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Abstract 

In this study, we investigate how digitalised business models cause tax challenges due to de-

viations between the place of value creation and the place of taxation. Using 90 cases identified 

in the literature, we demonstrate how digital technologies change business models. Based on 

the cases, we conduct a normative analysis in order to determine in which cases a deviation 

between the place of value creation and the place of taxation occurs. We further perform a 

cross-case analysis to identify common conditions leading to tax challenges. Our study sug-

gests that divergence between the location of value creation and nexus occurs if (1) data are 

collected, (2) at a place at which neither one of the participating parties creates a nexus, and 

(3) a product or service is offered based on the data, leading to additional income for the com-

pany. 

 

Keywords: digitalised economy; BEPS; value creation; digitalised business models; tax 

challenges. 
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1 Introduction 

It is self-evident that digitalization has a profound impact on our economy. This is observable 

by comparing the 10 most valuable firms of 1990 and 2018. In 1990, the top 10 list of the most 

valuable firms included primarily banks and companies engaged in traditional businesses, 

such as consumer goods (Kempe, 2011); whereas, in 2018, so-called digital companies dom-

inated this list. In July 2018, the top five most valuable firms only consisted of companies which 

are often referred to as digital companies (Steinharter, 2018). Compared to more traditional 

companies, these digital companies seem to be able to shift profits easily to low tax jurisdic-

tions and benefit from lower effective tax rates (ZEW, 2017; EU-Commission, 2018a; EU-Kom-

mission, 2018). Consequently, a major political and public debate exists regarding whether the 

current international tax system requires an adaption in order to tax companies with digitalised 

business models efficiently. Our study contributes to this debate by answering the question of 

how digital technologies change business models of corporations in a way that justifies an 

adaption of the tax system due to a mismatch between the location of value creation and the 

location of taxation. The start of this discussion dates back more than two decades.  

In a report released in 1996, the U.S. Department of Treasury discussed various tax-related 

questions in the context of e-commerce, for example, whether a foreign corporation, which is 

engaged in the U.S. market due to an online store, establishes a permanent place of business 

in the U.S. The need for this discussion was triggered by the National Science Foundation 

Network – the predecessor of the Internet – which opened up for commercial applications in 

1991 (Braun, 2010) and the emergence of some of the today’s best known e-commerce cor-

porations in 1995 (eBay, 2018; Amazon, 2018). As the business models of these corporations 

differed from traditional business models,1 questions, such as how e-commerce corporations 

could be taxed adequately, needed to be addressed. In 1998, the OECD continued the discus-

sion about how to tax e-commerce within the framework of the Ministerial Conference in Ot-

tawa (Ottawa Conference) (OECD, 1998). During this conference, the participants agreed on 

                                                 
1 From a tax perspective, a main difference is that PEs are not required in every country where a corporation is 
performing business activities. 
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the Ottawa taxation framework conditions,2 which aim to implement a framework for fair taxa-

tion of e-commerce, as well as traditional businesses. Following the conference, the OECD 

decided to continue the work. As a result, the OECD introduced the so-called Technical Advi-

sory Groups (TAGs), which dealt with different issues of taxing e-commerce (OECD, 2015a). 

In the years following, further digital technologies were developed, such as cloud computing 

and artificial intelligence (NIST, 2014, 2018). Thus, the OECD realized, despite the effort in-

vested, that “international tax standards may not have kept pace with changes in global busi-

ness practices, in particular in the area of intangibles and the development of the digital econ-

omy.” (OECD, 2013c, p. 7). This conclusion triggered the work on the OECD’s Base Erosion 

and Profit Shifting (BEPS) project consisting of 15 Action Points dealing with different methods 

of base erosion and profit shifting of multinational enterprises. Action Point 1 of the BEPS 

project is dedicated to tax challenges arising within the “digital economy”.3 The final BEPS 

Report on Action Point 1 analyzes some digital technologies, summarizes common character-

istics of these technologies, and investigates whether tax challenges might occur (OECD, 

2015a). One major challenge identified by the OECD is that, due to the use of digital technol-

ogies, such as the Internet, a business does not have to be physically present in a country 

where it is economically active. However, as the existing international tax system mainly de-

fines physical presence as a nexus for taxation, this leads to a situation in which a corporation 

can avoid a nexus for tax purposes, while it is engaged in a country’s market. As a result, the 

location of value creation and the location of taxation can diverge, which might lead to artificial 

profit shifting to states where no value is created and, thus, a lower tax burden for digitalised 

business models is possible (ZEW, 2017).4 To realign the place of value creation and the place 

of taxation, the final BEPS Report discusses various solutions, namely, a significant economic 

                                                 
2 These conditions include the following principles: neutrality, efficiency, certainty and simplicity, effectiveness and 
fairness, and flexibility (OECD (2015a, p. 152)). 
3 Whereby it should not be called the digital economy, but the digitalised economy, because it is not possible to 
separate between the „digital economy“ and the „traditional economy“. Indeed, the lines of demarcation between 
the digital and the traditional economy are blurred. 
4 The EU-Commission cited the ZEW’s study to justify the proposal directives aiming to tax digital business models, 
as one result of the study was that digital businesses suffer a lower tax burden than traditional businesses (9.5% 
ETR for digital businesses vs. 23.2% ETR for traditional businesses). However, those numbers do not represent 
real ETRs, but are based on a simulation and driven by various assumptions. Real world ETRs for digital businesses 
are significantly higher (~20.9%) (ifo-Institute (2018)). 
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presence, an equalisation levy and withholding taxes, but recommends none of them (OECD, 

2015a). Although the OECD BEPS report possesses certain shortcomings5 and does not rec-

ommend any solutions for corporate income tax challenges, certain countries, such as India, 

Israel, and Italy have already introduced digital permanent establishments or equalisation lev-

ies (OECD, 2015a; EY, 2017; OECD, 2018), while other countries are discussing the imple-

mentation of these measures.6 In addition, the EU-Commission released two directive pro-

posals aiming at introducing an equalisation levy as a short-term solution (the digital services 

tax)7 and a digital permanent establishment as a long-term solution (EU-Commission, 2018a; 

EU-Kommission, 2018). These proposals would lead to a harmonization of the national tax 

systems (Heidecke and Mammen, 2018). However, these directive proposals have failed in 

their current form because of the resistance of different countries (Andersson et al., 2018). 

Moreover, the digital services tax proposal might be limited in scope by only targeting adver-

tising revenues and be passed in 2021 if no solution is found on the OECD-level (Khan and 

Brunsden, 2018). In its 2018 Interim Report, the OECD reflects progress made since 2015 and 

evaluates unilaterally implemented solutions (OECD, 2018). In its 2019 Public Consultation 

Document, the OECD presents four proposals currently discussed on a “without prejudice” 

basis. These include:  

1. A “user participation” proposal, first advanced by the British HM Treasury (HM Treas-

ury, 2018); 

2. A “marketing intangible” proposal, mainly backed by the U.S. (Gottlieb, 2018),  

3. A “significant economic presence” proposal, which was first presented in the BEPS 

Action 1 Report (OECD, 2015a) and later published as a directive proposal by the EU-

Commission (EU-Commission, 2018a); and  

                                                 
5 (1) Weak identification process of digital technologies, (2) missing definition of digital technologies, (3) digital 

technologies not considered within a business model. 
6 For critical comments on the OECD solutions discussed in the Interim Report 2018 and EU directives see Benz 
and Böhmer (2018). 
7 For critical comments on the digital service tax, see Schanz and Sixt (2018); Fritz et al. (2018).  



4 
 

4. A “global anti-base erosion” proposal initiated by Germany and France (Greive and 

Hildebrand, 2018).  

The first three mentioned proposals aim at tackling the specific tax challenges associated with 

digitalised business models and are summarized as pillar one, while the last one can be clas-

sified as a general anti-tax avoidance rule constituting a second pillar (OECD, 2019). 

While laws that aim to explicitly tax digitalised business models have already been enacted 

and EU and OECD proposals are discussed, the scientific literature on the topic is limited. 

