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INNOVATIVE CLUSTERS AS A WAY OF IMPROVING LOGITICS 
ECOSYSTEM: BENCHMARKING POLISH EXPERIENCE  

FOR UKRAINE 

ANTON BEZKOROVAINYI
 a), SEBASTIAN JARZĘBOWSKI

 b)     
a) Department of Economics, National University of Kyiv-Mohyla Academy (NaUKMA) 

b) Department of Informatics, Warsaw University of Life Sciences (SGGW) 

The article is dedicated to the investigation of Polish experience in logistics clus-
ters development. The primary accent is put on the implementation of innovative lo-
gistics solutions through triple helix cluster concept. Polish and Ukrainian transpor-
tation infrastructure are compared in terms of countries national logistics potential. 
In this research, it was also determined how relevant Polish logistics progress might 
be applied in Ukraine. Balanced scorecard method is used for benchmarking critical 
objectives of cluster development strategy in Ukraine. 

Keywords: Cluster, Innovations, Logistics, Triple helix, Transport infrastructure 

1. Introduction 

Logistics has been recognized as one of the most important and useful tools 
for developing one’s competitiveness both on national and enterprise levels. Com-
petitive advantage means the ability to differentiate itself in the customer’s eyes, 
and also operate at a lower cost and higher profit. Logistics facilitates in getting 
products and services as and when they are needed to the customer. According to 
the Colliers International Report, the enlargement of the European Union, continu-
al infrastructure development, and the growth of a consumer mass market in the 
Central Eastern European (CEE) countries are contributing to redefine distribution 
patterns in Europe and supporting the development of new freight traffic routes. 
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This development is, in turn, impacting European logistics markets and leading to 
the emergence of new industrial and distribution hubs. Some of these hubs are 
competing with more established centers (Dusseldorf, Antwerp, Rotterdam, Brus-
sels, Hamburg) as alternative locations for logistics centers [19]. Poland's geo-
graphical location makes it a natural transit hub between Western and Eastern Eu-
rope. Therefore the ongoing shift of Europe’s logistics center from Germany to 
Poland is not surprising. This process accelerated significantly recently, partially 
due to low labor costs and partly thanks to improving quality of transport infra-
structure [14]. In addition to this, by 2020 Polish regions of Silesia, Lodz, and 
Tricity are supposed to emerge into significant European logistics clusters [19].  

Abovementioned global European tendency of eastern expansion opens excel-
lent opportunities of becoming an important part of worldwide logistics system not 
only for Poland but also for the neighboring countries in general and Ukraine in 
particular. Historically the countries within CEE share close ties. Consequently, 
today logistics activity in these countries is continually increasing heightening in-
teractions both between the countries inside the region and with external areas [8]. 
All of these form the objective of the research – investigate Polish experience of 
logistics ecosystem development (primarily, using cluster approach) and identify the 
lessons Ukraine can learn from it.  

2. Theoretical background of logistics cluster emergence 

Logistics as a study subject was a part of many Polish, Ukrainian and other 
countries research activities. Many of them position logistics as an essential business 
factor for cutting costs [11]. In addition, direct connection between logistics process-
es optimization and enterprise income was identified in numerous studies [23].  

One of logistics evangelist D. Bowersox predicted the development of global 
logistics even more than 20 years ago. International macroeconomic integration, 
customs deregulation, and expansion of technologies caused drastic changes in 
worldwide logistics system [1]. In this case, it is of vital importance  to mention the 
emergence of logistics clusters worldwide. The idea was developed by other re-
searchers [22] who laid stress upon globalization challenges in the first place as 
well as other factors leading to the creation of a new system of logistics clusters to 
optimize flows of goods, finances, and information by combining best of transpor-
tation, customs regulations, warehousing, and use of technologies. Some research-
ers prove the idea that logistics clusters are an efficient way of enhance logistics 
potential of a country by improving logistic processes of many firms [10].  

While exploring factors that influence Ukrainian enterprises logistics develop-
ment it was concluded that introducing innovative flexible logistics solutions could 
help to reduce costs and reduce market volatility for industrial enterprises with high 
benefit product. However, in Ukraine many companies still underperform in their 
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daily logistics operations [15]. Ukrainian logistics system is only at its initial stage 
of implementing new technologies or equipment and integration into the world 
logistics system. To be more precise, the latter is mostly caused by the fact that 
Ukrainian enterprises deploy only a small share of existing innovative solutions 
lagging far behind other countries and misusing national geographical potential [3]. 
In this research, we focus on the potential of innovative solutions implementation 
in Ukraine based on Polish experience, which makes this work extremely important 
for modern Ukrainian policy-makers. 

3. Poland and Ukraine national logistics development potential 

To understand whether Poland could stand as a relevant benchmark for Ukra-
ine, firstly, it is vital to compare countries logistics potential. These countries share 
the common border of 498 km, and both are located in the CEE area. Consequent-
ly, Poland and Ukraine play a role of the connector between Europe, Middle East, 
Caucasus, and Russia. For example, according to Eurostat Russia and Turkey were 
4th and 5th leading EU trading partners respectively standing together for 10% of 
the whole EU trade turnover in 2015, which proves the importance of establishing 
good relations and tuning logistics mechanisms. However, under modern globaliza-
tion challenges, geographical position is not the only determinant of logistics deve-
lopment. For example, transport infrastructure was also identified as another cru-
cial factor [5] – see Table 1 for details. 
 

Table 1. Poland and Ukraine transportation infrastructure comparison 

 Poland Ukraine 

Area 
total: 312,685 sq km  
land: 304,255 sq km  
water: 8,430 sq km 

total: 603 550 sq km  
land: 579 330 sq km  
water: 24 220 sq km 

Land boundaries total: 2,845 km  total: 5 581 km 

Coastline 440 km 
1 532 km (excluding ~1250 km of 
temporarily occupied Crimea) 

Railways 
19 428 km  
11 805 km electrified – 60% (2011) 

21 619 km  
10 242 km electrified – 47% (2011) 

Roadways 
total: 412 035 km  
paved: 280 719 km - 68% (2012) 

total: 169 694 km  
paved: 166 095 km – 98% (2012) 

Waterways 
3,997 km of navigable rivers and 
canals (2009) 

1,672 km (2012) 

Merchant marine 
total: 9 (2010) 
registered in other countries: 106 

total: 134 (2010)  
registered in other countries: 172  

Airports 
total: 126  
paved: 87 - 69% (2013) 

187 
paved: 108 - 58% (2013) 

Source: own work based on CIA World Factbook data 
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As it could be seen, both countries have basically similar transport infrastruc-
ture predisposed to active amplification of logistics system. Obviously, bigger terri-
tory and population resulted in the fact that some of the Ukrainian indicators are 
higher than Polish. However, it is essential to emphasize the differences of quality 
nature in Polish and Ukrainian transport infrastructure affecting countries’ priori-
ties and development vectors: 

• having almost two times bigger territory, Ukrainian roadways and railroads 
system is strongly underdeveloped comparing to Poland both in quantita-
tive (length) and qualitative (electrification and paving) dimensions; 

• Ukraine has bigger marine potential; but it is not used completely. Accord-
ing to TheGlobalEconomy.com data, since 2009 Poland has higher port 
container traffic in twenty-foot equivalent units (TEUs) and only increase 
its lead from year to year which is now two times bigger over Ukraine (ap-
proximately 2 mln vs. 0,8 mln TEUs); 

• according to WorldBank data, since 2011 Ukrainian air freight market 
demonstrated a significant decrease from 81 to 22 mln ton-km while Po-
land has grown over the same period from 39 to 99 mln ton-km; 

• Russian occupation of Crimea and parts of the Eastern regions of Ukraine 
as well as bilateral trade wars and transit blockade do complicate the pro-
cesses of logistics development primarily for Ukraine and marginally for 
Poland. 

Based on abovementioned facts, it might be concluded that future logistics devel-
opment in Ukraine should consider these points. First, it is crucial to understand 
that poor transport infrastructure is a main barrier to logistics development in Ukra-
ine. Being a result of inefficient governmental policy after the collapse of USSR, it 
requires new liberal plan from the state for improving national transport ecosystem. 
On the other hand, current Ukrainian policy makers can apply another technique of 
stimulating national logistics development taking Poland as a benchmark in the 
context of logistics clusters.  

4. Current ecosystem of logistics cluster in Poland 

Modern EU economic growth strategy is primarily based on stimulating re-
gional development. By creating appropriate framework and providing support for 
bottom-to-top initiatives realization any region of EU has a chance to use its com-
petitive advantage fully. The emergence of logistics clusters is a bright example of 
giving a powerful impulse for regional development [6].   

Logistics cluster is a hub of specific area where all the activities relating to 
transport, logistics and goods distribution – both for national and international 
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transit – are carried out, on a commercial basis by various operators [12]. It is im-
portant to highlight specific activities performed by logistics centers besides basic 
cluster functions (e.g., calling the main coordinator of the cluster, inviting new 
members, developing growth strategy and so on). They are as follows: lobbying for 
investment in infrastructure and thus supporting the activity of the cluster and re-
gional shipper strategy and cooperation; support for investments in information 
communication systems for surpluses/shortages capacity; demand for transport 
services, shipping and logistics; raising awareness of the logistics outsourcing and 
comprehensive management of logistics processes, increasing innovations imple-
mentations by the regional logistics companies, optimization of logistics processes 
by combining orders of different shippers; increasing the utilization rate of cargo 
space; implementation of new IT solutions in order to adapt new applications; co-
operation with other regional clusters [17]. 

 Successful development of logistics cluster is based on infrastructure (inclu-
ding transport) and consumers. In addition to this, realities of modern knowledge 
economy also place education and innovation among the most essential factors of 
logistics systems amplification [7]. Modern logistics requires innovativeness, 
which in turn may even help to overcome possible geographic limitations. Im-
portance of innovations for economic growth has been figured out by numerous 
followers of Schumpeter. In order to survive in global market, it is impossible to 
survive without innovations implementation [21]. IT provides wide opportunities 
for improving the transportation mechanics and other components of logistics pro-
cess [5]. Finally, it is worth mentioning RFID (radio frequency identification) as 
one of the best examples of modern innovative solutions in logistics. 

RFID is an innovative megatrend in logistics. Its functions are partially like 
those of the traditional barcode: the provision of information about a product, pallet 
or entire inventories. However, RFID’s critical advantage over barcodes is that the 
data does not have to be read in a cumbersome line-of-sight process. Instead, eve-
rything is done with radio waves: consequently, it is fast and automatic [16]. In 
addition to this, there are plenty of other innovative solutions with great logistics 
potential. 

Nevertheless, in logistics, it is vital not only to discuss the importance or per-
spectives of innovations but to find the ways for implementation and commercial-
izing them [2]. In this context, a concept of triple helix replaced traditional linear 
innovative models. According to Etzkowitz and Leydesdorff [4], the relations of 
university-industry-government cooperation evolved from business-industry ties 
due to increasing role of universities as research institutions. Logistics is not an 
exclusion, and it has been affected by the same tendency as it happens in many 
other spheres: cooperating companies cluster together around universities and local 
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administrative bodies (e.g. Regional Polish Chamber of Shipping and Logistics, 
Polish Agency for Enterprise Development and others) [18]. Joining logistics clus-
ter is the most beneficial for small and medium enterprises that achieve several 
competitive advantages. Consequently, in Poland, only 14% of cluster members are 
large enterprises (>250 employees), while the prevailing cohort (36%) is that of 
small enterprises (10-49 employees) – see Figure 1 for details.   

 

Micro
27%

Small
36%

Medium
23%

Large
14%

 
Figure 1. Size of Polish enterprises - logistics cluster members.  

Source: own work based on Polish Agency for Enterprise Development data 

 
Analysing current situation in Poland, it might be stated that country is experienc-
ing an active expansion of logistics clusters. Table 2 provides examples of leading 
Polish logistics clusters. 

 
Table 2. Examples of Polish logistics clusters 

Cluster name 
Enterprises- 

members 

Research  
institutions - 

members 

Local administration 
bodies 

Research centers 
or dedicated 
laboratories 

North-South Logistics 
and Transport Cluster 

36 7 3 1 

Cluster TSL 11 3 3 0 

Polish Maritime Cluster 7 4 0 2 

Southern Railway 
Cluster 

39 7 1 0 

Silesia Logistics Cluster 15 3 1 0 

Source: own work based on Polish Agency for Enterprise Development data 
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It is worth noting the absence of research centres or laboratories in two out of 
five sampled clusters. In fact, lack of research facilities was identified as a critical 
problem the whole Polish innovative system [20]. On the other hand, it is possible 
to find the strong signal of triple helix model emergence as most of united under 
the cluster initiative businesses are looking for cooperation with government and 
universities. What is more, Poland has great potential for future triple helix logis-
tics cluster development. It could be proved by the existence and active functioning 
of numerous local initiatives in logistics spheres, some of which has already turned 
into powerful institutions. They are Centre for Analysis in Transport and Infra-
structure (Warsaw), Institute of Logistics and Warehousing (Poznan), First 
Transport Cluster Spedigo (Warsaw), Lazarski University Centre for Logistics and 
Innovations (Warsaw), Warsaw University of Life Sciences Cluster of Innovation in 
Agribusiness, and others. Polish experience of innovative logistics cluster deve-
lopment is incredibly valuable for Ukraine in the context of continuing post-soviet 
transformations and strengthening its positions on global logistics market.  

5. Logistics cluster amplification balanced scorecard strategy 

Some of Ukrainian researchers even now suggest creation of innovation logis-
tics clusters using linear approach for improving current situation with national 
transport infrastructure [13]. However, modern innovative systems are switching to 
integrated and hybrid models. In this context it is important to extend the coopera-
tion between different market players in triple helix format. In order to aggregate 
the results of this research and define specific objectives of how Polish experience 
of developing logistics cluster might be applied in Ukraine, we will use a balanced 
scorecard - a strategy performance management tool introduced by Bob Kaplan 
and David Norton in their seminal work [9]. Now it is a widely popular reporting 
framework. The balanced scorecard suggests the assessment of specific develop-
ment objectives from four perspectives: financial, customers, internal business 
procedures, and learning & growth. Each strategic goal has its own related metric 
in order to make the progress measurable. It is an excellent way to promptly identi-
fy particular weak places of the whole strategy. Finally, we added fundamental 
factors that make it possible to reach those goals in Table 3. 
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Table 3. Logistics clusters development strategy 

Perspective Strategic Goals Metrics Supporting factors Comments 

Financial Lowering 
logistics-
related costs 

Total enter-
prise logistics 
costs 

� Scale effect 
� Cluster promotion 
� Preferential tax 

regime 
� Professional coordi-

nating team 

This goal should be considered 
as the ultimate one in developing 
logistics clusters. In case of 
appropriate cluster management 
for coordination and promotion, 
tax support from the government 
as well as right scaling it is 
possible to make logistics pro-
cesses more efficient by lowering 
related expenditures. 

Customers Faster/cheaper 
delivery 
 

Average 
delivery 
time/price 

Adoption of latest 
technologies 

Using cluster infrastructure, it is 
possible to make customers 
happy by providing them with 
fast and cheap delivery as well as 
secure goods from accidents, 
which in turn affects overall 
business performance in general 
and helps to lower logistics costs. 

Increasing 
transportation 
safety 

Quantity of 
accidents 
 
 

� Use of new packag-
ing technologies 

� Delivery tracking 

Internal 
Processes 

Improving 
warehousing 
efficiency 

Warehousing 
related costs 
 

� Special offers for 
cluster members 

� Common use of 
cargo spaces 

Improved warehousing efficiency 
due to smart use of cargo space 
and special offers for cluster 
members is a great way to 
achieve another strategic goal – 
faster/cheaper delivery of goods. 
Moreover, both infrastructure 
investments and technologies 
application can have significant 
impact on transportation safety. 

