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Abstract   

Local authorities are increasingly implementing smart city services. Though the potential for value-

creation is undeniable, it seems that authorities lack both the financial resources as well as the 

manpower and expertise to move toward a purely public sector driven smart city paradigm. It follows 

that the private sector will be an important partner in the digitalization and ‘datafication’ of the public 

sphere. As smart city projects grow in size and complexity, formal public procurement procedures thus 

play a central role in smart city development. 

 

An important requirement for maximum value-creation through public funds is that procurement 

markets are characterized by healthy competition. We posit that it is exactly this level of competition 

during the procurement phase that constitutes a potential issue when sourcing smart city services. As 

administratively heavy and costly procedures, the public procurement processes might a priori exclude 

a variety of potential service providers. Furthermore, we hypothesize that the introduction of the 

general data protection regulation (GDPR) in 2016 aggravated inherent adverse market inclinations.  

 

Taking the Benelux, France and Germany as a case, this study evaluates the effect of the GDPR on 

competition for tenders by means of an econometric analysis of 191,158 public procurement processes 

completed between 2009 and 2019. We find that the GDPR’s introduction in general reduced the 

average number of bids received by 15%. In accordance with our central hypothesis, we observe that 

for 369 tenders specifically covering smart city services the reduction in number of bids amounted to 

35%.   

 

These findings have profound implications. The GDPR has substantial effects on public procurement 

processes. (1) It leads to a considerable increase in supplier power. (2) This likely results in welfare 

destruction. (3) This could lead to a situation where the public sphere is dominated by powerful private 

actors.  

 

Keywords: Competition, Public procurement, Smart city services, Data protection, Negative binomial. 
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1. Introduction  

The advent of smart city services (SCSs) brings local authorities an unprecedented potential to render 

traditional city services more digital and more efficient. In addition, some private service providers 

offer new, innovative solutions to societal problems that were previously beyond the reach of local 

authorities.  

It is clear that local authorities will take up a central role in the smart city domain. The development 

of these services will not change the prerogative that local authorities have as the local public 

authority. For example, there are laws precluding private actors from surveilling the public domain, 

and local authorities are responsible for the Public Social Welfare Centers. The fact that a wide array 

of SCSs addresses issues related to public interest tasks means that the deployment of the service by 

a private party will demand a partnership with the public authority. 

Seeing the nature of SCSs, it seems evident that in lots of cases direct contracting limits will be 

exceeded, and a formal public procurement procedure will have to be completed (OECD, 2011). We 

hypothesize that this procedure comes with a notable additional challenge when applied to SCSs. In 

particular, the 2016 General Data Protection Regulation (GDPR) might constitute too big of an 

administrative obstacle for several potential service providers. 

Through an econometric analysis of 191,158 public procurement processes concluded between 2009 

and 2019, we empirically investigate the effect of the GDPR on competition. Next, we consider the 

competition for SCSs in particular and study a subset of 369 tenders. 

The geographical scope of our study is limited to the Benelux, France and Germany. This focus allows 

us to attain a high number of observations while safeguarding much needed market congruence and 

cultural homogeneity (OECD, 2020; Siitonen, 2017). Additionally, the central location of the block of 

countries within the EU ensures good access to service providers throughout the European Union (EU) 

that member states in the periphery might not enjoy. More remote markets might be less competitive 

a priori.    

This article is structured as follows: Section two presents the fundamentals regarding SCSs, public 

procurement, and competition. Section three delineates the scope of this study and presents the 

research hypothesis. Section four explains the methodology. Section five contains the econometric 

analysis and results. Section six provides a discussion, and Section seven concludes. 
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2. Fundamentals  

2.1. SCSs and the role of local authorities 

What exactly constitutes an SCS is quite elusive as the term has been deployed in many settings often 

taking on varying meanings depending on the specific context (Anthopoulos, 2015; Cocchia, 2014).  

For the purposes of this article we make use of a definition used by Vandercruysse et al. (2020): “A 

smart city service is a service that provides a solution for a societal problem based on technology 

entailing interaction with the physical world where data collection and use are central (Neirotti et al., 

2014; Walravens & Ballon, 2013)” (p.6). This definition comprises three major elements. First, the 

service is to aid in solving a societal problem. This excludes services that do not have a public interest 

dimension, for example most smart home equipment. Second, the service entails both a technological 

and a physical component. Purely digital services thus fall outside the scope. While online services 

surely contribute to smart city development in a broad sense, links to the physical city infrastructure 

and presence in the public space ensure a more permanent and public character. Third, the service is 

data-intensive. There is a wide consensus that the ‘smartness’ of a service or a city is produced by the 

collection and usage of large amounts of personal data (Al Nuaimi et al., 2015; Regulation (EU) 

2016/679 (GDPR), 2016). 

