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HIGHLIGHTS
e Evaluation of LHVs from a supply chain perspective.
¢ An extensive range of trials in one country, Germany.
e According to the findings, the vast majority of the research participants amstetbin the adoption of
LHVs regardless of the size of their companies.
e The feasibility of LHVs is evaluated from eco-efficiency perspective

ABSTRACT

This paper aims to evaluate the likely effects of the adoption ofdroHgavier Vehicles (LHVs) from the
perspective of logistics service providers (LSPs). The research consisits adse studies and a survey of
companies which were involved LHV trials in Germany. Wider introduction of Lk$vbeing increasingly
demanded so that road freight transport can better serve and supgerhraupply chains whilst achieving the
desired eco-efficiency advancements. Available literature on LHVs puts a partitylhass on five factors that
need to be included in the assessment of their impact: energy efficiencye@i®g&ions, costs, safety and
infrastructure. The research provides an original and innovative empiricarsfirdng and validating the current
conceptual framework for assessing LHVs demonstrating it is a valuabblend@roviding evidence that the vast
majority of companies participating in our study, regardless of theingézre,interested in the adoption of LHVSs.
However, it should be noted that a key limitation of the research is thatising on a single country case, the
nature and scale of the findings may not reflect practice in other countdeseators. There is also a need to
examine the long-term sustainability of the improvements made.
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INTRODUCTION

The ability to distribute goods safely, quickly and cost-efficiently is paramount for international
and domestic tradeand economic development (European Commission, 2013a). Over recent
years, climate change mitigation has also gained increasing significance at pokectondl

levels worldwide. Organisations are under increased pressure to become more eco-efficient
(Rossi et al. 2013), and to reduce the environmental impacts of their logistics operations
(McKinnon and Piecyk, 2009 and Piecyk and McKinnon, 2010a). Freight transport is a
significant source of emissions of greenhouse gases, n@SilyAbbasi and Nilsson, 2012).
Therefore, it is crucial to find solutions to reduce the carbon footprint of road freight transport
operations within supply chains.

Piecyk and McKinnon (2010a), Tacken et al. (2011) and McKinnon (2012) have developed
frameworks to guide C£yeductions in the logistics sector. One of the most discussed initiatives
to reduce C@emissions from road freight transport is to increase the dimension of vehicles.
The issue has attracted a lively debate, with contradictory positions being taken relating to the
benefits and shortcomings of a potential adoption of longer heavier vehicles (LHVs) (European
Shippers Council, 2007; German Environment MinistryUmwelt Bundesamt, 2007).
McKinnon (2011) developed a conceptual framework to link the benefits and offsetting factors
of the adoption of LHVs. However, this framework needs to be validated empirically as there
is need for more evidence to provide better understanding and evaluation of the benefits, risks
and enablers of LHVs. Thus, the main objective &f flaper is to evaluate the effects of the
adoption of LHVs from the logisticgroviders’ perspective. The paper also aims to explore
future actions and measures required for achieving a successful implementation of LHVs. This
is conducted in the context of the German freight transport sector, which, as will be discussed,
has been the setting for LHV trials.

The issue of LHV deployment is becoming increasingly relevant for a number of reasons. T
factors can be identified here. First, road freight is established and accepted as the mode of
choice for many shippers, representing a market share of inland freight moved in regions such
as the EU-27 of 75.5% in 2011 (EuroStat, 2013). This raises the question as to what measures
can be considered to improve its eco-efficiencggs noted above, the adoption of LHVs is
recognised as one option to consider in contributing to this objective. The second category of
drivers, which is increasing the debate around LHV consideration, stems from the modern
supply chain systems which road freight transport serves today. Increasingly, shippers are
planning and managing their supply chains from regional perspectives, such as across Europe,
rather than being confined by national boundaries. In this endeavour, a range of economic
practices now characterise modern supply chain systems such as the concentration of
production onto fewer sites to reap economies of scale, and freight consolidation. All of these
characteristics of modern supply chain systems contribute to a growing demand for more
efficient road transport through LHV use, over and above the ongoing traditional desire for
LHVs from sectors focussed on bulkier freight movements, such as forestry.

The paper is structured as follows. Previous research on LHVs is summarised in the literature
review, before the research questions are explained. Subsequently, the method adopted to
undertake the research is introduced and the findings from the two stages of research discussed.
Finally, the paper concludes with a discussion on the contributions of the paper for academia
and practice, which brings together the contextual understanding of the issue with the findings
of the research. An outline of future research opportunities is then presented. It is also worth
noting that in this paper the term LHV refers solely to road freight transport, and we do not
consider increasing dimensions of vehicles used by other modes of transport.



LONGER HEAVIER VEHICLESIN EUROPE

In Europe, the demand for LHVs has been clearly evident as a natural and logical need for
sectors that feature bulk goods transport such as timber, stone, gravel and other aggregates,
paper, steel, petro-chemicals and so on. Indeed, in countries such as Sweden, where certain
forms of LHVs have been authorised for many years, these are the types of goods where LHVs
are deployed. However, the factor that has fuelled the demand for larger road freighsvehicle

in the area of general cargo is the re-organisation of the way pan-European operations are
managed today by the leading multi-nationals which trade across the region. The liberalization
of borders in 1993 following the European Act of 1986, the adoption of the Common European
Currency (1999) and the s@tled “fall of the iron curtain” in 1989 have all led in the ensuing

years to companies in many sectors organizing themselves on a pan-European basis rather than
nationally,as had been more the case up to the end of the 1980’s. One consequence of this is,

for instancethe development of “focused factories” where manufacturing production is then
consolidated on one site to fully exploit economies of scale. This clearly has direct implications
for the demand for larger freight vehicles as large volumes of goods produced at these sites
need to be moved over long distances to distribution hub points to serve markets right across
Europe (Gligor and Holcomb, 2012). Also, road transport is often preferred to service modern
supply chains as it is the most flexible of the modes, and able to operate or@dimmrbasis.

