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1. Introduction 

In recent years, the rapid development of digital 
technologies and the evolution of purchasing 
behaviors have significantly reshaped the 
competitive landscape of industrial supply chains. 
In this context, e-commerce platforms are no 
longer considered merely alternative distribution 
channels, but strategic architecture capable of 
influencing operational efficiency, customer 
relationships, and market positioning. 

The spare parts market represents a particularly 
critical domain for the evaluation of e-commerce 
adoption. This segment is characterized by 
fragmented demand, highly variable consumption 
patterns, long product life cycles, and a strong 
interdependence between spare parts availability 
and after-sales service quality. Despite the strategic 
relevance of this market, many companies, 
especially Small and Medium-sized Enterprises 
(SMEs), lack quantitative decision-making tools to 

assess the economic feasibility of adopting e-
commerce or joining existing marketplace 
platforms. 

From a scientific standpoint, the literature shows a 
clear imbalance between managerial needs and 
academic research. While companies increasingly 
face the necessity of selecting the most appropriate 
digital model for spare parts management, current 
studies remain limited to operational or 
technological perspectives, neglecting economic 
and strategic evaluation of e-commerce adoption. 
This absence of frameworks leaves decision-
makers without guidance to support investment 
decisions, forcing them to rely on intuition rather 
than data-driven analysis. 

This research aims to address this gap by 
developing and validating an analytical 
framework to assess the economic convenience of 
adopting different e-commerce configurations for 
spare parts. The study is guided by the following 
research questions: 
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RQ1: How can companies evaluate the economic 
convenience of adopting e-commerce solutions 
for spare parts management? 
RQ2: Which e-commerce configuration results 
as the most cost-effective under different 
organizational conditions? 

By answering these questions, the thesis provides 
both a theoretical contribution and a practical 
decision-tool for managers evaluating digital 
transformation in the spare parts industry. 

2. Literature Review 

A systematic literature review was conducted 
through Scopus, combining multiple keyword 
sequences related to e-commerce and spare parts. 
A structured screening and thematic classification 
are carried out, resulting in a final set of 15 high-
relevance scientific contributions.  

The selected works were categorized across 
multiple dimensions, such as geographical context, 
industry sector and document type. From this 
research, it emerged that most studies are located 
in industrialized regions across the whole world, 
with a strong focus on B2B environments. The 
emphasis in these papers is usually set on real-
world applications and operational performance, 
while economic evaluations are less frequently 
explored.  

The literature review also highlights core research 
domains, including supply-chain integration, 
customer relationship management (CRM) and 
after-sales services. The success of spare parts e-
marketplaces depends strongly on supply-chain 
data integration and collaborative planning.  

The conducted analysis made it possible to identify 
several research gaps that remain insufficiently 
addressed in existing literature. In particular, the 
lack of holistic models connecting operational 
efficiency with quantifiable economic benefits 
(Cano et al., 2022), reinforcing the previously 
identified research gaps. Other shortcomings are 
the limited attention to SMEs adoption barriers 
and the scarcity of standard performance metrics 
for evaluating marketplace impact emerged as the 
most critical shortcomings. These findings 
highlighted the need for further research aimed at 
designing integrated evaluation frameworks and 
strategic implementation models to support 
decision-making in the spare parts e-commerce 
context. 

3. Problem Statement 

In response to research gaps previously defined, 
this work aims to develop a mathematical model 
for the economic evaluation for the support of 
companies along the decisional process related to 
the adoption and management of B2B e-
marketplace platforms in the spare parts market. 
The model integrates in a coherent framework the 
different cost components connected to the 
adoption and functioning of the platform, such as 
implementation, operational, logistics and 
transactional costs. The final goal is to offer a 
comparative and scenario-based approach, 
allowing managers to test alternative 
configurations by adjusting different parameters. 
This creates a predictive and concrete decision 
support to all decision makers involved in 
digitalization strategies.  

To ensure analytical tractability, assumptions are 
defined to create a finalized application perimeter 
of the proposed framework. From an operational 
context, assumptions are: 

(1) Focus on B2B industrial spare parts  
(2) Only physical replacement parts (Saccani 

et al., 2007) 
(3) Supply chain digitalization is partially 

implemented (Chopra & Meindl, 2013) 
(4) Absence of capacity constraints or space 

limitations (Silver et al., 1999) 

From an economical point of view instead, 
assumptions are: 

(1) Stable market conditions  
(2) Only variable costs (Gunasekaran & Ngai, 

2011) 
(3) Environmental effects not discussed 

(Genovese et al., 2017) 
(4) Deterministic lead times 
(5) Stochastic demand, following a Poisson 

distribution (Cantini et al., 2024) 
(6) Focus on incremental portion of business 

generated by the platform, not entire 
volume (Tsay & Agrawal, 2004) 

The simulation phase is built on realistic adjustable 
parameters, to represent realistic market 
situations. 
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A control volume was defined to delimit the 
specific spatial domain within which the problem 
is analyzed 

 
Figure 1 - Control volume 

The first section, external suppliers, represents all 
the actors external to the organization, such as 
production, procurement. Then, the control 
volume is defined, including storage, e-commerce 
platform and customer delivery, while the last 
section is focused on the output of the model, 
customers, which are not included. This 
framework allows us to precisely define the field of 
analysis, differentiating between direct and 
indirect areas of influence. 

