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Abstract 

E-marketplaces and e-commerce platforms are transforming the B2B spare parts 

sector, yet literature offers limited quantitative guidance on whether and which model 

to adopt. This thesis fills this gap by developing a parametric cost model to estimate, 

compare, and explain total implementation and management costs across five main 

configurations. 

The model integrates technological, operational, transactional, and coordination costs, 

enabling what-if simulations for different demand profiles, digitalization levels, IT 

integration, and catalogue sizes to support data-driven pre-investment decisions. 

Analysis tools such as DOE, ANOVA, sensitivity analyses, and decision trees were 

used to identify cost drivers and derive decision rules. 

Results confirm that price-volume dynamics dominate the model’s behaviour, 

although other factors (number of orders and platform fees) exert marginal influence. 

Inventory-related costs become decisive when stock management remains internal, 

shifting the convenience among models. Overall, open platforms are more efficient in 

competitive, low-control contexts, while integrated ones are preferable in complex, 

stable environments. 

The study provides a replicable, scalable framework for decision-support tools, 

emphasizing economic comparison over technological assessment. As a comparative, 

cost-focused model not yet validated in industry, future work should extend it to 

sector-specific contexts, include revenues, and validate results with real data. 

Keywords: B2B e-marketplaces; spare parts; cost model; decision support tool; 

economic evaluation. 
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Abstract in Italiano 

Piattaforme di e-marketplace ed e-commerce stanno modificando il settore B2B delle 

parti di ricambio, nonostante questo la letteratura esistente non offre ancora una guida 

quantitativa sul “se” e “quale” tipo di modello adottare. Questa tesi colma questa 

lacuna tramite lo sviluppo di un modello di costo per stimare, comparare e spiegare i 

costi totali di implementazione e gestione attraverso cinque principali configurazioni. 

Il modello integra costi tecnologici, operativi, transazionali e di coordinamento 

permettendo così simulazioni “what if” per diversi profili di domanda, grado di 

digitalizzazione, integrazione IT e dimensione di catalogo per supportare decisioni 

basate sui dati. Diversi strumenti analitici, come DOE, sensitivity analysis e decision 

tree sono stati utilizzati per identificare i fattori di costo e definire regole decisionali. I 

risultati confermano che le dinamiche di prezzo-volume guidano il comportamento 

del modello, con altri fattori, come il numero di ordini e le commissioni esercitano un 

effetto minore. I costi legati all’inventario diventano critici quando la gestione delle 

scorte è interna all’azienda, modificando la convenienza tra i modelli. Le piattaforme 

aperte risultano più efficienti in contesti competitivi, a basso controllo, mentre le 

soluzioni integrate sono preferibili in contesti complessi ma stabili. Questo studio 

fornisce un quadro replicabile e scalabile per strumenti di support decisionale, 

enfatizzando il confronto economico rispetto alla valutazione tecnologica. Essendo un 

modello basato sul costo e il confronto, e non essendo ancora stato provato 

empiricamente, lavori future dovrebbero estenderlo a contesti specifici di settore, 

includere i profitti e validare I risultati con dati reali. 

 

Parole chiave: B2B e-marketplaces; parti di ricambio; modello di costo; strumento 
decisionale, valutazione economica



iv 
 

 

 

 

 

 

 

 



 v 

 

 

Contents 

Abstract ................................................................................................................................. i 

Abstract in Italiano .......................................................................................................... iii 

Contents ............................................................................................................................... v 

1 Introduction ............................................................................................................... 1 

2 Literature review ...................................................................................................... 5 

2.1. Research path ................................................................................................. 6 

2.2. Filters ............................................................................................................... 8 

2.3. Screening Phase ............................................................................................. 9 
2.3.1. Snowball effect ......................................................................................... 11 

2.3.2. Prisma Scheme ......................................................................................... 13 

2.4. Content analysis of selected papers .......................................................... 14 

2.4.1. Location .................................................................................................... 15 

2.4.2. Business area ............................................................................................ 17 
2.4.3. Document type ........................................................................................ 19 
2.4.4. Commercial Relationship ....................................................................... 20 

2.4.5. Research Type .......................................................................................... 22 

2.4.6. Goal ........................................................................................................... 23 
2.4.7. Financial/Operative ................................................................................. 24 
2.4.8. Performance measurement .................................................................... 26 

2.4.9. Supply-chain integration ........................................................................ 27 
2.4.10. Customer Relationship Management (CRM) ...................................... 30 
2.4.11. After Sales or Spare Parts Management .............................................. 31 

2.4.12. Inventory and demand management ................................................... 33 
2.4.13. Security & compliance ............................................................................ 35 
2.4.14. Year ........................................................................................................... 36 

2.4.15. E-marketplace type ................................................................................. 38 

2.5. Review of Cost Components ..................................................................... 45 

2.6. Gap analysis ................................................................................................. 48 
2.6.1. Adoption and strategical value of e-marketplaces ............................. 49 



vi  

 

 

2.6.2. Integration in the supply chain processes ........................................... 52 
2.6.3. Relationships, trust and collaboration within e-marketplaces ......... 54 

2.6.4. Business models and marketplaces’ governance structure ............... 58 

2.6.5. E-marketplace in the spare parts industry and after sales ................ 61 
2.6.6. Research gaps synthesis and detailed study directions ..................... 67 

3 Problem Statement ................................................................................................. 69 

3.1. Context and study motivation ................................................................... 69 

3.2. Problem analysis .......................................................................................... 70 

3.3. Goals of research ......................................................................................... 74 

3.4. General assumptions ................................................................................... 76 
3.4.1. Assumptions on the industrial and operative context ....................... 77 

3.4.2. Economic and cost modeling assumptions ......................................... 78 
3.4.3. Methodological and model’s structure assumptions ......................... 79 
3.4.4. Scenarios simulation assumptions ........................................................ 80 

3.5. Control Volume ........................................................................................... 81 

3.5.1. Definition of the control volume ........................................................... 82 

4 Methodology ........................................................................................................... 85 

4.1. Introduction .................................................................................................. 85 

4.1.1. Workflow Chart ....................................................................................... 85 

4.2. Cost Framework Definition ....................................................................... 87 
4.2.1. Transactional Costs ................................................................................. 88 

4.2.2. Platform and IT Infrastructure Costs .................................................... 89 
4.2.3. Network and Coordination Costs ......................................................... 91 

4.2.4. Extra Logistic Costs ................................................................................. 92 

4.2.5. Cost Drivers Allocation .......................................................................... 93 

4.3. Mathematical Model Formulation ............................................................ 96 

4.3.1. Input parameters definition ................................................................... 96 
4.3.2. Model Equations ...................................................................................... 99 

4.3.3. Output Parameter Definition ............................................................... 114 

4.4. Computational Model Implementation ................................................. 115 

4.4.1. Preliminary Model Development in Excel ........................................ 115 
4.4.2. Model Structure and Computational Architecture .......................... 116 

4.4.3. Architecture Computation and Internal Validation ......................... 118 
4.4.4. Computational Model Conclusion ...................................................... 119 

4.5. Parametric Analysis .................................................................................. 120 



 vii 

 

 

4.5.1. Range of Input Parameters .................................................................. 120 
4.5.2. Design of Experiments ......................................................................... 121 

4.5.3. Analysis of Variance ............................................................................. 122 

4.5.4. Scenario Analysis .................................................................................. 123 

4.6. Sensitivity and Decision Analysis ........................................................... 125 

4.6.1. Sensitivity Analysis ............................................................................... 125 

4.6.2. Main Effects ............................................................................................ 126 
4.6.3. Decision Tree ......................................................................................... 127 

5 Results Analysis ................................................................................................... 129 

5.1. Input Parameters’ Range Definition ....................................................... 129 

5.2. Design of experiments .............................................................................. 132 

5.3. Analysis of variance .................................................................................. 134 
5.3.1. E-Commerce Configurations ANOVA .............................................. 136 

5.4. Scenario analysis ....................................................................................... 138 

5.4.1. Significant parameters based on p-value ........................................... 138 
5.4.2. Significant Parameters based on p-value and Eta ............................ 140 

5.5. Sensitivity and decision analysis ............................................................ 142 

5.5.1. Sensitivity analysis ................................................................................ 142 
5.5.2. Main effects ............................................................................................ 148 
5.5.3. Decision tree ........................................................................................... 151 

6 Conclusion and future developments .............................................................. 155 

6.1. Findings ...................................................................................................... 155 
6.1.1. Managerial implications and decisional framework ....................... 157 

6.2. Theorical and practical contributions ..................................................... 161 
6.2.1. Theorical analysis of cost variables combinations ........................... 161 

6.2.2. Definition of a cost model for spare parts e-commerce (blue ocean)
 162 
6.2.3. Development of a general and versatile tool .................................... 162 
6.2.4. Support on the platform-choice .......................................................... 163 

6.2.5. E-marketplace and spare parts characteristics association ............. 163 

6.2.6. Development of a decision support structure .................................. 164 
6.2.7. Shift of attention from B2C to B2B models ........................................ 164 

6.3. Limits and future developments ............................................................. 165 
6.3.1. Models’ details ....................................................................................... 165 

6.3.2. Partial vision of supply chain .............................................................. 166 



viii  

 

 

6.3.3. Mathematical formulas simplification ............................................... 166 
6.3.4. Variability of supply chain structure .................................................. 167 

6.3.5. Consideration of partial sales volumes .............................................. 167 

6.3.6. Full focus on costs ................................................................................. 168 
6.3.7. Absence of empirical or industrial validation of the model ........... 169 

6.3.8. Missed consideration of qualitative and strategical factors ............ 170 
6.3.9. Comparative nature, and not optimizing, of the model .................. 170 

6.3.10. Lack of companies’ differentiation ..................................................... 171 

7 Appendix ................................................................................................................ 187 

7.1. Analysis of Variance ................................................................................. 187 

7.2. Scenario Analysis ...................................................................................... 187 

7.2.1. Significant Parameters based on p-value ........................................... 187 

7.2.2. Significant parameters based on p-value and eta ............................. 188 

7.3. Sensitivity Analysis ................................................................................... 189 

7.4. Main Effects ................................................................................................ 190 

List of Figures ................................................................................................................. 192 

List of Tables .................................................................................................................. 194 

Acknowledgements ....................................................................................................... 195 

 

 

 



 1 

 

 

1 Introduction 

In the last years, the fast development of digital technologies and the evolution of 

consume models have changed the manner companies manage sales and distribution 

of their products. In this scenario, the e-commerce cannot be just seen as an alternative 

sales channel, but a strategic element of the value chain able to directly influence the 

operational efficiency, the relation with the client and the competitiveness of the same 

company. 

Simultaneously, the spare parts market, usually characterized by B2B relations, long 

production life cycles and highly variable demand trends, is facing a phase of deep 

change. The increasing complexity of products, the amplification of ranges, the 

pressure on the delivery dates, and the necessity to guarantee a high level after-sales 

service are forcing companies to modify their distribution models and to evaluate the 

introduction of more flexible digital solutions. 

In this context, the adoption of e-commerce platform in the spare parts industry can 

represent a fundamental lever to improve the products availability, reduce 

management costs of the inventories and to increase the transparency of the 

procurement processes. However, the introduction of a digital channel in such a 

complex and fragmented market as the replacement parts is, entails significant 

challenges: from the management of various codes and industries till the evaluation of 

the economic sustainability of the investment. 

The latter aspect, the quantification of the economical convenience, frequently 

happens to be a critical aspect for companies that operate in the industrial and 

technical sectors. Many of them don’t have the required quantitative instruments that 
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enable the estimation of benefits and costs associated to the implementation of an e-

commerce channel. This is the starting point of this work: developing a structured 

approach to analyse the economic potential of the electronic commerce in the spare 

parts market, paying attention to the specific characteristics of the sector and the 

variables that can influence the profitability. 

Despite a wide diffusion of these channels, many firms are still not equipped with 

economical tools that guarantee the objective evaluation of the economic convenience 

of the implementation of an e-commerce platform or the entry in an electronic 

marketplace. Existing literature is generally focused on technological or marketing 

aspects, such as customer experience, digitalization of catalogues and pricing 

strategies, leaving out the managerial and economical view that leads the investment 

decisions. 

In particular, there is a significant lack in the definition of the fundamental economic 

criteria to assess the introduction of such channels. Shared models to identify the cost 

categories (implementation costs, ERP integration, logistics, maintenance, data 

management, after-sales…) to be considered are missing, and how these costs 

influence the final total cost. 

An additional gap is related to the ignorance on the alternatives of channels and 

platforms that a company can make use of to improve its digitalization on the market. 

A wide variety of B2B E-Marketplace models available: 

§ E-Distributor   

§ E-Procurement   

§ Independent exchanges  

§ Industry consortia  

§ Private industrial network 

makes it more complex to consider the more coherent alternative with the dimension, 

the organizational structure and the commercial strategy of the company. 
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During the analysis of the possible gaps, at the beginning of the research, the attention 

was also focalized on the absence of models for the assessment of the company 

readiness for the implementation of an electronic channel, the influence that a specific 

type of spare part could have on the type of e-commerce or e-marketplace platform to 

join, and the possibility for SMEs (Small and Medium-sized Enterprises) to adopt such 

platforms. 

However, we decided to give huge importance to the deficiency of integrated 

approaches that can combine the economic assessment with a comparative analysis of 

the different platform solutions. In practice, firms tend to base their decisions on 

qualitative evaluations or previous experiences, rather than quantitative tools that put 

in relations demand, prices, logistics complexity, level of digitalization required, and 

various fees. 

In light of these limitations, this work has the purpose of filling these gaps with the 

development of a decisional-economical model to support enterprises in the 

evaluation of the convenience and the choice of the more adequate e-commerce 

approach for the operative field in consideration. 

The analysis combines both qualitative and quantitative approaches. The initial phase 

of the work focused on extensive literature review to identify all the possible gaps that 

affected this thematic, and to be aware of which specific area of absence we should 

have focused on. Once the gap research was established, the quantitative phase began 

with the development of the mathematical model using literature and existing 

resources to define the cost formulas to compute all the economic macro-factors.  

Input variables were then identified and assigned cost ranges (low, medium and high) 

to generate multiple simulation scenarios for each platform type.  These outputs 

formed the basis for a comparative analysis that led to the final evaluation of results, 

on which the conclusions were drawn.  



4 

 

 

To provide clear and coherent representation of the work carried out, the thesis has 

been structured following the same logic of the research path: from the literature 

analysis, the theoretical framework and gap identification, to the model development 

and final analysis of results. 

In particular, the structure identified is: 

§ Chapter 2: Literature Review on e-commerce and spare parts 

§ Chapter 3: Problem Statement, defining preliminary aspects for model 

implementation 

§ Chapter 4: Methodology, all the methodological steps undertaken for the 

development of the mathematical and computational model, as well as 

subsequent analyses 

§ Chapter 5: Results Analysis, discussion on the results obtained in the different 

analyses   

§ Chapter 6: Conclusions 
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2 Literature review  

The first step to build on the work was the literature review, to guarantee a wider and 

deeper knowledge of the topic and to better understand which could be the possible 

gaps of research in the world of e-commerce for spare parts. 

Additionally, basing the process on the existing literature, papers, documentation and 

books led us to identify the most important gap and laid the foundations for a 

complete and innovative research.  

The analysis of the academic literature incorporates a fundamental step to understand 

the conceptual and applicative evolution of the discussed theme, the implementation 

of e-commerce platforms in the spare parts market. This perimeter of research is 

characterized by a quick technological and organizational transformation, pushed by 

the adoption of digital solutions that are modifying the traditional business models. 

However, even though this phenomenon is gaining increasingly importance in the 

industrial practice, the theoretical knowledge still results not consolidated and 

fragmented: many studies focus on single aspects of the electronic commerce or the 

management of replacement components, while just few of them analyse deeper the 

combination of these two areas of interest. 

Carrying on a review of the literature allows not only to systematize the already 

available knowledge, but also to identify the primary theorical and practical lacks, 

drawing an updated state of the art. Particularly, in the context of the electronic 

markets in the spare parts, scientific literature represents a solid instrument to face the 

challenges and the opportunities linked to the digitalization of the sales and after-sales 

processes, the optimization of the supply chain, the management of the product 
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information and the relations with clients. This phase of the analysis therefore 

constitutes the essential conceptual base to define a coherent research path and 

develop innovative models or tools able to satisfy the emergent needs of the industries. 

 

2.1. Research path  

To define the research methodology, it was not established a specific temporal range 

for the selection of documents. This choice derives from the desire of including all the 

relevant sources, independently from the publication year, to guarantee a complete 

and transversal comprehension of the analysed phenomena. Considered the scarcity 

of the scientific documentation supporting and discussing about the combination of 

the e-commerce and spare parts, the exclusion of older documents could have led to 

the loss of useful referments for the construction of a coherent theorical base. At the 

same time, the inclusion of more recent literature guarantees to consider also the 

emerging trends and the new perspectives linked to the digitalization of the industrial 

processes, offering a balanced and coherent vision. 

Scopus was the selected platform to carry out the study, one of the most complete and 

acknowledged databases of scientific literature at international level. The choice is 

sustained by its wide interdisciplinary coverage of many areas aligned with the 

transversal nature of the thematic object of study. Additionally, Scopus ensures the 

quality and reliability of the indexed contents, since it almost completely includes 

documents published on magazines based on peer-review and relevant academic 

conferences. Another advantage lives in the possibility of using advanced logical 

operators and personalized filters, that allow to conduct focused and repeatable 

research, reducing the bias risk and ensuring a more transparent methodology. 

The strings are structured sequences of key words, logical operators and symbols 

applied to carry out an advanced study inside the Scopus’ database. They are 
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fundamental to define precisely the research criteria, such as the authors, abstracts, 

titles, key words, years, area of interest, and obtain relevant results based on the goals 

of the study. 

The decision was to look for the required information in the “Article title, Abstract, 

Keywords” section and two combined strings were applied to get all the data to build 

on the thesis. The first string concerns the e-commerce topic and were used all the 

possible key words and synonymous of the word “e-commerce”, obtaining the 

following result:  

"e-commerce" OR "electronic commerce" OR "e-business" OR "online sales" OR "e-

commerce" OR "e-com" OR "ecom" OR "Internet commerce" OR "Online commerce" 

OR "Electronic shop*" OR "Online business*" OR "Online retail*" OR "E-market*" OR 

"E-shop*" OR "Online sale*" OR "Online marketplace*" OR "ecommerce" OR "Online 

channel*" OR "e-commerce platform*" OR "online platform*" OR "digital platform*" 

OR "e-business platform*" OR "electronic commerce platform*" OR "multi-vendor 

platform*" OR "marketplace platform*" OR "shopping platform*" OR "trading 

platform*" OR "e-retail platform*" 

The same concept has been applied to the second string, concerning the spare parts 

market world, resulting in: 

"spare part*" OR "replacement part*" OR "substitute part*" OR "aftermarket part*" OR 

"after-market part*" OR "backup part*" OR "repair part*" OR "after-sale*" OR aftersale* 

OR "service part*" OR "maintenance part*" OR "repair component*" OR "replacement 

component*" OR "spare component*" OR "OEM part*" OR "non-OEM part*" OR 

"reconditioned part*" OR "remanufactured part*" OR "used part*" OR "genuine part*" 

OR "equivalent part*" 

The thematic sequences used in Scopus were combined through Boolean operators, 

“AND” in this case”, to guarantee consolidated research of both fields. 
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The final strings were not the result of a first trial guess, but they were the product of 

various tentative trying to look for the string that could generate the wider number of 

results. The combined sequences produced 429 total results. 

 

2.2. Filters  

To make bibliographic research more focused and manageable, after the initial 

collection phase through the combined strings have been applied some filters on 

Scopus. The choice and the sequence of these filters wasn’t completely mechanical but 

was led by some specific methodological goals: increasing the coherence of the results 

with respect to the topic of the thesis, guaranteeing a minimum level of academic 

pertinence and focus the analysis on the most relevant disciplinary perspectives for 

the formulation of the research model.  

At first, the linguistic filter was set, selecting exclusively the English-written 

documents. This decision is justified by the necessity of guaranteeing comparability 

and international standard of the studied sources, and from the prevalence of English 

as the language of the scientific communication in interdisciplinary areas.  

Secondly, a filter for the thematic area was adopted, with four selected macro-areas: 

Business Management and accounting, Engineering, Decision sciences, Economics 

Econometrics and Finance. This broader thematic area inclusion was selected because 

the e-commerce for spare parts topic is actually located at the intersection between the 

company management, engineering aspects of the supply chain, decisional models 

and economic implications. This choice reflects the transversal nature of the studied 

problem and allows us to include contributions that face both the organizational and 

strategic dimension and the technical and quantitative of the phenomena one.  

Other filters (such as the key words, publication year, source type, publication status 

and document typology) have been considered as potential levers for an additional 
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focalization. However, they have been used with parsimony to avoid an excessive 

restriction of the corpus in such an exploratory phase. It was preferred not to limit the 

analysis to a defined temporal range, nor excluding typologies of documentation 

potentially instructive (as book chapters or conferences), considering that the literature 

on this research field is scarce and fragmented.  

It is rather important to identify the limits and the potential bias introduced by the 

application of these filters. The mere selection of the English language could have 

excluded national contributes or companies’ cases published in different dialects that 

could have offer relevant practical insights; the focalization on the four thematical 

areas could, instead, have cut off the consideration of studies coming from similar 

sectors (applied informatics, pure logistics, user experience studies) that take care of 

technical or technological aspects which are important for the implementation of e-

commerce platforms.  

To mitigate these kinds of risks, the research procedure consisted of successive phases 

of crossed controlling (for example the snowballing technique and the analysis of the 

references) finalized at intercepting cited relevant contributes and sources that the 

initial strings or filters could have neglected.  

In conclusion, filters have been applied as balancing tools between rigor and openness: 

with the goal of guaranteeing a manageable and pertinent corpus but integrated with 

control measures to reduce the risk of exclusion of useful evidence. 

 

2.3. Screening Phase  

Immediately after the application of the filters, the screening phase of the documents 

has been launched, with the scope of identifying effectively relevant contributions for 

the focus of the research. Starting from the 259 obtained results, the selection has been 

conducted in a progressive and multilevel manner, trying to sharpen the analysis 
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corpus. During the first phase, the titles of the exported documents from Scopus in an 

Excel format have been examined to verify their coherence with the theme object of 

study. The titles that were not completely aligned with the research, for example 

referred exclusively to general aspects of the e-commerce or exclusively dedicated to 

the management of the spare parts without any reference to the digital dimension, 

have been excluded, reducing this way the number of total works from 259 to 65.  

To ensure a valid selection based on transparent and replicable criteria, only the 

inclusion and exclusion decision variables have been explicitly defined. Only the 

contributions that discussed about both the topics simultaneously have been included, 

namely the e-commerce for the replacement parts market, with particular attention on 

the studies that analysed the implementation, management or optimization manners 

for the sale or distribution of spare parts. On the other hand, all the articles that were 

much focused on just one of the two aspects have been excluded. On the one side, the 

sources of merely informatic or technological nature on the development of the digital 

platforms, on the other side, all the studies focalized just on the logistics or the 

organization of the spare parts market without any reference to digitalization 

processes or online channels.  

This selective approach allowed us to focus the attention only on a group of documents 

that were useful to comprehend the intersections between the two areas and to identify 

the research gaps that are still unexplored.  

In the second phase, the analysis has been carried out through a systematic reading of 

the abstracts, leading to a further reduction of the documentation set up to 42 units.   

Progressively, another verification through the reading of the introductions of the 

remaining papers has been completed, with the goal of making sure that the discussion 

of the topic was effectively coherent with the scope of the thesis and was not marginal. 

This control step led to the sharpening of the selected documents to 15, considered as 
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the most representative and pertinent for the construction of the theoretical framework 

and for the analysis of the gaps.  

Once the final corpus was identified, a deep qualitative analysis of the papers has been 

put into place. It imposed the verification of the coherence of the contents with respect 

to the informative needs of the research and the successive thematic classification of 

the studies.  

Works have been grouped into categories based on the convergence of the discussed 

topics, identifying for example contributions focused on the strategies for the adoption 

of digital platforms, on the organizational and managerial implications, on the 

performances of the supply chain and the models of customer relationship 

management. This process of classification allowed us to identify recurring events, 

differences and complementarity between the literature approaches, laying down the 

foundations for the comparative analysis and the following identification of the 

primary research gaps.  

To summarize, the combination of clear inclusion and exclusion criteria, a deep 

qualitative analysis and a procedure of crossed review allowed us to individuate 

scientific sources coherent, relevant, representative of the state of the art in terms of 

implementation of e-commerce to the spare parts market, placing solid foundations 

for the successive phases of analysis and modelling. 

2.3.1. Snowball effect  

At completion of the systematic selection process conducted through Scopus, the 

snowball effect technique has been applied with the goal of further amplifying the 

research coverage and ensuring that any relevant source was excluded because of the 

limitations set up for the initial strings. This methodology, widely adopted in the 

academic studies of literature review, consists into re-examining the citations and the 

bibliographical references of the documents already selected, with the aim of 
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identifying other eventual contributions potentially linked to the topic of interest. In 

other words, the logic of the snow that rolls is based on the idea that articles strictly 

correlated tend to cite each other mutually, allowing the researcher to discover works 

that could not emerge directly from the query of original research, but that could play 

a crucial conceptual or methodological role for the analysed theme. 

The application of this technique is motivated by the willingness to enhance the 

completeness and the methodological solidity of the revisional process. Even though 

the research on Scopus had already been carried out with rigorous and iterative 

criteria, it’s common that the research strings, as much as complex and articulate they 

are, they don’t guarantee a full coverage of the existing literature, since they could not 

intercept documents that use different terminologies, synonyms not included or that 

belong to magazines indexed differently. The adoption of the snowball effect shows a 

complementary phase, focused on reducing this risk and ensuring that the final 

selection is truly representative of the state of the art of the e-commerce applied to the 

replacement parts market. 

From an operative point of view, this technique has been adopted starting from the 

remaining 15 documents identified through the screening phase. For each document 

has been analysed the bibliographic section and the cited job titles have been verified, 

pursuing the goal of individuating all the studies that discussed at the same time the 

two topics object of the thesis: e-commerce and the spare parts. The recognized 

documents have been then searched for on Scopus, and they undergo the same 

procedure of evaluation utilized previously, starting with reading the title, abstract, 

and introduction. 

Also, in this phase, the selection has been conducted in a combined manner between 

the researchers to guarantee a crossed control of the evaluations and the coherence of 

the applied criteria. 



 13 

 

 

Despite the methodology employed with rigor, the snowball procedure did not lead 

to the individuation of suitable new contributions to add to the set of documents 

already chosen. However, this result should not be seen as a limit, but confirmation of 

the robustness of the research process conducted previously. The absence of relevant 

new sources suggests that the initial strings, the keyword combinations and the 

applied filters on Scopus have ensured an almost complete coverage of the available 

literature on this scientific topic. From this point of view, the snowball process has 

played the role of methodological validation: it reinforced the trust on the 

completeness and quality of the final sample, confirming that the systematic research 

had been sufficiently exhaustive to include all the most pertinent and relevant 

contributions. 

This way, the entire procedure of bibliographic selection can be considered replicable 

and methodologically solid, fundamental prerequisites to confer credibility and 

scientific rigor to the thesis. 

2.3.2. Prisma Scheme  

To enhance the transparency and replicability of the bibliographic selection process, a 

PRISMA scheme was developed to visually illustrate all the methodological steps 

followed during the literature screening and inclusion phases. 
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Figure 2.1 - Prisma Scheme 

 

2.4. Content analysis of selected papers 

After the culmination of the selection process to validate the documentation, it was 

possible to proceed with the analysis of contents of the final paper identified. The main 

goal of this phase is to understand deeply which aspects of e-commerce and the 

management of the spare parts have been discussed by academic literature and to 

identify the primary front thematics that emerge from it. This analysis enabled us to 

obtain a systematic and structured vision of the existing scientific overview, laying the 

foundation for the subsequent identification of the research gap and the definition of 

the methodological address of the current job.  
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The following approach has been both qualitative and interpretative, which has the 

aim of classifying the documents using the functions of the areas of interest and the 

recurrent thematics popped out of the literature. Every paper has been examined 

deeply, evaluating not only the content of the abstract and the introduction, but also 

the central sections where the main results and the managerial or operational 

implications were exposed. Based on the extracted information, the contributions have 

been grouped into thematical homogeneous categories, built inductively starting from 

the concepts discussed more frequently.  

The classification has been carried out keeping into account the two most important 

dimensions. On the one side, the e-commerce, considering if the studies analysed 

technological, strategical or operative aspects linked to the digitalization of sales, on 

the other side, the adopted approach for the replacement parts market, distinguishing 

between contributions focused on the management of the supply chain, aftermarket 

logistics, optimization of the processes, maintenance and assistance. The intersection 

of these two perspectives allowed us to create thematical clusters that synthesize 

coherently the variety of the observed approached in literature.  

The remaining papers were studied and analysed using 15 macro-categories as 

described in the following paragraphs. 

2.4.1. Location  

Through the selected papers it can be observed a clear predominance of studies 

coming from industrialized countries, Europe, Usa and oriental Asia, where the 

digitalization of the supply chain and the adoption of e-marketplace platforms are 

already mature processes. This geographical concentration suggests that the 

experiences and the reference model mainly originate from high technological 

innovation contexts, where digital culture and information technology infrastructures 

are consolidated. However, this prevalence can lead to a limitation in the global 

representation, since the observed dynamics in mature markets not always are 
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attributable to emerging contexts, characterized by logistics infrastructures more 

delicate or by lower digital propension.  

The analysis of the location contributes to highlighting the links between industrial 

politics, technological maturity and development of electronic commerce for spare 

parts. For example, countries that promoted strategies of Industry 4.0 or of digital 

transformation show a larger density of publications that face the topic as an 

integration between technology, supply-chain and after-sales services. Therefore, this 

class has not only a descriptive value but also helps to comprehend the geographical 

direction of the research and to identify potential areas still not explored, as the 

emergent markets or cross-national contexts.  

 

Figure 2.2 - Geographical Distribution 

From the graphical representation it is evident that a significant quote of the 

contributions is presented as “worldwide”, while the located cases refer to few 

countries (such as China, India, UK, Switzerland and few African countries). This 

pattern shows that literature tends to provide generalist visions and to propose 

applicable conceptual approaches to various contexts, rather than strongly territorial 

analysis. From a research and e-marketplace planification point of view, it has two 

important consequences.   

First, the global results offer useful general guidelines but could not catch the critical 

differences associated with the logistics infrastructures, infrastructural diffusion of the 
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digital payments, normative and local purchasing behaviours; this limits the practical 

transferability of recommendations.  

Second, the presence of scenarios from emerging and productive countries (China and 

India) suggests that the local industrial dynamics, for example economies of scale in 

the production of spares, consolidated distribution channels or forgery phenomena, 

can require technological and governance solutions rather different.   

Through these considerations, it is possible to affirm that the geographical location of 

the context studied can have huge impacts and implications on the approach used to 

analyse the topic. Many aspects should be kept into account during the evaluation of 

an e-marketplace platform for replacement parts, giving importance to all the features 

that affect the functionality of the object of research. 

2.4.2. Business area 

Business area class was introduced to classify papers using the reference industrial or 

commercial sector. This choice stands out from the necessity of understanding how 

literature declines the adoption of e-commerce and marketplaces in different contexts, 

for example automotive, electronical, aerospace, consumable goods or mechanical 

industry, and in which measure the sectorial peculiarities affect the planning and 

management of the platforms.  

The advantage of including this variable is the opportunity of identifying recurrent 

patterns and structural differences among sectors. In branches characterized by high-

technological contents, as aerospace or automotive, the e-commerce of spare parts is 

usually linked to the management of the more complex and regulated components, 

where traceability and certification are crucial elements. In other scenarios, as the 

consumable goods or electronic components ones, prevail instead the transactional 

dimension, with platforms that bet all on quickness, catalogue availability and price 

competition.  
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The analysis of the papers through this category allowed to recognize that e-

marketplaces for spares are not universal systems, but solutions highly specific with 

respect to the sector, influenced by factors such as the lifecycle of the product, the 

frequence of components substitution and the complexity of the supply chain. This 

underlined the necessity of personalized sectorial approaches and justifies the choice 

of developing models that can be adopted based on the characteristics of the reference 

market. Additionally, the comparison between different business areas allows to 

identify which sectors are in a more advanced digital maturity stage and which, 

instead, still show structural or organizational barriers for the adoption of e-commerce. 