At the same time, mounting economic and environmental pressures faced by the road freight
industry, call for new transport policies aimed at making the sector more sustainable. According
to McKinnon (2011), consolidation of loads in LHVs is one of most effective ways of reducing
vehicle kilometres and road freight transport’s impact on the environment. Thus, several
governments have considered relaxing truck size and weight restrictions as a measure to support
the sector in becoming more environmentally efficient.

In 1996, an EU Directive (96/53/EC) was put in place to grant all EU member states the right
to operate longer vehicles, as long as they conformed to the standard modular dimensions
defined in the Directive. According to the Directive, vehicle units can be coupled together in
combinations of short modules of 7.82m and long modules of 13.6m. In most European
countries the maximum vehicle length limit of 18.75m is permitted. However, there are a
number of countries which have adopted lorries up to 25.25m as a practice or run trials to test
the feasibility of them (Bergqgvist and Behrends, 2011). The extension of length is often
accompanied by an increase in the maximum gross vehicle weight beyond the current maximum
of 40 tonnes set in most of Europe.

In the EU, Sweden has the longest tradition of long and heavy vehicle combinations. Until 1968,
when the Swedish Government implemented a 24m limit, there had been no legal restrictions
on the length of trucks. The maximum gross vehicle weight in Sweden was successively
increased from 37t (1968) to 51.4t (1974), 56t (1990) and 60t (1993) (Vierth et al. 2008). LHVs
are also operated in Finland (25.25m, 76t GVW) and the Netherlands (25.25m, 60t GVW). A
trial of 25.25m/60t GVW LHVs is currently underway in Denmark (until 2017) and Belgium

is considering one (Leach & Savage, 2012). In the UK, a major desk-based feasibility study of
LHVs was commissioned in 2007 (Knight et al. 2008). In January 2012, the UK Department
for Transport started a trial of 1,800 extended length semi-trailers. The trial consists of 900
semi-trailers of 14.6m in length and 900 semi-trailers of 15.65m in length and will run for a
maximum of 10 years in order to establish the environmental and safety impacts of each length
(Department for Transport, 2012). In Germany, some federal states allowed limited trials of
LGVs in 2006. In October 2007, at the Conference of Transport Ministers a decision was made
not to license LHVs on the country's roads. Despite this announcement, the support for LHVs
in a number of German states was strong enough for some trials to continue, and a small number



of regional trials started in 2008 and 2009. The recent national trial commenced in January
2012, with seven federal states allowing the use of longer vehicles (25.25m, 40t) for up to five
years (Leach & Savage, 2012). Outside the EU, a number of countries permit LHV operation,
for example Australia, Brazil, Canada, Norway and the USA (Nagl, 2007).

At the international level, the European Commission has recently funded a number studies to
investigate the possible effects of changing the 96/53/EC Directive to allow for longer and/or
heavier vehicles in cross-border transport. A study publislyetthe European Commission
(2008) focusses on technical characteristics of LHVs and models their impact on the EU freight
transport market. All three scenarios considered in the study give an overall positive effect on
society and the environment, when compared to the busasessral case. Christidis and
Leduc (2009) review a number of previous studies and model different combinations o
assumptions to conclude that “the introduction of LHVs would be beneficial for the EU
economy, and under certain conditionsenvirorment and society as a whole” (p.24). Leduc

(2009) considers technical aspects of LHVs that could further reinforce the positive effects of
LHVs introduction, with particular attention given to energy efficiency, impact on
infrastructure and safety issues. Knight et al. (2010) provide an assessment of the likely effects
of potential changes in the vehicle weights and dimensions at the European level, reviewing
available vehicle options and a range of policy measures relating to any future implementation
of those. Steer et al. (2013) provide the most recent analysis of current evidence on LHVs and
the likely consequences of permitting the use of them throughout Europe. The Joint Transport
Research Centre of the OECD and International Transport Forum also published the results of
a global review of oppounities to ‘move freight in better trucks’, which is largely concerned

with productivity benefits of increases in vehicle carrying capacity (OECD / ITF, 2010). As a
result of all these studies, supported by a wide consultation on the subject and the inclusion of
changes in truck size and weight regulations in the EU’s Logistics Action Plan (European
Commission, 2007), a proposal for a Directive amending the 96/53 Directive in order to
increase the maximum legal size and weight of trucks making international journeys across the
continent, was published in April 2013 (European Commission, 2013b).

COST-BENEFIT ANALYSISOF LHVs

A number of academic studies and research reports discuss the potential positive and negative
impacts of increasing the maximum weight and size of trucks. Key stakeholders in the LHV
debate often represent radically polarised views on the matter, making the issue one of the most
controversial and politically sensitive debates in the history of logistics and supply chain
research. According to European Transport Safety Council (ETSC), some 212 organisations
from 24 countries oppose LHVs, usually on environmental grounds (ETSC, 2011). This section
presents a summary of key arguments related to the LHVs impact on the environment, freight
modal split, infrastructure, and transport safety.