Generally, two major streams in the literature can be observed. In a first literature stream, 

researchers suggest to overcome tax challenges by fundamental changes of the international 

tax system. Devereux and Vella (2017) compare the existing tax system to a radical alternative, 

a destination-based tax system. Instead of adapting the current tax system, they discuss pro-

posals of tax reforms to solve the challenges of digitalization, i.e., taxation at the location of 

the shareholder and taxation at the location of the customer. In a second stream, researchers 

are proposing or analyzing solutions that fit in our current international tax system. For exam-

ple, Becker et al. (2018) propose an adaption of the tax system based on a concept, called 

SURE (sustainable user relationship). This concept aims at taxing data that firms gather from 

its users in cases in which an observable cash flow can be attributed to the SURE; a clear use 

case is online advertising. Consequently, this concept attempts to implement a new nexus for 

digitalised business models. Olbert and Spengel (2017) approach a related problem and ana-

lyze challenges caused by the digital economy with regard to transfer prices, and propose that 

challenges especially exist in the case of software development activities and intangible as-

sets. Grinberg (2018) comments on the HM Treasury position paper, which proposes to create 

a nexus if an active user participation contributes to the value creation of the company. A study 

of the ifo-Institute (2018) also analyses the economic and fiscal effects of the “Digital Service 

Tax” proposed by the EU-Kommission (2018).  
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To the best of our knowledge, no study or report has thus far systematically investigated how 

specific digital technologies change business models and how those changes cause tax chal-

lenges. We define tax challenge as the deviation between the place of value creation and the 

place of taxation. We believe that this is an important first step that needs to be performed prior 

to discussing possible solutions. Otherwise, solutions tackling digitalised business models’ tax 

challenges cannot be conceptualized systematically, leading to poor solutions with a scope 

that might be either too wide or too narrow. To close the research gap, our study aims at, firstly, 

identifying which digital technologies influence the business models of corporations. Secondly, 

based on the identified digital technologies, we investigate cases in which profits are not taxed 

at the location of value creation of the enterprise. We further examine the results of each case 

analysis and draw conclusions about the conditions that lead to tax challenges.  

As no comprehensive overview of digital technologies affecting business models yet exists, 

we conduct a two-step approach, where RQ 1 has a supportive function to answer RQ 2 – the 

question of main interest:  

RQ 1: Which impacts have digital technologies had on business models?  

RQ 2: How do digitalised business models cause taxation challenges in a way that justifies an 

adaption of the tax system due to a deviation between the place of taxation and value 

creation? 

By answering the above research questions, we contribute to the ongoing policy debate about 

taxing digitalised business models. Our study provides a comprehensive overview of digital 

technologies and their impact on business models and value creation. Our results indicate that 

three conditions have to be fulfilled cumulatively in order to observe tax challenges, which are 

defined by a mismatch between the location of value creation and the location of taxation. 

These conditions include that a corporation (1) collects data in a country where (2) no taxable 

nexus of any involved party exists, whereby (3) a product or service is offered that is based on 

this data collection, leading to additional income. The three conditions indicate when digital 

technologies’ implementation in a business model leads to tax challenges. Furthermore, the 
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study assists to systematically evaluate current and future proposals for taxation rules attempt-

ing to tackle taxation challenges of digitalised business models with regard to their scope and, 

thus, helps to avoid the implementation of rules that might lead to double taxation. The sys-

tematic evaluation of proposals is demonstrated in the discussion section, in which we evaluate 

current OECD proposals based on our results. Currently, to the best of our knowledge, no 

report or study exists allowing to analyze proposals in a systematic manner. The systematic 

assessment of the proposals ensures that our international tax system can be further devel-

oped in a manner that secures continuous future tax income and an adequate allocation be-

tween different states.  

We restrict our analysis to corporate income taxation and, thereby, take the continued exist-

ence of corporate income tax for granted. We further focus on the question of whether mis-

matches between the location of value creation and the taxable nexus occur. We do not focus 

on the question of whether the amount of value creation in a jurisdiction is in line with the 

amount of a taxable income in this jurisdiction. As a result, we exclude transfer pricing ques-

tions from our analysis and focus on the taxable nexus.  

We structure our study as follows. Section 2 sets the principle of value creation in relation to 

our current tax system and provides an operationalization of value creation. Section 3 de-

scribes the method applied to answer the research questions. Section 4 presents our main 

findings. Section 5 discusses the main results and identifies limitations. Section 6 concludes 

and provides directions for future research. 

2 Development of the principle of value creation and the current international tax sys-

tem  

The concept of value creation within the BEPS project of the OECD 

As the principle of value creation is central to our research, we explain how this principle de-

veloped, how it influenced international tax treaties, and how we use the concept in our re-

search. Today, this concept is of central interest, as the OECD (2015b) included it in every 

action point of the BEPS action plan, aiming at “securing revenues by realigning taxation with 
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economic activities and value creation”. Even though value creation is a central concept of the 

BEPS plan, the OECD does not define it. Further, it is not self-evident how this paradigm 

emerged, and which conceptual ideas are underlying. Previous reports of the OECD (2013b, 

2013a), the EU-Commission (2015), and the declaration of the G 20 (2013) do not include a 

definition or explanation of the concept either. A vast part of the literature already considers it 

as a new principle of international taxation (Devereux and Vella, 2014, 2017; Krauß, 2016; 

Olbert and Spengel, 2017; Schön, 2015a, 2015b, 2018). However, indications also exist that 

the alignment of taxation and value creation is not meant to constitute a new paradigm. For 

instance, the EU-Commission (2018b, p. 15) states: “The current corporate taxation rules were 

mainly developed during the 20th century for traditional businesses. They are based on the 

idea that taxation should take place where value is created. However, the application of the 

current rules to the digital economy has led to a misalignment between the place where profits 

are taxed and the place where value is created, notably in the case of business models heavily 

reliant on user participation. It has therefore become evident that the current corporate tax 

rules for taxing the profits of the digital economy are inadequate and need to be reviewed.” 

This statement indicates that taxation was once aligned with value creation, but economic de-

velopments, especially through digitalization, disturbed this alignment.  

Definition of value creation  

To define value creation, the term “value” must first be clarified. According to Kroeber-Riel 

(1963), a good or a service can never have an intrinsic value; hence, each consumer individ-

ually attributes value to a certain good. Consequently, the value of a good is not identical for 

each consumer, but is subjectively attached to it. In order to obtain an improved operationali-

zation of the value of a good, the market price of a good can be considered. Therefore, the 

market price of a good or a service can be interpreted as the weighted average of individuals’ 

value judgements of a certain good or service. This results in the fact that, on average, the 

price and the value of a good or a service are the same. Consequently, in an economic sense, 

the process of value creation includes any economic activity performed that adds value to a 
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product and, therefore, increases the market price of a good or lowers expenses, leading to 

higher income. Consequently, value creation constitutes a quantitative measure, and reflects 

the difference between gross revenues and expenses. This concept is problematic in the lack 

of competition or if a value needs to be determined before external prices are set. In these 

cases, fictitious values need to be determined (Kroeber-Riel, 1963).  

Value creation as a justification for the allocation of taxation rights 

The concept of value creation needs to be further defined to create taxing rights based on it. 

Therefore, we explored extant literature and documents that discuss value creation in the con-

text of corporate taxation. As the current international tax system is mainly based on tax trea-

ties that assign taxing rights to states, and as the OECD Model Tax Convention has a large 

impact on the negotiation and builds the basis for more than 3,000 bilateral treaties, we take 

the OECD-MTC as a starting point. The first OECD Model Tax Convention was published in 

1963 and was based on previous work of the OEEC (the predecessor of the OECD) and the 

League of Nations (1927), which published the very first Model Tax Convention. The docu-

ments do not include the concept of value creation. However, a connection is made in the 

Model Tax Convention of the League of Nations by referring to the work of an expert group of 

economists appointed by them (League of Nations, 1923). They identified the production of 

wealth, which can be reconciled to the concept of value creation,8 as the relevant approach for 

income taxes. The economists defined it as follows: “By production of wealth we mean all the 

stages which are involved up to the point of the wealth coming to fruition, that is, all the stages 

up to the point when the physical production has reached a complete economic destination 

and can be acquired as wealth” (League of Nations, 1923, 23[4027]).9 Optimally, the experts 

suggest that the economic ability to pay taxes should be taxed once and should be divided 

                                                 
8 This is, for example, confirmed by Vogel (1990) who states that value creation is a concept that was already 
included in the League of Nations (1923) report. He further defines the source state as a state that is connected to 
the production of income, where value is added to a good.  
9 Further, the experts of the League of Nations (1923, 23[4027]) give the following example: “The oranges up-on 
the trees in California are not acquired wealth until they are picked up, and not even at that stage until they are 
packed, and not even at that stage until they are transported to the place where the demand exists and until they 
are put where the consume can use them. These stages, up to the point where wealth reaches fruition, may be 
shared in by different territorial authorities.” 
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among the states according to the intensity of economic activity performed in each state. Con-

sequently, every state in which an economic activity contributing to value creation is performed 

has a right to tax. However, to simplify taxation, only “intensive economic ties” should lead to 

a nexus, whereas “loose economic connections” should not result in taxing rights (Vogel and 

Lehner, 2015).10 Furthermore, it would be too complex to assign rights to tax the economic 

interest exactly. Thus, taxing rights are allocated to states that have the highest claim to tax 

for specific forms of wealth. Summarizing, we define three conditions, which should be cumu-

latively met to determine whether a state should be given the right to tax a corporation: 

1. The corporation is performing an economic activity in a country; 

2. A causal link between the economic activity performed and the income generated ex-

ists, as value creation implies that the sum of input prices is smaller than the sum of 

outputs; 

3. The earnings generated have to be sufficiently high, as only “intensive economic ties” 

should lead to a taxable nexus. Otherwise, the creation of a taxable nexus would lead 

to inefficiently high bureaucratic costs. 

