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Abstract: Addressing nautical bottlenecks is crucial for optimizing the utilization of inland water-
ways and maximizing the economic benefits of transports. To maximize economic benefits, a study
was conducted to validate a key performance indicator (KPI)-based framework. This framework
offers a structured approach to assessing the impact of resolved nautical bottlenecks on the eco-
nomic benefits of inland waterway transport (IWT). To validate the applicability of the KPI frame-
work, interviews with eleven experts were conducted. The goal was to prioritize each KPI based on
their insights. The results of the interviews shed light on the relevance and coherence of both the
individual KPIs and the overall KPI framework. The experts confirmed the importance of measures
related to transportation efficiency, such as reduced transit times, increased vessel throughput, and
enhanced reliability. The validated KPI-based framework serves as a valuable tool for policymakers,
industry stakeholders, and researchers. It enables the assessment of the effects of resolving nautical
bottlenecks in inland waterway systems. Future research should focus on quantifying the multifac-
eted impacts, making this framework even more useful for decision-making processes concerning
investments in infrastructure upgrades and maintenance.
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1. Introduction

In 2019, the European Green Deal was introduced as a response to global warming
and climate change. Its objective is for Europe to become the first climate-neutral conti-
nent by 2050, aligning with science-based targets for decarbonization [1]. To achieve the
decarbonization targets, the emphasis is placed on the transportation sector, which con-
tributes to around 25% of Europe’s greenhouse gas emissions [2]. To specify the objectives
and measures for the European transport sector, the Sustainable and Smart Mobility Strat-
egy was published in late 2020. One of the major areas with potential for emission reduc-
tion is a modal shift to inland waterway transport (IWT), which mitigates the negative
effects of road transport, such as CO: emissions, noise, and odour, as well as congestion.
Compared to road transport, INT saves up to 70% of CO:z emissions per tonne transported
and has a lower accident rate and limited noise pollution [2-5].

European IWT faces specific challenges, which must be mitigated to support a feasi-
ble modal shift. To strengthen inland navigation, continuous and resilient infrastructure
is necessary, which means achieving a minimum fairway width and depth [6]. Natural
inland waterways, e.g., rivers, being a natural resource, exhibit irregular riverbeds, result-
ing in varying fairway depths along the river’s course and throughout different seasons
of the year [7]. Establishing minimum parameters, such as a consistent fairway depth
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throughout the year, is crucial for ensuring smooth and economically sustainable inland
waterway transportation [6,8]. Sections that cannot meet the minimum parameters are re-
ferred to as nautical bottlenecks. Complete removal of bottlenecks has proven difficult and
is associated with high costs, although their removal provides numerous benefits, includ-
ing increased transport capacity, improved economic efficiency, reduced CO2 emissions
per tonne transported, lower vessel resistance, reduced fuel consumption, and higher sail-
ing speeds [6,9,10].

To facilitate decision making and incentivize the removal of under-maintained bot-
tlenecks, it is crucial to quantify the performance gains in inland waterway transport.
Quantitative benefit evaluation serves as a basis for investment decisions, particularly in
complex economic evaluations. Although economic evaluations are time-consuming and
expensive, they play a vital role in strategic planning for various sectors, including
transport and infrastructure projects [11-14]. However, the challenge lies in selecting ap-
propriate key performance indicators (KPIs) that can quantify the benefits for each specific
use case [15]. The identification of KPIs helps us understand the underlying elements of a
transport system affected by nautical bottlenecks and their interconnections [16].

This article aims to validate a literature-based framework [17] for understanding the
economic effects of resolving nautical bottlenecks on inland waterways by means of in-
depth qualitative expert interviews. Furthermore, the individual KPIs will be ranked ac-
cording to their importance as a method of evaluating the economic benefits of resolving
nautical bottlenecks. Even though there are several aspects hampering IWT, we under-
stand nautical bottlenecks as a low fairway depth within this paper, as this is a major chal-
lenge, particularly on the Danube. The research questions guiding the following study are:

(RQ1) How can the theoretical framework to quantify the economic benefits of re-
moving a nautical bottleneck be validated?