Based on the UK example, McKinnon (2005) demonstrates, even within the same size limit,
"increasing the legal maximum weight of trucks enables companies to consolidate loads and
thus reduce the amount of vehicle movement required to distribute a given quantity of freight"
(p.77). This can result in significant fuel savings and reduced environmental impact of the road
freight sector. Most studies, even those generally opposing LHVs (e.g. FraunhoferllSI et a
2009), do not dispute their positive impacts on the environmental performance of road freight
transport. For instance, Tunnel and Brewster (2005) investigate the energy and tailpipe
emission impacts from operating trucks at weights equal or greater than exiting liedesral

in the US and prove the environmental benefits of so doing (savings of 4-27% in fuel
consumption and emission per ton-mile, depending on the configuration tested). Ortega et al.



(2014) estimated that if LHVs were to be introduced in Spain, even in the least favourable
scenario of changes to vehicle demand and costse@{@sions would still be reduced by 2
million tonnes over 15 years. The Dutch LHV trial showed substantial reductions in fuel
consumptions, GHG emissions and air pollution in practice (Aarts and Feddes, 2010).

The payload of LHVs seems to be the key factor determining their environmental performance.
According to Leduc (2009), "it can be estimated that the payload of LHVs should be roughly
above 65-70% of its maximum carrying capacity to be more energy efficient thanlaadéd
conventional HGV" (p.17). Many countries do not collect data on average utilization of vehicle
capacity (Piecyk and McKinnon, 2010b). Therefore the analysis of the impact of LHVS is
inherently difficult. According to the European Environment Agency (EEA) (2010), heavy
vehicle load factors vary enormously amongst countries, with just over 30% in Portugal to as
much as over 80% in Spain. The optimum cargo density to achieve complete utilization of a
vehicle in terms of mass and volume for a 25.25m/60t GVW LHV is 0*3@taeser and
Ritzinger, 2012). Based on cargo densities presented by Glaeser (2010), empty beer bottles in
boxes have just the density of 0.3t/im Finland LHVs have a share of 73% in the road freight
market (measured in tonne-mm), and are predominantly used to move food and agricultural
products, textiles, coke and refined petroleum products. In the Netherlands LHVs were taken
up mainly by companies operating in retail, floriculture, and container transport sectors (Steer
et al.,, 2013). This suggests that LHVs tend to prove popular in sectors characterized by
relatively low density products, which may be reflected in lower weight-based utilization rates.
The average load carried by LHVs in the Netherlands is over 19t (Ministry of Infrastructure
and the Environment, 2011a). This is much higher than the average for the Dutch road freight
transport of around 9t, reported by Eurostat (Piecyk and McKinnon, 2010b). This may suggest
that LHVs have been taken up mainly by companies that would use them most efficiently, but
based on the Dutch experience, LHVs seem to have a positive effect on vehicle utilization
(Ministry of Transport, Public Works and Water Management, 2010).

It is important to also consider the potential impact of LHVs on empty running. It may be more
difficult to find a suitable backload, or to fully utilize loading capacity of a LHV on a return
journey. However, the study carried out by the Dutch Ministry of Infrastructure and the
Environment (2011a), shows that in all sectors operating LHVs, apart from waste, back loading
took place. Even though the average recorded load on the return leg was on average 34% lower
that on the onward journey, this pattern was consistent with that of regular vehicles operated in
the Netherlands.

Some research reports, particularly those prepared or funded by pro-railway groups, argue that,
due to a transfer of freight traffic from rail to road, the introduction of LHVs will cause a
significant increase in GHG emission from the freight transport sector as a whole. Fraunhofer
ISI et al. (2009) based on a review of German and UK studies conclude that the highest affected
freight market would be container shipments, "where losses of rail demand up to 50% are
predicted”, but they admit that, "this, however, depends highly on assumptions of operational
and service related responses of the carriers due to declining demand"” (p.105) and, in the long
term, efficiency gains in the road sector might compensate for the additiopan€sions

due to modal shift. In the UK, Knight et al. (2008) predicted a fall of 8-18% in rail tonne-km as

a result of possible introduction of LHVs. Meers et al. (2014) estimated that, as a result of the
introduction of LHVs in Flanders, the number of municipalities served by cheaper by
intermodal barge transport would reduce by 15% for a 5% price decrease of road transport, by
63% for a 15% price decrease, and by 91% for a 25% price decrease. However, Finland where
LHVs up to 7&VW are permitted, has one of the largest rail shares in Europe. In Sweden,



where LHVs carry 90% of road tonié@n, no modal shift to rail would happen, even if LHVs
were to be removed, due to the lack of spare capacity for extra rail freight (Steer et al., 2013)
In the Netherlands, the Ministry of Infrastructure and the Environment (2011b) conducted a
monitoring study of the potential modal shift to road as a result of permitting LHV adoption.
The study concluded that, despite reduced road freight transport costs, no modal shift to road
had occurred, and it is not expected to occur in the future. This was explained by the
unsuitability of LHVs for transporting bulk goods, necessary investment not possible to justify
for use on short distances, and limited possibilities to create combinations of 40ft and 20ft
containers (20ft containers make up only 20% of containers, and are often heavily loaded). This
suggests that the nature of freight flows in a country, and the level of existing mode capacity
utilisation greatly affects the potential for changes to the modal spilit.

There are also some studies that suggest that LHVs can supplement, rather than compete with,
other freight transport modes. Bergqvist and Behrends (2011) assess the possibility of
incorporating LHVs into pre- and post-haulage in road-rail intermodal transport in Sweden, by
flexing the regulatory framework to permit vehicles using two long modules (13.6m), i.e.
capable of carrying two 40-foot ISO containers. They estimate that this setup would "have the
potential to decrease the total cost for intermodal transport services for a typical large-scale
shipper by about 5-10% when the haulage accounts for about 20% of the total cost of the
transport chain", and conclude that "this change might not seem that impressive, but this can be
enough to achieve a substantial modal shift as the break-even point is moved and intermodal
road-rail transport becomes competitive and attractive in new market segments” (p.600).

