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Abstract

Inland navigation is often mentioned as a ‘gredteéraative for the two other main
inland transport modes: rail and road transpororigter to investigate the opportunities
for inland navigation we first analyze the compegitposition of inland navigation vis-a-
vis the other main inland transport modes. For, thvat perform a comparative study on
the current sustainability performance of the thremles. Second, through a case study,
we analyze a recent initiative for sustainable iratmn of inland navigation in order to
assess the barriers and opportunities for improthegompetitive position of sustainable
inland navigation.
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1. Introduction

Sustainable supply chain management is receiviogeasing awareness from society,
government, and businesses. Sustainable supply aimamagement refers to all forward
processes in the chain: procurement of materiatgJyction and distribution, as well as
the reverse processes to collect and process eetuised or unused products and/or parts
of products in order to ensure socio-economicatigy acologically sustainable recovery
(Bloemhof and Van Nunen, 2005).

Sustainability of transportation modes is an upcmrissue nowadays. It looks like the
implementation of sustainability started in thedarction of foods (Baldwin, 2009), also
due to health issues and animal welfare. Then,eretecycling and remanufacturing
became very popular ways to improve the sustaiityalod mainly long lasting consumer
products like copiers, cars, computers (Quarigwsal, 2008). With the increasing
interest in carbon footprints, the focus in susthility moved from a product towards a
company, a chain or a transportation mode (shiplaaie, truck) as an entity.

The impact of transportation can play an importeoie in the overall sustainability
performance of a product. This holds especiallyféads, feeds and other bulk products



(IPTS, 2006). Transportation has a large contrdvutio pollution, resource depletion,
congestion and greenhouse gas emission (Wu and ,Du9®5). The impact of
transportation on the environment and society cse@asing because of the increase of
freight transport. The goods transport in the EaaspUnion (EU) grew by 28% during
the period 1995-2004. In that same period roadspart grew by 35%, rail transport by
6% and inland navigation by 3% (European Commiss2006).

Sustainability of a particular transportation modees imply improvements of a
combination of different and sometimes conflictifartors. Sustainability cannot be
measured with a one dimensional indicator. Insteeel,need to combine economic,
social and environmental indicators (Triple Botthime).

According to the European Commission (2006) inneeainland navigation could be a
considerable contribution to Triple Bottom Line foemance. The specific goals set by
the European Union are threefold: contributing ta@dal shift, reducing the demand for
transport and reducing the environmental impadtasfsport.

In order to investigate the opportunities for irdanavigation we first analyze the
competitive position of inland navigation in the tNerlands vis-a-vis the other main
inland transport modes: road transport and raihsppart. For that, we perform a
comparative study on the current sustainabilityqrerance of the three inland transport
modes. Second, through a case study, we analyaeeatrDutch initiative for sustainable
innovation of inland navigation in order to ass#éiss barriers and opportunities for
improving the competitive position of sustainabiand navigation. The contribution to
theory is mainly of an explorative nature: tryimgunderstand the competitive position of
inland transport modes and identifying opportusitiand barriers for modal shift.
Literature on sustainable modal choice is virtualbynexistent.

This paper is further organized as follows. SecRoreviews the relevant literature on
sustainable logistics and transport modes. Segtiotroduces the research methodology.
In Section 4 we assess the economical, social mvidoemental performance of the three
inland modalities, while Section 5 analyses a nemcept in inland navigation. Finally,
Section 6 discusses the main results.

2. Rdevant literature

The field of sustainable logistics is quite broklbwever, the majority of the literature
focuses on trade-offs betwedéhanet and Profit. Quariguasi et al. (2008) state that
balancing environmental impacts and costs is ajrepdte complex. They find that
adopting cleaner solutions is generally boundeéhbseasing costs. However, expanded
market share through environmental friendly innmreg could result in net profits (Wu
and Dunn, 1995). Murphy and Poist (2002) conjectinat logistics can only reach ts full
potential through the proper trade-off betwdesople and Profit. Carter and Jennings
(2002) introduced the concept of Logistics Sociasponsibility and developed a
framework that ties together previously unrelatettd§ of logistics that are perceived as
socially responsible.

