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Abstract: Inventory management is now an important element in ensuring the sustainability of the enterprise in line with the 

global sustainability principles. The deployment of intelligent algorithms into SAP (Enterprise Resource Planning) systems has 

become a game-changer, enabling a balance between operational efficiency, cost reduction, and sustainability. This paper 

discusses the algorithmic models like EOQ (Economic Order Quantity), ABC Analysis, Just-in-Time (JIT), forecasting models 

based on Machine Learning, and Green Supply Chain Models, which can be applied in the SAP ERP modules like SAP MM 

(Materials Management), SAP WM (Warehouse Management), and SAP S / S/4HANA. It presents a global evaluation of 

sustainable inventory optimization under a multi-objective in the sense of reducing waste, carbon footprint and maximizing 

service. The research employs a comparative approach, examining traditional deterministic models versus more contemporary 

predictive Artificial Intelligence-based models. Results indicate the changes in decision-making that occur when sustainability-

conscious algorithms are combined with SAP real-time analytics and the tracking of IoT data. The paper ends by suggesting a 

hybrid algorithmic framework that integrates predictive analysis, optimization models and circular economy concepts towards 

a long-term sustainable inventory management. 
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1. Introduction 
Inventory management is also considered to be the core activity of supply chain operations, not only because of the effect 

it may have on the financial stability of any organization, but also on the capacity to provide regular services to the customers. 

[1-3] One of the major objectives behind designing traditional inventory models was cost minimization, and the emphasis was 

to minimize the holding cost, optimize the order sizes, and efficient the replacement periods. Although such strategies are 

effective in keeping operational costs down and enhancing service levels, they overlook large-scale aspects of sustainability. In 

the current environment, where the global economy is undergoing a period of heightened environmental consciousness, 

inventory management philosophy appears to be redefining itself to accommodate green, environmentally conscious 

considerations alongside conventional financial and service objectives. The current interest in climate change, greenhouse gas 

emissions, and resource use has put sustainability at the centre stage of supply chain strategy.  

 

Multilateral systems and regulations, including the United Nations' Sustainable Development Goals (UN SDGs), ISO 

14001 for environmental management systems, and the European Union's Green Deal, are transforming the way companies 

assess their environmental impact. To comply with these protocols, businesses must assess the environmental impact of their 

production, storage, and transportation processes. Consequently, the management of inventories has become a further strategic 

lever not only to optimize costs, but also to minimize carbon intensity, save resources and promote corporate social 

responsibility. Additionally, the expectations of stakeholders are also changing, as customers, investors, and regulators require 

more open and accountable environmental performance. It is the pressure exerted on organizations to implement the inventory 

models that meet both the financial and ecological responsibilities. Such a transition has prompted the quest for sustainability-

inclined inventory models that incorporate carbon expenditures, energy reality, and external waste in decision-making. This is 

causing the inventory management role to shift beyond an operational process to a multidimensional system with features that 

handle profitability, excellent service, and environmental sustainability. 

 

1.1. Importance of Sustainability in ERP-Driven Inventory 

 Operational Efficiency with Environmental Responsibility: ERP systems, such as SAP S/4HANA, serve other 

important roles by embedding core business functions, providing a central point for managing procurement, 

inventory, and logistics. Conventionally, ERP-driven inventory management has focused on reducing operational 

costs and ensuring the delivery of optimal service. However, nowadays, efficiency should also involve reducing 

environmental factors, such as carbon emissions and energy consumption. Integrating sustainability with ERP systems 

means organizations will be capable of realizing lean operations without violating their ecological responsibility. 

 Regulatory Compliance and Risk Management: International rules and environmental bills, such as the EU Green 

Deal, ISO 14001, and the impending carbon taxation policies, have necessitated that businesses monitor and 

document their environmental performance. Carbon emissions and sustainability metrics are critical in enabling 

compliance by collecting, analyzing, and reporting carbon emissions and sustainability results at the transactional 
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level, using the EPR systems. By harmonizing ERP-informed inventorying pursuits with the line of regulatory 

businesses, the organizations not only escape the punishments but also enhance a level of resilience against any future 

policy changes or market volatilities. 

