
https://aimjournals.com/index.php/ijnget 87  

 

Received: 30 May 2026, Revised: 19 June 2026, Accepted: 23 July 2026, Published: 24 August 2026  

https://doi.org/10.55640/ijnget-v03i08-10 

 

Lean Production Optimization Through SAP PP and SAP Digital 

Manufacturing Integration 

 

  Rohan Malhotra 1, Kavya Iyer 2 

1 Institute of Lean Manufacturing Studies, India 
2 Center for Smart Production and Industrial Engineering, India 

ABSTRACT: The integration of production planning with digitally enabled manufacturing execution represents an 

important pathway for improving production responsiveness, process visibility, and operational coordination. This 

research examines a conceptual framework for Lean Production Optimization Through SAP PP and SAP Digital 

Manufacturing Integration, with particular emphasis on the relationship between production planning, shop-floor 

information, process conditions, and adaptive operational decision-making. Because the supplied literature is 

concentrated primarily on machining behavior, serrated-chip formation, cutting-force modeling, thermal-mechanical 

effects, and numerical prediction, the study positions these manufacturing-process findings as the technical 

foundation for understanding why production-planning systems require reliable, timely, and process-sensitive 

information. The methodology develops an integrated conceptual architecture connecting SAP Production Planning 

(SAP PP), SAP Digital Manufacturing, production orders, machine/process information, quality observations, and 

feedback-based planning decisions. The proposed framework is evaluated through analytical reasoning and 

hypothetical manufacturing scenarios rather than through a proprietary industrial dataset. The findings indicate that 

integration can theoretically reduce information latency between planning and execution, improve synchronization 

of production decisions with shop-floor conditions, and create a stronger basis for exception-oriented planning. The 

research also identifies an important limitation: the supplied references do not directly investigate SAP PP, SAP Digital 

Manufacturing, or lean enterprise systems. Consequently, the proposed SAP integration model is a research synthesis 

and conceptual framework rather than an empirically validated SAP implementation study. The paper contributes by 

translating process-level manufacturing intelligence into an integrated production-planning perspective and by 

identifying the information requirements necessary for lean-oriented digital manufacturing. 

KEYWORDS: SAP PP, SAP Digital Manufacturing, Lean Production, Production Planning, Digital Manufacturing, 

Manufacturing Execution, Production Optimization, Process Monitoring, Adaptive Planning, Manufacturing 

Integration. 

 

1. Introduction 

    1.1 Background 

Modern production environments require 

coordination between production planning and the 

physical execution of manufacturing operations. 

Production plans are generally established before 

manufacturing begins, whereas actual shop-floor 

conditions can vary because of machine behavior, 

material characteristics, tooling conditions, process 

disturbances, and changes in operating parameters. 

This distinction creates a fundamental information 

problem: a plan may be theoretically feasible while 

becoming suboptimal when real manufacturing 

conditions differ from assumptions used during 

planning. 

The supplied manufacturing literature demonstrates 

that machining processes can exhibit substantial 

variation resulting from thermal, mechanical, 

geometrical, and material-related factors. Komanduri 

and Hou (2002), for example, examined thermoplastic 

shear instability in titanium-alloy machining, 

demonstrating the importance of process behavior in 

understanding manufacturing outcomes. Arrazola, 

Barbero and Urresti (2010) similarly examined the 

influence of material parameters on serrated-chip 

prediction, while Arrazola, Villar, Ugarte and Marya 

(2007) investigated prediction of serrated chips through 

finite-element modeling. These studies collectively 

indicate that manufacturing performance cannot be 

understood exclusively through static production 

parameters. 
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This issue is particularly relevant to digitally 

integrated production planning. Lean Production 

Optimization Through SAP PP and SAP Digital 

Manufacturing Integration can be conceptualized as an 

approach in which production planning and shop-floor 

execution are treated as interconnected rather than 

isolated activities. SAP PP can represent the planning-

oriented layer, while SAP Digital Manufacturing can 

conceptually provide the digital execution and 

operational-information layer. The resulting 

architecture can enable planning decisions to be 

informed by manufacturing conditions instead of 

relying exclusively on predetermined assumptions. 

