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Abstract 
Public Procurement Procedures are crucial to 

economies globally, especially in the European Union. 

These procedures include different phases, actors, 

processes, business documents, and information assets 

that must be arranged across several architectural 

layers of a pan-European public procurement 

ecosystem. Orchestrating the aforementioned aspects in 

complex real-world situations often hinders pan-

European public interoperability and efficiency 

standardization and stakeholder participation vary in 

the pre and post award phases. This paper aims to 

create a holistic and interoperable architecture towards 

Pan-European Procurement following the principles of 

the European Interoperability Framework (EIF). 

Emphasis is placed on establishing a clear “data- 

handshake” in the transition from pre-award to post-

award. To accomplish this, a systematic literature 

review and analysis of eProcurement’s common 

challenges are synthesized. Based on these challenges, 

fitting solution components are identified and mapped 

from both rigorous literature and relevant 

standardization projects. The different solution 

components are then combined towards a reference 

architecture that addresses the identified challenges. 

Finally, the research puts forward a core public 

procurement dataset to further support interoperability 

and data governance throughout the entirety of 

eProcurement procedures. 

 

Keywords: interoperability, eProcurement, e-

procurement, EIF, data governance, e-government, 

digital transformation 

1. Introduction 

The inclusion of eProcurement to the Directives 

2014/24/EU (European Union, 2014) and 2014/25/EU  

 
1 https://peppol.org/ 

(Directive 2014/25/EU, 2014) points out the vital role of 

eProcurement in the Digital Single Market vision as a 

strategy to reduce costs in public procurement through 

the use of ICT. Despite the European Union’s 

recognition of the benefits of eProcurement, public 

organizations have been reluctant to modernize their 

procurement procedures digitally (Kierkegaard, 2008). 

Public procurement procedures are convoluted and 

multi-step processes that require the coordination of 

many actors as well as the consideration of a variety of 

factors, such as interoperability, while also upholding 

accountability and transparency. Recent research has 

investigated the challenges and contributing elements to 

successful eProcurement implementation (Alomar, 

2023; Di Mauro et al., 2020; Gasco et al., 2018; Mavidis 

& Folinas, 2022; Mohungoo et al., 2020; Paľová & 

Vejačka, 2022). Even though improved interoperability, 

transparency and efficiency of public sector processes 

are associated to data quality and open data (Harrison et 

al., 2018; Johnson, 2019; Kawashita et al., 2022; Reis et 

al., 2022; Rudmark, 2020; Ruijer, 2021; Schultz & 

Kempton, 2022; Soylu et al., 2022), there is little 

existing literature that examines the effects of data 

governance directly on procurement processes and even 

less that suggests a universal architecture for 

orchestrating holistically existing solutions for the entire 

eProcurement procedure. Pre-Award and Post-Award 

are rarely separately addressed in research or practice, 

even though they currently manage different types of 

data and activities, leading to a media gap during the 

transition of the less standardized pre-award to the more 

structured post-award. Peppol (Pan-European Public 

Procurement Online)1 already provides several potential 

solution components, in the form of data specifications, 

to the mentioned issues, however they are not covering 

all aspects of the procurement procedure and are not 

aligned towards a holistic process. This paper aims to 

cover this gap by analyzing current key issues areas and 

how they can be addressed by Peppol and other solution 

components. Gaps in the current landscape of existing 
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Peppol specifications are analyzed and filled with other 

solutions. By orchestrating all identified solution 

components, a draft for a holistic reference architecture 

for procurement procedures is developed. In total the 

following following research questions are answered:  

RQ1: What are the current problem issue areas 

throughout the complete public eProcurement 

procedure from an information system perspective? 

RQ2: How can pre-existing individual solutions be 

mapped in each identified challenge?  

RQ3: How can pre-existing solutions be integrated into 

a universal architecture? 

The paper is structured as follows: section 2 provides 

the reader with additional information regarding Peppol 

and its specifications, which serve as main components 

of the proposed reference architecture. Section 3 

describes the methodology used to conduct three 

literature review cycles to establish the theoretical 

foundation and rigour for the proposed reference 

architecture. Section 4 presents the results of the first 

literature review cycle, which identifies the most 

prevalent appearing concepts in eProcurement literature 

and categorize them into broader concept groups. 

Section 5 presents the results of the second literature 

review cycle which also addresses RQ1 and depicts 

current challenges in eProcurement in relation to 

previously identified concepts and literature references. 

Section 6 summarizes the results of the third and final 

literature review cycle, where solutions are mapped to 

the previously identified challenges and RQ2 is 

addressed. Section 7 is the synthesis of the solutions 

with a greater emphasis on data governance based on 

pre-award data catalogues and data transformations. 

Section 8 answers RQ3 and presents the proposed 

reference architecture for orchestrating the identified 

solutions. Finally, section 9 concludes this paper by 

discussing the results and possible future research. 