(RQ2) What are the most relevant KPIs for modelling the economic benefits of the
removal of nautical bottlenecks?

This article follows a structured approach for the validation of a developed KPI
framework originally based on literature research and the prioritization of individual
KPIs. Section 2 consists of a theoretical background and the presentation of the initial KPI
framework. Section 3 describes the methodology and the interview partners. Section 4
showcases the results and discusses them, and Section 5 concludes the paper and provides
a detailed outlook regarding this research.

2. Theoretical Background: Development of the KPI Framework

Identifying relevant KPIs and quantifying them is crucial for assessing the economic
benefits of a project. The identification of KPIs facilitates the understanding of the ele-
ments of the transport system underlying nautical bottlenecks and the interconnections
between them. KPIs can be used to measure the benefits of resolving nautical bottlenecks,
which are subsequently translated into quantified economic benefits [16]. However, iden-
tification is challenging as there is currently no framework for selecting appropriate KPIs
for a project, and the measurement of KPIs may vary for each specific investment project
[15]. This lack of standardization of KPI measurement can make it challenging to effec-
tively identify and measure the performance indicators for a given project. The more such
indicators there are, the more complex the economic evaluation becomes, as both the
quantification of indicators and their interconnections need to be determined [18].

Duldner-Borca et al. [17] developed a KPI framework based on a systematic literature
review which supports the understanding of the interconnections between key measures
to describe the economic effects of resolving nautical bottlenecks. The basis of this KPI
framework lies in nine KPIs that were discovered through the systematic literature re-
search process. Main statements were extracted from the literature, allowing the identifi-
cation of interconnections between the KPIs and their visualization within the framework,
as shown in Figure 1.
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Figure 1. Framework based on the identified literature [17].

The primary objective in addressing nautical bottlenecks is to enhance fairway depth.
Following successful maintenance or rehabilitation efforts, the fairway depth on the Dan-
ube should be maintained at a minimum of 2.5 m [6]. A deeper fairway allows vessels to
have a greater draft, enabling inland vessels to carry heavier loads—up to an additional
85 tonnes of cargo for every 10 cm increase in draft [9]. Furthermore, the overall transpor-
tation duration is reduced, as inland vessels can navigate more swiftly without being hin-
dered by nautical bottlenecks [19].

The extent of the improvement in transportation time is contingent on whether the
river is free-flowing or regulated. These two factors, namely transportation duration and
vessel draft, are intertwined with an amplified overall transport capacity [20,21]. With
each inland vessel having an augmented loading capacity and the decreased transporta-
tion duration, the total number of feasible trips with the existing fleet of vessels increases.
This heightened transport capacity results in lower transport costs, as vessels can be uti-
lized more efficiently, leading to a cost reduction per tonne of cargo transported [10].

Maintaining an adequate fairway depth also translates to reduced fuel costs, as in-
land vessels require less engine power to attain a given speed when the fairway depth
meets the required standards [22]. The decrease in fuel costs directly contributes to an
overall reduction in transportation expenses [21]. Lower transport costs have the potential
to stimulate an upswing in transport demand and, consequently, a rise in modal share.
The diminished financial burden on shipping companies enables them to offer more ap-
pealing transport services to customers [10].

An increased modal share contributes to a higher overall inland waterway transpor-
tation (IWT) volume —representing the total tonnage of cargo transported on inland wa-
terways. This enhanced IWT volume, influenced in part by current economic activity, di-
rectly contributes to the economic advantages derived from addressing nautical bottle-
necks. The increase in transported tonnes generates financial benefits for the inland navi-
gation sector [8].

This paper aims to validate the framework and to prioritize the individual KPIs using
expert interviews. The methodology used, results, and discussion will be presented in the
next sections.
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3. Research Approach

To validate the KPI-based framework, we used a qualitative research approach. This
method allows an open discussion with experts from the field, in which the experts can
share their personal assessment of the KPIs and their interconnections. Thus, problem-
centred and semi-structured expert interviews according to Mayring [23] were carried out
for collecting the information.