 

Figure 2.3 - Business Area 

The business area schematic shows a clear predominance of the automotive sector, 

followed by some generic areas and few sectorial cases (energy, electronics, 

agriculture, etc.). This reflects the nature highly “spares-centric” of the automotive: 

many pieces, elevate criticality in case of machines breakdowns and a widely 

developed aftermarket. From a planning point of view, the evidence suggests that 

many solutions and the available case studies are thought for markets that require 

huge reliability, traceability and technical support: functions that should be 

incorporated in the platforms (for example the management of the codes compatibility, 

certifications, warranty). However, the automotive predominance can create a bias: 

models and metrics valid for this sector could not be appropriate for sectors with 
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opposite characteristics (pieces with low unitary value and high rotation, or markets 

strongly fragmented between SMEs).  

Looking at the gap analysis perspective, it is important to underline the necessity of 

cross-sector comparative studies that can test the transferability of the solutions and 

that can develop vertical or modular configurations for spares platforms, until the 

platforms can adopt to the different category’s needs of information requirement, time 

to market, regulations and costs.   

2.4.3. Document type 

The document type class relates to the nature of the selected scientific contributions, 

for example articles, conference papers, review papers, book chapters. The goal is to 

understand the level of maturity and supplementary study of the academical debate 

of the topic. Different types of documents reflect different grades of scientific 

validation and methodological approaches: the articles tend to offer consolidated and 

structured analysis, while conference acts show explorative and innovative 

contributions.  

The presence of a large variety of documental typologies in the analysed papers is 

indicative of a research field still in a developing phase, where coexist theorical studies, 

experimental applications and case studies. The prevalence of conference papers, for 

example, suggests that the e-commerce for spare parts topic is progressively emerging 

as autonomous area of academic interest, but it still has to reach the consolidation level 

to generate a uniform theorical corpus.  

The inclusion of this category offers two interpretative advantages. On the one hand, 

the indirect measurement of the scientific maturity level of the discipline. On the other 

hand, helps to individuate the nature of the contributions of the various studies, 

distinguishing between different conceptual works, that define models or frameworks, 

and empirical jobs, that provide practical evidence. 
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Figure 2.4 - Document Type 

The reported graphic shows the prevalence of conference papers, followed by articles, 

book chapters and sometimes thesis or report. This demonstrates that the thematic is 

still in an academic and practical development phase: many ideas and prototypes 

stand out from conventions before they are consolidated into studies of peer-reviewed 

magazines.  

The immediate advantage is the access to innovative solutions and pilot cases; the 

disadvantage is that many of these proposals could still not be validated on a large 

scale or long run. For the literature on the implementation of the e-marketplaces for 

spare parts it means that there exists a rich base of practical knowledge, but with 

generalization limits and methodological solidity. Therefore, an urgent research line is 

the validation: transforming the results of conference in longitudinal studies, with 

evaluation of quantitative impact and control of confusing factors to be able to 

recommend reliable solutions for practitioners. 

2.4.4. Commercial Relationship 

The classification of the documents based on the nature of commercial relationships 

(B2B/B2C/C2C) has been integrated to better comprehend the type of interaction and 

the structure of the market considered by the authors. This category is of particular 

interest, since the spare parts sector presents hybrid features: many platforms operate 
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in business-to-business contexts (between producers, distributors and repair shops), 

but are not missing examples of B2C e-commerce, turned to final clients or 

independent operators.  

The B2B marketplaces are typical of the industrial sectors and focalize on transactions 

among companies: in these cases, the e-commers works as efficiency and transparency 

tool, with particular attention to stock management, components traceability and 

listings personalization. B2C models are instead oriented to the final client, and they 

privilege the purchasing experience, the usability of the platform and the after-sales 

support. In the end, C2C models are less common in the spare parts market but 

represent an interesting evolution to collaborative shapes of circular economy, where 

users can exchange or resell refurbished or used components. 

This variable enables also the individuation of a potential gap: despite the growing 

hybridization among the models, few studies face in a systematic manner the hybrid 

marketplaces, which means platforms that combine B2B and B2C logics together in the 

same digital ecosystem. The analysis of this category helps to highlight the necessities 

of the new theorical methods capable of representing the complexity of the digital 

relationships in the spare parts sector. 

 

Figure 2.5 - Commercial Relationship 
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The predominance of the B2B class (and a quite spread presence of mixed cases of B2B 

and B2C) shows the focus of literature on business-to-business scenarios rather than 

business to client or client to client which are less discussed. This reflects the nature of 

the spare parts market, which usually is characterized by transactions among 

companies (suppliers, distributors and repair shops) where the flow of supply, the 

contractual deals and the integration with managerial systems are fundamental. For 

the planning of an e-marketplace, the predominance B2B requires specific 

requirements: advanced management of the technical catalogues, ERP integration, 

contractual pricing, SLA and the management of deliveries on industrial scale. Also 

under governance terms, B2B models require trust and quality control mechanisms 

which are different from B2C. The scarce attention for C2C, instead, suggests an 

opportunity of research in areas such as the refurbishing and circular economy.   

2.4.5. Research Type 

This class has been defined to differentiate documents based on their goals and 

methodological approach: describing real cases applications, propose models of 

theoretical research, or developing tools to improve processes. The distinction enables 

us to comprehend in which measure literature is oriented through the practical 

experimentation with respect to the conceptual elaboration. 

From the analysed documents stands out a prevalence of empirical or applicative 

contributions, often linked to companies’ cases or pilot implementations of digital 

platforms. These studies provide a concrete contribution, showing operative benefits, 

adoption obstacles and learned lessons. However, their strong specialization reduces 

the possibility of generalizing the results. On the contrary, jobs of theoretical or 

modelist nature offer useful conceptual schemes but, in many cases, not tested through 

the operative reality. 
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Figure 2.6 - Research Type 

The graphical representation clearly shows that most of the contributions is associated 

with the “real world application” category (practical cases and real applications), with 

fewer purely theoretical or model-based studies. This is interesting because it means 

that literature grows from concrete experiences, where platforms are adopted, tested 

and evaluated in the real world. The practical value of these contributions is high 

(lesson learned, implementation problems, operative benefits), but their contextual 

approach can limit the generalization. For the research it means that it exists a concrete 

base from which we can start, but it is necessary a generalization job: transforming the 

observed best practices in reproduceable models and transferable guidelines. 

Additionally, the scarcity of formalized improvement models and of theoretical 

studies underlines the necessity of developing frameworks that can connect empirical 

evidence and decision-making tools (for example models to choose the marketplace 

type and metrics to evaluate the economic impact). 

2.4.6. Goal 

The “goal” category analyses the declared scopes of the contributions, such as the 

targets that the authors want to pursue through the introduction or the study of e-

commerce solutions for spares. Understanding the goals is fundamental to take the 
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right direction in the research and to evaluate the coherence between purpose and 

results. 

From the analysis it emerges that one of the most frequent goals refers to the 

improvement of the operative effectiveness, the reduction of the managerial costs and 

the increase of the customer satisfaction. However, it can be observed also many 

strategical approaches, oriented to the digital transformation, the innovation of the 

business model and the sustainability of the value chain. The target diversity reflects 

the multidimensionality of the e-commerce phenomenon: it is not just a transactional 

tool, but a mean of managerial and relational innovation. 

Incorporating this class guarantees the identification of the dominant trends and the 

gaps of the literature: while many studies focalize on the internal efficiency, few 

analyse the impacts on the long run on overall competitiveness or on the integration 

with the supply-chain. This suggests that a part of the research is limited to a tactical 

vision, leaving room to contributions, that focus on a more systemic and strategic 

vision of the e-commerce for replacement parts. 

2.4.7. Financial/Operative 

Finally, the “financial/operative” category has been considered to differentiate studies 

that primary evaluate the economic-financial impacts from the ones that are focused 

on operational and managerial aspects. This distinction is crucial to comprehend 

which performance perspective that prevails in literature, and which dimensions are 

most considered during the assessment of the benefits of e-commerce platforms.  

Financial studies tend to measure the results in terms of returns of investments (ROI), 

costs reduction, incomes increase, or improvement of the operative margin. On the 

contrary, the operative contributions are more focused on parameters such as the 

supply reliability, delivery times, logistics efficiency and the stocks reduction. 

Analysing this distinction enables us to understand how much academic research is 
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oriented towards economic quantification with respect to the measurement of 

managerial efficiency.  

From the results it stands out that most of the studies adopt an operative perspective, 

focusing on the optimization of the processes, while the financial analyses are scarce 

and often limited to qualitative evaluation. This trend suggests that the e-commerce 

for spare parts phenomenon is perceived as a tool of organizational efficiency more 

than a direct revenue lever. However, the absence of integrated economic models 

shows a significant gap: without a clear quantification of the financial benefits or costs, 

it is complex to demonstrate the strategical value of digital implementation.  

 

Figure 2.7 - Distribution of Benefits 

The pie chart of this variable strongly appears unbalanced towards the operative 

component, with a lower share explicitly dedicated to the financial impact. This 

pattern has significant practical implications: literature tends to measure benefits in 

terms of efficiency (delivery times, availability, slimmer processes) but it pays less 

attention to the direct economic quantification (ROI, overall costs reduction, incomes 

increase). To convince the company decision-makers to invest into e-marketplace 

platforms, robust economic evaluation is necessary to translate the operational 

improvements into financial value. As consequence, future research should focus on 

methodologies that link operational KPIs and economic indicators, creating 
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instruments for the business case analysis and the evaluation before and after the 

investment. 

2.4.8. Performance measurement  

Performance measurement category plays a crucial role inside the analysis of the 

selected contributions, since it guarantees to comprehend how literature measures the 

efficacy of the e-commerce solutions and the managerial models applied to the sales 

and spares distribution. In industrial contexts and digital marketplaces, the 

measurement of performance is an essential step to transform a theoretical concept or 

a technological platform into a real competitive advantage. The inclusion of this 

category is justified by the necessity of identifying which indicators, economical, 

operational or relational, are adopted to evaluate the results of the analysed models, 

and in which measure these metrics are standardized or heterogeneous.  

The analysis of the papers according to this dimension enables us to distinguish 

between approaches that privilege quantitative and objective indicators (such as the 

order fulfilment rate, delivery times, warehouse rotation and the cost per order) and 

more qualitative approaches, which are focused on value perception, client satisfaction 

or service level perceived. The previous distinction is particularly important in the 

marketplace context for spares: on the one side, the availability of a piece and the 

rapidity of delivery are key elements; on the other side, the quality of digital 

experience, data transparency and trust for the platform directly influence loyalty and 

the reputation of the online ecosystem.  

The adoption of this class also enables us to highlight one of the primary literature 

gaps: the scarcity of shared and comparable indicators. While in other areas of the 

supply chain there are consolidated frameworks, in the spare parts market managed 

through online channels filed studies tend to propose isolated metrics, always 

customized in the company’s case or on the platform considered. This makes it 

difficult to make a direct comparison between results and hinders the construction of 
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generalized models. The systematic analysis of this variable can be useful to underline 

the necessity of standardizing the performance evaluation criteria, laying the basis for 

the development of integrated quantitative models that can link operative indicators 

with measurable economic indexes.  

Another critical aspect concerns the temporal dimension of the measurement: various 

studies adopt very short or not explicated observational horizons, complicating the 

evaluation of the sustainability of the improvements across time. This problem is 

particularly relevant for e-commerce for spare parts platforms, where the effects of a 

new digital infrastructure can show up only after months of operational adaptation 

and of purchasing behaviour evolution of customers.  

Finally, the presence of this category offers a transversal interpretive advantage: 

allows us to put performances into relation with other elements of the analytical 

framework, as the platform typology or the integration level of the supply chain. This 

way, it is possible to understand not only if the model works, but also “why” does it 

work, in which conditions and with which trade-offs; this is the reason why the 

analysis of recurrent patterns in this class are crucial for the construction of the factors 

that will be included in the final model.  

2.4.9. Supply-chain integration 

The supply chain integration category has been included since it represents one of the 

primary qualifying factors of the success of the e-marketplaces for the management of 

the replacement parts. The combination of the platform with supply-chain systems, 

that can happen at different levels, from the interface with the ERP and MRP systems 

until the real time sharing of the availability data with suppliers and distributors, is 

what allows to guarantee efficiency, visibility and reliability of the service. The choice 

of analysing this aspect reflects the idea that e-commerce for spare parts cannot be just 

considered a digital sales channel, but rather a connected and integrated hub in a 

wider logistics and productive ecosystem.  
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In the analysed papers, the integration of the supply chain is usually mentioned as the 

necessary but not sufficient condition to obtain concrete benefits. Some studies 

demonstrate how the absence of synchronization between physical stock and online 

catalogues create back-order problems, wrong orders or stock surpluses, 

compromising the marketplace credibility. On the contrary, studies that describe 

solutions based on an end-to-end integration, for example, systems of inventory 

sharing or predictive replenishment, highlight tangible improvements for the evasion 

times and the warehouse cost reduction. The systemic analysis of this category enables 

us to distinguish the contributions that face the integration as a mere technological 

aspect (API interfaces or IoT platforms) from the one that sees it as a strategical and 

organizational phenomenon, with governance implications, intercompany 

collaboration and trust among partners.  

From a methodological point of view, this variable additionally allows us to explore 

the relationship between the digitalization grade and the service level. Papers that 

adopt more evolved models of integration, such as multilevel data sharing or the 

collaborative management of stocks (VMI, CFR), tend to report more pronounced 

improvements in the operative metrics. However, often these results are based on 

isolated companies’ cases and not on extended comparative analysis, leaving room for 

the generalization aspect.  

An additional element of interest is associated to the complexity of the 

implementation. Literature tends to recognize that the integration of the supply-chain 

into e-marketplaces requires not only advanced technological tools, but also a strategic 

alignment between different actors, with the risks correlated to data sharing and the 

definition of the operational responsibilities. Then, analysing this category allows us 

not only to understand the technological maturity level of the studies, but also to 

evaluate how much research has, until now, faced the adoption barriers and the 

associated organizational costs.  
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Figure 2.8 - Supply Chain Integration 

Studying the pie chart dedicated to the integration of the supply chain seems to 

indicate that most of the scenarios presents integration with company’s systems or 

with actors of the chain, while just few of them don’t. This testifies what could be 

imagined: the efficacy of an e-marketplace for spare parts strongly relies on the ability 

of being able to integrate with the existing companies’ processes – inventories, orders, 

suppliers’ management. Where integration is profound, there can be observed 

concrete benefits: accuracy of the availability, reduction of the backorders, more 

efficient replenishment processes. When it is not present, instead, the platform risks 

becoming a showcase misaligned with the operative reality.  

The practical implications are clear: planning an e-marketplace does not only mean 

building an online interface but also defining with attention the technical interfaces 

(such as the APIs or the stock synchronization) and governance (who updates the data, 

quality responsibilities). For the research, a space to explore is the comparative 

analysis of the different levels of integration (absent, partial, complete) and their 

measurable impact on operational and financial KPIs, with recommendations on how 

to proceed in contexts with different IT maturity levels. 
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2.4.10. Customer Relationship Management (CRM) 

The addition of the customer relationship management class answers to the necessity 

of investigating the role of the relations with clients in the marketplaces for the spare 

parts, area which is often neglected with respect to the logistics-operational aspects. 

CRM shows the dimension that links the managerial perspective to the experiential 

one, allowing the comprehension of how industries manage the knowledge of the 

customers, personalizing the offers and building trust in the long run.  

In the spare’s context, the efficient management of the relations with clients assumes a 

peculiar relevance: customers, companies or final consumers, tend to make recurrent 

purchases across time, to require technical assistance and to evaluate the quality of the 

service more than the unitary price. The analysed literature shows how an integrated 

use of the CRM systems with the e-commerce platforms can promote retention and 

cross-selling strategies, improving the forecasting of the demand and the stock 

planification. However, many studies restrict themselves to mentioning the CRM as a 

simple support tool, without deepening its strategical role for the construction of long-

term digital relations.  

 Analysing this category allows us to understand in which measure the technological 

solutions are cooperating with strategies for client management based on data. 

Moreover, it is useful to identify divergences between B2B and B2C: in the first the 

CRM is often linked to contracts and partnerships of long-term, while in the second it 

assumes a more dynamic and oriented to the personalization of the service.  
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Figure 2.9 - Customer Relationship Management 

The CRM chart shows that a consistent number of studies consider the theme of 

customer relationship, even if it is not deeply analysed in every document. In the 

spares filed, CRM assumes a strategic relevance: recurrent purchases, after-sales 

necessities, assistance activities and the possibility of proposing maintenance contracts 

make the customer-seller relationship as a value driver.  

2.4.11.  After Sales or Spare Parts Management  

The after-sales or spare parts management category is probably one of the most crucial 

in this research, since it takes on the natural connection point between the management 

of spares and the adoption of e-commerce platforms.  

Historically, the after-sales activities have been considered as secondary functions 

with respect to the primary sales of the product, but in the last few years they have 

gained a growing strategical role, especially in those industrial sectors where the 

technological content is high. The documents analysed confirm this trend, showing 

that efficient management of spares and their correlated services can represent a stable 

source of profitability and a distinctive element for client retention. Nevertheless, 

stands out a significant fragmentation in literature: some studies discuss after-sales as 

a simple activity of logistics support, others frame it as part of an integrated system for 

value creation, but few analyse deeply the digital transformation of these processes.   
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Throughout this class it was possible to identify different perspectives: the 

technological one, focused on the digital tools to manage the warehouse or the 

trackability of components; the managerial one, focused on the organization of the 

after-sales flows; and the strategic one, that takes into account the after-sales as a driver 

for competitiveness and for the transition to business models oriented to service. The 

advantage of involving this dimension is double: on the one hand, it allows us to 

understand how much e-commerce is effectively adopted as an operative tool to sell 

spares; on the other hand, it permits us to catch the wider economic and organizational 

implications linked to the digitalization of the after-sales chain.  

An incredibly important aspect coming to light from this analysis is the scarcity of 

integrated models that connect the management of replacement parts to the e-

commerce platforms. Many jobs tend to treat separately the thematics, without 

exploring how digital technologies can facilitate more predictive and proactive 

approaches to the maintenance and the supply of the spare parts. This absence of 

conceptual integration shows one of the primary research gaps that our thesis wants 

to spoil, promoting a more unified model of digital management of the spares’ 

lifecycle.  

 

Figure 2.10 - After Sales/Spare Parts 

The dedicated chart shows three categories (after sales, spare parts and both) with the 

majority that falls within the “both” category (so studies that discuss both topics of 
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after-sales and spare parts), while other contributions are focused only on spare parts 

or after sales. This highlights that literature recognizes the strict correlation between 

the spare management and the after sales services: a successful platform should 

manage both the sale of the piece and the overall correlated service. The implication is 

practical and managerial: planning the marketplace for spares should assess order 

management and services functionalities, support traceability for warranty and having 

price logics that consider also the correlated services. To continue, the fact that many 

studies face both thematics suggests the necessity of integrating models that allows us 

to balance the availability, the level of service and costs. 

2.4.12. Inventory and demand management  

This category represents one of the most crucial dimensions of the literature dedicated 

to the development and integration of e-marketplace platforms in the spare parts 

market. Its inclusion in the analysis results to be fundamental since the management 

of stocks and demand forecasting build the operative heart of every system for the 

distribution of spares. The ability of a company to have the right piece, in the right 

place, at the right time directly affects the service level quality, the economic efficiency 

and the final client satisfaction. In the digital world, where marketplaces put into 

contact producers, distributors, repair shops and third-party vendors, the dimension 

of the inventory management assumes even a more relevant strategic role: the 

availability of shared data and of integrated informative flows allows us to redesign 

the procurement and inventory management logics, unlocking more agile, 

collaborative and data-driven decisional models. 

The choice of deepening this aspect is justified not only from an operational 

perspective, but also from its economic and strategic implications. On the one hand, 

stocks play the role of the most consistent working capital in a company, and an 

inefficient management could deny the economic benefits deriving from the 

digitalization of the sales channels. On the other hand, replacement parts demand has 
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peculiar characteristics – such as the intermittence, slow-rotation, high variability and 

the dependence from the level of use of the primary product – that make necessary 

prevision techniques and specific stocks politics, not always transferable to traditional 

production or sales contexts. In this sense, marketplaces offer a huge opportunity: 

through the collection and analysis of a large amount of data coming from different 

sources, they can improve demand visibility, reduce uncertainty and help creating 

multi-level optimization strategies that allow companies to reduce costs and improve 

the service level. 

From a methodological standpoint, the analysis of this class enables us to comprehend 

in which measure the current research face the management of the stocks with a 

quantitative or purely descriptive approach, enabling the evaluation of the level of 

maturity of the study field. In many cases, literature tend to focus on technological or 

strategic aspects of marketplaces, neglecting the direct measurement of the impact that 

these digital systems have on the planning of stocks and demand forecasting. 

 

Figure 2.11 - Inventory & Demand Management 

Looking at the pie chart referring to the frequency of this category across literature, it 

emerges that just a minority of documents explicitly faces thematics associated to 

inventory and demand management. This suggests that most of the research focus on 

other dimensions – such as the technological structure of the marketplace, business 

models or customer experience – ignoring the direct link with the physical planning 
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of material flows. The low number of contributions dedicated to this category does not 

implicate a scarce relevance of the topic, but a knowledge lack that should be studied, 

especially in a modern context, where the efficient management of stocks and the 

ability to answer the demand represent critical factors for the competitivity of the 

digital platforms. 

2.4.13. Security & compliance  

The security and compliance class were introduced to deepen the aspects associated 

with data security, normative conformity and digital trust, elements that represent 

fundamental conditions for the success of the marketplaces online, but that literature 

is used to neglect.  

The goal was to comprehend in which manner the academical studies faced the 

problems related to information protection, privacy regulations and the management 

of the computer risks in the specific context of the industrial replacements.  

The security of the transactions and sensitive data protection show critical themes 

especially in B2B models, where e-commerce platforms need to manage complex 

information flows (technical data, listings, products’ specifics) and to guarantee the 

confidentiality between commercial partners. The analysis of selected documents has 

highlighted that, even though many publications recognize the relevance of the topic, 

few of them offer operative solutions or structured frameworks to manage compliance 

regulations and computer security.  

This suggests that, in the face of a growing digitalization level and data sharing, 

academical research has still not understood the importance of the legal and 

governance implications associated with industrial e-commerce.  

Additionally, the diversity of the regulatory contexts should be mentioned: the 

management of conformity can widely vary among countries and sectors, influencing 
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the scalability of the international marketplaces. Analysing how literature faces (or 

neglects) this variability allows us to identify an area of promising research.  

 

Figure 2.12 - Security & Compliance 

The security and compliance chart shows a distribution where a significant number of 

scenarios includes considerations on the topic. When it reflects the reality of the sector: 

in some contexts (aerospace, medical, automotive) compliance is essential; in others it 

can be considered in a marginal manner. The absence of structural in-depth analysis 

on security and normative in different studies is scaring, since these aspects directly 

affects the adoption and the scalability of the marketplace (for example data 

protection, responsibility for replacement parts’ quality, mandatory certifications). For 

the planning of platforms is essential that safety requirements, management of 

authorizations, traceability and compliance are integrated from the first steps, and that 

the technical solutions are associated with legal and processual policies. 

2.4.14. Year  

The year category has been chosen to analyse the temporal distribution of the 

contributions, with the goal of identifying eventual evolutions of the way in which the 

e-commerce for spares topic has been studied across time. Even though in the research 

phase no temporal limit was set, precisely to not exclude documents potentially 
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relevant in a still young area of discussion, the chronological analysis helps us to 

understand the evolution of the scientific maturity of the theme.  

Observing the temporal collocation of the paper allows us to differentiate between 

pioneering contents, often more theoretical rather than practical, and more recent jobs, 

generally characterized by more empirical or experimental approaches. During the 

initial years of diffusion, literature used to focus on technological and infrastructural 

aspects, as the architecture of the portals or the management of the digital catalogues. 

Only in the last few years we assisted to an increasing interest in managerial and 

strategical dimensions, as the integration of the supply chain, sustainability, or hybrid 

business models, sign of a progressive maturation of the field.  

The temporal analysis can, additionally, show off continuity lacks: in many cases, 

studies are not followed by longitudinal follow-ups or practical applications, 

highlighting the difficulties in consolidating front of structured research. This enforces 

motivation at the basis of this work, having the goal of systematizing and integrating 

spread knowledge, providing an updated and coherent picture.  

Including the “year” variable in this first part of the research not only has a descriptive 

function but also enables to interpret literature as a dynamic phenomenon, in 

continuous evolution, and to identify the potential directions of the future 

developments – for example, through the use of artificial intelligence for the 

forecasting of the spares demand, or through platforms even more interconnected and 

collaborative.  

 

Figure 2.13 - Year of Release 
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The histogram shows a larger concentration of the studies during the 2010–2020-time 

window, with also more recent and older contributions. This trend perfectly states the 

evolution and growth of this topic: the first wave of studies was focused on concepts 

and architectures of e-commerce, while the more recent production has shifted 

towards integration, service and applicative cases. It shows how the field is migrating 

from an exploratory phase to an applicative one, and that today exists more 

opportunities for studies that want to validate and compare solutions, other that 

translate the empirical results into replicable models. 

2.4.15. E-marketplace type  

Finally, the category that covers the typology of e-marketplace found across the 

remaining documents is one of the most important to link the results of the review of 

the future developments of the analytical model proposed later in the thesis. This 

variable allows to differentiate the different architectures and configurations of the 

marketplaces analysed in papers.  

Analysing this variable guarantee to bring to life the interdependences between the 

platform model and the generated value by the final user. Literature shows that the 

most efficient platforms in the spare parts sector are the ones that can combine the 

operative efficacy of a horizontal e-marketplace with the technical specialization of a 

vertical e-marketplace, adopting hybrid models that integrate shared catalogues, 

predictive maintenance services and real-time technical support.  

However, few studies face in a systematic manner the relation between the platform 

type and the overall performance of the system. This leaves room for an important 

consideration: the absence of a comparative framework makes it difficult for 

companies to choose which typology of e-commerce is suitable for their context. This 

gap is aligned with the scopes of this work, considering the proposal of building a 

conceptual and operational model that can contribute to the selection of the most 
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coherent platform type with the characteristics of the analysed spare parts market and 

products specifications.  

Finally, the study of this category provides a transversal interpretation: puts into 

relation the other considered elements (industry integration, performance, CRM, 

security) with the structure of the platform, enabling the comprehension of how the 

architectural choices affect not only the efficiency, but also the overall experience and 

the sustainability of the business model.  

 

Figure 2.14 - E-Marketplace Type 

The frequency analysis reported in the graphic highlights clearly how literature 

primarily focused on some specific typologies of e-marketplace, neglecting others. In 

particular, the category of the “Private industrial networks” seems to be the most 

discussed, confirming a significant trend of companies, especially the medium-large 

ones, to privilege ownership and completely integrated with their managerial systems 

and the actors of the chain solutions. This result reflects the interest towards models 

that enable a high control over informative and logistics costs, a wider customization 

of processes, and a more secure data and relationship with customers management.  

The closed and collaborative nature of these networks appears to be particularly 

coherent with the necessities of the industries characterized by high technical 

complexity, strong interdependence between partners and the necessity of strategic 

coordination along the supply chain. 
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Follows, in terms of frequence, the category of the “Independent exchanges”, 

independent and opened platforms that, even if they require a minor implementation 

effort, offer companies a wider accessibility to the market and a higher transactional 

flexibility. This solution often results cited in literature for its capability of reducing 

search and negotiation costs but still presenting limits of integration and control. At 

the same level, there are the “Industry consortia” which are models based on 

collaboration between companies belonging to the same industrial sector. They 

represent and interesting intermediate shape between interdependence and 

integration: they allow participating companies to share costs, knowledge and 

operative standards, fostering the cooperation and the standardization of digital 

practices at industry chain level. 

“E-distributors” and “Individual trading” categories results to be marginal instead, 

with a single occurrence each, to testify a limited interest of the scientific community 

towards less complex or scalable models in the B2B industrial context. Even more 

significant is the absence of contributions explicitly dedicated to the “E-procurement” 

model, despite its diffusion within the industrial field. This data can be interpreted as 

signal of a scarce academic attention paid to the managerial perspective of the 

electronic purchase of components and spare, maybe because discussed in parallel 

literature or embedded into wider analysis on supply chain management. 

As a whole, the highlighted distribution suggests how research oriented towards more 

structured and collaborative and collaborative configurations of e-marketplaces, 

leaving behind transactional or hybrid models. This evidence confirms the trend of 

industrial companies to privilege stable digital ecosystems, integrated and with high 

relational value, rather than open platforms exclusively oriented towards the 

reduction of transaction costs. In light of these results, it is opportune to deepen the 

primary typologies of e-marketplace emerged from literature, showing their 

characteristics, functioning modalities and the managerial implications, with the goal 
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of understanding deeply the logics that drive their adoption in different industrial 

contexts. 

2.4.15.1.  E-distributor (ED) 

E-distributors represent e-commerce platforms that connect buyers and suppliers, 

acting as intermediaries that facilitate direct transactions between producers and 

purchasing firms. According to (Laudon & Traver, 2017) e-distributors primarily 

operate within public and horizontal markets, serving multiple industries by 

providing a unified digital environment through which companies can source indirect 

goods from a single platform. 

These platforms typically maintain comprehensive online catalogues featuring 

products from a wide range of manufacturers. Their revenue model is generally based 

on a markup applied to the distributed goods, complemented by additional fees for 

logistics and distribution services. E-distributors often manage key operational 

functions on behalf of suppliers, including inventory procurement, warehousing, and 

product delivery to end customers, thus reducing the operational burden for 

manufacturers while ensuring product availability. 

From an economic standpoint, e-distributor platforms generally handle goods of 

relatively low individual value but are characterized by high transaction frequency 

and associated transaction costs. This operational model enables firms to streamline 

their purchasing processes while leveraging economies of scale and centralized 

logistics. 

2.4.15.2.  E-Procurement (EP) 

E-procurement platforms are independent intermediaries that create digital 

marketplaces connecting thousands of buyers and sellers across various industries 

(Laudon & Traver, 2017).  
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They are primarily employed for the purchase of indirect goods on a recurring or long-

term basis, facilitating standardized and automated procurement processes within 

business networks. The revenue model of e-procurement platforms typically combines 

transaction-based commissions, a percentage fee applied to each completed 

transaction, with subscription fees that grant participants access to the platform’s 

services and catalogue infrastructure. 

Although e-procurement networks are operated by third-party intermediaries and 

thus represent independent entities, they provide a wide range of value-added 

services to both buyers and suppliers. These include automated purchase order 

generation, supplier sourcing, catalogue creation and maintenance, electronic 

invoicing, and overall management of order flows and transactional content. 

From a functional standpoint, e-procurement platforms aim to enhance transactional 

efficiency and strategic sourcing, focusing on the optimization of supplier relationship 

management rather than on the physical distribution of goods. Logistical 

responsibilities remain primarily with the suppliers participating in the network, 

while the e-procurement system serves as a transactional and coordination hub, 

ensuring process visibility, standardization, and integration across the supply chain. 

2.4.15.3.  Independent exchanges (IE) 

Independent exchanges are privately owned digital marketplaces designed to facilitate 

the trading of direct inputs within specific vertical industries (Laudon & Traver, 2017). 

Their primary objective is to connect a large number of buyers and sellers in real time, 

enabling transactions for direct goods that are typically conducted on a spot or short-

term basis. These exchanges operate as open platforms where market dynamics are 

determined by competitive bidding and price transparency, often leading to dynamic 

pricing mechanisms that reflect real-time supply and demand conditions. 

The revenue model of independent exchanges generally relies on transaction-based 

commissions, applied to each completed exchange between participants. Unlike other 
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B2B models such as e-distributors or e-procurement platforms, independent 

exchanges do not exert control over suppliers’ inventories, focusing instead on 

facilitating transactions and improving market liquidity. 

While logistics management remains the responsibility of the individual suppliers, 

some exchanges provide logistical coordination services through third-party logistics 

(3PL) providers, offering features such as consolidated shipping, delivery tracking, 

and enhanced supply visibility. This operational structure allows independent 

exchanges to function as transactional enablers, improving market efficiency and 

responsiveness without assuming direct ownership or physical handling of goods. 