Increasing local 
infrastructure 
investments 
 

Infrastructure 
investment 
volume 
 

� Active lobbying in 
local community 

� Application for 
international infra-
structure projects 

Information 
and technolo-
gies exchange 
intensification 

Typical 
operations 
execution 
time 

� Co-working events 
for cluster members 

� Knowledge-sharing 
online platform 

Learning 
&Growth 

Implementation 
of innovations 
 
 
 
 

In-house 
developed 
innovative 
solutions 
quantity 
 

� Cooperation with 
universities 

� Partnering with R&D 
institutions 

� Innovations diffusion 
between cluster 
members 

Implementation of new techno-
logies could reduce logistics 
costs. In addition to this, em-
ployees’ productivity directly 
correlates with information and 
technologies exchange between 
cluster members. 

Increasing 
employees’ 
productivity 

Tasks per-
forming time 

� Educational events 
organization 

� Salary motivation 
system 

 
Using the ADOScore software, we developed the initial balanced scorecard 

proposal for Ukrainian policy-makers. Each objective (marked as a pyramid) meets 
a particular metric (connected circles) for more detailed analysis and long-term 
progress tracking. See Figure 2 for details. 
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Figure 2. Balanced scorecard of logistics cluster amplification 

 
Logistics cluster creation brings multiple economic benefits from different 

perspectives. Consequently, advance in one aspect may contribute to other fields. 
In fact, all of the proposed steps are aimed at cutting logistics-related costs and 
satisfying clients’ needs. Nevertheless, sustainable progress in cluster development 
is based on multiple factors, which were recorded in Figure 3 referring to particular 
objective of the proposed balanced scorecard. 
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Figure 3. Fundamental factors for logistics cluster development 

  
As it might be seen cluster amplification requires considerable amount of 

comprehensive work. That is why it is vital for the government in this initiative to 
create appropriate framework and decent freedom for clusters to build own highly 
motivated coordinating teams, transparently compete for funding, and regularly 
prove their efficiency. 
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6. Conclusion 

In this paper we investigated Polish logistics cluster ecosystem putting main 
accent on the exploration of innovative solutions implementation opportunities. We 
compared Polish and Ukrainian transport systems and identified the clear relevance 
of Polish experience in the field. Besides working on overall infrastructure deve-
lopment, Ukrainian policy-makers should pay attention to logistics cluster expan-
sion, which in turn will contribute to national logistics improvement. In Poland, it 
could be seen that regional development framework for realizing bottom-to-top 
initiatives stimulates logistics cluster amplification. Based on literature review and 
expert opinions, we developed a strategy for improving national logistics cluster 
ecosystem in Ukraine. With the help of balanced scorecard, we benchmarked main 
objectives of cluster development for Ukraine from different perspectives, defined 
appropriate metrics for progress evaluation, and described key supporting factors 
for advancing in the field. Despite the fact that Polish clusters face many problems, 
Ukraine can learn much from their experience. Consequently, this may bring suffi-
cient improvements of Ukrainian enterprises (primarily, small and medium size 
ones) competitiveness; however, all of the connected issues require further detailed 
investigation. 
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PROCESS ANALYSIS OF IMPLEMENTING STRUCTURED  
ELECTRONIC INVOICE AT THE POZNA Ń CITY HALL  

AS AN EXAMPLE OF PROCESS ELECTRONISATION AT PUBLIC 
ADMINISTRATION UNITS  

EWA DOBRZENIECKA 

e-Business Department, Institute of Logistics and Warehousing (ILIM ) 

Provisions of Directive 2014/55/EU of the European Parliament and of the 
Council of 16 April 2014 on electronic invoicing in public procurement provide for 
an obligation for public procurement sector units to be able to receive structured 
electronic invoices. The article presents assumptions and results of studies carried 
out at the Poznań City Hall which consisted in a comparative process analysis of the 
current state (AS IS) of receiving traditional paper invoices and the postulated 
process (TO BE) of receiving structured electronic invoices. 

Keywords: e-invoice, digital administration, Directive 2014/55/EU, business process 
modelling, BPMN, new public management 

1. Introduction 

On 6 May 2014, Directive 2014/55/EU of the European Parliament and of the 
Council of 16 April 2014 on electronic invoicing in public procurement was 
published in the Official Journal of the European Union. Its provisions refer to the 
obligation to receive electronic invoices and the standardisation of electronic 
invoice exchange methods and templates in processes dealing with public 
procurement, including in the international scope, i.e. in the Digital Single Market 
of the European Union [1]. Common use of electronic invoicing is one of the forms 
of meeting the objective of the European Digital Agenda, which is the creation of 
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the Single Market. The European Commission has also adopted an objective (no. 
IP/10/1645, 02/12/2010) to make structured electronic invoices a prevailing form 
of invoicing by 2020. 

Directive 2014/55/EU describes an electronic invoice as an invoice issued, 
transmitted and received in a structured electronic format which allows for its 
automatic and electronic processing. They are not, therefore, "images" of invoices, 
i.e. PDF, JPG files or scans of documents, because these types cannot be 
automatically identified, read and processed by document sender's and receiver's 
systems. Fundamental elements of an electronic invoice cover a set of basic 
information components which an electronic invoice must include to make it 
interoperational and transnational in the common European market. 

The deadline for implementing the Directive to Member States' domestic legal 
systems, i.e. ensuring that all contracting parties (public procurement sector units) 
will receive and process electronic invoices which comply with the European 
standard concerning electronic invoicing, has been set:  

• for central state bodies: for 18 months from the publication of reference to 
the European standard concerning electronic invoicing and the list of syntaxes in 
the Official Journal of the European Union (the European standard was published 
on 17 October 2017, with a delay of 5 months), 

• for units below central level: for 30 months from the publication of 
reference to the European standard concerning electronic invoicing [2]. 

Under Polish law, the implementation of Directive 2014/55/EU will be based 
on a proposed act on electronic invoicing in public procurement. Preparing 
assumptions to the act, the legislator formulated the following immediate and long-
term objectives of the planned legal act: 

Immediate objectives: 
• fulfilling the duties imposed on Poland as a Member State of the European 

Union in terms of transposing Directive 2014/55/EU, 
• popularising the use of electronic invoices in public procurement by means 

of introducing an obligation for contracting parties to receive e-invoices, 
• popularising the use of e-invoices in trading, in relation to the execution of 

processes related to public procurement, 
• making it easier for Polish entrepreneurs to participate in public 

procurement procedures in other EU Member States. 

Long-term objectives: 
• standardising the method of documenting the performance of public 

contracts and electronic invoicing, 
• reducing the cost of the operation of companies and increasing their 

competitiveness [3]. 
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It should be borne in mind that the scope of Directive 2014/55/EU includes: 
• invoices for supplies covered by directives on public procurement, 
• invoices sent to the public procurement sector, 
• all levels of public administration (national, regional and local) in all EU 

Member States. 
Nowadays, the literature on the subject lacks any academic publications or studies 
describing the effects of implementing future changes in terms of the obligation for 
units of the public administration sector to receive e-invoices. Therefore, the 
research problem is to examine the impact of e-invoicing on the functioning of the 
public procurement sector units. 

The main goal of the article is to present the expected results (in duration, cost 
and human resources savings) of implementation of the postulated receipt process 
of a structured electronic invoice in the Poznań City Hall, relying on empirical 
studies performed and on the comparative process analysis of the AS IS model 
(reception of traditional paper invoices) and the TO BE model (reception of 
structured electronic invoices). 

2. Characteristics of the Poznań City Hall 

In view of the obligations resulting from Directive 2014/55/EU imposed on 
public procurement institutions, including local government units, the author 
carried out a study at the Poznań City Hall (PCH) which consisted in a comparative 
process analysis of the current state (AS IS) of receiving traditional paper invoices 
and the postulated process (TO BE) of receiving structured electronic invoices.  

The characteristics of the Poznań City Hall described below, presents 
important data for the comparative process analysis on the current process of 
receipt of a paper invoice (i.e. the number of invoices received per year, the 
number of process rolls involved in the invoice workflow (table 1)) in PCH. Other 
essential data to curry out the study were obtained during observations and 
interviews conducted among the employees of the PCH. 

Poznań is a city with county rights and a municipality. According to the City 
Statute, the Poznań City Council is the decision-making and controlling body, 
whereas the Mayor of Poznań is the executive authority. The Poznań City Hall is 
the institution supporting the execution of the Mayor's dispositions and, above all, 
it is responsible for handling the majority of public affairs of local significance. At 
the end of 2016, citizens were served in administrative affairs by 31 departments 
and equivalent PCH organisational units, which employed, in total, 1.7 thousand 
people (6.8% more than in 2015). PCH organisational units operate on the basis of 
the Organisational Regulations introduced by the Mayor of Poznań in his 
disposition no. 43/2016/K of 6 October 2016 [4]. 
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In 2016, the Poznań City Hall received approximately 10 500 purchase 
invoices, most of which were addressed to the Department of Procurement and 
Office Services (Polish abbreviation: WZiOU) (4500 invoices a year; 375 a 
month). Traditional paper invoice circulation process is currently supported at the 
PCH by three IT systems: 

• Electronic record of funds assignment, 
• KSAT – modules: Central Register of Agreements, Receivables and 

Liabilities, and General Ledger, 
• Electronic banking system. 

The empirical study was participated by the Department of Procurement and Office 
Services (WZiOU), which receives, on average, 18 purchase invoices a day, 5 of 
which are transmitted to the PCH Chancellery and 13 of which are handed over 
directly to the Secretariat of WZiOU from the contractor or other unit of the City of 
Poznań, The studied process of receiving traditional paper invoices addressed to 
WZiOU is participated each time by 11 process roles which individual PCH 
employees are responsible for (Table 1). 
 

Table 1. Roles in the process of receiving traditional paper invoices at the PCH 

DEPARTMENT ROLE IN THE PROCESS 

Organisational Department 
(Chancellery) 

clerical services employee 

Department of Procurement 
and Office Services (WZiOU) 

secretarial services employee 
Internal Consulting Division: 
• employee handling the budget 
• employee handling settlements (e.g. VAT) 
• employee handling analyses 
• employee handling affairs related to the Public 

Procurement Law 
• Division Manager 

Head of Department 

Department of Finance 
  

employee 
authorised employee 
Division Manager 

 
The formal documents circulation process (including invoices) is at the 

Poznań City Hall presently carried out on the basis of provisions provided in: 
• Chancellery instructions, 
• Instructions concerning the circulation and control of financial and 

accounting documents at the Poznań City Hall (Polish abbreviation: 
IOiKDFK), 

• and the Book of Processes. 
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3. Tools and assumption of comparative process analysis 

The analysis of business processes compliant with the BPMN 2.0 standard 
(Business Process Model and Notation) was applied to carry out the empirical 
study concerning the comparative process analysis of receiving traditional paper 
invoices against the process of receiving electronic invoices at the Poznań City 
Hall. The BPMN 2.0 standard has been developed by the Object Management 
Group (OMG) and is described in standard ISO/IEC 19510:2013(E) Information 
technology – Object Management Group Business Process Model and Notation. Its 
central purpose is to provide a method of presenting business, production or 
administration processes that will be clear and understandable to business 
recipients, analysts who perform process analyses, and programmers responsible 
for their technical implementation [5]. 

The BPMN 2.0 standard allows truthful and reliable reproduction of processes 
occurring in a specific institution to analyse them in terms of activities performed, 
their duration, mutual dependencies and resources used. Graphical presentation of 
the process, i.e. mapping, allows "capturing" an orderly sequence of events, 
activities and accompanying information in a given process [6]. It makes it possible 
to precisely identify areas for potential improvement or for the implementation of 
innovative actions which allow developing a new, better-functioning process 
model. 

Mapping and simulation of the AS IS and TO BE models were carried out in 
the iGrafx system. The system is one of the most commonly used programmes 
which employ graphics for the purpose of modelling and simulating business 
processes, which makes it easier to understand them and follow their course [7]. 
This approach makes it possible to parametrise the processes and define the 
consequences of postulated changes by creating an adequate mechanism managing 
the change and indicating the direction of improvements [8]. 

After the stage of mapping and simulating the AS IS model, which reflects the 
actual state, and following the analysis of selected indicators that characterise the 
currently executed process of paper invoice reception, the next stage of the study 
was initiated. It consisted in creating process maps and simulating the TO BE state 
after the implementation of the postulated process of structured electronic invoice 
reception at the Poznań City Hall. The purpose of the stage was to display planned 
changes after e-invoice implementation on process maps and to verify, using the 
simulation showing the correctness of maps, the logical sequence of new, 
suggested activities and changes in the value of adopted indicators. The maps 
display static situation and actions taken in a specific time. The simulation 
"animates" the map - it adds a dynamic character to presented activities, which 
allows depicting their changes in time [9]. The comparative analysis of selected 
indicators allowed estimating differences related to duration, cost and the use of 
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resources in the process, occurring between the AS IS (paper invoice) and the TO 
BE (e-invoice) model at the Poznań City Hall. The selected indicators were 
calculated in accordance with the BPMN 2.0 standard relying on the parameters 
and information gathered during the observation and interview carried out with the 
employees of the Poznań City Hall. 

The construction of the TO BE model and the simulation were carried out on 
the basis of the following research assumptions which allowed the implementation 
of the process of receiving structured electronic invoices. 
1. The IT system employed in the unit of the public procurement sector (the 

contracting party) is adapted to the reception and processing of structured 
electronic invoices. 

2. The supplier of the public contract has an IT system which issues and 
transmits structured electronic invoices. 

3. The contracting party's and the supplier's systems are compatible, i.e. an e-
invoice issued and sent by the supplier may be received and processed by the 
contracting party. 

4. The supplier has an obligation to identify an e-invoice by providing contract 
number or the application for the public contract under execution. 

5. Correct identification allows transmitting the e-invoice to the secretariat of a 
suitable department, without the participation of the general chancellery. 

6. If a specific unit lacks secretariats in individual departments, the e-invoice is 
always sent to the general chancellery. 

7. After its reception, the e-invoice is processed in the electronic form 
throughout the entire process of invoice circulation in a specific unit (it is not 
printed and there is no parallel circulation of its paper version). 

8. There is a possibility to transmit data between the IT system 
receiving/processing structured electronic invoices and the financial and 
accounting system in a specific unit. 

9. All activities resulting from applicable labour law (e.g. substantial description 
of the document, verification in formal and accounting terms) related to the 
traditional invoice circulation process must be performed in the e-invoice 
circulation process. 

10. Employees of a specific unit of the public procurement sector are duly trained 
in the use of the new IT system (or module) receiving and processing 
structured electronic invoices. 

4. Results of the study carried out at the Poznań City Hall  

Results of the study have shown that the introduction of the postulated TO BE 
invoice circulation model at the Department of Procurement and Office Services 
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(WZiOU) has reduced average working time spent on the processing of one invoice 
by 16%, from 108 minutes to 91 minutes (Figure 1). 
 

 
Figure 1. Comparison of AS IS and TO BE models - average time of work on  

one invoice (minutes) 
 

At the same time, average time of processing (i.e. working time + waiting 
time) one invoice has dropped by 62%, from 4 days to 1.52 day (Figure 2). It is a 
consequence of the fact that an electronic invoice is transmitted via the IT system 
from one work station to another directly after its description and approval in the 
system. Having ended their work on a document, an employee passes it further to 
another person automatically, through the system. The electronic process of 
receiving a structured invoice significantly reduces or entirely eliminates certain 
business roles, in particular the time spent on waiting and transmitting the 
document manually, signing, stamping and other activities related to the process of 
paper invoice reception. 
 

 
Figure 2. Comparison of AS IS and TO BE models - average time of processing  

one invoice (days) 
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The average cost of processing one invoice has dropped by 15% between AS 
IS and TO BE models. The forecast cost of processing one e-invoice in the 
postulated TO BE model is estimated at PLN 43.93 (Figure 3), due to which the 
total monthly cost of processing 375 invoices received by the Department of 
Procurement and Office Services is PLN 16 476 (Figure 4). In the AS IS model, 
the monthly cost of processing all invoices was PLN 19 402, which means that it 
has dropped by 15%. Reduction of the cost of processing one e-invoice and, 
consequently, the total cost of processing all invoices of WZiOU, is caused by 
shorter time necessary for an e-invoice to circulate, reduced use of individual 
process roles and adequate decrease in the cost of the entire process as compared to 
the AS IS model. 
 