The combination of elements in the above definition entails that local authorities will likely play an 

important role in the smart city realm. As the local authority, the city is tasked with protecting the 

public interest of their inhabitants. Therefore, they have an obvious stake in services furthering the 

attainment of that task. Furthermore, the local authority is reserved the sole right to exercise many 

public duties (Kersting & Vetter, 2013). The requirement of physicality underlines the specificity of SCSs 

vis-à-vis online-only services. The presence of physical components in the public domain makes these 

types of services more inescapable and thus in many ways more intrusive (Ni Loideain, 2018). While 

one can choose not to sign up to a social media platform because of privacy considerations, opting not 

to leave the house because of privacy concerns over the presence of a city-wide CCTV-network can 

hardly be conceived as a real choice. Again, the close involvement of the local authorities in such a 

service is a primary condition for due accountability. However, the rapid development of data-

intensive services in an expanding list of local competence domains has left local authorities lacking 

the necessary funding, manpower and technical knowhow to set up SCSs on their own (Edwards, 2016; 

Smart City Institute, 2018). In conclusion, it is clear that the large majority of SCSs satisfying the 

definition requires as a minimum some form of public-private collaboration, which brings in the need 

for public procurement.     
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2.2. Public procurement 

A lack of resources and expertise renders local authorities increasingly dependent on the private sector 

for the establishment of SCSs (Lam & Yang, 2020). As the development and implementation of SCSs 

often entails a substantial financial investment, the selection of a private partner requires a formal 

public procurement process (Tas, 2019). 

In contrast to direct contracting which is common for smaller public expenses, an open public 

procurement process ensures that every interested party is able to enter a bid into the tender 

competition (Directive 2014/24/EU, 2014). In any case, the process is supposed to offer a more 

transparent and fair competition in which all bids are evaluated based on identical predefined criteria 

and criteria weights (Directive 2014/24/EU, 2014; Tadelis, 2012). 

However, the use of the public procurement process comes with a well-established downside. Public 

procurement as a process is quite rigid in comparison to other contracting modes (Tadelis, 2012), and 

going through public procurement processes is resource intensive for a private company (Caldwell et 

al., 2017). Both the administrative handling of bid submissions as well as compliance demonstration 

with the various tender requirements might a priori exclude small, young, innovative companies that 

are not able to carry such costs (GHK, 2010). Especially when procuring entities are looking for formal 

or informal partnerships, as is the case for SCSs, the costs of bidding can be prohibitive (De Schepper 

et al., 2015). 

The composition of a tender is always a tradeoff between comprehensively delineating the desired 

service, on the one hand, and leaving room for original input of potential bidders, on the other hand. 

Inclusion of certain hardcoded requirements might exclude more innovative and out-of-the-box 

solutions (Georghiou et al., 2014; Hoppe & Schmitz, 2013). Additionally, public procurement is 

expected to comply with a series of additional extra-legal demands, such as transparency and integrity, 

and to potentially serve broader governmental policy goals (Stentoft Arlbjørn & Vagn Freytag, 2012; 

Telgen et al., 2012). Clauses pertaining to demonstrating compliance with environmental, social and 

labor law have increasingly become embedded in public procurement procedures (Amann et al., 2014). 

The number of bids received for a tender constitutes a major element determining the success of a 

public procurement process. More bids means more choice for the tendering actor and consequently 

more bargaining power vis-à-vis the individual bidders (Lee & Yan, 2019). That bargaining power can 

be instrumentalized for welfare maximization, i.e. to induce private parties to ameliorate their prices 

and/or offer services of higher quality (Thomassen et al., 2016). Conversely, less bids lead to a weaker 

bargaining position of the tendering actor. In that case, the lack of bargaining power might lead private 

companies to raise prices and/or reduce quality, as alternatives are limited or non-existent. As public 
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procurement constitutes a substantial part of total demand in most regions (Georghiou et al., 2014), 

distorted competition in these procurement processes could have lasting effects on the concerned 

markets in general. 

2.3. Competition in SCSs 

Extant academic literature warns for limited competition in the future market for SCSs (Smyrnaios, 

2018; Viale Pereira et al., 2020). However, similar to the online-only environment, these adverse 

market tendencies might not fully impose themselves until the medium term. Typically, by the nature 

of digital service markets, an initial period of increased competition is followed by consecutive 

consolidation waves (Ciuriak, 2018; Smyrnaios, 2018).  

When analyzing the market structure inclinations of a sector, it is important to distinguish between 

barriers to entry and barriers to compete with incumbents once established in a certain market 

(Calvano & Polo, 2020). 

Barriers to entry in the market of SCSs mainly originate from two factors: i) inherent service 

characteristics, and ii) the nature of service provision for public authorities. 

First, inherent service characteristics influencing the level of competition in this market are abundant. 

Development of an SCS demands a considerable investment in highly skilled-personnel as well as in IT-

related research and development (Edwards, 2016; Rana et al., 2019), likely combined with one or 

several proof-of-concept projects. This means heavy investments without any related returns for an 

extended period of time. Such capital-intensive activities constitute a barrier to entry. Additionally, 

considering the needs of local authorities, a potential market entrant should be comfortable handling 

and taking responsibility for large amounts of data at least in terms of data security (Buiten, 2019; 

Costa-Cabral & Lynskey, 2017; Tombal, 2020). That demands appropriate expertise and infrastructure. 

Also the fact that any return on investment beyond the value of the contract can have quite extensive 

lead times is likely prohibitive for companies with smaller capital reserves (Dudkin & Välilä, 2005; Gori, 

2017).    