2.4.15.4.  Industry Consortia (IC) 

Industry consortia, as described by (Laudon & Traver, 2017), represent industry-

owned vertical marketplaces that enable buyers within a specific sector to procure 

direct inputs under long-term contractual agreements. The fundamental objective of 

these consortia is to foster collaboration among major industry players and to achieve 

greater supply chain integration across the sector. By promoting coordinated 

procurement and standardized digital processes, industry consortia aim to enhance 

overall efficiency and reduce redundancy in sourcing and logistics activities. 

Within these platforms, the market makers provide a range of value-added digital 

services for buyers and suppliers, including procurement management, transaction 

processing, shipping coordination, and electronic payment solutions. Industry 

consortia are often characterized as many-to-few markets, where numerous suppliers 

serve a limited number of large buyers, operating under cooperative arrangements 

supported by shared digital infrastructure and governance mechanisms. 

Members of an industry consortium typically contribute financially through market 

development fees, transaction commissions, and subscription payments. While the 

platform itself does not directly manage inventories, it facilitates collaborative logistics 

solutions among participants, such as freight sharing, consolidated shipments, and 
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joint route optimization. This structure allows industry consortia to act as strategic 

coordination hubs, reducing transportation and procurement costs while reinforcing 

long-term partnerships within the supply chain. 

2.4.15.5.  Private Industrial Network (PIN) 

Private Industrial Networks (PINs) are internet-based communication environments 

that extend beyond traditional procurement activities to enable comprehensive 

collaborative commerce (Laudon & Traver, 2017). These networks constitute one of the 

largest segments of B2B e-commerce, encompassing both online and offline 

coordination among business partners. Fundamentally, private industrial networks 

are industry-owned platforms designed to coordinate supply chains among a limited 

and strategically selected group of partners. They represent the foundation of 

extended enterprises, allowing firms to integrate their business processes with those 

of key suppliers, logistics providers, and customers. 

A private industrial network functions as a web-enabled system for the coordination 

of inter-organizational business processes, commonly referred to as collaborative 

commerce. Such processes inherently require the participation of at least two 

independent firms working together toward shared operational or strategic objectives. 

Often, these networks originate from a firm’s internal Enterprise Resource Planning 

(ERP) system, which is progressively expanded, typically through extranet 

technologies, to include the company’s major suppliers and partners. 

Private industrial networks are typically centred around a single sponsoring 

enterprise that owns the platform, defines its governance structure, and enforces 

participation rules. These networks generally focus on the management of strategic, 

direct goods and services, emphasizing long-term partnerships and operational 

integration. Participation is by invitation only, reflecting the “private” nature of these 

platforms, and allowing the sponsoring company, such as in the case of 
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VWGroupSupply, to maintain authority, oversight, and control over supply chain 

coordination and collaboration mechanisms. 

 

2.5. Review of Cost Components  

The following summary table has the goal of providing an overall vision of the 

primary contributions of starting literature about costs associated to development and 

implementation of e-commerce platforms in the spare parts market. This synthesis 

allows us to understand immediately which types of cost are discussed across different 

studies and which level of deep study, acting as comparative base for the elaborated 

cost model in the successive sections of the thesis. Continuing, the table enables us to 

collocate the research carried out inside the existing scenario, highlighting both the 

already explored areas of literature and the informative gaps that motivated the 

development of the proposed model for the economic evaluation of the different 

marketplace configurations in the replacement parts market. 

From the analysis, it stands out how literature’s contributions are focused on four 

primary cost categories, here identified to recompose systemically the different 

perspectives treated within the examined works: 

§ Procurement and transaction costs, comprehend costs associated to spares 

acquisition, supplier research activity, negotiation, orders management and 

payments. In this field, different authors underline the potential of e-

marketplaces in this area to reduce informative asymmetries and coordination 

costs along the supply chain (J. Liu et al., 2013)(Görçün et al., 2025)(Holmqvist 

& Pessi, 2005) 

§ Inventory and warehousing costs, include stocking costs, capital 

immobilization, obsolescence and inventory keeping. Specific studies on the 

energetic and manufacturing sector (J. Liu et al., 2013) (J. Liu et al., 2014) 
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propose collaborative management models of stocks based on two-levels e-

marketplaces, highlighting significant reductions of inventory costs and 

improvements in the availability of spares service. 

§ Fulfilment and logistics costs, regarding operative activities of orders evasion, 

shipping, delivery and reverse logistics. These costs are often influenced by the 

digitalization level of processes and distributive structure. In the case of Volvo 

(Holmqvist & Pessi, 2005)  is described how the introduction of “Parts Online” 

portal enabled companies to integrate warehouses, dealers and final clients, 

reducing times and distribution costs along the after-sales chain. 

§ After-sales and reverse logistics costs, comprehend costs associated to returns, 

warranties, assistance and customer service. Literature (Chang, 2014) highlights 

how the after-sales service quality strongly affects on client satisfaction and 

overall operative costs, especially in cross-border electronic commerce and 

complex technical products contexts. 

As a whole, the adopted classification allows us to map organically the contribution of 

each publication within different cost components, providing a reference framework 

useful to compare the theorical evidence with the developed quantitative model of this 

thesis. This comparison enables us to verify the coherence between literature results 

and obtained economic estimations, nonetheless to individuate the areas where the 

proposed approach introduces a progress with respect to previous studies. The 

analysis of discussed costs within reference literature highlights, despite the wide 

variety of approaches, how it is missing a systematic and comparative model capable 

of estimating in an integrated manner the different cost components in the 

implementation of e-marketplace for spare parts, aspect of interest of this work. 
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Document Transaction Inventory Logistics After-Sales 

E-Commerce Marketplace Selling 
Spare Parts to Repair Shops in 

Kenya 

✓  ✓ ✓ 

After-Sales Attributes in E-
Commerce – A Systematic 

Literature Review and Future 
Research Agenda 

   ✓ 

Interaction of Electronic Commerce 
and Supply Chain Management: 
Insights from The Swatch Group 

✓ ✓ ✓  

Collaborative Management 
Strategy of Spare Parts Based on E-

Marketplaces 
✓ ✓   

Research on the Inventory Control 
of Thermo-Technical Spare Parts in 
the Electric Power Group Based on 

E-Marketplaces 

✓ ✓   

Envisioning e-Logistics 
Development 

 ✓ ✓  

Automotive Aftermarket (Report) ✓ ✓ ✓  

A Review of After-Sales Service 
Practice of Chinese Agricultural 
Machinery in Cross-Border E-

Commerce in Africa 

  ✓ ✓ 

Research on the Inventory 
Management Operations of 

Thermo-technical Spare Parts in 
the Electric Power Group based on 

E-Marketplaces 

✓ ✓ ✓  

Strategic Analysis of E-Trade 
Platforms in Automotive Spare 

Part Sector 
✓  ✓  

The Design of the Evaluation 
System of E-Commerce Shopping 

After-Sales Service 
  ✓ ✓ 

Agility Through Implementation: 
A Case from a Global Supply 

Chain (Volvo) 
✓ ✓ ✓  

Table 2.1 - Review of Cost Components 
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2.6. Gap analysis  

The analysis conducted in the previous section made it possible to obtain a complete 

and systematic view of the existing studies on the implementation and development 

of e-marketplace platforms for the spare parts market topic. Through a methodical 

selection, filtering and classification process of the documents, ended with the 

definition of a representative group of 15 documents, it has been possible to map the 

primary academic contributions and identify the most frequently investigated 

thematic areas.  

However, the comparison between the analysed documents brought to light another 

crucial aspect: the literature on the development of digital platforms to sell spare parts 

still results fragmented, partial and in some cases oriented to specific dimensions 

without a holistic approach. Even though studies compare different fields of research 

(technological, managerial, relational and economical) it still lacks an integrated 

comprehension of the mechanisms through which these platforms can really generate 

value, improve the operative performances, and simplify the digital transition of 

companies involved in the spare parts value chain. 

Other than this evidence, it became necessary a phase for the study of the development 

gaps, finalized to identify with higher precision the areas that show theoretical or 

knowledge lacks and that, consequently, offer the larger potential for future in-depth 

analysis or research models. This activity represents the focal point between the 

theorical review and the projectile phase of the thesis, considering it allows us to move 

from the observation of the existing contributions to the identification of all the missing 

links, missing elements or insufficiently discussed across literature, that justify the 

definition of the original contribution of this work. 

The identified gaps are organized in different thematic areas coherent with the 

evolution of the phenomenon and with its managerial, technological and relational 

implications. 
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The approach that will be followed in this section is focused on exploring deeply each 

dimension, highlighting not only the theoretical relevance but also the practical 

implications for companies and the decision-makers involved in the digitalization 

processes of the supply chain. Each gap group will be analysed individually, showing 

off the aspects that have not been thoroughly studied, the possible future research 

guidelines and the potential connections between apparently different fields, but that 

in the modern digital context, seems to be strongly interdependent.  

2.6.1. Adoption and strategical value of e-marketplaces 

The first macro area analyses the causes of the still limited diffusion of these platforms, 

and the difficulties of measuring objectively the economical and organizational 

benefits, nonetheless the specific barriers that obstacle the participation of the SMEs. 

2.6.1.1. Low adoption and disattended expectations  

Even though the optimistic forecasts of the 2000s, the adoption of the e-marketplace 

platforms remained lower looking at the expectations. Many platforms launched 

during the dot-com boom did not realize the forecasted transaction volumes, and just 

a minority has survived to the consolidation phase (Mangiaracina & Loro, 2020) 

(Lennstrand, Frey, & Johansen, 2001). For example, in 2001 was estimated that only the 

23% of the B2B e-marketplace announced did a single economic transaction. Still 

today, many companies did not catch the opportunities offered by the online 

marketplace, keeping adoption levels low. This gap between the theoretical potential 

and the real usage suggests the necessity of investigating deeply the causes of the 

reluctance of companies (strategical fear and organizational inertia) and to identify the 

levers to encourage the adoption. Literature highlights how many actors wait benefits 

tangible evidence before investing resources in these platforms. Particularly, SMEs 

show resistance to investing into e-marketplace technologies until the return on the 

investment is clear (Tubigi & Alshawi, 2015). This consideration defines a knowledge 
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gap: lacks a full comprehension and measurement of the concrete value generated by 

medium-long term B2B marketplaces. 

2.6.1.2. Measurement of the benefits and uncertain ROI 

A crucial reasoning for the slow adoption of is the difficulty with the quantification of 

benefits and costs of e-marketplaces. Many initial studies emphasized theorical 

advantages as the research and transactions cost reduction, the reduction of 

inventories, and the higher transparency of prices. However, companies tend to have 

empirical evidence of these benefits. Recent literature signals that the evaluation 

models used until now could be incomplete: for example Mangiaracina & Loro (2020) 

show that, other than the classic inventory savings, and also operational costs such as 

transport, penalties and administrative duties significantly weight on the overall 

balance of the marketplace, and they should be considered in the decisional processes 

(Wan, 2022). This shows a research gap in the ROI calculation: the previous analysis 

could have neglected important cost factors, leading to partial evaluation of the 

benefits. Additionally, (Cullen & Webster, 2007) underline the need to pursue the 

studies on how to complete successfully online transactions and which concrete 

benefits can be gained. In other terms, the scientific community recognises the 

necessity of more robust models to measure the performance of the e-marketplace and 

provide managerial guidelines for a successful implementation. Such a 

methodological gap suggests developing frameworks and metrics that can help both 

the research and the decision-makers of the company to understand the added value 

(in terms of efficiency, cost reductions, sales increase, etc.) deriving from the use of 

electronic platforms (Fauska et al., 2013). 

2.6.1.3. SMEs barriers 

A critical area of investigation refers to small and medium companies, that build the 

skeleton of many industries but have difficulties to find advantages from electronic 

marketplaces. Dedicated studies highlight numerous barriers that deny the possibility 



 51 

 

 

of efficiently joining the e-marketplaces to SMEs (Tubigi & Alshawi, 2015). First, 

there’s an absence of shared standards: the deficiency of common technological 

frameworks between buyers and suppliers hinders the adhesion to many platforms. 

Every marketplace tends to adopt a personal infrastructure or protocol, often 

incompatible with the others. It’s symbolic the proliferation of proprietary standard 

XML (more than 120 variants) that discourages both large and small companies, that 

fear the investment in software, formation and integration without being sure to have 

a fixed standard.  Secondly, usually SMEs lack digital competences and strategical 

vision on the e-commerce: they don’t always understand the role of the Internet in the 

procurement and sales processes and have difficulties in the integration of the 

traditional trading modalities. This absence of comprehension can lead to an 

underestimation of the transformative impact of the electronic commerce, erroneously 

considered as a simple alternative channel, rather than a necessary complement to be 

competitive. Finally, there is a difficulty in the integration of the existing supply 

chains: small companies usually don’t perceive their selves as part of a larger value 

chain and tend to underestimate the idea that the e-marketplace could simplify their 

integration with suppliers of larger companies. If SMEs won’t develop the 

competences to operate in interconnected digital contexts, they risk being excluded 

from the supply chain guided by larger and digitally advanced companies. Therefore, 

a research gap consists in the individuation of strategies and policies to reduce these 

barriers (technological, organizational and cultural) and to foster the participation of 

SMEs. Literature invites, for example, to define open standards and specific guidelines 

for SMEs to reduce the entry costs and increase the perception of the obtainable 

benefits. To synthesize, understanding how to efficiently support smaller companies 

in the adoption of the e-commerce represents an important research field still partially 

unexplored. 
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2.6.2. Integration in the supply chain processes  

Following, this area deepens the scare integration of the marketplaces with the 

operative management of the chains, technological standards fragmentation and 

sharing and management problems of the information along the supply network.  

2.6.2.1. Scarce alignment with the supply chain management  

A recognised gap of literature of electronic marketplaces is the absence of integration 

with the operative management of the supply chain. Many e-marketplaces flourished 

during the internet bubble were primary focalized on the combination of demand and 

online offer, neglecting crucial aspects as logistics, coordination of provision and 

inventory management. The operative-logistics dimension of the marketplaces was 

“widely neglected and managed superficially”, since that the inefficiencies in the basic 

operations (deliveries and fulfilment) affected revenue and profitability of many 

platforms.  This shows a clear research gap: traditional theories of marketplaces 

emphasized the disintermediation and the price research but did not carry out in-

depth studies on the synchronization of physical and informative flows along the 

chain. The practical consequence is that some marketplaces did not offer a tangible 

added value with respect to EDI systems or traditional relationships, due to logistics 

bottlenecks or the difficulty to integrate the processes multiple actors. Most recent 

literature claims a higher research effort for the supply-chain management (SCM) 

inside e-marketplaces (Grieger, 2003). For example, it is important to study how a 

platform can include functions for the management of inventories, orders tracking, 

coordination of the deliveries and the other typical activities of the SCM, overcoming 

the actual discrepancy between digital platform and real-world operativity. 

2.6.2.2. Technical interoperability and standardization 

The problem of the absent systems’ interoperability is strictly linked to the precedent 

point. The presence of multiple proprietary standards and the scarce standardization 
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of data and protocols slow down the integration of the marketplace with the 

company’s informative systems (ERP, warehousing systems, etc.). As already stated, 

the lack of common standards creates uncertainty: more than one hundred XML 

specific dialects for the industry coexist and compete, as described by (Tubigi & 

Alshawi, 2015), making it heavy for a company to connect with more marketplaces 

without the necessity of developing continuously technical adjustments. This technical 

fragmentation is a barrier for both large (that fear non-reusable IT investments) and 

small companies (that do not have the resources to support multiple platforms). The 

research gap refers to the development of unified architectures and standards that 

simplify the integration “plug-and-play" to marketplaces, reducing onboarding costs 

and technical complexity. Also from the data side, are needed research on standard 

formats for electronic catalogues, product codes, order/delivery messages to guarantee 

an informative flow between heterogeneous systems. Only filling this standardization 

gap the e-marketplaces will be able to become persuasive in the everyday operations. 

2.6.2.3. Management of the information and knowledge along the network 

An aspect that is usually neglected in the implementation phase of the e-commerce is 

the organizational knowledge and the informative sharing dimensions. The adoption 

of an e-marketplace is not only a technological project, but it requires to change 

knowledge processes and flows among commercial partners. (Bolisani et al., 1999) 

proposed an analysis based on the knowledge involved in the implementation of the 

e-commerce, backing the idea that examining knowledge flows between actors 

(suppliers, clients, intermediaries, service providers) could provide fundamental 

insights on the perspectives and the limits of the economic commerce. This suggests a 

gap: few research explored the dynamics of the knowledge movement necessary to 

integrate with success an e-marketplace into the company’s processes. For example, 

how does it change the onboarding process of a supplier in an e-marketplace with 

respect to the traditional one? Which competences (soft and hard) buyers and sellers 
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need to operate online efficiently? In addition, it exists a spread cultural resistance to 

the informative sharing: some companies are reluctant to collect price data, inventories 

or forecasts in such a shared environment, fearing to lose contractual power. 

(Premkumar, 2003) highlights that the informative asymmetry is considered a 

competitive advantage, many actors hesitate to support a free flow of information, 

since an e-marketplace which is super-efficient and that eliminates uncertainty could 

marginalize many players of the chain. This defensive behaviour creates a gap 

between what is technically possible (total integration of data in real-time) and what 

is implemented. Research should face the problem of how would be possible to 

encourage the critical information sharing in a marketplace context, balancing 

transparency and privacy. For example, solutions on how reserved areas within the e-

marketplace or membership models closed for trusted partners are discussed but are 

necessary deeper analysis on their functioning and efficacy. To synthesize, to fill the 

integration gap is not only a technical decision, but also an organizational one: requires 

interdisciplinary studies on IT standards, knowledge management and organizational 

behaviour for the sensitive data sharing. 

2.6.3. Relationships, trust and collaboration within e-marketplaces 

The third field shows evidence of the necessity of overcoming the purely transactional 

and price-oriented logic to promote collaboration and trust among partners, as well to 

comprehend the structural impact of the marketplaces on the industry relations. 

2.6.3.1. From price competition to industry collaboration. 

The first marketplaces have been primary planned as tools to obtain price reductions 

and to maximize the efficiency of the spot transactions. This price-centric setting has 

therefore showed some limits in the complex relationship context, where trust, 

cooperation and relational continuity play a key role. Literature identifies here an 

evident gap: the connection between the competitive dynamics of the open market 
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with the necessity of long-term partnership in the supply-chain. (Premkumar, 2003) 

noticed that the exclusive emphasis on price, typical of the original marketplace, was 

maybe fitting for standardized commodities, but was not aligned with the actual 

philosophy of collaborative commerce that dominates the modern supply chain 

management (SCM). Industrial chains invested for years in the development of solid 

relationships, informative exchange and coordination (think about sales collaborative 

practices such as VMI, JIT, II, etc.). The admission of marketplaces focalized only on 

the Dutch auction risked eroding these relations, creating conflicts with suppliers and 

reducing the cooperation propension. Many studies report that the first uses of 

electronic auctions created disappointing feelings on suppliers and reduced the service 

quality, mining trust. (Lennstrand et al., 2001) as well synthetise this critic, affirming 

that many exchange B2B resulted as “too much price-focused, guided by a simplifying 

vision” of the supplier-client relationship. The research gap allows us to elaborate e-

marketplace models more “relationship-friendly”, capable of supporting different 

interaction types: not only spot transactions at a better price, but also deals, 

continuative supplying contracts, and collaboration on forecasts and innovation. 

(Premkumar, 2003) suggests that future e-marketplaces should offer a comprehensive 

support to this variety of interaction, for example forecasting private spaces within the 

platform where partners that already have stable relations can operate in a private 

modality. At the same time, the public section of the marketplace could be useful for 

spot transactions with new actors, maximizing liquidity and competitive comparison. 

This idea of distinct areas (public vs private) or of exclusive clubs based on invitation 

is a possible starting point, but research still have to validate the efficacy: how do they 

influence the mutual trust? Are they able to sustain the (community sensation” needed 

to cooperate? It is therefore open a study filed to understand how e-marketplaces 

could evolve to support the supply chain collaboration, instead of being limited to the 

mere transaction. 
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2.6.3.2. Building trust in opened digital environments 

Trust is an intangible but crucial element in the B2B (and not only) relationships: it 

simplifies the sensitive information sharing, the unexpected problem resolution and 

the specific investments between partners. In digital marketplaces traditional trust 

could be more difficult to build, especially when the platform creates links between 

actors that are not familiar with each other. An important research gap refers to the 

mechanisms to install and keep trust within e-marketplaces. Some research 

highlighted that the presence of a neutral third-party intermediary and with a great 

reputation could foster the initial trust (that is the reason why independent 

marketplaces are usually seen as certification or warrantor of payments corporations). 

However, literature suggests that this is not enough: it is necessary to delve into an in-

depth analysis of the impact of tools such as feedback and rating systems, transactions’ 

insurance, or data transparency politics. Additionally, we consider the information 

sharing thematic previously discussed: without a certain trust level, partners will not 

share critical data (demand forecasting and production plans for example), limiting 

potential collaborative benefits of the e-marketplace. (Premkumar, 2003) often 

observes that only the action of a dominant member of the chain could force 

information sharing, otherwise actors tend to hide data to avoid power loss. Here 

arises the necessity of studying how an adequate design of the platform could mitigate 

these fears. For example, closed membership models, where the access to the 

marketplace is limited to selected and trusted suppliers and buyers, could reduce 

perceived risks and make participants feel as integrated part of a safe community. 

Also, in this case there is a compromise between the openness (that maximises 

competition and the number of offers) and closedness (that maximises trust). The 

research gap consists into understanding where is located the optimal balance and 

which functionalities (such as smart contracts, escrows, mutual evaluations, third 

party certifications) better foster a trustworthy environment in an area that is naturally 

disintermediated. 
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2.6.3.3. Impacts on the chain and the market structure 

The introduction of an e-marketplace can alter the power and relational dynamics 

along the value chain. This is an aspect that is still not fully understood by the existing 

literature, creating an additional gap. From one side, the marketplaces promise to 

“balance the play field” offering equal opportunities to compete also with smaller 

suppliers, and to increase the global efficiency of the supply chain. On the other side, 

there is the fear that they could make relations commodity-oriented, reducing long-

term partnerships into poor price-oriented exchanges. (Loro & Mangiaracina, 2022) 

sustain that marketplaces, if well implemented, can strengthen the collaboration and 

the coordination at different levels (operative, tactical, strategic) among partners of the 

chain, improving the communication and the synchronisation of activities. Their 

quantitative results indicate that the complete adoption of a B2B e-marketplace could 

reduce the overall costs of the supply chain, with growing benefits at the increase of 

the amount of online managed transactions. This suggests that, if adequately planned, 

marketplaces do not destroy the existing relationships but can create shared value in 

the chain. It is still necessary to explore the conditions in which it happens. for 

example: how could producers, distributors and resellers be redefined? Who gets 

wider economic benefits and who could, instead, experiment margins reduction? In 

addition to the well-known inventories and stockout advantages, also aspects such as 

transportation and administrative costs impact differently the various actors. A 

research gap is, therefore, understanding the redesign of the inter-organizational 

processes after the adoption of a marketplace: for example, changings in the provision 

politics (from one-to-one to many-to-many), the management of the supplying risk, or 

the allocation of the contractual power. To continue, it is mandatory to investigate if 

marketplaces can lead to more fragmented chains (more suppliers that compete on 

single lots) or, to a bigger concertation (winners that emerge through the consolidation 

of market shares thanks to transparency). These structural decisions required multi-

sectorial empirical studies and represent a fertile field for future research. 
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2.6.4. Business models and marketplaces’ governance structure 

The subsequent macro-thematic focuses on the institutional and strategic aspects: 

literature still shows uncertainty about the effects of ownership and governance on 

platform performance, the diversity of interests between stakeholders and 

sustainability of different marketplace models across time. 

2.6.4.1. Structures of ownership and governance: effects to be understood 

An emerging research field refers to the impact of the ownership structure of an e-

marketplace on its results and the actors’ satisfaction involved. Initially, it was 

hypothesized that “neutral” marketplaces (managed by independent third parties) 

were preferrable since they guaranteed equality. However, the following studies put 

this assumption into discussion, highlighting a knowledge gap. (Yoo et al., 2007) 

analysed in a theoretical manner marketplaces with different properties, biased 

against neutral, discovering counterintuitive results. Particularly, their model shows 

that a biased e-marketplace (owned by a group of buyers or sellers) tends to fix fees 

and conditions that will support a wider participation of both buyers and sellers rather 

than a neutral e-marketplace. The owner, having a direct interest as a platform user, 

has the convenience of increasing the participant base to increase and maximize the 

network effect, also applying more favourable access prices. Surprisingly, in their 

model the biased marketplace generates also higher social welfare with respect to a 

neutral one, challenging the idea that absolute impartiality is always optimal. These 

theoretical results give life to many questions: for example, in which situations could 

a buyers’ consortia (or sellers) offer more advantageous conditions for everyone 

compared to a third-party operator? Which are the trade-offs in terms of potential 

interest conflicts, governance and trust of the other actors? Here pops out a potential 

research gap on the institutional design of marketplaces: it is necessary to empirically 

deepen if marketplaces with different ownership settings (industry consortia, 

independent exchanges, marketplace managed by a dominant player of the industry, 
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etc.) have different performances in terms of adoption, liquidity, interaction quality 

and longevity across time. Considering the fast evolution of these models (for example 

Covisint, created by large automotive companies, and Alibaba as neutral actor), it is 

fundamental to understand which governance maximizes value creation and 

minimizes users’ risks. 

2.6.4.2. Multiple perspectives for stakeholders 

Another correlated aspect is the heterogeneity of stakeholders’ perspectives (buyers, 

suppliers, technological intermediaries, etc.) in front of the evolution of e-

marketplaces. This builds a gap since often studies focus on a single point of view (for 

example benefits for buyers) without considering which expectations and necessities 

could diverge among parts. Premkumar (2003) explicitly faces different perspectives, 

highlighting the strategic questions of each actor. From the buyer’s point of view, 

worries concern the integration of the marketplace within the existing procurement 

processes, such as managing relationships with suppliers in this new context and 

which will be the effects on the total provision costs. From the suppliers’ point of view, 

emerge questions such as: “which e-marketplace to choose and which ones to avoid?” 

and “is it worth to create our own proprietary marketplace or should we join an 

existing one?”. These questions underline the strategic uncertainty that still surrounds 

the phenomenon: there are no universally validated guidelines discussing how 

companies should position themselves with respect to e-marketplaces. The research 

gap here is dual. On the one hand, comparative analysis is needed to show in which 

conditions are it advantageous for a company to take part to a multi-participant 

marketplace, rather than investing into a proprietary platform (for example, 

evaluating transaction costs vs control, market openness vs direct competition risk, 

etc.). On the other hand, it is important to investigate how it would be possible to align 

different stakeholders’ interests within the same marketplace. For example, a buyer 

managed platform can generate diffidence among suppliers (fear of unbalanced 
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conditions in favour of buyers) and vice versa for a supplier managed one. The theory 

of the two-sided markets offers analytical instruments to study these balances, but it 

is focused on the B2B relationships. To conclude, research that adopts a multi-

stakeholder approach is needed, evaluating the impact of the platforms on the long-

term collaborative balances: a marketplace picture that satisfies only one of the two 

sides is not sustainable. This implies studying mechanisms of participative 

governance, honest revenue sharing models, and onboarding strategies that can 

actively involve both actors' categories. To synthesize, the gap consists of 

understanding how to plan and manage the marketplaces until all the key actors can 

take advantage of it, guaranteeing a B2B digital ecosystem validity across time. 

2.6.4.3. Evolution of e-marketplace models and sustainability across time 

A more general gap concerns sustainability and long-term evolution of the e-

marketplace models. Recent history showed that, after the failure of many 

independent exchanges at the beginning of 2000s, many alternative models arose: 

private marketplaces built by large single companies for their supply networks, 

industry consortia marketplaces (such as Exostar for aerospace, managed by different 

leader companies), and global multi-sector platforms (such as Amazon Business and 

Alibaba) that work as generalist hubs. Each of these models presents advantages and 

criticalities, but it is still not clear which is more efficient and resilient in front of 

different market conditions. For example, Volkswagen case often cited by (Laudon & 

Traver, 2017) shows that the company preferred to build their closed marketplace 

(VWGroupSupply) instead of joining the public consortia of Covisint, to have more 

control over suppliers and over the adopted ICT solutions. This prove that large 

players could prefer proprietary solutions if neutral marketplaces do not suit their 

integration or privacy necessities. However, a fragmentation in many private 

marketplaces could lead to a loss of transparency and economies of scale that, on the 

contrary, an open market would ensure. The research gap here refers to the analysis 
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of the conditions that make a model win over another one. Possible variables are the 

market structure (highly concentrated vs fragmented industries), pre-existing trust 

among players, standardization level of products, and also geographical or normative 

factors. As of today, longitudinal studies are still missing that follow the evolution of 

specific marketplaces, evaluating why some of them shone while others failed. It is 

very important to fill this gap for both updating the B2B marketplaces theories and to 

provide practical indications: for example, industries such as the pharmaceutical and 

the industrial automation ones could benefit from industry consortia marketplaces, 

while others with a more fragmented offer could testify to the emergence of 

independent actors as aggregators. Understanding critical success factors in the long 

run (among which governance, revenue models, participant criticality scale, 

technological adaptability) is crucial to define guidelines that can make B2B 

marketplaces durable initiative and not temporal trends. This theme is an open 

academic research and industrial interest frontier, keeping in mind the continuous 

transformation of the B2B e-commerce landscape. 

2.6.5. E-marketplace in the spare parts industry and after sales 

Finally, the section faces specific gaps linked to collaborative management of 

replacement parts, quality and integration of informative systems for the after-sales e-

commerce, as well as the evolution to omnichannel and digital service models. 

2.6.5.1. Collaborative management of the spare parts 

The specific context of the spare parts market shows some peculiarities that generate 

dedicated research gaps. Traditionally, the management of the spare parts is 

conducted in a fragmented manner: each company acquires and keeps stocks for its 

spares, with high costs and inefficiencies. Literature highlights typical problems: 

uncertain demand, wide variety of product codes but reduced unitary volumes, long 

provision lead-times and the stock-out risks for unpredictable machine breakages (J. 
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Liu & Jiang, 2013). The absence of coordination leads to both supplementary 

inventories (immobilized capital in the warehouse for safety) and the opposed risk of 

stockout that block plants (Establishing Customer Loyalty By Analyzing Selling Rate Of 

Automobile Spare Parts Through E-Commerce, 2018). To solve this problem, a 

collaborative model of e-marketplace was proposed for replacement parts, an 

approach through which companies of the same industry collaborate to fund a third-

party e-marketplace that centralizes purchase, stocking and distribution of the 

common pieces. This vertical marketplace would act as a shared warehouse and 

exchange platform: companies of the chain (for example, various plants of a group or 

similar companies consortia) could make use of it when necessary, reducing both 

procurement costs (more aggregated volumes mean discounts) and the immobilized 

capital in redundant stocks. However, even though the theorical preconditions, there 

is a gap in the applicative research: few real e-marketplace cases of spare parts are 

documented and analysed. It is necessary to investigate which practical obstacles 

neglect the diffusion.  Some hypothesis can be difficulties in defining costs’ allocation 

deals and benefits among participants, problems of competitive trust (concurring 

companies are reluctant to share data on their inventories or to rely on a common 

entity), or complexity in the alignment of codifications and technical specifications of 

spares among different operators. Additionally, centralized inventory management 

creates questions on who should sustain the initial investment and how to manage the 

governance (a neutral entity? One of the partners?). The knowledge gap refers to both 

the managerial feasibility of these collaborative marketplaces and the development of 

incentives and contractual models that can guarantee their sustainability. Delving 

deeper into this theme could have a relevant impact since spare parts significantly 

affect on maintenance costs and on the operative continuity of different industries 

(from manufacturing energy to transport). 
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2.6.5.2. Information quality and systems for the aftersales e-commerce 

Another specific gap concerns the preparation of the informative systems and 

products’ data to effectively support the online sales of spare parts. Selling spares 

requires highly detailed technical information (codes, compatibility with the machine 

models, draws, bill of materials) and a clear organization of the catalogue, otherwise 

clients will have difficulties finding the right piece. (Hiltunen, 2017), in his thesis on 

the implementation of an aftersales portal in the industrial B2B field, highlights that 

the information quality is the primary element for success: online data must be 

complete, accurate and always updated, otherwise the business client will lose trust 

and will prefer traditional channels. In this case study, the system quality aspect, a web 

system easy to use, with self-service functions that are efficient for the detection and 

ordering of parts, is the determinant result to encourage the adoption by clients, 

especially for replacement parts orders activities. On the contrary, the service quality 

(intended as customized support, online human interaction) has been evaluated as of 

minor importance, signalling that in this context clients give priority to the efficiency 

and the informative ability with respect to human intervention.  This result delineates 

a gap: many traditional manufacturing companies do not have an adequate 

infrastructure for product information management, nor a complete digital catalogue, 

and this is an obstacle for the transition to aftersales electronic commerce. Research 

should deepen how companies could collect, clean and structure their data on spare 

parts to make them available online, a complicate task considering the thousands of 

codes, the interdependencies (a replacement part that substitutes another one, etc.) and 

the evolution across time of the parts. Additionally, there a thematic on the integration 

of the systems: the e-commerce portal should dialogue with the ERP (for prices and 

real time storage), with assistance management systems (to associate spares to 

maintenance cases) and possibly with IoT tools on the machines (to suggest the spare 

parts on the basis of the utilization data). This integration level is rarely reached at the 

moment, constituting an interesting research gap both technological and 
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organizational. To synthesize, the open challenge is focused on understanding how to 

dispose the informative ecosystem of a company (from the basic technical date until 

the e-commerce front-end) to support a purchasing experience of spare parts efficient 

and user-friendly. 