Carter and Rogers (2008) were one of the firstdion ¢the term ‘sustainability’ which
integrates People, Planand Profit (also known as ‘Triple Bottom Line’, seec8en
2.1). Evaluating the sustainability of transportdes (Section 2.3) requires the evaluation
of relevant indicators (Section 2.2).



2.1 TripleBottom Line

Elkington (1997) first introduced the term ‘TripBottom Line’ (TBL) to acknowledge
that companies have an extended responsibility itt@iidde environmental and social
aspects as well. TBL is used as a framework forsen@&ag and reporting corporate
performance against economic, social and enviroteh@arameters. The TBL concept
holds two main principles: i) companies fully abittee law and meet all obligations
imposed by legislation and ii) companies that aceiadly and environmentally
responsible accept a higher level of obligation mmwdal responsibility than demanded by
mere compliance with the law (Robins, 2006). ThtoubBL one measures both
guantitatively and qualitatively the degree in whia company is creating value for
shareholders and society (Savitz, 2006).

The economic component extends beyond financialatg as it includes issues like
competitiveness, job and market creation and lengptprofitability (Jamali, 2006).
Jamali describes the social component as an om@#nzs impact on social systems in
which it operates, including issues like human tsghsafety and public health.
Environmental sustainability focuses on living amah-living natural systems including
ecosystems, land, air and water (Nykvist and Whisima2008). The intention of TBL is
not the description of each dimension separateiiyth®ir integration (Vanclay, 2004). A
measurement framework is needed to integrate thiaes (Fawcett et al, 2007).

2.2 Sustainability assessment indicators

Literature provides several frameworks for meagusnstainability in logistics, but a
standard framework does not exist. Jeon and Amek(®005) categorizes possible
frameworks as i) linkages-based frameworks, ii) astp-based frameworks, and (iii)
influence-oriented frameworks.

A popular linkages-based framework is the Pressure-State Response (Gilbert and
Tanguay, 2000). Human activities affect life andur@ resources. The response from
society is taken by economic, social, environmergatl general policies and by
awareness and social behavior. Indicators are mmtstl by examining the influences
and interconnectedness of various factors so thede responses can be developed.

A commonimpacts-based framework is a three-dimensional list of economjisacial
and environmental impacts (Litman and Burwell, 200&hese indicators cover
passenger and freight transport and are measuthdjbantitatively and qualitatively. A
similar list is provided by Jeon et al. (2008). leacch dimension, a number of goals and
associated performance measures are defined (Table

Insert Table 1 here

The influence-oriented framework uses performance indicators that reflect the ivaat
level of influence and control an agency has wehpect to making progress toward
sustainability (Jeon and Amedudzi, 2005). The iattics are categorized by state,
behavioral and operational level.

The literature on performance indicators for sumsthlie logistics shows no consensus.
Some authors describe indicators as separateesntitihereas others acknowledge that
factors related to sustainable logistics can imfagemore than one dimension and create
several impacts.



MacRae et al. (1989) proposed a three-tier clasgifin system for sustainability

indicators, which we summarize as follows.

» First-tier indicators focus largely on minimizinget impacts of existing methods,
activities or processes (efficiency measures)

» Second-tier indicators measure the extent to wbider methods, technologies, or
processes with high negative impacts are beingacepl by newer ones with less
negative impact (substitution)

» Third-tier indicators help to measure the extenwimch rules and procedures are
reconsidered with sustainability as a foundatieaésign)

First-tier performance improvements generally resnl early successes (e.g. energy

reduction, fuel efficiency). Possible second-tieprovements are conversion from fossil

fuel to biodiesel or electricity, whereas a thiie-timprovement may be to shift to an
innovative transport mode.

2.3 Transportation mode choice

Cost minimization is the traditional driver for migport mode choice, although
congestion, safety and environmental impacts haen lidentified as relevant factors by
scholars (e.g. McGinnis, 1989). Saleh (1972) puv&od that cost is an important factor
in carrier choice but service is of greater impoct to the shipper. Burdg and Daley
(1985) found that carriers find service factors enonportant than low freight charges.
Gibson et al. (1993) rank transportation modesioa ériteria: customer service, rates
and discounts, equipment availability, quality gretformance history. One of the few
recent studies (Vannieuwenhuyse et al, 2003) itelicahat transportation costs are
equally important as reliability, flexibility andagety. We did not find empirical evidence
in literature for an increased awareness of suabdity issues in practice.