2 Peppol 

Peppol is an international network infrastructure that 

facilitates electronic data exchange between parties in 

public procurement. It standardizes the exchange of 

electronic documents such as tenders, invoices and 

catalogs amongst trade partners in pan-European 

procurement procedures. The Peppol Interoperability 

Framework is based on EIF (European Commission, 

2017; European Interoperability Framework – 

Implementation Strategy, 2017). It offers a set of 

Business Interoperability Specifications (BIS), a secure 

interoperable eDelivery network and legal agreements 

and policies via its Governance framework. Peppol 

BIS’s profiles define business rules, processes, semantic 

information models, and structured syntax mappings for 

public procurement transactions. It also distinguishes 

between standardized pre-award and post-award 

transactions that can take place between parties. Peppol 

profiles facilitate and standardize the following pre-

award processes: procurement procedure subscription 

(P001), procurement document access (P002), tender 

submission (P003), call for tender’s questions and 

answers (P005), tender clarification (P005), search 

notices (P006), tender withdrawal (P007), publication of 

notices (P008), award notification (P009). Peppol BIS 

Order, Catalogue, Despatch Advice and Billing 

(invoicing) post-award profiles are also utilized in 

combination with the pre-award profiles. This paper’s 

proposed reference architecture relies on the use of the 

aforementioned Peppol’s profiles as a key component 

and also examines Peppol’s capacity to address present 

challenges in eProcurement. 

3. Methodology 

The research objectives include both an analysis of the 

current state of procurement procedures and related 

literature, as well as the design of a relevant reference 

architecture to address current problems. To provide a 

foundation for all objectives, it is necessary to first 

conduct a comprehensive literature review. Therefore, 

multiple cycles of literature reviews were conducted 

across the eProcurement area to ensure that the proposed 

architecture is based on a thorough and rigorous analysis 

of the existing academic literature. Based on the 

methodological approach proposed by Webster & 

Watson and Mueller-Block & Kranz (Müller-Bloch & 

Kranz, 2015; Webster & Watson, 2002) the literature 

review consisted of three distinct and sequential review 

cycles. Following an iterative approach, the output of 

each cycle results in a structured knowledge 

contribution artifact that serves as input to the 

subsequent cycle. Multiple key word searches were 

performed, focusing primarily on published journals 

(GIQ, Electronic Journal of Electronic government, 

International Journal of Electronic Governance, 

International Journal of Electronic Government 

Research, Journal of Public Procurement) and 

proceedings of renowned conferences in the field of 

Digital Government (HICCS, eGOV, ICEGOV, DGO). 

The screening of the literature was conducted in two 

steps: first, using the search term “eProcurement”, the 

websites and proceedings of the aforementioned 

journals and conferences were searched for relevant 

results. The title, abstract, introduction and conclusion 

of each paper were then evaluated. If the paper was 

relevant to eProcurement or eGovernment it was 

collected for further processing and analysis. After the 

initial screening the papers were fully processed to 

identify the most frequently appearing concepts in 

eProcurement literature, problem areas and solutions, 
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thereby initiating the next cycles of literature as 

described below. Collectively, these review cycles, 

provide the conceptual basis for the proposed reference 

architecture. Figure 1 provides the numbers of literature 

that were found, processed and filtered in each step. The 

three cycles of review are as follows: 

1. Concept identification 

The objective of the first literature review cycle is to 

identify general concepts that appear most frequently in 

eProcurement literature and categorize them. The 

identified general concepts are then used as a basis and 

input for the consecutive cycles of literature review, 

which are carried out next. Numerous structured 

literature review studies (Mavidis & Folinas, 2022; 

Mohungoo et al., 2020; Panayiotou & Stavrou, 2021; 

Shirzad & Bell, 2013) and key EU documents and 

reports (European Commission, 2017; European 

Interoperability Framework – Implementation Strategy, 

2017; Kouroubali & Katehakis, 2019) were examined 

and evaluated using the methodologies outlined in 

(Brocke et al., 2009). This cycle produces a concept 

matrix, which is presented in section 4, and is then used 

to structure and support the subsequent literature review 

cycles. 

2. Problem analysis 

The objective of the second literature review cycle is to 

identify the most prevalent key issues that impede 

eProcurement procedures. Based on the concepts 

identified in the previous cycle, multiple key word 

searches were performed, combining the 

“eProcurement” and each identified concept as key 

word search terms. The search results for each concept 

were analyzed and grouped together, resulting in 

matrices that map key issue areas to relevant sources of 

literature and their mapping to the previously identified 

concepts. In section 5, the outcomes of this review cycle 

are presented. 

3. Solution components 

The objective of the final literature review cycle is to 

define potential solution components in relation to the 

eProcurement domain’s most frequent key problem 

areas identified in the previous literature review cycle. 