Problem-centred interviews are characterized by their open format, enabling the in-
terviewee to provide responses without being limited to predefined answer choices. The
approach of Mayring [23] allowed us to gain valuable insights into the individual’s per-
sonal perspective regarding the specific problem under investigation. Additionally, the
interviews followed a semi-structured approach, meaning that there was an interview
guideline in place to help maintain focus on the problem at hand [23]. Figure 2 summa-
rizes the methodological approach of Mayring [23] used in this paper.

Developing Selection
an of

Conducting Recording Transcribing Coding
expert the the the
interviews interviews interviews interviews

Applying

a content

interview interview .
analysis

guideline partners

Figure 2. Methodological approach of this paper (according to Mayring [23]).

The interview guideline was divided into four parts. The first part included demo-
graphic questions, followed by framework validation questions in the second part (e.g.,
does a higher fairway depth lead to an increased vessel draft?). Subsequently, in the third
part, the prioritization of the individual KPIs took place, where the KPIs could be ranked
from 1 to 7 according to their importance. In the fourth and final part, we asked whether,
according to the experts, there are any additional, non-economic values that should be
considered when determining the economic benefits of the rehabilitation of nautical bot-
tlenecks. The interviews were carried out between January and February 2023 with differ-
ent experts in the field of inland navigation, originating from different Danube riparian
countries. As we aimed to obtain different aspects and opinions, we interviewed experts
from various fields (i.e., INT operators, shipbuilding engineers) and countries of origin.
As the answers of the experts were quite similar, despite their different countries of origin
and IWT carriers, we decided to conduct not more than eleven interviews; the interview
partners are listed in Table 1. The interviews were carried out virtually using MS Teams
or in person.

Table 1. Interviewed partners with position and country.

Interview Partner (IP) Position Country
Interview partner 1 (IP1)  Head of Division W2 Shipping Austria
Interview partner 2 (IP2)  Senior Expert in Waterway Management Austria
Interview partner 3 (IP3) Team Leader River Engineering Project Austria
Interview partner 4 (IP4)  Naval architect Serbia
Interview partner 5 (IP5) CEO—company 1 Austria
Interview partner 6 (IP6)  External consultant Romania

Head of the European Programmes and
Projects Department
Interview partner 8 (IP8)  Officer in the WSC Unit in Waterway Planning Germany

Interview partner 7 (IP7) Bulgaria
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Interview partner 9 (IP9) CEO—company 2 Austria
Interview partner 10 (IP10) Fleet manager Austria
Interview partner 11 (IP11) CEO Hungary

The interviews were captured and subsequently transcribed. To analyse the inter-
views, we utilized the MAXQDA?2020 software, which enables us to code the transcrip-
tions. MAXQDA offers the option to extract the coded and summarized information from
the transcriptions into an MS Excel file. This Excel file proved useful in conducting a qual-
itative content analysis based on the approach of Mayring [23]. The content analysis fol-
lowed a summative approach, which was beneficial for making comparisons and deriving
key statements. A category system was essential for evaluating the content. The interview
guideline was organized into categories (i.e., question blocks), which allowed us to syn-
thesize the crucial aspects of the expert interviews. These categories were employed for
the category system in the content analysis and to structure the Results and Discussion
section of this paper.

4. Results and Discussion

In the following sub-sections, the contents of the expert interviews are analysed in
summary form according to Mayring [23] and essential statements are extracted. Section
4.1. contains the validation of the KPIs determined by means of literature research and
their interconnections, Section 4.2. presents the evaluation of the individual KPIs regard-
ing their relevance for the calculation of the economic benefit of the rehabilitation of nau-
tical bottlenecks, and Section 4.3. discusses other, non-economic KPIs that still need to be
supplemented.