3. Research Methodology

The literature study of Section 2 suggests thatspartation mode choice may have
considerable impacts on sustainability performaridethe same time however there is
little evidence that sustainability concerns adjyuaffect transportation mode choice. In
that light, we set out to 1) validate the propasitthat modality choice is currently based
on economic tradeoffs only (costs versus serviaag, 2) to analyze the opportunities and
barriers for sustainable inland barge transporawss road and rail transport. To do so,
we first analyze and compare the sustainabilityfgoerance of the three transportation
modes in the Netherlands. Then we present and znahe case of Schipco, a Dutch
company that recently developed the concept of Ismagh barges equipped with
electricity generators. This concept is more fugtient and has the potential to generate
less noise in more populated areas. We chose ¢adyg methodology as it is an
appropriate approach when trying to gather undedstg of complex phenomena (Yin,
2003). During a four month’s internship in the fisemester of 2009 at Schipco by one of
the co-authors, semi/structured, open-ended imes/iwith a freighter, two inland
shipping companies, Rail Cargo Netherlands, Exgeréind Innovation Centre Inland
shipping, a barge operator, Connekt (an independetivork of companies and
authorities to promote sustainable mobility in tNetherlands), and the Maritime
Research Institute the Netherlands were conducted.



The three modalities are assessed along the timesnsions of sustainability according
to the measuring framework of Table 2, adapted ftitman and Burwell (2006), Litman
(2008), Vanclay (2002) and Vanclay (200#jere, extant sources provided the data for the
guantitative measures; the qualitative measurenarta combination of both secondary
sources and results from the interviews.

Insert Table 2 here

4. Sustainability of inland transport

Within the inland transport chain we may identifyee main actors (van der Horst and
de Langen 2008, see Figure 1): modatiperators (barge operators, rail operators and
trucking companies), terminal operators and shgp€he barge operators organize the
transport on the inland waterways and may accomtaqut@ and post haulage. Terminal
operators are responsible for storage and on olvaffing and may also offer services
such as packaging and labeling. Ships are mostlyedvby larger entrepreneurs, while
privately owned ships are rare. Ships are oftesel@do the barge operators and operated
by families (A&S Management, 2003). The freightwWarder is considered to be the most
important link in the chain as it owns the cargdédtransported.

Insert Figure 1 here

The freight forwarder outsources a job or spedifansport based on contracts to the
barge operator, which in turn make all the necgsaarangements. Its responsibilities
include choosing terminals to accommodate on ahtbafling (especially if pre or post
haulage is required) and hiring shippers to arrahgephysical transport of the cargo.
Other important actors are financial institutiohattplay a decisive role in the acquisition
process of new ships. Finally, governmental ingtihns monitor whether vessels satisfy
port regulations and meet economic and environrhéatgets. We next discuss the
sustainability performance of truck, train and learggarding economic factors (Section
4.1), social factors (Section 4.2) and environmidiataors (Section 4.3).

4.1 Economic sustainability performance

Quality& speed

Each modality has certain advantages with respedaletivery speed, flexibility and
reliability. Inland navigation is considered to lbath flexible and reliable as long as both
inbound and outbound locations are situated attarway. Handling activities take time
and therefore increase costs. Products that aee d¢iitical or shipped in small lots are
more suitable for road transport. Trucks have thiétyato reach most destinations, but
are especially suitable for relatively short distsy especially when the final destination
cannot be reached by waterway or rail. Rail trarts@though not flexible, is a major
competitor in international transport of containénsaddition, it provides a cheap way of
transporting low value bulk goods. For certain esunland navigation and rail transport
are the faster option, especially when pre- or p@stsport is not required. Although
slower in terms of absolute speed, these modestitace the risk of congestion, as is



typical for road transport. Summarizing, qualitydespeed depend on the type of cargo,
travel distance and specific route. That is alsy wmiodalities are often combined.