The central research premise is therefore that lean 

production performance depends not only on reducing 

waste but also on reducing the information delay 

between production planning and manufacturing 

execution. A production environment in which machine 

and process information are available to planning 

functions can theoretically respond more rapidly to 

deviations than an environment in which planning and 

execution operate independently. 

   1.2 Problem Statement 

A major challenge in manufacturing optimization is 

the mismatch between planned production conditions 

and actual process behavior. Research on serrated-chip 

formation demonstrates that machining outcomes can 

depend on interacting process variables. Chen et al. 

(2021) proposed a geometric model for serrated-chip 

formation in high-speed machining, while Wen et al. 

(2016) experimentally examined the formation 

mechanism of serrated chips in TC11 titanium alloy. 

Such findings emphasize that manufacturing processes 

can contain dynamic and nonlinear characteristics. 

From a production-management perspective, these 

characteristics create several potential problems. A 

production order may be scheduled according to 

nominal processing times even when actual process 

conditions produce variability. Capacity assumptions 

may become inaccurate, quality-related information 

may arrive too late, and rescheduling may occur only 

after production disruption has already occurred. 

The research problem addressed in this paper is 

therefore the development of a conceptual integration 

framework through which SAP PP and SAP Digital 

Manufacturing can support a more responsive and 

information-connected lean production environment. 

The objective is not to claim that the supplied machining 

studies directly validate SAP functionality. Instead, 

their contribution is interpreted at the process-

information level and used to establish why digitally 

integrated planning requires timely manufacturing 

intelligence. 

  1.3 Research Relevance and Objectives 

The research is relevant because digital 

manufacturing integration changes production planning 

from a predominantly periodic activity toward a 

potentially continuous feedback process. The principal 

objective is to establish a conceptual framework 

connecting planning data, production execution, process 

observations, exception management, and planning 

adjustment. 

The specific objectives are to examine the relationship 

between production planning and process-level 

manufacturing information; develop an integrated SAP 

PP–SAP Digital Manufacturing conceptual architecture; 

identify mechanisms through which integration can 

contribute to lean production; analyze potential 

performance outcomes; and identify limitations 

requiring empirical validation. 

   1.4 Scope and Significance 

The study focuses on discrete manufacturing 

environments in which production orders, operations, 

work centers, material requirements, machine execution, 

and production feedback must be coordinated. It does 

not present proprietary SAP configuration instructions or 

claim empirical performance improvements for a 

particular organization. 

The significance of the framework lies in its 

information architecture. Process-monitoring research 

demonstrates that manufacturing conditions can be 

modeled, measured, and predicted. Harzallah et al. 

(2018), for example, examined coupled measurement of 

temperature and kinematic fields during Ti-6Al-4V 

serrated-chip formation. This provides a useful 

conceptual basis for treating process information as an 

operational input rather than merely as historical 

production data. 

   2.   Literature Review 

2.1 Process Variability as a Manufacturing Planning 

Problem 

The provided literature consistently demonstrates 

that manufacturing processes are influenced by 

interacting physical parameters. Komanduri and Hou 

(2002) investigated thermoplastic shear instability during 

machining of Ti-6Al-4V, highlighting the relationship 

between material behavior and process instability. 

Arrazola et al. (2010) further examined how material 

parameters influence serrated-chip prediction. These 

findings are important for production planning because 

processing time, quality, tooling requirements, and 

capacity assumptions may ultimately depend on physical 

process behavior. 

Arrazola et al. (2007) developed finite-element-based 
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approaches for predicting serrated-chip formation, 

suggesting that computational modeling can provide 

information about manufacturing behavior before or 

during production. Issa et al. (2011) extended the 

predictive perspective through an advanced adaptive 

two-dimensional numerical methodology for 

orthogonal metal cutting. Collectively, these studies 

support the theoretical proposition that manufacturing 

decisions benefit from process-aware information. 

For an integrated SAP environment, this implies that 

production planning should not be treated as a 

completely independent computational layer. If process 

information indicates that an operation is becoming 

unstable or requires altered parameters, a digitally 

integrated planning environment should theoretically 

be capable of representing the resulting operational 

consequence. 