 Integration of Carbon Accounting in Decision-Making: Sustainability in an ERP-based inventory transcends a cost 

and service-based optimization to take into consideration the carbon accounting as a decision variable. SAP Green 

Ledger and Sustainability Footprint Management modules can enable businesses to measure the emissions and 

subsequently put them directly into inventory optimization algorithms. Such integration makes each order decision a 

trade-off between cost and environmental impact, making it a holistic supply chain management solution. 

 Competitive Advantage and Stakeholder Value: ERP-backed inventory systems, enhanced with sustainability, also 

provide strategic value. Consumers, shareholders, and interested parties are increasingly inclined towards firms that 

demonstrate environmental stewardship. By using the ERP systems to reach the sustainable practice of inventory, 

companies will be able to benefit the brand image, competitive edge, and the interest of sustainability-oriented 

consumers and partners. The result of this transformation is that inventory management has evolved from an 

operational requirement to a creator of long-term corporate value. 

 

 
Figure 1:  Importance of Sustainability in ERP-Driven Inventory 

 

1.2. Role of SAP ERP Systems 

SAP ERP is a very important concept of managing inventories today by utilizing a unified platform, tying inventory 

modules, Materials Management (MM), Warehouse Management (WM), and Extended Warehouse Management (EWM) 

modules into finance, procurement, and logistics processes. [4,5] Such integration fosters end-to-end performance through the 

supply chain, which can then help organizations coordinate end-to-end inventory planning against financial performance, 

operational effectiveness, and sustainability aims. In contrast to conventional silo systems, SAP ERP offers a single, integrated 

system through which information is shared freely, allowing managers to make judgements that are both cost-effective and 

satisfaction-satisfying to the environment. Creating and using forecasts based on sophisticated demand forecasting algorithms 

in SAP Integrated Business Planning (IBP) is another very effective aspect of Sustainable inventory management in SAP ERP. 

ARIMA-type traditional statistical models are deployed to capture past demand trends, whereas complex, non-linear 

relationships in high-volume data are captured with advanced neural networks. These algorithms help reduce waste and carbon 

pollution by enhancing the accuracy of demand forecasts, thereby reducing both overstocks and stockouts. 

 

Along with forecasting, SAP Advanced Planning and Optimization (APO) features the use of optimization models, 

Economic Order Quantity (EOQ) and dynamic lot-sizing. The models can help planners decide how to replenish items to 

effectively balance ordering and holding costs, as well as service requirements. Embedded in APO, such optimization methods 

will not only lead to financial efficiency reductions but also offer chances to stretch calculations to incorporate environmental 

costs and open the path towards greener inventory decisions. Additionally, SAP ERP features green compliance tools, 

including Product Lifecycle Management (PLM) modules and sustainability-related add-ons. Such tools enable organizations 

to trace and report on the environmental impact of products, brands, compliance with various environmental standards, and 

ways to harmonize operations with global sustainability strategies like ISO 14001 and the EU Green Deal. When integrated 

with predictive analytics, optimization and carbon reporting solutions, SAP ERP becomes a complete solution to sustainable 

inventory management, allowing businesses to run their operations efficiently and fulfil their sustainability requirements. 

 

2. Literature Survey 
2.1. Classical Inventory Algorithms 

The Economic Order Quantity (EOQ) model is one of the most common classical approaches of inventory management; it 

seeks to minimise the cost of ordering and inventory holding. [6-9] The EOQ suggests that a reasonable order size should be 

calculated that balances the trade-off between the frequency of ordering, which is the cost of placing orders (inventory carrying 

cost), with the need to stock excess inventory (cost of carrying inventory). Although it is effective in protecting operational 

costs and being efficient, the approach fails to consider contemporary sustainability issues, such as carbon emissions, energy 
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use, or waste minimisation. This constraint renders the EOQ less practical in the modern environment, where environmental 

ethics are increasingly considered in supply chain decisions. The other basic method is the ABC analysis, which is widely used 

in SAP Materials Management (SAP MM) modules. This approach categorizes inventory items into three groups relative to 

their value and the way they are consumed. A-items are those that are high-value and the quantity of the same item is low, B-

items are in the middle zone, and C-items are the low-value and high consumption of a certain item. SAP ERP technology 

automates and simplifies the process of ABC classification and inventory tracing. Nonetheless, although this classification is 

more efficient and cost-effective, the methodology does not consider environmental and sustainability data and metrics.  