Transport costs

It is difficult to point out specific freight rateger modality, as it depends on many
factors. Rail and water transport have relativeighhfixed costs compared to road
transport and are therefore only competitive whelume and distance increase (Figure
2). Until recent, the transport sector had beembog and freight rates increased, for
inland navigation this trend translated into theeegence of bigger vessels. However, the
current crisis resulted in decreased demand anctayacity, which in turn lowered the
freight rates. Hence, all three modalities need fight for their market share.
In terms of infrastructural costs (construction amaintenance) and external costs
(safety, nuisance emissions, etc.) per hundreknor{fTable 3), inland navigation is by
far the cheaper modality, while road and rail stsiwilar performance.

Insert Figure 2 and Table 3 here

Quantity and modal split
Most ton-kilometers (ton-km) in the Netherlands aczounted for by road transport
(Figure 2), which grew by 20% between 1998 and 266! grew rapidly also (40%),
but quantities are relatively small. In terms ofdabsplit, in the period 1998-2006 the
share of road transport grew slightly from 53.7%®0%, the share of inland navigation
decreased from 41.7% to 38.3% and the share oframsport increased from 4.6% to
5.8% (NEA, 2008).

Insert Figure 2 here

Energy consumption

In absolute terms the energy consumption of rad amter transport is significantly
higher than that of road transport. However, thézation rate of the latter is much
smaller on average. Taking into account averadeaiton rates, it appears that road
transport is a factor 2 to 3 less energy effictean rail and inland navigation (Table 4).

Insert Table 4 here

Congestion

Delays resulting from congestion are typical fomdotransport, mainly due to the
presence of secondary users. Secondary users|dfam@gport, passenger trains, also
cause some delays, but this is decreasing dueatoyotyg priority rules. Secondary use of
inland waterways is negligible. Impacts of accideon delays are much higher for rail
transport and inland navigation, but their occuceenate is much smaller than that for
road transport. Here, delays mainly originate mphocess of on and off loading.

Employment

The transportation sector was hit hard by the £rigessel owners even need to operate
the ships themselves in order to save costs réttherhiring personnel. The period prior
to the crisis showed a vast demand for jobs in brthagement and operations.



4.2 Social sustainability performance

Safety

Inland navigation and rail transport are considdmete very safe transport modalities,
especially when compared to road transport (Taplde latter has such high accident
rates due to the presence of secondary users andrger volume transported by road.
Accidents show a decreasing trend; truck acciddatseased about 33% between 2001
and 2006. Most injuries and fatalities in rail sport are due to secondary users.

Insert Table 5 here

Human health impacts & environment
These impacts are closely related to environmerdbrmance and are discussed next.

4.3 Environmental performance

NOy, CO,, SO, and CO Emissions (Table 6)

The total emission of NQOdecreased with 10.6% in the period 1998-2006, hvisc
almost completely due to developments in road parig13.6% decrease). Taking into
account transported volume and distance showdrilzatd navigation and rail transport
have a better performance than road transportewhéd share of road transport increased
from 54% to 56%, the share in N@mission decreased from 77% to 75%.

The total emission of CQOncreased with 23.6% in 1998-2006. Road trans@egain
the main contributor, with emissions growing 22%this period (from 84% to 87% in
terms of modal share). Inland navigation and raih$port show stable values.

Road transport’'s SCemission share sharply decreased from 60% in i®f&t 3.6% in
2006, while there were little developments in teainsport and inland navigation. Since
2006, inland navigation is the largest emitter 06.S

In 1998-2006 road transport’s and inland navigasi@O emission share decreased from
85% to 79% and from 42% to 38% respectively. Raihgport’'s emission share increased
from 4.6% to 5.8%, but in absolute terms it haddrnthe lowest gram/ton-km emission
rate. Road transport has the highest rate, but sinamid improvements.

Insert Table 6 here

Noise pollution

Inland navigation itself hardly produces any noiBeere are even regulations that limit
the noise of vessels to make sure that shippersngetgh sleep. That is probably why we
could not find any statistics on noise pollutionm&nd navigation. Road transport is one
of the largest contributors to noise pollution, e third of the Dutch population is
affected (Table 7). However, rail transport hasgaicant contribution as well if the
modal share is taken into account. It is the vibret and rough surface of wheels and
rails that cause the noise. More people are patgnaffected by noise pollution because
more and more housing is constructed near highvaays railroads. Finally, road
transport affects more people, but rail transpatises higher noise levels.