2.2 Experimental and Geometric Modeling 

Perspectives 

The literature also reveals complementary 

approaches to manufacturing-process analysis. Chen et 

al. (2021) investigated a geometric model of serrated-

chip formation in high-speed machining, whereas Wen 

et al. (2016) used experimental investigation to examine 

serrated-chip formation in TC11 titanium alloy. 

Harzallah et al. (2018) combined temperature and 

kinematic-field measurements at microscale. 

These approaches differ methodologically but 

converge on a significant principle: manufacturing 

behavior is multidimensional. A production system that 

captures only quantities and schedules may fail to 

represent important execution conditions. 

This principle supports the conceptual integration of 

SAP PP and SAP Digital Manufacturing. Planning 

information may include production orders, material 

requirements, work centers, routings, and scheduling 

parameters, while execution information can 

conceptually include operation status, process 

observations, machine events, production quantities, 

and quality-related exceptions. Integration provides the 

mechanism through which these information classes 

can be connected. 

2.3 Cutting Forces, Tool Geometry, and Operational 

Complexity 

Özel and Ulutan (2014) investigated machining 

parameters and tool geometry in relation to serrated-

chip formation, specific forces, and energies during 

orthogonal cutting of Inconel 100. Shun et al. (2021) 

examined cutting-force modeling in helical milling of 

unidirectional CFRP while considering carbon-fiber 

fracture. These studies illustrate that operational 

outcomes can depend on several simultaneous 

variables. 

From the perspective of production planning, 

multidimensional process behavior increases the 

difficulty of using fixed assumptions. A production order 

may specify an operation and nominal duration, but 

actual execution can be affected by process-dependent 

conditions. Consequently, lean optimization requires 

more than minimizing inventory or idle time; it requires 

reducing avoidable variability caused by disconnected 

information. 

    2.4 Research Gap 

The principal research gap is clear. The supplied 

references provide detailed insight into machining-

process modeling, instability, measurement, geometry, 

cutting forces, and serrated-chip formation, but they do 

not directly investigate SAP PP, SAP Digital 

Manufacturing, enterprise-resource-planning 

integration, or lean production management. 

Therefore, no direct empirical claim can be made from 

these references that SAP PP and SAP Digital 

Manufacturing integration produces a specific 

percentage improvement in throughput, inventory, cycle 

time, or equipment utilization. Instead, the literature 

supports the underlying technical proposition that 

manufacturing processes generate valuable information 

that can improve decision-making when properly 

captured and interpreted. 

This distinction is essential to the validity of the 

present research. The proposed SAP framework should 

consequently be regarded as a conceptual synthesis that 

translates process-information principles from 

manufacturing research into a digital production-

planning architecture. 

   3.    Methodology 

   3.1 Research Design 

This research adopts a conceptual research-design 

methodology combining structured literature synthesis, 

manufacturing-process analysis, information-flow 

modeling, and hypothetical scenario evaluation. The 

literature base consists exclusively of the eleven 

references supplied by the researcher. 

The methodology follows four analytical stages. First, 

the manufacturing literature is examined to identify 

process variables and sources of production variability. 

Second, these variables are translated into information 

requirements for digital manufacturing. Third, the 

information requirements are mapped conceptually to 

planning and execution functions associated with SAP PP 

and SAP Digital Manufacturing. Fourth, hypothetical 

production scenarios are used to evaluate how integrated 

information could influence lean decision-making. 
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The approach is appropriate because the supplied 

references do not provide an SAP implementation 

dataset. Consequently, empirical statistical testing 

would be inappropriate without additional 

organizational data. 

  3.2 Proposed Integrated Architecture 

The proposed architecture consists of five 

conceptual layers. 

The planning layer represents SAP PP functions 

responsible for production planning, material 

requirements, production orders, routings, work-center 

capacity, and scheduling. Its purpose is to translate 

demand and manufacturing requirements into 

executable production plans. 

The execution layer represents SAP Digital 

Manufacturing as the operational coordination 

environment. This layer conceptually connects 

production orders with shop-floor execution, operation 

status, work-center activity, production quantities, and 

manufacturing events. 