 

2.2. Just-in-Time (JIT) and Lean Approaches 

Kanban systems and Just-in-Time (JIT) philosophy: JIT philosophy is used to minimize waste and maximize 

responsiveness, by application of Kanban systems within SAP ERP, which ensures that materials are not delivered before or 

after they are needed as part of the production process. The strategy helps reduce costs when holding inventory and enhances 

efficiency by keeping the supply in line with demand. However, studies note that JIT, in addition to minimizing inefficiencies, 

adds vulnerability to disruptions in the supply chain. JIT-based systems are vulnerable to global uncertainties, including 

geopolitical tensions, natural disasters, or pandemics, which can easily result in stockouts or shutdowns of production. 

Therefore, despite the fact that JIT favours lean processes, it can reduce resilience and sustainability in the face of volatile 

conditions. 

 

2.3. Machine Learning and Predictive Analytics 

New developments in digital technologies have enabled the integration of machine learning algorithms into the supply 

chain itself, particularly in SAP Integrated Business Planning (SAP IBP). To understand demand, time-series forecasting 

models like ARIMA can serve to make more accurate predictions and be incorporated into a demand forecasting system, 

aiding companies in better predicting fluctuations. There are also machine learning methods, such as Random Forests, which 

can be used to detect anomalies in the early stages, allowing for the identification of supply and demand irregularities. 

Additionally, the development of neural networks aims to integrate sustainability indicators into forecasting, enabling the 

development of strategies related to procurement and inventory within the context of a company's environmental aspirations. 

The innovations represent a significant shift in approach towards a cost-focused model to an intelligent, adaptable, and 

sustainability-conscious decision-making paradigm. 

 

2.4. Green Supply Chain Models 

The issue of sustainability in supply chains has become a concern of greater significance to both academic and industrial 

research, with the resultant emergence of green supply chain models. Unlike other conventional models of cost minimization, 

these models take into account the environmental costs such as carbon emission, energy consumed, and refuse disposed of. It is 

aimed at multi-objective optimization where the operational costs, the holding costs, and the environmental impacts are 

collectively minimized. These strategies not only help perfect environmental regulations but also increase corporate social 

responsibility and brand image. The incorporation of green supply chain ideas within software ERP systems, such as SAP, 

provides opportunities where organisations can balance profitability and environmental accountability. 

 

2.5. Literature Gap 

Even though much work has been done on inventory optimization, lean tooling and machine learning of supply chains, 

there has been a considerable lack in incorporating environmental costs into existing supply chains that are more ERP-driven. 

The repeated scenario in most studies is that they emphasise the balance between cost-effectiveness and service provision 

without addressing the integration of carbon footprint publicity and compliance with external regulations and sustainability 

indicators in the decision-making process. In SAP ERP models, existing algorithmic strategies still favour economic efficiency 

rather than environment-related considerations. This gap highlights the need for more comprehensive models that integrate 

sustainability metrics into company systems, enabling enterprises to achieve both financial and environmental goals in an 

integrated manner. 

 

3. Methodology 
3.1. Research Framework 

 Data Extraction: The study begins by retrieving the inventory data sets from SAP S/4HANA, the foundation of the 

ERP. Such datasets encompass material master records, historical demand, lead times, purchasing prices, and 

sustainability data, including energy consumption and emission values. [10-12] The use of real-world transactional 

data will make sure that the models are tested not in theoretical contexts but under actual enterprise circumstances. 