2.6.5.3. Integration between online channel and post sales service  

In the spare parts market, the service associated with the product is generally crucial 

as the same product. A client that buys a replacement part, especially in the B2B world, 

usually has the urgency to restart blocked machinery: it is not enough to receive the 

piece, but he needs the fast and correct installation. This introduces a peculiar gap: 

most traditional e-commerce is limited to the sale and delivery of the product, while 

in the spare parts scenario it is necessary to strictly link the online sale with the supply 

of the technical service on site. (Ms. Shilpi Kulshrestha*, 2018) analysed the number of 

online sales for replacement parts of cars and observed different factors that block 

clients from using digital channels in favour of physical ones. Among those ones, the 

absence of immediacy: if a user has a car stopped for a breakage, cannot wait for days 

to receive the spare and then additional time to get it installed. Additionally, there is 

the mismatch problem: client fears ordering the wrong piece without the presence of 

an expert or receiving a damaged component during the transportation phase. Other 

cited barriers include the additional cost (online client should pay a mechanical apart 

from the assembly) and the absence of personal interaction (absence of direct 

suggestion, no relational trust with a physical vendor). All these elements explain why, 

as revealed by authors, in markets as India the adoption level of e-commerce for cars 

and spares is still low, and “not in good conditions” with respect to traditional sales. 

It stands out the gap of developing new integrated models for service. (Ms. Shilpi 

Kulshrestha*, 2018) propose an interesting idea: a process where, at the online order 

of a replacement part, it immediately activates an installation system directly at the 

client company. In practical terms, the marketplace should not only deliver the piece 
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in the shortest time possible but should deliver at the same time a qualified technician 

that can install it on site. This would eliminate the obstacles in one shot: client should 

not look for a repair shop (no extra costs) and can be sure that the price is correct and 

correctly assembled (personal attention), times of machine breakage get reduced and 

the risk that damaged pieces is managed directly by the same supplier. Authors 

sustain that such an approach could increase the level of trust and the loyalty of the 

client with respect to the online channel, creating a long-term relationship like 

traditional one, but making use of e-commerce comfort. This shows a new paradigm 

that integrates product and service on a unified offer in the marketplace. The research 

gap consists of validation and optimization of this model: for example, which logistics 

and personnel infrastructures are required? Is it economically sustainable (to avoid the 

vanishing of online cost reductions)? Which categories of spares or sectors could adopt 

this approach? To continue, the implementation of such an important level of service 

through digital platforms opens other questions on the management topic: 

coordinating quick deliveries with technician's agenda, guaranteeing the availability 

of the pieces locally, etc. These interdisciplinarians questions include industrial 

engineering, supply chain management and ICT. 

2.6.5.4. Omnichannel experience and change management 

The introduction of an e-commerce channel in the after-sales world places also 

omnichannel integration challenges and organizational change management. Many 

supply companies operate through distributors’ networks, assistance centres, and 

territorial sellers. The start of a direct e-marketplace to the final client (business client 

or customer) can create conflicts with the existent channels (for example, dealers could 

fear to be bypassed). (Hiltunen, 2017) suggests that an area to be explored refers to the 

investigation of integration online with traditional channels, offering an experience 

without a continuity solution for the client and redefining the roles of the channel 

partners. This is a managerial gap, other than technological: it means studying models 
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of governance channel (for example the utilization of local dealers as installation point 

for the online orders, with the recognition of a fee), and to ensure that the price and 

service politics are coherent in every channel. The research on the omni-channel of the 

B2C is advanced, but in the B2B aftersales there are some peculiarities (for example 

exclusive contractual relations with specific geographical areas, necessity of technical 

formation to who interacts with the online client) that deserve dedicated studies. 

Another aspect is the customer experience: a holistic analysis of the user experience on 

the new after-sales platform is proposed, to identify gaps with respect to the traditional 

experience and fill them. For example, a client that is used to calling the spares 

responsible and receiving a customized clue could, at the beginning, consider a web 

portal impersonal, how can we compensate for this? Specialized chatbots, augmented 

reality to show assembly schemes, or online communities for users' support are 

possible solutions. The gap is in redesigning the client journey in the digitalized spare 

parts, keeping value elements of human contact but taking advantage of automation 

where incisive. 

2.6.5.5. Performance measurement in the digital after-sales 

Finally, a transversal but crucial gap is the absence of metrics and tools of 

measurement to evaluate the success of an e-marketplace of spare parts and services. 

In the traditional context of after-sales, the KPIs could include the availability of the 

parts (fill rate), delivery time, client satisfaction for the assistance service, and 

inventory keeping cost. With the introduction of an online channel, new metrics take 

a role: the rate of platform adoption by clients, online versus offline reorder frequency, 

conversion rate of the visits into orders, and the impact on the overall sales of 

replacement parts. (Hiltunen, 2017) identifies the opportunity of developing a toolset 

to measure the performance of an after-sales online platform. This is a gap because 

many companies start digital projects without clear criteria to evaluate them, risking 

declaring failure or success on an incomplete basis. Research could contribute defining 



 67 

 

 

a specific balanced scorecard for B2B e-commerce for after-sales, combining financial 

indicators (such as e-commerce revenue or transactional costs reduction), process 

indicators (such delivery lead times or percentage of self-service orders), learning 

indicators (number of warnings for errors on catalogue data, adoption of new 

functionalities by client) and client satisfaction indicators (such as Net promoter score 

for the online experience). Without objective measures, companies could precociously 

disinvest valid initiatives or, vice versa, not sufficiently correct the direction of 

improvable projects. Therefore, filling this analytical gap has a direct practical value: 

driving the continuous improvement of the after-sales platforms based on concrete 

data. 

2.6.6. Research gaps synthesis and detailed study directions  

To synthesise, the conducted research gap analysis allowed us to define a clear picture 

but at the same time fragmented of literature on B2B e-marketplaces, highlighting 

how, despite the existing studies, there are still significant lacks in understanding the 

economic and decisional mechanisms that lead to their adoption. The analysed studies 

are primarily focused on theoretical, organizational and technological studies, such as 

strategic value measurement, supply chain integration, relational dynamics and 

governance models, but rarely they translated these dimensions into practical support 

tools for companies’ decisions. In particular, it stood out a limited attention to the 

compared economic evaluation theme of the different e-marketplace models, crucial 

aspect for firms that want to orientate their digital investments based on objective and 

sustainable criteria. 

Within this scenario, the specific gap identified and analysed in this work can be 

located in the intersection between managerial theory and practice: the absence, across 

actual literature, of a structured model that allows companies and decision-makers to 

comprehend which is the e-marketplace typology that most adapts to their operative 

and strategical context. From the analysis of the previous contributions does not 
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emerge, in fact, any approach that considers systematically cost factors and relative 

economic impacts associated to the implementation of a marketplace in the spare parts 

sector. Even recognising the importance of these platforms to improve efficiency, 

visibility and coordination in the spare parts management, any study proposed a 

quantitative framework capable of estimating the convenience or the economic 

sustainability of the various models’ alternatives. 

From this awareness rises the choice of guiding this research on a cost evaluation 

model that, through an analytical and comparative approach, can fill the existing 

empty space and to provide a concrete support to companies interested into undertake 

or optimize an after-sales digitalization path. This perspective, other than filling the 

academic lack, proposes to generate applicative value for managers and decision-

makers, offering a methodological base to point complex strategical decisions. The 

following work is founded on these considerations, translating the individuated gaps 

into an operative problem statement and into the definition of an analysis model that 

guarantees a coherent and measurable evaluation of the impact of different e-

marketplace models in the spare parts market. 
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3 Problem Statement      

3.1. Context and study motivation  

Considering the growing industrial context increasingly competitive and 

characterized by global and complex supply chains, the management of the spares 

plays a strategical role to guarantee operational continuity of plants and to maintain 

high client service levels. The timely availability of adequate replacement parts allows 

us to reduce machine’s stoppages, avoid interruptions of the productive processes and 

to preserve the overall efficiency of the productive system. In parallel, an accurate 

management of inventories, supported by reliable demand forecast, enables us to 

reduce the costs associated to capital immobilization, warehousing costs and 

components obsolescence risk. In literature, various studies highlighted how an 

efficient logistics of spare parts can represent a sustainable competitive advantage, 

contributing at the same time to operative cost reduction and to client value creation 

(Tubigi & Alshawi, 2015). Replacement parts management should not be meant as a 

mere support process, but as a real cost and profit centre, capable of influencing the 

overall marginality of a company throughout decisions seeking at planning, stocking 

and distribution. 

The digital evolution and internet diffusion has deeply transformed the way 

companies plan and manage their supply chains, expanding this change to the spare 

parts market. E-commerce platforms and e-marketplaces today represent strategical 

tools to improve inventory visibility, accelerate informative flows and cost 

optimization along the entire value chain. Digitalization allows us to integrate more 

efficiently demand and offer, reducing transactional costs, evasion times and logistics 
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inefficiencies. The adoption of digital platforms can generate tangible benefits in terms 

of reduction of coordination costs, higher planning accuracy and better resource 

utilization. In the replacement industrial parts context, e-commerce enables us to 

reduce the variability of the perceived demand, improve the traceability of 

components and optimize the inventory levels, with direct effects on the reduction of 

operational and logistical costs. 

In this scenario, the choice of the more adequate digital platform and the economic 

evaluation of its implementation assume a strong strategic importance for companies 

that operate in this market. An informed decision in this field is not limited to 

influencing the operational efficiency, but substantially determines the cost structure, 

the service level, and consequently, the overall competitiveness of the company. The 

optimal configuration of an e-commerce system for spares can translate into significant 

economic revenues deriving from a better management of capital, stockout cost 

reduction and a higher inventory rotation speed. However, the growing complexity of 

processes and the variety of available technological solutions make the evaluation 

phase particularly critical: it is necessary to have available analytical and quantitative 

models capable of supporting companies during the estimation and comparation of 

costs associated with different possible configurations. In this perspective acts this 

work, that is focused on developing a structured cost analysis model applicable to 

replacement parts market, with the aim of supporting strategical and operational 

decisions linked to the implementation of dedicated e-commerce platforms. 

 

3.2. Problem analysis  

Spare parts management presents peculiar characteristics and criticalities with respect 

to other segments of the supply chain: high variability of demand, quantity and 

differentiation of stocks, criticality of time-to-service and the strong economic impact 
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of downtimes require specific logistical and decisional policies. The specialized 

literature on this topic has highlighted many times how spare parts strategies on 

logistics, if well structured, can improve the availability of service and represent a 

competitive differentiation lever for companies. This evidence has been consolidated 

by contributions that propose strategical frameworks for the alignment of company’s 

strategy and spares management policies (for example classification strategies, 

inventory policies and distribution channels), (Wagner et al., 2012). 

In parallel, the adoption of digital solutions and B2B platforms modified the 

interaction modality between the actors of the chain and orders and inventories 

management logics. Different review on the e-commerce role and digital solutions in 

the supply chain show how these tools can reduce transactional costs, increase stock 

visibility and improve the synchronization of demand and offer; however, the practice 

implementation experience is heterogeneous and in many cases of B2B marketplaces 

they registered failures in the adoption and consolidation phase. (Sun, 2022) 

Despite the available studies show relevant contributions from a theorical, 

organizational and technological profile (such as classification of e-marketplace 

typologies, analysis of the adoption barriers, governance and relational dynamics 

studies), literature results to be fragmented and shows a significant lack in the 

translation of this knowledge into quantitative decisional support tools. Bibliometric 

and systematic reviews highlighted the presence of many research fields 

(technological, supply chain integration, organizational management), but scarce 

attention has been paid to comparative models that can estimate in economic and 

quantitative terms the impact of the different marketplace typologies on the overall 

costs for the spares management (Cano et al., 2022). 

From this analysis stands out some concrete and recurrent criticalities in the 

companies’ practices: 
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§ Adoption decision based on qualitative or experiential criteria: many 

companies decide to invest into digital platforms based on strategical 

expectations or anecdotal cases, without having compared economic evaluation 

that quantifies costs, benefits and break-even points of the possible alternatives. 

This increases the risk of low sustainable investments or choices not aligned 

with the operative profile of the company, as described by (White et al., 2007). 

§ Absence of integrated models that systematically consider end-to-end cost 

factors: rarely existing studies model together storage costs (including 

properties, management and obsolescence costs), digital platform associated 

costs (implementation, maintenance and transactional) and distribution and 

service costs (transportation, returns management, delays penalties). The 

absence of an integrated approach neglects the possibility of having robust 

comparative scenarios, as illustrated by (Wagner et al., 2012). 

§ Poor quantitative evidence on the economic differences among models of e-

marketplace: we can analyse multiple typologies (third-party marketplaces, 

industry consortia, e-distributors, private networks), but literature does not 

offer systematic and replicable economic evaluations that can drive the choice 

as a function of the operative context, the spares mix and the company’s 

strategy. This gap is particularly important in the replacement parts market, 

where SKU variability and service times criticality make every channel choice 

dramatically sensitive (Petersen et al., 2007). 

§ Result generalization and transferability difficulties: the available analysis are 

often based on specific cases or on qualitative approaches; it is missing a 

parametric or modular model that allows us to apply the economic evaluation 

to different companies’ contexts (for example manufacturing SMEs vs large 

OEMs), keeping into account the typical variables of the spare parts market 

(demand volatility, provisioning lead time, missed supply costs), as described 

by (Mouschoutzi & Ponis, 2022). 



 73 

 

 

These criticalities merge in the central gap on which this thesis is focused: the absence, 

across the consolidated literature, of a structured quantitative-analytical model that 

allows a comparative and measurable evaluation of associated costs to the different 

typologies of e-marketplace applied to management and distribution of spare parts. In 

other words, while it exists a proficient scientific production that analyses 

technological, organizational and relational aspects of the e-marketplaces, it is instead 

limited to the evidence of tools that can translate these dimensions into concrete 

economic metrics for the managerial decisional process. This gap leads to two practical 

consequences: 

§ Companies do not have objective criteria to choose the model of e-marketplace 

which most suits their operative profile 

§ Are missing tools to estimate ex-ante the economic sustainability of digital 

choice in the after sales and replacement parts field. (Cano et al., 2022) 

In light of the above discussion, it is clear the necessity of developing a model that 

integrates and makes measurable the primary cost factors for the control volume 

(storage, e-commerce platform, final client distribution), allowing comparative 

analysis between operative alternatives (for example, industry consortia vs e-

distributor vs private industrial networks) and sensitivity evaluations with respect to 

critical parameters (demand, lead time, digital implementation costs, etc.). This model, 

other than filling a theoretical lack, has an immediate applicative value: it can support 

managers and decision makers in the formulation of more aware and sustainable 

digital investment strategies, reducing the risk of sub-optimal choices and contributing 

to the realization of competitive advantages based on cost efficiency and service level 

quality.  
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3.3. Goals of research  

Considering the gaps emerged during the literature analysis, this works has the aim 

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 main goal is to provide an 

analytical tool capable of estimating in a systematic manner the economic convenience 

of the different marketplace configurations, adapting them to the specific operative 

and strategic context of each firm. 

Many studies underline how the ability of objectively measuring costs and benefits of 

digital technologies is a critical element to point investments and to guarantee the 

economic sustainability from the initiatives of digital transformation (Brynjolfsson & 

Hitt, 2000a). However, in the case of industrial e-marketplaces, this evaluation results 

to be particularly complex due to the interaction of multiple cost dimensions – 

technological, operational and logistical, that vary in function of the supply chain 

structure and the nature of the replacement parts flows managed (Howard et al., 2010). 

The proposed model aims to integrate in a coherent framework the different cost 

components connected to the adoption and functioning of the platform, including: 

§ Implementation and integration costs, associated to the adaptation of 

companies’ informative systems and formation activities of the personnel. 

§ Operational and managerial costs, linked to platform maintenance, order 

elaboration and data management. 

§ Logistics costs, deriving from the spares handling, delivery times and inventory 

management. 

§ Transaction and coordination costs, linked to the complexity of the typical 

interorganizational relationships of B2B e-marketplaces (Amit & Zott, 2001)  
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Other than providing an adequate quotation of the overall costs, the model is focused 

on offering a comparative and scenario-based approach, allowing managers to 

simulate different operational and strategic conditions. Throughout the variation of 

specific parameters (volumes of spare parts handled, digitalization level, number of 

partners involved or the integration level of the platform) the framework guarantees 

to study alternative scenarios where some variables remain constant while others are 

modified to reflect real and dynamic contexts. This approach is aligned with the most 

recent perspectives of decision support modelling applied to digital supply chain 

management, that emphasize the importance of simulation for the strategic evaluation 

of investment options (Lambert & Cooper, 2000)(Chopra, 2019). 

The final goal is double: on the one side, filling the methodological gap identified in 

literature, introducing a quantitative and operative model capable of translating the 

strategical variables in measurable economic indexes; on the other side, providing 

concrete decisional support to managers and decision makers involved in the 

definition of the after-sales digitalization strategies. The model is not only limited to 

an ex-post cost evaluation, but it is configured as a predictive and configuration tool 

capable of anticipating the economic effects deriving from different marketplace 

configurations, contributing, this way, to a more aware and sustainable management 

of digital investments (Subramani, 2004)(Barua et al., 2004).  

In this perspective, research integrates in a strong relevance area both theorical and 

applicative, aiming at reducing the gap between managerial theory and industrial 

practice through the construction of an analytical and adaptable framework to the 

specific characteristics of the spare parts sector. The expected contribution is not only 

academic, but also operative: providing companies with an objective tool, replicable 

and scalable to evaluate the economic and strategic sustainability of the different e-

marketplace alternatives, and to configure dynamically the investment choices as a 

function of cost, service and competitiveness goals. 
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3.4. General assumptions  

With the aim of making the economic evaluation and the mathematical model 

formulation coherent, systematic and manageable from an analytical point of view, it 

was necessary to define some basic assumptions to delimit an application perimeter of 

the proposed framework. These assumptions have the role of simplifying the 

operational and decisional complexity typical of the spare parts market, allowing us 

to maintain an elevated level of realism in the representation of the phenomena 

considered. 

The reference literature underlines that in the development of the decisional models 

and applied simulations to supply chain management, the adoption of simplifying 

hypothesis represents an essential step to guarantee the tractability of the models and 

the possibility of obtaining significant results. As sustained (Nilsson, 2019) observes 

that logistics and supply chain models build reality abstraction, useful to identify the 

primary cause-effect relationships being aware of their partial and approximative 

nature. 

Even more recent studies confirm this perspective: (Ivanov et al., 2019) highlights that 

the modelling and simulation of an end-to-end supply chain required the explicit 

formulation of assumptions relative to operative processes, cost parameters and 

context conditions, aiming at ensuring internal coherence and predictive capacity of 

the model. In this direction, (Giannakis & Louis, 2011) underline that the quantitative 

models to manage risks and performances in the supply chain are mandatorily 

founded on hypothesis linked to demand, lead time and cost structure, that build the 

base for a reliable economic evaluation. 

The formulated hypothesis in this work is based on evidence discussed by literature 

and real life observations, with the goal of building scenarios representing the effective 

functioning of the spare parts market, to guarantee that the model’s results can be 
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interpreted and used by companies’ decision makers as concrete support tool for 

strategic planning. 

3.4.1. Assumptions on the industrial and operative context  

Within the industrial and operative context, the model relies on the following key 

assumptions: 

1. Focus on the analysis of the B2B context, since it shows relations, decisional 

processes and cost structures dynamics completely different from B2C. 

2. The attention is focused on physical replacement parts rather than digital or 

immaterial products, since their management implies logistics, stocking and 

distribution criticalities that directly affect the economic and operative 

performance (Saccani et al., 2007). (Kaplan & Sawhney, 2000) highlight how, in 

the B2B, supply relations complexity, products personalization and the 

relational nature of the transactions make digital platforms key tools to improve 

efficiency and transparency along the provision chain.  

3. The model is elaborated for companies operating in manufacturing and 

technical industries, such as the mechanical and installation ones, where the 

availability of spares is determinant to guarantee production continuity and 

minimize machines downtimes, with direct consequences on the overall 

productivity and competitivity (Cavalieri et al., 2008).  

4. The adoption of E-Marketplace platforms happens in contexts where supply 

chain digitalization is already partially implemented, for example through ERP 

or MES systems, fostering the integration of informative flows and material 

traceability along the supply chain (Chopra, 2019).  

5. Absence of capacity constraints or space limitations within the e-marketplace’s 

warehouse, hypothesis that allows us to isolate the economic effects linked to 

cost management and spare flows, simplifying the logistics component of the 

model (Silver et al., 1999).  
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6. The control volume focus is directly on the warehouses for the stocks and are 

not considered the previous production phases. This choice is coherent with the 

goal of the model of evaluating costs associated with availability, order and 

distribution of spare parts, that represent the most critical step in terms of 

economic impact and client service level. As described by (Kennedy et al., 2002), 

warehouses are a crucial autonomous decisional point compared to production, 

and that their optimization can efficiently happen throughput specific models 

of inventory management. This approach allows us to focus on the flows at the 

end of the supply chain, where demand variability and lead time management 

determine most of the overall operative costs. 

3.4.2. Economic and cost modeling assumptions  

From an economic and technical perspective, the most relevant assumptions are: 

1. All relevant costs can be expressed in monetary terms and estimated on a 

homogeneous temporary basis, necessary condition to compare different 

adoption and configuration scenarios of the marketplace (Amit & Zott, 2001). 

2. The analysis implies relatively stable market conditions during the observation 

period, avoiding the inclusion of macroeconomic variables or external 

fluctuations that could alter the results. 

3. Only variable costs are included, those directly affected by transaction volumes 

and marketplace utilization, neglecting fixed costs considered constant across 

scenarios and, consequently, not relevant for the comparative analysis, 

coherent with (Gunasekaran & Ngai, 2008).  

4. Environmental effects or sustainability topics are not considered in the 

discussion, even if literature recognizes their growing importance in spare 

parts managerial processes (Genovese et al., 2017), since the main goal of the 

model is to provide a direct economic evaluation.  
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5. Lead times are deterministic, while replacement parts demand is a stochastic 

variable that follows a Poisson distribution (Cantini et al., 2024), which is an 

assumption commonly adopted in models of spare parts inventory 

management (Kennedy et al., 2002). This choice allows us to represent 

realistically the unplanned but predictable nature of demand in complex 

industrial systems.  

6. Only additional spare parts sold through the platform are considered for the 

cost evaluation, not the entire volume of spares managed by the company. This 

means that the model is focused on the incremental portion of the business 

generated by the digital channel, to evaluate the real economic convenience of 

platform adoption. As explained by (Tsay & Agrawal, 2004), in the typical 

marginalist approach of economic models for decision support, the attention is 

pointed to the additional contributions of new strategies with respect to 

preexisting configuration. Additionally, this delimitation allows us to avoid the 

double recording of the already sustained costs by traditional channels and to 

highlight more transparently the benefits or costs directly attributable to sales 

digitalization of spare parts. 

3.4.3. Methodological and model’s structure assumptions  

From a methodological perspective, the model is grounded on the following 

assumptions: 

1. A comparative logic between different typologies of e-marketplace is adopted 

in the model, keeping constant some operative conditions to isolate cost 

variations attributable to platform configuration. This approach reflects the 

methodology proposed by (Augier & Teece, 2018), that differentiate digital 

platforms based on their value creation function and the level of integration 

between buyers and suppliers.  
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2. Data included in the model is accurate and representative of the real application 

context, aligned with (Brynjolfsson & Hitt, 2000) recommendations on data 

quality and coherence within digital economic models.  

3. Considered variables are supposed to be partially independent, meaning that 

the modifications of a variable will not generate automatic effects on the others, 

if not in a controlled manner. This hypothesis, even if simplifying, is common 

across simulation economic models since it enables the isolation and better 

comprehension of the cause-effect relations.  

4. The model is applicable to different industrial sectors, guaranteeing flexible and 

transversal use in the spare parts market. This choice reflects the goal of 

developing a decisional support tool scalable and adaptable to different supply 

chain configurations (Zaiden, n.d.).  

3.4.4. Scenarios simulation assumptions 

Finally, regarding the simulation phase, core assumptions are: 

1. The analyzed scenarios reflect credible operative conditions, built on the base 

of realistic parameters derived from literature or similar companies’ cases. The 

goal is to represent realistic market situations, avoiding theorical configurations 

without empirical validation.  

2. Company’s management is assumed to be able to act on adjustable parameters 

to simulate different adoption strategies or e-marketplace configurations. This 

setting is aligned with the “what-if analysis” perspective typical of decisional 

models for strategic planning (Turban, 2011).  

3. Every scenario is evaluated under economic balance conditions, which means 

maintaining the time horizon and the operative scale constant to guarantee 

comparability among the simulated alternatives. This approach allows us to 

exclude distortive effects given by structural differences and to focus 
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exclusively on cost variations and benefits generated by different e-marketplace 

configurations (Chopra, 2019). 

 

3.5. Control Volume 

The concept of a control volume provides the mathematical foundation for defining a 

bounded domain within which the conservation of quantities such as mass, energy or 

information can be analysed, as described by (Eymard & Sonier, 1994).  

The control volume thus represents a finite spatial or conceptual area that serves as 

the analytical reference for balancing all variables influencing system behaviour. 

Translating this principle to the context of supply chain and e-commerce modelling, 

the control volume is conceptualized as the analytical boundary of observation, the 

domain in which all relevant operational and economics variables are quantified and 

compared (Chopra & Meindl, 2013).  

Within this boundary, inflows correspond to procurement activities, orders and 

logistical inputs, while outflow represent deliveries, costs and value creation (Agaran 

et al., 2007). The conservation logic underlying the control volume approach enables 

the standardization of the analysis across different e-commerce configurations, 

providing a coherent framework for the quantitative model developed in the following 

chapter (Sterman, 2000), and ensuring that the evaluation focuses exclusively on the 

B2B supply chain level, which represents the core domain of analysis for this study. 
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3.5.1. Definition of the control volume  

 
Figure 3.1 - Control volume defined for the analysis of e-commerce configurations 

The analytical framework developed in this thesis has the goal of representing in a 

systemic and structured manner the overall operative and informative flow associated 

to the management and distribution of the spare parts, with particular attention to the 

dynamics linked to the implementation and the efficiency of a dedicated e-commerce 

platform. Its construction is finalized to identify clearly the boundaries of the control 

volume, namely the totality of the directly analysed processed and modelized from an 

economic and managerial point of view, distinguishing it from the indirect influence 

areas. 

The framework is articulated in three interconnected macro-sections: external 

suppliers (input), control volume, and final clients (output). 

The first section, denoted as external suppliers (inputs), embeds all the actors and the 

activities external to the organization that supply the spare parts. It comprehends the 

production, procurement and delivery processes of components for the companies’ 

warehouses, that constitute the enter point of the analysed flow. In this phase operates 

actors such as raw materials suppliers, finished components or semifinished products 
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producers and logistics partners, that generates the resources and the material that 

feed the internal system. Even though those processes do not belong to the control 

volume, they play a crucial role in terms of quality, availability and delivery times for 

the replacement parts, indirectly affecting the overall performance of the supply chain. 

The control volume shows a central point of the framework and lays the basis for the 

topic of discussion of the quantitative analysis and the following mathematical model 

development for costs evaluation. It is composed by three primary subgroups: storage, 

e-commerce platform and customer delivery. The storage phase includes all the 

activities associated to warehouses management, from receiving the products to their 

handling, stocking and picking for delivery. in this part of the system are considered 

for example inventory holding costs, reorder policies, return and rejection costs, as 

well as the utilization of advanced informative systems for flow optimization (such as 

the ERP). The e-commerce platform is the digital interconnection point between the 

organization and market demand, representing a strategic element for value creation. 

In this section aspects linked to planning and platform management, to 

implementation and maintenance costs, to digital marketing functions and to 

transaction processes and client support are faced and studied. The platform plays a 

key role in the improvement of stocks visibility, simplification of order operations and 

in the reduction of time to market times. Finally, the delivery phase comprehends 

logistics activities associated to physical distribution of spares, order preparation and 

delivery, until the effective delivery. Within this section are evaluated all the 

transportation costs, distribution strategies, return costs and the service level offered 

to client, parameters that directly reflect on the competitiveness and customer 

satisfaction. 

The last section of the framework is shaped on the final clients (output), that represent 

the exit point of the system and the reference element for the evaluation of the overall 

efficacy of the model. Different typologies of users belong to this category, industrial 

clients, resellers, retailers, or final consumers – based on the industry of the analysed 
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company. Despite these subjects are not embedded in the control volume, they 

strongly influence the operative and strategical choices of the system, since their 

necessities, purchasing habits and service level expectations are among the primary 

drivers of the logistics and digital infrastructure planning. 

As a whole, the defined framework allows us to mark with precision the field of the 

analysis, differentiating between the direct and indirect areas of influence, and to 

constitute a coherent model for costs evaluation, performances and the benefits 

associated to parts management through e-commerce platforms. This setting suggests 

a solid methodological base for the development of the mathematical model described 

in the following chapters, finalized to support companies during the choice and the 

optimization of digitalization strategies of their sales channels and spare parts 

distribution. 
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4 Methodology  

4.1. Introduction 

This chapter highlights the methodology adopted for the definition of a mathematical 

model analysing costs & benefits in the implementation of an e-commerce platform, 

with a particular focus on Small and Medium-sized Enterprises (SMEs) working in the 

spare parts sector.  

For this purpose, we followed both a deductive and a quantitative approach: 

deductive since it derives from the theoretical evidence emerged from the literature 

review and from the hypothesis stipulated on the basis of the relationships identified 

between the different e-commerce models or supply chain structures, quantitative 

because its goal is to turn these relationships in a cohesive parametric and logic system, 

able to support comparative analysis and economic estimations.  

Building upon the conceptual framework defined in Chapter 3, the following sections 

detail the identification of cost drivers, the formulation of cost functions, the 

computational implementation of the model and statistical analyses used to evaluate 

the influence of key parameters.  

4.1.1. Workflow Chart 

The methodology adopted follows a structured, multi-phase approach designed to 

progressively transform the conceptual framework into a quantitative and 

computational model.  

The methodological process is articulated into five main steps. To provide a clear and 

comprehensive overview of the sequence of activities carried out in this research, a 

workflow chart has been developed, as illustrated in Figure 4.1. 
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This visual representation enhances the transparency, coherence, and traceability of 

the methodological framework by depicting the logical flow of the analytical phases. 

As highlighted by (Creswell & Creswell, 2018), the use of a visual diagram of the 

research procedures facilitates the communication of the methodological structure and 

the integration among the different stages of the study. 

 

Figure 4.1 - Workflow Chart 

COST FRAMEWORK DEFINITION
Definition of cost drivers

MATHEMATICAL MODEL
FORMULATION

Formulation of cost functions

COMPUTATIONAL MODEL
IMPLEMENTATION

Develop computational model

PARAMETRIC ANALYSIS
Identify significant factors

SENSITIVITY AND DECISION
ANALYSIS

Test robustness & decision-making
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The methodological workflow summarizes the sequential steps undertaken during the 

research process. Starting from the definition of cost drivers and their mathematical 

formulation, the workflow proceeds through model implementation, parametric 

analysis, and decision-support evaluation, ensuring a structured and transparent 

methodological framework. 