4. Methodology 

To transform the conceptual framework into a 
quantitative and computational model, a five-
phase structured approach was followed 

 
Figure 2 - Workflow chart 

Costs were classified into four macro-categories, 
transactional, IT and platform infrastructure, 

coordination and network management and extra 
logistics costs. Once all cost categories have been 
defined, each specific cost item has been associated 
with the corresponding e-commerce configuration, 
to better simulate realistic operational conditions.  

Next, the mathematical formulation required to 
compute the overall cost of the e-commerce 
platform implementation was defined. After 
specifying the relevant input parameters, the total 
cost is obtained by aggregating all previously 
defined cost macro-categories, as reported in 
Equation 1 

𝐶!"! = 𝐶!#$%& + 𝐶'($! + 𝐶%)! + 𝐶)*!#$ 

For each cost item within the respective cost 
macro-category, a specific calculation formula is 
then defined. For example, Commission Costs, 
which belong to the transactional costs category, 
are formulated as reported in Equation 2 

𝐶+",, = 𝑐% ⋅ 𝑃' ⋅ 𝑄 

Where 𝑐%	is the commission rate, 𝑃'	the average 
price and 𝑄	the units sold. This procedure is then 
applied to all cost item included in the model, in 
order to obtain a comprehensive representation of 
the cost structure, to enable the subsequent 
computational implementation.  

Following this phase, the objective shifted to 
converting the analytical framework into a fully 
operational computational model. Initially, a 
preliminary version of the model was developed 
using Microsoft Excel, to have a structural 
prototype of the computational framework and 
verify the consistency of cost formulation.  

The model was later implemented in Python, 
transitioning from a statical analytical structure to 
a dynamic computational environment capable of 
calculating cost outputs for different e-commerce 
configuration. The model is organized in three core 
components, the cost engine file is the logical core 
of the model, where all cost functions and formulas 
are defined. The tidy cost table (.csv) contains the 
applicability conditions for each cost item, and 
finally the run cost model it’s the execution 
module, where parameters values are assigned 
and the computational procedures are invoked to 
generate total cost outputs. The simulation logic 
thus supports scenario-based exploration, offering 
the capability to assess the impact of varying 
operational or economic conditions on the overall 
cost structure, as defined by (Mujica Mota & Flores, 
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MATHEMATICAL MODEL
FORMULATION
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COMPUTATIONAL MODEL
IMPLEMENTATION

Develop computational model

PARAMETRIC ANALYSIS
Identify significant factors

SENSITIVITY AND DECISION
ANALYSIS

Test robustness & decision-making
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2020). Manual validation was also conducted to 
ensure the correctness of the script, by comparing 
results obtained by the Python model with 
numerical outputs obtained through manual 
computation.  

Parametric analysis is later implemented to 
systematically explore how variations in the input 
parameters influence the model outputs. After 
defining the range of variation for each input 
parameter included in the model, different 
analyses are performed to the model.  

First, a Design Of Experiments (DOE) was 
implemented, to investigate how variations in 
multiple input factors influence the output of the 
model. Due the large number of parameters 
involved, a fractional factorial design was 
implemented, and the number of runs is decided 
through a sequential approach, until output results 
reach a point of stabilization (10000 runs).  

Based on the DOE results, an Analysis Of Variance 
(ANOVA) was conducted to identify the most 
influential cost drivers affecting the e-commerce 
implementation cost (Montgomery, 2017). After 
verifying the underlying ANOVA assumptions, 
the analysis was performed both at a global level, 
to assess the overall impact of each parameter on 
the whole model, and at a configuration level, to 
determine the most influential cost drivers within 
each specific e-commerce platform scenario. 

To conclude the parametric analysis, a scenario 
analysis was conducted to identify the most cost-
effective combination of input parameters for each 
e-commerce configuration. This step is sequential 
to the ANOVA results, and considers only the 
statistically significant parameters, while non-
significant variables are fixed at an intermediate 
range value. Statistically significance was assessed 
using the p-value threshold (𝑝 ≤ 0.05), to have a 
broader inclusion of influencing variable drivers. 
Subsequently, the analysis was refined by 
incorporating effect size metrics (partial eta 
squared), limiting the analysis to parameters 
exhibiting the greatest practical impact. This 
approach supports a comprehensive exploration of 
cost drivers and generation of more realistic and 
interpretable scenarios. Moreover, the scenario 
analysis enables the evaluation of specific 
operating conditions, by fixing selected parameters 
at specific levels, for example high units sold to 
define high-demand scenarios.  