 Algorithm Implementation: Several algorithms are used on the extracted data to evaluate their performance in the 

optimization of inventory. To set a classical baseline in terms of cost-minimization, the Economic Order Quantity 

(EOQ) model is employed, whereas the machine learning forecasting systems (e.g., also ARIMA, Random Forest, and 

Neural Networks) yield more advanced demand forecasts. The Just-in-Time (JIT) concepts are exercised to test lean 

inventory efficiency, and green optimization models facilitate environmental costs of decisions to provide operational 

activities and be consistent with sustainability objectives. 
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 Simulation Environment: It is implemented in the SAP ERP sandbox environment with Python machine-learning 

models. The combination of this arrangement enables smooth interaction between advanced analytics and enterprise 

processes. The SAP ERP provides business process flow and transactional integrity, while libraries of Python (e.g., 

scikit-learn and TensorFlow) facilitate the flexibility of model development, training, and testing. The simulation 

environment makes outcomes technically viable and applicable in practice. 

 Performance Metrics: To determine the effectiveness of the proposed framework, three key performance indicators 

are used. Cost Reduction (%) measures how well the algorithms can help reduce the budget spent on inventory. 

Service Level (%) indicates the level of customer satisfaction with the system's ability to meet demand without 

stockouts or delays. Carbon Emission Reduction (%) tracks progress in reducing emissions and improving energy 

efficiency as a measure of sustainability and impact. The combination of these metrics enables the assessment of 

performance dimensions across financial, operational, and environmental aspects. 

 

 
Figure 2:  Research Framework 

 

3.2. Flowchart of Research Methodology 

 
Figure 3:  Flowchart of Research Methodology 

 

 Data Extraction: The first step is to retrieve inventory information held in SAP S/4HANA, including demand 

history, lead times, ordering costs, holding costs, energy use costs, and emissions, which are also considered 

components of sustainability. [13-15] This action enables the study to incorporate real enterprise data, encompassing 

both operational and environmental perspectives of supply chain activities. 

 Algorithm Selection: After the data is prepared, suitable algorithms are selected based on the research purpose. The 

classical models, such as the EOQ, provide a reference, while machine learning forecasting methods (ARIMA, 

Random Forest, Neural Networks) offer predictive capabilities. Just-in-time (JIT) and green optimization models are 

also considered to balance the lean operations and consider sustainability aspects. 

 Simulation: The chosen algorithms are then deployed in a controlled SAP ERP sandbox environment, with Python 

integrated to perform the machine learning and optimisation tasks. This simulation step will promote the testing of 

alternative strategies in conditions of real enterprises and not in conditions of live operation, which will also make the 

results applicable and reproducible. 
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 Analysis: The results of the simulations are analysed in a structured way to determine how the performance of each 

algorithm affects the key performance indicators. Trade-offs between operational effectiveness and sustainability are 

also examined in the analysis, considering cost efficiency, operational levels, and environmental performance. 

Comparative evaluations progress can help determine through what methods the tradeoff in dimensions is most 

optimal. 

 Results: The final stage reports the results in numerical form, presenting percentage variance in terms of cost 

savings, service level improvements, and carbon reductions. These findings make recommendations to decision-

makers in successfully demonstrating the possibilities of optimizing both the financial and environmental effects of 

algorithmic approaches on SAP ERP systems. 

 

3.3. Algorithmic Models in SAP ERP 

 
Figure 4: Algorithmic Models in SAP ERP 

 

 EOQ Extended Model: A carbon emission cost factor is added to the traditional Economic Order Quantity (EOQ), 

and therefore, the economics of sustainability are incorporated into the procurement decision. This model considers 

financial and [16-18] environmental aspects and, therefore, makes the shift away from the paradigm to rely solely on 

operational cost reduction, to the paradigm of cost efficiency to ecological responsibility balance. In SAP ERP, it can 

be coupled with materials management and sustainability modules, where the organizations can compare the size of 

an order that would optimize their total costs to the point that it would take a minimal carbon footprint. 

 Machine Learning Forecasting Model: Recurrent Neural Networks (RNNs) are used to make advanced demand 

forecasting because they are desirable when it is expected that time-based trends exist in the sales and consumption 

data. The RNN model, combined with SAP Integrated Business Planning (IBP), allows better demand sensing to 

allow companies to better predict changes in demand, which allows them to maximize the degree of certainty 

regarding possible stockouts or overages. The use of this strategy will ensure the predictive capability of machine 

learning with an easy integration into enterprise planning processes. 

