure 4: Customer locations in Zone F. Adapted from the 2013 GIC le VERT project, with permission. Building 
upon the previous map, this visualization pinpoints each customer’s geographical coordinates, offering a precise 

basis for routing algorithms and contact management.

Figure 5: Domain of activity for customers in zone F. Adapted from the 2013 GIC le VERT project, with 
permission. Figure 5 categorizes customer households by profession or institutional domain (e.g., education, trade, 
administration), using color codes to highlight sectoral concentrations. This patterning echoes findings from urban 

waste studies in similar contexts [23].
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Figure 6: Household Standard and Spatial Distribution in Zone F. Adapted from the 2013 GIC le VERT project, with 
permission. Figure 6 maps socioeconomic strata, showing that higher-standard residences-typically associated with 
greater purchasing power and higher waste generation-are concentrated in specific sub-zones. This pattern supports 

the design of targeted tariff interventions and tailored public awareness campaigns.

Figure 7: Household size classes in zone F. Adapted from the 2013 GIC le VERT project, with permission. This 
thematic map divides households into four classes by size, with 4-7 persons being most prevalent, indicating a 

typical household structure for Zone F and reinforcing population-based demand forecasting.
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Service coverage and route optimization

Figure 8 presents the GPS-tracked displacement path of a 
manual pre-collection agent, revealing significant redundancies 
and backtracking caused by narrow alleys, unpaved surfaces, and 
topographic constraints [19]. Figure 9 shows the GIS-optimized 
manual route, demonstrating substantial distance reduction and 

near-complete elimination of backtracking. Figure 10 extends 
the analysis to automobile-based collection, incorporating road 
width and surface restrictions-capturing the fundamental trade-off 
between motorized collection’s higher volume capacity and reduced 
spatial reach. Figures 11&12 present the consolidated optimal 
routes for manual and automobile-based service respectively, 
constituting directly implementable collection plans.

Figure 8: GPS-Tracked displacement of the pre-collector agent in zone F. Adapted from the 2013 GIC le VERT 
project, with permission. Field GPS tracking of an agent reveals the practical flow of collection aided by photographic 

evidence illuminating bottlenecks and redundancies generated by both the urban fabric and institutional 
arrangements. Agent travel paths are regularly shaped by physical constraints identified in previous studies of waste 

logistics in urban Cameroon [19].

Figure 9: Network Analysis Model for Manual Waste Pre-Collection in Zone F. Adapted from the 2013 GIC le VERT 
project, with permission. Figure 9 presents the modeled “best route” for manual waste collection, calculated via GIS-
based network analysis. The reduction in redundant travel, distance, and time is apparent when compared with the 

observed field route, supporting earlier citation of cost minimization through spatial optimization [22].
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Figure 10: Network analysis for automobile-based collection in zone F. Adapted from the 2013 GIC le VERT project, 
with permission. As collection shifts from manual to automobile, this map illustrates route adjustments required for 
vehicle access, incorporating road width and surface conditions. This scenario allows for larger collection volumes 

and increased operational efficiency.

Figure 11: Optimal route for the pre-collector agent in zone F. Adapted from the 2013 GIC le VERT project, with 
permission. Further refining operational planning, this Figure 11 depicts the most efficient path along all scheduled 

collection points, considering topography, household density, and bin location.
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Figure 12: Proposed route for automobile circulation in zone F. Adapted from the 2013 GIC le VERT project, with 
permission. This figure translates optimized manual routes into a model suitable for automobile-based service, a 

pivotal strategy for expanding coverage and managing higher waste volumes in rapidly urbanizing quarters.

Quantitative service assessment

Table 6 reports network-based distances to communal bins, 
ranging from 180.8m (Marché) to 275.0m (Tam Weekend), with a 

zone-wide average of 223.6m. The Tam Weekend area represents 
a priority zone for additional infrastructure or intensified pre-
collection.

Table 6: Network-based distances (m) to nearest HYSACAM bins.

Bin Location Individual Distances (m) Avg. Min. Distance

Marché 170, 188, 207, 158 180.8

Field 166, 189, 272, 311 234.5

Montée-Jouvance 145, 176, 232, 263 204

Tam Weekend 236, 266, 317, 279 275

Table 7 synthesizes the waste generation and collection 
assessment. A daily deficit of approximately 741kg (19.1% of 
estimated generation) was identified, consistent with the 15-40% 

shortfalls typical of rapidly expanding Sub-Saharan African urban 
areas [25].

Table 7: Waste generation, collection capacity, and service deficit.

Parameter Value Commentary

Total households 1,110 Including non-subscribers

Residential households 732 Primary waste generators (66% of total)

Estimated population ~3,660 Average 5 persons/household

Daily waste generation 3,885kg 3.5kg/household/day (field-calibrated)

Collected (GIC Le Vert) 339.5kg Direct field measurement

HYSACAM bin capacity ~3,144kg 2 bins × 16m³; density-adjusted

Uncollected waste ~741kg/day 19.1% of generation; environmental deficit
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Comparison of modelled optimal routes against GPS field 
tracks confirms substantial reductions in total route distance for 
both modalities, consistent with international 20-30% benchmarks 
[7,12]. Strategic transit points were identified to bridge service 
gaps in physically inaccessible zones.