 
Figure 3. Comparison of AS IS and TO BE models - average cost of processing  

one invoice (PLN) 
 

 
Figure 4. Comparison of AS IS and TO BE models - total  monthly cost of processing  

375 invoices (PLN) 
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Figure 5 presents the comparison of average working time spent on one 
invoice, divided into individual business roles participating in the invoice reception 
process in AS IS and TO BE models. A significant fact is that the role of the 
chancellery is eliminated (see Table 1), because, in compliance with the 
assumptions, a properly identified e-invoice from the supplier's system goes 
directly to the secretariat of WZiOU, without the participation of the chancellery. 
Working time of the secretariat, which has assumed certain obligations that had 
previously been imposed on the chancellery (e.g. invoice reception in the system, 
verification of its correctness) has therefore grown by 138%, from 2.22 to 5.29 
minutes. Due to the involvement of electronisation in the process of invoice 
reception, average working time of an employee handling settlements (WZiOU) 
and an authorised employee in the Department of Finance (WF) has dropped by 
approx. 35%. The Head of WZiOU, a budget officer and an employee of the 
Department of Finance have reduced their time spent on a single invoice by 
approx. 15%. It should be noted that the Head of WZiOU and employees handling 
affairs related to the Public Procurement Law and analyses have not reduced their 
average time spent on processing one invoice, because their duties related to 
invoice processing result from applicable legal regulations (e.g. substantial 
description, verification in terms of compliance with the Public Procurement Law) 
and will not change after the implementation of the postulated structured electronic 
invoice reception process. 
 

 
Figure 5. Comparison of AS IS and TO BE models – average time spent on one invoice 

for individual business roles (minutes) 
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4. Conclusion 

Under provisions of Directive No. 2014/55/EU and the proposed Polish act on 
electronic invoicing in public procurement, all units of the public procurement 
sector will have an obligation to receive structured electronic invoices from 26 
November 2018 [3]. It means that if a contractor of a public contract sends an 
electronic invoice to a public procurement sector unit, the public entity (or other 
entity acting on the basis of the Public Procurement Law or the act on agreements 
granting license to carry out construction works or services) will be obliged to 
accept it. 

Literature on the subject currently lacks any academic publications or studies 
describing the effects of implementing future changes in terms of the obligation for 
units of the public administration sector to receive e-invoices. Thus, relying on 
empirical studies performed and on the comparative process analysis of the AS IS 
model (reception of traditional paper invoices) and the TO BE model (reception of 
structured electronic invoices) at the Poznań City Hall, the author has come to the 
following conclusions: 

1. Implementing the process of receiving structured electronic invoices (TO 
BE) will reduce working time by 16% and the time of processing a single 
invoice by 62% as compared to the acceptance of paper invoices (AS IS). 

2. Implementing the process of receiving structured electronic invoices  
(TO BE) will reduce the average cost of processing a single invoice by 
15% as compared to the process of receiving paper invoices (AS IS). 

3. Implementing the process of accepting structured electronic invoices  
(TO BE) will reduce the consumption of individual work resources by 16% 
(AS IS). 

Results of the comparative process analysis of AS IS and TO BE models carried 
out for a selected set of indicators showing duration, cost of processing and 
resources used in the process of receiving a traditional paper invoice prove that 
actions aimed at the electronisation of administrative processes will bring 
measurable benefits and savings in terms of costs, time and work of people 
involved in the process. 
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To date, the problem of acceptance of payment systems and technology from the 
consumer's perspective has been intensively investigated. Dahlberg et al. [1, 2] 
indicated diminishing need for additional research on the acceptance of payment 
systems by consumers. On the contrary, evaluation of adoption of payment systems 
by other participants of the market in the e-commerce ecosystem, in particular 
merchants, is still missing. This paper attempts to fill the existing gap. The objective 
of this paper is to propose determinants that merchants use as guidance in accepting 
or not a payment system. The main factors influencing the acceptance of payment 
systems by merchants have been defined basing on the commercially available 
“eXpay” system [8], as well as the TAM and UTAUT models. On this basis, a new 
model containing intention constructs and moderators significant from the 
merchants' perspective has been proposed. In the paper, the components of the 
model and possibilities of its application in further research are discussed. 

Keywords: payment systems, e-business, e-commerce, m-payments, technology 
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1. Introduction 

Consumer behaviour determines the types of reactions related to the process 
of purchasing, using, and disposing of goods. These include not only physical 
actions, but also all the operations taking place in the psyche at the time of 
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purchase. Consumer behaviour is actually supposed to demonstrate actions aimed 
at satisfying the desires of individuals or organized groups representing common 
economic interests. Therefore, they are presented as a systematised cycle of 
reactions to various stimuli. Consumer behaviour is a concept that cannot be 
clearly defined, hence different definitions of that term can be found in the 
literature. For example, according to JC. Mowen [3], consumer behaviour is a field 
of science studying persons who make their purchases and all the processes 
involved, starting from the manner of acquiring specific goods, and ending with the 
possibilities of its consumption. G. Antonides and W. F. van Raaij [3], on the other 
hand, claim that consumer behaviour includes all mental and physical activities, 
related to the acquisition of goods, obtaining, application and consumption, as well 
as the in-house production of households, allowing the consumer to achieve goals 
and therefore leading to their satisfaction.  

Technological advances and the possibilities brought by e-commerce, and 
subsequently m-commerce, have changed consumer behaviour, consumers' 
reactions, and the factors which impact purchase decisions. 

2. Current state of knowledge – acceptance of e-payment and m-payment 
technologies 

After ten years of research, a literature overview written by Dahlberg  
et al. [1] was published in the journal "Electronic Commerce Research and 
Applications". The overview reflected the accumulation of knowledge on mobile 
payment research, which had been conducted for several years independently in a 
few countries and across several continents. After analysing a significant part of 
the literature on this subject, the authors concluded that there was a need to develop 
guidelines for future research. Their main premise for drawing such conclusions 
was the fact that issue of mobile payments had not been fully explored by the 
academic community. 

In fact, a significant number of publications focused mainly on: technology 
and its acceptance by consumers. Interestingly, over a number of years, consumers 
could experience many different ways of making mobile payments. A considerable 
part of the methods for making mobile payments failed to succeed before they even 
reached the intended recipients (end users). Due to the complexity of these 
phenomena, it became clear that the narrowed research on the acceptance of these 
solutions by consumers will only yield limited knowledge of mobile payments. 

The current body of research on mobile payments, published after 2006, 
encourages one to conduct a new, critical literature review. In an paper "A critical 
review of mobile payment research" Tomi Dahlberg, Jie Guo and Jan Ondrus [2] 
identified once more the scope of the research to date, based on 188 papers 
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published over eight years (2007-2014) of which 87 were presented at the most 
important conferences or journals. 

After a careful study of the material it turned out that researchers often "re-
invent the wheel". Earlier research demonstrated that up to 2006, "security" and 
"trust" were important prerequisites for the adoption and use of mobile payments.  

In the newer literature, the same results were presented as a significant 
contribution to development, and similar publications were appreciated again. The 
authors add that the confirmation of the earlier findings may be sometimes 
justified. However, the experience of this phenomenon permits to wonder why 
earlier research results were ignored. 

Dahlberg et.al. [1] presented proposals of 22 questions for future researchers. 
Interestingly, their frequently quoted paper had limited impact on the type of 
research that was carried out already after its publication. Excessively examined 
issues still attracted scientists.  

In 2008, Dahlberg [1] concluded that there was no need to undertake 
additional research on the adoption of mobile payments by consumers (using TAM 
and UTAUT models), especially that we still do not know much about the adoption 
of mobile payment by merchants. However, the adoption of mobile payment 
methods by consumers (based on the models presented above) still remained one of 
the most researched topics and provided a few new observations. 

We can wonder, why do we see so much willingness of the researchers to 
conduct research on the acceptance of mobile payments by consumers? We can 
speculate that empirical data from consumers about their attitudes and intentions 
can be easier and more convenient to gather. Another reason may be the fact that 
journals are still willing to publish such studies, although their relative scientific 
contribution is clearly limited.  

If the above reasons were to be justifiable, Dahlberg et al. [2] express 
concerns that the small progress made in recent years has created a gap between 
business practice and the academic world. 

In their paper, Dahlberg et al. [2] conducted a renewed critical analysis of the 
research regarding mobile payments published over a period of eight years (2007-
2014). The objective of their work was to compare the scope, methods and research 
topics, as well as other statistical factors, of mobile payment studies between two 
periods (1998-2006 and 2007-2014). They also investigated, which of the 
recommendations from the previous literature overview influenced the research on 
mobile payments. To improve quality of future research, they also provided an 
updated list of recommendations.  

Since the publication of Dahlberg et.al [1], several works on mobile payments 
have been written. Recently, Dennehy and Sammon (2015) [4] reviewed 20 papers 
about mobile payments with the greatest citation frequency in Google Scholar. The 
authors seem to believe that mixing developed and developing markets can bring 
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about confusion in the progress of research on payments. They claim that in reality 
it is unlikely that payment services from developing countries' markets will 
penetrate developed economies with their advanced financial markets and 
sophisticated telecommunications and e-commerce infrastructures. Consequently, 
the authors prefer to avoid directing research towards both of these market types 
and focus exclusively on developed economies. 

Although all three of the above-mentioned works [1, 2, 4] have their merits, 
there is still a need for an integrated overview of literature and available knowledge 
with additional presentation of recommendations for future research in developed 
countries. 

To ensure consistency with the previous literature overview in Dahlberg  
et al. [1], the authors used the same method to search for and classify papers. This 
approach facilitated statistical comparisons between the two periods. The authors 
used the same frame and definitions of concepts as those presented in (Dahlberg  
et al. [1]).  

Mobile payment service providers play a key role in the e-commerce 
ecosystem. However, the actions of other market entities (regulators, financial 
institutions, device manufacturers, sellers), as well as the impact of market factors 
(access to the internet, banking, merchants and consumer technologies, legislation, 
habits of using payment instruments) may influence service providers and other 
market participants. Therefore, according to the authors, these frameworks permit 
to examine different strategic scenarios and their capability of affecting 
participants' competitive position or the condition of the whole market.  

Dahlberg et al. [1] found that many papers published in recent years ignored 
the findings and contributions of earlier works – or simply did not cite them – and 
achieved the same research results as those in the uncited papers. 

The second remark refers to the quality of data. In the initial period of mobile 
payment research, empirical data were difficult to collect because the phenomenon 
was just emerging. There were only a few industry experts who could be 
interviewed. Mobile payments were a kind of "science fiction" for most consumers 
and merchants. Moreover, historical records did not exist in 2000, except for some 
advisory reports. Later, however, availability of experts, experiences and sources of 
knowledge increased significantly. Researchers are expected to use better 
qualitative data to validate their research and to compare technologies to other 
alternatives. 

In the conclusion of [1], Dahlberg et al. strongly encourage researchers to 
collect data from the real world. For example, field research, experiments on actual 
services and experience related thereto, or data on the actual use of mobile payment 
services will, in their opinion, increase the significance and impact of research in 
this field. They say that after 15 years of research, it is worrying that we do not 
know much about the acceptance of mobile payments in the merchants' 
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community, the competition with other payment instruments and the impact of the 
changes in commercial, legal, regulatory, social and cultural environments. 

Behaviour models, derived from different research lines, are used to 
investigate consumer behaviour. The three approaches most commonly used in 
empirical works, originating from the research on attitudes and information 
systems: Davis' technology acceptance model, Ajzen's theory of planned behaviour 
and the unified theory of acceptance and use of technology by Venkatesh et al. 
Barbara Szmigielska, Karol Wolski, Aleksandra Jaszczak, in their work [5], 
conducted a kind of synthesis of the usage of acceptance models in research. 

The theory of planned behaviour and the technology acceptance model were 
created before the popularisation of the internet and only later were they adapted 
for the needs of network research. It turned out that the predictive power of these 
theories is so considerable that they are successful as models explaining the 
behaviour of internet users. In [5],  the authors discuss examples of the application 
of these theories in the research on such forms of internet activity as using web 
pages, online shopping, e-learning and social networking sites. 

The technology acceptance model (TAM), developed in the 1980's by F. 
Davis [6], is nowadays one of the most important theories explaining an 
individual's involvement in using new technologies. It is widely used for 
explaining the use of a broad spectrum of information technologies in various 
social contexts. 

Davis, similarly to Ajzen [6], assumes that behaviour consisting of the use of 
information technologies is determined directly by the behavioural intention to use. 
Intention is explained by the attitude toward using a certain technological solution 
and its perceived usefulness for the user. Another important factor in this model is 
the perceived ease of use of a given technology, which has a direct impact on the 
perceived usefulness and an individual's attitudes to the use of technology.  

V. Venkatesh and his co-workers revised and combined the constructs of eight 
models, which – according to their research – best explained the behaviours related 
to using information technologies [7]. In this way, the unified theory of acceptance 
and use of technology (UTAUT) was created. It aims at clarifying the intention of 
using information technology and behaviours resulting from this intention. 
According to the authors, this is a concept that allows for assessing the probability 
of the successful use of the new technology and helps understand the factors that 
determine its acceptance. 

Four factors that directly affect the intention of use and, as a result, also the 
behaviour, play a key role in the UTAUT theory. These factors are: performance 
expectancy, effort expectancy, social influence, and facilitating conditions. 
Additionally, it is assumed that some variables might occur, which moderate the 
influence of these factors on the intentions of using technology and on the 
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behaviour. These are: sex, age, experience and voluntary use. The relationships 
between the constructs in the model are shown in figure 1 [5]. 
 

 
Figure 1. Unified theory of acceptance and use of technology [5] 

3. Adaptation of payment systems by merchants 

Using mobile payments is often one of many options for merchants. In the 
current state of knowledge about the acceptance of mobile payments there is a lack 
of research conducted on merchants. This is probably due to the difficulties 
experienced by researchers in collecting empirical data. It is easier to access 
statistical data on end-users than the data obtained from commercial entities that 
share information with researchers reluctantly or do not share it at all. The scope of 
knowledge on the technology acceptance in the ecosystem of mobile payments and 
in the entire e-commerce is limited only to the research on consumers and thus 
does not give a full image of e-commerce market situation. The aim of this paper is 
to initiate filling the gaps in the knowledge of this field. Preferences and technical 
capabilities of the entities accepting payment instruments (merchants) are among 
the key factors determining the acceptance of online payments, including mobile 
payments, but it can be noted that past researches are being omitted. If merchants 
are not able to adopt mobile payments, it might be a dead-end street for m-
commerce and consumers. Mobile payments that enable making a payment with 
one touch are worth mentioning in this line of research [8]. Exploring these new 
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methods of e-payments and m-payments and their impact on mobile channel 
acceptance, one can make a significant cognitive contribution to the understanding 
of the ecosystem of payments from the perspective of merchant of both stationary 
and mobile payments. The aim of this paper is to explore the determinants that are 
used by merchants when deciding upon the acceptance of payment systems and 
building a new model that best explains the choices and preferences of merchants. 
To provide a comprehensive analysis, extensive research was conducted on the 
existing literature. The main factors influencing the acceptance of payment systems 
were identified basing on the commercially available payment system (eXpay [8]). 
Elements from the UTAUT theory, which are useful for new model, were selected 
and extended with predicates relevant to the context of the research on the 
acceptance of payments by merchants (Figure 2). 

 
Figure 2. The model of the acceptance of payment systems by merchants 

 
Expected performance and usefulness 

This variable determines the belief of the merchant that the use of a particular 
e-payment system would help him or her to achieve benefits. The strength of the 
dependency between the expected performance and intention may vary depending 
on the generated turnover, the mark-up/margins applied by the merchant, sales 
channels, scope and range, and technical experience of the merchant. 
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The perceived ease of use and expected effort  
It is defined as the level of difficulty of implementing and then deploying a 

given payment system. It plays an important role only in the initial period losing its 
importance in the course of a long-term and uninterrupted application of a given 
technology and system. In this case, the experiences of a merchant are moderators 
of the relationship between the expected effort and the determinant of the intention 
of use, while the generated turnover, mark-up, other sales channels, scope and 
range do not seem to be related. 