It is generally expected that modular combinations would cause less pavement damage than the
existing trucks. This is because even though overall vehicle weight increases, it is spread across
a higher number of axles. However, there is an agreement in most studies that additional
investment will be required to adapt bridges, roundabouts, road crossings and intersections,
parking and service stations to accommodate LHVs (Christidis and Leduc, 2009).

Regarding the impact on safety, Klingender et al. (2009) estimate savings in accident costs of
up to 1,491 million €, if LHVS were introduced on European roads. Despite that, ETSC (2011)
expresses "serious concerns” about the impacts of LHVs on road transport safety. They call for
a comprehensive list of road safety aspects to be assessed and addressed before LHVs are
allowed to circulate across national borders in Europe. Examples include strength of roadside
and lane separation barriers, fire safety in tunnels, probability of secondary crashes if a LHV is
involved in a road traffic accident, clearing time required at crossroads and railway level
crossings, visibility restrictions LHVs create for other road users or the impact of carriage of
liquid goods on the dynamic stability of LHVs. The European Federation for Transport and the
Environment (2007) states that the introduction of LHVs "is not acceptable under current
haulage market conditions" and "any change of the rules must be accompanied by stricter and
more frequent enforcement to ensure that LHVs do not use inappropriate roads, are not
overloaded, loads are correctly secured, and road haulage regulations are strictly adhered to"

(p-2).

McKinnon (2011) maps the inter-dependencies between the above-mentioned issues and
develops a comprehensive analytical framework to clarify the relationships in the cost-benefit
analysis of LHVs (Figure 1). On the positive side, consolidation of loads in LHVs results in
reduced operating costs and lower traffic levels. Fewer vehicles on the roads translate into
reduced congestion, lower fuel consumption and associated GHG emissions and air pollution.
A reduction in the other external impacts is also likely. For example, as the number of accidents



is strongly correlated with the distance travelled, fewer accidents are expected. Nevertheless,
although the overall number of accidents is likely to fall, the severity of accidents may increase
due to the greater size and weight of LHVs.

Lower vehicle operating costs will certainly provide an added benefit to carriers and /or
shippers. Reduction in freight costs may, however, lead to a change in logistical cost trade-offs.
As a result, more transport-intensive sourcing and distribution strategies may be prioritised and
the demand of road freight transport could increase. Also, if road freight transport sector gains
a cost advantage, opportunities to shift freight traffic to less carbon intensive modes could be
lost. Adopting LHVs could generate a need for additional investment and expenditure on road
infrastructure. This spend would need to be covered by extra sources of income, possibly from
new taxation imposed on road users (McKinnon, 2011).

Lower vehicle e > Modal shift
operating costs = : toroad
: Additional investment V' !
! inroad infrastructure = Increase in :
- e H V
B ussssasssesssessssannnes € . 1 freightdemand : - )
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Vehicle safety < """ —1 Traffic levels emission levels
(accident costs per  : (vehicle kms)
vehicle-km :
)> Accident costs (€
> Traffic congestion
Key sources of benefit M > Fuel consumption > GHG emissions
....................... . _ and air pollution
 Offsetting factors & negative effects —
rrssssmsssassnnnnnnat > Other externalities

Figurel - Inter-relationships in the cost-benefit analysis of LHVs
Source: Adapted from McKinnon (2011)

METHOD

This study sought to better understand the specific ramifications from the adoption of LHVs in
practice, by focusing on feedback derived from the trials undertaken in Germany over recent
years. The main goal was to identify real issues, challenges and dilemmas German tuad freig
operators face with regatd the possible adoption of LHVs in the country. The research was
undertaken in two phases. Firstly, six case studies were conducted to gather in-depth insight
into the results of the German LHVs trial. Interviews with management staff at the case study
companies and data gathered from internal reports were used as the two main information
sources at this stage. Semi-structured interviews are particularly suitable for exploratory
research, thus this approach was selected to gather insights regarding the adoption of LHVs in
Germany (Cooper & Schindler, 2008). The case study companies can be considered exemplar
case studies, since they took part in the field trials run in Germany. Table 1 summarises their
participation in the trails of the case study companies. The type of vehicles used in the field
trials were 6.5 longer than the conventional vehicles. The questions used in the interviews (see
Appendix 1)were developed based on a comprehensive literature review. The aim was to
examine the views and experiences of the companies participating in the trials. The interview
guestionnaire comprised of questions related to background information and two main sections
on LHVs.



Table 1 - Detailsof thefield trialsrun bethe case study companies

Company Interviewee’ Trial period Route TripsKm/Tonnes Commodity
position
A Marketing 2007- 2008 Nettetal to| N/A Various
Manager Porta-
Westfalica
B Assistant to thg 2006- 2007 Meppen to| 280/110,000/3,400 | Various
Board Duisburg
C Head of Fleet 2006- 2008 Duisburg to| 344/271,000 Intermodal
Management Nurnberg transport
containers
D General 2006- 2007 Osnabruck | 257/65,040/5,076 Various
Manager to Lehrte
E Operations 2006- 2007 Wolfburg to | 186/120,900/3,833 | Automobile
Director Emden parts
F General 2008- 2010 Parchim to| 652/127,140 Various
Manager Gallin

Following the series of semi-structured interviews, an online questionnaire-based survey was
developed. The questionnaire was piloted by asking the six companies participating in the first
stage of the research to fill in the questionnaire and provide feedback on its overall
appropriateness and the clarity of questions (see Appendix 2). The responses collected during
the pilot study were not included in the analysis of the survey data, since the purpose of this
stage of the project was to verify and generalise the findings from the case studie® Table
presents response rates obtained throughout the survey. 220 companies listed in the
Bundesvereinigung Logistik (BVL) Association (2013) were contacted via e-mail, including a
cover letter and an attached word document with the questionnaire. Subsequently, 350
additional companies from the website www.speditionverzeichnis.de were contacted by e-mail.
Finally, a sample of 32 companies from the VVWL (Association of Transport and Logistics,
North Rhine, Westphaliayww.vvwl.de) were contacted via telephone.