Finally, a sensitivity analysis is conducted to assess 
the extent to which variations of single parameters 
affect the total cost outputs. Two complementary 
approaches are adopted: a deterministic One-
Factor At Time (OFAT) analysis and a global 
sensitivity analysis based on Montecarlo 
simulation. This strategy is used to understand 
both the magnitude of each parameters’ effect, the 
correlations among input variables as well as the 
characterization of cost distributions.   

Subsequently, main effects plots are generated for 
the most influential parameters, providing insights 
into how variations in key drivers shape the 
relative convenience of difference e-commerce 
models. 

In the end, a decision tree a decision tree model 
was employed to derive an interpretable 
representation of how the convenience of each e-
commerce configuration varies according to 
different operational conditions, focusing on the 
parameters identified as most impactful through 
ANOVA. 

5. Results Analysis  

The following section presents the examination 
and interpretation of results derived from the 
previously described analyses.  
Starting with the DOE, the best parameters’ 
combinations for each e-commerce configuration is 
examined, to establish preliminary expectations 
regarding future outcomes, as shown in Table 1:  
 

E-COMMERCE TYPE TOTAL COST (€) 
E-Distributor 32,450 

E-Procurement 59,960 
Independent Exchanges 47,120 

Industry Consortia 122,512.5 
Private Industrial Network 84,950 

Table 1 - DOE Best by Type 

Although this is a partial result, since only 10000 
combinations are considered, it shows E-
Distributor as the most cost-effective option, due to 
benefit of economies of scale and standardized 
processes that reduce the marginal costs of 
transaction and logistics (Yoo et al., 2007). 

Global ANOVA outcomes are reported using 
standardized beta coefficients, which quantify the 
relative impact of each parameter on the model.  
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Figure 3 - Global ANOVA results 

Figure 3 describes that Unit sold, Average Price 
and Order quantity emerge as the most impactful 
parameters, as expected. Additionally, unitary 
purchase cost and holding cost rate demonstrate a 
substantial effect, highlighting the importance of 
safety stock-related costs in the overall 
expenditure. Conversely, service level exhibits a 
very low impact. This may result counterintuitive, 
but it’s consistent with the structure of the model. 
Increase in service level reduce stockout costs and 
increase safety stocks costs, producing a 
compensatory effect that limits its contribution. 
Outcomes of scenario analysis outcomes vary 
according to the selected initial assumptions. For 
instance, when statistical significance is 
determined based on p-value, the analysis yields 
 

E-COMMERCE TYPE TOTAL COST (€) 
E-Distributor 30,850 

E-Procurement 47,722.5 
Independent Exchanges 41,522.5 

Industry Consortia 85,442.5 
Private Industrial Network 62,500 

Table 2 - Scenario Analysis using p-value 

A clear dominance of E-Distributors emerges as the 
most cost-effective option in Table 2, primarily due 
to the absence of extra logistic costs.  

However, when statistical significance is 
determined both by p-value e partial eta squared, 
resulting outcomes become more nuanced, 
because the inclusion of effect size metrics led to a 
greater number of parameters being fixed at 
intermediate levels, as they no longer exhibit 
statistical significance, resulting in higher costs. 

 
E-COMMERCE TYPE TOTAL COST (€) 

E-Distributor 57,850 

E-Procurement 64,562.5 
Independent Exchanges 57,362.5 

Industry Consortia 105,362.5 
Private Industrial Network 97,150 

Table 3 - Scenario Analysis using p-value & eta 

Independent Exchanges become the most cost-
effective configuration, whereas Industry 
Consortia remains the most expensive platform. 
In high-demand scenarios, resulting configuration 
ranking changes again, confirming the sensibility 
of the model to parameter variation 
 

E-COMMERCE TYPE TOTAL COST (€) 
E-Distributor 90,400 

E-Procurement 128,412.5 
Independent Exchanges 121,212.5 

Industry Consortia 169,212.5 
Private Industrial Network 116,000 

Table 4 - High-Demand Scenario Analysis 

In optimal situations, due to lower commission 
rates, E-Distributors emerge again as the optimal 
configuration, illustrating an idealized scenario. 

Through the Sensitivity Analysis, we examined 
both the correlations among input parameters and 
the resulting cost distribution across different e-
commerce configuration. 

E-Commerce typologies cluster into two main 
groups: E-Distributors and Private Industrial 
Networks (PINs) exhibit similar correlation results, 
while E-Procurement, Independent Exchanges and 
Industry Consortia form a second group with 
comparable interactions. 