4.1. Validation of the KPI Framework

All experts interviewed considered the KPI fairway depth to be equally important for
an economic evaluation of the rehabilitation of nautical bottlenecks and confirmed that
the fairway depth generally increases because of the rehabilitation of bottlenecks (cf. IP 8,
2,1, 5, 3). A direct goal in the rehabilitation of bottlenecks is the creation of a higher fair-
way depth to improve navigability on the inland waterway. On the Danube, a fairway
depth of 2.5 m is prescribed; a fairway depth that is too shallow means that ships cannot
be loaded at full capacity, or, in drastic cases, navigation must be stopped because a bot-
tleneck is no longer passable (cf. IP 11). Maintenance measures, such as dredging, are tem-
porarily equally effective at preserving a consistent fairway depth as permanent river en-
gineering solutions. To eliminate a nautical bottleneck in the long term, river engineering
measures are indispensable (cf. IP 6). Besides maintenance measures and river engineer-
ing measures, fairway depths are significantly influenced by meteorological water condi-
tions (cf. IP 9). Nautical bottlenecks are particularly visible at low water levels (cf. IP 10).
Maintenance measures and river engineering measures have a less positive effect on nav-
igability when the water conditions on the inland waterway are unfavourable. This gen-
erally means that during periods of low water, navigability is negatively affected despite
maintenance measures and river engineering measures (cf. IP 7). Moreover, IP 4 points
out that the rehabilitation of nautical bottlenecks on the Danube and thus the increase in
fairway depth improves the situation on the Danube regarding navigability to a certain
extent, but hardly eliminates all challenges. For example, the width of the inland water-
way plays an important role, as the width is limited to approx. 12 m by a lock in Germany.
Furthermore, objects such as sunken barges constitute nautical bottlenecks that should not
be overlooked (cf. IP 4).

According to the experts interviewed, the unloading depth of inland vessels is an
essential KPI for the economic evaluation of the rehabilitation of nautical bottlenecks (cf.
1P 3, 7, 8, 4, 9, 5). Nautical bottlenecks mean that vessels can be utilized less; i.e., their
capacity can only be used to a limited extent, which is detrimental to the economic
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efficiency of transports (cf. IP 6). An unloading depth of 2.5 m is already sufficient for
economic transport (cf. IP 11). Especially for inland vessels that navigate the entire Dan-
ube instead of short stretches, the unloading depth is an essential parameter, because the
cargo is then limited by the unloading depth that is the shallowest nautical bottleneck to
be passed (cf. IP 10). IP 2 points out that the type of goods transported is decisive for the
relevance of the unloading depth. For goods with a low specific density, such as contain-
ers, the unloading depth is less important than for bulk goods, such as ores or coal, as bulk
goods have a high specific density and thus require a higher unloading depth to be trans-
ported in an economically viable manner (cf. IP 2).

The KPI transport time brought divided opinions, especially regarding its relevance.
According to the identified literature, nautical bottlenecks affect transport time as captains
reduce speed when crossing nautical bottlenecks as significant amounts of power and fuel
are required to reach maximum speed. In addition, captains generally navigate more cau-
tiously as less space is available (cf. [8,22]). Some experts state that these effects do exist
but are so marginal that they are hardly significant in practice (cf. IP 8 1, 3). IP 10, mean-
while, confirms the results of the literature research and adds that a fairway depth that is
too high, i.e., high water for inland navigation, brings negative effects. Ideal navigation
conditions prevail at medium water depth. IP 4 confirms that inland vessels can generally
travel faster at higher fairway depths. At lower fairway depths, there is a suction effect
when crossing, which increases as speed increases. In order not to sink further, it is par-
ticularly important here to navigate more slowly than usual (cf. IP 5). Regarding the rele-
vance of the transport time, it is important to consider whether the transport takes place
on the free-flowing or regulated Danube. On free-flowing stretches, a difference becomes
noticeable due to the current. On the stretch between Gabcikovo (Slovakia) and Iron Gate
1 (Romania), saving up to one day in time is possible. On canalized lock stretches, such as
that through Austria, the change in transport time is of little relevance due to the almost
non-existent flow (cf. IP 9).