Perceived cost and price 
The price construct is proposed, because the cost and price determine the 

decision in the area of technology acceptance. Perception of the service cost is 
positive if the benefits of the technology outweigh the expected expenditures. Then 
the cost of the service shows a positive influence on intentions. The perception of 
the cost of the service is affected by all of the mentioned moderators. 

Perceived risk and confidence 
This factor involves perceived risk of co-operating with a supplier of a 

particular e-payment system and confidence in it, which is based on reputation. Xin 
et al. [9] proved that confidence in the e-payment system, its reputation, and the 
issue of transaction insurance is an important determinant in decision making. 
Perception of risk and confidence is influenced by all the moderators. 

Moderators 
The turnover scale of an e-commerce entrepreneur has significant impact on 

the perceived cost and price construct, but also on the expected performance and 
usefulness of the payment system, as well as perceived risk and confidence in 
supplier. A moderator seems to have no connection with the perceived ease of use 
and expected effort. Like the merchant, the turnover scale, the mark-up applied to 
an assortment in each industry can influence the construct of the perceived cost and 
price and other ones, except the perceived ease of use. 

Sales channels, scope and range 
Merchants can conduct operations and sales in a multi-channel mode. 

Omnichannel is a new approach to the multi-channel mode, which aims to provide 
a consistent shopping experience for the consumer, regardless of a channel or 
channels the consumer use to interact with the seller. The scope can be seen as a 
serviced territorial sales area, and the range covers the industry and assortment 
involved in e-commerce. 

Experience 
The technological experience of a person being the e-shop owner or a person 

holding the position of an IT expert can be a significant moderator for all 
constructs. 
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5. Conclusions 

Testing the proposed model basing on empirical data derived from interviews 
and surveys, and the use of statistical methods will permit to provide a new input to 
the knowledge of e-payment acceptance by merchants. 

Due to better understood choices made by merchants, we will learn more 
about the structure of the entire e-commerce ecosystem, including what is of 
greatest importance and what the impact of particular moderators on the model 
constructs is, along with the behaviour of merchants and, finally, the decisions 
made by them. The proposed model will permit to set research hypotheses and 
verify them in the area of payment system acceptance by merchants. The next step 
in the future research is to gather empirical data from more in-depth interviews and 
statistical testing of the model on real data. 
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1. Introduction  

Conventional database systems are designed with the assumption of precision 
of information collected in them. The problem becomes more complex if our 
knowledge of the fragment of reality to be modelled is imperfect. In such cases one 
has to apply tools for describing uncertain or imprecise information [4, 10]. One of 
them is the fuzzy set theory. A fuzzy set (FS) is a generalization of an ordinary set. 
Its definition contains a membership function which is a mapping X → [0,1], where 
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X denotes the universe of discourse. The precise determination of the membership 
degree is not always possible. In such cases it can be expressed by means of the 
closed subinterval of the unit interval [0,1]. This leads to the concept of the inter-
val-valued fuzzy set (IVFS). The idea was proposed in 1975 [14, 15]. Alcade et al. 
defined interval-valued linguistic variables and studied their properties [1]. Validity 
of the principle of inclusion and exclusion for IVFSs has been investigated in [12].  

So far, a great deal of effort has been devoted to the development of fuzzy da-
ta models. Numerous works discuss how uncertainty existing in databases should 
be handled. Some authors proposed incorporating fuzzy logic into data modeling 
techniques. In particular an extension of the entity-relationship model by fuzzy log-
ic has been proposed. The main elements of the model were presented in the con-
text of fuzzy sets.  

In the relational model entity sets and relationships between them are repre-
sented in the same way – i.e. by means of relations. A relation is defined as a sub-
set of Cartesian product of attribute domains. A set of operations in relational mod-
el is referred to as relational algebra. Inclusion of fuzzy logic requires extension of 
the main notions occurring in the relational model. In particular, classical opera-
tions of relational algebra must be appropriately modified. 

In database models, usually binary relationships occur between entity sets.  
In such relationships each entity plays a unique role. The roles of entities are clear 
and so they are not defined explicitly. When designing, it may be necessary to de-
fine relationships which involve only one entity set i.e. relationships between enti-
ties belonging to the same set. They are referred to as recursive relationships 
(RRs). In this case roles of entities must be defined explicitly.  

The problem of RRs does not occur often in the professional literature. They 
are usually discussed in papers dealing with the entity-relationship model. Differ-
ent approaches to design RRs have been presented in [2, 3]. A taxonomy of RRs 
has been described in [8]. The author presented different relationship structures that 
that can exist in RRs and defined four types of them. In [7] theorems dealing with 
cardinalities of RRs have been formulated. 

Although the semantics of RRs is to some extent difficult to capture they are 
useful for modelling problems coming from the real life. In particular one can ap-
ply them in management. An example of a RR is a relationship describing formal 
dependencies between employees of an enterprise. If each employee, apart from 
the boss, is supervised by exactly one employee there exists a multilevel hierarchy. 
At the bottom there are employees who do not supervise anybody. Participation of 
employees in work groups can be limited by different constraints. For example, one 
can impose a constraint on the number of teams supervised by one employee. 
These constraints determine the type of the recursive relationship. Creation of work 
groups and teams in organizations requires analysis of many elements e.g. qualifi-
cations of employees and possibilities of using them.  
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The fuzzy set theory can be also applied for modelling of cooperation between 
enterprises [6,11,13]. Enterprises which cooperate with one another are elements of 
a business network. The strength of a direct connection between two enterprises 
can be estimated by a subinterval of [0,1]. This is a case of the interval-valued 
fuzzy relationship (IVFRR). Analysis of the network enables to determine relation-
ships between any enterprises. 

In conventional procedures there are made unique decisions „accept or reject” 
which may lead to improper solutions. The estimation of the mentioned elements is 
not always unique. Applying of the fuzzy set theory allows for analysis and com-
parison of different versions and for adjusting them to new information.  

The paper is organized as follows. The next section contains the basic notions 
dealing with interval-valued fuzzy sets. Section 3 presents fuzzy relations and op-
erations of the extended relational algebra. Different kinds of structures created by 
entities occurring in interval-valued fuzzy relationships are defined in Section 4. 
Section 5 discusses algebraic operations dealing with relational representation of 
IVRRs. 

2. Interval-valued fuzzy sets 

In classical set theory one can define a characteristic function which indicates 
membership of elements in sets. It is a mapping X →{0,1}, where X denotes the 
universe of discourse. The characteristic function of the set A takes the value 1 for 
the element e if e ∈ A and 0 in the opposite case. However, if there are no sharp 
boundaries of membership the unique qualification of elements is not always obvi-
ous. In order to express this uncertainty the set {0,1} has been replaced with the 
interval [0,1].  
 
Definition 1. Let X be a universe of discourse. A fuzzy set A in X is defined as a 
set of ordered pairs: 
 ,  ]}1,0[:,:)(,{ →∈><= XXxxxA AA µµ  (1) 

where µA(x) is a membership function. 
 

Replacing the mapping X → [0, 1] with X → F([0, 1]) , where F([0, 1]) de-
notes the set of all FSs in the interval [0, 1], leads to the definition of type-2 fuzzy 
sets. A particular case of this notion is the concept of an interval-valued fuzzy set 
[9]. The elements of the IVFS are assigned with closed subintervals of [0,1]. The 
idea of the IVFS extends the notion of the ordinary fuzzy set. The assigned inter-
vals approximate the correct value of membership degrees. 
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Definition 2. Let X be a universe of discourse. An interval-valued fuzzy set A in X 
is defined as: 

 ,   ])}1,0([:,:)(,{ IntXXxxxA AA →∈><= µµ  (2) 

where µA(x) = [µAL(x), µAU(x)] is an interval-valued membership function and  
Int([0,1]) stands for the set of all closed subintervals of [0,1]: Int([0,1]) = {[a, b]: a, 
b ∈ [0,1]}. 
 

Values of µAL(x) and µAU(x) are interpreted as the lower and upper membership 
functions, respectively, and satisfy the following condition: 

 .  1  )( )(0 ≤≤≤ xx
UALA µµ  (3) 

In order to compare interval-valued fuzzy sets one has to establish an order re-
lations for subintervals of [0,1]. In further considerations we will consider the fol-
lowing ordering 

 .     and   if   ],[],[ UULLULUL bababbaa ≤≤≤  (4) 

If µAL(x) = µAU(x) for every x then A is an ordinary fuzzy set. Membership functions 
µAL(x) and µAU(x) determine two ordinary fuzzy sets: 

 
.   ]}1,0[:,:)(,{

,   ]}1,0[:,:)(,{
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XXxxxA
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 (5) 

The support of A - the classical set of elements that belong to A with non-zero 
membership degrees - is determined by supports of AL and AU : 

  
.   }0)(:{)(supp)(supp

,   }0)(:{)(supp)(supp

>==

>==

xxAA

xxAA

U

L

AUU

ALL

µ
µ

 (6) 

From (5) and (6) we can conclude that supp(A)L ⊆ supp(A)U . Other characteristics 
can be determined in the similar way. 

3. Fuzzy relations 

In the fuzzy entity-relationship model fuzziness can occur at three levels [5]: 
a) the level of types reflecting partial belongingness of the given type to the model, 
b) the level of entities and relationships reflecting partial belongingness of ele-
ments to their types, c) the level of attributes reflecting fuzzy values of them. The 
presented considerations deal with the second level. 

In the relational model data is represented by tuples, which are elements of re-
lations. Allowing for subintervals of [0,1] to appear as membership degrees of tu-
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ples one arrives at interval-valued fuzzy relations (IVFR). An IVFR is an interval-
valued fuzzy set on the Cartesian product of attribute domains. For example an 
IVFR regarding projects may look like relation LARGE_PROJECTS in Table 1.  
 

Table 1. Relation LARGE_PROJECTS 
P# NAME BUDGET TYPE µ 
P1 Credit 110 000 Banking [1,1] 
P2 Finn 60 000 Accounting [0.8, 0.9] 
P3 Policy 40 000 Insurance [0.4, 0.6] 
P4 Broker 30 000 Stock_Exchange [0.3, 0.5] 
P5 Visa 200 000 Banking [1,1] 
P6 Balance 20 000 Accounting [0.2, 0.3] 
P7 Agent 50 000 Insurance [0.7, 0.8] 

 
Classical operations of relational algebra must be extended by defining mem-

bership degrees for final relations. Some of the operations are defined below. Let R 
and S be interval-valued fuzzy relations with membership degrees [µRL(r), µRU(r)] ⊆ 

[0,1] and [µSL(s), µSU(s)] ⊆ [0,1], where r and s denote tuples of R and S, respectively. 
Union: R ∪ S is an IVFR containing tuples which belong to R or S. The member-
ship degree of a tuple t of R ∪S equals µR∪S(t) = [µR∪SL(t), µR∪SU(t)], where  

 .   ))(),((max )(  ,  ))(),((max )( tttttt
UUULLL SRSRSRSR µµµµµµ == ∪∪  (7) 

Intersection: R ∩ S is an IVFR containing tuples which belong to R and S. The 
membership degree of a tuple t of R ∩ S equals µR∩S(t) = [µR∩SL(t), µR∩SU(t)], where  

 .   ))(),((min  )(  ,  ))(),((min  )( tttttt
UUULLL SRSRSRSR µµµµµµ == ∩∩  (8) 

Difference: R − S is an IVFR containing tuples which belong to R and do not be-
long to S . The membership degree of a tuple t of R − S equals µR-S(t) = [µR-SL(t), 
 µR-SU(t)], where  

 . ))(1  ),((min )(  ,  ))(1  ),((min )( tttttt
LUUULL SRSRSRSR µµµµµµ −=−= −−  (9) 

Selection: σW(R) is an IVFR containing tuples of R which satisfy a fuzzy condition 
W. Let µW(t) = [µWL(t), µWU(t)] be an interval expressing the fulfilment degree of W. 

Thus the membership degree of a tuple t of σW(R) equals µσW (R) (t) = [µσW (R)L(t), 

 µσW (R)U(t)], where  

.   ))(  ),((min )(  ,  ))(  ),((min )( )()( tttttt
UUUWLLLW WRRWRR µµµµµµ σσ ==  (10) 

Projection: ∏X(R) is an IVFR over X, where X is a set of attributes, with µ∏X(t) = 

[µ∏X(R)L(t), µ∏X (R)U(t)], where  
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 .  )(sup )(   ,  )(sup )( )()()()()()( rtrt
UUXLLX RXrXtRRXrXtR µµµµ =Π=Π ==  (11) 

Natural join: R(X, Y) * S(Y, Z) is an IVFR of the scheme SCH = {X, Y, Z}. The 
membership degree of a tuple t of R * S equals µR*S(t) = [µR*SL(t), µR*SU(t)], where  

 
 .    ))(),((min )(     ,   ))(),((min )(

, )()(

** srtsrt

YsYr

UUULLL SRSRSRSR µµµµµµ ==
=

  (12) 

4. Fuzzy interval-valued recursive relationships 

A graphical representation of the recursive relationship in the entity-
relationship model is shown in Figure 1. In order to distinguish entities of the entity 
set E which participate in the relationship R there have been defined roles RA and 
RB. Numbers in brackets denote cardinalities i.e. a (b) is a minimal (maximal) 
number of entities of E which fulfill the role RA with respect to one entity of E. 

 
  
 
 
 
 
 

 
Figure 1. Recursive relationship 

 
An interval-valued fuzzy recursive relationship (IVFRR) can be defined as follows:  

 .   ])}1,0([:,,,:),(,,{ 21212121 IntEEeeEeeeeeeR RR →×≠∈><= µµ  (13) 

The order of entities defines their roles in R. In the relational model an IVFRR is 
represented by relation R(RA.K, RB.K, µR), where K denotes the key of E. The mem-
bership function µR(e1, e2) can express the strength of the relationship or estimates 
the degree of uncertainty. Tuples of R represent direct connections between enti-
ties. From (13) one can derive pairs of entities which are connected indirectly. If 
there exist tuples <e1, e2, µR(e1, e2)> and <e2, e3, µR(e2, e3)> then there exist a rela-
tionship between entities e1 and e3 with µRL (e1, e3) = min(µRL(e1, e2), µRL(e2, e3)) and 
µRU (e1, e3) = min(µRU(e1, e2), µRU(e2, e3)). 

 
According to cardinalities one can distinguish the following types of recursive 

relationships: 
a) 1:1 with possible cardinalities: (0,1)(0,1), (0,1)(1,1), (1,1)(0,1), (1,1)(1,1), 

      R E 

RA(a,b) 

RB(c,d) 
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b) 1:N with possible cardinalities: (0,N)(0,1), (0,N)(1,1), (1,N)(0,1), 
(1,N)(1,1), (0,1)(0,N), (0,1)(1,N), (1,1)(0,N), (1,1)(1,N), 

c) M:N with possible cardinalities: (0,N)(0,M), (0,N)(1,M), (1,N)(0,M), 
(1,N)(1,M). 

The structure of recursive relationships can be presented graphically as single lines 
for 1:1 type, hierarchies for 1:N type and networks for M:N type. If entities cannot 
fulfill both roles the structure of the relationship contains two levels.  

Definition 3. Let f and g be entities of the set E. Let α be a subinterval of [0,1]. 
Entities f and g are α-connected with respect to the relationship R, denoted by 
fCRαg, if µR(f, g) ≥ α or there exists a finite sequence e1, e2,..., en ∈ E such that  

 .  ),( ,),(, ... ,),( ,),( 1211 αµαµαµαµ ≥≥≥≥ − geeeeeef nRnnRRR  (14) 

Definition 3 deals with entities occurring in the same path. In hierarchical 
structures between two elements there exists exactly one route containing one or 
two paths. Let us consider two pairs (e, f) and (e, g) of α-connected entities. Thus,  
eCRαf and eCRαg. Entities f and g occur in the same hierarchy. For this case one can 
define an α-hierarchical connection. 