Table 2 - Responserate obtained throughout the survey

Stage Distribution Sample | Number of responses Responserate (%)
1 E-mail 220 4 1.82
2 E-mail 350 18 5.14
3 Telephone 32 16 53.33
Overall 700 38 5.42

Table 3 shows the compaosition of the respondents in terms of the logistics services offered and
the ports used by the survey participants.

Table 3 - Number of surveyed companiesin terms of logistics services offered and ports
used

Logistics | Road freight transport 3g | Warehousing 20
services Value-adding| 8
offered | Other freight transport modes 10 services

Ports | Antewerp 25 Rotterdam| 19
used | Hamburg 25 Bremen| 19

The sample included a wide variety of logistics service providers, with a significant number of
companies offering services beyond solely road haulage. Most companies offered also
warehousing, value-adding services, or the use of alternative transport modes.


http://www.vvwl.de/

Table 4 presents number of responses in all three stages of the survey by the size of a company.
The vast majority (36 out of 38) of the responding companies had between 1 and 499
employees. The number of respondents in this group was evenly distributed within three ranges
i.e. 1to 49, 56- 149 and 156 499 employees respectively. Only two respondents represented
companies with more than 500 employees. Although this can be considered a drawback in the
research process, the fact that most of respondents were from companies with less than 500
employees is na significant research limitation, since the logistics market is dominated by
small and medium-sized enterprises (SMEs) (Bundesamt fur Guterverkehr, 2010). - In order to
provide hsight into the scale of respondents’ operations, the questionnaire included a question

on the weekly volume handled. Only 11 respondents disclosed their throughput (all indicated
values between 10-499 TEUs per week). The remaining 27 companies stated that information
about their weekly volumes is commercially sensitive and cannot be disclosed.

Table 4 — Number of responsesin stages 1 and 2 and stage 3 by company size

Company size Stages1and 2 Stage 3 Total
(No of employees)
1-49 7 8 15
50 - 149 7 3 10
150 - 499 4 7 11
M or e than 500 1 1 2

Due to a relatively low response rate, the sample was tested for non-response bias. The
independent samples t-test carried out to compare the mean scores of the early and late
respondents showed no statistically significant differences in 14 out of 15 clusters evaluated in

the survey. This confiredthe absence of non-response bias.

FINDINGS FROM THE STUDY

Findings from the two stages ofighresearch project indicated that companies previously
participating in the trials are supportive of a potential adoption of LHVs. Table 5 summarises
the likely effects of the potential adoption of LHVs. Also, Appendices 3 and 4 include more
detailed summaries of the data gathered during the case studies and survey. The positive effects
of LHVs, derived from the framework adopted from McKinnon (2011), were validated at both
stages of this research. The vast majority of survey respondefit$ §g8ed that LHVsan

provide significant increases in network efficien29% of respondents believed that LHVs

may generate network inefficiency, due to potential underutilisation of their higher loading
capacity.

This mirrors the view already expressed in the literature that LHV utilisation is a key factor
determining efficiency improvements associated with their use. 7% of the survey participants
expressed the view that LHVs were only useful to transport containers to and from ports or
railheads. Significant reductions in fuel consumption and €@@issions from transport fleets

were experienced by 70% of survey respondents. The case study companies also recorded an
overall reduction in fuel consumption by about 30%. Company A could not provide exact
values, but indicated significant benefits from an increase in loading capacity even when the
experienced fuel penalty (2 litres/100kms) was taken into account.



Table5 - Effects of a potential adoption of LHVsin Ger many

Interview responses Survey responses
Impact on All the participating companies sav] 73% - More efficient, but only with
network significant increases in network fixed contracts
efficiency efficiency. 20% - Potential underutilised vehicle
Impact on fuel Companies B, C, E and F believed| 70% - Significant decreases of overa
consumption that during the trials their operation] fuel consumption and G@missions
and CO2 achieved a reduction in fuel
emissions consumption of about 30%.
Reduced costs Companies A, C and B33% A high proportion of respondents
reduction in driver costs and fuel | expected significant reduction in the
Positive consumption following cost elements:
Effects e Fuelllubricants 89%

e Driver-71%

e Maintenance - 50%

e Vehicle insurance 48%
o Tyres -38%

Impact on Company E and F 33% reduction | 50% - Decreases in traffic volumes
traffic volumes in the overall freight transport cost| 25% - No impact on traffic volumes
25% - Increases in queues in ports,
multimodal terminals and distribution

centres
Impact on noise | Companies B, E and F estimated g 93% - Insignificant increases in noise
levels 33% decrease in traffic volumes of
commercial vehicles.
Impact on Companies A and D perceived the| 58% - No risks of an increase in the
accident levels increases in noise levels to be number of accidents as long as
insignificant. vehicles are equipped with safety
assistance systems and drivers are
trained
5% - More serious accidents
Impact on road | Companies B, C and E did not 93% - No impact on the road
infrastructure measure the noise levels during th{ infrastructure, since maximum weigh
trial. is kept at 44 Tonnes.
Negative | Increasesinthe | All participating companies did not| 55% - Higher increases in growth of
Effects growth of the have major accidents reported the road freight transport market thar
road freight during the trials. expected
transport
mar ket and
decreasesin the
rail sector