3 Method 

To answer our research questions, we perform a two-step approach. The first step aims to 

answer RQ 1 by identifying digital technologies that affect the business models of companies. 

The second step aims to answer RQ 2 by investigating tax challenges based on the identified 

technologies. 

(1) Identification of digital technologies  

To answer RQ 1, which impacts do digital trends have on business models, at first, the func-

tioning and representation of a business model have to be illustrated. We take the definition of 

                                                 
10 An example for “lose economic ties” is scientific research. For this task, the link to future earnings is too loose to 
justify a taxable nexus (Wassermeyer and Kaeser (2018)). The OECD (2018, p. 168) also includes the idea that a 
permanent establishment is determined by a “sufficient level of economic activity in a state to justify a taxation in 
that state”. 
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Osterwalder (2004) that a business model is a representation of a firm that outlines the general 

logic of this firm doing business. Figure 1 illustrates the components of a business model. 

  

 

Figure 1. Business model based on Osterwalder (2004), Gassmann et al. (2013), and Porter (1989). 

Business models consist of four components, namely, the customer component, the product 

component, the value-generating component, and the financial component (Osterwalder, 

2004; Gassmann et al., 2013). The customer component defines who the target customer of a 

company is. The product component describes which product or service is offered by a com-

pany. The value-generating component takes an internal perspective, and illustrates how value 

is generated by a firm. It can be further subdivided by the functions of a value chain described 

by Porter (1989). Thus, the value-generating component comprises research and develop-

ment, procurement, production, marketing and sales, logistics, customer service, company in-

frastructure, and human resources. The financial component includes the revenue model and 

the cost structure, showing how a company monetizes the value generated.  

Based on this theoretical framework for business models, we identify which digital technologies 

affect the business model components. Therefore, we perform a structured keyword search 

following Kitchenham (2004) and Budgen and Brereton (2006). We searched the EBSCO Da-

tabase for articles released in a 10-year period between January 2008 and March 2018 with a 

combination of the keywords “digital trend”, “digital technology”, or “digitalization” and each 

business model component. For example, to identify digital technologies affecting the business 
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model component “procurement”, we searched the EBSCO Database for “digital trend pro-

curement”, “digital technology procurement”, and “digitalization procurement”. We then read 

all abstracts of the articles, including the keywords. If an abstract included a digital technology 

which is discussed within the context of the specific business model component, we read the 

whole article and documented all digital technologies mentioned in the article affecting the 

business model component, as well as the specific case describing how technology is installed 

within the business model. For this purpose, we define digital technologies as digital instru-

ments that automate or simplify human work (Hess, 2016; Wolf and Strohschen, 2018; 

Leidinger, 2017; Gartner, 2018). We supplemented our database search by a Google search 

comprising the same steps described for the EBSCO Database search. As a result, our docu-

mentation includes different business model components, digital technologies affecting each 

component, and a short case illustrating how the business model is transformed. The struc-

tured keyword search identified 725 articles in total. After checking the abstracts of all articles, 

we identified 117 articles which are relevant for our analysis. This means that an article’s ab-

stract included at least one digital technology within the context of the business model compo-

nent. The first published article that is of relevance for our analysis was published in 2011, 

whereby over 85% of the articles were published after 2014. As 44% of the articles are written 

by practicians, 32% by scientists, 19% by consulting firms and 4% by federations, we cover a 

broad range of literature.  

(2) Identification of tax challenges arising due to the digital technologies 

To answer RQ 2, how digitalised business models cause taxation challenges in a way that 

necessitates an adaption of the tax system due to a mismatch between the place of taxation 

and value creation, we perform a normative analysis based on the identified cases, followed 

by a cross-case analysis. We conduct the normative analysis by applying two consecutive 

considerations (see Figure 2). Firstly, based on the theory of section 2, we identify all locations 

where a company performs any economic activity using a digital technology. Thereafter, we 

compare these locations to the locations where the company establishes a taxable nexus. To 
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determine whether a taxable nexus exists, we focus our analysis on the OECD-MTC. We re-

strict the analysis to the nexus described in Art. 5 (permanent establishment) and 7 (business 

profits) of the OECD-MTC, as these are the main nexus rules for corporate income taxation.11 

For the purpose of our analysis and in accordance with Art. 5 paragraph 4 of the OECD-MTC, 

which exempts fixed places of business from permanent establishment status in case they 

perform only auxiliary or preparatory activities, we assume that the activity performed consti-

tutes the core activity of the company, i.e., as soon as we have a fixed place of business, we 

assume a taxable nexus.12 Secondly, if we identified a deviation between the place of eco-

nomic activity and the place of taxation, we investigate whether the economic activity per-

formed is causally linked to the generation of income, as value creation is described as the 

difference between gross revenues less the expenses of inputs. We assume a causal link to 

income if the business model shows concretely how the activity leads to higher income. If both 

conditions are fulfilled, the place of value creation and the place of taxation deviates, and thus 

an adaption of the tax rules might be justified.  

 

Figure 2. Procedure of case analysis. 

                                                 
11 We do not consider withholding taxes. Firstly, because we believe that the withholding tax on dividends and 
interest (Art. 10 and 11 OECD-MTC) is not affected by digital technologies. Secondly, we leave out withholding tax 
on royalties (Art. 12 OECD-MTC), as it is set to 0% in the OECD-MTC. 
12 We do not regard this exemption clause, as this is not relevant for our main interest of identifying cases in which 
a nexus is not given due to a lack of physical presence.  
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The theory presented in chapter 2 also suggests that sufficiently high income should result 

from an economic activity to justify a nexus. However, since the amount of an associated in-

come is highly dependent on the specific case and cannot be answered conceptually, it is not 

part of our analysis.13  

After the analysis of the single cases, we draw cross-case conclusions (Yin, 2009). We com-

pare the cases that lead to tax challenges to the cases that are not problematic. Based on this, 

we identify the criteria that describe and differentiate these groups of cases from each other. 

We then draw conclusions that make our results generalizable to many other cases.  

4 Results 

4.1 Identified digital technologies 

In total, we identified 16 digital technologies that impact companies’ business models (see 

Figure 3).14 These include robots, the Internet, digital platforms, computer simulations, digital 

identifiers, data analytics, cloud computing, augmented reality, blockchain, mobile computing, 

sensors, robotic process automation, 3D printing, artificial intelligence, cyber-physical systems, 

and autonomous vehicles. 

 

Figure 3. Identified digital technologies.  

Appendix 1 contains a definition for each digital technology, and Appendix 2 shows which 

business model components are affected by each digital technology. A distinction between the 

different digital technologies is possible, although several digital technologies overlap. For 

example, autonomous vehicles could also be classified as some kind of cyber-physical system. 

                                                 
13 To encounter this issue, a certain threshold could be defined. 
14 Digital technologies affect only the value generated and the product component. Customer and financial compo-
nents were only indirectly affected. 
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Moreover, some digital technologies build on other technolgies, for example, digital platforms 

can only exist because the Internet was developed. However, as these digital technologies 

were discussed seperately in the relevant articles and were presented in the context of a 

business model, we treat these digital technolgies separately in different cases.  

For the 16 digital technologies, we identified 90 cases, describing how the digital technologies 

affect a company’s business model. Appendix 2 illustrates the cases. 

4.2 Identified tax challenges 

Analyzing the 90 cases, we conclude that three conditions have to be fulfilled cumulatively to 

provoke tax challenges and potentially the need of an adaption of the tax system. To trigger a 

deviation between the location of value creation and taxation, a corporation has to perform an 

economic activity at a location where no nexus exists for any party involved in the transaction. 

Furthermore, a causal link between the economic activity of data collection and future income 

is requisite to observe a tax challenge. The cases analyzed indicate that a causal link exists if 

a specific service or product results from the data collection. This condition ensures that the 

data collected by a corporation is of value for the corporation. If this condition is not fulfilled, 

the data collected are not monetized and not reflected in the income of a corporation, and thus 

do not contribute to value creation. As a result, this condition indicates whether or not the 

activity performed qualifies as value-creating activity. Therefore, the business model of the 

corporation must include a concrete idea of how the collected data lead to higher income. This 

means that the data collection must be directly connected to cost savings or to revenues. 

We clustered the 90 cases into five groups represented by prototypical business models. The 

first group fulfills all three conditions and might lead to tax challenges. This group accounts for 

14% of the analyzed cases. For the second group, we could not observe a causal link between 

the economic activity and income, and do not classify them as challenging. For the third to the 

fifth group, a mismatch of the location of economic activity and taxation does not occur because 

of various reasons. Hence, 86% of the cases analyzed do not create any tax challenges.  

 presents a brief overview of the five groups. 
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Group 1 Group 2 Group 3 Group 4 Group 5 

Data collection in a 
country in which no 
nexus exists, whereby 
data are used to offer 
a product or service, 
and hence are caus-
ally linked to income.  

Data are collected at 
a location where no 
nexus exists, but the 
data are not linked 
causally to income. 

Digital technologies 
only serve as a way 
of product or service 
provision, whereby no 
customer data are 
collected. 