IP 6 points out another reason for a considerable increase in transport time. Accord-
ing to IP 6, inland vessels that pass serious nautical bottlenecks, such as in the area Zim-
nicea/Romania, whose location is presented in Figure 3, are forced to uncouple the barges
transported on the motor cargo vessel and then transport them individually across the
bottleneck. In the case of the bottleneck in Zimnicea, this takes between three and ten days,
because depending on the congestion situation, waiting times occur, which extends the
total transport time by whole days. In addition, the transport time can be extended if the
bottleneck in Calarasi (Romania) becomes acute, because in this case, inland waterway
vessels divert via the Borcea Arm in the direction of Constanta, which extends the
transport distance by 100 km. This means a longer transport time.
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Figure 3. Course of the Danube with important ports [5].

Lightering, i.e., the transshipment of goods onto trucks or onto several barges to re-
duce the unloading depth of barges at low fairway depths, plays an important role in the
transport time, as lightering can take one to two days (cf. IP 5, 11). In addition, the
transport time is influenced if inland navigation is forced to stop operations due to a very
low fairway depth (cf. IP 2).

The correlation between the rehabilitation of nautical bottlenecks and the fuel con-
sumption of inland vessels was confirmed by the experts interviewed. However, the ex-
perts’ answers to the question regarding the relevance of fuel consumption for the eco-
nomic evaluation of the rehabilitation of nautical bottlenecks differed greatly in some
cases. Likewise, the decrease in transport emissions due to decreasing fuel consumption
was confirmed. In principle, inland vessels need more fuel when crossing stretches with
unfavourable fairway depths (cf. IP 9). Fuel consumption decreases after bottleneck reha-
bilitation, as inland vessels can generally navigate more efficiently at mid-water; moreo-
ver, inland vessels can take on more cargo at mid-water, which means that fuel consump-
tion or transport emissions per tonne decreases (cf. IP 3, 10). Often, the overall fuel con-
sumption increases because more cargo is transported. However, the increased load
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reduces fuel consumption per tonne (cf. IP 5, 6). Fuel costs account for about 30% of
transport costs. In principle, fuel consumption depends on several factors, such as the
depth of the fairway and the captain’s driving technique (cf. IP 7) or the design of the
inland vessel or the engine used (cf. IP 11). In addition, the speed and resistance of the
inland vessel are important variables that should not be disregarded when considering
the KPI fuel consumption (cf. IP 4). IP 8 points out that fuel consumption or the relevance
of fuel consumption is different for uphill and downhill navigation. More fuel is con-
sumed when travelling uphill than when travelling downbhill, as the current can be used
when travelling downhill (cf. IP 8). According to IP 1 and 2, fuel consumption is only
relevant when the nautical bottleneck is so severe that another transport vessel is needed
for further transport. By addressing a nautical bottleneck, a reduction in fuel consumption
can be achieved using fewer transport vessels.

The experts confirmed that a higher unloading depth of inland vessels and a shorter
transport duration increase the KPI transport supply (cf. IP 3, 11, 5, 8, 9). Transport supply
is understood as the total freight capacity availability on the inland waterway (cf. IP 1). A
higher freight capacity availability arises because more cargo can be transported per in-
land waterway vessel due to a higher fairway depth (cf. IP 6) and due to a higher travel
speed (cf. IP 7). However, a higher availability of cargo capacity will lead to a reduction
in the freight rates, which makes the sector more attractive. Nevertheless, cargo capacity
alone will not be sufficient to increase the number of users of inland waterway transport,
as customers see the biggest challenge as the lack of reliability of the mode of transport
(cf. IP 4). It is therefore first and foremost essential to increase the market, i.e., to win cus-
tomers; only then will the higher availability of freight capacity bring advantages for the
inland navigation operators. Currently, there is an oversupply of ships, which sometimes
even means that inland navigation vessels must be discontinued (cf. IP 10).