Discussion
Methodological innovation

The ODBC-linked database-GIS architecture demonstrated 
here represents a genuine methodological advance for data-
poor Sub-Saharan African cities. Unlike prior studies that treated 
database management and spatial analysis as disconnected stages 
[6,11], the integrated pipeline enables rapid validation, iterative 
scenario modeling, and dynamic record updating within a single 
workflow. This end-to-end digital architecture, built on widely 
available commercial tools, establishes a reproducible template 
aligned with ESRI municipal frameworks yet adaptable to open-
source alternatives. From the perspective of sustainable urban 
management, such digitally integrated workflows constitute 
foundational infrastructure for resilient cities-facilitating 
transparent monitoring, equitable resource allocation, and adaptive 
capacity under rapid demographic change [10,24].

Operational efficiency and environmental gains

Network analysis yielded substantial improvements in route 
planning and service coverage for both manual and motorized 
modalities, consistent with the 20-30% reduction benchmarks 
reported internationally [7,12,13]. These gains validate the 
transferability of GIS-driven optimization to challenging Sub-
Saharan African contexts where road constraints amplify the value 
of any logistical improvement. Reduced travel distances translate 
into lower fuel consumption and estimated CO2 emissions-a 
contribution to urban climate mitigation (SDG 13) that remains 
poorly documented in Global South waste management literature 
[10]. Optimized routing also enabled more predictable collection 
schedules and targeted solutions for access gaps through strategic 
secondary collection point placement-a level of spatial granularity 
rarely achieved in comparable contexts.

Nevertheless, the 19.1% daily waste deficit underscores that 
routing efficiency cannot substitute for system-wide investments 
in fleet expansion, transfer infrastructure, and regulatory 
enforcement-an integrated approach central to SDG 11 [22,23].

Socioeconomic dimensions and urban resilience

Spatially explicit profiling illuminated pronounced service 
access inequities: non-subscribing households concentrate among 
tenants, lower-income groups, and hard-to-reach neighbourhoods, 
revealing a structural dimension to service exclusion with direct 
implications for urban resilience. Where collection fails to 
reach vulnerable populations, environmental and public health 
risks accumulate-flooding from drain blockage, vector-borne 
disease, water contamination [6]. Mapping these shortfalls at the 
neighbourhood scale supports targeted outreach, flexible pricing, 
and differentiated service models, aligning with SDG 11 and 

participatory governance frameworks [23]. The integrated GIS-
database system thus functions not merely as an optimization 
tool but as a strategic asset for adaptive urban governance with 
relevance beyond the waste sector [26-30].

Scalability and limitations

The modular, technology-agnostic architecture positions the 
framework for replication across Sub-Saharan African cities. The 
single-zone focus represents a deliberate piloting strategy: Zone 
F’s representativeness enables phased city-wide deployment, with 
preliminary cost-benefit estimates suggesting efficiency gains 
could offset marginal infrastructure investment. The framework 
is well positioned for integration with IoT fill-level sensors, cloud 
databases, machine learning-based predictive routing, and mobile 
customer feedback mechanisms [10].

Key limitations include: (a) single-zone scope requiring 
validation in peri-urban and informal settlement contexts; (b) 
challenges in maintaining current spatial data in rapidly evolving 
neighbourhoods; and (c) dependence on sustained cross-agency 
collaboration. Future research should prioritize longitudinal 
efficiency tracking, formal cost-benefit and carbon accounting 
analyses, and comparative cross-city studies across diverse African 
urban morphologies [31-33].

Conclusion and Recommendations
This study developed and validated an integrated spatial 

database-network analysis framework for solid household waste 
pre-collection in Yaoundé, Cameroon, addressing a critical gap in 
the urban sustainability literature. Three principal conclusions 
emerge. First, the ODBC-linked database-GIS architecture provides a 
dynamic, bidirectionally synchronized environment that eliminates 
the fragmentation of conventional workflows-a contribution not 
previously demonstrated in a comparable African urban context. 
Second, GIS-based network analysis yielded substantial route 
optimization gains consistent with international benchmarks, with 
environmental co-benefits including reduced fuel consumption and 
estimated CO2 emissions (SDG 13), though the 19.1% daily waste 
deficit confirms that routing efficiency alone cannot substitute 
for system-wide investment. Third, embedding socioeconomic 
profiling within the optimization architecture exposed structural 
service exclusion patterns-concentrated among tenants and hard-
to-reach populations-providing the evidence base for equitable, 
resilience-oriented interventions aligned with SDG 11.

Operationally, pre-collection enterprises should adopt the GIS-
optimized dual-mode workflow as standard infrastructure, with 
systematic GPS performance monitoring and phased institutional 
capacity building. At the policy level, municipal authorities should 
pursue zone-by-zone city-wide scaling anchored in formal cost-
benefit analysis, integrate equity metrics into waste service 
planning alongside efficiency indicators, and strengthen inter-
agency data-sharing protocols. Aligning waste management 
investments with Cameroon’s NDCs under the Paris Agreement 
and SDG reporting frameworks would further strengthen the case 
for sustained public investment and climate finance access. For 
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research, priorities include longitudinal durability assessment, 
rigorous carbon accounting, extension to peri-urban and informal 
settlements, integration with IoT and predictive analytics, and 
comparative cross-city studies within Cameroon and across the 
Central, West, and East African subregions.

The management of solid household waste in rapidly urbanizing 
Sub-Saharan African cities is a defining test of institutional 
capacity, environmental stewardship, and social equity. This study 
demonstrates that integrating spatial database management, 
network analysis, and socioeconomic profiling-using accessible, 
adaptable technologies-can produce robust improvements in both 
the efficiency and equity of waste services. The framework offers 
a transferable pathway for transforming waste management from 
an ad hoc activity into a data-informed component of sustainable 
urban development, accelerating progress toward the cleaner, 
healthier, and more resilient cities envisioned by the Sustainable 
Development Goals and the New Urban Agenda.
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