In addition, company F reported 33% reduction in fuel consumptiogc@nemissions, mainly

as a result of being able to use two LHVs instead of three conventional vehicles. This
demonstrates that in order to fully exploit the benefits of LHVs, operators need to consider
whether the timing and volumes of their transport flows would allow consolidation of loads in
bigger trucks. Companies B, C and E experienced similar fuel savings between 16,900 and
18,600 litres within the trial period, which led to perceived savings of between 31 and 37%.
Company D experienced a 30% reduction in@@d 20% in particulate emissions. As a result

of taking part in the trial, companies B and C saved 79,000 and 115,000 km respectively.

All case study companies experienced cost reductions resulting from LHV trials. Companies E
and F reported an overall reduction in road freight transport operating costs of 33%. Company
F stated that the 33% reduction came from lower investment and maintenance costs, reduced
labour costs and fuel consumption, as well as less expenditure on road charges. Companies A



C and D were able to save 33% in fuel and driver costs. This was a result of fewer journeys
needed to move a given amount of freight. Company C also pointed out that even though fixed
and some variable costs were higher per LHV, the reduction in the number of trucks required
makes the investment economical. The survey respondents also recorded significant reductions
in all elements of road freight transport operating costs. For example, 89% of respondents
indicated that LHVs generated significant lubricant/fuel cost reductions and 71% experienced
reductions in their drivers’ labour costs. Only a few participants (6%) reported no change, or a
slight increase in the total operating cost. However, there were some respondents who
anticipated a significant increase in costs of tyres (32%) and vehicle maintenance (21%).

The positive effects of LHVs envisaged by the participants were not only related to direct
economic benefits to road freight transport operators. Interviewees from companies B, E and
F estimated that during the trial they experienced a 33% reduction in commercial vehicle traffic.
Companies A, E, and F agreed that road traffic is likely to decrease, since the sameodmount
goods could be transported with two vehicles instead of three. In the survey, 50% of respondents
thought that the adoption of LHVs would reduce traffic volumes on German roads. Some
participants, however, stated that the overall impact on traffic is uncertain due to the larger size
of LHVs and the space they require to safely operate on roads and around terminals. The
negative effect found in the survey was that 25% of survey respondents experienced increases
in queues at ports, multimodal terminals and distribution centres during the trials.

Questions about the risks or negative effects proposed in the McKinnon (2011) framework were
also included in the interviews and the survey. The findings indicate that the main risk of LHV
introduction is related to their potential negative effect on modal split. 55% of the survey
respondents expeaxthigher than currently expected growth of the road freight transport market
as a result of the adoption of LHVs. However, 77% of the responddnistdoresea shift of

the existing freight traffic from rail to road. The interviewee from company C expressed
similar opinion. Company A suggested that rail had already reached the limit of its capacity
utilisation in Germany. Company B and F added that rail cannot compete in the-door-

freight transport market. Also, company B stated that many regions in Germany have no railway
terminals within a radius of 100 kilometres. Therefore, LHVs might have a positive effect on
the German rail freight sector, by improving the efficiency of hinterland movements to support
the growth of intermodal transport.

The other risks proposed by McKinnon (2011) were increases in noise and accident levels and
damage to road infrastructure. Although logistics providesseptions of noise and accident

levels generated by an increase in vehicle size is likely to have a degreetbiesasisks were
rejected by the survey respondents and interviewees. In the survey, 93% of respondents
perceived the increases in noise levels to be insignificant. The vast majority of case study
companies did not report any significant changes to noise and vibration levels. Furthermore,
58% of survey respondents stated that LHVs should not have a negative impact on the
frequency and severity of accidents as long as vehicles are equipped with safety assistance
systems and drivers are trained. Only 5% of the survey resporbdenght that a number of
serious accidents could increase as a result of LHVs implementation. None of the six case study
companies recortl any major accidents during the trials. Company F added that the number
of accidents could decrease since fewer vehicles will be on the road. Company B expressed the
view that other road users does not seem to be affected or to react to the presence of LHVs, and
there were no problems with shunting, overtaking on reversing. Company C suggested that
LHVs canbe integrated into the existing traffic without any major issues, since there are only
marginal differences in operation between LHVs and conventional trucks. 93% of the survey



respondents stated that thegt dot think that LHVs used during the trial run in Germany had
a negative impact on the road infrastructure, since the maximum gross vehicle weight was
limited to 44 tonnes.

In terms of the timescale for the LHVs implementation, 54% of the survey respondents thought
their companies could adopt LHVs in the short- or medium-term. Of the participants, 46%
perceived that longer-term, strategic changes are required to ensure a successful transition of
their business to LHVs. All six case study companies stated that they could implement LHVs
in the short-term, because of only marginal investment required to do so. A summary of the
findings regarding the actions/measures required for successful future implementations of
LHVs is provided in Table 6.