Similar to the previous cycles of literature review, 

sources from the literature, relevant EU documents, as 

well as European projects and public initiatives were 

examined. The result is the production of solution 

matrices that map various solution components to the 

previously identified key issue areas, concepts, and 

relevant literature sources. The results of this review 

cycle are presented in section 6. Figure 1 depicts a high-

level overview of the described literature review cycles. 

The knowledge artifacts produced by the review cycles 

are then used to synthesize the foundation for the 

proposed architecture, which aims to orchestrate the 

various heterogenous solutions into a single holistic 

solution covering the entire eProcurement procedure 

and its transition through the phases (pre-award., award, 

to post-award). 

4. Identified concepts 

In order to establish a foundation for the proposed 

architecture, the first cycle of the literature review 

focuses on identifying important literature concepts and 

classifying them into broad concept-group categories 

using the term “eProcurement” as keyword search. 

Numerous studies that conducted structured literature 

reviews were assessed in order to classify the concepts 

into categories and identify the most prevalent aspects 

of public eProcurement procedures. The majority of 

structured literature studies identified issues, challenges 

and factors that impede eProcurement implementation 

by categorizing their findings into broad categories such 

as technical, organizational, and environmental (Gasco 

et al., 2018; Mavidis & Folinas, 2022; Mohungoo et al., 

2020; Panayiotou & Stavrou, 2021; Shirzad & Bell, 

Figure 1 Overview of literature review 
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2013). Interoperability was one of the most commonly 

appearing literature term that influences the 

effectiveness of public procurement on a multi-layered 

basis (Concha et al., 2012; Gottschalk, 2009; Henning, 

2018; Kalogirou et al., 2022; Margariti et al., 2022) 

something that is also outlined by the different 

interoperability layers (legal, organizational, semantic, 

technical) introduced by the EIF (European 

Commission, 2017; European Interoperability 

Framework – Implementation Strategy, 2017; 

Kouroubali & Katehakis, 2019). Thus, 

“Interoperability” is deemed suitable to become a main 

concept category and the various areas it impacts as sub-

concepts to be further analyzed (legal, organizational, 

semantic, technical). Also prevalent in literature are 

stakeholder engagement, coordination, collaboration, 

and participation of the different main actors involved 

in public eProcurement procedures (Agbeko et al., 2021; 

Alomar, 2023; Alomar & Visscher, 2017; Gualdi & 

Cordella, 2022; Vaidya et al., 2006). Numerous studies 

also focus on SME concerns and potential impact on 

procurement (Akenroye et al., 2020; Di Mauro et al., 

2020; European Commission, 2021; Flynn & Davis, 

2016; Hentschel et al., 2019; Perry, 2011; Saastamoinen 

et al., 2017). Therefore, “Actors” is also designated as 

a general concept category with Contracting 

Authorities-CAs (public buyers), Economic Operators-

Eos (suppliers, companies) and SMEs as its sub-

concepts. “Data governance” and its impact on 

enhancing transparency, efficiency, and accountability 

in procurement procedures (Abraham et al., 2019; Al-

Badi et al., 2018; Futia et al., 2017; Harrison et al., 2018; 

Ruijer, 2021; Schultz & Kempton, 2022; Shabani-

Naeeni & Ghasemy Yaghin, 2021) as well as generally 

on public sector activities is another prevalent 

researched topic in literature and is therefore considered 

as a general concept category. Newer studies on data 

quality and open data are also appearing more 

frequently in recent literature (Ahmadi Zeleti et al., 

2023; Folmer et al., 2019; Futia et al., 2017; Haug & 

Stentoft Arlbjørn, 2011; Johnson, 2019; Kawashita et 

al., 2022; Reis et al., 2022; Rudmark, 2020; Schultz & 

Kempton, 2022), and these terms are considered as sub-

concepts of the broader data governance category. Table 

1 is the outcome of this literature review cycle that will 

be used as input for the subsequent literature review 

cycles. It provides an overview of all literature concept-

categories and their respective sub-concepts, and the 

literature references relevant to each concept.  
Table 1 Concept matrix for eProcurement 

Concep
t Group Concept Literature References 

A – 

Data 

Gover-

nance 
1 Data 

Quality 

 16: (Alryalat et al., 2023; Gasco et al., 2018; Gorgun et al., 

2022; Mavidis & Folinas, 2022; Mohungoo et al., 2020; 

Moretti & Valbonesi, 2015; Panayiotou & Stavrou, 2021; 

Puschmann & Alt, 2005; Qiao & Cummings, 2003; 

Riihimäki & Pekkola, 2021; Schultz & Kempton, 2022; 

Shabani-Naeeni & Ghasemy Yaghin, 2021; Shirzad & Bell, 

2013; Soylu et al., 2022; Vaidyanathan & Devaraj, 2008) 