 

4.2. Cost Framework Definition 

Following the previous identification of the differential costs for each e-commerce 

typology, and by also taking into account the common costs shared across all 

configurations, the main cost components to be included in the mathematical model 

were defined. This model aims to support the economic assessment of the 

implementation of an e-commerce platform within a company operating in the spare 

parts sector. 

In order to formalize the economic structure underlying the model, the different cost 

components identified during the analysis were grouped into four main macro 

categories. These categories reflect the principal dimensions of cost generation within 

e-commerce implementation, Transactional costs, Platform and IT infrastructure costs, 

Network and coordination costs and extra logistic costs, each encompassing specific 

cost items relevant to the typologies considered, with the complete classification of 

cost elements summarized in Table 4.1. 

MACRO CATEGORY COST ITEM DESCRIPTION 

TRANSACTIONAL COSTS 

Commissions Costs Fees paid to platforms for facilitating 
transactions (% of transaction value) 

Logistic Commission 
Charges for handling, storage or 

delivery operations 

Transaction-based fees Costs incurred for each transaction 
processed on the platform 
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PLATFORM AND IT 
INFRASTRUCTURE COSTS 

Electronic Catalog 
Expenses for creation, digitalization 

and maintenance of e-catalogue 

Implementation Fees One-time costs for setting up and 
integrating the e-commerce platform 

Operational IT expenses Operation and maintenance of IT 
systems 

Subscription Fee Fixed periodic payments required to 
access in an e-commerce platform 

NETWORK AND 
COORDINATION COSTS 

Market Creation Costs for establishing or joining a new 
digital marketplace 

Value-added services Expenses for providing additional 
services to enhance value 

Trans-organizational 
coordination costs 

Costs for coordination and integration 
of activities 

EXTRA LOGISTIC COSTS 

Stockout Cost 
Economic loss resulting from inventory 

shortages 

Safety Stocks Cost Cost of maintaining additional 
inventory to mitigate risk of stockout 

Inventory Holding Cost Costs associated with storing and 
managing inventory 

Shipping Cost Expenses related to transportation of 
goods 

Return Cost Costs generated by the return of 
products from customers 

Receiving and Rejection Cost Expenses included during the receiving 
process of goods 

Table 4.1 - Cost Drivers Definition 

4.2.1. Transactional Costs  

According to (Duan, 2008), the concept of transaction costs represents a fundamental 

analytical criterion for evaluating e-commerce models, as it captures the economic 

effort associated with initiating, negotiating, and completing exchanges between 

buyers and sellers.  
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In this study, three main types of transactional costs have been considered: 

commission costs, logistics commissions, and transaction-based fees. Commission 

costs typically represent a percentage of the transaction value and are paid to the 

platform for facilitating exchanges between the parties. These costs can vary according 

to the type of e-commerce configuration and are generally higher than transaction-

based fees, which mainly refer to charges related to payment processing or platform-

specific transaction services. 

The logistics commission, instead, refers to a fee charged by the e-commerce platform 

to the company for managing logistics activities such as inventory handling, shipping, 

and distribution. As observed by (Y. Zhang et al., 2025), logistics service fees and 

commission rates have a significant impact on firms’ profitability and pricing 

strategies within platform-based supply chains. When both types of fees are present, 

commission costs and logistics commissions are cumulative rather than overlapping, 

reflecting distinct but complementary components of the total transaction expense. 

Furthermore, according to (Y. Wang et al., 2020), these service-related transactional 

costs influence not only operational efficiency but also coordination and fairness 

among supply chain participants. Therefore, accounting for these cost elements within 

the model is essential to accurately assess the economic convenience and structural 

implications of different e-commerce configurations. 

4.2.2. Platform and IT Infrastructure Costs 

The category of Platform and IT Infrastructure Costs encompasses all expenses related 

to the creation, implementation, and maintenance of the technological backbone that 

enables e-commerce operations. As highlighted by (Constantinides et al., 2018), digital 

platforms are built upon digital infrastructures, comprising computing and network 

resources, that facilitate interactions between multiple stakeholders and support value 

creation across the digital ecosystem. These infrastructures, which include elements 

such as data centres, cloud computing systems, and software interfaces, require 
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significant financial investments in both development and maintenance to ensure 

scalability, reliability, and interoperability across platforms, representing operational 

IT expenses costs. 

Similarly, (Schilirò, 2023) emphasizes that digital platforms and their underlying 

infrastructures represent the foundation of the digital economy, functioning as multi-

sided frameworks that connect users, firms, and technologies.  

Other cost elements considered in this category include electronic catalogue costs, 

implementation fees. Electronic catalogue costs refer to the expenses involved in 

developing and maintaining the digital catalogue of products or services on the e-

commerce platform, which can vary depending on the size and complexity of both the 

platform and the company’s product portfolio. These activities often require technical 

integration, metadata standardization, and interoperability solutions, as described by 

(Grundy et al., 2001) in the context of electronic data interchange (EDI) and system 

mapping. 

Implementation fees represent the one-time costs related to the deployment of the e-

commerce platform within the company’s technological infrastructure. These include 

expenses for system configuration, enterprise resource planning (ERP) integration, 

and employee training necessary to ensure effective adoption and operational 

readiness. As highlighted by (Aydin, 2014) such implementation activities entail a 

significant initial investment aimed at improving usability and efficiency in system 

operations. 

Collectively, these costs constitute not only operational necessities but also strategic 

enablers of digital transformation, contributing to the long-term competitiveness and 

sustainability of firms within digital marketplaces. 
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4.2.3. Network and Coordination Costs 

This macro category includes the costs associated with managing and coordinating 

collaborative relationships within the e-commerce network, encompassing activities 

such as market creation, value-added services, and inter-firm coordination. As 

emphasized by (Laudon & Traver, 2017), collaborative commerce represents a 

transition from transactional exchanges to relational and knowledge-based 

partnerships, where firms jointly design, develop, and manage products and services 

through digital infrastructures. Such interactions demand not only technological 

integration but also ongoing investments in coordination and governance 

mechanisms, to be included in trans-organizational coordination costs. According to 

(Kim et al., 2009), coordination costs are a direct function of the safeguarding and 

adaptation challenges that emerge in inter-firm relationships, particularly when firms 

engage in specialized or asset-specific investments.  

Market creation costs refer to the expenditures related to establishing or joining new 

digital marketplaces. These include promotional activities, supplier and customer 

onboarding, and network development efforts aimed at fostering critical mass and 

trust among participants. The creation of these networks requires strategic 

investments to overcome entry barriers and stimulate participation across multiple 

sides of the platform.  

Value-added service costs represent the expenses related to complementary features 

that enhance the user experience and increase the platform’s perceived value. These 

services include order tracking systems, customized analytics, and digital reporting 

tools that improve transparency and responsiveness along the supply chain. As noted 

by (Chopra & Meindl, 2013), such services not only facilitate operational coordination 

but also strengthen long-term relationships among supply chain partners by 

increasing information visibility and reducing uncertainty. 
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Overall, this category captures the economic effort required to build, sustain, and 

optimize collaborative networks in e-commerce. While such costs may appear 

operational, they play a strategic role in fostering trust, reducing opportunism, and 

enabling the co-creation of value within interconnected digital supply systems. 

4.2.4. Extra Logistic Costs 

The macro category of Extra Logistic Costs encompasses all logistical expenditures 

that, while not representing entirely new costs introduced by the implementation of e-

commerce, still constitute an incremental burden for the company. These costs are 

typically already incurred within the firm’s traditional operations but must be 

included in the model since e-commerce activities tend to amplify their magnitude due 

to the additional logistics and fulfilment requirements associated with online sales. 

As emphasized by (Rofin & Mahanty, 2021), the integration of e-commerce operations 

significantly alters fulfilment dynamics, often requiring firms to manage additional 

inventory movements, packaging activities, and delivery coordination that would 

otherwise be handled by the marketplace operator or a third-party logistics (3PL) 

provider. When these functions are not outsourced, the company must assume 

responsibility for these logistics’ activities internally, which leads to increased 

operational complexity and additional costs. 

This cost category typically includes traditional logistics activities such as inventory 

holding, shipping, receiving and inspection, stockout, and safety stock costs. (Abbasi, 

2011) notes that inventory-related costs can represent up to 40% of total logistics 

expenses, encompassing warehousing, insurance, and deterioration costs. Likewise, 

(Vukić et al., 2021) demonstrate that transportation and shipping expenses play a 

crucial role in overall cost optimization, particularly when companies face varying 

delivery modes or unpredictable service times, as is often the case in spare parts 

logistics. 
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Furthermore, (Ghoreishi et al., 2011) highlight that transportation and collection costs 

are decisive components in cost–benefit models of product flows, as they directly affect 

profitability and efficiency. Within the e-commerce context, these extra costs may 

emerge from fragmented shipments, increased returns, and the need for enhanced last-

mile delivery performance. 

Consequently, the inclusion of Extra Logistic Costs in the analytical model allows for 

a more comprehensive assessment of the total economic impact of e-commerce 

implementation. While these costs may not originate directly from the digital 

transition, they represent tangible and recurrent expenditures that significantly 

influence the firm’s overall operational and financial performance. 

4.2.5. Cost Drivers Allocation 

Once all macro categories of costs have been clearly defined, it becomes essential to 

associate each specific cost component with the corresponding type of e-commerce 

platform. This step is fundamental, as not all cost items are uniformly applicable across 

different e-commerce models, given their structural and operational heterogeneity 

(Laudon & Traver, 2017a). The differentiation among platform implies variations in 

the distribution of responsibilities, value-creation mechanisms, and consequently, in 

the cost structures that must be captured within the model. 

Establishing these associations represents a crucial methodological step in the 

preparation of the computational framework, ensuring consistency between the 

theoretical structure of the model and its quantitative implementation. By accurately 

mapping each cost component to its corresponding e-commerce configuration, the 

model can more effectively simulate realistic operational conditions and generate 

meaningful comparative analyses across scenarios. 
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Cost Item E-Distributor E-Procurement 
Independent 

Exchanges 

Industry 

Consortia 
PIN 

Commissions Costs ✓     

Logistic Commission ✓    ✓ 

Transaction-based fees  ✓ ✓ ✓  

Electronic Catalogue ✓ ✓    

Implementation Fees ✓ ✓ ✓ ✓ ✓ 

Operational IT expenses    ✓ ✓ 

Subscription Fee  ✓  ✓  

Market Creation    ✓ ✓ 

Value-added services ✓ ✓ ✓ ✓ ✓ 

Trans-organizational 
coordination costs 

   ✓ ✓ 

Stockout Cost  ✓ ✓ ✓  

Safety Stocks Cost  ✓ ✓ ✓  

Inventory Holding Cost  ✓ ✓ ✓  

Shipping Cost  ✓ ✓ ✓  

Return Cost  ✓ ✓ ✓  

Receiving and 

Rejection Cost 
 ✓ ✓ ✓  

Table 4.2 - Cost Allocation across e-commerce configurations 
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The table below illustrates the allocation of the identified cost items across the different 

e-commerce configurations, providing a comprehensive overview of how each cost 

category applies to specific business models. As shown in Table 4.2, notable differences 

emerge among the various typologies, highlighting distinct operational and strategic 

structures. 

Transactional costs appear to be complementary in nature. Commission costs and 

logistic commissions are exclusive to e-distributor platforms and Private Industrial 

Networks (PINs), where the platform directly manages sales and logistics operations, 

typically charging a percentage on each transaction (Laudon & Traver, 2017a). 

Conversely, transaction-based fees are associated with e-procurement, independent 

exchanges, and industry consortia, where intermediaries act as facilitators rather than 

direct sellers, applying fees for transaction processing or platform usage (Pavlou & 

Gefen, 2004) 

Regarding platform and IT infrastructure costs, these are broadly distributed across all 

e-commerce configurations. Implementation fees are consistently applied to all 

typologies, reflecting the fundamental technological integration and setup 

requirements necessary for digital operations (Schilirò, 2023).  

Network and coordination costs, including market creation, value-added services, and 

trans-organizational coordination, are mainly associated with industry consortia and 

PINs, as these configurations emphasize inter-firm collaboration, data integration, and 

shared logistics networks (Reimers et al., 2004). Among them, value-added services 

remain the only cost item applicable to all typologies, confirming their relevance for 

enhancing customer experience and supplier relationships (Grewal et al., 2010). 

Finally, extra-logistic costs apply primarily to e-procurement, independent exchanges, 

and industry consortia, where the buyer or network members retain logistical 

responsibility. In contrast, e-distributors and PINs typically internalize these activities 
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within the platform, already accounting for them through logistic commissions 

(Asdecker, 2015). 

Overall, this classification reinforces the heterogeneity of e-commerce models, 

underlining how differences in governance structure, integration depth, and logistical 

scope directly influence the composition and distribution of cost items across 

configurations. 

 

4.3. Mathematical Model Formulation 

The mathematical model is designed to quantify the total economic impact associated 

with the adoption of different e-commerce configurations within the spare parts sector. 

As described by (Gunasekaran & Ngai, 2011), Mathematical models have been widely 

employed in industrial decision-making to assess the economic feasibility of digital 

transformation initiatives.  

For each configuration, the model aggregates all relevant cost components identified 

in the previous sections and expresses them with respect to the defined control 

volume. The objective is not only to estimate the absolute cost associated with each 

configuration, but also to enable a consistent comparison across configurations under 

homogeneous operating assumptions. 

The model therefore formalizes the relationship between input parameters (cost 

drivers, operational parameters, and platform characteristics) and output performance 

indicators, total cost per configuration, which will later be used for computational 

analysis, parametric exploration, and design of experiments. 

4.3.1. Input parameters definition 

In the formulation of a mathematical model, it is essential to first establish the set of 

input parameters that will serve as the quantitative foundation of the model. Each cost 
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element identified in the previous section is expressed as a function of specific input 

parameters, which determine its magnitude within the overall cost structure. These 

parameters encompass economic, operational, and technological dimensions that 

characterize the various e-commerce configurations under analysis. 

Defining a clear and consistent set of input parameters ensures model transparency, 

reproducibility, and alignment with established practices in operations research and 

techno-economic modelling (Beamon, 1998). Table 4.3 reports the complete list of input 

parameters considered in this study, together with their description and unit of 

measurement. 

Symbol Input Parameter Description Unit Measure 

𝑐% Commission rate % of sales paid to e-commerce platform % 

𝑙𝑐% Logistic Commission % of sales charged by logistic providers % 

𝑡% Transaction fee % of sales per digital transaction % 

𝑄 Units Sold Incremental of units sold - 

𝑁 Orders Incremental of customer orders - 

𝑃' Average Price Mean unit selling price of products €/unit 

𝑖𝑠𝑐 Initial Setup Cost Electronic catalogue configuration €/year 

𝑙𝑐 Licensing Cost Annual fee for usage rights €/year 

𝑡𝑐 Tool Cost Additional digital tools €/year 

𝑐𝑚 Catalogue Maintenance E-catalogue regular update €/year 

𝑢 Platform Users Number of users on the platform - 

𝑠𝑘𝑢 Catalogue SKUs Number of items in digital catalogue - 

ℎ𝑐 Hosting Cost Fee for cloud/server infrastructure €/year 

𝑠𝑤&ℎ𝑤 Software and Hardware 
Cost Investment in IT infrastructure €/year 

𝑖𝑡 IT Staff Cost Labor associated with IT infrastructure €/year 

𝑚𝑐 Maintenance Cost Recurring cost for maintaining platform €/year 
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𝑠𝑢𝑐 Setup Cost System configuration €/year 

𝑝𝑑𝑐 Platform Development Cost Custom development or platform 
enhancement €/year 

𝑒𝑟𝑝 ERP Integration Cost Cost of connecting e-commerce to ERP €/year 

𝑐𝑚𝑐 Content Migration Cost Expense for transferring product data €/year 

𝑡𝑟𝑎𝑖𝑛 Training Cost Cost of educating employees €/year 

𝑔𝑐 Governance Cost Administrative cost €/year 

𝑠𝑢𝑏 Subscription Fee Periodic payment for platform access €/year 

𝑚𝑎𝑟𝑘 Marketing Cost Expenditure on promotional campaigns €/year 

𝑠𝑠𝑐 Sales Support Cost Cost for customer service €/year 

𝑏𝑎𝑠𝑒"#$ Base VAS Cost Fixed cost for value-added services €/year 

𝑣𝑎𝑟"#$ Variable VAS Cost Variable cost for value-added services €/VAS 

𝑣𝑎𝑠% VAS per Order Value-added services per order - 

𝑐𝑐&#'()*' Coordination Cost per 
Partner 

Cost of managing and collaborating with 
each business partner €/partner 

𝐾&#'()*' Number of Partners Total partners in e-commerce ecosystem - 

𝑖𝑜𝑡𝑐 Intra-Organization 
Transaction Cost 

Internal coordination and processing cost 
between company units €/Transaction 

𝐾('#)$ 
Number of Intra-
Organization Transaction 

Total internal exchanges of goods or data - 

𝐿𝑇+ Lead Time Days Time between order and delivery - 

𝑢𝑏𝑐 Unitary Backorder Cost Cost per unit of stockout order €/backorder 

𝑆𝐿 Service Level Probability of meeting customer demand % 

𝑢𝑝𝑐 Unitary Purchase Cost Acquisition cost per product unit €/unit 

ℎ𝑐𝑟% Holding Cost Rate Annual % cost of maintaining inventory % 

𝑐𝑐 Capital Cost Opportunity cost of capital €/year 

𝑠𝑐 Storage Cost Expense for warehousing €/year 

𝑠𝑒𝑟𝑣 Inventory Service Cost Cost for managing stored goods €/year 
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𝑜𝑐 Obsolescence Cost Expected loss from unsold inventory €/year 

ℎ𝑎𝑛𝑑 Handling Cost Labor for material handling operations €/year 

𝑠ℎ𝑖𝑝,-.*/ Fixed Shipping Cost Base cost per shipment €/order 

𝑠ℎ𝑖𝑝"#' Variable Shipping Cost Variable cost per shipment €/order 

𝑝𝑎𝑐𝑘 Packaging Cost Cost of packing goods €/order 

𝑟𝑒𝑡% Returns Rate % of sold items returned by customers % 

𝑡𝑟𝑎𝑛𝑠'*(0') Return Transportation Cost Expense of shipping returned goods €/return 

ℎ𝑎𝑛𝑑'*(0') Return Handling Cost Expense of handling returned goods €/return 

𝑟𝑠𝑐 Restocking Cost Cost of reintegrating returned goods €/return 

𝑟𝑒𝑐 Receiving Cost Expense for inbound goods inspection €/order 

𝑟𝑒𝑗% Rejection Rate % of items failing quality inspection % 

𝑡𝑟𝑎𝑛𝑠'*1 
Rejection Transportation 
Cost 

Cost to ship defective goods back to 
suppliers €/rejection 

ℎ𝑎𝑛𝑑'*1 Rejection Handling Cost Cost for managing rejected goods €/rejection 

Table 4.3 - Input Parameters Definition 

4.3.2. Model Equations  

Based on the input parameters previously defined, each cost component can be 

expressed through a set of analytical equations. These formulations quantify the 

contribution of each cost driver to the total cost of the selected e-commerce 

configuration.  

4.3.2.1. Transactional Costs 

As discussed in the previous sections, transactional costs represent the economic effort 

required to initiate, negotiate, and complete exchanges between buyers and sellers 

within the e-commerce environment. The total transactional cost is expressed as the 

sum of three components: commission cost, logistic commission, and transaction-

based fees, as shown in Equation (1). 
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 𝐶!"#$% = 𝐶&'(( + 𝐶)'*&'( + 𝐶!" (1) 

The commission cost represents the total amount paid annually to the e-commerce 

platform and is typically modelled as a fixed percentage of total sales revenue 

(Hasiloglu & Kaya, 2021). Accordingly, it can be calculated as Equation (2) 

 𝐶&'(( = 𝑐% ⋅ 𝑃' ⋅ 𝑄 (2) 

Where 𝑐%	is the commission rate, 𝑃'	the average price and 𝑄	the units sold. This 

formulation assumes constant commission rates and a one-year time horizon, 

consistent with the economic framework of the model. 

The logistic commission cost, similarly, to the commission cost, represents the total 

amount paid annually to logistics providers or to the e-commerce platform for 

managing fulfilment and delivery operations. 

In line with the findings of recent studies on platform-based logistics (Y. Wang et al., 

2020), this cost component is typically modelled as a fixed percentage of total sales 

revenue, reflecting the commission or service fee structure applied to each transaction. 

Accordingly, the logistic commission cost can be expressed as Equation (3) 

 𝐶)'*&'( = 𝑙𝑐% ⋅ 𝑃' ⋅ 𝑄 (3) 

Where 𝑙𝑐%	is the logistic commission rate, 𝑃'	the average price and 𝑄	the units sold. 

This formulation assumes constant commission rates and a one-year time horizon, 

consistent with the economic framework of the model.  

The transaction-based fees represent charges associated with payment processing and 

platform-specific transaction services. These fees arise from each financial transaction 

executed on the platform and are therefore linked to the number of processed orders 

rather than to the total units sold. 
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According to (Hasiloglu & Kaya, 2021), digital platforms typically apply a fixed 

percentage fee per transaction to cover payment infrastructure and service 

management costs. Similarly, (Y. Wang et al., 2020) highlight that transaction-related 

charges constitute a relevant cost driver in the overall e-commerce cost structure, 

reflecting the operational intensity of digital marketplaces. 

Consequently, the annual transaction-based fees can be expressed as Equation (4) 

 𝐶!" = 𝑡% ⋅ 𝑃' ⋅ 𝑁 (4) 

Where 𝑡% is the transaction fee, 𝑃'	the average price and 𝑁	the number of annual orders. 

This formulation assumes a constant transaction fee percentage, which is maintained 

uniformly across all e-commerce configurations for simplification purposes, and an 

annual time horizon consistent with the overall assumptions of the economic model. 

4.3.2.2. Platform and IT Infrastructure Costs  

The Platform and IT Infrastructure Costs component includes all expenditures 

required to establish and sustain the technological foundation that enables e-

commerce operations. From a modelling perspective, these costs are decomposed into 

setup-related and recurring components, reflecting both the initial investment phase 

and the continuous operation of the digital infrastructure. 

The total cost for this category can therefore be expressed as the sum of several 

subcomponents, including Electronic Catalogue, Operational IT Expenses, 

Implementation Fees and Subscription Fees, as expressed in Equation (5): 

 𝐶,)#! = 𝐶-.#! + 𝐶/(,) + 𝐶01 + 𝐶%23 (5) 

The Electronic Catalogue Cost refers to the expenditure associated with the design, 

development, and implementation of the electronic catalogue integrated within the 

selected e-commerce platform. This cost component is composed of both fixed and 
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recurring elements that jointly capture the total annual investment required to 

maintain an updated and functional digital catalogue. 

The fixed catalogue cost, denoted as 𝐹𝐶𝐶, includes the initial setup expenses, licensing 

costs for platform usage, and tool costs related to the creation and configuration of the 

e-catalogue, as expressed in Equation (6).  

 𝐹𝐶𝐶 = 𝑖𝑠𝑐 + 𝑙𝑐 + 𝑡𝑐 (6) 

Where 𝑖𝑠𝑐	represents the initial setup cost, 𝑙𝑠	the licensing cost and 𝑡𝑐	the tool cost. In 

addition to these fixed components, a periodic maintenance cost is introduced to 

account for recurring activities such as catalogue updates, data standardization, and 

performance optimization. As emphasized by (Grundy et al., 2001), e-catalogues 

require continuous alignment with metadata standards and system interoperability 

frameworks to ensure efficient digital transactions and integration within supply chain 

information systems.  

For E-Procurement platforms, a scale factor 𝛼 is introduced to capture the influence of 

platform size and catalogue complexity on total cost. The scale factor modifies the 

overall expenditure depending on the number of active platform users and the 

catalogue’s number of stock-keeping units (SKUs). Specifically, three ranges are 

defined for both dimensions:  

§ High user base and low SKUs volume: 𝛼 = 0.5 (higher scalability equals lower 

cost)  

§ Medium user base and SKUs volume: 𝛼 = 0.75 (moderate adjustment) 

§ Low user base and high SKUs volume: 𝛼 = 1	(no cost reduction) 

Consequently, the annual electronic catalogue cost can be formulated as Equation (7) 

and Equation (8) for the two e-commerce configurations: 

E-Distributor  𝐶-.#! = 𝐹𝐶𝐶 + 𝑝𝑚𝑐 (7) 
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E-Procurement 𝐶-.#! = 𝛼 ⋅ (𝐹𝐶𝐶 + 𝑝𝑚𝑐) (8) 

Where 𝐹𝐶𝐶 is the Fixed Catalogue Cost, 𝑝𝑚𝑐	is the Periodic Maintenance Cost and 𝛼 

is the scale factor, assuming a one-year time horizon.  

The Implementation Fees represent the one-time expenses incurred for deploying the 

e-commerce platform within the company’s technological and organizational 

infrastructure. This cost category encompasses several components whose relative 

importance varies according to the selected e-commerce configuration. 

In all configurations, implementation requires the integration of enterprise data into 

the company’s information system, represented by the ERP integration cost, as well as 

the training cost associated with educating employees to effectively use and manage 

the new digital environment. As highlighted by (Aydin, 2014), employee training and 

system adoption represent critical success factors in information system 

implementation, as they directly influence usability, efficiency, and long-term system 

sustainability. 

For simpler e-commerce architectures, such as E-Distributors, E-Procurement, and 

Independent Exchanges, the implementation process primarily involves setup costs, 

covering the configuration of the platform within the company’s existing digital 

infrastructure. For more complex models, such as Industry Consortia and Private 

Industrial Networks, firms must also account for platform development costs, as these 

configurations often involve the creation or customization of proprietary digital 

infrastructures rather than participation in pre-existing platforms (K. Li et al., 2025). 

Additionally, content migration costs and governance costs must be considered across 

all configurations, as they capture the effort associated with transferring existing 

product or service data to the new digital system and managing the administrative, 

security, and compliance tasks required to operate the e-commerce platform (Y. Zhang 

et al., 2025). Collectively, these components represent the strategic and operational 
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investment required to ensure a successful digital transition and the long-term 

effectiveness of e-commerce implementation. The resulting formulations for 

Implementation Fees are presented in Equation (9) and Equation (10): 

ED/EP/IE  𝐶/(,) = 𝑠𝑢𝑐 + 𝑒𝑟𝑝 + 𝑡𝑟𝑎𝑖𝑛 (9) 

IC/PIN 𝐶/(,) = 𝑝𝑑𝑐 + 𝑒𝑟𝑝 + 𝑡𝑟𝑎𝑖𝑛 + 𝑐𝑚𝑐 + 𝑔𝑐 (10) 

Where 𝑠𝑢𝑐	is the setup cost, 𝑒𝑟𝑝	the ERP Integration Cost, 𝑡𝑟𝑎𝑖𝑛	the Training Cost, 

𝑝𝑑𝑐	the Platform Development Cost, 𝑐𝑚𝑐	Content Migration Cost and 𝑔𝑐 Governance 

Cost. These formulations are expressed on an annual basis and assume a one-year time 

horizon, consistent with the overall economic framework of the model. 

The Operational IT Expenses represent the recurrent costs associated with the 

maintenance and operation of the technological infrastructure that supports e-

commerce platforms. These expenses are primarily relevant for more complex 

configurations where companies manage their own digital infrastructure rather than 

relying on third-party providers. 

This cost category includes several components, namely hosting costs for maintaining 

online platforms, software and hardware expenses required to ensure reliable system 

performance, IT staff costs related to technical personnel responsible for system 

administration and support, and platform maintenance costs, covering updates, 

security patches, and performance optimization (Whelan & McGrath, 2002). 

The formula for Operational IT Expenses is defined as Equation (11): 

 𝐶01 = ℎ𝑐 + 𝑠𝑤&ℎ𝑤 + 𝑖𝑡 + 𝑚𝑐 (11) 

Where ℎ𝑐	is the hosting cost, 𝑠𝑤&ℎ𝑤	the Software and Hardware cost, 𝑖𝑡	the IT Staff 

Cost and 𝑚𝑐	the platform Maintenance Cost. These formulations are expressed on an 

annual basis and assume a one-year time horizon, consistent with the overall economic 

framework of the model. 
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The Subscription Fee represents the annual payment made by a company to access and 

utilize the services of an e-commerce platform. This cost item is typically 

straightforward, as it primarily consists of the fixed annual fee imposed by the 

platform provider. Nevertheless, a platform factor 𝛽 is introduced to capture the effect 

of platform scalability and user base size on the final cost structure, as discussed by 

(Taherdoost, 2023). Platforms with a larger number of users benefit from stronger 

network effects and cost dilution, leading to economies of scale that reduce the 

effective subscription cost per firm. Conversely, platforms with a limited user base 

experience higher unit cost due to reduced shared infrastructure utilization and 

weaker network externalities. Accordingly, three levels of platform factor are defined: 

§ High user base: 𝛽 = 0.5 (higher scalability equals lower cost)  

§ Medium user base: 𝛽 = 0.75 (moderate adjustment) 

§ Low user base:	𝛽 = 1	(no cost reduction) 

The final formulation of Subscription Fee is expressed as Equation (12): 

 𝐶%23 = 𝛽 ⋅ 𝑠𝑢𝑏 (12) 

Where 𝑠𝑢𝑏	is the subscription fee and 𝛽	the platform factor. These values are calculated 

on an annual basis, assuming a constant platform configuration over the time horizon 

considered. This approach aligns with (Taherdoost, 2023) framework, which 

emphasizes stability in cost evaluation and scalability assessment when analysing e-

business models and platform-based revenue mechanisms. 

4.3.2.3. Network and Coordination Costs 

The Network Coordination Costs quantify the financial effort associated with 

managing collaborative and inter-organizational interactions within e-commerce 

ecosystems. This cost component captures the economic impact of activities such as 

Market Creation, Value-Added Services and Trans-Organizational Coordination Cost, 

as described by Equation (13): 
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 𝐶$4! = 𝐶(#"5 + 𝐶6#% + 𝐶'"* (12) 

Following the conceptual framework established by (Laudon & Traver, 2017a), the 

model assumes that coordination costs arise from the complexity of inter-firm 

relationships and the governance mechanisms required to manage them effectively. 

The Market Creation Costs encompass all the expenditures sustained to establish and 

consolidate the platform’s market presence, primarily through marketing initiatives, 

customer acquisition, and the development of customer support services. As 

highlighted by (Mollica et al., 2025), digital platforms must invest substantially in 

promotional campaigns and user onboarding activities to overcome adoption barriers 

and stimulate participation across both sides of the market. 

From an operational standpoint, these costs can be modelled as the sum of two main 

components: the marketing expenditure, aimed at creating awareness and expanding 

the customer base, and the customer service cost, associated with the establishment 

and maintenance of assistance infrastructures to support users throughout their 

interaction with the platform. Based on these considerations, the formula for the 

Market Creation Cost can be expressed as Equation (14): 

 𝐶(#"5 = 𝑚𝑎𝑟𝑘 + 𝑠𝑠𝑐 (14) 

Where 𝑚𝑎𝑟𝑘	is the marketing cost and 𝑠𝑠𝑐	the sales support cost. These formulations 

are expressed on an annual basis and assume a one-year time horizon, consistent with 

the overall economic framework of the model. 

The Value-Added Services (VAS) represent the costs associated with the additional 

functionalities and services that an e-commerce platform offers to enhance the value 

creation process within the firm’s operations. These services may include, for instance, 

order tracking, customized analytics, or integration tools that improve process 

transparency and operational efficiency. (Serarols I Tarrés et al., 2008) emphasize that 

the inclusion of complementary services within digital or industrial platforms can 
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reduce overall transaction costs by improving coordination efficiency and mitigating 

uncertainty in supplier–buyer relationships.  

From an operational standpoint, the cost of Value-Added Services can therefore be 

decomposed into two components: a fixed base cost, paid annually to access these 

services, and a variable component that scales with the number of services offered and 

the company’s annual transaction volume. Based on these considerations, the Value-

Added Service cost can be expressed as follows (15):  

 𝐶6#% = 𝑏𝑎𝑠𝑒6#% + 𝑣𝑎𝑟6#% ⋅ 𝑣𝑎𝑠7 ⋅ 𝑁 (15) 

Where 𝑏𝑎𝑠𝑒6#%	is the fixed value-added cost, 𝑣𝑎𝑟6#%	is the variable value added cost, 

𝑣𝑎𝑠7	the number of value-added services per order and 𝑁	the number of orders. These 

formulations are expressed on an annual basis and assume a one-year time horizon, 

consistent with the overall economic framework of the model. 