Table 6 - Future actions and measures required

Action/M easure Survey responses I nterview responses
Timescale of the 54% - Short-termor medium-term | All companies said that can implement LHV
implementation 46% - Long-term in ashort-term time horizon due to a margin
investment cost required.
Measureson 50% - Lorry ban®n pre-defined Companies A, D and E said that LHVs coul
traffic safety routes be operated only at night.
20% - General baren specific Companies A, B and D gave additional
roads training to their drivers.
15% - Speed limits for LHVs Company E said that LHVs should have a
15% -Lorry bansat pre-defined ‘Longer vehicle’ sign atthe back.
times Companies B, C and F recommended
additional technical equipment to enhance
vehicle safety, e.g. mirrors, distance regulat
and lane assistance.

The research participants identified a number of measures that could help to address the safety
concerns associated with LHV operations. Companies A, D and E suggested that the use of
LHVs could be limited to night time. Companies A and B indicated that LHVs should be routed
through main motorways and the distance driven on other roads should be minimised.
Companies C and D advocated extra training for LHV drivers, and possibly even an
introduction of a special category of HGV driving licenses. Company E insisted on warning
signs at the back of trailers. These suggestions were mirrored by the survey results. 70% of
respondents stated that there should be lorry bans on specific routes or certain road categories.
Some patrticipants thought LHVs should be banned from operating at certain times, e.g. morning
or evening peaks, and lower speed limits could be put in place (15% of respondents supporting
each option).

DISCUSSION OF THE FINDINGS

Figure 2 maps empirical findings from this research onto the conceptual framework. The
research has reviewed an extensive range of trials in one country, Germany, and demonstrated
the feasibility of the adoption of LHVs. According to the findings, the vast majority of the
research participants are interested in the adoption of LHVs regardless of the size of their
companies. The findings show that two thirds of the participating companies and six of 16
German Federal States want to take part in a further field trial. The participating companies
stated that the additional fleet capacity required due to the rapid growth of the German freight
transport market is one of the main opportunities. The research also identifies significant
decreases in fuel consumption, as well as in @dissions. The companies which measured
their fuel consumption within the field trials reported significant savings in fuel and reductions



in CO» emissions. According to the participating companies, risks such as noise or vibrations,
induced by an increase in vehicle size, do not handicap the adoption of LHVs. Nevertheless, an
increase of noise or vibrations is mentioned in the literature and can thus be considered to have
a theoretical impact on the environment which may need to be reviewed further.

Increased
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Figure 2 — Empirical findings

Regarding future actions and measures required, the participating companies, in line with the
findings of the need of small investments stated in the literature review, confirm that a
reconfiguration of their truck fleet will be a short-term action executed at operational level.
However, for a successful implementation of LHVs, the transport and logistic sector has to
persuade those organisations opposing LHVs. The participants did not foresee increases in risks
to other vehicles, nor for roads or bridges, but the only way to ensure a wide acceptance of
LHVs is to improve the level of safety in the operation of LHVs. To ensure improvements in
safety, or at least an improvement in the perceived safety of LltH¥ participating companies

stated that a range of measures can be applied such as restrictions for pre-defined sections of
roads, specific speed limits for LHVs, driver training and the adoption of vehicle safety
equipment.

The findings gathered from the case studies and survey provided sufficient evidence to argue
that the German logistics sector providers are prepared for the adoption of LHVs. The vast
majority of the participating companies see tangible economic, environmental and social
benefits in the potential adoption of LHVs. Nevertheless, it is important to reflect on other wider
issues which could imgaupon the potential success of an LHV implementation. This section
aims to discuss these issues.

One of the main issues that are discussegkveral authors is that an increase in the dimension

of vehicles potentially conflicts with the need to more frequent and less than full shipments.
For example, McKinnon (2010) stated that the replenishment of supplies in smaller quantities
within shorter lead times, just-time has tended to depress vehicle load factBffcient



utilization of transport capacity can be sacrificed to achieve lower inventory and more flexible
production. Neverthelesspodern supply chain systems, which today’s logistics operations

support, have developed and matured so that through practices such as freight consolidation as
well as the concentration of production onto fewer sites to reap economies of scale, which tend
to characterise modern supply chain systems, the demand for LHVs is becoming more and more
apparent, thus challenging McKinnon’s (2010) perspective. In particular, the adoption of
vertical and horizontal forms of collaboration in logistics among logistics providing
competitors, and/or between custosmippliers of products that use logistics services can be

an important enabler of better vehicle utilization and economies of scale in transportation
(Mason et al. 200 Matson & Matson, 2007), thus further justifying the call for LHV.

The UK grocery sector provides a good illustration of this trend which is seen across Europe in
many sectors today. In recent years, UK grocery retailers - which represent aboaftth&%

GDP of the country (Rhodes, 2013) - have made tangible actions to increase the capacity
utilization of their vehicles. Collaboration between actors across the sector is becoming
increasingly evident and whilst such strategies, which invariably can lead to enhanced freight
consolidation, can be coped with through tactics such as the greater use of double-decker
vehicles or the utilization of more freight trains, there is an increasing desire to use LHVs in
the range of solutions available to save costs and reduce emissions.

The other significant issue that has been highlighted in this research surrounds the question of
how much of an impact a greater use of LHVs would have on other transport modes, notably
the use of rail. This is a complex issue, but clearly there is some evidence from this research
that there is a view that legislation to support LHVs would lead to an upsurge in investment in
the road freight movement sector, possibly at the expense of rail. The possible negative impact
of the use of rail is an argument put forward by rail lobbyists. As a legislative body, the EU has
to decide ultimately what decision best suits its objectives of supporting the movement of goods
safely, quickly and cost-efficiently, whilst managing and controlling externalities arising from
this movement, such as the rate of emissions (European Commission, 2013a). It has been argued
in this paper that modern supply chain systems have developed in many sectors in Europe that
now depend on the use of road freight movement. For instance, Logistics Parks linked to main
arterial road networks such as motorways or autobahns are now an established characteristic of
today’s logistics scene and although an on-going strategy to deflect some freight movement to

rail should be on-going, there should also be an acceptance that road is invariably the preferred
means of freight movement. Therefore, as much should be done as possible to support road
freight transport’s efficient and environmentally friendly use through policy and legislative
decisions.