2 Trans-

parency /  

Open Data 

 12: (Ahmadi Zeleti et al., 2023; Folmer et al., 2019; Futia 

et al., 2017; Gasco et al., 2018; Hochstetter et al., 2023; 

Lampathaki et al., 2009; Margariti et al., 2022; Mavidis & 

Folinas, 2022; Mohungoo et al., 2020; Panayiotou & 

Stavrou, 2021; Prakasa et al., 2022; Shirzad & Bell, 2013) 

B –  

Actors 

1 

Economic 

Operators 

 8: (Mavidis & Folinas, 2022; Mohungoo et al., 2020; 

Moretti & Valbonesi, 2015; Panayiotou & Stavrou, 2021; 

Qiao & Cummings, 2003; Riihimäki & Pekkola, 2021; 

Shirzad & Bell, 2013) 

2 

Contractin

g 

Authorities 

 8: (Gasco et al., 2018; Lampathaki et al., 2009; Margariti 

et al., 2022; Mavidis & Folinas, 2022; Mohungoo et al., 

2020; Panayiotou & Stavrou, 2021; Schultz & Kempton, 

2022; Shirzad & Bell, 2013) 

3 SMEs 

 6: (Akenroye et al., 2020; Di Mauro et al., 2020; European 

Commission, 2021; Flynn & Davis, 2016; Perry, 2011; 

Saastamoinen et al., 2017) 

C – 

Inter-

oper-

ability 

1 Legal 

 5: (Concha et al., 2012; European Commission, 2017; 

European Interoperability Framework – Implementation 

Strategy, 2017; Gasco et al., 2018; Hardy & Williams, 

2008; Kouroubali & Katehakis, 2019) 

2 Organi-

zational 

 7: (Concha et al., 2012; Gasco et al., 2018; Gottschalk, 

2009; Henning, 2018; Kalogirou et al., 2022; Paľová & 

Vejačka, 2022) 

3 Semantic 

 5: (European Commission, 2017; European 

Interoperability Framework – Implementation Strategy, 

2017; Kouroubali & Katehakis, 2019; Margariti et al., 

2022; Sonntagbauer, 2008; Sonntagbauer & Bodiroza, 

2009), (Schmitz et al., 2022) 

4 

Technical 

 4: (European Commission, 2017; European 

Interoperability Framework – Implementation Strategy, 

2017; Gal & Rubinfeld, 2018; Kouroubali & Katehakis, 

2019; Martins et al., 2015) 

5. Identified issues 

This section describes key issue areas in procurement 

procedures along the previously identified literature 

concepts. Based on the results two main problem 

dimensions are identified that lead to seven common 

key issue areas. Finally, an evaluation is provided how 

these issues areas impact different phases of 

procurement. Altogether this section thus answers RQ1. 

This section contributes by analyzing issues mentioned 

in literature and categorizing them to a concise list of 

key issue areas. 

Data governance generally plays an important role in 

assuring data quality, transparency, accountability, and 

efficiency in business processes. The same 

characteristics are also crucial for procurement 

procedures (Shabani-Naeeni & Ghasemy Yaghin, 2021; 

Vaidyanathan & Devaraj, 2008). Data governance is 

further closely related to the other two concept 

categories and can be seen as an enabler for stakeholder 

interaction and interoperability (Alryalat et al., 2023; 

Soylu et al., 2022). Literature points out several concrete 

issues related to data governance that can affect 

procurement procedures:  

Poor data quality is identified as a significant issue in 

public procurement (Gorgun et al., 2022; Shabani-

Naeeni & Ghasemy Yaghin, 2021; Vaidyanathan & 

Devaraj, 2008). Inaccurate, incomplete, or inconsistent 

data can hinder the evaluation of suppliers, compromise 

the transition between different process phases, and lead 

to errors or delays in the procurement procedure 

(Gorgun et al., 2022; Puschmann & Alt, 2005). Without 
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sufficient information quality the qualification of 

bidders can hardly be verified by CAs. Furthermore, the 

evaluation of bids cannot be performed reliably in later 

stages (Moretti & Valbonesi, 2015; Qiao & Cummings, 

2003), causing growing concern on the part of the CA 

(Riihimäki & Pekkola, 2021). On the other hand, EOs 

may receive limited information regarding the 

procedure or procurement demand, leading to additional 

cost and required research when developing a concrete 

tender (Soylu et al., 2022; Vaidyanathan & Devaraj, 

2008). This can impede the participation of SMEs 

notably (Di Mauro et al., 2020; European Commission, 

2021). Poor data quality can also result in incomplete or 

inaccurate supplier databases, making it difficult for 

SMEs to be properly registered and included in the 

procurement system and reduce SMEs visibility and 

awareness of business opportunities that align with their 

expertise (Camboni et al., 2021). Incomplete or 

inconsistent data quality in tender specifications, pricing 

and evaluation criteria makes it harder for SMEs to 

develop competitive bids and compete with larger 

organizations (Akenroye et al., 2020; Perry, 2011; 

Saastamoinen et al., 2017). Data governance challenges 

aside, SMEs also face organizational issues such as lack 

of experience in tendering (Saastamoinen et al., 2017). 