Data are collected in 
the country where the 
receiver of a product 
or service is located, 
but the receiver es-
tablishes a physical 
presence there. 

Digital technologies 
only affect the internal 
processes of the com-
pany. 

     

Cases: 1-13 Cases: 14-18 Cases: 19-30 Cases: 31-49 Cases: 50-90 
 
Table 1. Grouped cases illustrated by prototypical business models (the cases can be found in Appendix 2). 

In the following, we describe each group’s prototypical business model in detail. Furthermore, 

an exemplary case is presented illustrating practically how tax challenges might or might not 

occur. 

Group 1 – Economic activity without nexus and causally linked to income 

For the first prototypical business model, we observe a mismatch of the location of economic 

activity and taxation, whereby the economic activity performed is causally linked to income 

and, hence, might lead to tax challenges. Figure 4 illustrates the prototypical business model. 

 

Figure 4. Prototypical business model of group 1 (causing tax challenges). 

In this prototypical business model, A Ltd is performing the economic activity of data collec-

tion15 in country B, in which A Ltd does not establish a nexus for corporate income tax purposes 

and, hence, is not liable to taxation. In addition, the party receiving a service or product from 

A Ltd does not establish a nexus for corporate income tax purposes in country B either. In most 

of the cases, this can be explained by the fact that the collected data concern a consumer, 

                                                 
15 Apart from data collection, we did not identify any other economic activity performed at a place without a nexus. 



16 
 

who cannot establish a nexus according to Art. 5 OECD-MTC. Furthermore, the data collected 

in country B are required either to provide a service or to monetize a service or a product. 

Hence, the data collection in country B is directly linked to the generation of income, whereby 

without the data collection, A Ltd’s business model would not be feasible. 

Example: In case 4 (Appendix 2), A Ltd offers users a digital platform that serves as a social 

network. On the platform, users can upload and share different content with friends, and can 

also comment and interact with the content provided by their friends. A Ltd collects data about 

the interactions of each user, creates profiles for the users, and monetizes this information by 

offering the possibility to show individualized advertisements based on these data. As a result, 

A Ltd is performing the economic activity of data collection in country B, where neither A Ltd 

nor its users establish a nexus for corporate income taxation. Furthermore, the data collection 

is causally linked to income. This is because users’ data are needed to monetize the offering. 

Consequently, a causal link to income exists, and tax challenges may arise. 

Apart from classical digital business models, tax challenges can also be observed if industries 

that are more traditional digitalise their business models. Case 1 (Appendix 2) illustrates such 

a business model. In this case, A Ltd offers a fitness tracker that collects data concerning heart 

rate, physical activities, and energy consumption of its users located in country B. A Ltd as-

sesses the data and creates individualized fitness programs for its users based on the data. 

The fitness programs can be retrieved on the smartphones of the users. The business model 

is monetized directly, and the fitness trackers’ users have to pay A Ltd for the service. Conse-

quently, the three conditions are fulfilled, as A Ltd collects data in country B, whereby neither 

A Ltd nor the users create a nexus for corporate income taxation in country B. Furthermore, 

the collected data can be monetized due to the users’ payments and contribute to income 

generation. 
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Group 2 – Economic activity without causal link to income 

In the case of the second group, a deviation between the location of economic activity and 

taxation occurs. However, a causal link to income is missing and, thus, these cases do not 

lead to tax challenges. Figure 5 illustrates the prototypical business model of group 2. 

 

Figure 5. Prototypical business model of group 2 (not causing tax challenges). 

In this prototypical business model, A Ltd is collecting data in country B, where A Ltd does not 

establish a nexus for corporate income tax purposes. As a result, an economic activity is per-

formed. In addition, the counterpart of the transaction also does not establish a nexus, as in 

this prototypical business model data are collected from consumers. Therefore, a mismatch 

between the location of economic activity and taxation appears. Compared to group 1, the 

difference is that a causal link to income generation cannot be observed. In these cases, data 

are collected without a specific intention. This means that A Ltd collects data without having 

an idea about how they can be used to generate income. As a result, A Ltd does not offer a 

service or product based on the data collected, but might use the data only for market research 

or not at all. Therefore, no tax challenge occurs in this scenario. 

Example: In case 16 (Appendix 2), A Ltd offers its customers a digital platform on which they 

can present and discuss ideas concerning A Ltd’s products. For example, a customer can 

suggest the implementation of a specific function to improve the application area of a product. 

Other customers can then rank and comment on this idea. As a result, A Ltd obtains better 

insights into its customers’ needs. Although A Ltd might use these data to develop its products, 

a causal link to profit generation cannot be observed. Firstly, the ideas might not be pursued 

by A Ltd at all. Secondly, even if A Ltd uses the ideas generated by its customers, A Ltd would 
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have to develop the product technically, and a lot of effort may be needed to realize the idea. 

Consequently, we do not see a causal link to income, as too many other variables affect the 

outcome of a newly developed product.  

Group 3 – Service provision via digital technologies 

Digital technologies might also be used to offer a customer a service or a product. To do so, 

no data collection is necessary, and therefore a deviation between the place of economic ac-

tivity and taxation cannot be observed. Figure 6 illustrates this prototypical business model. 

 

Figure 6. Prototypical business model of group 3 (not causing tax challenges). 

In these cases, A Ltd provides a customer located in country B a service or product using a 

digital technology, such as the Internet. A Ltd does not establish a nexus in country B, and 

neither does the customer. However, A Ltd does not perform any economic activity in country 

B. In country B, only consumption of A Ltd’s service or product takes place. Thus, a deviation 

between the place of value creation and taxation cannot be observed. 

Example: In case 22 (Appendix 2), A Ltd offers a digital platform to customers, on which cus-

tomers located in country B can stream movies. Therefore, A Ltd charges its customers a 

certain fee. However, no data collection and, thus, no value creation, occurs in country B. As 

a result, a deviation between the location of value creation and taxation cannot be observed. 
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Group 4 – Data collection in a B2B setting 

In the cases of group 4, a deviation of the location of value creation and taxation cannot be 

observed. The reason for this is that the counterpart of the transaction constitutes a taxable 

nexus. Figure 7 illustrates these cases. 

 

Figure 7. Prototypical business model of group 4 (not causing tax challenges). 

In these cases, A Ltd offers B Ltd a service that helps B Ltd to work more efficiently and save 

costs. Therefore, A Ltd collects data in country B concerning B Ltd, assesses the data, and 

performs a service based on these data. However, A Ltd does not establish a nexus in country 

B. Despite this, we argue that a deviation between the location of value creation and taxation 

does not occur because of the following reason: although A Ltd does not establish a nexus, its 

contractual counterpart, B Ltd, creates a taxable nexus. Furthermore, we assert that the overall 

efficiency gains resulting from the service provision of A Ltd has already been spread between 

the involved parties in proportion to each corporation’s value contribution under the assumption 

that no party has sufficient market power to skim off the whole efficiency gain. The overall 

gains resulting from A Ltd’s service provision amounts to B Ltd’s cost savings . Hence, if B 

Ltd is acting rationally, it will pay A Ltd an amount  that is strictly smaller than . As a result, 

there exists a market price for the data assessment and a market price for the data collection, 

which is already captured in each corporation’s tax base. The market price for the data as-

sessment is captured as earnings in A Ltd’s tax base. The market price of the data forwarded 

from B Ltd is captured in B Ltd’s tax base as expenses decrease. As a result, value creation 

and taxation are aligned. 
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Example: In case 31 (Appendix 2), A Ltd offers B Ltd the service of predictive maintenance. 

Therefore, B Ltd forwards data of production machines to A Ltd. These data are analyzed, and 

A Ltd can predict the point in time when a machine breaks down. B Ltd can utilize this prediction 

and repair a machine before this event occurs. The overall gains from A Ltd’s service is the 

amount of total costs saved by B Ltd , as breakdowns no longer occur. Consequently, B Ltd 

is willing to pay A Ltd a certain amount  to analyze machines’ data, which is strictly smaller 

than , as B Ltd would not give away valuable data free of charge. Hence, the overall gains 

from A Ltd’s service are spread between A Ltd and B Ltd, and are reflected as earnings (A Ltd) 

or cost reduction (B Ltd) in each corporation’s tax base. Summarizing, the location of value 

creation and taxation are aligned. 

Group 5 – Digital technologies affecting internal processes 

Finally, digital technologies affect internal processes of corporations. Figure 8 illustrates a 

prototypical business model of these cases. 

 

Figure 8. Prototypical business model of group 5 (not causing tax challenges). 

The remaining cases have in common that digital technologies are implemented in order to 

improve the efficiency of internal processes. As a result, the tasks of some employees can be 

performed by software or robots, but these digital technologies do not change the locations of 

economic activity or the location of nexus. 

Example: In case 60 (Appendix 2), A Ltd introduces the use of augmented reality glasses in 

its logistic department. These glasses help to improve the efficiency of pickers, who collect 

goods in a warehouse required for an order. Therefore, the augmented reality glasses navigate 

a picker through a warehouse and highlight the goods on a shelf that need to be collected. 
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Consequently, the efficiency of pickers increases. As the location of economic activity and 

taxation remain the same, we do not find any tax challenges arising. 