Definition 4. Let f and g be entities of the set E. Let α be a subinterval of [0,1]. 
Entities f and g are α-hierarchically connected with respect to the relationship R, 
denoted by fHRαg, if fCRαg or there exists an entity e such that , eCRαf and eCRαg.  

In more complex structures there can exist more routes between two elements. A 
route can contain more than one hierarchical connection. For this case one can de-
fine an α-network connection. 

Definition 5. Let f and g be entities of the set E. Let α be a subinterval of [0,1]. 
Entities f and g are α-network connected with respect to the relationship R, denoted 
by fNRαg, if fHRαg or there exists a finite sequence e1, e2,..., en ∈ E such that fHRαe1, 
e1HRαe2,..., e1HRαen and enHRαg or gCRαen. 

5. Recursive operations 

Let us consider an IVFR R(A,B) which represents an interval-valued recursive 
relationship. Values of attributes A and B are identifiers of related entities.  

Let t1(a, x) and t2(a, y) be two tuples of R. This means that entities identified 
by x and y fulfill the same role with respect to the other entity identified by a. 

Identifiers x and y can be obtained by means of the following operation:  

 ,     ))(*)((),( ),(),(, RRYXT YARYXXARYX ρρ ≠Π=  (15) 
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where ρ is a rename operator. The membership degree µT(s) = [µTL(s), µTU(s)] of a 

tuple t (x,y) ∈ T equals:  

 
.   )),(),,((min max ),(

  ,  )),(),,((min max ),(

a

a

yaxayx

yaxayx

UUU

LLL

RRT

RRT

µµµ
µµµ

=

=
 (16) 

Let t1(x, z) and t2(z, y) be two tuples of R. This means that entity x fulfills a 
certain role with respect to z and z fulfills the same role with respect to y. Thus en-
tities x and y are connected indirectly. In order to get pairs of entities which are 
connected in this way one should also apply the join and projection operators. The 
following expression allows to find pairs of entities x and y which are connected by 
one intermediate entity z:  

 .     ))(*)((),( ),(),(, RRYXT YZRZXRYX ρρΠ=  (17) 

The route between entities x and y contains two edges : <x,z> and <z,y>. In net-
work connections there can exist more than one route between x and y. Thus, the 
membership degree of a tuple t (x,y) ∈ T equals: 

 
.   )),(),,((min max ),(

  ,  )),(),,((min max ),(

z

z

yzzxyx
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=
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In order to receive all pairs of entities <u,v> which are connected by more interme-
diate entities one should solve the following equation: 

 .     )())),(*)(((),( ),(),(,),( RVUSRVUS VURUARVAVUR ρρρ ∪Π=  (19) 

The smallest relation which satisfies (19) is determined by the fixpoint operator 
(FP) : 

.     ))())),(*)(((FP( ),( ),(),(,),( RVUSRSVUS VURUARVAVUR ρρρ ∪Π==  (20) 

The result is obtained by means of the iterative fixpoint process. In each iteration 
new tuples s of S are created. They denote pairs of connected entities. The algo-
rithm of FP terminates when no new tuples of S are created as a result of the subse-
quent iteration. If R is a fuzzy relation for each iteration one must determine the 
membership degree. Let C(u,v) be a set of routes s between entities u and v. For 
each route s ∈ C(u,v) one must determine values of µS (s) = [µSL(s), µSU(s)]. The 
final membership degree µS(u,v) = [µSL(u,v), µSU(u,v)] equals the maximal value: 

 .   )( max ),(  ,  )( max ),( svusvu
UULL SC(u,v)sSSC(u,v)sS µµµµ ∈∈ ==  (21) 

Example 1. Relation R (table 2) presents an IVFRR. Entities which participate in 
the relationship form a structure shown in Figure 2.  
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Table 2. Relation R 
A B µ 
a b µ1 

a c µ2 
b c µ3 

b d µ4 
c d µ5 
c e µ6 

d e µ7 
 
The membership degrees µi are expressed by subintervals of [0,1]. Let µi1,i2,…,in de-
note the following interval: 

. ),...,,(min   ,  ),...,,(min

 where,   ],[

21),...,,(21),...,,(

),...,,(),...,,(,...,,

2121

212121

UUUUnLLLLn

UnLnn

niiiniii

iiiiiiiii

µµµµµµµµ
µµµ

==
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 (22) 

 

 

 

 

 

 

 

 

 

 
Figure 2. Structure of the IVFRR – Example 1 

 

Table 3 presents results of the operation (15), (16). 
 

Table 3. Relation T 
X Y µ 
b c µ12 

c d µ34 
d e µ56 

 
For the operation (20), (21) three iterations should be performed. The first iteration 
finds pairs of entities connected by one intermediate entity. There exist the follow-
ing routes: <abc,µ13>, <abd,µ14>, <acd,µ25>, <ace,µ26>, <bcd,µ35>, <bce,µ36>, 
<bde,µ47>, <cde,µ67>. The result is shown in table 4.  

a 

b c 

d  e 
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Table 4. Relation S after the first iteration 

U V µ 
a b µ1 

a c [max(µ2L, µ13L), max(µ2U, µ13U)] 

b c µ3 

b d [max(µ4L, µ35L), max(µ4U, µ35U)] 

c d µ5 
c e [max(µ6L, µ57L), max(µ6U, µ57U)] 

d e µ7 
a d [max(µ14L, µ25L), max(µ14U, µ25U)] 

a e µ26 
b e [max(µ36L, µ47L), max(µ36U, µ47U)] 

 
The following routes with two intermediate entities are obtained by the second iter-
ation: <abcd,µ135>, <abce,µ136>, <abde,µ147>, <acde,µ257>, <bcde,µ357>. The third 
iteration gives one route: <abcde,µ1357>. Table 5 presents the final result. 
 

Table 5. Relation S  
U V µ 
a b µ1 

a c [max(µ2L, µ13L), max(µ2U, µ13U)] 

b c µ3 

b d [max(µ4L, µ35L), max(µ4U, µ35U)] 

c d µ5 
c e [max(µ6L, µ57L), max(µ6U, µ57U)] 

d e µ7 
a d [max(µ14L, µ25L, µ135L ), max(µ14U, µ25U, µ135U)] 

a e [max(µ26L, µ136L, µ147L, µ257L,µ1357L), max(µ26U, µ136U, µ147U, µ257U,µ1357U)] 

b e [max(µ36L, µ47L,µ357L ), max(µ36U, µ47U, µ357U)] 

4. Conclusion 

In the paper properties of interval-valued fuzzy recursive relationships, their 
representation in fuzzy relational databases and respective operations of the ex-
tended relational algebra have been considered. Each pair of related entities is as-
signed with a subinterval of [0,1]. For processing of recursive data an extended 
fixpoint operator has been applied. According to roles of entities there have been 
defined different kinds of fuzzy connections occurring in IVFRRs. The presented 
theory is planned to be applied in real life tasks like supporting collaboration in 
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enterprise networks, for example. Moreover, one can extend the considerations by 
application of type-2 fuzzy sets. Another line of future work is taking into account 
more than two roles fulfilled by entities in the recursive relationship.  
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Software testing is a very broad term that includes a wide variety of topics. They 
range from technical like testing techniques and measurements, to more organiza-
tional like planning and management of testing. Ability to plan, design and create ef-
ficient tests is the most critical ability for any good tester. The paper presents 
Kungfu Testing, which is a testing approach based on advice and best prac-
tices advocated by experts in the field of testing. The method is intended to 
provide a step-by-step instruction of managing testing activities in a project envi-
ronment. The presented approach was designed to work with and complement the 
agile development methodologies due to their widespread use and popularity. 

Keywords: management of IT projects, software testing, management of testing  
process 

1. Introduction 

It is widely believed that a testing process includes only performing tests, 
which involve executing software and evaluating results. In reality, the process of 
testing is more complex and consists of different activities. According to Interna-
tional Software Quality Board (ISTQB) [1, 3, 4], the process includes: planning, 
control, defining test conditions, designing, choosing test cases, executing test cas-
es, evaluating results, evaluating exit criteria, reporting the process and the system 
under test, closing the testing phase. 
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In addition, reviewing documents (including source code) and static analysis 
is included in the testing process. ISTQB [1, 2] also defines the following objec-
tives of testing: 

• finding defects, 
• gaining confidence about the level of quality, 
• providing information for decision-making, 
• preventing defects. 

The first point is the most basic and obvious objective of testing. Finding defects 
and fixing them is the easiest way of increasing software quality. The second point 
refers to an evaluation of whether the software works as expected and meets the 
requirements. The third point considers data that can be gathered during the testing 
process. A number of found defects, a percentage of requirements covered by tests 
or current quality level can all be taken into account during a decision-making pro-
cess related to the software. The last very important point advocates that proper 
planning, designing of tests, ensuring testability of the produced code, a thorough 
review of requirements and inclusion of quality attributes into them from the start, 
can prevent the defects and increase the overall quality of the produced software. 

The presented paper analyses the issue of Kungfu Testing, which is a testing 
approach based on advice and best practices advocated by experts in the field of 
testing. It provides a step-by-step approach to managing testing activities in a pro-
ject environment. 

The paper is composed as follows: section 2 gives the outline of testing pro-
cess in software development project. Section 3 deals with main aspects of soft-
ware testing management while section 4 presents the proposed approach for test-
ing management process in IT project, named Kungfu Testing. 

2. Process of testing in software development projects 

Software testing is a very broad term that includes a wide variety of topics. 
They range from technical like testing techniques and measurements, to more or-
ganizational like planning and management of testing [2, 5, 6]. Software testing 
can be divided into six topics, each describing a different area of knowledge related 
to testing. The first topic, Software Testing Fundamentals, covers concepts, termi-
nology and rules of testing. It also describes relationships between testing and other 
processes in software design. Test Levels refers to testing activities conducted on 
different levels of abstraction and their different objects and purposes. The topic 
Test Techniques describes a classification of basic test design techniques used for 
planning and generating tests. Test-Related Measures cover methods and meas-
urements for monitoring and controlling the progress of testing and the product 
quality. Test Process refers to the testing process understood as a combination of 
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concepts, techniques and measurements in a single controlled process. The topic 
covers test planning, evaluation and organization. Finally, Software Testing Tools 
describes tools that can be used for automation of some of the testing activities. 
Detailed descriptions of the testing areas that can be supported with tools are also 
included in this topic. 

Software testing can be classified by different levels, mostly related to devel-
opment phases [1, 2, 3]. The phases are differentiated by a purpose and object of 
the testing. There can be many levels of testing. Unit tests verify the smallest inde-
pendent and testable parts of the source code, which are referred to as units. Inte-
gration testing is performed to verify the interactions between software components 
and systems. System testing validates the integrated system against the initial pro-
ject goals. This type of testing is based on functional and non-functional specifica-
tions. Acceptance testing is designed to verify the final product. Acceptance testing 
is typically done by a customer and its goal is to assess whether the software satis-
fies acceptance criteria. There are many other classifications of tests and types of 
tests, but it is not the purpose of this paper to present them. 

3. Management of software testing 

Software testing is a very complex and difficult process, but it is also im-
portant to remember that is not independent. It is limited and conditioned by a de-
velopment process and its methodologies. A good example of it would be testing in 
agile methodologies. Developers perform a large part of testing so there is a risk of 
testers repeating tests if communication between both groups is lacking. A fre-
quently changing specification might prevent automation of testing. These are just 
a few examples of how the development process may influence testing. However, 
the relationship between these two processes is two-sided. Testing can force 
changes in a project when some critical defect is identified, or can delay a release if 
quality standards are not met [4, 6, 8, 10]. 

From the point of view of management, software testing can be divided into 
two main phases, each split into stages (Fig. 1). 

During the planning phase, test manager must obtain the information what to 
test, how long the testing will take, what strategy of testing should be utilized and 
finally who will conduct the testing and how. The required information is acquired 
during risk analysis, test estimation, test planning and test organization stages re-
spectively. It is important to note that in this case, the risk analysis means any 
method of analysis that helps to determine the important areas to test. It may con-
sist of requirements-based testing, testing based on operational profile or any 
method presented further in this section. 
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Figure 1. Software test management phases [9, 11] 

 
The execution phase, on the other hand, is concerned with obtaining the in-

formation about the performance of the testing process itself, whether the testing 
proceeds according to the schedule, dealing with expected and unexpected issues 
and evaluation and improvement of the testing process. These activities are con-
ducted in test monitoring and control, issue management and test report and eval-
uation stages respectively. 

Each stage has its own set of methodologies, which help to facilitate the ac-
tivities required to complete its goals. Managing software testing is not an easy 
task. Managers must constantly deal with many different types of challenges. Some 
may be caused by people and some by the project itself. In general, the challenges 
the managers face can be connected with: project limitations and conditions, stake-
holders, software production cycle, testing and human factor. 

4. Kungfu Testing approach to software testing management 

Kungfu (Chinese: 功夫, Pinyin: gōngfu) in its original meaning refers to any 
skill achieved through a hard work and practice. Therefore, Kungfu Testing can be 
described as a testing skill obtained from training and experience. Kungfu Testing 
is an approach of testing based on advice and best practices advocated by experts in 
the field of testing. The method is intended to provide a step-by-step instruction of 
managing testing activities in a project environment. Given the popularity of agile 
development methodologies, the presented approach is mainly intended to be used 
in the agile environments. The following subsections present the description of 
Kungfu Testing process. 
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4.1. Example application – ErasmusBooking 

ErasmusBooking is an exemplary online service intended to provide all mo-
bility students of Lodz University of Technology (LUT) with information about 
partner institutions and ability to book a place in any of them. 

The functionalities implemented in ErasmusBooking are made available via 
dedicated webpage similar to the hotel-booking website Booking.com. Eras-
musBooking offers easy to find and use search interface. The list of search results 
displays the most important information about each found institution, namely: lo-
calization of each of the institutions, ranking of the institutions, availability and a 
short description of the offer. However, the key functionality available from this 
sub-page is booking of a place in the institution. The booking is made with the 
student account, so the information about bookings is available to LUT's staff. 

4.2. Kungfu Testing planning phase 

Every project is different in terms of goals, available resources and targeted 
market. Software development is no different and it is possible to divide them into 
two broad categories: contract-driven and market-seeking. 

In the first case, the company's main goal is to fulfil the contract. Typically, in 
such projects, there is some form of a requirement list at the beginning of the pro-
ject. It is bound to change sooner or later, which must be kept in mind by test man-
ager. In the second type, there is no single client and no single specification.  
The company is searching for clients by trying to provide them with the best ser-
vice. In this case, testing may be performed against expectations of many possible 
customers. 

In the both cases, the test manager should take an active part in the require-
ment specification. The main goal is to ensure that testability features will be in-
cluded in the project's schedule and budget from the very beginning. This will in-
crease the testing team efficiency and effectiveness [12, 13, 14]. Next important 
activity of the test manager at this stage should be inquiring about possible non-
functional requirements, like stability, security etc. They are often overlooked, both 
by clients and project managers, which results in lack of time and resources for 
their later inclusion [11, 12, 15]. 

In case of the ErasmusBooking exemplary system, a list of functional re-
quirements is provided along with a description of the system purpose. No detailed 
non-functional specification is provided. However, ErasmusBooking is emulating 
Booking.com, so it can serve as a reference point for assessing the non-functional 
requirements. Standards and regulations can be found on the website of World 
Wide Web Consortium (W3C). Additionally, because students are the target users 
of ErasmusBooking, they can be interviewed to find what they expect from such  
a system. 
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4.2.1. Kungfu Testing analysis phase 

Assuming some specifications of the product have been collected, it is now 
important to start making test plans. The purpose of this stage is to determine ob-
jectives and scope of testing. In order to do that, the test manager has to analyse the 
product and identify areas that can be tested in the given project limitations. 
Kungfu Testing advocates using risk analysis as a way of detecting these areas. 
There are many different methods of risk analysis, but in this approach, Product 
Risk Management (PRisMA) is a method of choice [13]. 

It is argued that it is not testers’ responsibility to make a decision whether the 
product is ready or not. This role belongs to project managers and other stakehold-
ers. Test teams are just information providers for the decision-makers. 