Second, public actors are subject to additional demands when compared to pure private actors, which 

also shows in their service provision. It has been argued that an important task of any public authority, 

including cities, is to safeguard fundamental rights (Finch & Tene, 2018). In practice, this would mean 

that the public sector is likely more ‘privacy-prone’ than the private sector (Braun et al., 2018). It 

follows that this higher privacy standard may constitute an additional development cost to the private 

service provider. Furthermore, as data collection for the SCS will take place in the public domain of the 

city with citizens having no real ability to opt out, participation in this type of service provision comes 
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with a considerable added responsibility (Narayanan et al., 2016). Last, for the success of a public 

service provision end-user confidence is key. This confidence is often garnered by thorough 

transparency (Easton, 2017). These transparency demands, and ensuing costs, might not be as 

elevated in pure private-private collaborations. The ensemble of these particularities of the public 

sector might induce some private service providers not to compete. 

Vendor lock-in and exclusive access to proprietary data constitute the most notable barriers to 

compete once an actor has entered the market.  

Vendor lock-in occurs when replacing the incumbent service provider becomes too costly (Bonneau & 

Preibusch, 2010). This lock-in can take many forms in the context of SCSs, such as usage of a non-

interoperable data platform or obscure data standards. Vendor lock-in thrives on information 

asymmetry and as a consequence is common in IT-related services (Buiten, 2019; Hoppe & Schmitz, 

2013). When cities are locked in to their supplier, new entrants do not get a fair opportunity to 

compete.  

Following our definition, SCSs are data-intensive. Data is not just a raw material in the provision of the 

service, it can be a resource in itself (Costa-Cabral & Lynskey, 2017). An incumbent service provider 

that had access to the traffic data of city X for a few years will be able to estimate that city’s traffic 

needs a lot better than a new service provider that did not have this access. This will impact 

competition for future projects. Potentially the incumbent service provider can even use the traffic 

data insights to bid on other related tenders, for example building bicycle paths. The reasoning that 

data is a resource in its own right has gained prominence over the last few years, e.g. in 

Facebook/WhatsApp merger commentaries (Buiten, 2019). Access to data is not problematic, but 

exclusive and proprietary access can be (Engels, 2016; Kerber, 2019).       

2.4. The introduction of the GDPR 

Against the backdrop of the rapid development of the digital economy in the EU, the GDPR was 

introduced as its premier regulatory data protection instrument in 2016 (European Commission, 2020). 

As a horizontal regulation, the aim was to set a uniform standard for data protection across EU-

members and sectors.  

The relevance of the GDPR for the market of SCSs can hardly be overstated. Since these services are 

public, physical, and inherently (personal) data-intensive, they constitute a main focus point in many 

of the regulation’s articles (Regulation (EU) 2016/679 (GDPR), 2016). Obligations range from general 

privacy-by-design and privacy-by-default demands to the completion of a data protection impact 



8 

 

assessment (DPIA) prior to any high risk data processing activity (Regulation (EU) 2016/679 (GDPR), 

2016).  

Taking into consideration the a priori market structure inclinations, the effect of the introduction of 

the GDPR on the SCS market is all the more important. 

Academic literature indicates that data protection regulations might indeed unintendedly somewhat 

aggravate underlying competition issues in the market for SCS (Ciriani, 2015; Edwards, 2016). Again 

one can distinguish barriers to entry from barriers to compete.  

Compliance with novel legal demands comes at a cost. Larger competitors likely have more financial 

resources at their disposal to comply with the regulation (Johnson & Shriver, 2020), or can spread the 

compliance cost over a larger turnover. In contrast, small firms or start-ups might not have the slack 

finances to comply with legal requirements and find that market entry is no longer profitable (Ciriani, 

2015). A well-developed technical approach could also ease some of the regulation’s pressure. Again 

these resources are more likely for larger firms where teams of specialized legal and technical expertise 

are present (Johnson & Shriver, 2020). Some highly advanced technical infrastructures such as state-

of-the-art anonymization might even be bought or developed to escape applicability of the regulation 

in its entirety (Buiten, 2019).  

New entrants might face risk-averse buyers that only opt for well-known worldwide brands as part of 

their risk-mitigation strategy (Johnson & Shriver, 2020). The buyers’ perception might be that non-

compliance risks are smaller for large, established companies considering the availability of resources. 

Additionally, in case of non-compliance surprises, the buyer would not be alone when dealing with the 

fallout and potential ensuing legal issues. Also vis-à-vis end-users, opting for a strong brand might offer 

an advantage as the large company might incite trust and, for example, facilitate consent procedures 

(Johnson & Shriver, 2020).  

The GDPR might also be subject to private companies instrumentalizing legal requirements to block 

market competition. First, the GDPR has been cited as a reason not to subscribe to the trend toward 

open data (Tombal, 2020). Making data open to the public and to competitors could have considerable 

pro-competitive effects, and weaken vendor lock-in dynamics. Incumbents clearly have incentives to 

keep access to data exclusive and gladly refer to the GDPR as a reason for not sharing data. Second, 

data security and privacy are commonly alluded to when explaining why certain platforms or systems 

are highly un-interoperable (Kerber, 2019). Interoperability again weakens vendor lock-in as the 

incumbent can be replaced while the new service provider does not have to build a system from 

‘scratch’ and switching costs are decreased (Jullien & Sand-Zantman, 2020). 
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It has been argued that data protection regulations disproportionately disadvantage small companies 

and start-ups (Campbell et al., 2015). Economies of scale and the incumbency effect are most likely 

intensified by the introduction of the regulation. It is thus clear that also the GDPR might have an anti-

competitive effect (Buiten, 2019). This article sets out to test this intuition empirically. 

