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Abstract 

Municipal solid waste management involves coordinating collection vehicle routing, fleet 

maintenance, transfer station and landfill operations, recycling processing, and regulatory and 

financial reporting, generating operational data across telematics platforms, bin-level sensors, 

weighbridge systems, and enterprise resource planning (ERP) software that frequently remain 

poorly integrated with one another. This paper examines how artificial intelligence (AI) and 

machine learning (ML) can be integrated with SAP enterprise systems, including SAP 

S/4HANA, SAP Enterprise Asset Management (EAM), and SAP Transportation Management 

(TM), to support more efficient and responsive municipal waste management operations. We 

propose an integration architecture in which AI-driven route optimization, bin fill-level 

prediction, collection vehicle predictive maintenance, and waste stream composition analysis are 

translated into structured SAP transportation orders, maintenance notifications, and operational 

reporting, connecting field-level predictive intelligence to the enterprise systems that municipal 

public works and finance departments already use to plan, execute, and fund waste collection and 

processing operations. The paper discusses relevant AI/ML techniques, including dynamic route 

optimization, fill-level forecasting from sensor and historical collection data, computer vision for 

waste stream contamination detection, and vehicle telematics-based predictive maintenance, 

alongside SAP-specific integration mechanisms and the governance and change-management 

considerations relevant to municipal deployments. We conclude with a discussion of 

implementation challenges and directions for future research on integrated municipal waste 

management systems. 

Keywords: Municipal waste management; artificial intelligence; machine learning; SAP; 

enterprise asset management; route optimization; predictive maintenance; recycling; smart cities; 

fleet management. 

1. Introduction 

Municipal solid waste management is a resource-intensive public service, requiring 

municipalities to coordinate collection vehicle fleets, plan efficient and reliable routes, maintain 

transfer stations and material recovery facilities, and increasingly manage recycling and organics 

diversion programs alongside traditional refuse collection, all while operating under tightening 

budget and environmental performance expectations. Many of the operational systems 
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supporting this work, including vehicle telematics platforms, bin fill-level sensors, and 

weighbridge scale systems, generate substantial real-time and historical data, yet this data often 

remains disconnected from the enterprise resource planning (ERP) systems that municipal public 

works and finance departments rely on to plan routes, manage fleet maintenance, and report on 

program performance and cost. 

Many municipalities and waste management authorities run SAP as their core ERP platform, 

using SAP Enterprise Asset Management (EAM) for fleet and facility maintenance and, in some 

deployments, SAP Transportation Management (TM) for route and logistics planning. This paper 

examines how artificial intelligence and machine learning can be integrated with these SAP 

modules to support more efficient, responsive municipal waste management, translating field-

level predictive and optimization intelligence directly into the enterprise workflows that already 

govern route planning, fleet maintenance, and program reporting. 

The remainder of this paper proceeds as follows. Section 2 reviews background on municipal 

waste management operations and relevant SAP modules. Section 3 presents the proposed AI-

SAP integration architecture. Section 4 discusses the AI/ML techniques applied within this 

architecture, including route optimization, fill-level forecasting, vehicle predictive maintenance, 

and waste stream analysis. Section 5 addresses SAP-specific integration mechanisms. Section 6 

discusses governance and change-management considerations, and Section 7 concludes with an 

illustrative scenario and closing discussion. 

2. Background 

2.1 Municipal Waste Management Operations and Data Sources 

A typical municipal waste management operation spans residential and commercial collection 

routing, transfer station and landfill or waste-to-energy facility operations, and, for many 

municipalities, a materials recovery facility (MRF) processing recyclables. Collection vehicles 

are increasingly equipped with telematics systems tracking location, fuel consumption, and 

engine diagnostics, while a growing number of municipalities deploy fill-level sensors on 

collection bins or dumpsters, particularly for commercial and multi-family collection points, to 

reduce unnecessary collection trips to partially filled containers. Weighbridge scales at transfer 

stations and landfills record tonnage data essential for both operational planning and regulatory 

or contractual reporting. 

2.2 SAP Modules Relevant to Waste Management 

SAP EAM supports maintenance planning and work order management applicable to collection 

vehicles, compactors, and material handling equipment at transfer stations and MRFs. SAP 

Transportation Management supports route and logistics planning functionality that can be 
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extended to municipal collection routing, particularly for larger municipalities or regional waste 

authorities managing complex, multi-route operations. SAP S/4HANA provides the underlying 

financial and procurement backbone connecting fleet maintenance and route operations to 

budgeting, contractor billing, and tipping fee reconciliation. As in other municipal infrastructure 

domains, these modules provide substantial native functionality, but their operational value 

depends on timely, accurate data flowing in from field systems such as telematics platforms and 

fill-level sensors. 