5 Discussion  

In the OECD Policy Note of January 2019, the OECD and the member states of the Inclusive 

Framework agreed on common goals to encounter tax challenges associated with digitalised 

business models. Therefore, four proposals, which can be grouped into two pillars, are dis-

cussed to overcome arising tax challenges. The first pillar includes the “user participation” pro-

posal, the “marketing intangible” proposal, and the “significant economic presence” proposal. 

The second pillar includes the “global anti-base erosion” proposal in the form of a global mini-

mum tax. While the proposals of the first pillar are designed to tackle tax challenges explicitly 

connected to digitalised business models, the second pillar is broader, setting incentives 

against profit shifting. The OECD and the Inclusive Framework committed to work on these 

proposals on a “without prejudice” basis, whereby the creation of new taxation rules should 

neither result in taxation if no “economic profit”16 exists nor in double taxation (OECD, 2019). 

Hereafter, we firstly present the three proposals of the first pillar and secondly discuss them in 

the context of our study’s results. We focus on pillar one, as these proposal specifically attempt 

to overcome digitalised business models’ tax challenges (OECD, 2019). 

The “user participation” proposal      

The “user participation” proposal traces back to a position paper of the British HM Treasury 

(HM Treasury, 2018). The OECD describes user participation in its proposal as activities and 

participations of users contributing to value creation, especially to brand creation, valuable 

data generation, and the development of market power. As this value is not captured in the 

users’ jurisdiction, the proposal suggests to create a nexus for businesses in the jurisdiction 

                                                 
16 The OECD is referring to “economic profit” and probably not to the excess profit over opportunity costs, but a 

realized profit. 
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in which active and participatory user bases are located, irrespective of whether those busi-

nesses have a local physical presence. This includes social media platforms, online market-

places, and search engines (OECD, 2019).  

The “marketing intangible” proposal  

The “marketing intangible” proposal is backed by the U.S. and implies more taxation rights 

for market jurisdictions (Gottlieb, 2018). Marketing intangibles, as defined by the OECD 

(2019), relate to marketing activities, and aid in the commercial exploitation of a product or 

service and/or has a high promotional value for the offered product. This proposal is wider 

than the “user participation” proposal. It is argued that “marketing intangibles”, such as 

brands, customer relations or customer data, allow a multinational entity to “reach into” a ju-

risdiction’s market without a local presence. According to the proposal, value created in this 

jurisdiction is not captured. Therefore, the “marketing intangible” should serve as a nexus 

and capture the residual income of a multinational enterprise attributable to marketing intan-

gibles and risks. 

The “significant economic presence” proposal  

The “significant economic presence” was first presented in the BEPS Action 1 Report (OECD, 

2015b). In addition, the EU-Commission used this concept for the Significant Digital Presence 

Directive Proposal (EU-Commission, 2018a). In the 2019 Public Consultation Document, the 

OECD defines a “significant economic presence” as "a purposeful and sustained interaction 

with the jurisdiction via digital technology and other automated means" (OECD, 2019, p. 16). 

The main criteria to fall under the rule is that revenues are generated on a sustained basis in 

the jurisdiction. However, this is supposed to lead to a “significant economic presence” only if 

combined with other factors. Possible other criteria, of which one or more can be added, are: 

(1) a user base that generates data; (2) the magnitude of digital content; (3) the use of local 

payment means, such as local currency; (4) the offering of a website in the local language; (5) 

the responsibility of the company for the delivery of goods or services; and/or (6) any form (not 
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necessarily digital) of sustainable marketing or sales efforts. Depending on the criteria in-

cluded, different kind of business models would be affected.  

In its 2015 BEPS Report, the OECD stated its aim to realign the location of value creation and 

taxation (OECD, 2015a). Based on this goal, we evaluate the OECD’s proposals. As criteria 

for evaluation, we take into account the three conditions cumulatively leading to a deviation 

between the place of value creation and the place of taxation identified in our research. Spe-

cifically, we evaluate whether the proposals include the conditions that (1) data collection in a 

country, (2) in which no nexus exists, and (3) the collected data are causally linked to income. 

Data collection 

Our results indicate that the only economic activity performed by corporations leading to tax 

challenges is data collection. Confirming this result, all OECD proposals include data collection 

as a characteristic to create a taxing right. The “user participation” and the “marketing intangi-

ble” proposal explicitly describe the collection of data as value-creating activity. In addition, the 

“significant economic presence” proposal includes data collection as a criterion to create a 

taxing right. However, the proposals are not restricted to the activity of data collection. Further-

more, a nexus should be assumed if consumers contribute to brand creation. For example, the 

“marketing intangible” proposal argues that “some marketing intangibles, such as brand and 

trade name, are reflected in favourable attitudes in the minds of customers and so can be seen 

to have been created in the market jurisdiction“ (OECD, 2019, p. 12) and, hence, attributes 

taxing rights to the market jurisdiction. However, we argue that the value-creating activities 

performed to build a strong brand are not undertaken by the market. Marketing campaigns, 

product design, or sales experience are activities performed by a corporation at a location 

where a nexus already exists, for example, in the marketing department. The consumers’ re-

actions to these measures constitute results of these activities, but do not create value them-

selves. Furthermore, it is questionable how the maintenance of a website in a local language 
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can classify as a value-creating activity of the market, if the website is administered from an-

other country. If the aim of the proposal was to realign the location of value creation with taxa-

tion, the proposals should be restricted to the economic activity of data collection. 

No nexus exists 

The second condition, i.e., that no nexus exists for any party involved in a transaction, is im-

plicitly fulfilled by each proposal. According to the proposals, a nexus should only be created 

if the company benefits from a user base in this country. Hereby, the examples indicate that 

user base refers to consumers, which do not establish a nexus for corporate taxation. B2B 

transactions are not explicitly mentioned in the proposals and, hence, it seems that B2B trans-

actions should not be targeted by the proposals.  

Collected data are causally linked to income 

Thirdly, to observe a deviation between the place of value creation and taxation, the data col-

lected has to be valuable for the corporation collecting it. This is the case if data can be mon-

etized due to the business model. Data collection without monetization does not create value. 

From our perspective, the proposals do not include a sufficient rule to ensure this condition. 

This can lead to the problem that corporations collecting data are taxed, although the data are 

not valuable to them, as they do not create additional income based on the data. Therefore, 

the proposals might also tax activities that do not create any value. 

Concluding, our results suggest that the scope of the proposals is too broad if they aim to tax 

at the location of value creation. This might lead to situations in which, apart from digitalised 

business models provoking tax challenges, a broader scope of business models is targeted. 

As a result, the proposals seem to be motivated politically, as they aim to increase taxing rights 

for market jurisdictions at the expense of strong exporting nations rather than realign value 

creation with taxation. 
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6 Conclusion 

In this study, we investigate how digital technologies change business models and how this 

might lead to tax challenges due to a deviation between the place of value creation and the 

place of taxation. In a first step, we performed a structured keyword search to identify which 

digital technologies affect companies’ business models. We identified a total of 16 different 

digital technologies that are of relevance for business models. These digital technologies can 

be implemented within different business model components, leading to 90 specific applica-

tions, which we documented as cases. To analyze the question of which digital technologies 

change business models in a way that justifies an adaption of the tax system, we conducted a 

normative analysis for the cases determined in the previous step. Our main finding from the 

cross-case analysis is the identification of three specific criteria that lead to tax challenges. 

According to our approach, an adoption of the tax system might only be justified if (1) data are 

collected, (2) at a place at which neither of the participating parties creates a nexus, and (3) a 

product or service is offered based on the data, leading to additional income for the company.  

Our results indicate that 86% of the 90 analysed cases do not cause any corporate income tax 

challenges. For only 14% of the cases, we identified a mismatch between the location of value 

creation and the location of taxation. However, we did not examine the scope of value creation. 

An adaption of the tax system that would tax all of the identified cases leading to tax challenges 

would cause inefficiently high bureaucratic costs. As only sufficiently high attributable income 

should result in income taxing rights of a jurisdiction, the value of collected data needs to be 

determined. A new allocation of taxing rights may be justified only if the attributable income is 

sufficiently high. 

With respect to the OECD proposals, our results suggest that the scope of current proposals 

is too broadly defined. This would inevitably lead to double taxation issues for companies that 

would fall under these new taxation rules, and might even include companies or business ac-

tivities that the OECD does not intend to target.  
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Although we conducted the identification of digital technologies, as well as the analysis of tax 

challenges in a comprehensive and systematic manner, our investigation is restricted to the 

90 cases identified within the literature. If digital technologies are implemented in a different 

way than our cases indicate, the results might differ. Despite this, we believe that the three 

conditions derived from the cross-case analysis are applicable to evaluate many other cases.  

Our findings raise questions that we hope future research will address. Future research should 

aim to quantify economic activities of enterprises that lead to the identified tax challenges. 