3. Research questions and hypotheses 

The research questions of this article regard the potential impact of the introduction of the GDPR both 

on competition in public procurement markets in general, as well as on competition in public 

procurement of SCSs specifically.  

There have been few articles that econometrically study the effect of the GDPR on competition.  

First, Christensen et al. (2013) modeled the ex ante impact of the GDPR on the cost base of small and 

medium-sized enterprises (SMEs) and find that compliance adds up to 7,200 euros of costs. At the 

macro-economic level, such a cost would lead to a decrease of 5% of market actors. Though insightful, 

the study was also conducted before the final conclusion of the GDPR and thus some of the impacts 

were based on conjectures of the final text. Moreover, relevant sectors are quite broadly defined and 

thus gloss over the very relevant specificities of the sector of SCSs. 

Next, Seo et al. (2018) calculated the effect of the GDPR on the Internet-of-Things (IoT) sector. Through 

the development of a series of cases, they find that after GDPR the cost base of an IoT company might 

increase on average three- or fourfold, but up to eighteenfold. It is evident such an impact on costs 

might hamper competition. To be clear, the onus of the calculation was on the effect of the attribution 

of fines by the relevant data protection authority because of data breaches (Seo et al., 2018).    

Last, Jia et al. (2019) zoomed in on the impact of the GDPR on the availability of venture capital (VC) 

financing for technology companies. The authors concluded that it were mostly young companies 

active in the EU in data-intensive sectors that saw VC financial interest dry up. This asymmetric impact 

is of course highly relevant from a competition viewpoint, less from a public procurement angle.  

This article contributes in the sense that it is the first econometric analysis of the effect of the GDPR 

on competition in the SCS market post its introduction. Our quantitative empirical investigation sits 

squarely on the nexus of public procurement, competition and data protection regulation.  

For the purposes of a quantitative analysis on the effect of an event, ideally all other conditions before 

and after the event remain constant (Klein & Rosenfeld, 1987). In this context, a country-specific 

analysis would likely offer the most profound local insights. However, seeing the GDPR was only 

introduced in 2016, the number of useful observations since its introduction on a country-by-country 
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basis is still relatively limited. To maximize the potency of the econometric approach, we decided to 

zoom in on a sample of EU members that are maximally homogeneous in terms of economic maturity, 

culture and location (OECD, 2020; Siitonen, 2017). As the GDPR binds all EU member states, compliant 

SCS-providers could theoretically sell their products across the EU. Nonetheless, we choose to exclude 

member states in the periphery of the EU as they might be subject to weak competition for SCSs 

because of their remote location (Zhu & Singh, 2009). We thus opt for geographical focus on the 

Benelux, France and Germany.  

Our research hypotheses (RHs) are as follows: 

RH1. The introduction of the GDPR reduced competition for public tenders in the Benelux, 

France and Germany, ceteris paribus. 

RH2. The introduction of the GDPR reduced competition for public tenders in the market for 

SCSs in the Benelux, France and Germany, ceteris paribus. 

4. Methodology 

To test the RHs developed in the previous section, we opt for a quantitative model enabling us to 

analyse a large number of tenders at once. The aim is to demonstrate that the effect of the introduction 

of the GDPR on competition for tenders of SCSs is general and widespread, going beyond the mere 

anecdotal observations of perceptive city administrators. 

4.1. Data and summary statistics 

As mentioned, the hypothesis that the introduction of the GDPR led to a decrease in competition in 

public procurement has not yet been empirically tested. For our econometric analysis we draw on the 

collection of tendering data on OpenTender.eu (2020a) gathered in the context of the Horizon2020 

project DIGIWHIST. The data on OpenTender.eu was collected by amassing open data as well as 

scraping data from other sources (for a detailed analysis, see DIGIWHIST (n.d.)). The database 

comprises over 3,250,000 public procurement processes in our region of interest (Benelux, France and 

Germany) spanning 11 years (2009-2019).  

In accordance with Onur and Tas (2019), we use the number of bids received for a particular tender as 

a proxy for the competition for that tender, i.e. our dependent variable. The advantages of this proxy 

are the ease of interpretation of the variable and the fact that it measures true behavior, i.e. either a 

bid is submitted or it is not, rather than intention, e.g. “would a certain factor X make it more or less 

likely for you to submit a bid?”. We acknowledge that market competition is broader than purely the 

number of market competitors (Porter, 2008). However, in the closed environment of public 
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procurement process the number of bidders offers a good sense of the level of competition, especially 

if we assume rational bidders would not enter an expensive administrative process when there is not 

a certain probability of success. The econometric operationalization of the RHs can thus be stated as: 

The introduction of the GDPR reduced the number of bids received for public tenders (in the market 

for SCSs) in the Benelux, France and Germany, ceteris paribus. 

GDPR introduction is the independent variable of interest. The dummy equals 1 if the deadline for bid 

submission of a particular tender is after the 23rd of May 2016, i.e. the day that the GDPR was 

introduced (European Commission, 2020), and equals 0 otherwise. It is important to note that the 

dummy concerns the introduction of the GDPR, i.e. its entry into force, and not its applicability date in 

May 2018. The reasons for this choice are twofold. First, assuming a certain foresight on the part of 

procuring authorities and bidders, the moment a legal instrument enters into force immediately 

changes the playing field. The period between the entry into force and the date of applicability 

concerns a mere grace period (Voss, 2016).  