The correlation between higher transport supply or freight capacity availability and
falling transport prices was confirmed (cf. IP 5, 3, 1, 7, 8, 9). The affordability of transpor-
tation is attributed to both the greater availability of freight capacity and the reduced
transport time, leading to lower personnel costs and reduced diesel consumption. Thus,
if barges can be fully loaded, the transport price is lower than if the barges are partially
loaded (cf. IP 6). If relatively few tonnes can be loaded due to low fairway depth, inland
navigation operators sometimes charge customers with low-water surcharges, which in-
creases the transport price (cf. IP 11). In principle, the more tonnes transported, the lower
the transport price (cf. IP 4). According to IP 10, lower transport prices are hardly notice-
able in the short term.

The increase in the KPI modal share through the remedying of nautical bottlenecks
or ultimately by means of falling transport prices was largely confirmed (cf. IP 7, 5, 9, 4,
8). However, some experts noted that falling transport prices are only a factor of limited
relevance. To increase the modal share, it is above all important to guarantee the security
of supply or reliability of the mode of transport, which is often not the case today due to
nautical bottlenecks (cf. IP 11, 6). Regarding reliability, IP 10 cites the example of Straubing
(see Figure 3). The market between Hungary and Rotterdam has developed negatively
due to the nautical bottleneck, and shippers are now increasingly using rail or truck (cf.
IP 10). Furthermore, an increase in the modal share of inland navigation depends on the
overall development of traffic (cf. IP 3). It may even be that the volume of goods trans-
ported by inland waterway increases, but the modal share decreases. The change in modal
share is dependent on general economic performance and the overall transport industry
development, which is why the KPI modal share is less suitable to show the benefit de-
rived from the rehabilitation of nautical bottlenecks (cf. IP 1).

The interview partners considered the KPI transport volume to be much more im-
portant than the KPI modal share and confirmed that an increase in transport volume on
inland waterways can result from the rehabilitation of nautical bottlenecks and the asso-
ciated effects (e.g., increase in freight space availability, reduction in transport prices.) (cf.
IP 6,7, 8, 4,9, 10). The current economic development and the attractiveness of the mode
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of transport for shippers (cf. IP 1, 2) must also be considered when analysing the increase
in transport volume. Increasing the transport volume increases the economic benefit for
the inland navigation sector; this connection was confirmed by all the experts interviewed.

In the last question from the question block “Validation of the KPI framework”, the
experts were asked about KPIs that, in their opinion, should be added to the KPI frame-
work. IP 3 mentioned the cost side regarding the rehabilitation of nautical bottlenecks. In
addition to the market-related KPIs, it is essential to include cost-related KPIs, as the
maintenance measures or river engineering measures needed for the rehabilitation of nau-
tical bottlenecks reduce the economic benefit of the rehabilitation actions. Regarding the
development of costs, it is important to distinguish between continuous maintenance, for
example, through regular dredging, and permanent river engineering measures. While
regular dredging causes continuous costs to compensate for the nautical bottleneck, river
engineering measures cause one-off costs. According to IP 3, it is often economically ad-
visable to invest in river engineering measures, as the measures pay off in the medium
term. Accordingly, the KPI maintenance and rehabilitation costs was added to the KPI
framework.

As a second additional KP]I, the delivery service level was added, which reflects the
reliability of inland waterway transports (cf. IP 1). Due to nautical bottlenecks, delays are
frequent, especially during periods of low water. Delays sometimes affect the entire sup-
ply chain and have a negative impact on reliability (cf. IP 6). The often-low reliability of
inland navigation results in customers tending to opt for other modes of transport, such
as rail and truck. The experts interviewed are certain that higher reliability is essential for
generating customers (cf. IP 6, 11, 4). A delivery service level of 90% would be sufficient
to meet the reliability of the transport mode (cf. IP 1).

The KPIs identified through the literature research of Duldner-Borca et al. [17] are
therefore correct according to the experts interviewed, and the correlations between the
different KPIs match. In addition, two relevant KPIs were added —maintenance costs and
the KPI delivery service level. The revised KPI framework is shown below in Figure 4.

/ Removal of nautical bottleneck \
+

[ Fairway depth ]
i I+ J-L J-L

[Transport duration Vessel draft Fuel consumption

Transport supply

Transport costs

[ Economic activity &D IWT volume ]<-.
u maintainance

Economic benefit
+... increase -...decrease +...influence

Figure 4. Updated KPI framework.