Thus, for future research, it will be interesting to develop measures to allocate income to the 

locations where value is created.  
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Appendix 1. Definition of digital technologies.  

3D printing, or additive production, is an industrial production method, using computer-aided design software 
(CAD software). Thereby, an object is developed using a computer application and saved as a data file. This 
data file explains how a three-dimensional (3D) print is built in layers. The 3D printer utilizes this information in 
order to manufacture the product layer by layer (Berman, 2012; Gebler et al., 2014). 

 
Artificial intelligence attempts to imitate human intelligence and to enable machines to act like rational human 

beings. Thereby, intelligence is described as deriving rules and reasons for observed processes, being able to 
think abstractly, learn from experiences, develop ideas, and be able to solve problems in a changing environ-
ment. The goal of artificial intelligence is to transfer these abilities to machines (Garris, 2018; Gentsch, 2018). 

 
Augmented reality is the integration of digital information into the user's environment in real-time. Augmented 

reality uses the existing environment and overlays new information on top of it by displaying virtual objects in 
devices, such as glasses (Milgram et al., 1994; Azuma et al., 2001; van Krevelen and Poleman, 2010). 

 
Autonomous vehicles are vehicles that drive self-reliantly without a human driver. Autonomous vehicles range 

from level 1 to 5, with 1 being driving assistance systems with the driver still in control and 5 driving completely 
autonomously (Maurer et al., 2015; Bundesministerium für Verkehr und digitale Infrastruktur, 2015). 

 
A blockchain is a database stored on several servers (=nodes). It contains entries of transactions and digital 

activities. The characteristic of the blockchain is that transactions are compromised into blocks with a memo-
rized reference to the previous block. The number of nodes hereby verifies each transaction. This means that 
whether the transaction is possible is checked, because both parties need the respective products and rights 
for it (Crosby et al., 2016; Nakamoto, 2008). 

 
Using cloud computing, users are able to comfortably access different computer resources, such as disk 

space, processing power, or other special applications from nearly anywhere. The term “cloud” comprises the 
hardware, the system software, and the applications that the user can access via the Internet from various 
devices, such as a laptops, tablets, and smartphones (Mell and Grance, 2011; Armbrust et al., 2010).  

 
Computer simulations provide a method to measure the influence of a variable important to a process onto 

the process. For this, a model of the underlying process is set up and implemented as a computer program. 
Afterwards, the computer program runs for a range of values for the input variable (Gilbert, 2008; Yip and Diaz 
de la Rubia, 2008). 

 
Cyber-physical systems are objects, devices, buildings, modes of transport, or production facilities containing 

embedded computer systems. Cyber-physical systems are connectable via the Internet and are, as a result, 
able to communicate and use Internet services (Bauernhansl, 2017; Veigt et al., 2013; Kagermann et al., 2013). 

 
Data analyses make use of statistical techniques to gain knowledge out of various data files, mostly Big Data. 

Such procedures aim at improving decisions in a company under consideration of as much data as possible 
(Gentsch, 2018; Hung, 2016; Chen and Zhang, 2014; Gandomi and Haider, 2015). 

 
Digital identifiers can be compared to optical identification, such as bar or QR codes. These developments aim 

at transmitting information to an object or identifying an object using digital identification methods, such as 
RFID. Thereby, products can be identified uniquely (Dobkin, 2013). 

 
Digital platforms, based on the development of the Internet and improvements in data exchange, serve as 

intermediary platforms and, therefore, facilitate the detection, comparison, and evaluation of information to 
enable interactions between different market participants regarding the execution of transactions. Digital plat-
forms are also used to integrate externals into the company (Schweitzer et al., 2016; Rysman, 2009). 

 
The Internet was originally developed to connect mainframe computers of U.S. universities. In its evolution, the 

Internet, as it is currently known, became the number one communication medium that allows worldwide data 
and information exchange between users. Furthermore, the Internet also enables communication and interac-
tion between objects with a common goal. This is what is termed the Internet of Things (IoT) (Braun, 2010; 
Atzori et al., 2010). 

 
Mobile computing devices possess processing power and are connected over the Internet. The most common 

devices for mobile computing are tablets and smartphones (Gikas and Grant, 2013; Laurila et al., 2012). 
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Robotic process automation describes the automation of processes through software solutions. This espe-
cially concerns structured, rule-based, repetitive activities that were previously manual. These activities, pref-
erably administrative tasks, are automated using computer programs (Astiani and Pettinen, 2016; Willkocks et 
al., 2015). 

Robots are universally applicable machines that are programmable and, in some cases, equipped with sensors. 
Robots can be equipped with various tools and means of production. Robots are utilized in order to perform 
multiple physical activities and can, for instance, be used to execute dangerous tasks. Different types of robots 
exist, such as industrial robots, service robots, and mobile robots (Verband deutscher Ingenieure, 1990; Stark, 
2009). 

Sensors are microelectronic components that allow to quantitatively measure physical, chemical, biological, and 
medical phenomena, such as pressure, temperature, vibration, or position. For this objective, a sensor is made 
of one element that measures the respective phenomena and another element that transforms it into an electric 
signal used by computers for controlling and evaluation purposes. Sensors assist in the collection of data of 
the environment and single objects (Niebuhr and Lindner, 2011; Hering and Schönfelder, 2012). 
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Appendix 2. Tax classification of cases.  

The examples of companies included in the cases should only assist to illustrate how business models become digitalised. We 
explicitly do not judge whether they are adequately taxed under the current nexus rules, but rather intend to show which corpora-
tions might be affected if a nexus is established at every place of value creation, regardless of its scope.  

# Techno-
logy 

Business  
model  

component 

Case Deviation 
between 
place of 

economic 
activity 

and place 
of taxa-

tion 

Causal 
link be-
tween 

economic 
activity 
and in-
come 

generated 
Group 1: Economic activity without nexus and causally linked to income 

1 Internet  Product  A product forwards user data via the Internet to a company, 
which provides services based on the data collected. The ser-
vice is monetized either directly or indirectly (via advertise-
ments). Example: Fitbit’s Coach. 

Yes Yes 

2 Internet  Marketing 
and distribu-
tion 

Customers’ data are tracked while surfing on an online store’s 
website, whereby the data generated can be used for market-
ing purposes in order to sell additional products or to skim off 
the consumer rent. Example: Amazon's product recommenda-
tions. 

Yes Yes 

3 Internet  Logistics The logistic process becomes more transparent through the 
use of the Internet. Therefore, trucks and other means of 
transport can forward information about the logistic routes, 
delays, or characteristics of their loads to the receiver in real-
time. Consequently, the receiver can react based on this in-
formation and can save costs. Example: implementation of 
Agheera's tracking technology. 

Yes Yes 

4 Digital 
platforms  

Product  A company offers users a platform to share content with other 
users. Thereby, user data are collected to show users individ-
ualized advertisements. Example: Facebook. 

Yes Yes 

5 Artificial  
intelli-
gence 

Procure-
ment 

Artificial intelligence is used to analyze unstructured data, and 
therefore facilitates market analysis and helps to preselect 
and process information regarding the supply chain to use re-
sources efficiently. Example: implementation of KPMG's Pro-
curement 365 Digital.  

Yes  Yes 

6 Artificial  
intelli-
gence 

Logistics Artificial intelligence is applied to analyze, plan, and optimize 
the logistic processes from the supplier until the final cus-
tomer by identifying inefficiencies using external data. Exam-
ple: implementation of PSI's Supply Chain Network Design.  

Yes Yes 

7 Artificial  
intelli-
gence 

Logistics Artificial intelligence enables optimized navigation-path plan-
ning and predicts product demand and seasonal trends. Ex-
ample: implementation of GreyOrange's intelligent robotics for 
warehouse and supply chain automation.  

Yes Yes 

8 Artificial  
intelli-
gence 

Product Artificial intelligence can be part of a product. Therefore, the 
product collects external data, which are processed by artifi-
cial intelligence to deliver a certain output for the customer. 
Example: Amazon's Alexa. 

Yes Yes 

9 Artificial  
intelli-
gence 

Marketing 
and distribu-
tion 

Artificial intelligence can be used to analyze (unstructured) 
data and predict demand for certain products or optimize 
prices. Example: use of BlueYonder's Price Optimization. 

Yes Yes 

10 Data  
analytics 

Procure-
ment 

Data analytics is used to predict the demand and supply of 
certain goods, and offers recommendations in real-time. Exa-
mple: implementation of ZYCUS' Procurement Analytics.  

Yes Yes 

11 Data  
analytics 

Marketing 
and distribu-
tion 

Data analytics is used to structure and evaluate customers' 
and market's data, aiming to improve advertising efficiency. 
Example: implementation of Adverty's Barand Analytics.  

Yes Yes 

12 Data  
analytics 

Logistics Customers' data can be analyzed in order to anticipate future 
orders. Based on this, anticipated shipping can be used by re-
tailers, whereby products are shipped before they are or-
dered, and logistic efficiency is increased. Example: imple-
mentation of Amazon's anticipatory shipping (registered pa-
tent).  