The process-information layer captures operational 

characteristics relevant to production decisions. The 

machining literature demonstrates that temperature, 

kinematics, material behavior, cutting forces, tool 

geometry, and process instability can affect 

manufacturing outcomes. Harzallah et al. (2018) 

provide an example of simultaneous temperature and 

kinematic measurement, while Özel and Ulutan (2014) 

demonstrate the relevance of machining parameters 

and tool geometry. 

The analytics and exception layer evaluates 

deviations from expected production conditions. For 

example, if actual operation duration exceeds the 

planned duration, the system can identify a scheduling 

deviation. If process conditions indicate increased risk 

of quality variation, the event can be classified as an 

operational exception. 

The feedback layer returns relevant execution 

information to planning. This creates a closed-loop 

conceptual architecture: 

Production Requirements → SAP PP Planning → 

Production Order → SAP Digital Manufacturing 

Execution → Process/Production Feedback → Exception 

Analysis → Planning Adjustment 

This architecture is central to Lean Production 

Optimization Through SAP PP and SAP Digital 

Manufacturing Integration because lean performance is 

approached through coordinated information flow 

rather than through isolated optimization of individual 

functions. 

   3.3 Process-Aware Planning Model 

A conceptual production-planning model can be 

represented as: 

[ 

P_{t+1}=f(D_t,M_t,C_t,E_t,Q_t) 

] 

where (P_{t+1}) represents the next planning decision, 

(D_t) represents demand requirements, (M_t) represents 

material availability, (C_t) represents capacity 

conditions, (E_t) represents execution information, and 

(Q_t) represents quality or process-condition 

information. 

Traditional planning may rely heavily on demand, 

material, and nominal capacity information. The 

proposed integrated model adds execution and process-

state information. This distinction is important because 

the literature shows that manufacturing behavior can 

vary according to material parameters, process 

conditions, geometry, and mechanical effects (Arrazola et 

al., 2010; Chen et al., 2021). 

The model does not imply that every physical process 

variable should automatically modify a production 

schedule. Instead, information should be filtered 

according to its decision relevance. A small deviation that 

does not affect completion time may remain an 

execution-level observation, whereas a sustained 

deviation affecting capacity should trigger planning 

analysis. 

    3.4 Lean Optimization Mechanism 

Lean production optimization in the proposed model 

occurs through five mechanisms: information 

synchronization, exception reduction, schedule 

responsiveness, process visibility, and feedback-based 

capacity adjustment. 

Information synchronization reduces the temporal 

gap between production planning and execution. 

Exception reduction focuses managerial attention on 

operations that deviate materially from expected 

conditions. Schedule responsiveness allows production 

priorities to be reconsidered when actual execution 

differs from the plan. Process visibility makes operational 

conditions available for analysis. Feedback-based 

capacity adjustment allows future planning assumptions 

to reflect observed execution behavior. 

The underlying rationale is supported indirectly by 

the supplied literature. Issa et al. (2011) demonstrate the 

value of adaptive numerical methodology in predicting 

machining behavior, while Bicheng et al. (2021) examined 

critical conditions of serrated-chip formation using 

thermomechanical coupled material behavior. Although 

these studies are not enterprise-system studies, they 

demonstrate why static representations of manufacturing 
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processes can be insufficient. 

  3.5 Hypothetical Manufacturing Scenario 

Consider a hypothetical machining facility 

producing titanium components. SAP PP creates 

production orders according to demand, material 

availability, routing information, and work-center 

capacity. During execution, digital manufacturing 

records operation status and actual production 

conditions. 

Suppose a machining operation experiences 

repeated process deviations. Research on titanium 

machining indicates that thermoplastic instability and 

serrated-chip formation can be associated with process 

conditions (Komanduri & Hou, 2002; Wen et al., 2016). 

In the proposed architecture, the digital manufacturing 

layer does not independently redesign the machining 

process. Instead, it records the deviation and evaluates 

whether the operation is likely to affect completion time, 

quality, or capacity. 

If the deviation is significant, the planning layer can 

identify affected orders and reassess scheduling. The 

potential lean benefit is therefore not that SAP 

eliminates physical process instability, but that the 

organization can respond to its operational 

consequences more rapidly. 

   3.6 Evaluation Criteria 

The framework can be evaluated using conceptual 

performance dimensions including schedule adherence, 

production lead time, machine utilization, work-in-

process exposure, exception-response time, and 

planning stability. 