Service level ]

Transport

Comparing the updated KPI framework to the original framework in Figure 1, a total
of three changes were made, including two additions and the exclusion of one KPI. The
delivery service level, which is intended to describe the reliability of the mode, was added
as an important KPI. A higher fairway depth makes the inland waterway mode more re-
liable, so the delivery service level increases. A higher delivery service level increases the
transport volume, as the inland waterway becomes more attractive for shippers due to
increased reliability. In addition, the KPI maintenance and rehabilitation costs was added.
This reflects the costs arising from the rehabilitation and maintenance of nautical bottle-
necks. A higher fairway depth leads to increased costs, and costs in turn have a negative
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impact on the economic benefit of the rehabilitation of nautical bottlenecks. The KPI modal
share was removed because, depending on the overall development of traffic, an increase
in transport volume is not necessarily accompanied by an increase in the modal share.
This means that the KPI modal share is not very meaningful regarding the economic eval-
uation of nautical bottlenecks and was thus excluded from the KPI framework.

4.2. Prioritization of KPIs According to Relevance for IWT

While validating the KPIs, the relevance of individual KPIs was discussed with the
experts interviewed. The statements previously detailed in Section 4.1. already indicate
tendencies in the relevance assessment of the individual KPIs. The evaluation itself was
performed on a 7-point Likert scale, from 1 (not at all relevant) to 7 (very relevant), as
illustrated in Table 2.

Table 2. Prioritization of individual KPIs.

Interview Partner No. 1 2 3 4 5 6 7 8 9 10 11 | Average | Ranking
KPI fairway depth 7 7 7 5 7 7 4 7 7 7 7 6.5 1
KPI vessel draft 7 7 7 7 7 7 3 7 5 6 7 6.4 2
KPT transport costs 7 7 7 5 4 7 6 6 7 7 7 6.4 2
KPI transport volume IWT 6 6 6 5 4 6 6 5 6 7 7 5.8 3
KPI transport supply 7 7 4 5 4 7 5 4 - 7 7 5.7 4
KPI fuel consumption 3 3 5 6 2 7 4 4 4 7 5 4.5 5
KPI transport duration 3 3 3 5 3 7 5 2 7 3 - 4.1 6
KPI transport emissions 1 1 5 - 2 4 4 5 3 5 3.3 7

The average per KPI was calculated from the individual ratings of the interview part-
ners. This average value served as the basis for prioritization. According to this, the three
most important KPIs are the fairway depth (value: 6.5), followed by the unloading depth
and transport costs (both value: 6.4). In the medium relevance range are the KPI transport
volume (value: 5.8) and the KPI transport supply (value: 5.7), while the KPI fuel consump-
tion (value: 4.5), transport duration (value: 4.1), and transport emissions (value: 3.3) are the
least relevant for the economic evaluation of nautical bottlenecks according to the experts.

4.3. Supplemented, Non-Economic KPIs

In addition to the economic indicators, the actual water flow, i.e., the amount of water
available in the river, is an important aspect regarding the rehabilitation of nautical bot-
tlenecks. Nautical bottlenecks occur more frequently at low water, i.e., at low water flow.
In most areas, however, the water flow is well above mean water flow, in some cases
reaching high water flow. For the economic evaluation of the rehabilitation of nautical
bottlenecks, it is quite relevant how often a bottleneck occurs or whether it exists perma-
nently. This is because the more frequently it occurs, the greater the economic benefit of
remediation is. Accordingly, the KPI availability of a water supply is included. The KPI
“water availability” is already monitored by viadonau and expresses the percentage of the
water supply that could be made available.