Yes Yes 

13 Data  
analytics 

Logistics Data analytics is used to improve logistic streams. Example: 
implementation of Xeneta's Intelligence for ocean and air.  

Yes Yes 
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Group 2: Economic activity without causal link to income 

14 Internet  Research 
and develo-
pment 

A product connected to the Internet collects data while it is 
used and forwards these data to the research department of 
its producer, which might use the data for analysis. Example: 
Apple's collection of anonymized analytical, diagnostic, and 
user data. 

Yes No 

15 Internet  Research 
and develo-
pment 

A company offers its users the possibility to send feedback 
about a product via a website. This data might be used in the 
research and development process. Example: Migros' Migipe-
dia for product feedback. 

Yes No 

16 Digital 
platforms  

Research 
and develo-
pment 

A company provides a platform to its customers on which they 
can discuss product ideas. These ideas might be used in the 
research and development process. Example: Dell's Idea 
Storm. 

Yes No 

17 Digital 
platforms  

Customer 
service 

Companies may implement a platform that allows customers 
to communicate with other customers and give them advice 
on how to use a product or how to repair it. Example: Apple's 
Support Community. 

Yes No 

18 Data  
analytics 

Research 
and develo-
pment 

With the assistance of data analytics, data regarding the use 
of prior products can be analyzed, and new products might be 
developed depending on those insights. Example: implemen-
tation of ATLASSIAN's Product Analytics. 

Yes No 

Group 3: Service provision via digital technologies  

19 Internet  Customer 
service 

Customers are offered chat programs which provide them 
with a service to be advised by an employee. Example: Tui's 
customer chat. 

No No 

20 Internet  Marketing 
and distribu-
tion 

Customers are offered chat programs which provide them 
with the service to be advised by an employee. Example: Tui's 
customer chat. 

No No 

21 Internet  Product A company might offer a product that is connected to the In-
ternet, whereby information can be sent to the product on re-
quest. Example: BMW's Connected Drive. 

No No 

22 Digital 
platforms  

Product  Digital platforms can be used to offer customers digital goods, 
such as music or movies. Example: Netflix, Spotify Premium. 

No No 

23 Digital 
platforms  

Marketing 
and distribu-
tion 

Digital platforms can be used as marketplaces by companies. 
On these platforms, they can offer products to customers. Ex-
ample: use of Amazon's Marketplace. 

No No 

24 Artificial  
intelli-
gence 

Marketing 
and distribu-
tion 

Artificial intelligence can be implemented as a development of 
e-commerce and m-commerce, leading to "conversational 
commerce". In this form, customers can purchase products 
via an interface which understands the human voice. Exam-
ple: Amazon's Alexa. 

No No 

25 Artificial  
intelli-
gence 

Customer 
service 

Artificial intelligence may be used as service clerks in call cen-
ters. It may also be implemented in chatbots or personal as-
sistants. Example: Apple's Siri. 

No No 

26 Cloud 
compu-
ting 

Product Cloud computing is enabling the provision of new kinds of ser-
vices, such as central data storage and easily accessible soft-
ware solutions. Example: Microsoft's OneDrive.  

No No 

27 Cloud 
compu-
ting 

Marketing 
and distribu-
tion 

Cloud computing enables tools, such as configurators for 
products. Example: BMW's Car Configurator. 

No No 

28 Cyber- 
physical 
systems 

Production  Cyber-physical systems implemented in production allow to 
produce high varieties of goods. As a result, individualization 
of products is possible to be offered to customers. Example: 
Implementation of Autonomik für Industrie 4.0's SmartFace. 

No No 

29 Aug-
mented 
reality 

Marketing 
and distribu-
tion 

Augmented reality is used in showrooms or at home to show 
customers different equipment features. Example: Ikea's 
Place App. 

No No 

30 Mobile 
compu-
ting  

Marketing 
and distribu-
tion 

M-commerce, which is a development of e-commerce, ena-
bles customers to shop online via mobile devices, such as 
smartphones. Example: Zalando's mobile app. 

No No 

Group 4: Data collection in a B2B setting 

31 Internet  Product  In a B2B setting, products, for example production machines, 
forward information to a service company, which analyzes the 
data and provides maintenance advice (i.e., predictive mainte-
nance). Consequently, the products can be used in a cost-effi-
cient manner. Example: Siemens' Predictive Services.  

No No 

32 Internet  Procure-
ment 

Companies forward data about inventories to their suppliers. 
Based on these data, suppliers deliver goods to ensure a con-
stant amount of inventory. Example: implementation of 
Würth's CPS ORSY storage and ordering system. 

No No 
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33 Internet  Company 
infrastruc-
ture 

Due to the Internet, employees can work from nearly any-
where. Example: implementation of Dell's EMC. 

No No 

34 Digital 
platforms  

Procure-
ment 

A common database is used by suppliers and producers, and 
thus producers can access different suppliers' products. Ex-
ample: implementation of StoreServer's eProcurement-Sys-
tem. 

No No 

35 Digital 
platforms  

Production Due to common standards, machines, products, and nearly all 
other objects can store their data on a common platform. All 
of these data points can then be put in relation to each other, 
and the platform provider can learn from the data and offer 
services in return for payment. As a result, producers can 
adapt their production and save costs. Example: participation 
in Siemens' Mindsphere Platform. 

No No 

36 Digital 
platforms  

Product  A platform matches the supply and demand side of different 
enterprises. Example: Amazon Business. 

No No 

37 Digital 
platforms  

Logistics A platform is used as a marketplace for logistic supply and de-
mand by different companies. Example: implementation of 
INTTRA's Ocean Trade Platform. 

No No 

38 Digital 
platforms  

Human re-
sources 

A platform is used as a marketplace for workforce supply and 
demand by companies. Example: use of Manpower's Tempo-
rary Employment. 

No No 

39 Digital 
platforms  

Company 
infrastruc-
ture 

Companies use platforms for crowd-funding to collect money 
to finance certain projects. Example: use of Kickstarter's 
crowdfunding platform. 

No No 

40 Cloud 
compu-
ting 

Procure-
ment 

Cloud computing allows various collaborating corporations to 
access a common data pool. Example: implementation of Or-
acle's Procurement Cloud. 

No No 

41 Cloud 
compu-
ting 

Logistics The use of a cloud computing solution by suppliers and pro-
ducers to share a common data pool regarding the value 
chain. Example: use of Transporeon's transport management. 

No No 

42 Cloud 
compu-
ting 

Production The use of a cloud computing solution by suppliers and pro-
ducers to share a common data pool regarding production. 
Example: use of myfactory's PPS networked production. 

No No 

43 Cloud 
compu-
ting 

Production The software necessary to operate production machines is 
accessed via a cloud application. Further, the provider of the 
cloud solution is able to offer predictive maintenance. Exa-
mple: implementation of Kuka's SmartProduction. 

No No 

44 Cloud 
compu-
ting 

Company 
infrastruc-
ture 

Due to cloud computing, employees can access required data 
and software from anywhere in the world. Therefore, they are 
not dependent on a specific location. Example: implementa-
tion of Oracle's Cloud. 

No No 

45 Mobile 
compu-
ting  

Company 
infrastruc-
ture 

Mobile computing devices, such as tablets, enable employees 
to work from different locations outside of a company’s infra-
structure. Example: Dell's EMC. 

No No 

46 Block-
chain 

Procure-
ment 

The blockchain is used to verify transactions. Therefore, the 
previous owners of a good can be identified, and the authen-
ticity of a product can be ensured. Example: use of IBM's 
blockchain for supply chain.  

No No 

47 Block-
chain 

Logistics The blockchain is used to verify transactions. Therefore, the 
previous owners of a good can be identified, and the authen-
ticity of a product can be ensured. Example: use of IBM's 
blockchain for supply chain.  

No No 

48 Block-
chain 

Company 
infrastruc-
ture 

The blockchain is used to make the administrative work more 
efficient, transparent, and auditable. Therefore, any transac-
tion can be stored unchangeable on the blockchain. Example: 
use of KALEIDO Blockchain Business Cloud.  

No No 

49 Block-
chain 

Company 
infrastruc-
ture 

Smart contracts and payment-solutions based on blockchain 
technology help to make administrative work more efficient, 
transparent, and auditable. Consequently, the blockchain can 
help automate administrative tasks in Industry 4.0. Example: 
use of KALEIDO Blockchain Business Cloud.  

No No 

Group 5: Digital technologies affecting internal processes  

50 Internet  Production Due to the Internet, machines can communicate and work col-
laboratively in a production facility. Example: Siemens' Smart 
Factory in Amberg. 

No No 

51 Internet  Company 
infrastruc-
ture 

Information is exchanged automatically within a company's 
different departments. For example, data are exchanged be-
tween the sales department and various other departments, 
such as logistics and production. Example: implementation of 
SAP's S/4HANA. 

No No 
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52 Internet  Production  In a production facility, machines forward data to a monitoring 
device, and thus factory staff obtain a complete overview of 
machines' performance in real-time. Example: implementation 
of TIQ.solutions' Live Monitoring.  