The examined correlations graphs are: 

 

 

 

Figure 4 - Correlation Analysis 

From the results shown in Figure 4 it emerges that 
E-Distributors are predominantly price/volume-
driven platforms, with commission rates having 
limited impact on the total cost. Independent 
Exchanges instead display broader sensitivity to 
input parameters, particularly safety-stock related. 
Among those, unitary purchase cost emerges as the 
highest correlation. Units sold and Orders also 
show high correlation, reinforcing volume-
dependency of the model. 
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Cost distribution histograms instead display the 
variation of total costs correlated with the variation 
of previously mentioned input parameters, as 
illustrated in Figure 5. 

  
Figure 5 - Cost Distribution Histograms 

E-Distributors exhibit a high degree of variability, 
with a wide distribution and presence of extreme 
values.  This reflects a high-risk, high-uncertainty 
configuration, in which specific parameter 
increases (e.g. Price and Demand) can substantially 
amplify total costs. In contrast, Industry consortia, 
despite having higher average costs, present a 
more stable and predictable cost distribution, 
indicating a lower sensitivity to parameters 
fluctuations.  

For main effects, it’s better to consider the two 
main parameters in the model: Units Sold and 
Average Price 

 
Figure 6 - Main Effects Plot for Average Price 

Average Price main effects plot is described in 
Figure 6, where E-Distributors result the most 
price-sensitive type, as they represent the cheapest 
alternative at low prices but become the most 
expensive when prices increase, due to their 

dependency on commission expenses. PINs 
instead, gradually become more cost-effective as 
prices increase. Other types exhibit more stable 
cost trajectories, showing lower sensitivity to price. 

  
Figure 7 - Main Effects Plot for Units Sold 

Similarly, as reported in Figure 7,as demand 
increases, E-Distributors’ total cost rises sharply, 
confirming the strong sensitivity to price and 
volume of these platforms. Other configurations 
display a more linear and gradual cost progression, 
although steeper than in the Average Price 
scenario. Once again, at higher demand levels, 
PINs become more cost-effective than E-
Distributors, indicating a shift in convenience as 
operational scale increases.  

Finally, the decision tree is examined to obtain a 
comprehensive understanding of the conditions 
under which each e-commerce configuration 
becomes economically advantageous, as detailed 
in Figure 8:  

 
Figure 8 - Global Decision Tree 

E-Distributor is generally the most cost-effective 
option under low to medium price and demand 
conditions, confirming the previous findings. 
Independent Exchanges become economically 
advantageous at high price and demand levels and 
can also outperform other configurations with 
intermediate prices when the unitary purchase cost 
is low, indicating a specific efficiency condition. 
The absence of other configurations displays one of 
the research’s limitations, the focus on cost-
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analysis without including revenue or value-
creation effects. E-Procurement, for example, have 
a cost structure similar to Independent Exchanges 
but at higher cost level; however, they provide 
long-term relational benefits, additional services 
and strategic advantages not quantifiable from an 
economic perspective. Industry Consortia and 
Private Industrial Networks are more complex 
platforms to implement, since they require the 
creation rather than adoption of a platform, but 
may yield revenues enhancement and value-
creation opportunities. 

6. Conclusion 

This thesis develops a comprehensive economic 
model to support companies in evaluating and 
selecting B2B e-commerce platforms to implement 
in spare parts industry, addressing a gap in 
literature where no integrated cost-based decision 
framework currently exists. 

Practically, the research provides a decision-tool to 
assist managers in the implementation of e-
commerce platforms, adaptable across different 
industrial contexts. To give a solid interpretation of 
the analytical findings, a decision framework is 
built, summarizing the most suitable e-commerce 
configuration depending on contextual conditions, 
such as varying market and operational state. 
 

 CONTEXTUAL 
CONDITIONS DESCRIPTION 

ED 
Low-medium 

demand or price 
levels 

Operational scalability 
and outsourced 

logistic 

EP 
High-volume & 

high-value 
purchases 

Stable solution with 
long term relational 

benefits 

IE 
High price and 

medium-to-high 
demand 

Flexible solution 
perfect for market 

responsiveness 

IC High Price and 
High Demand 

Joint scale economy 
and shared 
governance 

PIN Low Prices yet 
fluctuating demand 

Major fixed costs, but 
reduced variance due 
to vertical integration 

Table 5 - Decision Framework 

The study presents some limitations, such as a 
general cross-sectoral approach adopted in the 

model, relying also on simplified mathematical 
relations and focusing only on cost analysis 
excluding other performance or value-related 
outputs. Moreover, supply chain dynamics are not 
yet incorporated into the framework.  

Future research could address these limitations by 
developing sector-specific versions of the model 
and integrating qualitative and multidimensional 
factor in its structure, evolving towards a multi-
objective decision support tool.   
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