Insert Table 7 here
Water pollution
There is not much information available regardingugdwater and waterway pollution.
Water pollution is caused by on and off loading #meluse of lubricants, but it seems to
be limited. Inland navigation vessels used to usgemways for waste dumping and
cleaning, but waste dumping is not allowed anynaoré cleaning is done nowadays by
specialized parties.

4.4 Conclusion

At the moment the competitive position of inlandvigation is still strong due to its
competitive freight rates, reliability, high voluntiensport and safety. However, one of
the most used marketing tools for inland navigaimiits sustainable character. This is
certainly true as inland navigation achieves goedgomances on economic, social and
environmental aspects of sustainability. Howevdrs tis not due to the sector’s
innovative capabilities, but rather due to its irdme ability to transport high volumes,
which in turn economizes fuel consumption. Rail aspecially road transport are
accomplishing much more rapid developments on susidity.

5. Casestudy Schipco BV

Schipco BV, a consultancy firm specialized in tgors solutions, developed an
innovative concept for small barges. Their motimatcame from the limited availability
of small inland navigation vessels (smaller tham@&er and capacity below 1500 ton)
and the recent call for more sustainable transpades. The innovation is based on a
combination of existing technologies that have men used together before. In terms of
the three-tier classification system of McCrae 1e1889) this could be classified as a
second-tier adaption (substitution). An electriogarisor is installed on a tugboat together
with a number of batteries and a small generatoefoergencies. The push barges are
equipped with a generator to generate and stongenk the tugboat uses this energy,
the combination of vessels will use the energy tisameeded for that particular
combination of tugboat and push barges and enexgaved. If each push barge has
sufficient electric power capacity to move itsefidathe tugboat there will be no excess
use of energy and the power capacity is used nféiokeatly. This allows one to travel
emission free with reduced noise pollution throdgghly populated areas and with
significant emission reduction through sparselyytaied areas. In a later stage, liquid
gas (LNG) generators could be installed to preesgensive filtration of pollutants and
emissions and to further reduce noise levels.

Schipco BV soon realized that in the conservatimdustry of inland transport,
economical incentives are much more decisive thanr@mental implications. Even
when a sustainable innovation proved to have simoifeerating costs and service level,
inland transport organizations would hesitate tket#he risk. But there was a more
unexpected barrier. The limited availability of dirzarges is maintained by financial
institutions that are only willing to invest in &fient large capacity barges that generate a
high return on investment. In addition, the demé#ordthe traditional bulk cargo that is
most suitable for smaller barges appears to beedsitrg, which may prove to be yet
another barrier for the transition to smaller barge



6. Discussion of main findings

Both road transport and inland navigation achievgoad performance on economic
indicators. Both modes have a high share in theainsylit, yet they do not compete on
price. Inland navigation is able to offer compeéttireight rates together with low energy
consumption and high-energy efficiency. In additidhe level of congestion that is
present with road transport does not harm inlandgasion. Road transport on the other
hand provides faster delivery with a high overalpacity. Rail transport does not excel
on any specific indicator and receives an averagees Rail transport performs well on
social and environmental indicators as it is a safé relatively clean form of transport. It
has the lowest emission rate per ton-km on almestyetype of emission. Inland
navigation is not far behind, except for sulfurxdae (SQ). Road transport is the largest
contributor of emissions. However, road transpatoanplished significant emission
reductions; sulfur dioxide emissions are closedmzThe gap with the other modes is
still large but if rail transport and inland naviiga keep refraining from innovations the
gap could close even further. However, it appdaas only sustainable innovations that
also contribute to profitability will succeed. Maneer, while the market observes a lack
of small barges, the conservative nature of thanithinavigation sector and the focus of
financial institutions on efficient ships push tods larger ships instead. This further
limits the opportunities for tier 2 and 3 innovat
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Table 1 Sustainability assessment indicators (Jeon e2@03)

Sustainability Goalsand objectives Perfor mance measur es
dimension
Transportation system Improve mobility Freeway/arterial congestion
effectiveness
Improve system Total vehicle-miles travelled
performance Freight ton-miles