The Trans-Organizational Coordination Costs capture the economic effort associated 

with managing coordination and information exchange among multiple entities 

within large-scale e-commerce configurations, such as Industry Consortia and Private 

Industrial Networks. These costs emerge from the need to synchronize activities, align 

objectives, and facilitate joint decision-making processes across distinct organizational 

boundaries. 

As discussed by (Cantini et al., 2024), the configuration and governance of 

interconnected supply chains depend heavily on the ability to coordinate activities 

across decentralized entities, since coordination inefficiencies can lead to increased 

total system costs and reduced responsiveness. Similarly, (Baumol & Williamson, 

1986) underline that transaction and coordination costs arise as firms balance between 

hierarchical control and market-based interaction, particularly within digitally 

mediated networks. 
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From an operational standpoint, the total coordination cost is determined by two main 

components: the partner coordination cost, representing the resources allocated to 

manage relationships with each business partner, and the intra-organizational 

transaction cost, reflecting the effort required to process and govern internal exchanges 

of information or goods within the consortium or network. 

The overall trans-organizational coordination cost can therefore be expressed as 
Equation (16): 

 𝐶'"* = 𝑐𝑐,#"!$4" ⋅ 𝐾,#"!$4" + 𝑖𝑜𝑡𝑐 ⋅ 𝐾!"#$% (16) 

Where 𝑐𝑐,#"!$4" 	is the coordination cost per partner, 𝐾,#"!$4" 	is the number of partners, 

𝑖𝑜𝑡𝑐	the intra-organizational transaction costs and 𝐾!"#$%	the number of intra-

organizational transactions. These formulations are expressed on an annual basis and 

assume a one-year time horizon, consistent with the overall economic framework of 

the model. 

4.3.2.4. Extra Logistic Costs  

The Extra Logistic Costs quantify the additional logistical expenses that arise because 

of e-commerce implementation, extending beyond traditional operational logistics.  

From a modelling standpoint, this cost category captures the variation in logistics-

related expenditures, such as stockout, safety stocks, inventory holding, shipping, 

receiving, and rejection costs, resulting from the expanded scope and frequency of e-

commerce activities (Rofin & Mahanty, 2021). 

The subsequent formulations decompose these costs into their main components, 

providing a quantitative representation of their contribution to the total economic 

impact of e-commerce adoption, as shown in Equation (17): 

 𝐶48!"# = 𝐶%' + 𝐶%% + 𝐶/9& + 𝐶%9/, + 𝐶"4! + 𝐶"4: (16) 
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The Stockout Costs represent the economic losses associated with delayed or 

unfulfilled orders, reflecting the negative impact of inadequate inventory availability 

on customer service and overall supply chain performance. These costs are directly 

dependent on the desired service level set by the company and capture the trade-off 

between inventory holding and customer satisfaction. 

In line with the formulation proposed by (Cantini et al., 2024), the estimation of 

stockout costs is grounded on the expected number of backorders, which is computed 

as a function of total demand and the target service level Equation (18). This quantity 

is then multiplied by the unitary backorder cost, yielding the total stockout cost, as 

shown in Equation (19): 

  #𝑏𝑎𝑐𝑘𝑜𝑟𝑑𝑒𝑟𝑠 = [(1 − 𝑆𝐿) ⋅ 𝑄]; (18) 

 𝐶%' = 𝑢𝑏𝑐 ⋅ #𝑏𝑎𝑐𝑘𝑜𝑟𝑑𝑒𝑟𝑠 (19) 

Where 𝑆𝐿	is the service level desired, 𝑄	is the number of units sold annually and 𝑢𝑏𝑐	is 

the unitary backorder cost, considered as the average value for all spare parts sold 

within the company. These formulations are expressed on an annual basis and assume 

a one-year time horizon, consistent with the overall economic framework of the model. 

The Safety Stock Costs represent the expenses incurred by a company to maintain an 

additional level of inventory beyond the expected demand, ensuring sufficient 

responsiveness to demand fluctuations and safeguarding the desired service level. 

This additional inventory acts as a buffer to prevent stockouts and guarantee customer 

satisfaction, especially in uncertain or variable demand environments. 

Following the formulation proposed by (Cantini et al., 2024), the computation of safety 

stock begins with determining the minimum quantity capable of compensating 

demand variability and ensuring the targeted service level. This is achieved by 

estimating the expected demand per SKU and the corresponding lead time demand, 

as shown in Equations (20) and (21): 
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 𝑄<=> =
𝑄
𝑠𝑘𝑢 (20) 

 𝑄?1 = 𝑄 ⋅ 𝐿𝑇@ (21) 

Subsequently, the number of safety stock units is obtained by identifying the smallest 

inventory level that guarantees the probability of avoiding stockouts, expressed by 

Equation (22), which follows a Poisson distribution of demand: 
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(22) 

Where 𝑄<=> denotes the average demand per stock-keeping unit, 𝐿𝑇@ represents the 

lead time in days and 𝑆𝐿	the target service level.  

Once the safety stock quantity is computed for each SKU, the total safety stock cost can 

be determined according to the formulation described by (Abbasi, 2011), as the 

product of the number of safety stock units and the unitary inventory holding cost. 

The latter is given by the product of the unitary purchase cost and the annual holding 

cost rate. Summing across all SKUs yields the overall safety stock cost for the company, 

providing a comprehensive measure of the financial impact of maintaining additional 

inventory to ensure service continuity, as shown in Equation (23). 

 𝐶%% = 𝑠𝑠 ⋅ 𝑢𝑝𝑐 ⋅ ℎ𝑐𝑟% ⋅ 𝑠𝑘𝑢 (23) 

Where 𝑠𝑠 is the safety stock required per each SKU, 𝑢𝑝𝑐	is the unitary purchase cost, 

ℎ𝑐𝑟% the holding cost rate for keeping the SKU and 𝑠𝑘𝑢	is the number of Stock-Keeping 

Units in the company catalogue. All the values are considered as the average of all 

spare parts sold by the company, and the cost is considered an annual basis and 

assume a one-year time horizon, consistent with the overall economic framework of 

the model. 
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The Inventory Holding Costs represent the total expenses a firm must incur to manage 

and maintain its inventory and warehouse operations. Within the context of e-

commerce adoption, these costs include the incremental expenses derived from the 

additional inventory required to support online demand, product availability, and 

order fulfilment. As emphasized by (Rofin & Mahanty, 2021), when firms transition 

from traditional sales channels to e-commerce, the fulfilment model directly influences 

the magnitude of inventory-related costs, particularly due to the increased complexity 

in coordinating storage, packaging, and dispatching operations. 

The total holding cost can be expressed as the sum of several cost components, 

encompassing the opportunity cost of invested capital, inventory management 

expenses, warehousing and facility costs, expected losses from unsold or obsolete 

items, and material handling operations (Vukić et al., 2021). These factors jointly 

determine the financial burden of maintaining stock levels necessary to ensure the 

required service level while minimizing stockouts and delivery delays. 

Formally, the overall inventory holding cost can be defined as Equation (24): 

 𝐶/9& = 𝑐𝑐 + 𝑠𝑐 + 𝑠𝑒𝑟𝑣 + 𝑜𝑐 + ℎ𝑎𝑛𝑑 (24) 

Where 𝑐𝑐 is the capital cost, 𝑠𝑐	is the storage cost, 𝑠𝑒𝑟𝑣	is the inventory services cost, 

𝑜𝑐 is the obsolescence cost and ℎ𝑎𝑛𝑑	is the handling cost. These components are 

typically calculated on an annual basis and assume a one-year time horizon, consistent 

with the overall economic framework of the model. 

The Shipping Costs represent the additional expenditures incurred by the company 

for delivering the incremental number of sold items resulting from the increased 

demand following the implementation of e-commerce. These costs are directly 

correlated with the total number of annual orders and can be decomposed into fixed 

and variable components, reflecting both structural and operational aspects of the 

distribution process. 
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The fixed component typically includes costs related to the setup and maintenance of 

the logistics network, such as transportation infrastructure, contractual agreements 

with carriers, and digital tracking systems. Conversely, the variable component 

depends on shipment frequency, delivery distances, and unit handling costs, which 

tend to rise with higher order volumes and geographic dispersion of customers. As 

noted by (Ghoreishi et al., 2011), transportation costs can be effectively modelled as a 

linear combination of fixed and variable terms, reflecting both scale economies and 

per-unit operational costs in the logistics chain. 

Furthermore, the shipping cost structure also incorporates packaging costs, which 

represent a critical element in e-commerce operations due to the need for product 

protection, branding, and compliance with sustainability requirements(Vukić et al., 

2021). These factors, while marginal at the unit level, can significantly impact total 

shipping expenses at scale. 

The overall formulation of shipping costs is therefore expressed as Equation (25): 

 𝐶%9/, = 𝑁 ⋅ (𝑠ℎ𝑖𝑝E/84F + 𝑠ℎ𝑖𝑝6#" + 𝑝𝑎𝑐𝑘) (25) 

Where 𝑠ℎ𝑖𝑝E/84F is the fixed shipping cost, 𝑠ℎ𝑖𝑝6#" is the variable shipping cost and 

𝑝𝑎𝑐𝑘	is the packaging cost. This formula is calculated on an annual basis and assume 

a one-year time horizon, consistent with the overall economic framework of the model. 

The Return Costs represent the expenditures incurred by a company for managing 

product returns initiated by customers due to dissatisfaction, non-conformity, or other 

reasons. These costs are a critical component of reverse logistics and reflect the 

financial burden associated with handling returned goods, particularly in e-commerce 

settings where return rates are typically higher than in traditional channels. As 

highlighted by (Asdecker, 2015), return processes often involve additional logistical 

complexity and resource consumption, since they require reverse transportation, 

inspection, and reintegration or disposal activities.  
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From a quantitative perspective, the total return cost is calculated based on the return 

rate, the proportion of sold items returned within a year, multiplied by the sum of 

transportation and handling costs associated with returned products. Given the higher 

operational intensity of reverse flows compared to outbound logistics, these costs are 

typically greater than those of standard deliveries. The corresponding formula is 

expressed as Equation (26): 

 𝐶"4! = 𝑟𝑒𝑡% ⋅ (𝑡𝑟𝑎𝑛𝑠"4!2"$ + ℎ𝑎𝑛𝑑"4!2"$) ⋅ 𝑄 (26) 

Where 𝑟𝑒𝑡% is the returns rate, 𝑡𝑟𝑎𝑛𝑠"4!2"$ is the cost of return transportation and 

ℎ𝑎𝑛𝑑"4!2"$ is the cost of handling of returned products. These components are 

calculated on an annual basis, consistent with the overall economic framework of the 

model.  

The Receiving and Rejection Costs capture the combined cost of two critical operations 

within the logistics chain: the reception and inspection of inbound materials from 

suppliers, and the management of non-conforming or defective items that must be 

rejected and returned. According to (Bernon et al., 2018), such processes are integral to 

maintaining quality assurance and supply reliability but contribute significantly to the 

total logistics cost when quality deviations occur. 

This relationship is expressed as Equation (27): 

 𝐶"4: = 𝑟𝑒𝑐 ⋅ 𝑁 + 𝑟𝑒𝑗%W𝑡𝑟𝑎𝑛𝑠"4: + ℎ𝑎𝑛𝑑"4:X ⋅ 𝑄 (27) 

Where 𝑟𝑒𝑐	is the receiving cost per single order, 𝑟𝑒𝑗% is the rejection percentage, 

𝑡𝑟𝑎𝑛𝑠"4: 	is the transportation cost for rejected products and ℎ𝑎𝑛𝑑"4: is the handling 

cost for rejected products.  

Both formulations assume an annual evaluation period and are consistent with 

established reverse logistics cost models, which emphasize the importance of 
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integrating returns and quality-related costs into comprehensive e-commerce cost 

assessments. 

4.3.3. Output Parameter Definition  

Once all the cost functions incorporated in the model have been defined, the overall 

output can be formalized. The model’s primary outcome is the total cost associated 

with the implementation of an e-commerce platform within a spare parts company, 

accounting for the specific cost structures characterizing each e-commerce 

configuration. 

The total cost is obtained as the sum of the main cost macro-categories previously 

introduced, transactional, platform and IT infrastructure, network coordination, and 

extra logistic costs, as expressed in Equation (28): 

 𝐶!'! = 𝐶!"#$% + 𝐶,)#! + 𝐶$4! + 𝐶48!"# (28) 

This total cost is computed for each e-commerce configuration, following the cost 

allocation criteria defined in the preceding sections. The objective is to identify the 

configuration that minimizes the total economic impact, thereby determining the most 

advantageous model for e-commerce adoption within the company’s operational and 

organizational context. 

In conclusion, the Mathematical Model Formulation chapter established the analytical 

foundations of the proposed framework by defining all input parameters and 

mathematical relationships governing the total economic impact of e-commerce 

adoption. The resulting model enables a systematic and comparable evaluation of 

different e-commerce configurations within the spare parts sector. 

The next chapter, Computational Model Implementation, translates this formulation 

into an operational tool, detailing its digital implementation and the computational 

methods adopted for simulation and analysis. 
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4.4. Computational Model Implementation 

Following the formulation phase of the model, which included the identification of 

cost allocations and the definition of cost drivers, the objective of this chapter is to 

translate the analytical framework into a fully operational computational model. The 

purpose of this implementation is to enable the quantitative estimation of the total cost 

of e-commerce adoption across the different configurations defined in the previous 

sections. 

To achieve this, the modelling process was carried out in two main stages. First, a 

preliminary version of the model was implemented in Microsoft Excel, serving as a 

validation tool for the mathematical relationships and logical consistency of the cost 

structure. Subsequently, the model was translated into Python to develop a more 

flexible, scalable, and automated simulation environment capable of performing 

sensitivity analyses and exploring multiple input parameter scenarios. 

4.4.1. Preliminary Model Development in Excel 

The first implementation of the model was developed using Microsoft Excel, which 

served as a structural and conceptual prototype of the computational framework. The 

spreadsheet was organized to represent the four macro-categories of costs previously 

defined each articulated into specific cost items. 

Each cost item was defined as an independent module, structured along four key 

dimensions: 

1. Applicability, identifying in which e-commerce configurations (E-Distributors, 

E-Procurement, Independent Exchanges, Industry Consortia, and Private 

Industrial Networks) each cost component is active. 

2. Formula, expressing the mathematical formulation of the cost driver, based on 

the analytical definitions provided in the Model Formulation section. 
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3. Assumptions, detailing parameter dependencies and qualitative premises 

adopted for each cost item. 

4. Reference literature, providing academic or managerial sources supporting the 

cost definition. 

The worksheet functions as a matrix structure, where each column corresponds to a 

cost item and each row defines its parameters and assumptions. 

The Excel environment was chosen for its transparency and flexibility in verifying the 

internal consistency of equations and their interdependencies. As suggested by (Will 

M. Bertrand & Fransoo, 2002), the use of spreadsheets in the early stages of model 

development enables rapid testing of cost assumptions and parameter sensitivity, 

while maintaining a clear traceability between analytical structure and numerical 

computation. 

4.4.2. Model Structure and Computational Architecture  

Following the preliminary formulation and conceptual validation in Excel, the model 

was subsequently implemented in Python to enable full computational automation, 

enhanced flexibility, and the capacity to perform multi-scenario simulations. This 

transition marked the passage from a static analytical structure to a dynamic 

computational environment, capable of integrating multiple parameter configurations 

and efficiently calculating cost outputs for each e-commerce configuration. 

The computational architecture was organized into three core components, 

cost_engine.py, run_cost_model.py, and tidy_cost_table.csv, supported by an 

additional cost_breakdown.py module for detailed output analysis. 

The cost engine file constitutes the logical core of the model, where each cost category 

is codified as an independent module. Each cost item function translates the analytical 

formulation defined in the Model Formulation chapter into an executable function, 

with input parameters representing the specific cost drivers. This modular structure 
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ensures flexibility and scalability, allowing new cost components or configurations to 

be incorporated with minimal modification to the overall system architecture. 

def cost_markup_commissions(params: Dict[str, float], context: Dict[str, Any]) -> 
float: 
    """ 
    Commissions on units sold. 
    Consider: 
      - commission_pct: percentage on sales (0-1) 
      - avg_price: average unit price 
      - units_sold: number of units sold 
    Cost = commission_pct * avg_price * units_sold 
    """ 
    return float(params.get("commission_pct", 0)) * float(params.get("avg_price", 
0)) * float(params.get("units_sold", 0)) 

Figure 4.2 - Commission Cost defined in Python 

The tidy cost table file serves as the structural matrix of cost applicability, implemented 

as a Boolean allocation table. Each row corresponds to a cost component, and each 

column to a specific e-commerce configuration. A “True” value indicates that a given 

cost applies to that configuration, while a “False” value excludes it from computation.  

The run cost module file acts as the execution module, defining the input parameters 

and invoking the computational functions defined in the cost engine. The model 

iteratively computes total costs for each configuration, aggregating all applicable cost 

items based on the Boolean allocation logic provided by the tidy cost table. This 

modular and data-driven architecture facilitates scenario simulation and sensitivity 

analysis, enabling the exploration of cost variations under alternative parameter 

assumptions. 

# Compute totals for each ecommerce type 
totals = {} 
for etype, group in tidy.groupby("ecommerce_type"): 
    rows = group.to_dict(orient="records") 
    total = compute_total_for_model(rows, params) 
    totals[etype] = total 

Figure 4.3 - Total Cost Computation in run_cost_model 

Additionally, the cost breakdown module was developed to provide a granular 

decomposition of the total cost, computing and exporting the value of each individual 
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cost item to a structured output file. This feature supports interpretability and 

diagnostic validation, allowing the identification of the most significant cost drivers 

and their relative impact on the total e-commerce implementation cost. 

    # Compute breakdown for each cost item 
    all_breakdowns = [] 
    for et in types: 
        df_b = compute_breakdown_for_type(tidy, PARAMS, et) 
        # Aggregate by cost_item (in case there are multiple rows for the same 
item) 
        df_b = ( 
            df_b.groupby(["ecommerce_type", "cost_item"], as_index=False) 
                .agg( 
                    cost_value=("cost_value", "sum"), 
                    is_extra=("is_extra", "first")   # preserve the extra flag 
                ) 

Figure 4.4 - Cost Breakdown example 

Finally, the Python implementation also incorporates both core e-commerce costs and 

extra logistic costs, enabling a dual analysis that distinguishes between purely digital 

implementation expenditures and the broader operational consequences of e-

commerce adoption. 

This computational translation aligns with methodological recommendations in 

operations modelling literature, emphasizing the importance of modular, transparent, 

and verifiable model architectures (Law, 2015). The resulting framework thus provides 

a robust analytical tool for assessing e-commerce feasibility across multiple 

organizational and supply chain configurations, serving as the foundation for the 

simulation experiments described in the next chapter. 

4.4.3. Architecture Computation and Internal Validation 

The adopted simulation logic 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, 2020). This aligns with best 

practices in computational simulation, where modularity and flexibility are key to 

supporting what-if analyses and decision-making. 
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To ensure the correctness and reliability of the computational implementation, a 

manual validation procedure was conducted. This phase involved cross-verifying the 

numerical outputs produced by the Python model with results obtained through 

manual calculations and the preliminary Excel-based prototype. The validation was 

performed at two levels: verification of single cost function outputs through the cost 

breakdown module, and validation of aggregate total costs across configurations 

computed by the run cost model. Consistent results between manual computation and 

automated execution confirmed the internal validity of the model, supporting its use 

in subsequent simulation experiments. 

This validation approach follows the methodological recommendations of (Law, 2015), 

emphasizing that simulation models must undergo both verification, to ensure correct 

implementation of the conceptual model, and validation, to confirm the model’s ability 

to represent the real system with sufficient accuracy. 

4.4.4. Computational Model Conclusion 

The implementation of the computational model successfully translated the analytical 

framework into an operational simulation environment capable of quantifying the 

total cost of e-commerce adoption across multiple configurations. Through the 

integration of modular cost functions, scenario-based execution, and automated result 

processing, the model ensures flexibility, scalability, and analytical transparency. The 

verification and validation activities confirmed the consistency and correctness of the 

computational architecture, providing a reliable foundation for subsequent 

experimental analysis. 

In the following chapter, the model will be employed for the design of experiments 

(DOE), variance analysis (ANOVA), and sensitivity assessment, with the objective of 

exploring the influence of input parameters on total cost and identifying the most 

advantageous e-commerce configuration under different operating conditions. 
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4.5. Parametric Analysis  

The parametric analysis represents a crucial phase in the evaluation of the 

computational model, allowing to systematically explore how variations in the input 

parameters influence the model outputs. As highlighted by (Montgomery, 2017), to 

really understand cause-and-effect relationships in a system you must deliberately 

change the input variables to the system and observe the changes in the system output 

that these changes to the inputs produce.  

In this section, the analysis was structured to investigate the effect of the key input 

parameters within predefined value ranges, through the application of a Design of 

Experiments (DOE) and a subsequent Analysis of Variance (ANOVA).  

Furthermore, based on these results, an extended computational exploration was 

performed to identify the most favorable parameter combinations for each e-

commerce configuration. 

This methodological framework allows a deeper understanding of the underlying 

relationships among the variables of the model and constitutes the foundation for the 

subsequent discussion of results and scenario analyses. 

4.5.1. Range of Input Parameters 

Before constructing the Design of Experiments (DOE), it is essential to define the range 

of variation for each input parameter included in the model. This preliminary step 

establishes the experimental domain within which the analysis is conducted and 

ensures that the resulting combinations of parameters are both realistic and 

representative of actual operating conditions. 

The definition of these ranges was based on an extensive review of the relevant 

literature and on empirical examples reported in prior studies. The collected data were 

then used to identify suitable upper and lower bounds and an intermediate value for 
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each parameter, ensuring consistency with the assumptions and the scope of the 

economic model developed in this research. 

4.5.2. Design of Experiments  

The Design of Experiments (DOE) represents a fundamental methodological 

framework for systematically investigating how variations in multiple input factors 

influence the output of a model or process. As highlighted by Montgomery (2017), 

DOE enables researchers to efficiently explore complex multidimensional systems, 

tallowing the identification of significant parameters, the quantification of their effects, 

and the detection of possible interactions between factors. 

In the context of this study, the DOE was employed to generate a structured and 

statistically sound set of parameter combinations, ensuring adequate coverage of the 

input space while maintaining computational feasibility. This approach allows the 

model to capture the sensitivity of total e-commerce implementation costs to changes 

in key economic, technological, and operational variables, providing a rigorous 

foundation for subsequent variance and sensitivity analyses. 

In the analysis_ANOVA_DOE.py script, the Design of Experiments (DOE) procedure 

was implemented to systematically generate and evaluate combinations of the input 

parameters previously defined. Starting from the Excel file specifying the lower, 

medium, and upper bounds for each variable, the script constructs the corresponding 

experimental levels. Given the large number of parameters involved, a full factorial 

design would have resulted in an excessively high computational burden; therefore, a 

fractional factorial design was adopted to ensure a balance between 

comprehensiveness and efficiency. 

To determine an appropriate number of runs, a sequential approach was used, 

progressively increasing the number of simulated combinations until the output 

results reached a point of stabilization. This convergence was observed at 
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approximately 5,000 runs; however, to enhance the robustness and statistical 

representativeness of the results, the final number of runs was set to 10,000. 

Furthermore, a feasibility constraint was introduced to maintain realistic scenarios, 

requiring the number of orders to be always lower than the number of units sold. Once 

these preliminary steps were completed, the Boolean allocation matrix from the tidy 

cost table and the cost functions defined in the cost engine were used to compute the 

total cost of e-commerce implementation for each parameter combination across all 

configurations. 

The main outputs of this process consist of a comprehensive dataset of all simulated 

runs (saved in a .csv file), along with the identification of the best configuration per e-

commerce type and the overall optimal configuration. These results serve as the 

foundation for the subsequent analytical steps, including the Analysis of Variance 

(ANOVA) and the sensitivity assessment of model parameters. 

4.5.3. Analysis of Variance 

The Analysis of Variance (ANOVA) is a fundamental statistical technique used to 

quantify and evaluate the influence of input factors on a response variable. As 

described by (Montgomery, 2017), ANOVA decomposes the total variability observed 

in the system output into components attributable to each factor and their possible 

interactions, providing a rigorous framework for identifying which parameters exert 

a statistically significant effect on model performance. 

Within this study, ANOVA was applied to the results of the Design of Experiments in 

order to determine the most influential cost drivers affecting the total e-commerce 

implementation cost, both globally and for each specific configuration. This analysis 

constitutes an essential step in understanding parameter relevance and in guiding 

subsequent sensitivity and scenario analyses. 
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The same script used for the Design of Experiments also imports the simulated runs 

and their corresponding total cost values, with each record representing a unique 

combination of input parameters within the predefined experimental space. Using the 

statsmodels library in Python, an Ordinary Least Squares (OLS) regression model is 

then constructed, where the dependent variable corresponds to the total e-commerce 

implementation cost and the independent variables represent the model’s input 

parameters. This step allows for the assessment of how each factor contributes to 

explaining the overall variability in total cost. 

Subsequently, an ANOVA table is generated through the anova_lm() function, which 

decomposes the total sum of squares into between-group and within-group 

components. From this decomposition, the model computes F-statistics and 

corresponding p-values to evaluate the statistical significance of each factor’s effect on 

the response variable. 

To complement significance testing, the code also calculates effect size metrics, 

specifically the partial eta squared, which quantifies the relative magnitude of each 

parameter’s contribution to total variance. This enables a quantitative interpretation of 

factor importance within the model. 

Finally, the ANOVA outputs are exported in both tabular and graphical form to 

visually highlight the parameters with the highest explanatory power. These results 

constitute the analytical foundation for the subsequent sensitivity and scenario-based 

analyses, aimed at exploring the dynamic behaviour of the model under varying 

parameter configurations. 

4.5.4. Scenario Analysis 

Following the ANOVA results, a dedicated script, best_combo_search.py, was 

developed with the objective of identifying, for each e-commerce configuration, the 

most cost-effective combination of input parameters. The analysis considers only the 
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significant parameters identified through ANOVA, while the non-significant ones, or 

those not applicable to a given e-commerce configuration, are fixed at an intermediate 

reference level. 

In the first phase, all significant drivers are allowed to vary freely within their 

respective bounds, enabling the identification of the globally optimal parameter 

combination for each configuration and supporting a direct comparison across e-

commerce models. Subsequently, to conduct a more detailed and context-specific 

analysis, selected parameters are fixed at specific levels (e.g., Units Sold = High, 

representing high-demand scenarios). 

The computational procedure integrates the cost allocations from the tidy cost table, 

the formulations defined in the cost engine and performs the evaluation of all feasible 

parameter combinations through a streaming computation approach, ensuring 

efficiency without excessive computational load. 

Two complementary strategies are adopted: the first relies solely on parameter 

statistical significance (p-value), allowing for a broader exploration of variable drivers; 

the second also incorporates effect size metrics (partial eta squared), restricting the 

analysis to the most impactful parameters and thus generating more realistic and 

interpretable results. 

The outputs of this process include the best-performing combination per 

configuration, as well as structured results, exported in CSV format, that summarize 

the overall best solution and the top candidate configurations. These results enable 

robustness verification and comparative scenario analysis under both baseline and 

constrained conditions, serving as a foundation for the subsequent sensitivity analysis 

phase. 
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4.6. Sensitivity and Decision Analysis  

Once the parametric exploration and scenario-based comparison were completed, the 

next step consisted of assessing the robustness of the model results and the relative 

importance of the input parameters on the total cost outcome.  

In this context, the objective of the sensitivity and decision analysis phase is to: 

§ Determine the relative weight and influence of each cost driver on the total 

implementation cost across the different e-commerce configurations. 

§ Provide decision-makers with a structured basis for comparing alternative 

strategies under varying operational conditions. 

This ensures that the final strategic recommendations are not based solely on point 

estimates but are grounded in an understanding of how the model behaves across a 

range of plausible scenarios, thereby increasing the reliability and applicability of the 

proposed framework. 

4.6.1. Sensitivity Analysis  

Sensitivity analysis provides a systematic framework to quantify how variations in 

input variables influence the model’s output, supporting transparency and 

interpretability within simulation-based decision processes. As highlighted by 

(Saltelli, 2008a), sensitivity analysis is not only a diagnostic tool, but an essential 

component of model-based reasoning, enabling the identification of the parameters 

that drive system behavior pand guiding both managerial prioritization and further 

model refinement. 

In this study, the sensitivity analysis was implemented through the dedicated script 

“sensitivity_analysis.py”, with the objective of evaluating the robustness of the model 

and the influence of key input parameters on the total implementation cost across the 

different e-commerce configurations. Two complementary techniques were adopted: 
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a deterministic One-Factor-At-a-Time (OFAT) sensitivity analysis and a Monte Carlo 

simulation-based global sensitivity analysis. 

The OFAT approach isolates each parameter by varying it within its defined range 

while holding all other parameters constant. This allows for the estimation of both the 

direction and magnitude of the parameter’s effect on the total cost, providing an 

interpretable measure of its marginal influence within the model structure. This 

technique is particularly useful for identifying parameters that exhibit nonlinear or 

threshold effects when evaluated independently. 

In contrast, the Monte Carlo simulation accounts for simultaneous variability across 

all parameters, producing a distribution of possible cost outcomes rather than a single 

deterministic estimate. From these simulations, correlation coefficients between input 

parameters and the total cost are derived, enabling the identification of the parameters 

with the strongest global explanatory power. Additionally, the resulting cost 

distribution histograms allow for the assessment of variability and uncertainty within 

each e-commerce configuration, supporting risk-aware decision-making. 

Together, these two techniques provide a comprehensive and complementary 

perspective: the OFAT analysis highlights localized effects, while the Monte Carlo 

simulations offer a more holistic understanding of parameter interactions and 

uncertainty propagation. 

4.6.2. Main Effects  

Within the framework of global sensitivity analysis, main effects (also referred to as 

first-order sensitivity indices) quantify the individual contribution of each input 

parameter to the variability of the model output. As discussed by (Saltelli, 2008), these 

indices measure the share of output variance that can be attributed solely to variations 

in one parameter, while all other parameters are averaged over their distribution. In 
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other words, the main effect of a factor indicates how much the uncertainty in the 

output would decrease if that factor were known with complete precision. 

In this study, a dedicated script, “main_effects_plot.py”, was developed to generate 

main effects plots for the five most influential input parameters, as identified in the 

ANOVA results. These plots illustrate how the mean total implementation cost varies 

across the parameter ranges, based on the Design of Experiments simulation 

outcomes, for each e-commerce configuration.  

The main effects analysis thus provides initial insights into how variations in key 

drivers influence the relative convenience of alternative e-commerce models, enabling 

the identification of scenario-dependent advantages and supporting the preliminary 

stages of decision-making regarding platform selection. 

4.6.3. Decision Tree 

Decision trees represent a widely used approach to support structured decision-

making, as they allow the decomposition of complex choices into a sequence of simple, 

interpretable conditional rules. As highlighted by (Bertl et al., 2026), decision trees 

provide a transparent mapping between input conditions and corresponding 

outcomes, making the decision logic explicit and easily verifiable by stakeholders.  

In this phase of the analysis, a decision tree model was employed to derive a 

comprehensive understanding of how the convenience of each e-commerce 

configuration varies according to different input conditions. The decision tree is 

constructed using the most influential cost drivers identified through the ANOVA 

analysis, thus ensuring that the classification of configurations is grounded in 

statistically significant parameters.  

The resulting decision tree allows for the identification of distinct operational scenarios 

under which each e-commerce configuration emerges as the most economically 

advantageous. More specifically, the model partitions the input space into regions 
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associated with the lowest total cost configuration, thereby offering a clear and 

intuitive mapping between contextual conditions and strategic choices. 

Additionally, a second decision tree analysis was conducted focusing exclusively on 

the more complex and capital-intensive e-commerce models, Industry Consortia and 

Private Industrial Networks. Since these configurations typically require higher 

investment, this secondary tree enables the assessment of their relative convenience in 

scenarios characterized by larger budgets. 
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5 Results Analysis  

This chapter presents the results obtained from the computational model and the 

subsequent experimental analyses. The aim of this section is to evaluate how different 

marketplaces configurations behave under varying economic and operational 

conditions, and to identify key drivers that influence overall cost performance. 