No No 

53 Artificial  
intelli-
gence 

Company 
infrastruc-
ture 

Artificial intelligence is used to analyze unstructured data, 
such as leasing contracts for accounting purposes. Example: 
PwC's leasing transition tool.  

No No 

54 Artificial  
intelli-
gence 

Production  Artificial intelligence is used for self-configuration and automa-
tion of machines. Therefore, machines can process infor-
mation during the production process and adapt themselves 
in real-time. Example: implementation of PSI's Industrial Intel-
ligence.  

No No 

55 Data  
analytics 

Production Predictive analytics is used by the production department to 
prevent machine breakdowns by recommending maintenance 
as soon as problems are identified. Example: implementation 
of PEGA's Prescriptive Maintenance.  

No No 

56 Data  
analytics 

Company 
infrastruc-
ture 

Data analytics is used to segment data and provide an over-
view of the company's performance, which can be reported to 
the management. Example: implementation of Xeneta's Ana-
lytics.  

No No 

57 Data  
analytics 

Research 
and develo-
pment 

Data analytics is used to improve the testing of prototypes. 
Example: implementation of Dataiku's Research and Develop-
ment Analytics.  

No No 

58 Data  
analytics 

Human re-
sources 

Data analytics is used to evaluate employees' performance. 
Example: implementation of Experfy's HR Analytics.  

No No 

59 Cloud 
compu-
ting 

Company 
infrastruc-
ture 

A company's data are centrally stored in a cloud and can be 
accessed by different departments. Example: use of Ama-
zon's Web Services. 

No No 

60 Aug-
mented 
reality 

Logistics Augmented reality is used, for example, in warehouses to im-
prove the efficiency of "pickers". Pickers are equipped with 
augmented reality glasses that navigate them through a ware-
house and show them which products have to be collected. 
Example: use of Bastian Solutions' Augmented Reality Pick-
ing Glass. 

No No 

61 Aug-
mented 
reality 

Production Augmented reality can be used for maintenance purposes. 
Therefore, employees wear augmented reality glasses that 
show them how to repair a machine. Example: use of 
RE'Flect's One. 

No No 

62 Mobile 
compu-
ting  

Production Mobile computing applications allow to easily coordinate em-
ployees. Example: use of Schedule Planner App. 

No No 

63 Mobile 
compu-
ting  

Marketing 
and distribu-
tion 

Due to mobile computing and special technologies, the cus-
tomer journey can be tracked in physical stores. Therefore, 
customers need to install an app on their smartphone. Send-
ers in a physical store can track where a customer goes, 
which product he or she looked at for a relatively long time, 
etc. Example: implementation of ShopperTrak's Analytical 
Suite. 

No No 

64 Computer 
simulati-
ons 

Research 
and develo-
pment 

Computer simulations are used to replace complex and ex-
pensive tests, such as crash tests in the automobile industry. 
Example: implementation of Livermore's DYNA for Automotive 
Crashes.  

No No 

65 Computer 
simulati-
ons 

Production Computer simulations are used to optimize processes for the 
manufacturing industry. Example: implementation of 
FlexSim's Manufacturing Simulation.  

No No 

66 Robotic 
process 
automa-
tion 

Procure-
ment 

In procurement, robotic process automation can be used to 
automate pay processes, execute transactions, and adminis-
ter inventory. Example: implementation of GEP's Robotic Pro-
cess Automation in Procurement.  

No No 

67 Robotic 
process 
automa-
tion 

Marketing 
and distribu-
tion 

In marketing, robotic process automation coordinates con-
tacts, manages appointments, and automates actions, such 
as email messaging. Additionally, sales processes can be 
streamlined and automated. Example: implementation of On-
traport's Marketing Automation and Sales Force Automation.  

No No 

68 Robotic 
process 
automa-
tion 

Customer 
service 

Robotic process automation assists customer service by coor-
dinating contacts, managing appointments, and automating 
actions, such as email messaging. Example: implementation 
of Ontraport's Marketing Automation.  

No No 

69 Robotic 
process 
automa-
tion 

Company 
infrastruc-
ture 

With the assistance of robotic process automation, routine 
tasks, such as book keeping and report generation, can be 
automated. Example: BLACKLINE's Accounting Process Au-
tomation.  

No No 

70 Robotic 
process 

Human re-
sources  

Human resource services can be automated and made more 
efficient through robotic process automation. Example: imple-
mentation of now's myHR.  

No No 
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automa-
tion 

71 Digital 
identifier  

Logistics Digital identifiers can be attached to a good and stored as an 
identification code of that good. As a result, during the whole 
logistic process, products can be identified. Example: use of 
Datex's RFID-tags. 

No No 

72 Digital 
identifier  

Production Digital identifiers can be attached to a good during production. 
They store information about the products’ specifications and 
communicates them to production machines. Consequently, 
digital identifiers allow the production of highly individualized 
products. Example: use of datex's RFID-tags. 

No No 

73 Robots Logistics Robots can be used in warehouses to transport heavy loads 
and to collect, pack, and label ordered goods. Example: im-
plementation of Boston Dynamics' Atlas.  

No No 

74 Robots Production  Robots used in production can either take over tasks previ-
ously performed by human workers or support human work-
ers. Example: implementation of Kuka's KMR Quantec Robot. 

No No 

75 Sensors Procure-
ment 

Sensors can be embedded in shelves and capture the stock 
of goods stored. Based on these data, re-orders can be auto-
matically triggered if the stock reaches a minimum threshold. 
Example: implementation of Würth's Orsy System. 

No No 

76 Sensors Research 
and develo-
pment 

Sensors are used by the R&D department of a company in or-
der to capture the characteristics of prototypes. This leads to 
an improved and time-efficient measure of prototypes' charac-
teristics. Example: use of Bosch's Cross Domain Develop-
ment Kid XDK. 

No No 

77 Sensors Logistics The load of trucks or other means of transport can be 
equipped with sensors that capture the load's characteristics. 
These data can be forwarded and analyzed. As a result, a 
company can monitor the status of a load during the whole lo-
gistic process and react to problems. Example: use of Sen-
sorTransport's Sensors. 

No No 

78 Sensors Company 
infrastruc-
ture 

Due to the use of sensor technology, jobs have become sim-
plified. Therefore, sensors are implemented for security pur-
poses and restrict access to certain areas. Example: use of 
Bernstein's Sensor Technology. 

No No 

79 Sensors Production  Production machines get equipped with sensors. These sen-
sors capture data about machines’ performance and can be 
assessed later. Example: implementation of Siemens' Sensor 
Technology. 

No No 

80 3D prin-
ting 

Production  3D printing enables production at the time and the place of 
demand. Therefore, fewer products need to be stored. Exam-
ple: Adidas' Speed Factory.  

No No 

81 3D prin-
ting 

Production  3D printing enables the production of highly individualized 
products (even a lot size of 1) to lower costs. Example: Adi-
das' Speed Factory.  

No No 

82 3D prin-
ting 

Production  For 3D printers, the software creating the CAD-files is highly 
important for the production process, such as the design of a 
product. Example: Adidas' Speed Factory.  

No No 

83 3D Prin-
ting 

Production  3D printing enables production at the time and the place of 
demand. Therefore, the production can be moved closer to 
the point of sale. Example: Adidas' Speed Factory.  

No No 

84 3D prin-
ting 

Logistics 3D printing enables production at the time and the place of 
demand. Due to shorter distances to the customers, goods 
can be delivered in shorter time frames. Example: Adidas' 
Speed Factory.  

No No 

85 3D prin-
ting 

Marketing 
and distribu-
tion 

3D printing can reduce sales risks, as the products can be 
produced after they are ordered. Example: Adidas' Speed 
Factory.  

No No 

86 Cyber- 
physical 
systems 

Production  Production machines are able to configure and control them-
selves. Therefore, integrated computer systems enable ma-
chines to identify optimization potential and adapt production. 
Example: implementation of Autonomik für Industrie 4.0's 
SmartFace. 

No No 

87 Cyber- 
physical 
systems 

Production  As cyber-physical systems are equipped with sensors and 
other embedded hardware, they can permanently capture ma-
chines' characteristics and forward this information to a cen-
tral unit. Example: implementation of Autonomik für Industrie 
4.0's SmartFace. 

No No 

88 Cyber- 
physical 
systems 

Logistics Cyber-physical systems are implemented to automate pack-
aging or labeling of goods. Example: implementation of 
Kuka's and Swisslog's Systems for E-Commerce and Retail 
Logistics.  

No No 
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89 Auto-
nomous 
vehicles 

Logistics Autonomous vehicles are used in warehouses and for longer 
distances to transport heavy loads. Example: implementation 
of DB Schenker and Einride's T-Pod. 

No No 

90 Auto-
nomous 
vehicles 

Logistics  Companies can use drones to observe large logistic projects. 
Consequently, coordination is simplified. Example: implemen-
tation of HeightTech's Drones. 

No No 
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