Despite increased attention to SMEs, most SME-

friendly policies fail to be implemented successfully 

(Flynn & Davis, 2016). Quality related problems affect 

not only actors but interoperability too, causing issues 

to the semantic layer and stakeholder participation 

(organizational layer) (Margariti et al., 2022).  

Absence of standardization leads to problems regarding 

technical interoperability and can prevent information 

systems from exchanging information (Bowers & 

Ludäscher, 2004; Lampathaki et al., 2009). Lack of 

available open data can force actors to create and 

maintain the same information assets for multiple but 

content-equivalent tendering procedures (Schultz & 

Kempton, 2022) impeding collaboration and 

transparency in public procurement (Soylu et al., 2022). 

Moreover, reusability of information is highly impeded 

if no clear policy for data sharing is in place (Futia et al., 

2017; Hochstetter et al., 2023). Open data practices can 

further promote transparency, avoid corruption or unfair 

practices (Prakasa et al., 2022), thus assisting making 

relevant information accessible to stakeholders 

(Ahmadi Zeleti et al., 2023; Folmer et al., 2019) and not 

having delays in decision-making. Organizational, 

legal, and political factors can also have a substantial 

impact on procurement. Due to lack of coordination 

between organizations and political actors on an 

organizational level, there are significant challenges in 

translating policies into practice (Hardy & Williams, 

2008). This also affects procurement procedures, by 

impeding initiatives towards standardized procurement 

guidelines (Paľová & Vejačka, 2022). Political leaders 

willing to innovate and cooperate is also an important 

organizational internal factor and a determinant for 

efficient eProcurement. (Gasco et al., 2018). 

Institutional aspects should be seen as an important 

enabler for interoperability (Concha et al., 2012) that 

influence the implementation of European 

interoperability policies (Kalogirou et al., 2022). Two 

main causes of eProcurement challenges can be distilled 

from literature: data governance problems and lack of 

coordination between political and practical actors on 

organizational, legal, and policy levels. Both issues are 

interrelated. Table 2 summarizes the seven most 

impactful issue areas that are caused by these problem 

dimensions and maps the to the relevant literature and 

literature concepts there are based upon. 
Table 2 Key issue areas identified in second lit review cycle. 

Con-
cepts 

Key Issue Areas Literature References 

A1;  

C3 

1. Poor data quality and 

missing standardization 

 (Alryalat et al., 2023; Gasco et al., 2018; 

Gorgun et al., 2022; Moretti & Valbonesi, 

2015; Puschmann & Alt, 2005; Qiao & 

Cummings, 2003; Riihimäki & Pekkola, 

2021; Shabani-Naeeni & Ghasemy Yaghin, 

2021; Soylu et al., 2022; Vaidyanathan & 

Devaraj, 2008) 

A2; 

B;  

C2 

2. Information is shared 

insufficiently among 

actors, with unclear access 

control  

 (Ahmadi Zeleti et al., 2023; Folmer et al., 

2019; Futia et al., 2017; Hochstetter et al., 

2023; Prakasa et al., 2022; Schultz & 

Kempton, 2022; Soylu et al., 2022) 

C2;  

C3 

3. No clear transition 

between procurement 

phases 

 (Bowers & Ludäscher, 2004; Gasco et al., 

2018; Lampathaki et al., 2009; Margariti et 

al., 2022) 

A; 

C 

4. Inadequate Data 

Governance Frameworks 
(Abraham et al., 2019; Gasco et al., 2018; 

Hardy & Williams, 2008) 

B;  

C2 

5. Poor coordination 

between stakeholders on 

different levels 

(Concha et al., 2012; Gasco et al., 2018; 

Hardy & Williams, 2008; Henning, 2018; 

Kalogirou et al., 2022; Paľová & Vejačka, 

2022) 

A1;  

A2; 

B3 

6. SMEs are hindered 

from participating in 

procurement procedures 

 (Akenroye et al., 2020; Camboni et al., 

2021; Di Mauro et al., 2020; European 

Commission, 2021; Flynn & Davis, 2016; 

Perry, 2011; Saastamoinen et al., 2017) 

C 

7. Lack of holistically 

structured and consistent 

procedures across all 

layers 

 (Concha et al., 2012; Gasco et al., 2018) 

The literature review shows: the post award handles all 

essential information assets in a standardized and 

reusable way, whereas the pre award stores relatively 

little real structured procurement content. Instead, pre 

award information is primary envelope level and only 

useful for process control. Since post award data is 

based on pre award, this causes enormous data quality 

inconsistencies. 