2.3 AI and ML in Waste Management 

Machine learning has been applied to waste management for tasks including dynamic route 

optimization responsive to real-time fill-level and traffic data, fill-level forecasting to reduce 

unnecessary collection trips, computer-vision-based waste stream composition analysis to 

identify recycling contamination, and vehicle predictive maintenance from telematics and 

diagnostic data, generally demonstrating reduced collection cost, fuel consumption, and vehicle 

downtime relative to fixed-schedule, reactive-maintenance approaches. Realizing this operational 

value at the enterprise level, however, requires that these AI-generated recommendations reach 

the systems and staff responsible for route planning, fleet maintenance, and program reporting, 

motivating closer integration with SAP for municipalities that already rely on it. 

3. AI-SAP Integration Architecture 

3.1 Architecture Overview 

The proposed architecture consists of four stages. A data aggregation stage collects vehicle 

telematics data, bin fill-level sensor readings, weighbridge tonnage records, and existing SAP 

EAM fleet and equipment history into a unified data model. An AI/ML analytics stage applies 

route optimization, fill-level forecasting, vehicle predictive maintenance, and waste stream 

composition models to this unified data. An integration middleware stage translates AI-generated 

outputs into SAP-compatible records, including transportation orders or route plans, maintenance 

notifications, and operational reporting entries. A SAP consumption stage presents these records 

within existing SAP TM route planning and SAP EAM maintenance workflows used by dispatch 

and fleet maintenance staff. 

3.2 From Route Optimization to SAP Transportation Orders 

Dynamic route optimization outputs, reflecting current bin fill-level predictions, vehicle 

capacity, and traffic conditions, are translated into structured transportation orders or route plan 

updates within SAP TM, allowing dispatch staff to review and confirm AI-generated route 

adjustments through the same planning interface used for standard route management rather than 

requiring a separate optimization tool disconnected from daily dispatch operations. 
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3.3 From Predictive Maintenance to SAP Work Orders 

Vehicle predictive maintenance model outputs, derived from telematics diagnostic trouble codes 

and engine performance trends, are translated into SAP maintenance notifications referencing the 

specific SAP equipment record for the affected vehicle, allowing fleet maintenance planners to 

schedule preventive service during planned downtime windows rather than responding only after 

an in-service breakdown disrupts a collection route. 

4. AI and Machine Learning Techniques 

4.1 Dynamic Route Optimization 

Route optimization models, often combining operations-research-based vehicle routing 

algorithms with machine-learning-predicted fill levels and travel-time estimates, generate 

collection routes that minimize total distance and time while respecting vehicle capacity and 

service-level commitments, and can adjust dynamically in response to real-time conditions such 

as an unusually rapid fill-level increase at a commercial collection point or an unplanned road 

closure. 

4.2 Fill-Level Forecasting 

Fill-level forecasting models, trained on historical fill patterns by collection point together with 

contextual factors such as day of week, season, and nearby event activity, predict when a given 

bin or dumpster is likely to require collection, allowing route planning to shift from fixed-

schedule collection toward a needs-based model that reduces both unnecessary trips to under-

filled containers and the risk of overflow at high-turnover locations. 

4.3 Vehicle Predictive Maintenance 

Predictive maintenance models applied to collection vehicle telematics data, including engine 

diagnostic trouble codes, hydraulic system performance for compaction mechanisms, and brake 

wear indicators, identify developing mechanical issues before they cause an in-service 

breakdown, which is particularly costly for waste collection operations given the disruption a 

stalled route creates for the collection schedule of an entire service area. 

4.4 Computer Vision for Waste Stream and Contamination Analysis 

Computer vision models applied to imagery from material recovery facility sorting lines or 

collection vehicle cameras can identify recycling stream contamination, such as non-recyclable 

materials or hazardous items entering the recycling stream, supporting both operational sorting 

efficiency and targeted public education efforts directed at collection routes or neighborhoods 

showing elevated contamination rates. 
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4.5 Transfer Station and Landfill Capacity Forecasting 

Beyond collection-level optimization, machine learning models applied to weighbridge tonnage 

history, seasonal generation patterns, and regional population trends can forecast transfer station 

throughput and landfill airspace consumption over multi-year planning horizons, supporting 

capital planning decisions such as scheduling cell expansion, evaluating additional transfer 

capacity, or negotiating regional processing agreements before capacity constraints become 

operationally binding. Surfacing these longer-horizon forecasts within SAP's capital planning 

and budgeting workflows, alongside the shorter-horizon route and maintenance 

recommendations described above, allows a single integrated platform to support both day-to-

day dispatch decisions and multi-year infrastructure investment planning. 