The analysis stage can be facilitated using Product Risk Management method 
(Fig. 2). The main idea behind this method is a creation of a product-risk matrix. 
The matrix contains numeric values of risks of each identified item. Depending on 
these values, a different testing approach should be employed. 
 

 
Figure 2. PRisMA process diagram of risk evaluation [13] 

 
Project information and artefact gathering is the first phase of this method and 
consists of the following steps: 
• gathering input documents – determining and collecting data relevant to prod-

uct risk analysis, performing static analysis of the obtained documents, 



53 

• identifying risk items – listed with own identifier and description; no more 
than 30-35 risk items in order to keep the process functioning correctly, 

• determining impact and analysis factors – described in a high-level document 
for the whole organization, 

• (optional) defining weights for each factor – the scale from 1 to 5, also called 
Likert scale, is recommended, 

• selecting stakeholders – including different roles from business and produc-
tion, e.g. project manager, developers, system architect and end user, 

• defining scoring rules. 

Risk evaluation by individual stakeholders phase consists of the stakeholders scor-
ing the risk items according to the presented rules. These scores are based on per-
sonal stakeholder assumptions which should be also documented. Gathering and 
verification of risk evaluations phase consists of collecting the results of evaluation 
by stakeholders and checking its correctness. Test manager proceeds to average 
scores of every risk item so that individual scores can be placed in the product-risk 
matrix. 

Consensus meeting for final risk evaluation phase can be started after a com-
pletion of the product-risk matrix. During it, a common understanding of perceived 
product risks should be achieved and may result in modifications of the require-
ment list, use cases or user stories. 

Define a differentiated test approach – basing on the risk position in the ma-
trix, the test objects can be identified and prioritized. This defines test scope of the 
projects, from which necessary test design techniques can be derived. 

Taking into consideration the ErasmusBooking example, there are a few 
sources of information that can be used for examination and evaluation of it. Hav-
ing collected the necessary sources, the risk analysis stage can be started. Firstly, 
five main risk items are identified for ErasmusBooking service: lack of communi-
cation between components, incorrectly displayed data, illegible interface, business 
logic defects, slow response times. 

Next step is to select factors that affect each risk. With risk items and factors 
identified, a grading scale must be selected. There is no high-level document de-
scribing the evaluation process so it is assumed that any scale can be chosen. Fol-
lowing the guidelines from Kungfu Testing the Likert scale, from 1 to 5, is selected 
with no additional constraints for scoring. 

4.2.2. Kungfu Testing test estimation phase 

The next activity, after the analysis stage, is to estimate time, resources, cost 
and skill required for completing the test activities (Fig. 3). 

Estimation can be done by combining different approaches to the task estima-
tion – the test should be divided into smallest possible tasks, each should be de-
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scribed in detail. Next step is assigning the tasks to specific team members, who 
then proceed to estimate the best, worst and most likely estimates for their tasks, in 
order to conduct the three-point estimation.  

 
Figure 3. Kungfu Testing test estimation process 

 
When the group estimation is completed, the test manager should analyse the 

estimates and consider additional factors that may be involved. 
Identifying opportunities and costs refer to two good practices. It refers to a 

preparation of a cost model of testing in which a simple simulation of costs can be 
performed. This will allow the test manager to answer inevitable questions like 
“what would happen if some tests were to be skipped” or “what would be gained 
through performing this type of testing” [3]. Having model like that puts the test 
manager in a better position when validating, negotiating resources and schedule 
with management, which is also the last step of the process. 

4.2.3. Kungfu Testing test planning phase 

The objective of this stage is to create a test plan document. It serves as a 
frame of reference for testing activities, which will be monitored by the test man-
ager. What is important during its creation is to have a clear purpose of it in mind. 
A test plan can be a useful tool for managing tests but it can also be a product it-
self. Often, detailed test plans are required for successful software delivery, to  
satisfy some standards or norms or may be objects of a business transaction on 
their own. 

There is no single proper template for test plans. The best plans are those, 
which fulfil their role in the project. That is why the most important thing is to 
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understand each of the fields within it and to properly utilize them. Creating de-
tailed documentation for its own sake is entirely pointless waste of resources and 
time. However, Kungfu Testing proposes the following fields to be included in 
plans: business background, requirements, risks, test objectives, test scope, test 
design approaches, task estimations, test team, test resources, suspension and re-
sumption criterion, metrics and methods of measurement, test deliverables, norms, 
standards and constraints. 

4.2.4. Kungfu Testing test organization phase 

In general, a test team consists of: test manager, who directs and organizes 
work on the project; testers, who create and execute tests and test administrator, 
who manages and maintains a test environment. In addition, developers who create 
tests as part of TDD can also be considered to be part of the testing team. Their 
contribution is crucial in agile development, where unit and integration tests pro-
vide continuous feedback on the stability of the system under tests.  

There are many techniques and methods of team management and teamwork. 
They depend on managers, organization and team members.  

A good practice for testing is rotating the testers across features. This practice 
brings many advantages. Firstly, it keeps the staff from getting bored from con-
stantly doing the same thing. Secondly, it keeps the testers form becoming overly 
specialized in a single area of the project, which decreases the value of such testers. 
In addition, it prevents knowledge gaps in case such specialists leave. Thirdly, 
different testers have different strengths, which should be taken into consideration 
during task assignment. Finally, a good practice is to work in pairs. Testers are 
encouraged to share, explain and react to ideas which bring them to better focus 
and trigger more ideas. It helps testers concentrate at the task at hand and makes 
the tasks of bug replication and analysis easier. 

Testing of ErasmusBooking is organised in accordance with the Kungfu Test-
ing recommendations and agile development principles. The testing is conducted in 
close cooperation with developers who are responsible for low-level tests, by work-
ing in the same place and in pairs. Testers provide a different point of view, com-
bining business perspective and developer perspective on the project. 

4.3. Kungfu Testing execution phase 

The test execution phase is concerned with fulfilling the test plan and ensuring 
that the testing provides the best possible service to stakeholders. This subchapter 
is focusing on providing methods and guidelines for test execution, reporting, eval-
uation and improvement of testing and development processes. 

Test execution phase in ErasmusBooking example is conducted in accordance 
with project development approach conducted in agile. The tests are conducted 
during two-week sprints. Testing is highly automated and performed in parallel to 
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development, so a continuous feedback can be provided. This enables quick fixes 
and constant improvement of ErasmusBooking service. 

4.3.1. Kungfu Testing test monitoring and control phase 

Monitoring and control of testing processes are the most important tasks of 
test managers at this stage. There are four key parameters that should be monitored 
during this phase: cost, schedules, resources and quality. They can be monitored by 
collecting various measurements and metrics. Cost, schedules and resources are 
relatively easy to follow – test managers must only regularly check the state of 
their budget and verify whether work is delivered on time and resources are in re-
quired quantity. Measuring quality of work and performance of staff is a different 
and difficult problem. 

The test managers should consider reading the artefacts created during testing 
like: bug reports, code, and documentation. Having done so, test managers can 
evaluate individual strengths and weaknesses of their staff. It is possible to create a 
scale for various skills and assesses them for individual team members. 

ErasmusBooking uses several measurements, which counterbalance others' 
side effects to report progress. They measure progress by answering the following 
questions: 

• How much of ErasmusBooking has been tested? 
• How much of the planned testing has been done? 
• How many problems have been found, and how many are critical? 
• How many defects were overlooked by the testing team? 
• How much of the testing is being blocked by unfixed defects? 

4.3.2. Kungfu Testing issue management 

The test teams are not responsible for controlling and ensuring the quality of 
the development process. However, it does not mean reporting such issues should 
not be performed. After all, there may be problems with the testing process itself 
and it is not always in test managers' power to fix them. 

There are three steps of issue management. The first step is to record every 
encountered issue – it should have assigned priority, tracking status and owner 
responsible for it. Next step is to report documented issues to a high-level manager. 
The final step is control and it is a responsibility of a project manager to monitor 
the reported issues and possibly find solutions for them.  

4.3.3. Kungfu Testing report and evaluation stage 

Reports are the primary product of most testers. They shape the perception of 
testers in eyes of their receivers. It is test managers’ job to ensure that reports gen-
erated by their staffs are [10]: actually written (not just reported verbally), num-
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bered (for identification purposes), simple (they describe only one problem at a 
time), understandable (makes the bug more likely to be fixed), reproducible and 
legible. 

There is no certain and dependable formula for deciding when the testing is 
done. The best way to assess this, is to use experience, skill and judgement of test 
teams. However, because testing is an information gathering process, theoretically 
it can be stopped when enough information has been gathered. Enough, in this 
case, means that based on the collected information, it may be reasonably assumed 
that there are no important or critical defects or undiscovered problems in the final 
product. 

ErasmusBooking advocates close cooperation between testers and developers. 
For that reason, many defects are fixed instantly after a conversation between the 
tester and the programmer. Defects that are more severe are reported using Trello 
platform [15]. A standard report contains a build version, defect severity, defect 
description, steps required for its reproduction and expected results. 

5. Conclusion 

Software defects and lack of quality may result in losses, not only in money 
but in human life as well. In order to reduce these risks, software testing must be 
conducted. Correctly performed, testing does not only mitigate the mentioned dan-
gers but also builds confidence in both software and developers, which in turn 
brings generates profits. Different types of tests accomplish different goals: they 
ensure delivery of correct functionalities; increase stability, security and reliability 
of software, etc. Each of these goals represents an increase in quality of software, 
which is a result of software testing. 

Kungfu Testing provides test managers with lightweight methods for conduct-
ing risk analysis and creating test plans. This forms a frame of reference for testers, 
who often lack such item especially in the agile methodologies, which focus on 
communication instead of documentation. This philosophy often results in no doc-
umentation at all. The problem is solved by providing methods of creation of such 
documents based on communication and close cooperation between stakeholders. 
Each element proposed by Kungfu Testing (e.g. risk analysis, test plan and test 
estimates) can evolve with the whole project, according to the current needs and 
requirements. 

Kungfu Testing’s advice and guidelines for various issues are based on al-
ready existing techniques and methods employed by various experts in the field. 
This assures some level of reliability of them and thus the whole approach. It pro-
vides a ready to use set of steps and guidelines for starting and completing testing 
projects. 
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Generation change contributes to the emergence of new consumer trends, de-
fined by global economy researchers as medium-term trends. One of them is the 
modification of the existing traditional model of ownership and use of cars. The 
sharing economy is based on the sharing of resources (e.g. cars) by owners to exter-
nal entities or individual users. Mobility-as-a-Service has become the answer to new 
mobility needs. In the future, its development will affect the creation of new busi-
ness models, both by existing and new market players, not only from the automotive 
industry but also IT sector, especially its part dealing with the creation of mobile ap-
plications. This paper presents MaaS characteristics and the use of this kind of ser-
vices in mobility in the city. 
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1. Introduction  

Changes in the mobility of people, caused by growing tendency to change 
jobs, increased interest in travel, improved access to modern technology, and final-
ly - the development of technology in the automotive industry, have created new 
challenges for the IT sector. Shortening product lifecycle in the innovative econo-
my sectors has led to a decrease in interest in the purchase of their products by 
users because they do not have money to change them frequently. The emergence 
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of sharing economy idea has changed the current approach to property ownership, 
today usually defined as a "traditional ownership model" for a new approach based 
on making available assets available to generate additional income or access to 
other previously unachievable assets. 

This paper aims to achieve the cognitive objective, which is to present the 
group of new mobility services, in fact – a part of it which is MaaS group and state-
of-the-art about them. The main research questions in this paper are: 

RQ1: What makes MaaS services competitive in the era sharing economy? 
RQ2: What are challenges (also for IT) related to the development of these 

services? 

The article is organized as follows. The first part concerns few areas having an 
impact on MaaS emergence and development, which are: generational change, 
sharing economy and mobility changes. The next one presents the method chosen 
for carrying out scientific research. The following chapter mentions research re-
sults. The end of the article includes conclusions, research limitations and further 
research plans and guidelines.  

2. Main determinants of the emergence and development of MaaS 

2.1. Generational change 

Social trends strongly influence the world economy [28]. Fashionable among 
the researchers has become the separation of individual generations and their char-
acteristics, which describe the professional and family life of particular age groups. 
Derivatives of these qualities have become models of lifestyle, which are elements 
of mobility patterns [28]. Generally speaking, these generations were originally 
defined by labor market researchers, e.g, the Traditionalists (born 1922-1945), 
Baby Boomers (born 1945-64), X (born 1965-1980), Y (born 1981-1999), Z (born 
in 2000 and later).  

One of these megatrends described by the researchers is "silver revolution" 
and the dominance of the Y generation in the global economy. The first one con-
cerns a growing role of people aged 50 and more in the development of social, 
political and economic life. This is due, among other things, the aging of societies, 
especially in countries with mature economies. The remaining megatrends are re-
lated to the dominant generation of young people developing their professional 
career. In a few or more years, the generation will enter into the best productive 
period in their lives, defined as the age of 35 to 44 years. 

It is also important to highlight in the context of this article that older genera-
tions cannot keep up with technological change in the current digital economy as 
quickly as younger ones, although there are significant differences between the 
representatives of these generations in different world regions. However, even if 
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they are familiar with new technologies, the learning process in the case of new 
solutions is much longer in their case than in the case of younger generations, es-
pecially Y and Z, and that is why they are the main target group for IT providers 
offering new IT solutions. The same situation takes place in relation to new mobili-
ty services. 

2.2. Sharing economy 

Generation differences are also evident in the possession of various items or 
the purchase of technology-related services (e.g. mobile phones, computers, mobile 
devices, etc.), including cars. The definition of ownership and use is changing - 
buying or leasing will involve not one car but the whole "garage" of vehicles. Car-
makers begin to introduce a monthly fee instead of a one-time purchase, or a small 
number of installments, like it is popular in the case of cheaper products such as 
cell phones. So customers can choose a car from a wide range of available vehicles. 
As a result, lifestyle associated with the use of the car is changing - a different kind 
of car will be used by users on weekdays, another - during weekends and holidays. 
As a result of many urban changes, the future consumer will pay less attention to 
price, brand and reliability, but more to environmental issues, operation costs, safe-
ty, car personalization, congestion and alternative transport modes. In addition, car 
sharing will be offered also by individual owners, not only business units. There 
will also be different types of offers: car rental for minutes, subscription rates etc. 
This is a result of the sharing economy development. 

Sharing the resources has several key features that enhance its advantages 
over the traditional model of ownership. First, it allows the use of assets when they 
are needed, without the need for maintenance (e.g. the purchase of insurance, 
cleaning, periodic technical inspection, repairing), what consumes a lot of time, so 
valuable in today's society, focused on their passions and personal development. 
Secondly, the average consumer can afford to use a resource that is more expensive 
than if he had to buy it. Thirdly, he can change this resource from time to time by 
changing, for example, a service provider. Fourthly, consumers wanting to use 
new, up-to-date, most innovative assets, such as cars, do not need to invest in their 
purchase, especially today, when technology development is very fast. So they can 
always rent resources with the highest technical level. 

2.3. Mobility changes 

In the era of the development of the Internet of Things (many say about the In-
ternet of Everything), mobility will be one of the key elements of human life, both 
in rural and urban areas although it is more visible in the city than in the country-
side. Congestion and parking space problems are there serious and that is why resi-
dents will look for new solutions to maintain the level of independence in mobility 
and not give up comfort. It will be one (apart from growing role of teleworking, 
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generational changes and sharing economy) of the most significant causes of using 
new mobility services including MaaS solutions. 

Mobility changes will emerge as a result of the previously mentioned genera-
tional change, especially changing dominant lifestyles of city and countryside resi-
dents. As it was said, there are few generations which will have an impact on future 
mobility. They represent different attitudes in mobility, attachment to the car as a 
means of transport, tendency to use intermodal transport, ability to give up comfort 
etc. This is an area of multiple research in sociology, geography, and economics. 
But one thing is clear: this generational change mixed with developing sharing 
economy and mobility changes in today’s digital economy will have an impact on 
the development of new solutions [28], and their aim will be satisfying the needs of 
consumers with a different age. What is more, it will be an answer for needs related 
to social exclusion, because still the car is seen as a symbol of status [25].  