6. Identified solution components 

Based on the previously identified issue areas, potential 

solution components are analyzed from literature and 

relevant projects and evaluated regarding their potential 

to solve said issues areas. To answer RQ2 a full 

mapping between potential solutions and issues areas is 

provided.  
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6.1. Peppol transactions 

Peppol specifications can be used to promote data 

quality by facilitating the exchange of standardized 

electronic documents. It offers data validation rules and 

formats, reducing errors and ensuring consistency in the 

data exchanged between participants (Sonntagbauer & 

Bodiroza, 2009). Furthermore, Peppol offers document 

specifications along the entire procurement process that 

can be facilitated to design holistic architectures along 

the procurement process. Difference between the pre-

award and post-award specifications are noticeable. 

While the pre-award specifications mostly cover the 

process control with standardized process and 

participant ids, post-award specification are more 

commonly also enriched with information like prices, 

order quantities, and more for automated usage 

(Sonntagbauer, 2008). 

6.2. Core dataset 

All Peppol profiles share certain data elements that 

persist across the entire procedure, like process and 

participant ids. Furthermore, procurement procedures 

are highly reliant on information that is already gathered 

at the very beginning during the specification of needs 

and generation of tenders. Product descriptions, prices, 

or, order quantities are vital information from the 

tendering to invoicing. To enable better data quality and 

support data governance across the process chain these 

persistent data elements can be used as a core dataset 

artifact across the entire process (Gal & Rubinfeld, 

2018; Haug & Stentoft Arlbjørn, 2011). Overarching 

Schematron validation and even verification of contents 

across multiple steps, can be introduced this way. By 

using core dataset artifacts different steps of the process 

can be easily reproduced, increasing data transparency 

and reusability (Soylu et al., 2022).  

6.3. Automatable data transformations 

While the Peppol transactions already provide clearly 

structured business documents for all individual steps of 

procurement procedures, the transition between those 

transactions is not entirely supported. To fill this gap 

standardized and automatable data transformations can 

be implemented (Bowers & Ludäscher, 2004; Gal & 

Rubinfeld, 2018). Especially the difficult transition 

from pre- to post-award could highly benefit from using 

such transformations. The core dataset can be used as a 

baseline artifact to validate and transform different 

business documents in the same procedure. Altogether 

 
2 https://anskaffelser.dev/preaward/g2/spec/draft/pacr-1.0/ 

those automated data transformation can increase 

efficiency and reusability of data while decreasing the 

margin of error (Sciore et al., 1994). Thus, multiple data 

governance related issues can be mitigated. 

6.4. Pre-Award Catalogue 

Electronic catalogues are common practice in post-

award procedures. Structured catalogues are often used 

in framework agreements, since they allow to 

automatable create orders and invoice based on 

structured information. They also enable EOs to reuse 

their already existing product catalogues, reducing 

effort and time investments (Hudrasyah et al., 2019). 

The Peppol Pre-Award catalogue aims at bringing these 

advantages into the pre-award phase. By already 

maintaining all procurement information in a structured 

format the consistency and quality of data can be 

increased significantly. By introducing a catalogue 

request, created by the CA reusability of documents for 

similar procedures is enabled. Furthermore, tenders can 

be automatically created, compared, and evaluated 

based on existing catalogues. SMEs are enabled to 

participate, even if they don’t have an established 

catalogue solution, since they can use the catalogue 

request as a template. Finally, the pre-award catalogue 

is designed to be fully interoperable with post-award 

catalogue format promoting an easier transition between 

both phases. In recent Peppol related projects a full 

specification for the Pre-Award Catalogue request and 

response, as data artifacts, was developed. These 

contain the full semantic specification of elements, such 

as catalogue lines, item attributes, delivery conditions 

and many more, along relevant business rules. A syntax 

mapping to UBL 2.2 elements is included2.  

6.5. Pre-Qualification / ESPD 

The EC Directives 2014/24/EU (European Union, 2014) 

and 2014/25/EU (Directive 2014/25/EU, 2014) aim to 

reduce of administrative burdens for contracting 

authorities and SMEs. To accomplish this the European 

Single Procurement Document (ESPD) was introduced 

2016, as a standardized self-declaration for the 

qualification of bidders. According to the 

implementation regulation, The ESPD contains self-

declared information regarding the business’s financial 

status, abilities, and suitability among structured 

criteria. It substitutes the obligation to present all formal 

evidence and qualification documents as proof of their 

compliance with legal and specific requirements. 

Member state contracting authorities are required by law 
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to recognize the qualification criteria established in the 

standard format of the ESPD. As such the ESPD reduces 

barriers for pan-european procurement and enables EOs 

to easily find and fulfill all necessary criteria (Telles, 

2017). The dataset of the ESPD is fully specified along 

the ESPD Exchange Data-Model (EDM)3. Similar to the 

specification of the Pre-Award Catalogue and all other 

Peppol-related specification business rules, the semantic 

model, and a syntax mapping are maintained to define 

standardized data artifacts. The ESPD specifically has a 

further criteria taxonomy to structure its total 65 criteria 

in a standardized manner. 