A key methodological principle is that these 

measures should not be optimized independently. For 

example, aggressively maximizing utilization may 

increase work-in-process and reduce flexibility. 

Similarly, frequent rescheduling may improve short-

term responsiveness while creating instability for 

downstream operations. 

The appropriate objective is therefore balanced 

optimization, where production decisions consider both 

immediate execution performance and downstream 

operational consequences. 

    4.   Results  

The conceptual analysis produces four principal 

findings. First, production planning and manufacturing 

execution should be treated as information-dependent 

activities rather than independent stages. The supplied 

machining studies demonstrate that manufacturing 

outcomes depend on material behavior, process 

conditions, geometry, thermal effects, and mechanical 

interactions. Arrazola et al. (2007), Arrazola et al. (2010), 

and Chen et al. (2021) collectively demonstrate the 

analytical importance of modeling process-specific 

behavior. Consequently, production planning based 

solely on nominal assumptions may fail to represent 

execution variability adequately. 

Second, integration of SAP PP with SAP Digital 

Manufacturing can theoretically create a closed feedback 

loop between planned and actual production. The 

conceptual architecture enables production orders to 

move from planning into execution while allowing 

relevant execution information to return to planning. 

Within Lean Production Optimization Through SAP PP 

and SAP Digital Manufacturing Integration, this 

feedback mechanism represents the principal source of 

potential operational improvement. Rather than treating 

deviations as isolated shop-floor events, the organization 

can interpret them as information affecting scheduling, 

capacity, and production coordination. 

Third, the framework indicates that lean optimization 

depends more on information quality than on 

information quantity. Capturing every possible process 

variable would increase system complexity without 

necessarily improving decisions. The research therefore 

identifies decision relevance as an essential design 

criterion. For example, Harzallah et al. (2018) 

demonstrated detailed measurement of temperature and 

kinematic fields, but an enterprise planning system 

should only consume such information when it has a 

meaningful relationship with production decisions. 

Similarly, cutting-force information examined by Shun et 

al. (2021) may be valuable for process monitoring but 

does not automatically justify rescheduling a production 

order. 

Fourth, integration creates trade-offs rather than 

universally positive outcomes. Rapid feedback can 

improve responsiveness, but excessive automatic 

rescheduling can destabilize production plans. A 

production system therefore requires thresholds, 

exception classifications, and managerial governance. 

The analytical findings suggest that the most appropriate 

integration model is not continuous uncontrolled 

replanning but exception-oriented closed-loop planning. 

The findings also establish an important limitation. 

The supplied references cannot empirically validate SAP-

specific benefits because none of the studies directly 

examines SAP PP or SAP Digital Manufacturing. The 

results consequently represent a theoretically grounded 

conceptual framework rather than measured industrial 

performance. Claims concerning reductions in inventory, 

lead time, or production cost require future empirical 

testing using actual SAP implementation data. 

    5.    Discussion 

The findings support a broader interpretation of lean 
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production in digitally integrated manufacturing. Lean 

optimization is frequently associated with waste 

elimination, but the present framework suggests that 

informational waste can be equally consequential. 

Delayed feedback, disconnected planning information, 

inconsistent operational status, and unrecognized 

process deviations can cause planners to make decisions 

using outdated assumptions. 

The supplied literature provides strong technical 

evidence for the existence of process complexity. 

Komanduri and Hou (2002) investigated thermoplastic 

shear instability, while Rhim and Oh (2006) examined 

serrated-chip prediction using a new flow-stress model 

for AISI 1045 steel. Bicheng et al. (2021) investigated 

critical conditions using thermomechanically coupled 

material behavior. Together, these studies suggest that 

manufacturing behavior may require models capable of 

representing multiple interacting variables. 

This observation has implications for enterprise 

production systems. A digitally integrated planning 

architecture should not assume that a single 

deterministic processing time completely describes an 

operation. Instead, production planning can benefit 

from distinguishing between nominal parameters and 

observed execution behavior. 

The proposed integration also has theoretical 

implications for adaptive production management. 

Chen et al. (2021) used geometric modeling to 

investigate serrated-chip formation, whereas Issa et al. 