Second, the highly publicized debate around of the GDPR (Laurer & Seidl, 2020), would have resulted 

in a stronger direct effect on the market than a similar but more obscure regulation. This again points 

to the entry into force as the date of relevance. 

With an eye on diligently investigating our RHs, it is important to control for other potential influences. 

The control variables include country dummies, variables accounting for the type of product being 

procured, variables for the type of procurement process in use, variables for tender length, variables 

for the number of award criteria, variables accounting for the type of procuring entity, a variable 

controlling for tender price, and a temporal (year) dummy. 

First, though the markets of the Benelux countries, France and Germany might be quite similar, it is 

important to control for country-specific effects (Cameron & Trivedi, 2005). For example the size of 

the respective internal markets and country-specific regulations could potentially play a role here. 

Second, the type of product in the tender might be a relevant factor. Intuitively, one might expect large 

public works or certain types of basic supplies to be subject to large economies of scale. Scale 

economies often result in less bidders. 

Third, the type of procurement process might in itself already limit the number of bidders. While an 

open procedure allows any interested party to submit a bid, the other procedures all constitute more 

restrictive procedures (Gleeson & Walden, 2016). Clearly, the restrictiveness varies but in any case the 

number of bids cannot be simply compared over different procurement processes. 
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Next, we control for tender length. Both the length of the general tender description and the length of 

the technical description might be relevant factors in the entry decision of potential bidders. When 

merely a vague description is offered, many service providers could be enticed to participate in a 

tender thinking their various products might all fit the needs of the procurer. Also, when a tender 

description comprehensively delineates all specifics of a desired product, providers fulfilling multiple 

of the specifics might perceive their chances of winning the tender as more elevated and thus leading 

to more bids. Alternatively, a description that is not vague nor very specific might attract fewer bidders 

as it does not profit from these effects. 

Furthermore, a variable is included for the number of award criteria. Again a convex relationship 

between the number of bids and the variable can be expected, the reasoning is identical to the one on 

tender length. 

Also, the procuring entity should be accounted for. Bidders might potentially favor certain layers of 

government for reasons independent to the tender, this might for example have to do with 

procurement culture.  

Additionally, we account for tender price. Extant research has revealed that the number of bidders 

varies with price because of differences in resource capacity (OECD, 2018). Small companies might 

drop out when the price surpasses a certain threshold.  

Last, we introduce ‘year’ to account for intertemporal changes unrelated to the introduction of the 

GDPR; for example due to variations in economic performance. 

Table 1 provides an overview of the different variables and shortly explains their operationalization.  
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When taking into account all variables defined above, we compile a balanced sample of 191,158 

tenders, i.e. over 3,050,000 observations were incomplete. Table 2 displays the summary statistics of 

the variables included in our regressions.  
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We remark few observations with a very high value of bids, up to 999. To ensure that this does not 

influence our findings, we include an outlier dummy for the top 1 percent of observations (the 99th 

percentile observation was at 31 bids). 

By means of a t-test we conclude that the relation between the number of bids and tender length is 

indeed convex (Lavrakas, 2008), hence the sustained inclusion of the squared terms. The same applies 

to the squared term of the number of award criteria. 
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4.2. Model selection 

Building on Section 4.1 and the literature review, we can model the central regression of our study as 

Equation 1 (E1): 

E1. Tender number of bidsi = Constant + β1GDPR introductioni + β2Luxemburgi + β3Netherlandsi 

+ β4Francei + β5Germanyi + β6Servicesi + β7Worksi + β8Competitive dialogi + β9Innovation 

partnershipi + β10Negotiatedi + β11Negotiated with publicationi + β12Negotiated without 

publicationi + β13Restrictedi + β14Other procurementi + β15Description lengthi + β16Description 

length^2i + β17Technical description lengthi + β18Technical description length^2i + β19Number of 

award criteriai + β20Number of award criteria^2i + β21National agencyi + β22Public bodyi + 

β23Regional agencyi + β24Regional authorityi + β25Utilitiesi + β26Other entityi + β27Bid pricei + 

β28Year of tenderi  + β29Outlier dummyi + εi 

with i referencing to the tender number ranging from 1 to 191,158. 

4.2.1. All observations 

Tackling RH1, we test E1 for all 191,158 observations in the Benelux, France and Germany between 

2009 and 2019. A visual inspection of the distribution of the dependent variable Tender number of bidsi 

as well as the nature of this variable reveal a count distribution, i.e. values are discrete and probabilities 

show a positive skew (Cameron & Trivedi, 2005). Figure 1 displays the distribution of Tender number 

of bidsi with as well as without the outliers. 

Figure 1. Distribution of the dependent variable Tender number of bidsi with (left) and without outliers (right). Source: Statacorp (2009) 
based on data analysis. 
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An ordinary least-squares regression is inappropriate for the analysis of count data as the dependent 

variable clearly does not follow a normal distribution (Kennedy, 2003)1. Prominent count models 

include the Poisson model and the negative binomial. Seeing the Poisson model requirements are 

more stringent (Cameron & Trivedi, 2005), the next step entails verifying whether or not mean and 

variance of the dependent variable are equal. Table 3 displays the summary statistics for the 

dependent variable. 