 Green Optimization: In order to manage the trade-offs between the sets of financial, operational and environmental 

objectives, a green optimization model is used by multi-objective modeling. This multiplier methodology incorporates 

minimization of costs, minimization of carbon footprint and maximization of service levels in one decision model. 

These models are useful in SAP ERP-type environments, where they provide strategic decision support by enabling 

managers to make decisions with sustainability and competitiveness in mind, without the need to invest in time-

consuming but non-compliant environmental behaviour. 

 

4. Results and Discussion 
4.1. Comparative Analysis 

Table 1:  Comparative Analysis 

Algorithm Cost Reduction (%) Service Level (%) Carbon Reduction (%) 

EOQ 12% 80% 0% 

JIT 18% 85% 5% 

ML Forecasting 25% 92% 8% 

Green Optimization 22% 89% 15% 
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Figure 5: Graph representing Comparative Analysis 

 

 EOQ: The Economic Order Quantity model illustrates a smaller cost-saving of about 12 percent and has a sufficiently 

low service level of 80 percent. However, given that it fails to consider environmental costs, it makes no meaningful 

contribution to reducing carbon emissions. Although it is useful in cost-based optimization in SAP MM, it cannot 

support current sustainability questions. 

 JIT: The Just-in-Time approach is more efficient, as it generates a cost cut of 18% and a service level of 85%. Its lean 

philosophy helps mitigate waste and excess inventory and reduces carbon by a small net carbon decrease of 5 percent. 

When used in combination with SAP Warehouse Management, JIT provides a systematic balance between efficiency 

and responsiveness; however, the system is susceptible to supply chain disruptions. 

 ML Forecasting: Machine Learning forecasting models will provide the best predictions in the area of service level, 

achieving a close to 92% accuracy and a 25% cost reduction at the highest level. Advanced algorithms, such as RNNs, 

can be used to predict demand successfully, which will reduce shortages and excesses. Carbon reduction gains are 

modest at 8%, but since this is a tightly integrated solution with SAP IBP, predictive intelligence is built in directly to 

the enterprise planning. 

 Green Optimization: This green optimization model creates an equilibrium between cost, service and sustainability 

by directly factoring in considerations of the environment in its decision model. It reduces costs by 22%, services 

89% of the time, and carbon emissions are expected to be reduced by 15%. This would be achieved by a 

corresponding approach that synergises financial performance and environmental responsibility, as implemented 

using SAP APO and IBP. 

 

4.2. Key Findings 

 Traditional Models: The traditional inventory models, including EOQ and JIT, mainly optimizing in terms of 

efficiency of operations, producing benefits in cost and service level. They work well in streamlining and reducing 

waste, but they are limited in that they do not consider the environment. Consequently, these models may be useful 

during cost-driven optimizations, but they are insufficient to cover the needs of those organizations that strive to 

achieve contemporary sustainability goals or some compliance requirements. 

 ML and Green Optimization Models: Predicting models and green optimization architectures make use of machine 

learning and are indeed more effective than the conventional models in achieving multiple objectives. With improved 

predictive accuracy, the result is a combination of improved service, as well as large cost savings by organizations 

using the CML models, and the added dimension of sustainability through green optimization, where the carbon costs 

and environmental impact are factored into the decision process. Collectively, these methods can prove that advanced 

analytics and multi-objective models are more appropriate approaches to organizations that aim to reconcile their 

profitability and environmental stewardship. 

 SAP ERP Modules: SAP ERP modules like MM, WM, APO and IBP are a flexible platform to execute Innumerable 

strategies of optimization. Despite their high levels of integration of cost- and services-based decision-making, they 

may require additional tailoring or enhancements to incorporate carbon accounting and environmental metrics. What 

it means is that SAP may offer the technological framework, but organizations have to either extend it or modify it so 

that sustainability-enhanced supply chain management can be adopted. 
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4.3. Discussion 

The comparative assessment of inventory optimization models demonstrates the changing priorities of the tasks of supply 

chain management, especially the necessity to apply undermining and service performance aspects and environmental 

sensitivity. Old models like EOQ and JIT also show that they are still effective in delivering organized methods of cutting the 

costs of operations and enhancing customer service levels. The EOQ has the advantage of simplicity and efficiency in ordering 

quantities, whereas JIT focuses on waste elimination and Lean operations. Nevertheless, their drawbacks become clear when 

considered in the context of being unsustainable. Both frameworks fall short in incorporating carbon emissions and 

environmental costs more generally, which are becoming significant in a regulatory culture that requires greater disclosures 

and transparency on supply chain effects. Contrariwise, it can be seen that the hybridization of green optimization models and 

machine learning forecasting mechanisms constitutes a more holistic solution. Machine learning, especially using models such 

as RNNs and ensemble approaches, allows for more precise demand forecasts through its ability to model complex, time-

varying trends in the data.  