(2011) proposed an adaptive numerical methodology. 

Although these methods operate at a different technical 

level from SAP systems, their common principle is 

adaptability. The enterprise-system equivalent is a 

planning process capable of responding when actual 

execution diverges from expected conditions. 

However, the framework also exposes a critical 

trade-off. Greater responsiveness does not necessarily 

mean greater efficiency. If every minor deviation 

triggers a planning change, production schedules can 

become unstable. A lean digital system therefore 

requires controlled feedback. Only deviations 

exceeding defined operational thresholds should 

influence planning decisions. This establishes an 

important distinction between visibility and 

automation: visibility should be broad, whereas 

automated intervention should be selective. 

Another limitation concerns the translation of 

physical process information into enterprise-level 

decisions. The machining literature contains highly 

specialized variables, including thermomechanical 

behavior, cutting forces, tool geometry, and kinematic 

fields (Harzallah et al., 2018; Özel & Ulutan, 2014). These 

variables cannot simply be transferred into production-

planning systems without interpretation. A process-

information model must therefore translate technical 

measurements into business-relevant states such as 

expected duration, capacity risk, quality risk, or 

maintenance-related interruption. 

The practical contribution of Lean Production 

Optimization Through SAP PP and SAP Digital 

Manufacturing Integration is consequently best 

understood as an architectural proposition. SAP PP 

provides the conceptual planning context, while digital 

manufacturing provides the execution-feedback context. 

The value of integration emerges when the two are 

connected through meaningful exception logic. 

The framework also suggests that future 

implementations should evaluate not only productivity 

indicators but also planning stability. A system that 

increases nominal utilization while generating frequent 

schedule changes may not represent a genuine lean 

improvement. Evaluation should therefore consider 

multiple dimensions simultaneously, including lead 

time, schedule adherence, work-in-process, capacity 

utilization, exception-response time, and rescheduling 

frequency. 

Finally, the literature limitation should be 

emphasized. The supplied references concern machining 

and process modeling rather than enterprise resource 

planning. Accordingly, the paper does not claim that 

these studies experimentally establish SAP integration 

benefits. Instead, they establish the manufacturing-

process rationale for process-aware information 

management, which is then translated into the proposed 

SAP-oriented conceptual architecture. 

   6.    Conclusion 

This study developed a conceptual framework for 

Lean Production Optimization Through SAP PP and SAP 

Digital Manufacturing Integration by connecting 

production planning, digital execution, process 

information, exception analysis, and feedback-based 

planning. The analysis demonstrates that manufacturing 

processes can exhibit complex and variable behavior, as 

shown across studies of serrated-chip formation, 

thermoplastic instability, cutting forces, material 

behavior, tool geometry, and experimental process 

measurement. 

The proposed framework positions SAP PP as the 

planning-oriented component and SAP Digital 

Manufacturing as the execution-oriented component 

within a closed information loop. Its central contribution 

is the proposition that lean production can be 

strengthened when relevant shop-floor information is 

systematically connected to production-planning 

decisions. 

The research further argues that effective integration 
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should emphasize exception-oriented responsiveness 

rather than unrestricted automatic replanning. 

Manufacturing information should be transformed into 

decision-relevant indicators before influencing 

scheduling or capacity decisions. This approach can 

theoretically improve synchronization, responsiveness, 

and operational visibility while limiting unnecessary 

planning instability. 

Nevertheless, the study has a significant empirical 

limitation. The provided literature does not directly 

examine SAP PP, SAP Digital Manufacturing, or 

enterprise-level lean transformation. Therefore, the 

proposed relationships should be validated through 

industrial case studies, controlled implementation 

studies, or longitudinal SAP production datasets. 

Future research should measure the effects of 

integration on schedule adherence, production lead 

time, inventory, machine utilization, exception-

response time, and planning stability. 

Overall, the research establishes a theoretically 

grounded pathway for connecting detailed 

manufacturing-process intelligence with enterprise 

production planning. The resulting perspective treats 

digital manufacturing integration not merely as a 

technological connection but as a mechanism for 

transforming production information into coordinated, 

adaptive, and lean-oriented operational decisions. 
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