3. Research method 

The main goal of this research is to present MaaS solutions and that is why, 
because it is a basic research, literature review procedure of a research review of 
Denyer, Tranfield [5] (see Table 1) was chosen as, in the opinion of Author, the 
best one to achieve the mentioned goal. This procedure is used to explain phenom-
ena, mostly in socio-economic research areas. It allows for state-of-the-art analysis 
and identification of potential research gaps. This standardized research procedure 
makes research in this paper transparent, replicable, exclusive, aggregative and 
heuristic. It was qualitative research, that is why its results are presented as a de-
scriptive report in Research results section. 

Firstly, 9 literature search engines were chosen according to their range and 
scope (BazEkon, DOAJ, EBSCOhost, EMERALD, JSTOR, ScienceDirect, Spring-
er, Web of Science, Wiley Online Library). The analysis included the EBSCOhost 
search engine, and therefore the databases that are included in it (HighWire Press, 
Hospitality&Tourism Complete, Master File Premier) were omitted. After this step, 
the Boolean Logic was used to identify the literature to further analysis. The first 
inclusion criteria were:  

• “mobility” in title, abstract or keyword, than 
• English as a publication language, 
• “maas” or “mobility-as-a-service” in the text, 
• full-text records for reviewed articles, 
• publication year: from 2010 and area: management, economics, geog-

raphy. 
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Table 1. Research procedure 

Phase Stage 

I 1. Determining the study purpose 

II 

1. Determining basic literature 

2. Selection of publications 

3. Preparing publications database 

III 
1. Bibliometric analysis 

2. Content (text) analysis 

IV 1. Preparing a report (research results) 

 
The next step in the procedure was to verify titles and keywords. Among the 

other topics excluded in the study at this stage were the mobility of workforce in 
different countries, mobility of people with disabilities, software development 
(general), distance education and the use of virtual libraries, the provision of local 
services based on current user location, distance work (mobile work). Then dupli-
cated records were eliminated and the Author obtained 137 articles for abstract 
review. 26 articles about MaaS were selected, and finally, after content analysis, 
the Author has chosen only these about MaaS related to car use (14 papers). 

In the paper were discussed only issues related to MaaS services connected 
with the car use. So the content of extracted papers was analyzed in order to re-
search findings related to MaaS car services. Of course, there are also solutions 
related to public transport mentioned in studies of Chong et al. [3], Cronckleton 
[4], Guo et al. [9], Hennessey [10], Kim & Schonfeld [18,19], Liang et al. [22]. In 
this article, only monomodal mobility services were taken into account in order to 
describe two areas to address research questions: 1) characteristics and examples of 
MaaS solutions (related to RQ1), and 2) elements/functionalities of MaaS solutions 
(related to RQ2). 

4. MaaS (Mobility-as-a-Service) – research results 

Mobility Services are a set of traditional and new solutions offered to custom-
ers in order to realize their trip. New Mobility Services is a group of products that 
have recently emerged as a result of changing socio-economic trends. These in-
clude the sharing economy, of which a derivative is a shared mobility. There is a 
discussion in the literature about whether NMS has the same scope as MaaS or not, 
and there are other names for the same solutions, such as Shared Mobility Services 
[15], Mobility-on-Demand [3]. In this paper, it was assumed that Mobility-as-a-
Service group is a part of NMS. They can be delivered both by private car owners 



64 

(C2C) and by business fleet owners (B2C, B2B, B2A) and with use of web portals 
or mobile applications. 

New forms of inter-sectoral and intra-sector cooperation will result in emerg-
ing of new business models. They include the following: Product Focused Manu-
facturer (PFM, today existing model, 35% share in the mobility market in 2020), 
Service Focused Manufacturer (SFM, existing today, 44%), Basic Mobility Provid-
er (BMP, new model, 11%), Mobility Service Provider (MSP, new model, 10%) 
[32]. Bidders will have to face up to the creation of several business models at a 
time, depending on the market. These services are supported on a virtual network 
by MMPs (multimodal mobility platforms) what allow planning and realization of 
travel by use of various means of transport. 

Mobility as a Service is, according to various sources, related to Logistic 4.0 
or Mobility 4.0 [28]. It involves renting a vehicle from the owner in order to travel 
on a given route. If this would be strengthened by the development of autonomous 
vehicles, this would be a revolution in the global market. This would fit both into 
the lifestyle of successive generations and the ubiquitous trends of life digitization 
and convergence (including media and technology). 

This concept is already being implemented today, mainly through mobile ap-
plications and online services offering travel sharing and route optimization, using 
one or more transport sectors. There is also a wide range of kinds of MaaS services 
related to car use (see their characteristics in Table 2). KPMG predicts that in Trin-
idad in 2029, 25% of large city residents will use daily solutions to optimize the 
city's routes by using car rentals and other means of transport [20]. 

M. Kamargianni et al. [15] defined three main integration types which should 
be defined for every MaaS solution: ticket&payment integration, mobility packages 
(mobility services integration) and ICT integration (see Table 3). Ticket integration 
relates to using one smart card or ticket to get access to different services. Then, 
one account is charged for the use of chosen solutions. Mobility packages include 
the possibility of pre-paying for a specific amount of the same or different services 
in one package, measured by travel time or distance. ICT integration means the 
chance to get access to information about different modes of transport or different 
providers. All these three areas of integration can have various potential and inte-
gration level – a partial integration of ticket&payment and ICT, an advanced inte-
gration of ticket&payment and ICT but without mobility packages and an advanced 
with mobility packages. Characteristics of them and examples are presented in 
Table 3. 
 
 



Table 2. Characteristics of MaaS services related to car use 

Type 
Model and 
year of first 

offer 
Description T* F* D* Examples 

Traditional Car rentals 
(ca. 1900) 

Renting a car for predetermined number 
of days 

D H L Many 

Taxis (ca. 
1910) 

Point-to-point transport of passengers M M S,M Many 

Carpooling/ 
carsharing 
(1948) 

Transport of riders by non-professional 
driver based on fixed schedule departure 
and close destinations of co-riders 

M,H M M,L Zipcar, car2go, , Go Get, Car2Go, RODA RIO, eHi, BlueLy, 
Multicity, e-Flinkster, Zoom, GoCar, enjoy, City Car, Carrot, 
Cityhop, Zipcar, Drive Now, Open Mobility, Olympus, Street 
Life 

Microtransit 
(1990) 

Transport of riders by small busses ac-
cording to schedule or on demand 

M,H M S,M Bridj (Boston, Washington, and Kansas City), Chariot (San 
Francisco), Via (New York, Chicago), Leap Transit (San 
Francisco), Kutsuplus (Finland) 

New  E-hailing 
(liftsharing) 
(2010) 

On-demand hiring a private car by a 
group of riders (using an application and 
an electronic device) 

M H S,M Uber (global), Lyft (United States), Didi (China), Ola (India), 
Haxi (Europe), Gett (Europe) 

Ride split-
ting (2014) 

On demand hiring a private car (using an 
application and an electronic device), but 
the driver is like a taxi driver 

M,H H S,M UberPOOL and UberHop, Lyft and LyftLine 

Shared e-
hailing 
(2015)  

On-demand hiring of a shared-occupancy 
car by multiple drivers (using an applica-
tion and an electronic device) 

M H S,M Uber (global), Lyft (United States), Didi (China), Ola (India), 
Haxi (Europe), Gett (Europe) 

B2C Car 
sharing,( 
2013) 

On-demand short-term car rentals from its 
owner (fleet operator) 

M,H M S,M Zipcar, car2go, and Enterprise CarShare in USA 

C2C Car 
rental (2015) 

On-demand short-term car rentals from its 
owner (individual owner) using an appli-
cation, website and electronic device 

H,D L,M S,M Zipcar, car2go, and Enterprise CarShare in USA 

Carpooling 
2.0 (2005) 

Carpooling with the use of a virtual 
application and an electronic device 

M M S,M,L BlaBlaCar (Europe), Flinc (Europe, South Africa), vRide, 
Commutr, Waze (USA), RezoPouce (France), GetAround 
(San Francisco), Drivy (Paris), Turo (San Francisco) 

Taxi 2.0 
(2005) 

Ordering a taxi with the use of a virtual 
application and an electronic device 

M M S,M EcoCar (Polska), mytaxi, iTaxi, Cab4You (Europa), Curb, 
TaxiDiamond (USA) 

*T-time: M-minutes, H-hours, D-days; F – flexibility: H-high, M-medium, L-low; D-Distance: L-long; M-medium; S-short. 



Table 3. Types of integration in MaaS solutions 

Type  
of integration 

Description Examples 

Partial integra-
tion 

The basic level of integration  
Transport modes are integrated in a way 
that travelers cannot exploit the full bene-
fit of mobility potential 

Cambio (Brussels, Belgium) 
Switchh (Hamburg, Germany) 
Qixxit, Moovel (whole Germany) 

Advanced 
integration 

The level that most of the MaaS schemes 
belong to 
Its core is the advanced integration of 
public transport, car sharing, and taxi, but 
also has cooperative relationship with 
long-distance rail and car rental operators 

Hannovermobil (Hannover, Ger-
many) 
EMMA (Montpelier, France) 
Smile (Vienna, Austria) 
Optimod’ Lyon (Lyon, France) 
BeMobility (Berlin, Germany) 

Advanced 
integration with 
mobility pack-
ages 

An extension of the previous group 
Offers of pre-purchasable and pre-
constructed mobility packages, also on-
demand 
Packages are related to a specific socio-
demographic group (families, commuters, 
businesses) 

Hannovermobil 2.0 (Hannover, 
Germany) 
BeMobility 2.0 (Berlin, Germany) 
SHIFT (Las Vegas, USA) 
UbiGo (Gothenburg, Sweden) 
Helsinki Model (Helsinki, Finn-
land) 

 
All previously mentioned characteristics of global economic changes and mo-

bility solutions had to lead to making characteristics of MaaS solutions. As a result 
of the literature analysis, elements of such software were distinguished, which in 
some sources were called functionalities. Accordingly, they are presented in one 
column in Table 4. These functionalities were divided into 4 groups according to 
Bouwman et al. [2], who identified in their paper 4 areas of software design: design 
of the service (most important for value creation), technology design, organization 
design and finance design (see Table 4). Service design is responsible for value 
creation process, making IT solution attractive to customers, users, and contains a 
lot of functionalities related to use of web portal or mobile application by users. 
This is a group of elements connected to planning and realization of travel, its 
analysis (e.g. travel diary). Technology design contains mainly elements bound up 
with data analysis and integration.  

In the opinion of the Author, three of these four areas are strictly related to IT 
development, namely service, technology and finance design, but of course, the 
most important for IT are those related to technology. However, most of service 
design and finance design elements is connected to data sharing, analysis or inte-
gration, so it is obvious that they should also be made by software developers.  
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Table 4. Functionalities and elements of MaaS IT solutions (with division into four areas 
according to Bouwmann et al. [2] 

Area Element/functionality 

Service 
design 

Journey searching (fastest, cleanest, cheapest) 

Trip planning 

Trip advising 

Trip comparison 

Traffic analysis 

Price analysis 

Journey booking, integrated booking 

Activating tickets/trips 

Checking trip history 

Customer service (24/7 service) 

Application and web solutions 

Detection of passive deviations (e.g. Weather) and active (e.g. Driving too slowly) 

Navigation system 

Online information about delays 

Feedback messages system 

Integrating other city mobility services 

Travel diary and its analysis 

Integration with planned meetings and mobility assistance 

Intermodal routing analysis, inter-solution routing analysis 

Technology 
design 

Integration of real-time data including open data (e.g. Timetables), social media data, 
sensor data and crowd data (e.g. User device data) 
Data safety 

RFID 

Real-time service 

Compatibility with iOS, Android and other operating systems 

Big data analysis 

Trip forecasts system 

Fleet management options 

Integration with Decision Support Systems 

Cohort analysis and forecasting 

Layout personalization posiibilities 

Real-time connectivity between vehicles (so-called V2V) and between vehicles and 
infrastructure (v2i) 
Integration with calendars (MS Outlook, Google Scholar) 
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Table 4. (cont.) 

Area Element/functionality 

Organization 
design 

Integration of service providers (including emobility providers and public transporta-
tion) 
Organizing partnership model with other providers 

Project management issues 

Product lifecycle management 

Integration with partners 

Defining data sharing policy 

Revenue and cost sharing agreement 

Defining geographical scope (regional, regional and urban, only urban) 

Defining number of modes 

Finance 
design 

Payment 

Price models 

Checking balance 

Currency rates integration 

Charging 

Calculating fixed costs 

Payment possibilities 

Common payment tools and clearing procedure 

Source: own elaboration based on [1, 7, 8, 11, 12, 14-17, 26, 27, 29-31] 
 
Organization design is coupled with management issues more than IT ones, but of 
course results of tasks in this group have to be translated into some functionalities 
of developed MaaS software. In Table 4 are presented only elements identified in 
analyzed literature sources, it is possible that there are some other functionalities of 
the described group of IT solution, that should be mentioned when talking about 
MaaS solutions. The Author believes that elements and tasks mentioned in Table 4 
are the most important ones, which should be done within MaaS software devel-
opment projects. 

5. Conclusions, research limitations, future research directions and plans 

The article showed that MaaS group can be an answer for emerging economic 
megatrends, among others with these related to generational change and its 
derivatices: new mobility patterns, behaviors and growing importance of the  shar-
ing economy idea in a life of urban and rural residents. MaaS solutions are attrac-
tive for users who cannot afford or do not want to buy assets but want to use them 
on-demand. Then they do not have to give up travel comfort and can use the new-
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est models of assets. Therefore, the answer to the first research question is made. 
What is more, MaaS solutions are provided in the virtual space (web portals and/or 
mobile applications), so obviously they are related to IT development. Their grow-
ing importance for residential mobility, especially in urban areas determine the 
need for developing new IT solutions. Additionally, they have to contain many 
different functionalities making them attractive to users, and some level (the best is 
advanced one) of the ticket, payment, mobility packages and ICT integration, what 
is crucial for their market success. Therefore, there are many challenges for IT 
providers to meet the needs not only of final customers, but also traditional mobili-
ty service providers, public transport services providers and others.  

In the light of all content of this paper, MaaS should be considered as a future 
potential direction of development of IT services. This article extends current liter-
ature by summarizing available research results from different research methods, 
research procedures, research samples and geographical areas. However, despite 
analyzed research papers about MaaS services or these about intermodal transpor-
tation, mostly in urban areas, there is still a research gap in this research area, 
which needs to be filled. There are still too few research results about MaaS devel-
opment, especially in IT area. 

The material collected in the article is the starting point for empirical research 
on the development of new patterns of urban mobility, new business models, as 
well as the development of methods and tools used in urban public transport. It is 
also a basis for research about MaaS solutions – their architecture, functionalities, 
examples (e.g. comparative analysis). 

There are few limitations of this article. Research methodology concerns only 
papers with particular search criteria, but there are probably also other works deal-
ing with MaaS in the context of sharing economy development. What is more, 
there is a risk that the Author did not include all possible MaaS elements or func-
tionalities, but only these identified within literature analysis research procedure. 
Research results should be discussed by other researchers undertaking their re-
search in the area of sharing economy, mobility, mobile application and web por-
tals development.  
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Many different kinds of automation are saving great amount of time and money 
in e-commerce. This paper gives an overview of the current applications and future 
of robots in e-commerce and discusses the various factors that that are important to 
choosing the best approach in ‘last-mile-delivery’. It discusses advantages and 
disadvantages of autonomous vehicles, questions about safety and reliability and 
marketing effect. Automation at earlier stages of supply chain, less visible for clients 
has more impact on delivery process economics.  
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1. Introduction 

Nowadays the buyer can choose from a number of possible solutions that 
meet requirements and preferences in terms of delivery time, form of payment, 
form of delivery, and prices. Among the most popular solutions there are delivery 
methods such as: by courier, by post, by parcel services, delivery to automated 
collection points. Most of them are related to e-commerce. The aim of the paper is 
to present latest innovative concepts in areas of automation and robotization of 
logistic processes of electronic commerce. 
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While the phenomenon of e-commerce is not new, the scale of the process 
from year to year poses increasing challenges to the logistics industry. Alibaba's 
"Single Day" promotional campaign brought the company $ 17.79 billion in profits 
within the first day (the first billion within the first five minutes) and 1.7 million 
employees sent out 650 million worldwide packages in as little as 24 hours [1]. It's 
just one example, but the reason is the same for every scale of online trading - 
producers and traders want to sell directly to the final consumer, bypassing the 
retailer's chain, while customers appreciate the convenience and time savings.  