5.1. Input Parameters’ Range Definition 

The following section reports the results of the analysis carried out on the developed 

cost model, preceded by a synthesis of the primary input parameters and their relative 

variations intervals. As anticipated in the previous chapter (methodology), the 

definition of experimental ranges represents an essential preliminary phase to 

guarantee the coherence and validity of simulations. These intervals, reported in the 

following table, were determined based on evidence identified within reference 

literature and previous empirical studies, to ensure that generated combinations result 

realistic and representative of effective operative conditions. The successive test 

analysis, ANOVA, DOE, sensitivity analysis, main effects and decision tree, is founded 

on a solid parametric structure and coherent with the applicative domain of the model, 

allowing us to evaluate with statistical rigor the impact of the different economic and 

operative variables on overall implementation costs of e-marketplace platforms. 
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Symbol Input Parameter 
Range 

Reference 
Low Medium High 

𝑐% Commission rate 0.10  0.20 0.30 (Lin et al., 2022) 

𝑙𝑐% Logistic Commission 0.15 0.20 0.25 (Y.-Y. Wang & Li, 2018) 

𝑡% Transaction fee 0.02 0.10 0.20 (Guo et al., 2024) 

𝑄 Units Sold 50 1,000 5,000 [Authors’ Experience] 

𝑁 Orders 25 500 1,000 (Linse, 2018) 

𝑃' Average Price 20 100 500 [Authors’ Experience] 

𝑖𝑠𝑐 Initial Setup Cost 5,000 10,000 20,000 [Authors’ Experience] 

𝑙𝑐 Licensing Cost 0 2,000 5,000 [Authors’ Experience] 

𝑡𝑐 Tool Cost 5,000 10,000 20,000 [Authors’ Experience] 

𝑐𝑚 Catalogue Maintenance 200 400 1,000 [Authors’ Experience] 

𝑢 Platform Users 25 75 150 [Authors’ Experience] 

𝑠𝑘𝑢 Catalogue SKUs 25 75 150 [Authors’ Experience] 

ℎ𝑐 Hosting Cost 1,000 5,000 15,000 (Misawa et al., 2024) 

𝑠𝑤&ℎ𝑤 Software and Hardware 
Cost 1,000 2,000 3,000 (Mkansi, 2022) 

𝑖𝑡 IT Staff Cost 10,000 25,000 50,000 (Nour, 2023) 

𝑚𝑐 Maintenance Cost 5,000 10,000 20,000 (K. M. Nelson et al., 2001) 

𝑠𝑢𝑐 Setup Cost 1,000 2,000 5,000 (Mkansi, 2022) 

𝑝𝑑𝑐 Platform Development Cost 5,000 10,000 20,000 (Kaufmann & Dai, 2002)  

𝑒𝑟𝑝 ERP Integration Cost 10,000 20,000 40,000 (Lech, 2016) 

𝑐𝑚𝑐 Content Migration Cost 5,000 15,000 30,000 (H. Liu et al., 2018) 

𝑡𝑟𝑎𝑖𝑛 Training Cost 5,000 10,000 20,000 (Moseley. & Valverde., 2014) 

𝑔𝑐 Governance Cost 2,000 5,000 10,000 (M. Nelson et al., 2005) 

𝑠𝑢𝑏 Subscription Fee 500 2,000 5,000 (Birge et al., 2021) 

𝑚𝑎𝑟𝑘 Marketing Cost 5,000 20,000 50,000 (Erdmann & Ponzoa, 2021) 
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𝑠𝑠𝑐 Sales Support Cost 1,500 5,000 10,000 (Xiao et al., 2014) 

𝑏𝑎𝑠𝑒"#$ Base VAS Cost 2,000 3,000 5,000 (M. Zhang et al., 2021) 

𝑣𝑎𝑟"#$ Variable VAS Cost 0.5 2 5 (Jum’a & Basheer, 2023) 

𝑣𝑎𝑠% VAS per Order 2 4 6 (Jum’a & Basheer, 2023) 

𝑐𝑐&#'()*' Coordination Cost per 
Partner 

300 600 1,200 (Lück & Leyh, 2016) 

𝐾&#'()*' Number of Partners 3 5 10 (Markus et al., 2006) 

𝑖𝑜𝑡𝑐 Intra-Organization 
Transaction Cost 6 10 15 (Barua et al., 2004b) 

𝐾('#)$ 
Number of Intra-
Organization Transaction 

1,000 1,500 2,000 (Lee et al., 2016) 

𝐿𝑇+ Lead Time Days 3 7 15 [Authors’ Experience] 

𝑢𝑏𝑐 Unitary Backorder Cost 30 50 100 (ElHafsi et al., 2021) 

𝑆𝐿 Service Level 0.85 0.92 0.99 (Cantini et al., 2024) 

𝑢𝑝𝑐 Unitary Purchase Cost 50 500 2500 (Pascual et al., 2017) 

ℎ𝑐𝑟% Holding Cost Rate 0.05 0.15 0.30 (Bowersox et al., 2020) 

𝑐𝑐 Capital Cost 9,000 12,000 15,000 (Yin & Yang, 2008) 

𝑠𝑐 Storage Cost 4,500 7,500 10,500 (Chopra & Meindl, 2013) 

𝑠𝑒𝑟𝑣 Inventory Service Cost 1,500 3,000 4,500 (Bowersox et al., 2020) 

𝑜𝑐 Obsolescence Cost 3,000 7,500 10,500 (Harms, 2001) 

ℎ𝑎𝑛𝑑 Handling Cost 3,750 6,000 9,000 (Harms, 2001) 

𝑠ℎ𝑖𝑝,-.*/ Fixed Shipping Cost 5 10 18 (Chow & Chang, 2011) 

𝑠ℎ𝑖𝑝"#' Variable Shipping Cost 10 25 50 (Vukić et al., 2021) 

𝑝𝑎𝑐𝑘 Packaging Cost 4 10 20 (Korea Conformity 
Laboratories et al., 2017) 

𝑟𝑒𝑡% Returns Rate 0.02 0.06 0.12 (Ardeshirilajimi & Azadivar, 
2015) 

𝑡𝑟𝑎𝑛𝑠'*(0') Return Transportation Cost 10 30 60 (Engblom et al., 2012) 

ℎ𝑎𝑛𝑑'*(0') Return Handling Cost 5 15 40 (Behret & Korugan, 2009) 
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𝑟𝑠𝑐 Restocking Cost 5 15 25 (Pfohl & Ester, 1999) 

𝑟𝑒𝑐 Receiving Cost 2 5 12 (Hartanto & Agustinita, 2018) 

𝑟𝑒𝑗% Rejection Rate 0.01 0.02 0.03 (Vasudevan et al., 2020) 

𝑡𝑟𝑎𝑛𝑠'*1 
Rejection Transportation 
Cost 15 30 70 (Tyler & Kitson, 1987) 

ℎ𝑎𝑛𝑑'*1 Rejection Handling Cost 1 5 10 (Flapper & Teunter, 2004) 

Table 5.1 - Input Parameters Cost Ranges 

 

5.2. Design of experiments 

The output of the analysis consists of two primary datasets: an overall best file, that 

identifies the global configuration at minimal cost, and a best by type file, that reports 

the best parameters’ combination for each of the five e-marketplace typologies.  

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 5.2 - DOE Best by Type 

Results clearly show that the e-distributor is the most efficient solution from an 

economic point of view, with a total cost of €32,450, lower compared to the other 

simulated typologies. This result has foundation in the model’s structure: e-distributor 

is characterized by reduced commissions and logistics fees, which are two of the most 

influent cost voices for the platform, leading to negligible impact on the final cost. 

This behaviour is coherent with (Choudhury et al., 1998), which observe that 

catalogue-based e-marketplace (such as e-distributor) benefit of economies of scale 
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and standardized processes that reduce the marginal costs of transaction and logistics. 

Similarly, literature on digital B2Bs highlights how models with higher levels of 

logistics operations centralization show lower cost variability and higher informative 

flows efficiency (Grieger, 2003). 

DOE’s results confirm the internal coherence of the model: the convergence of cost 

values to a limited number of optimal configurations show the stability of the 

simulation and the correct calibration of the input parameters. However, as underlined 

by (Myers, n.d.), the primary limit of a fractional factorial design lives in the possibility 

of neglecting interactions of superior order among variables, especially in complex 

economic systems. In the examined case, the fixed number of runs at 10,000 represents 

a reasonable compromise between accuracy and computational time but does not 

guarantee the complete exploration of all the possible parametric combinations. 

From an interpretative point of view, the emergence of e-distributor as the “best 

overall” configuration does not necessarily imply its structural superiority in every 

context. In fact, other studies (Van Heerde et al., 2019)	underline how the economic 

convenience of digital marketplaces strongly relies on demand conditions and on the 

level of technological integration of participant firms. In scenarios with high demand 

volatility or product customization, platforms as PINs or industry consortia can result 

more advantageous in the long period due to their coordination and strategical control 

capabilities (Choudhury et al., 1998). 

To summarize, DOE has confirmed the solidity of the model and the predominance of 

the e-distributor as most efficient economic configuration in the simulated conditions. 

However, the outcome also reflects the preliminary and partial nature of the 

simulation: the choice of a finite number of runs and restricted variation ranges 

fostered the models with reduced structural complexity. Therefore, following analysis 

based on extended ranges or higher resolution design can contribute to verify if the 
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economic superiority of the e-distributor persists also in more realistic and 

heterogeneous scenarios. 

 

5.3. Analysis of variance  

The ANOVA analysis carried out on the developed cost model allowed us to identify 

the input variables that statistically influence the overall cost associated with the 

implementation of an e-marketplace platform. Before proceeding with the analysis, all 

the verification needed to guarantee the independence of the input variables have been 

conducted, ensuring the robustness of the results and the absence of multicollinearity.  

 

Figure 5.1 - Global ANOVA Results 

From the results obtained, it clearly stands out that units sold, average price of spares 

and the order quantity have a huge impact on the final cost of the platform. This 

outcome is in line with literature, that underlines how the dynamic between average 

price and volume is a determinant factor for profitability of digital channels and cost 

distribution along the supply chain (Xi & Zhang, 2023). However, the analysis brought 

to life also an unexpected element: the unitary purchase cost and the holding cost have 

shown to be significant variables. This result is particularly interesting, since literature 
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on digital marketplaces tends to focus more on transaction and coordination costs, 

neglecting the impact of variables linked to physical management of inventories. 

In this context of this research, this evidence finds a structural explanation. As reported 

in the previous studies, models such as e-distributor and private industrial networks 

include, other than commercial functions, also logistics and warehouse management, 

transferring these costs to the same platform under a periodic fee paid by the company 

(Grieger, 2003). The other analyzed typologies do not consider this type of support, 

leaving logistics and stocking costs in direct charge of the platform user. Consequently, 

the purchase cost and the holding cost results to be more influent in models where 

these responsibilities are internal to companies, particularly affecting on voices of cost 

such as safety stock and stock-out costs. These results are aligned with literature on 

stock management, where keeping high levels of safety stocks could generate 

inefficiencies and a significant increase of immobilized capital (Demiray Kırmızı et al., 

2024). 

Most of the variables of input are located in a significance interval between 0.09 and 

0.01, showing a limited influence on total cost, while under the 0.01 threshold are listed 

all the variables that have marginal impacts, as shown in Appendix. Among these 

ones, coordination costs stick out, present only in industry consortia and private 

industrial network models, where the coordination among more actors is structural 

component. These costs are, however, less incisive on the total with respect to more 

direct economic variables such as the average price for spare parts. 

Another result which requires further consideration is related to the service level, that 

even if it is seen as a key variable within inventory management models (Chopra, 

2019), it shows in this analysis a quantitative reduced impact. The motivation lives in 

the structure of the model: the level of service affects the cost formulas only through 

the determination of safety stocks and stockout costs, components which tend to 

balance each other. Increasing the service level would lead to reduction of stockout 
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costs but an increase of stock keeping costs, generating a moderate overall effect. This 

outcome is in partial discordance with the findings of (Craig et al., 2016), which show 

that an increase of just 1% of the supplier service level can translate into a boost of 

around 11% of retailer demand, with significant economic consequences. However, 

the divergence can be attributed to a purely economic-analytical nature of the 

proposed model, that do not consider indirect effects on the long-term such as 

customer satisfaction or retention. 

5.3.1. E-Commerce Configurations ANOVA 

After the general ANOVA analysis, that allowed us to identify the most influent 

variables in the overall cost model, an ANOVA analysis by type focused on each of the 

five typologies of e-marketplace considered was carried out. The goal of this phase 

was to evaluate, for each model, the percentage of variance explained by each 

parameter and the respective F values, to understand the specific cost configurations 

and the sensitivity of the different platforms to primary economic drivers. All the 

variables results to be statistically significant, but with different impact levels based 

on the typology of marketplace, to confirm that the architectural and functional choices 

deeply affect the overall cost structure (Grieger, 2003) (Choudhury et al., 1998). 

In the E-Distributor case, it stands out a clear picture of the scenario: units sold and 

average price variables explain almost the 98% of the model’s variance. This result 

indicates a predominance of volume and price factors in the determination of total 

costs, in line with what observed by (Xi & Zhang, 2023) , according to whom the price-

quantity binomial represents the primary economic engine of digital sales channels. 

All the other parameters seem to be marginal, with the exception of commission% and 

logistics%, the fees that take over intermediation and logistics costs of the platform, 

which barely overcome the 1% of variance explained. This behavior reflects what was 

already explained within literature, where the e-distributors are characterized by a 
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strong service cost standardization and economies of scale that reduce the incidence 

of marginal costs (Van Heerde et al., 2019). 

For the e-procurement, instead, the variance configuration is more articulated. In this 

model the average price does not result as a determinant factor, since these platforms 

primary operate on transaction-based fees rather than commissions proportional to 

exchanged products value. Consequently, the most influent drivers are units sold and 

orders, each with a contribution of around 33%, because they are strictly connected to 

the extra costs that the company has to sustain (such as return costs, rejection costs and 

shipping costs). Also, the catalog SKUs variable, that covers the quantity of products 

included in the catalogue, has a relevant weight, confirming that an amplification of 

the catalogue leads to a management and data updating cost increment. Finally, as 

already emerged from the general analysis, the unitary purchase cost and holding cost 

rate affect significantly, since in this type of platform costs linked to safety stocks and 

stockout are completely in charge of the user firm, in accordance with (Demiray 

Kırmızı et al., 2024) in themes of inefficiencies deriving from excessive stock keeping 

units. 

The structure of the independent exchange model shows strong similarities with the 

e-procurement one, differentiating for the irrelevance of catalog SKUs variable. This 

result is coherent with the nature of these platforms, oriented to short-term trades or 

spot transactions, that do not foresee structured catalogues or systematic updates of 

products (Grieger, 2003b). The impact of volumes and orders stay high, while the 

absence of structured logistics reduced the overall incidence of other variables. 

In the industry consortia case, the configuration radically changes. Here, marketing 

costs assume importance, since they consist in a consortium of firms that share the 

platform to improve collective competitiveness. The necessity of attracting new 

members and consolidating the network explains the high impact of these costs, as 

observed by (Choudhury et al., 1998), according to the creation of a digital consortia 
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that required strong communication and coordination investments. In the meantime, 

coordination costs result relevant too, because they are typical of collaborative 

structures with many stakeholders, that increase the managerial and organizational 

complexity. Despite that, the most consistent drivers are still the unitary purchase 

costs, orders, units sold and holding cost rate, coherently with the obtained results for 

non-logistics platforms.  

The results of the ANOVA analysis are reported in the Appendix. 

 

5.4. Scenario analysis 

The scenario analysis represents the concluding phase of the experimental evaluation, 

finalized at identifying the most efficient parameters’ combinations for each type of e-

marketplace platform and verifying the coherence of the emerged results from 

previous analysis. The complete set of results for both types of scenario analysis is 

presented in the Appendix.  

5.4.1. Significant parameters based on p-value 

When the research of optimal combinations exclusively considers significant 

parameters identified through p-value, results show a clear predominance of e-

distributor as most efficient economic configuration. This is attributable to the absence 

of extra costs, since most of the operative activities are directly managed by the 

platform. The primary voices of expense, commission fees and logistics fees, results at 

a minimum level, sensibly reducing the total cost. This outcome is coherent with 

literature, that recognises to e-distributors a competitive advantage deriving from 

standardized processes, scale economies and contained transaction costs (Grieger, 

2003)(Choudhury et al., 1998) 
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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 5.3 - Scenario Analysis using p-value 

In scenarios characterized by high demand (units sold high), e-distributor cost grows 

significantly, getting closer to e-procurement and independent exchanges levels; 

however, the simultaneous increment of the orders number reports the configuration 

at convenience conditions. This behaviour confirms what discussed by (Xi & Zhang, 

2023), according to whom centralized marketplaces optimize the economic 

performances only in presence of elevated transaction volumes. 

Service level shows a marginal impact, in line with the evidence of the ANOVA, while 

the increase of the unitary purchase cost accentuates the differences between e-

distributor and more autonomous platforms. Particularly, when the unitary value of 

products is higher, PIN model is preferable for larger companies, thanks to internal 

management of inventories and control on purchasing costs, as suggested by (Demiray 

Kırmızı et al., 2024). SMEs, instead, keep on benefit from the advantages of e-

distributor in terms of logistics outsourcing and operative simplicity. 

Independent exchanges confirm to suit perfectly price-sensitive contexts and with 

short-term relations, offering flexibility in the provisioning but a minor strategic 

stability, aligned with what observed by (Van Heerde et al., 2019) about transactional 

platforms volatility. 

In the first scenario, high demand & high operational complexity, characterized by 

high volumes, overall costs grow but e-distributor keeps its advantage thanks to scale 

economies and absence of warehouse costs. In the successive scenario, low demand & 
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high unitary value, overall costs diminish but also the competitive advantage of e-

distributor is reduced, since outsourced logistics activities decrease. Finally, in the 

scenario with elevated sensitivity to warehousing costs, e-distributor remains the most 

efficient choice, in particular for products with high holding cost rate, while 

independent exchanges show larger sensitivity to demand and price volatility. 

5.4.2. Significant Parameters based on p-value and Eta 

Including within the research also the significant parameters identified through the 

effect size (partial eta squared), results highlight higher variability in the optimal 

configuration.  

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 5.4 - Scenario analysis with p-value & eta 

The analysis individuates independent exchanges as the most advantageous solution 

in the best case, even if e-distributor shows a similar cost and e-procurement does not 

substantially divert from the latter. On the contrary, industry consortia and PIN 

sustain higher costs, associated to their structural complexity and major initial 

investments. 

E-procurement shows great stability, remaining competitive in different scenarios, 

especially for products with high value and purchasing frequence, where the long-

term relation and additional services compensate management costs. As already stated 

in literature, its efficiency is larger within consolidated business-to-business markets, 
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where the relational continuity generates non-directly economic benefits, but 

strategical (Choudhury et al., 1998) 

Service level impact is still contained, coherently with ANOVA’s results, while the 

increase of units sold and orders leads e-distributor to an advantage position thanks 

to external management of logistics. In conditions of high demand, PIN shows great 

performances for firms with elevated organizational capability, because of inventory 

sharing and the collaboration among chain partners (Grieger, 2003b). On the contrary, 

industry consortia confirm to be the heaviest model, since coordination and marketing 

costs are completely in charge of participating companies. 

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 5.5 - High-Demand Scenario Analysis 

In presence of low demand, cost differenced across models are reduced: independent 

exchange results to be the most convenient solution, coherently with its vocation at 

managing spot transactions and reduced volumes, while e-procurement is competitive 

thanks to the efficiency within transactions of high-value products. In high holding 

cost rate cases, e-distributor keeps the cost leadership, since the external management 

of warehouses minimizes stocking costs, while PIN is favourable for vertical 

integrated companies. When, finally, is required delivery speed, the logistics 

outsourcing of e-distributors and PIN guarantees efficiency and cost reduction, as 

already observed by  (Chopra, 2019) for integrated supply chain models. 

Overall, the observed scenarios confirm the coherence of the cost model and the 

complementarity between the different e-marketplace typologies: e-distributor 
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dominates in high scale and low unitary value contexts, e-procurement and PIN suit 

more structured markets, while independent exchange offers tactical flexibility witing 

fragmented and volatile markets. These evidences are coherent with (Choudhury et 

al., 1998) vision and provide a useful empirical contribute for the strategic selection of 

e-marketplace model which better aligns with companies’ profile. 

 

5.5. Sensitivity and decision analysis  

5.5.1. Sensitivity analysis  

In this work, models’ sensitivity was analysed through two complementary 

approaches implemented within the sensitivity_analysis.py code: 

• A deterministic analysis One-Factor-At-a-Time (OFAT), where each parameter 

is singularly varied keeping constant all the other ones, to measure the marginal 

effect on the total cost. 

• A global Monte Carlo sensitivity analysis, that simultaneously evaluates the 

joint effect of all variables, generating probabilistic distributions of costs and 

estimating the coefficients of absolute correlation between parameters and 

outputs. 

This double perspective, as underlined by (Pianosi et al., 2016) allows us to combine 

interpretative simplicity of OFAT with the Monte Carlo capability of catching 

interactions and phenomena of multiple uncertainty. 

5.5.1.1. E-distributor 

The results associated to e-distributor platform show a structure strongly dependent 

on Units sold and average price, that are the primary overall cost drivers. These 

variables show very high correlations, confirming that also minimal variations in price 

or volume can generate significant changes on the overall cost. On the contrary, 
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“commission%” and “logistics%” have marginal impacts, indicating that platform 

costs have a secondary impact with respect to volumes, in line with catalogue-based 

models at scale economies describe by (Choudhury et al., 1998). 

 

Figure 5.2 - E-Distributor Correlations 

The Monte Carlo distribution of costs presents a quite normal shape but with elevated 

variance, sign of high economic elasticity. The OFAT analysis, as reported in the 

Appendix, confirms wide oscillations of foreseen cost at price and volumes variations, 

coherently with (Grieger, 2003) on open and highly competitive marketplaces. This 

behaviour implies that e-distributor is particularly sensitive to demand and price 

dynamics, offering, at the same time, a structural advantage in contexts with heavy 

transaction volumes. 

 

Figure 5.3 - E-Distributor Cost Distribution 
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5.5.1.2. E-procurement  

For e-procurement, the most impactful variable is the unitary purchase cost, that keeps 

a high correlation with the total cost, followed by units sold and orders. The average 

price variable affects minorly, since this type of platform is based on fixed transaction 

costs and not on proportional commissions. The number of SKUs for catalogue is, 

instead, more influent compared to other models, reflecting the incidence of 

managerial costs of e-catalogue and safety stocks, as confirmed by OFAT analysis. 

 

Figure 5.4 - E-Procurement OFAT 

Cost distribution almost follows a normal shape, but more concentrated with respect 

to e-distributor, and reduced volatility. This behaviour is coherent with what 

sustained by (Chopra, 2019), according to whom contractualized and long-term 

relation-based platforms reduce economic uncertainty thanks to standardized 

processes, as detailed in the Appendix. Additionally, literature (Van Heerde et al., 

2019) highlights how the retention and relational continuity in B2B channels contribute 

to stabilize operative margins, in accordance with model’s evidence. 

5.5.1.3. Independent exchanges 

For independent exchanges, model’s sensitivity shows analogies with the e-

procurement one, but with more overall variability. Primary variables are orders, units 

sold and unitary purchase cost, followed by holding cost rate and ERP integration 
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costs, that reflect the operative complexity of these platforms oriented to spot 

transactions. 

 

Figure 5.5 - Independent Exchanges Correlations 

Monte Carlo distribution presents an intermediate variance between e-distributor and 

e-procurement, suggesting that independent exchanges operate in more stable 

markets with respect to open markets, but less predictable than the structured ones. 

This evidence is coherent with (Grieger, 2003), that distinguished specialized vertical 

markets, characterized by spot relations and minor scale economies, from horizontal 

marketplaces with low stability but high volumes, as illustrated in the Appendix. 

To summarize, the models is more flexible but also more expose to volatility, 

representing an efficient configuration in price-sensitive or with fluctuating demand 

markets. 

5.5.1.4. Industry consortia 

Sensitivity analysis within industry consortia model, highlights a more articulated and 

multilevel platform. Primary parameters, orders, unitary purchase cost and unis sold, 

are still determinant, but they come up beside specific costs as marketing costs, IT staff, 

platform development and content migration, that affect significantly the overall cost, 

as outlined in the Appendix. 
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Monte Carlo and OFAT graphs show an almost normal cost distribution but with a 

more extended tail, sign of a higher probability of high-cost scenarios. This result is 

justifiable with the cooperative nature of industry consortia, that require initial 

investments relevant for the development of digital infrastructures and intercompany 

coordination (Choudhury et al., 1998) 

 

Figure 5.6 - Industry Consortia Cost Distribution 

According to (Chopra, 2019) , highly-integrated intercompany models generate 

efficiency in the long period but reduce decisional flexibility: a behaviour reflected in 

the results, where variance is moderate but the mean level of costs remains elevated. 

In accordance with (Grieger, 2003), consortia present a trade-off between stability and 

agility, where resource sharing reduces volatility but increases infrastructural costs. 

5.5.1.5. Private industrial networks (PIN) 

Private industrial network shows a more predictable and stable behaviour, with a 

variance-reduced cost distribution and a strong predominance of average price and 

units sold variables, responsible of the primary oscillations within the overall cost. 

Fixed costs, marketing, IT staff, ERP integration, Platform development and content 

migration, contribute to a more elevated average cost, but with lower dispersion, 

aligned with the closed network nature of the model. 

As described by (Choudhury et al., 1998), PIN represent vertically integrated forms of 

marketplace, where the direct control and autonomous management of infrastructure 

generate internal efficiency and uncertainty reduction, against heavier structural costs. 
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Results confirm this dynamic: Monte Carlo correlations indicate that price and volume 

parameters dominate, while technological costs have a marginal but constant 

influence, as evidenced in the Appendix. 

In accordance with (Demiray Kırmızı et al., 2024), vertical integrated systems optimize 

inventory management and improve the coordination among supply chain actors, 

even if this leads to lower economic flexibility. In the complex, PIN emerges as a hybrid 

model: more expensive but also more reliable, suitable for companies with elevated 

organizational capability and long-term strategies. 

5.5.1.6. Comparative synthesis  

As a whole, sensitivity analysis confirms that the analysed e-marketplace models are 

strongly price/volume driven, while technological and service level variables, even if 

relevant from a managerial perspective, have a lower impact on the overall cost 

variability. 

Open models, as e-distributor and independent exchanges, show a major cost 

dispersion and accentuate sensitivity to demand, while structured platforms (PIN and 

industry consortia) present higher average costs but more stable. These empirical 

evidences are coherent with (Saltelli, 2008) and (Grieger, 2003) conclusions, according 

to whom the structural complexity reduces the uncertainty but amplifies fixed costs 

weight. 

The combination of the analytical approaches (OFAT and Monte Carlo) has 

additionally allowed us to clearly distinguish dominant variables (average price, units 

sold and orders) from secondary structural variables (marketing, IT development and 

logistics), offering a more systemic view of economic levers that drive the efficiency of 

digital marketplaces. 
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5.5.2. Main effects  

The analysis of main effects provides a quantitative understanding of how each key 

parameter individually influences the total implementation cost of the five e-

commerce configurations. By isolating first-order effects, it becomes possible to 

discern structural differences in cost behaviour among models, identifying the 

dominant drivers and their marginal impact on total expenditure (Saltelli, 2008b). 

5.5.2.1. Average Price 

As the average unit price increases, total costs grow sharply for the e-distributor (ED) 

and the Private Industrial Network (PIN), while remaining relatively stable for e-

procurement (EP), independent exchanges (IE), and industry consortia (IC). This 

divergence reflects the structural role of transaction-based fees in ED and PIN, where 

commissions amplify cost sensitivity to price variations. Such behaviour is consistent 

with (Choudhury et al., 1998), who demonstrated that in open and semi-open B2B 

markets, price-dependent transaction mechanisms introduce cost volatility, whereas 

closed or consortium-based structures stabilize expenditure through fixed contractual 

relationships. The observed intersection between ED and PIN suggests that for low or 

medium prices the e-distributor model remains the most convenient, whereas at 

higher price levels the PIN becomes more advantageous, as internalized costs replace 

variable commissions. These findings are in line with the results of (Grieger, 2003b), 

who argued that private networks become economically preferable when transaction 

values are high and volume concentration offsets infrastructural costs. 
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Figure 5.7 - Main Effects Plot for Average Price 

5.5.2.2. Unitary Purchase Cost (UPC) 

The unitary purchase cost shows a marked impact on IC, followed by EP and IE, with 

ED and PIN remaining substantially unaffected, as documented in the Appendix. This 

pattern indicates that platforms based on negotiated or collaborative procurement 

mechanisms are more exposed to variations in purchase costs, as highlighted by (Dai 

& Kauffman, 2002), who linked procurement-driven e-marketplaces to price discovery 

dynamics and supplier negotiation power. The stability of ED and PIN supports the 

assumption that in distributor and firm-managed systems, product cost volatility is 

partially absorbed by fixed margins or internalized pricing strategies. This partially 

contrasts with the view of (Soares & Nieto-Mengotti, 2024), who noted that even 

integrated networks may suffer indirect effects from supplier-side cost fluctuations; 

however, in this simulation framework, those effects appear marginal relative to direct 

price-based models. 

5.5.2.3. Units Sold 

The number of units sold exhibits an exponential influence on total costs for ED and 

PIN, confirming the results of the sensitivity analysis. These configurations show a 

multiplicative response between price and volume, consistent with the volume-driven 

revenue structures identified by (Nikoletos et al., 2024). In contrast, EP, IE, and IC 

display a more linear increase, indicating lower elasticity with respect to sales volume 
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due to the predominance of fixed or negotiated fees. As argued by (Timmers, 1998), 

transactional models in open marketplaces amplify cost variability with demand 

fluctuations, whereas cooperative or consortium-based models rely on structural 

stability rather than market throughput. The results therefore reinforce the 

interpretation that open systems are more scalable but also more volatile, while 

structured systems exchange scalability for predictability. 

 

Figure 5.8 - Main Effects Plot for Units Sold 

5.5.2.4. Orders 

The orders variable demonstrates a consistent growth trend across configurations, 

though with differing intensities, as shown in the Appendix. EP and IE evolve in 

parallel, with IE being systematically more cost-efficient, consistent with their lighter 

governance structure and lower coordination costs (Choudhury et al., 1998). IC 

exhibits a similar slope but higher baseline costs, reflecting shared infrastructure 

overheads. Conversely, ED and PIN show a non-linear trend: costs rise rapidly at first 

and then plateau, suggesting that logistics-related cost components, such as order 

processing and delivery frequency, reach a saturation point, in line with the 

diminishing marginal cost behaviour described by (Bensaou, 1997). This indicates that 

while order frequency remains relevant, its influence is secondary to volume- and 

price-related effects. 
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5.5.2.5. ERP Integration Cost 

The ERP integration cost shows minimal differentiation across configurations, 

confirming its limited effect on overall variability. This aligns with (Pagani, 2013a), 

who observed that digital integration costs have a significant upfront impact but 

negligible long-term marginal effects once the system is operational. The relatively flat 

main effect lines indicate that integration costs are a baseline technological investment 

rather than a driver of strategic differentiation among platform types, as reported in 

the Appendix. 

5.5.2.6. Main Effects conclusions 

Overall, the main effects analysis consolidates the earlier findings: price and volume 

remain the dominant cost drivers, particularly in open or semi-open systems, while 

fixed infrastructural components gain relative importance in collaborative or private 

networks. These insights support the argument of (Nikoletos et al., 2024) that the 

economic efficiency of e-commerce configurations depends on the trade-off between 

scalability and control. The results also provide a decision-making framework for 

managers: price-sensitive firms may benefit from e-procurement or consortium 

models, while high-volume firms with high-value products may find PIN structures 

more advantageous in the long run. 

5.5.3. Decision tree  

The generated trees were built starting from the most significant variables identified 

through the ANOVA, assuring statistic coherence and robustness in the classification 

of most convenient configurations. 
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5.5.3.1. Global decision tree 

 
Figure 5.9 - Global Decision Tree 

From the global analysis stands out a clear predominance of independent exchanges 

in contexts characterized by high unit prices and consistent demand. This result 

confirms the observations of (Choudhury et al., 1998), according to whom independent 

marketplaces are more economic efficient in high volume markets, thanks to wider 

flexibility and competition among operators that reduced the transactional 

inefficiencies. In these conditions, the IE gains a structural cost advantage with respect 

to more closed models such as the industry consortia (IC) or private industrial network 

(PIN), that imply higher coordination and governance costs (Grieger, 2003b). 