Transit passenger miles travelled
Public transfer share

Environmental Minimize greenhouse effect CO2 emissions
sustainability Ozone emissions
Minimize air pollution VOC emissions

CO emissions

NOX emissions
Minimize noise pollution Traffic noise level
Minimize resource use Fuel Consumption

Land consumption

Economic Maximize economic User welfare changes

sustainability efficiency Total time spent in traffic
Maximize affordability Pointto-point travel cost
Promote economic Improve accessibility
development Increased employment

Land consumed by retail/service

Social sustainability ~ Maximize equity Equity of welfare changes

Equity of exposure to emissions
Equity of exposure to noise

Improve public health Exposure to emissions
Exposure to noise

Increase safety and securityAccidents per VMT
Crash disabilities
Crash fatalities

Increase Accessibility Access to activity centers
Access to major services
Access to open space
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Table 2 Sustainability indicators and measures

Economic (Litman and Burwell 2006, Litman 2008)

Indicator Measure

Quality User satisfaction ratings

Speed Average speed per mode

Transport prices Average price charged per mode
Quantity Average freight load

Infrastructure costs Facility costs such as exparel on roads
Energy consumption Average fuel consumption peranod
Energy efficiency Fuel consumption per ton-kilormete
Congestion Frequency of delay per mode

Utilisation Utilisation rates per mode

Employment Job opportunities

Mode split Portion of transport made by other mode

Social (Litman and Burwell 2006, Litman 2008, Vanclay 2002nclay 2004)

Indicator Measure

Safety Crash and fatality rates
Human health Health impacts
Environment Quiality of resources

Environmental (Litman 2008).

Indicator Measure

Climate change CO2 emission rates

Other air pollution CO, VOC, NOX, particulates
Noise pollution Exposure to noise

Water pollution Amount of wastewater

Resource efficiency Depletion of non-renewable neses
Infrastructure Impact of infrastructure

Habitat Impact on habitat

Table 3 Infrastructural and external cost of freight tyams (Dutch Inland Shipping
Information Agency, 2004)

Infrastructural costs External costs Total
Road 0.51 1.94 2.45
Rail 1.86 0.43 2.29
Inland navigation 0.82 0.10 0.92
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Table 4 Energy use in MJ/ton-km (Dutch Inland Shippingoimhation Agency, 2004)

Averagecargoload Primary energy

(ton) consumption (MJ/tonkm)
truck 7.3 4.06
Road truck + trailer 19.3 1.82
tractor + trailer 25 1.4
Inland international 1250 0.43
navigation national 700 0.48
Rail Electric traction 1000 0.59
Diesel-electric traction 650 0.73

Table 5 Registered accidents, fatalities and injuriest#dnd transport

2001 2002 2003 2004 2005 2006

Number of incidentsthat involved at least one truck (NEA, 2008)

Accidents 15.998 13.716 11.951 11.650 11.144 10.782
Fatalities 169 129 158 137 103 129
Hospital injuries 624 625 607 554 533 493
Number of incidentsin rail transport (Rail Cargo, 2009)

Injuries 153 136 198 200 173 210
Fatalities 28 22 38 24 25 16
Number of Incidents on inland waterways (NEA, 2008)

Injuries 19 20 12 23 25 21
Fatalities 3 2 1 4 5 2

Table6: NOy, CO,, SGQ, CO (g/ton-km) emissions (NEA, 2008).

1998 2000 2002 2004 2006

Road 199 195 196 158 1.43
NOyx Navigation 0.72 078 076 070 0.68
Rail 038 036 036 031 0.27
Road 210.63 224.47 246.12 222.65 223.73
CO, Navigation 49.74 53.77 52.19 48.18 46.70
Rail 1753 16.57 16.93 1453 12.57
Road 006 0.04 001 0.01 0.00
SO,  Navigation 005 0.06 006 0.05 0.05
Ralil 0.02 002 002 002 0.01
Road 087 0.76 068 050 0.40
CcoO Navigation 020 022 019 0.17 0.16
Rail 0.03 0.03 0.03 0.03 0.02
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Table 7 Percentage of Dutch population subject to noiseANID08)

1990 1995 1999 2000 2001 2002
Rail 5 5 6 7 6 7
Road 34 30 28 29 30 32
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