6.6. DPS 

Dynamic Purchasing Systems (DPS) assist CAs 

streamline and improve public procurement (Özbilgin & 

Imamoğlu, 2011). The DPS requirements were 

simplified by Directive 2014/24/EU by requiring CAs 

not limit the time period or number of suppliers that can 

be allowed to the system (European Union, 2014). EOs 

who fulfill CAs requirements can join at any time. Since 

suppliers must compete for every DPS procedure, 

competitiveness is raised (Prakasa et al., 2022), which 

increases SMEs’s participation (Akenroye et al., 2020) 

6.7. eID 

The European Commission released the “electronic 

Identification Authentication and Signature Regulation” 

(eIDAS) on 2014 to enable safe, interoperable cross-

border authentication (Regulation (EU) No 910/2014, 

2014). Its goal was to make it easier for citizens, 

companies and public agencies to use electronic 

identification and promote trust in electronic 

transactions among them via a common legal 

framework. However, eIDAS was subject to 

interpretation, and each Member State had its own 

legislation, resulting in non-interoperable fragmented 

solutions and not much wide adoption (eID, 2021; Lips 

et al., 2022). To address prior regulation issues, the EC 

proposed a “framework for European Digital Identity” 

in June 2021(Regulation (EU) No 910/2014, 2021). The 

amended regulation employs the “European Digital 

Identity Wallet” and “Self-Sovereign Identity” as well 

as a common toolkit to prevent technological 

fragmentation caused by divergent standards and 

interpretations (Regulation (EU) No 910/2014, 2021). 

 
3 https://github.com/OP-TED/ESPD-EDM/tree/master 

6.8. EA methodologies 

The complex real-world environment and constant 

demand for coordination between different actor groups 

is a key challenge in public procurement. Enterprise 

Architecture (EA) Methods can break down this 

complexity into smaller architectural layers and views 

to focus on specific problems (Guijarro, 2007). 

Conceptually (Schmitz et al., 2022) and practically 

(Ajer & Olsen, 2018; Siapera et al., 2023), the literature 

has already demonstrated the effectiveness of EA 

methodologies in the public sector. Furthermore, EA 

frameworks can also be extended to include the different 

interoperability layer, thus supporting the design of 

complex public services (Schmitz et al., 2022). 

Following such a holistic architecture approach can 

support implementation of policies into practice. EA 

Frameworks can especially help to coordinate different 

stakeholder perspectives across different architectural, 

which was identified as a key issue for procurement. 

6.9. Data Governance Framework for 

procurement 

To resolve the identified issues regarding data 

governance it is necessary to establish high-level data 

governance frameworks for procurement activities. 

These frameworks can provide clear regulations on the 

management of data and which data sets are available 

for reuse (Al-Badi et al., 2018). While the proposed 

solutions in form of semantic model like the pre-award 

catalogue, a core dataset or technical data 

transformation provide the necessary tools to perform 

governance on an operational level, a framework is 

needed to arrange and harmonize these tools in the 

context of holistic procurement procedures. Other than 

for most data governance frameworks a strong focus on 

interoperability is required. We highly recommend the 

combination of the EA methodologies and the layered 

approach of the EIF to create synergies in these data 

governance frameworks. Table 2 provides a complete 

mapping between the identified issues areas and 

solution components. 
Table 3 Solutions mapped to key issue areas 

Solutions Lit. Ref. 
Key Issue 

Areas 

PEPPOL transactions 
 (Martins et al., 2015; Schmitz et 

al., 2022; Sonntagbauer, 2008; 

Sonntagbauer & Bodiroza, 2009) 
1,3,5,6 

Core Dataset  (Ruijer, 2021) 2,7 

Automatable Data 

Transformations 

 (Bowers & Ludäscher, 2004; Gal 

& Rubinfeld, 2018; Sciore et al., 

1994) 
3 

Pre award eCatalogues  (Hudrasyah et al., 2019) 1,3,6 

Pre-qualification/ESPD  (Telles, 2017) 1,6 
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eID (eID, 2021; Lips et al., 2022) 2,6 

DPS 
 (Akenroye et al., 2020; Eyo, 2017; 

Özbilgin & Imamoğlu, 2011) 6 

EA methodologies 
 (Ajer & Olsen, 2018; Guijarro, 

2007; Mondorf & Wimmer, 2017; 

Schmitz et al., 2022) 
5,7 

Data Governance 

Framework for 

Procurement 
 (Abraham et al., 2019; Al-Badi et 

al., 2018) 4 

 

Altogether, individual solutions and standards are 

available to cover all identified issues areas. However, 

these solutions for the most part are either not fully 

mature yet, or not orchestrated along a holistic model. 