 
Figure 1. Market share of electronic commerce in whole commerce activity in Poland. 

Source: Retail Research https://www.twenga-solutions.com/pl/insights/e-commerce-polska-
2016 

 
The concept of logistics is broadly defined. One of the classic descriptions of 

this concept is the definition of CLM (The Council of Logistics Management). 
According to this source, logistics is the part of the supply chain process that plans, 
implements and controls the efficient flow and storage of goods, services and 
relevant information from place of manufacture to place of use, to meet customer 
requirements [2]. This definition does not focus solely on the material flows of 
products or raw materials but also on the information that is emerging in the 
process. 

Currently, there are many ways of delivering shipments to the customer. Each 
of these solutions has both advantages and disadvantages. Customer contact to 
delivery person or technological solution is often final stage of the purchase 
process, which occurs after the buyer visits the website. Every customer, after 
analysis and prior experience, and according to their preferences, chooses the right 
way that will meet his or her requirements appropriately. 
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Table 1. Structure of customers purchasing goods in Internet 

 2012 2013 2014 2015 2016 
Data in % 

Total 30.3 31.6 34.2 36.9 41.9 
     Gender 
Men 32.4 34.0 35.9 40.0 42.9 
Women 28.5 29.5 32.7 34.2 40.9 
     Age 
16-24 48.8 49.3 52.0 57.9 56.8 
25-34 55.3 58.3 59.9 64.3 67.8 
35-44 40.6 43.8 48.1 49.0 54.0 
45-54 21.3 22.3 26.4 29.5 33.0 
55-64 10.0 11.7 13.0 16.0 18.9 
65-74   4.0   4.0   6.2   6.2   7.6 

Source: own work based on Information society in Poland. Statistical data 2012-2016, GUS 
 

Throughout the supply chain, global as well as domestic, the biggest problem 
is the 'last mile' problem. It is to deliver the product from store or distribution 
center to the final destination. Malcolm Gladwell described it in 1999 in one of his 
articles: "Right now, billions of dollars are being spent on so-called ‘last-mile 
delivery systems’". It is, due to its very specific delivery needs, considered as the 
most expensive part of the supply chain. The last-mile part accounts, depending on 
several factors/characteristics, for 13% up to 75% of the total supply chain  
costs [3].  

Many companies are not even trying to compete with the price of supply 
services that have been free for many customers in many industries for several 
years. Instead - the focus was on the so-called. VAS - Value Added Services. We 
can observe more and more types and technologies of supply in the market, which 
are not only cost-effective but also fast, convenient or even exciting, creating added 
value for the recipient. 

2. Robots in last-mile delivery 

The most spectacular and most controversial of automated delivery vehicles 
are Unmanned Aerial Vehicles (UAVs) known as drones  

Less than 4 years ago, Domino's Pizza, the UK's first company, has 
announced the first tests to deliver a package wrapped in a special thermo-
insulating bag via the DomiCopter dock. In December 2016, Jeff Bezos, the CEO 
of Amazon, one of the world's largest e-commerce retailers, announced on Twitter 
the first successful delivery. The entire operation (from the moment of placing the 
order to delivery to the customer) took 13 minutes. 
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In November 2016, the Czech online shop Mall (also operating in Poland, 
Slovakia, Hungary, Slovenia and Croatia) reported the successful completion of a 
pilot program using the drones "DJI Matrice 100 quadcopter"). The pilot program 
consisted of transporting the package at a distance of 2 kilometers and was the first 
such operation in Central and Eastern Europe, which took 2 minutes. Unpacking of 
the packaging was done using a remote control. According to information provided 
by the Mall online store, these tests were conducted in cooperation with the staff of 
the Center for Artificial Intelligence at the Faculty of Electrical Engineering of the 
Czech Technical University in Prague. The total capacity of the transport device 
allows the transport of unit packages up to 2 kilograms at a maximum distance of 
60 km. 
 

 
Figure 2. Drone "DJI Matrice 100 quadcopter" tested by Mall online store  

Source: https://www.rockawaycapital.com/en/2016/11/mall-cz-successfully-tests-drone-
delivery-package-delivered-in-three-minutes/ 

 
Within three years, Amazon developed his Prime Air project. The project is 

linked to the creation of a future delivery system from Amazon, designed to deliver 
orders to Amazon customers up to 30 minutes [4, 5]. 
 

 
Figure 3. Amazon Prime Air prototype. Source: https://www.amazon.com/Amazon-Prime-

Air/b?node=8037720011 
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Prime Air has the potential to expand the range of services offered. 
Introducing Prime Air will take some time, but Amazon will introduce it once it 
receives support from state regulators. 

Due to the increasing popularity of unmanned aerial vehicles, on 7 September 
2016 legal regulations entered into force, which regulated the movement of 
unmanned aircraft over Poland. The most important provisions of the regulation 
include the limitation of the ability to fly over built up areas using drones weighing 
more than 0.6 kg (with a minimum distance of 100 meters from buildings and 30 
meters from people and vehicles). For devices whose own weight does not exceed 
0.6 kg, it is possible to fly almost without restrictions (including built-up areas). 

The most important advantages of using unmanned aircraft in e-commerce logistics 
include: 

• Ability to deliver orders in a very short period of time (less than 60 
minutes from the time of placing the order to delivery of the order to 
the buyer), 

• The ability to provide services on a continuous basis - 24 hours a day / 
7 days a week, 

• Significant cost reductions on the part of the buyer as well as the seller 
related to the need to execute the order through an intermediary, 

• Measurable benefits to health and the environment associated with the 
reduction of emissions from vehicles used in the delivery process, 

• Delivery on difficult terrain like mountains or jungle, not restricted to 
road infrastructure. 

The disadvantages of using unmanned aircraft in e-commerce logistics include: 
• "Childhood Diseases" related to new technology and the lack of use of 

large-scale equipment (e.g. No systems developed to prevent airborne 
collisions), 

• The high cost of training the personnel responsible for steering 
unmanned aerial vehicles, 

• The need to adapt the equipment and delivery methods to local legal 
requirements, 

• Complex logistics of using the drones to deliver to many different types 
of destinations including homes, apartment buildings and commercial 
properties, 

• Problems with inclement weather conditions such as ,snow, heavy rain, 
strong winds. 

Rakuten, Japan’s No. 1 online shopping site conducted drone-delivery service by 
delivering player golf balls and refreshment on a golf-course. This considerably 
small service allowed to collect test data, which was utilized during building new 
drone. “Tenku” has a number of performance enhancements including water-
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resistant parachute to slow the speed of the fall in an emergency, image recognition 
technology for landing, and offers a greater level of safety than conventional 
drones [6].  

However from economics perspective drone delivery is not perfect solution. 
Economics of “last mile delivery” depend on two factors: route density and drop 
size. Making many deliveries at various locations at a single route results with low 
single delivery cost. Drones perform poorly on these economic aspects. Current 
prototypes can deliver one package in time, and have to fly back to base for 
recharging batteries and new load.  

Comparing this to a delivery truck from UPS makes an average of 120 stops a 
day to deliver hundreds or thousands of packages. Delivering packages in a city 
with many packages delivered on every block is very cost effective. Rural delivery 
routes to widely dispersed addresses are the most expensive due to the time and 
vehicle expenses required to complete for each deliver. 

Reduction of just one mile per driver per day over one year can save UPS up 
to $50 million. UPS is aware of that fact. To reduce costs and create effectiveness 
on rural delivery roads they plan to incorporate drones into day-to-day truck 
operations. The drone docks on the roof of the truck, a driver loads parcel into cage 
beneath the drone and sends it to a destination. The drone is fully autonomous, 
doesn’t require a pilot so meanwhile driver continues along the route to make other 
deliveries. Returning drone is pulled down to the vehicle with a robotic arm  
and docked, so it can recharge itself through a physical connection with truck 
battery [7]. 

Another aspect is important in terms of drone economy. Aircraft moving 
forward or hovering in the air constantly have to fight gravity, when it accelerates 
also a resistance of inertia and air must be taken into account. The flight time of a 
drone is limited by its weight and the energy stored in its battery. Optimizing 
battery weight is important for drones because battery consumes a large portion of 
drone’s carrying capacity, meaning that increasing its battery size to extend flight 
time significantly reduces the capacity available for packages. Balancing payload 
weight, battery weight, and flight time are important considerations when 
attempting to minimize the cost or the delivery time for drone deliveries. An 
energy consumption model helps balance the two by providing the energy 
consumed by the drone as a function of its weight [8]. 

Drones can successfully be used on hard to reach, rural areas but in cities, 
ground-based delivery services are a more practical solution. Unlike drones, 
delivery robots can travel at low speeds on pedestrian and bike lanes and are 
targeted uncrowded suburban areas or campuses. They require recharge every few 
hours. At the same time, delivery robots have a shorter range when compared with 
drones. Roadblocks such as ramps, steps, and curbs may be problems for some. 
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And since robots are designed to share the sidewalk with pedestrians, there may be 
limitations as to their numbers. They may also not be able to operate in crowded 
areas.  

 
Figure 4. Power consumed by a multirotor drone assuming 6 rotors, a fluid density of 

1.204 kg/m3, a rotor disc area of 0.2m2, and a frame weight 1.5 kg. Source: Dorling K., 
Heinrichs J., Messier G.G.,Magierowski S.Vehicle Routing Problems for Drone Delivery 

 
The first example of, quite futuristic on-ground delivery robot, is the Starship. 

This is a British-Estonian concept of using small, self-propelled 'toy cars' to ship 
consignments. Vehicles are equipped with a number of sensors to ensure traffic 
safety and theft protection. The robot manages a distance of 5 km in 30 minutes, 
carrying loads of up to 20 kilograms. The whole route can be monitored by 
smartphone and even modified in real time. The whole project is already in 
advanced stages of implementation. By November 2016, the robots totaled a 
distance of 20000 km. In January this year the company announced its $ 17.2 
million R & D budget. 
 

 
Figure 4. Starhip robot. Source: https://www.starship.xyz/press/images/ 
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Another company creating delivery robots is SideWalk which has already 
conducted pilot projects partnering DHL in Lithuania, with plans to expand to 
Germany and Denmark. SideWalk provides instant (about 15 min) first-mile, last-
mile city delivery. Theirs robots require recharge once every 7 hours, can carry a 
load 23 kg, and travel 10 km. SideWalk robot can drive mostly on its own, using 
integrated navigation and obstacle avoidance software, but it’s also overseen by 
human operators in the office to ensure all times safety. The estimated cost of 
delivery by a SideWalk robot is about $3.40 [9]. 

Delivery robots use GPS, sensors, and cameras for navigation, stopping for an 
obstacle or pedestrian in its path. Some models can travel up and down curbs and 
small stairs. Robot drive autonomously 99 percent of the time in a carefully 
mapped local area. Another key advantage of delivery robots is relatively low cost. 
Since delivery robots are earthbound, the technology required to monitor and 
operate them can be less sophisticated than drones, thus reducing costs.  

To speed up delivery and eliminate shipping costs, consumers may prefer to 
pick up an online order at the store. Retailers offer this option today, dependent on 
inventory availability. If drones and robots or driverless vehicles become adopted 
by individuals, consumers may be able to send their own drone, robot or driverless 
vehicle to pick up an order from the store. 

3. Automation in warehouses 

Technological innovations are not only the use of robots for mailing and 
delivery but full automation of warehouse processes from computer modeling to 
robotic applications, or further development of existing technologies such as 
replacing conventional scanners for mobile devices. 

In 2012, Amazon acquired Kiva Systems, which was involved in the 
production of warehouse robots, robots that automate the picking and packing 
process At the end of 2014, Amazon started using 15,000 Kiva robots in 10 
warehouses and 30,000 robots were used in 13 of the company's magazines. 

Amazon logistics centre in Poland is the first distribution centre in Europe 
using sophisticated robotics system. Robots use barcodes and other identifiers to 
find shelves containing product, next move the entire shelf to the to the shipping 
queue where the necessary products are ; and after some time put shelves back in 
the right place. Algorithm used in this system allow robots to choose the shortest 
way from its localization to needed shelf, it also help to put the most often used 
shelf nearer to packing zone [10].  

The Kiva robot is a square structure with wheels, a height of 40 cm and 
weighs about 130 kilograms. It moves at a speed of about 7.5 km / h and is able to 
carry loads of about 280 kilograms. Thanks to the Amazon robots there is the 
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possibility not only to shorten ordering time but also to save space in the room. In 
fully automated warehouse, where operating robots are much smaller than 
traditional forklifts spaces between the shelves can be narrower and more space 
could be used to store things. In magazines where engaged robots, you can place 50 
percent more goods compared to where people work [11]. 

Efficient completion is minimizing the time needed for order preparation, it 
also fluent on decreasing the amount of order mistakes. Another issue is the fact 
that products have to be clearly labeled. They often have to be packaged and stored 
in different ways so the robots can deal with them. In some cases, this may mean 
completely replacing all of the shelving in your warehouse. 

Robots have cut operating costs by about 20 percent ($ 22 million). According 
to Deutsche Bank experts, if Amazon uses robots on all 110 magazines, it will save 
the company about $ 2.5 billion. Although the installation of robots in each 
warehouse will cost $ 15-20 million, a one-time savings will be about 800  
million [11]. 
 

 
Figure 5. Maasvlakte II at the Port of Rotterdam. Source: https://www.joc.com/port-
news/european-ports/port-rotterdam/europe%E2%80%99s-pioneering-automated-

terminals-face-challenging-year-ahead_20160204.html 
 

Automation at much larger scale can be applied in ports. At peak efficiency, a 
single crane can remove about 40 of containers per hour and for each one they 
unload, companies moving containerized cargo are charged a terminal handling fee 
of around $300. 

The container cranes at Maasvlakte 2 in the port of Rotterdam are unmanned 
and practically fully automated. For instance ships are loaded and unloaded by 
automatic cranes. Remote process operators, working from at the office monitors 
control a crane movements. A crane lifts a container and loads it onto an automated 
vehicle which transports containers to the storage area. They are also unmanned 
and fully automated. They even know when their battery is almost empty, then 
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drive to the battery swap station where a robot equips itself with a new battery. 
“Ports are the ideal testing grounds for robots. It is a controlled area with lots of 
space.” says Markus Kueckelhaus from DHL [12]. 

4. Conclusion 

The advantages of robots are evident. They eliminate tasks that are dangerous, 
don’t mind doing work that is dull or repetitive, and are more efficient, more 
accurate and stronger than people could ever be. 

 
Table 2. Advantages and disadvantages of robots in supply chain 

 Advantages Disadvantages 

Drones Fast delivery 
Operate in hard to reach areas 

Expensive 
Weather dependent 
Legal issues 

Delivery robots Low cost 
Easy to operate and monitor 
 

Parcels could be stolen or vandalized 

Warehouse robots Efficient use of storage space 
Warehouse can continuously 
work 24/7 

High initial cost 
Special labels for products are  
required 
Higher level of maintenance needed 

All kinds of 
automation 

Less workers needed 
Faster supply chain 

Requires educated personnel with 
high salaries who monitors and 
maintains robots 
Possible software malfunction 
Hackers threat 

 
If the goal is to be considered as an innovative company, the company may 

want to push the edge of technology and product acceptance to create delivery 
drones and autonomous vehicles. In contrast, if the company is more cautious and 
desires the perception of dependable package delivery, then the new systems may 
face more internal requirements before release. In both cases, regardless of 
consumer preferences, robots will be further applied on earlier stages of delivery 
process. The last mile robots will be used mostly in limited areas of logistics such 
as rural delivery for air drones and short distances in cities for on ground solutions. 
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