5. SAP-Specific Integration Mechanisms 

5.1 Telematics and Sensor Integration via Business Technology Platform 

SAP Business Technology Platform (BTP) provides integration services suited to ingesting 

vehicle telematics and bin sensor data streams and connecting AI/ML model outputs to SAP TM 

and SAP EAM through standard interfaces, avoiding the need for custom point-to-point 

integration between each field data source and SAP and providing a maintainable integration 

layer as sensor and telematics vendors change over time. 

5.2 Fleet and Route Master Data Alignment 

Effective integration depends on maintaining consistent correspondence between telematics 

vehicle identifiers, bin or collection point GIS records, and SAP's equipment and route master 

data structures, so that AI-generated route recommendations and maintenance notifications 

correctly reference the corresponding SAP records; this master data alignment is often the most 

significant practical undertaking in an integration project of this kind, particularly for 

municipalities consolidating data from multiple legacy telematics or routing systems. 

5.3 Financial and Contractor Reporting Integration 

Because municipal waste collection is often delivered through a mix of in-house crews and third-

party hauling contracts, integrating AI-generated route and tonnage data with SAP's financial 

reporting supports more accurate contractor billing reconciliation and tipping fee tracking, 

connecting operational optimization directly to the cost and budget reporting processes that 

municipal finance departments and elected officials rely on for program oversight. 
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6. Governance and Change Management 

6.1 Data Quality and Sensor Reliability 

Fill-level sensors and vehicle telematics devices are subject to signal loss, battery depletion, and 

physical damage in the field, and the architecture must handle degraded or missing sensor data 

gracefully, falling back to historical pattern-based estimates rather than propagating an unreliable 

reading into a route optimization or maintenance decision without appropriate confidence 

discounting. 

6.2 Change Management for Dispatch and Maintenance Staff 

Introducing AI-generated route adjustments and predictive maintenance notifications changes 

established dispatch and maintenance planning routines, and successful adoption typically 

requires a transition period in which AI-generated recommendations are reviewed and confirmed 

by experienced dispatch and maintenance staff before being treated as authoritative, allowing 

staff to build trust in model outputs gradually rather than being asked to cede established 

judgment to an unfamiliar system immediately. 

6.3 Equity Considerations in Route Optimization 

Because route optimization models are typically tuned to minimize cost and distance, 

municipalities should verify that optimized routing does not inadvertently degrade service 

consistency or responsiveness in lower-income or historically underserved neighborhoods 

relative to service levels achieved under prior scheduling approaches, incorporating explicit 

service-level constraints into the optimization objective where necessary to maintain equitable 

service delivery across the municipality. 

7. Illustrative Scenario and Conclusion 

Consider a mid-sized municipality operating SAP S/4HANA with SAP TM for route planning 

and SAP EAM for fleet maintenance, having recently deployed fill-level sensors on commercial 

waste containers throughout its downtown core. During a period of unusually high commercial 

activity, the fill-level forecasting model detects that several containers along a single collection 

route are trending toward capacity significantly faster than their historical pattern would predict. 

The route optimization model, incorporating this updated forecast, generates a revised route 

recommendation adding an interim collection stop for the affected containers, which is translated 

into an updated SAP TM route plan for dispatch review rather than requiring a dispatcher to 

notice the anomaly manually and reschedule collection by phone or radio. 
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At the same time, the predictive maintenance model flags a developing hydraulic pressure 

anomaly on the compaction mechanism of the vehicle assigned to a separate residential route, 

based on a gradual trend in telematics sensor data, generating a SAP maintenance notification 

with sufficient lead time for the fleet maintenance team to schedule repair during the vehicle's 

next planned downtime window rather than risking an in-service compaction failure that would 

halt collection mid-route. Together, these two concurrent examples illustrate how the integrated 

AI-SAP architecture supports both short-term operational responsiveness and longer-horizon 

fleet reliability within the same enterprise workflow municipal staff already use. This paper has 

presented an integration architecture connecting AI-driven route optimization, fill-level 

forecasting, predictive maintenance, and waste stream analysis with SAP enterprise systems, 

allowing municipalities to move toward more efficient, responsive, and cost-transparent waste 

management operations. Realizing this integration in practice requires sustained attention to 

sensor and telematics data quality, master data alignment between field systems and SAP, 

change management for dispatch and maintenance staff, and explicit attention to equitable 

service delivery, representing important directions for continued research and practical 

development as intelligent municipal waste management systems mature. 
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