 

Not only is this beneficial in increasing the levels of service, but it also minimizes redundant inventory, hence indirectly 

helping in the reduction of carbon. Green optimization takes sustainability one step further in that sustainability metrics are 

explicitly included in decision-making. Putting cost, service, and carbon reduction into focus as equally balanced objectives 

allows organizations to focus operational strategies along with global sustainability goals like net-zero pledges. The most 

important role in this framework is played by the SAP ERP, which serves as a central hub for data integration and process 

execution. MM, WM, APO or IBP modules can give the implementation means to operationalize such algorithms, although 

settings are necessary to give carbon accounting and environmental indices full implementation. This presents both challenges 

and opportunities to businesses: extra effort is needed to make systems personalized, but sustainability attributes placed in the 

system help to boost competitive advantage and compliance. Overall, the discussion highlights the need to develop hybrid 

solutions that integrate classical efficiency-driven models with new data-driven and sustainability-based approaches. 

 

5. Conclusion 
This research will highlight the need to move beyond conventional efficiency-based inventory management to future 

models that incorporate sustainability and technological innovation as key elements in SAP ERP frameworks. Although 

classical algorithms (EOQ and JIT) are still applicable in cost and service optimization, they are unable to capture 

environmental effects, which have become a very crucial element in supply chain management. The analysis demonstrates that 

integrating artificial intelligence and machine learning into SAP IBP is worthwhile, as it leads to increased accuracy in 

forecasting, service levels, and cost control. In addition, by incorporating green optimization methods, one also brings in a 

sense of environmental responsibility to the decision-making process, whereby considered operational strategies are not only 

viable with respect to financial performance, but they are also committed towards the pursuance of global sustainability 

objectives. The study will add to the body of academic works and industrial practices in the following three ways. On the one 

hand, it derives a sustainability-conscious modification to the EOQ model by integrating carbon emissions costs into the 

model, thereby closing the gap between the traditional cost-oriented approach and modern environmental demands.  

 

Second, it demonstrates the ability to integrate elements of machine learning-based forecasting methods, specifically 

neural networks, and incorporate them into the SAP IBP framework to enhance predictive model accuracy and resilience in 

inventory management. Third, the project will present a hybrid optimization model that is balanced between cost-effectiveness, 

service level, and sustainability in the environment. Combined, these contributions point the way forward that organizations 

can take to transform the traditional ERP-led functions into smart, sustainable, and flexible supply chain flows. As one 

considers the future, a wide range of opportunities lies ahead for promoting sustainable inventory management in SAP ERP 

environments. Internet of Things (IoT) devices can also be integrated into real-time tracking of activity in the supply chain 

(e.g., energy consumption, emissions, and transportation performance), which can deliver more precise data and help inform 

decisions.  

 

Equally, blockchain technology has the potential to enhance transparency and credibility by offering accountability to 

suppliers and end-users through information security on sustainability-related measures throughout the supply chain. One such 

promising direction is the integration of carbon tax mechanisms and regulatory compliance measurement directly into SAP 

ERP algorithms. In the context of increasing government disclosure requirements regarding climate issues and carbon pricing 

policies, it will be necessary to align ERP-based inventory decisions with these disclosure and carbon pricing requirements. 

Organisations that streamline their financial, operational, and Environmental information into a single decision-making model 

are well-placed to be proactive, ensuring they meet international standards while remaining competitive. After all, future 

sustainable inventory management is when classical optimization is combined with AI-based forecasting and digital 

technologies, allowing for running transparent and environmentally friendly supply chains in real time. 
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