The summary statistics show clear overdispersion, i.e. the variance exceeding the mean (Cameron & 

Trivedi, 2005). As such the requirements for the use of Poisson thus have not been met, and the 

negative binomial model is the more appropriate approach. 

4.2.2. SCSs 

To test RH2 of this study, we subsequently focus on public procurement specifically for SCSs.   

We proxy SCS tenders by use of the common procurement vocabulary (CPV) codes mentioned on the 

tender documents. All tenders that have a combination of SCS-related CPV codes are selected 

(Regulation (EC) 2195/2002, 2002).2 This leads to a sample of 369 SCS tenders.   

The definition of what constitutes a SCS is disputed but the definition set out in Section 2.1 indicates 

three main characteristics: a public interest dimension, a physical component and data-intensity. 

Although the proxy is not perfect, it certainly includes all IT-based solutions with a public services 

dimension. The fact that the CPV codes for IT-systems and -services are to be combined with another 

CPV code excludes various purely digital services and thus further ameliorates the fit of the proxy. 

E1 has to be adapted to the SCS sample. We drop several variables as the more limited sample does 

not contain observations for all procurement procedures, i.e. Innovation partnershipi and Negotiated 

without publicationi. Next, Luxemburgi is removed as none of the SCS tenders were instigated there. 

 
1 The normality of error terms was checked as well, i.e. an OLS was run and the distribution of the error terms 
was compared to a normal distribution. 
2 Tenders that have a combination of either CPV code 48*, i.e. software packages and information systems, or 
CPV 72*, i.e. IT-services: consulting, software development, internet and support, and CPV code 65 (public 
utilities), or CPV code 75 (administration, defence and social security services), or CPV code 80 (education and 
training services), or CPV code 85 (health and social work services), or CPV code 90 (sewage-, refuse-, cleaning-, 
and environmental services), or CPV code 98 (other community, social and personal services), are marked as 
SCSs (Regulation (EC) 2195/2002, 2002). 
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Also the non-linearity between the number of bids and the length of the technical description as well 

as the number of award criteria no longer holds, thus the squared terms are removed. Equation 2 (E2) 

displays the regression model for the SCS tenders: 

E2. Tender number of bidsi = Constant + β1GDPR introductioni + β2Netherlandsi + β3Francei + 

β4Germanyi + β5Servicesi + β6Worksi + β7Competitive dialogi + β8Negotiatedi + β9Negotiated 

with publicationi + β10Restrictedi + β11Other procurementi + β12Description lengthi + 

β13Description length^2i + β14Technical description lengthi + β15Number of award criteriai + 

β16National agencyi + β17Public bodyi + β18Regional agencyi + β19Regional authorityi + 

β20Utilitiesi + β21Other entityi + β22Bid pricei + β23Year of tenderi + β24Outlier dummyi + εi 

with i referencing to the tender number ranging from 1 to 369. 

The nature of the dependent variable as well as the distribution of the dependent variable in figure 2 

again point towards a count model.  

 

 

 

 

 

The overdispersion of the distribution confirms the negative binomial model, the summary statistic is 

presented in Table 4.   

 

Figure 2. Distribution of dependent variable Tender number of bidsi 
(SCSs only). Source: Statacorp (2009) based on data analysis. 
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5. Results3 

5.1. All observations 

RH1 concerns the effect of the introduction of the GDPR on the level of competition for tenders in 

general. The results of the application of E1 on the total sample of 191,158 tenders are presented in 

Table 5. Coefficients are transposed to incident rate ratios (IRRs) to simplify their interpretation. 

 

 
3 The statistical software package Stata was used for the econometric analysis (Statacorp, 2009). Effects for the 
themes Country, Type of product, Type of procurement and Procuring entity are vis-à-vis (vav) a particular 
variable in the respective themes.  
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First, the variable of interest, i.e. the introduction of the GDPR in May 2016, clearly affected the 

number of bids. In line with RH1, an average tender received almost 15% bids less after this 23rd of 

May 2016. Seeing the average number of bids is just over 5, this is quite substantial. In addition, this 

effect holds for all public procurement over the period under investigation, not just procurement of 

data-intensive products or services.4 Again, this concerns the introduction of the GDPR and not its 

applicability date in 2018. It shows that the regulation has had an effect from the moment it entered 

into force. 

Second, the analysis shows that different countries have differing levels of competition through public 

procurement. Particularly, tendering organizations receive more bids in the Netherlands, France and 

Germany, than in Belgium or Luxemburg. A possible explanation might lie in the respective sizes of the 

countries, public procurement might mostly attract national private interest. As a result larger 

countries might receive more bids in absolute terms. Alternatively, this might indicate a better 

developed public procurement culture and/or a more accessible public procurement procedure. In the 

case of Belgium, the complex state structure might be a contributing factor as well. 

Third, the type of product that is procured plays a role. Organizations tend to receive more bids for 

services and works than for supplies. Procurement for services and certain types of works might be in 

less mature markets where there are many new entrants. Additionally, procurement selection for 

supplies might be focused mostly or exclusively on cost, this would lead to considerable scale 

advantages.  

Next, the type of procurement procedure has an effect. Unsurprisingly, the open procedure results in 

the most popular tenders, while the competitive dialog, where there is a preselection of bidders, and 

the negotiated procedure without prior publication, which is close to direct contracting in some 

 

 
4 An analysis was performed on procurement of software packages and information systems (CPV code 48*) as 
well, the effect of the introduction of the GDPR is identical. The statistical output is given in Table A.1 in the 
Appendix. 
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respects, are significantly less competitive (CMS Law, 2019).   