Based on these observations two bigger objectives 

towards a holistic solution can be derived: first, by 

combining several solution components a clear concept 

for the transition from pre- to post-award should be 

derived. Second all existing solution components should 

be harmonized towards a holistic reference architecture 

for the entire procurement process. 

7. Transition from Pre-Award to Post-

Award 

As observed in sections 5 and 6, the pre-to-post award 

transition causes various procurement issues and carries 

unreliable data quality from the unstructured pre-award 

to the more structured post-award phase. To ensure a 

seamless transition from pre-to-post award, two 

challenges must be addressed: first, good data quality 

and clearly structured data formats for procurement 

contents need to be established in the pre-award, that are 

fully compatible to the post-award data specifications. 

Second, to ensure reusability, retain all information that 

can be used in subsequent process phases of 

eProcurement procedures. To accomplish these 

objective several proposed solution components can be 

combined to a clear transition and transformation 

concept. The pre-award catalogue is well suited to store 

all actual procurement content during pre-award. 

Additionally, a data mapping conducted in a recent 

procurement project, has shown that the pre-award 

catalogue is fully compatible to several catalogue 

standards that are used within and outside of Peppol 

during post-award. This way the usage of pre-award 

catalogues would allow for automated transformation of 

pre-award data into the post-award phase. Catalogues 

from pre-award could directly be used to issue orders or 

be transformed to a framework agreement catalogue for 

repeated use. 

8. Present holistic procurement procedure 

As the final contribution and research objective of this 

work all proposed solution components and the 

transition model from pre-to-post award are harmonized 

towards a holistic reference architecture for 

procurement procedures. The provided architecture, as 

displayed in figure 2, is based on the four layers of the 

EIF and orders the identified solution components 

across them vertically. Horizontally all key process 

steps of the procurement procedures are covered. 

Furthermore, there is a differentiation regarding 

information, between envelope data for process control 

based on the semantic/technical layer and actual 

procurement contents (payload) which are located on 

the organizational/semantic layer. Rich business 

documents such as the ESPD, electronic catalogues and 

the overarching core dataset make up the procurement 

content data, whereas the core Peppol transactions 

(P001-P011) can be used to cover all process control and 

data security aspects. The first recommended step on the 

highest legal level is the Introduction of EA 

Methodologies to support policy implementation and 

service design. This can help to provide clear 

regulations to the lower layers and serves as an enabler 

for the introduction of data governance framework for 

procurement. The most important tool to realize this 

framework lies in the usage of the core dataset, which 

can be enriched by all main business documents across 

the process. Furthermore, automated transformations 

between pre- and post-award catalogues, orders, and 

invoices are possible based on the core dataset. Core 

dataset artifacts enable further data analytics to improve 

the procedure specification and data governance 

framework iteratively. By combining the EPSD and 

electronic catalogues in the scope of DPS-processes 

most issues of SMEs can be resolved. Finally, the usage 

of eIDs on a technical layer can add to the data 

authenticity, and security throughout process steps. 

9. Discussion & Conclusion 

In total this work provided four main contributions: 

Based on a multi-cycled literature review two main 

problem dimensions with seven key issue areas focused 

on data governance and policy implementation were 

identified, answering research question 1. All identified 

issues were covered by relevant solution components of 

different maturity levels. Along those solution 

components related standardized data specifications 

were introduced, together answering research question 

2. Missing frameworks and procedure models that span 

the entire procurement process and insufficient data 

governance throughout the pre-award phase were 

identified as concrete problem areas. To address this 

problem, a concrete solution reference architecture for 

the transition between pre- and post-award is proposed, 

answering research question 3. 
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In total all research objectives were accomplished 

following an approach based on both rigorous literature 

and relevant projects. Successful projects in the past 

demonstrated the potential of individual solution 

components, for example ESPDint (ESPD) or InterPlat 

(Pre-Award Profiles). The international expansion of 

Peppol further exemplifies the importance of 

standardized data specifications for cross-border 

interoperability. However, several limitations and new 

research gaps were identified throughout the work. First 

based on the large scope, to cover all aspects and phases 

of procurement, most identified issues and solution 

components were not researched in detail. The provided 

transition model and reference architecture was only 

partly tested, and some of the proposed components 

such as pre-award catalogues and the core dataset have 

a limited maturity. As a theoretical reference models, 

potential operational issues on all layers were not 

considered. To address these limitations, we define the 

following concrete need for further research: There is a 

need to further analyze connections between the data 

governance and the effectiveness of procurement. 

Additionally, many proposed solution components 

require further detailed research. Based on this the 

proposed reference architecture draft should be fully 

fleshed out across all architectural layers, transformed 

into a concrete solution architecture and tested in real-

world procurement procedures. Finally generic 

implications drawn from the application on the field of 

e-procurement should be researched to contribute back 

to the knowledge based regarding data governance, and 

interoperability in the public sector.  
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