E-distributor (ED), instead, confirms to be competitive in low volumes and medium-

low prices scenarios, coherently with DOE’s results and Main effect analysis. In this 

configuration, commission costs associated to price are contained, and the absence of 

organizational complexity allows firms to minimize operative costs. This behaviour 

reflects what sustained by (Timmers, 1998), according to whom standardized 

transactional platforms are economically advantageous only within markets 

characterized by moderate volumes and low demand variability. 
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In intermediate price and volume conditions, the model highlights a major variability 

of the optimal choices, the interaction between unitary purchase cost (UPC) and 

holding cost rate determine the relative convenience between ED and IE: with limited 

UPCs and high demand, IE prevails; if unitary purchase costs grow, ED becomes 

competitive again, coherently with the results of (Nikoletos et al., 2024) that associate 

the profitability of the distribution model to the capability of absorbing cost variations 

thanks to logistics scale economies. 

Finally, e-procurement (EP) marginally emerges from decision tree’s branches, 

suggesting that its convenience does not depend primarily on economic factors but 

from strategical and organizational benefits, such as the integration of processes and 

the stability of supply relations. These aspects are coherent with the discussion of 

(Anderson & Bengtsson, 2013), that underline that e-procurement benefits especially 

appear under administrative efficiency and cycle time reductions terms, rather than 

pure economic saving. 

5.5.3.2. Two-way Decision Tree 

 
Figure 5.10 - Two-way Decision Tree for more complex configurations 
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The decision tree is dedicated to more complex models, industry consortia (IC) and 

Private industrial network (PIN), shows a dual behaviour that reflect the logics of the 

underlying organizational models. With low prices and limited sales volumes, PIN is 

systematically more convenient, thanks to a wider operative efficiency and inter-

organizational coordination costs reduction (Bensaou, 1997). This confirms its 

eligibility in stable and low margin contexts, where vertical integration and internal 

control reduce the informative dispersion and transaction inefficiencies. 

With the increase of the average price and volumes, IC becomes, instead, more 

competitive. This result find validation in (Grieger, 2003b) and (Dai & Kauffman, 

2002), that highlight how consortia platform offers growing advantages in high 

demand and wide user base contexts, where sharing infrastructural costs and the 

access to common markets allow companies to reach economies of scale. However, 

PIN becomes more advantageous again when lead time is elevated, thanks to larger 

internal integration that guarantees a more efficient management of supply and 

delivery times. This behaviour is aligned with (Pagani, 2013a), according to whom 

integrated digital networks enable a more agile response to temporal variabilities of 

the supply chain process. 

Overall, decision tree confirms and consolidates the results of the previous analysis, 

providing a synthetical decisional framework of convenience conditions for each e-

marketplace model. It demonstrates that more open platforms (IE, ED) are economic 

advantageous in low control and high competitiveness scenarios, while the more 

integrated ones (PIN, IC) take the lead in more operational complexity contexts, where 

stability and supply risk reduction prevail over more elevated initial costs. 
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6 Conclusion and future developments 

6.1. Findings  

The experimental analysis confirms that the cost structure of B2B marketplaces is 

strongly driven by average price and volumes (units sold), with the “orders” voice as 

third driver, while many platform costs are marginal in the determination of the 

overall variability. This result is coherent with literature on electronic markets, that 

attributes transactional mechanisms and exchange scale the role of primary economic 

determinants (Choudhury et al., 1998) (Grieger, 2003). The innovative part of our study 

concerns the quantification of this predominance along different types of analysis, 

showing that within e-distributors and PINs costs non-linearly respond to price per 

volume formulation, while in e-procurement and independent exchanges the answer 

is more linear, confirming the hypothesis of higher elasticity in open and transactional 

models (Timmers, 1998) and major predictability of the integrated and relational ones. 

 A second original result refers to the economic relevance of the inventory component. 

ANOVA highlights that the unitary purchase cost and holding cost rate are significant 

variables, particularly in models where logistics is not outsourced (e-procurement, 

independent exchanges and industry consortia). Literature on marketplaces tends to 

focus on transaction and coordination costs (Dai & Kauffman, 2002) and (Choudhury 

et al., 1998), while this models demonstrates that, when safety stocks and stockout are 

sustained by the user firm, these voices can become a first order driver of the overall 

cost. This validation amplifies the traditional focus on and aligns with the evidence on 

inventories trade-offs (Demiray Kırmızı et al., 2024). 

To continue, results converge in signalling a limited impact of serviced level on overall 

cost in the short term of the model. The effect is balanced by increase of safety stocks 

and stockout cost reduction, generating reduced net variations. This is in partial 
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conflict with studies that link service level increments to demand and profits effects 

(Craig et al., 2016) (Chopra, 2019). The given interpretation is that the model, 

consciously “accounting-economic”, does not internalize the effects of medium-long 

period (customer satisfaction and retention), on which service level appears to be less 

incident on operative cost voices: meaning this is a perimeter constraint, and not a 

substantial denial. 

An additional finding of this work are the net differences between typologies. In the 

ANOVA by type, for E-Distributor units sold and average price explain 98% of 

variance, while commission% and logistics% almost reaches the 1%: strong evidence 

in favour of scale economies and standardized processes (Grieger, 2003). In E-

Procurement stand out, other than volumes and orders, catalogue SKUs as a relevant 

driver, coherently with the idea that informative and updating costs are not negligible 

in long term relational contexts (Chopra & Meindl, 2013). Independent exchanges 

replicate the sensitivity of e-procurement, but without the catalogue effect (coherently 

with their spot nature). In industry consortia grow marketing and coordination costs, 

with costs distribution on the right side of the tail, in line with the higher complexity 

of multi-actor platforms (Grieger, 2003). PIN shows higher average costs but reduced 

variance: a stable but expensive profile, coherent with vertical integrated networks 

(Yoo et al., 2007). 

Moreover, scenario analysis and decision tree offer synthetic operative rules: 

§ With low or medium prices and medium demand, e-distributor tend to 

dominate (absence of extra-logistics costs) 

§ With high prices and high demand, independent exchange usually becomes the 

optimal solution, thanks to transactional flexibility and price competition 

(Choudhury et al., 1998). 

§ With high holding cost rate and contained lead time, PIN gains competitivity 

thanks to integrated management and vertical coordination (Pagani, 2013). 
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§ E-procurement shows stability: rarely the best in strictly economic terms, but 

robust when relations, process integration and administration times reduction 

count (Subramaniam & Shaw, 2002). 

These rules, deriving from the tree analysis, confirm ANOVA and sensitivity results 

and translate into decisional guidelines thresholds of price-volume and inventorial 

cost. 

A sixth methodological original discovery is the integrated flow, fractional DOE with 

convergence verification, ANOVA, scenarios with feasibility constraints, sensitivity, 

main effects and decision tree, build a replicable contribution for comparative studies 

on marketplace architectures. The choice of the fractional design guaranteed efficient 

coverage of parameters space, with the risk of possible superior order interactions loss 

(Montgomery, 2017). In terms of originality, it is showed how the explicit inclusion of 

inventorial costs (and their drivers) changes the convenience maps with respect to 

many papers only focused on transaction or commission costs. 

Finally, results suggest two operative implications: 

1. The choice of the platform is not “one-best”, but strongly relies on demand 

profile, unitary value and inventory costs. 

2. For companies with high demand uncertainty and high unitary prices, the 

flexible option (IE) is economically dominant in the short run; concerning firms 

that have organizational capital and looks for stability on medium-high 

volumes, PIN or (IC) become rational, despite fixed costs, thanks to minor 

variance and major control (Grieger, 2003). 

6.1.1. Managerial implications and decisional framework 

The carried-out analysis allows us to draw a clear managerial perspective: the choice 

of the most suitable e-marketplace platform can not be generalized, but it should be 

guided by the operative and strategic profile of the company. Particularly, the input 
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parameters configuration (average price, sales volumes, orders, unitary purchase 

price, holding cost rate, lead time and catalogue SKUs) substantially determines which 

digital architecture is more efficient. 

The first evidence refers to price-volume combination, that emerges as primary 

determinant of the overall costs. In line with (Grieger, 2003), open platforms such as e-

distributor and independent exchange show better performances in markets 

characterized by high volumes and contained unitary prices, thanks to scale economies 

and process standardization. Within our model, e-distributor is the most 

advantageous economic solution in scenarios with stable demand and medium-low 

value products, since commission and logistics costs are marginal and service is 

sustained by highly automatized processes. However, when demand becomes more 

volatile or unitary prices increase, independent exchanges tend to prevail, offering 

more transactional flexibility and lower fixed costs, as already discussed by (Timmers, 

1998) with relation to spot and competitive markets. 

A second decisional element are the inventory costs, including the unitary purchase 

price (UPC) and the holding cost rate. ANOVA and main effects results indicate that 

these variables strongly affect models that do not consider logistics outsourcing, such 

as e-procurement, independent exchanges and industry consortia, since the stocks’ 

cost remains in charge of participating companies. In these contexts, the inefficiency 

risk deriving from elevated stock levels or stockout and safety stocks is amplified, 

confirming the thesis of (Demiray Kırmızı et al., 2024) on the economic impact of 

immobilized capital on stocks. On the contrary, in models such as e-distributor and 

PIN, where logistics is centralized or shared, these costs are partially absorbed by the 

platform, reducing the overall variability. 

The third dimension relates to the order frequency and lead time. In models with high 

order frequency, e-distributor show major efficiency, thanks to fulfilment automation 

and logistics processes integration. When, instead, lead time becomes a critical 
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variable, especially in sectors with more unstable demand or complex supply, PIN is 

the most suitable solution, thanks to its capability of coordinating chain’s partners and 

plan inventories in an integrated manner (Pagani, 2013). This result confirms the 

observation of (Chopra & Meindl, 2013), according to whom vertical integrated digital 

networks allow a more efficient management of temporal and operative variables, 

even in presence of more elevated structural costs. 

Additional differences emerge considering the dimension of products catalogue and 

the informative integration level required. E-procurement is the most suitable choice 

for companies with a wide and stable suppliers’ portfolio, that need traceability and 

control and approval digitalized processes. As underlined by (Subramaniam & Shaw, 

2002), these platforms offer organizational and process benefits that overcome the 

mere economic convenience, improving the visibility and transparency along the 

supply chain. 

Finally, the firm’s strategy and demand volatility complete the decisional framework. 

Companies that operate in markets characterized by high instability or cyclic nature 

should move toward open and flexible models, e.g. independent exchanges, capable 

of quickly adapting to price and volumes variations. On the other hand, firms that 

follow long-period strategies and focus on consolidating their supply chain can find 

advantages from integrated models such as PIN or IC, where intercompany 

cooperation and resource sharing guarantee more stability and control (Kaufmann & 

Dai, 2002). 

Overall, the combination of these factors enabled the construction of the following 

decisional framework that translates quantitative results of the models in practical 

guidelines for managers. The table summarizes typical configurations of input 

variables and indicates the more appropriate e-marketplace type for each operative 

profile, providing a decisional support tool for companies that want to digitalize their 

B2B channels. 
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E-MARKETPLACE Procurement/ 

Transaction 

Inventory/ 

Warehouse 

Fulfilment/ 

logistics 

E-DISTRIBUTOR (ID) 

P, low-medium 

V, medium-high 

O, high 

H, high 
(outsourced 

logistics) 

LT, strict 

VOL, medium 

P, high 

V, high 

H, low (risk of commission grow) 

Strong customization 

Operational 
scalability, limited 
commissions and 

outsourced logistics 
keep low the medium 

cost, until unitary 
price do not explode 

E-PROCUREMENT (IP) 

SKU, high 

O, medium-high 

Stable relations 

IT integration, 
process control, 

audit  

Research of minimum cost in the  

short run 

Extremely volatile demand 

Low critical volumes 

Not always best price 
solution, but stable: 

administrative 
efficiencies, data 
governance and 

supplying continuity 

INDEPENDENT EXCHANGES 
(EP) 

P, high 

V, medium-high 

VOL, high 

Flexibility need 

Price definition 

Complex catalogues 

Strong IT integration need 

Strict lead time and constant 

Strategical and 
flexible: perfect when 
it is necessary to react 
to price and demand, 

limiting stocks 

INDUSTRY CONSORTIA (IC) 

P, medium-high 

V, medium-high 

SKU, high 

Joint marketing 
goals 

Intra-company 
cooperation 

Limited budget 

Absence of critical mass 

Short-run profitability results 

Joint scale economy 
and common 

standards, at shared 
coordination cost and 

marketing 

PRIVATE INDUSTRIAL 
NETWORK (PIN) 

H, high 

LT, variable and 
high 

V, medium-high 

Inventory 
synchronization 
and control need 

Stockout risk 

Low volumes to cover fixed costs 

Extremely dynamic products’ variants   

Stable and predictable: 
major fixed costs, but 

reduced variance 
thanks to vertical 
integration and 

planning  

Figure 6.1 - Decision Framework 
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6.2. Theorical and practical contributions  

This research work provided an original contribution from both a theoretical and 

practical point of view, facing a field, the one of e-marketplaces for the spare parts 

market, still poorly explored in scientific literature. 

Previous studies have primarily focused on operative aspects, such as inventory 

management, spare parts classification or pricing strategies definition (S. Zhang et al., 

2021) (Andersson & Bengtsson, 2013), but nobody has proposed an economic model 

capable of systemically integrating cost components, operative variables and 

decisional logics linked to the choice of the most appropriate platform. 

In this context, this thesis contributes to amplify the theorical comprehension and the 

decisional capability of companies, providing a methodological framework of 

reference and a replicable tool of analysis.  

The primary theoretical and practical contributions are listed in the following points. 

6.2.1. Theorical analysis of cost variables combinations  

A first theorical contribution lives in the development of a structured analysis of cost 

variables combinations of the model, in different scenarios. Previous literature, even if 

widely facing warehousing or provisioning costs (S. Zhang et al., 2021), has never 

jointly considered the interaction between different economic components in an e-

marketplace digital context. The proposed model allows us to explore how different 

configurations, for example variations in service level, lead time or unitary cost of 

parts, influence the overall economic convenience of the digital e-marketplace context. 

This multidimensional approach enables us to understand the economic behavior of 

the system as a function of dynamic variables, building a theorical progress with 

respect to traditional cost analysis models in the spare parts sector. 
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6.2.2. Definition of a cost model for spare parts e-commerce (blue ocean) 

The central contribution of the model consists of defining a cost model specifically 

through for spare parts e-commerce, field where literature did not offer structured 

precedents. 

Previous studies focused on circumscribed themes, as inventory management or 

service level optimization (Iraqi et al., 2016), but they have never proposed a model 

that could integrate economic dynamics of digital platforms, such as transaction costs, 

commissions, logistics and coordination costs. 

The elaborated model fills this gap, introducing a complete and modular economic 

framework that could be adopted to different operative contexts. In this sense, it 

represents a conceptual blue ocean, capable of opening a new research branch in the 

digital aftermarket and industrial e-commerce field. 

6.2.3. Development of a general and versatile tool 

From an applicative point of view, this work proposes a decisional tool characterized 

by high versatility, usable by companies of different dimensions and industries. While 

existing literature tends to focus on specific industrial divisions, such as the 

automotive or heavy mechanics (González-Varona et al., 2020), the model developed 

here adopts a universal approach, based on customizable parameters. This allows us 

to adapt the analysis to different contexts, from small distributors to large 

multinational operators, making the contribution not only scientifically relevant, but 

also concretely applicable. The general nature of this tool strengthens the practical 

utility, configuring it as a real support for strategic planning of firms oriented on the 

digitalization of their spare parts channels for sale. 
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6.2.4. Support on the platform-choice  

An additional practical contribution refers to the capability of the model to provide a 

systematic support in a more adequate choice of e-marketplace platforms. Literature 

rarely distinguish between different forms of marketplace, treating them with 

homogeneity (Cano et al., 2023). On the contrary, this study proposes a classification 

that links each typology to their relative voices of cost (technological implementation, 

coordination costs, logistics, commissions, etc.). The model allows us to identify which 

costs results in being predominant in different scenarios and to evaluate which 

platforms result more sustainable based on firms’ specifications. This way, the 

contribution offers managers a structured vision to guide aware and coherent 

investment decisions with company’s strategy. 

6.2.5. E-marketplace and spare parts characteristics association 

The research introduces an original conceptual contribution, that associates digital 

marketplace typology with technical and economical spare parts characteristics. 

Traditional literature focused on demand and spare parts criticalities analysis (S. 

Zhang et al., 2021), but without expanding these classifications at strategic level of the 

selection of the digital platform. The proposed model, instead, establish a direct 

relation between characteristic parameters, such as unitary value, lead time, service 

level or demand variability, and the most adequate e-marketplace shape. For example, 

critical and high value components seem to be more coherent with closed and 

collaborative platforms, while standard and low-cost components are more aligned 

with open and transactional models. This mapping process provides an operative 

criterion to coordinate the e-commerce strategy with the nature of products’ portfolio, 

improving the overall efficiency of the provisioning system. 
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6.2.6. Development of a decision support structure  

Other than theorical aspects, this study brings a methodological contribution toward 

the construction of a decisional support structure (Decision support framework) for 

the choice of the type of e-marketplace. Within existing literature, decisions related to 

the adoption of e-marketplaces are often analyzed through qualitative approaches, as 

models based on critical factors of success or SWOT analysis (Alt, 2021) (Madanaguli 

et al., 2023). However, these tools don’t allow us a quantitative cost and benefits 

evaluation of different alternatives. The model developed in this work fills this gap 

providing a parametric and replicable system able to estimate overall costs associated 

with each platform typology, integrating at the same time strategical and operational 

variables. This methodological setting allows managers to carry out transparent and 

data-driven comparisons, reducing uncertainty associated with digital investment 

decisions. The model can be easily extended to different contexts, offering a starting 

point for the creation of real DSS tools applicable in logistics and industrial fields. 

6.2.7. Shift of attention from B2C to B2B models  

An additional theoretical contribution of the thesis consists of extending the logics and 

typical models of B2C e-commerce to B2B industrial spare parts context. Most of 

theories on digital marketplaces are based on B2C cases, such as Amazon, Alibaba or 

eBay, where market dynamics are oriented to individual usage, rapidity and 

transaction simplification (Laudon & Traver, 2017). However, these models are only 

partially applicable to industrial field, where transactions are characterized by long 

term relations, technical complexity of products, high personalization and service 

constraints. The proposed model adapts consumer-oriented marketplace principles to 

the specific necessities of the technical B2B, integrating dimensions such as traceability, 

lead time management, component criticality and service level required. This way, the 

thesis contributes to amplifying the application field of theories on platform-based 

markets, demonstrating that replacement parts market digitalization is not only a 
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simple transposition of B2C, but a field characterized by own dynamics and cost 

structures completely different. 

 

6.3. Limits and future developments  

The limits analysis of this work and the identification of possible future developments 

represent an essential step to contextualize the effective range of results and provide 

useful indications for researchers and professionals interested in following the 

investigation. As suggested by (Flynn et al., 2018), the critical consideration of the 

primary assumptions and simplifications adopted allows us to comprehend clearly the 

field of validity of the proposed model, its potential improvement margins and the 

directions towards which the research on e-marketplaces in the spare parts market 

could evolve into. Additionally, the reflection on methodological and conceptual 

limits permits to highlight new opportunities of study from both a theoretical point of 

view, through the extension of reference models, and a practical point of view, toward 

the application into wider or specific industrial contexts. In the following paragraphs 

the primary limits identified during this work and the corresponding suggestions for 

future developments of research are synthesized. 

6.3.1. Models’ details  

The model developed in this work adopts a general and cross-sectorial approach, 

useful to comprehend the overall dynamics linked to the implementation of the e-

marketplaces, but not sufficiently accurate to represent the operative peculiarities of 

isolated industrial sectors. As observed by (Pezzotta et al., 2008), the management 

logics of the spare parts significantly differ between branches such as automotive, 

aerospace or naval, in relation to factors as service level required, obsolescence of 

components and the availability criticalities.  
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Aligned with these evidence, future developments could include the definition of 

specific models for each sector, calibrating model’s parameters on technical, economic 

and regulatory characteristics of each field. This specialization would allow us to 

increase the model’s precision and its capability of supporting strategic decisions 

adherent with the industrial practice. 

6.3.2. Partial vision of supply chain  

An additional limit refers to the adopted analytical perimeter, primary focused on the 

final portion of the chain, including warehouses, e-commerce platform and 

distribution, without considering the upstream part of the supply chain. As studied by 

(Saccani et al., 2007), the supply chain performance on spare parts strongly relies on 

the integration level between the productive and distribution phases, and on the 

capability of directly involving suppliers and producers of replacement parts.  

In this sense, future works could extend the model toward an end-to-end perspective, 

including the management of the provisioning and production planning. This could 

enable to analyze criticalities such as the productive lead time, materials availability 

and coordination of upstream actors, enforcing the overall coherence of the value 

chain. 

6.3.3. Mathematical formulas simplification  

The mathematical formulas applied alongside the model, even if coherent with the 

reference literature, have been simplified to guarantee a wider clarity and 

applicability. However, as underlined by (Jouni et al., 2011), cost modelling in spare 

parts management often requires the consideration of nonlinear relations, network 

effects and complex temporal dynamics that a static approach can difficultly catch.  

Following this perspective, future works could focus on the deepening of specific 

components of the cost model, including additional variables such as obsolescence, 

downtime costs and reverse logistics or demand variability. The integration of 
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predictive models or simulation techniques based on big data, as proposed by (Ning 

& Yao, 2023), could contribute to improving the robustness and the representativeness 

of the model with respect to real contexts. 

6.3.4. Variability of supply chain structure  

The model is not assuming a fixed configuration of supply chain but remains flexible 

and adaptable to different organizational and logistics structures. Even though this 

choice fosters generalization, it can also determine variations within results based on 

the specific configuration of the network (echelons number, centralization or 

decentralization of warehouses, supply policies). As highlighted by (Syntetos et al., 

2010), the supply chain structure directly affects cost performance and service for spare 

parts management, making crucial the definition of models which are calibrated on 

precise shapes.  

A potential future development could consist into assuming a fixed structure, for 

example two or three echelons, to allow systematic comparisons and to evaluate how 

different network architectures influence the overall performances of the system. 

6.3.5. Consideration of partial sales volumes  

An additional limitation of this thesis could be related to the focus of the analysis 

exclusively on the spare parts managed by the e-commerce channel, without 

considering the overall volumes managed by the company. This choice brings only a 

partial vision of the financial and operative activities because it does not consider the 

possible interactions of digital and traditional sales and distribution channels. As 

observed by (Jing & Fan, 2024), the implementation of digital platforms in B2B contexts 

substantially modifies the coordination logic between channels, creating phenomena 

of channel integration and channel conflict that could influence the overall efficiency 

of the supply chain. Similarly, (Mashalah et al., 2022) underline that the adoption of 
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digital marketplaces tends to redesign informative and logistics flows at company 

level, with repercussions also on non-digitalized processes.  

In lights of this, future research developments could lead to providing a more 

complete and integrated vision of the company’s activity, including within the model 

the overall managed volumes and analyzing the total costs associated with all sales 

channels. This extension would allow us to evaluate if the introduction of the e-

marketplace builds a mere additional cost or if it produces refurbishment effects of 

traditional channels, for example through major logistics efficiency or reduction of the 

distributed inventories. In this sense, the integrated perspective proposed by (Bai et 

al., 2020) is useful, since it highlights how digitalization benefits stand out only 

considering the interdependences between physical and digital processes along the 

entire value chain. 

6.3.6. Full focus on costs  

Another significant limitation is the consideration of just the cost dimension, without 

including the revenues component that could be potentially generated by the adoption 

of an e-marketplace platform. Even though this choice enables us to produce a detailed 

evaluation of the economic efficiency of the system, it provides a partial vision of the 

overall convenience of the investment. As highlighted by (Kyrdoda et al., 2025), 

digitalization within B2B contexts not only affects operative costs, but it could also 

amplify revenue’s flows through network effects, service differentiation and customer 

retention mechanisms. Additionally, (Osmonbekov et al., 2023)show that digital 

marketplaces often produce indirect benefits, such as cycle time reduction, that have 

not an immediate effect on costs but that positively influence the overall profitability.   

Therefore, future study developments should integrate in the model a joint evaluation 

of costs and profits, including variables related to additional sales, transactional 

margins and profits deriving from the adoption of e-marketplaces. A cost-benefit 

analysis or total value assessment type of approach, as suggested by (Kahraman & 
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Kaya, 2008), would make it possible to supply a more realistic representation of the 

overall economic convenience and to evaluate more accurately the financial 

sustainability of the digital investment in the long run. 

6.3.7. Absence of empirical or industrial validation of the model  

The absence of an empirical or industrial validation that allows us to verify its effective 

applicability in real contexts is an additional limit of this work. Despite the model was 

built on solid theorical basis and parameters coherent with literature in cost modelling 

and digital marketplace fields, its efficiency strongly relies on the capability of 

reflecting the behaviors and operative decisions of companies in real world. As 

(Ketokivi & Choi, 2014) observe, the construction of generalizable managerial models 

requires a constant iterative process of “theory testing and refinement”, where the 

empirical validation plays an essential role to guarantee the external validation and 

the results’ reliability.  In the digital supply chain field, many authors (Chen et al., 

2024) (Bai et al., 2020) underlined that the complexity of the technological adoption 

processes could induce significant deviations with respect to theoretical hypothesis, 

especially for what concerns cost distribution and implementation times.  

For this reason, a possible future development could foresee the model’s 

experimentation on real industrial cases, analyzing the correspondence between 

estimated costs and the ones effectively sustained by companies that implemented e-

marketplace platforms. These empirical applications would enable us to refine the 

relations between variables, calibrate parameters based on observed data and make 

the model more predictive and decision oriented. Additionally, a multi-sectorial 

comparison could make emerge common patterns and significant differences among 

industries, amplifying the robustness and the transferability of the model. 
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6.3.8. Missed consideration of qualitative and strategical factors 

An additional limit of the model consists in its purely economic-quantitative nature, 

that do not consider qualitative and strategic factors connected to the adoption of an 

e-marketplace. In managerial practice, the decision of implementing a digital platform 

do not depend only on direct costs, but also on intangible elements such as the 

improvement of the collaboration with partners, the increase of brand visibility or the 

ability of acquiring data and knowledge of the market. As stated by (Gunasekaran et 

al., 2019) the value creation in digital supply chains happen through a combination of 

operative efficiency, innovation and organizational learning, that do not often 

translate into immediate monetary indexes. To continue, literature on digital service 

(Coreynen et al., 2017) underlines that digitalization modifies the same nature of 

business relations, transforming interaction models and introducing new forms of 

relational value.  

Therefore, possible future study developments could integrate within the model a 

multicriterial evaluation that combines economic and qualitative parameters. The use 

of methods such as the AHP or ANP would guarantee the inclusion of strategic factors, 

for example flexibility, trust, interoperability, competitive positioning, enabling a 

more holistic analysis of convenience and strategical value of the e-marketplace 

adoption. 

6.3.9. Comparative nature, and not optimizing, of the model  

The developed model of this thesis has a nature with comparative prevalence, since it 

allows us to compare costs associated with different types of e-marketplaces, but does 

not identify automatically the optimal configuration for a specific company. This 

setting shows a first phase of analysis useful for the alternative evaluation, but it does 

not provide direct directions on which solution maximizes the economic efficiency or 

minimizes the risk. As highlighted by (Filosa et al., 2025), the transition from 
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comparative models to optimization models represents a crucial step to make the 

decisional support operative. 

A potential future development could consist in expanding the model to a multi-

objective approach, that enables us to minimize simultaneously total costs and 

maximize other performance dimensions, such as service quality or logistics flexibility. 

The integration of mathematical optimization techniques, for example linear, 

nonlinear or algorithmic based models, would guarantee to identify the most efficient 

combination of parameters for each company profile. In this perspective, the model 

would evolve from descriptive tool to an optimizing decision support system, capable 

of concretely driving investment strategical and digital configuration choices. 

6.3.10. Lack of companies’ differentiation  

Another relevant weakness is associated with the conception of the model as 

applicable to every type of company, irrespective of dimension, sector or digital 

maturity level. This generality guarantees flexibility and wide transferability but leads 

also to a higher risk of neglecting the heterogeneity that characterizes real firms. SMEs, 

for example, show economic barriers, competencies and technological infrastructures 

much different from large enterprises, affecting costs and benefits associated with 

digitalization (Philbin et al., 2022).  

To make the model more representative, future studies could introduce a 

segmentation of companies based on criteria such as dimension, automation level or 

digital readiness level, as proposed by (Queiroz et al., 2025). This would allow us to 

evaluate the economic convenience of different types of e-marketplaces not in a 

uniform manner, but as a function of the structural and organizational characteristics 

of companies. Such an approach would make the model more predictive and 

customizable, allowing managers to identify adoption strategies coherent with their 

capabilities and goals 
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7 Appendix  

The full source code used in this thesis is available at the following GitHub repository: 

https://github.com/davidecastagnini/Castagnini_Cammisa_Thesis 

7.1. Analysis of Variance 

 
Table 7.1 - Least significant parameters in Global ANOVA 

 
Table 7.2 - Significant Parameters for each e-commerce configuration 

7.2. Scenario Analysis  

7.2.1. Significant Parameters based on p-value 
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HIGH DEMAND LOW SERVICE LEVEL HIGH UNITARY PURCHASE COST 

E-COMMERCE TOTAL COST (€) E-COMMERCE TOTAL COST (€) E-COMMERCE TOTAL COST (€) 

E-Distributor 55,600 E-Distributor 30,850 E-Distributor 30,850 

E-Procurement 62,822.5 E-Procurement 47,827.5 E-Procurement 50,785 

IE 56,622.5 IE 41,627.5 IE 44,585 

Industry Consortia 100,522.5 Industry Consortia 85,527.5 Industry Consortia 88,485 

PIN 77,350 PIN 62,500 PIN 62,500 

Table 7.3 - Scenario analysis for high demand, low service level or high upc 

SCENARIO 1 SCENARIO 2 SCENARIO 3 

E-COMMERCE TOTAL COST (€) E-COMMERCE TOTAL COST (€) E-COMMERCE TOTAL COST (€) 

E-Distributor 63,400 E-Distributor 36,850 E-Distributor 34,650 

E-Procurement 87,700 E-Procurement 54,045 E-Procurement 58,780 

IE 78,900 IE 47,845 IE 52,580 

Industry Consortia 122,800 Industry Consortia 91,745 Industry Consortia 96,480 

PIN 79,300 PIN 66,100 PIN 63,450 

Table 7.4 - Scenario Analysis for more complex scenarios 

7.2.2. Significant parameters based on p-value and eta 

LOW SERVICE LEVEL SCENARIO 2 

E-COMMERCE TOTAL COST (€) E-COMMERCE TOTAL COST (€) 

E-Distributor 57,850 E-Distributor 67,650 

E-Procurement 64,667.5 E-Procurement 70,885 

IE 57,467.5 IE 63,685 

Industry Consortia 105,467.5 Industry Consortia 111,685 

PIN 97,150 PIN 100,750 

Table 7.5 - Scenario analysis based on p-value and eta for different configurations 

SCENARIO 4 SCENARIO 6 

E-COMMERCE TOTAL COST (€) E-COMMERCE TOTAL COST (€) 

E-Distributor 65,650 E-Distributor 62,600 
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E-Procurement 106,897.5 E-Procurement 71,435 

IE 99,697.5 IE 64,235 

Industry Consortia 147,697.5 Industry Consortia 112,235 

PIN 101,150 PIN 96,200 

Table 7.6 - Scenario Analysis based on p-value and eta for more complex scenarios 

7.3. Sensitivity Analysis 

 
Figure 7.1 - E-Distributor OFAT 

 
Figure 7.2 - E-Procurement Cost Distribution and Correlations 

 
Figure 7.3 - Independent Exchanges Cost Distribution and OFAT 
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Figure 7.4 - Industry Consortia Correlations and OFAT 

 
Figure 7.5 - Private Industrial Network Correlations and OFAT 

 
Figure 7.6 - Private Industrial Network Cost Distribution 

7.4. Main Effects  

 
Figure 7.7 - Main Effects Plot for Unitary Purchase Cost 
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Figure 7.8 - Main Effects Plot for Orders 

 
Figure 7.9 - Main Effects Plot for ERP Integration Cost 
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