Fifth, the description of the tender, both in general and in technical terms, is convexly related to the 

number of bids received. Both very open and extensively explicated tenders receive more bids, ceteris 

paribus. Furthermore, the number of award criteria has the analogous effect on the number of bids. 

Compared to procurement of national authorities, regional organizations receive more bids. There 

does not seem to be a clear-cut explanation for this dynamic, though the effect for some procurers is 

quite strong. It could be that small private actors prefer to work close to their headquarters, and do 

not compete in tenders for works or services in multiple or remote locations.   

Last, the bid price is positively related to the number of bids, but the effect for our sample is quite 

limited. 

In short, confirming RH1, the GDPR has negatively affected competition for tenders in general. In 

addition, geographical and time factors as well as the type of product that is procured, the type of 

procurement procedure, the type of procuring entity, and price all have an effect on the number of 

bids a tender receives; it is thus important to control for those elements. Also, empirical backing is 

found for a convex relation between the comprehensiveness of delineating a desired product or 

service and the level of competition for that procurement process.  

Both the comparison of observed and predicted proportions, as in Figure 3, and the value of the 

likelihood ratio chi-square test reveal a good fit of the model. The likelihood ratio test of alpha equaling 

0, confirms our choice for the negative binomial over the Poisson model. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Comparison observed and predicted proportions Number of 
bidsi . Source: Statacorp (2009) based on statistical results. 
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5.1.1. Robustness 

As a first robustness test, we opted to remove all non-significant variables from the model. More 

particularly, we performed a stepwise elimination of least significant variables, this test evaluates 

whether the non-significant variables have a confounding effect on the relation found when running 

the full model (Huang & Townshend, 2003). The results show that the variable of interest does not 

change and remains strongly significant, this strengthens our findings. In addition, the control variables 

barely change.   

A second robustness test consists of running a zero truncated negative binomial model. Inspection of 

the dependent variable shows that only 29 out of 191,158 cases, or 0.0152%, had an observation of 

zero. It could be the case that tenders that receive zero bids are not always included in the 

OpenTender.eu database. For example, it is likely that when relying on data scraping, data about 

unsuccessful tenders is harder to find. A zero truncated negative binomial regression accounts for 

these unobserved zeros (Cameron & Trivedi, 2005). To run this test, we first remove the 29 

observations with actual zero bids. The results of the second robustness test are displayed in Table 6. 

Coefficients are IRRs. 
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Again the relation between the variable of interest remains, the effect is slightly stronger. The findings 

are thus robust for missing zeros.  

Some changes in control variables are notable. The geographical effects are stronger, except for 

Luxemburgi which turns insignificant. The effect of the type of procured product is stronger as well. 

And the negative effect of the negotiated without publication procurement procedure is even more 

pronounced.  

5.2. SCSs 

RH2 states that competition for tenders of SCSs was negatively impacted by the introduction of the 

GDPR. Table 7 displays the results (in IRRs) of E2 on the 369 SCS tenders.    

 

(vav Belgium) 
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First, the effect of the GDPR remains significant and substantially increases in magnitude compared 

to E1. As expected, SCSs are influenced more by the novel regulation. Since its introduction an 

average SCS tender received approximately 35% less bids, the introduction of the GDPR has intensely 

reduced competition in public procurement. This finding strongly confirms our RH2. 

Second, the geographical dimension gains importance when zooming in on SCSs. Again tenders in 

France and Germany, which have larger domestic markets, tend to receive more bids. Compared to 

the analysis for all public procurement, the effects of Francei and Germanyi strengthen greatly. For 

example, the number of bids almost doubles when the tender takes place in Germany as compared to 

in Belgium. As the mean number of bids is just over 5, these geographical effects are considerable. 

Third, significantly more bids are submitted when the tender concerns works rather than supplies or 

services. An evident explanation is lacking, this relation might benefit from further research. The 

relevance of the positive effect of Worksi is further underlined by its sustained significance under E1. 
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Next, the addition of a single formal award criterium for a tender reduces the number of bids by 17% 

on average. It seems that for SCSs, tenders benefit from loose result-based demands rather than 

formal, specific award criteria. The effect for SCS tenders is substantially stronger than for tenders in 

general, cfr. 17% vav 2%. 

Last, in contrast to public procurement in general, regional authorities receive more than 50% less bids 

for SCS tenders compared to national authorities. This indicates that the competition issue in public 

procurement for SCSs is most pressing on the regional level, ironically this is also the level of 

government that is likely to become a pivotal actor in the smart city realm.  

We conclude that, when controlling for a wide range of factors, Belgian cities have comparatively low 

competition for SCSs and that this lack of competition was aggravated with the introduction of the 

GDPR.  

The likelihood ratio chi-square test confirms the model’s explanatory power. From the visual overview 

of the observed and the predicted proportions in Figure 4, it can be derived that the model fit is 

satisfactory.  

 

 

 

Figure 4. Comparison observed and predicted proportions Number of 
bidsi E2. Source: Statacorp (2009) based on statistical results. 
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5.2.1. Robustness 

The robustness section for the analysis of E2 is analogous to Section 5.1.1.  