According to IP 4, ship design itself should be included as a factor in the economic
evaluation of the rehabilitation of nautical bottlenecks. Vessels that are designed for the
Danube as an inland waterway usually operate relatively efficiently even at lower fairway
depths. Today, however, hardly any vessels are built; many vessels on the Danube are
acquired second-hand and were originally built for the Rhine. Vessels built for voyages
on the Rhine require a draft of 3.5 m for full utilization. A draft of 3.5 m is generally not
feasible for the Danube and in particular not on sections with nautical bottlenecks. There-
fore, less economical transport is carried out on the Danube. Thus, the ship design used
plays a significant role in generating significant benefits from the rehabilitation of nautical
bottlenecks.
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5. Conclusions

This article intends to verify the applicability of a literature-derived KPI framework
developed by Duldner-Borca et al. in 2023 [17] for determined the economic benefits of
resolving nautical bottlenecks on inland water routes, i.e., on the Danube. This validation
was achieved through 11 comprehensive qualitative expert interviews. Additionally, it
aims to prioritize key performance indicators (KPIs) based on their significance in as-
sessing the economic advantages of resolving nautical bottlenecks. The following KPIs
were part of the initial KPI framework: fairway depth, transport duration, vessel draft,
fuel consumption, transport emissions, transport supply, transport costs, modal share,
and IWT volume. Through the expert interviews, we determined that the KPI modal share
was of lesser significance in evaluating the benefits. Consequently, it was excluded from
the framework, while the KPIs service level and costs of maintenance were introduced as
additions. The service level reflects the reliability of the transport mode. Reliability is an
important issue in inland navigation, as customers often choose other modes of transport
rather than inland navigation due to a lack of reliability. By eliminating nautical bottle-
necks, reliability is increased, which makes inland waterway transport more attractive for
customers and can consequently lead to an increase in the transport volume of inland
waterway transport.

The KPIs incorporated into the framework and their interconnections were accu-
rately delineated considering the experts” expertise. In terms of relevance, the KPIs fair-
way depth, unloading depth, and transport costs were rated as the most important, while
the KPI transport emissions was rated as the least relevant.

This research provides both scientific and managerial implications. The successful
validation of the KPI framework enhances our understanding of the intricate relationships
and interconnections among factors influencing inland waterway transport (IWT) perfor-
mance on the Danube. Researchers can build upon this framework to conduct further in-
vestigations and studies concerning inland waterways and transportation efficiency. Fur-
thermore, the validation process lends credibility to the KPI framework, establishing it as
a reliable and evidence-based tool for assessing the effects of resolving nautical bottle-
necks in inland waterway systems. This increased credibility boosts confidence in the re-
search findings and enhances their impact for the scientific community. Moreover, the
validated KPI framework serves as a solid foundation for future research in the field of
IWT and transportation. It can be utilized as a reference for designing experiments, gath-
ering data, and evaluating the impacts of different interventions and enhancements in wa-
terway infrastructure.

Considering managerial implications, utilizing the KPI framework, managers can
gain the ability to pinpoint critical areas that require attention and allocate resources with
precision. By prioritizing the rehabilitation of nautical bottlenecks and implementing tar-
geted measures, managers can achieve significant enhancements in the utilization and
overall performance of inland waterway transport. Furthermore, the KPI framework can
become a facilitator of seamless communication and collaboration among diverse stake-
holders, encompassing government agencies, private sector entities, and environmental
organizations. With a shared language and objective metrics, stakeholders can evaluate
and discuss the outcomes of potential projects and initiatives in a cohesive manner. Sub-
sequently, enriched with insights from the KPI framework on the impacts of resolving
nautical bottlenecks, managers can be empowered to foster sustainable development
within inland waterway transport. This involves promoting eco-friendly transportation
methods, reducing emissions, and optimizing the responsible use of natural resources.

Now that we have successfully validated the KPI framework for inland waterway
transport, several research possibilities arise. Firstly, further studies can focus on quantify-
ing the specific impacts of resolving nautical bottlenecks and implementing measures based
on the framework. Comparative analysis can be conducted to assess the effectiveness of dif-
ferent strategies in optimizing inland waterway transport. Long-term performance assess-
ment allows for the evaluation of sustained impacts and challenges over time. Overall,
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further research after the validation of the KPI framework can deepen our understanding of
the potential benefits of resolving nautical bottlenecks and provide valuable guidance for
optimizing the sustainable development and utilization of inland waterways.
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