After removal of all non-significant variables in a stepwise manner, the effect of the GDPR on the 

number of bids per tender remains strongly significant. Our results are further reinforced. Notable 

changes in control variables are limited. The coefficient of Germanyi  is reduced in size, i.e. 60% more 

bids vav in Belgium compared to 92% more bids in E2. The significance of the variable is strengthened 

though. Also, procurement of works is even more competitive compared to supplies under this 

robustness test.   

As none of the 369 observations for tender of SCSs received zero bids, it is possible that the 

observations with zero bids are missing for a structural reason. Again a zero truncated negative 

binomial can account for such a situation. Table 8 shows that the results are robust against truncating 

the regression at zero, coefficient are presented as IRRs. 

(vav Belgium) 
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6. Discussion 

Our findings show that competition in public procurement processes in the Benelux, France and 

Germany was negatively impacted by the introduction of the GDPR. Moreover, we established that 

this impact holds a fortiori for tenders of SCSs issued by regional authorities. 

The relevance of these findings is threefold. 

First, there is a public interest in well-functioning markets (Costa-Cabral & Lynskey, 2017). Arguably 

more so when considerable amounts of public funds are active in those markets. Good public 

governance dictates that funds should be spent in the public interest and to the maximum benefit of 

the population (World Bank, 2020). In that sense a reduction of competition in procurement processes 

would likely result in excessive (possibly oligopolistic or monopolistic) gains being transferred to the 

private sector. It is clear that this is detrimental from allocative efficiency and social welfare 

perspectives.  

Second, we point to a potential indirect effect of the GDPR, through competition, on data protection. 

Intuitively it is clear that an effect on competition might also impact the level of data protection in the 

SCSs market. Reduced competition leads to an increase in supplier power. This supplier can then use 

its power to increase prices or reduce quality without being subject to market discipline (Holtzman, 

2006; National Telecommunications and Information Administration, n.d.). For data-intensive, societal 

services in the public domain, data protection is an important quality feature. A reduction in the quality 

of that feature would be problematic. Moreover, this is directly against the principal aim of the GDPR. 

Third, the findings are especially relevant as the distinction between the public and private sector is 

further blurred in the smart city context. The selection of a bona fide private partner in the 

procurement process is particularly important in the context of SCSs as authorities are unable to 

internally gather the variety of expertise needed to deal with ensuing legal and/or technical intricacies 

(Janssen et al., 2019). The information asymmetry renders private partners more important 

stakeholders in the public domain holding gatekeeper positions (Gori, 2017). Distorted competition 
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hampers authorities’ freedom of choice and their liberty to put their own emphases based on societal 

needs. 

7. Conclusion  

By means of a negative binomial model, we study the effect of the introduction of the GDPR on 

competition in public procurement. It can be concluded that its introduction indeed aggravated the 

limited competition inherent to public procurement processes, i.e. tenders in general receive on 

average 15% bids less. Moreover, zooming in on SCSs, we find that in those markets the number of 

bids decreased by 35% after the introduction of the GDPR.  

The implications of our findings are far-reaching. First, the GDPR might actually aggravate adverse 

market dynamics, e.g. consolidation and foreclosure. Second, the GDPR might have the exact opposite 

effect on the level of data protection for SCSs as intended; its effects could eventually lead to worse 

data protection at higher prices. Third, the limited competition caused by the introduction of the GDPR 

might inhibit authorities’ independence in performing public tasks and tackling societal problems. This 

could result in the de facto privatization of certain government functions.  

A first limitation is the geographical scope of our analysis. The focus was on the Benelux region, France 

and Germany. However, our conclusions will likely apply more broadly across the EU. As the GDPR is 

uniformly applicable in all 27 member states and the smart city is still in full development (Regulation 

(EU) 2016/679 (GDPR), 2016); Robert et al., 2017), related public procurement challenges can be 

expected to arise EU-wide over the coming period.       

A second limitation relates to the size of the data samples. Our final sample for the analysis of general 

procurement consisted of 191,158 observations, while 3,050,000 observations were incomplete 

(OpenTender.eu, 2020a). Though a large number of observations were thus not included in the 

econometric analysis, we have no reason to believe that the analysis of the full population would 

render considerably different results. It should be noted that a sample of almost 200,000 is quite large 

in its own right. In addition, the sample of SCS tenders was at 369. Here the number of observations is 

necessarily limited because of the novelty of SCSs. Future examination will have to show whether these 

results are persistent over time. However, the strength of the significance and the size of the effect of 

the introduction GDPR on the number of bids, even despite the restricted number of observations, 

hint at a sizeable and lasting impact.   

Of course, as a human right, data protection requires due regulation (Lynskey, 2019). Future research 

might look into the potential of tailored data sharing standards to alleviate some of the competitive 

pressure of the GDPR in SCSs. Data sharing should ease lock-in dynamics and reduce general market 
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power of incumbent SCS providers (Kerber, 2019). Wider data access has for example been instituted 

as an explicitly pro-competitive instrument in the market for payment solutions under the second 

payment services directive (PSD2) (Tombal, 2020). Alternatively, fostering the usage of common data 

standards and encouraging interoperability could be promising avenues for further investigation (De 

Hert et al., 2018), (third party) certification schemes could play an important role in that regard (EDPB, 

2018).  
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