This research has looked predominantly at a geographical segment. In order for LHVs to be
implemented ah Pan-European level, the existent legal restrictions around the increases in the
dimension of road freight vehicles will have to be relaxed. Currently, there are considerable
differences among EU countries in terms of the maximum vehicle length allowed. For the
adoption of LHVs to be successful, there is a need for moredaip freight transport policy

at Pan-European level, which is an area where focus is now being attended to bnetiid=¢cir
Directive (Kallas, 2013).

CONCLUSIONS

In recent years the LHV issue generated a large amount of research, much of it published in
consultancy reports rather than journal papers. However, most publications focus on estimating
the likely effects LHVs could have on a transport system, typically by modelling data published



in national and European statistics. There are very few original empirical studies on this topic,
and as such this study provides a vital contribution to the existing body of knowledge. The
paper contributes substantially to the academic literature by developing empirical evidence
which could be used as a building block for future research. The main contribution of this paper
is to refine and validate McKinn&(2011) conceptual framework of inter-relationships & th
cost-benefit analysis of LHVs. Our study demonstrates that the framework is a valuable tool to
frame the analysis of the impact of LHVs on a national transport system. This paper contributes
a robust analysis approach that can be replicated for future studies on the benefits, risks,
enablers and barriers associated with LHV use in different countries and/or at pan-European
level.

From a practical perspective, the paper has explained why the debate arourttbt H¥some
particularly topical. New trends on freight consolidation in supply chains and the greater use of
focussed factories to serve wide areas of Europe are leading to LHVs being increasingly
demanded by pré#tioners. It can therefore be argued that to support desaedfficiency
advancements, so that road freight transport can better serve and support supply chain
management practice in modern supply chains, legislation is required to develop pan-European
standards with regard to the use of LHVs.

There are several limitations to this research that need to be acknowledged. First of all, the
study focused on the perspective of logistics service providers who participated in the German
trials, which implies they have a keen interest in using LHVs. This may result in biased
responses where participants exaggerate positive outcomes, and play down any negative effects
resulting from the trials. This needs to be taken into account when interpreting the results. A
survey of a larger sample of companies participating in the most recent trial would be a valuable
follow up to our work, and could result in a more diverse spectrum of experiences being
presented. In addition, it is acknowledged that not all stakeholders were surveyed in this
research. The study was focussed solely on participants in the trial with a follow-up survey of
providers. Whilst we argue this has provided a valuable insight there is clearly a need for a
wider study of all stakeholders before fully informed judgements can be proposed. It should
also be noted that some commentse also purely opinion-based, e.g. impact of LHVs on
traffic noise, road wear and tear, or statements that other road users do not even notice LHVs,
as the respondents have no means to measure these. Objective evaluation of such impacts
requires a different approach, which was beyond the scope of this study.

In the logistics literature, few empirical studies have been conducted to evaluate LHVs as a
solution for achievingO; reduction in freight transport. This paper is thus fairly novel. The
study can inform future research studies that aim to explore and evaluate the feasibility of the
adoption of LHVs in different European and non-European countries. For instance, the paper
could be the starting point of five avenues of further research:
e A comparative study run to include more European and other non-European countries
to generalise the findings;
e Research to explore the feasibility of the integration of 45-, 48- and 53-foot containers
within logistics networks which have adopted LHVs;
e An exploratory project run to determine whether or not the adoption of LHVs could
enable further vehicle aerodynamics improvements;
e More research to investigate how LHVs fit into international multimodal networks; and;
e A wider study to take into account views from all stakeholders involved with the LHV
debate.



The European Union sets the requirements for LHVs in the directive 96/53/EG. Thereafter
contingencies are regulated to adopt these vehicles in the domestic traffic of the member states
so that a very disparate legal framework has developed for LHVs across Europe. From logistics
providers perspectives what is needed now is a more uniformly accepted pan-European
approach which would allow for clear consistent standards to be adopted across the European
region for LHV use.

REFERENCES

Aarts,L., Feddes, G. 2010. Experience with Longer and Heavier Vehicles in the NetbeRaaskntation to the
10" International Symposium on Heavy Vehicle Transport Technology, Paris.

Abbasi, M., Nilsson, F. 2012. Themes and Challenges in MakinghB@tiains Environmentally Sustainable.
Supply Chain Management: an International Journal, 17(5), p{»3Q7

Bergqvist,R., Behrends, S. 2011., Assessing the Effects of Longer VehicleCade of Pre- and Post-haulage
in Intermodal Transport Chains. Transport Reviews, 31(5), pggb21

Bundesamt fur Giterverkehr 2010. Struktur der Unternehmen des gewamntiBiciterkraftverkehrs und des
Werkverkehrs. KdIn: BAG.

BVL - Bundesvereinigung Logistik 2013. BVL - Bundesvereiniglogistik. [Online] Available at:
http://www.bvl.de/Presse/Aktuelle-Meldungen/T &k

Christidis, P., Leduc, G. 2009ntroducing Mega-Trucks: A Review for Policy Makefsstitute for Prospective
Technological Studies, Seville.

Cooper, D.R., Schindler, P.S., 2008. Business Research Metltigdl UK: McGraw-Hill Companies, Inc.

Department for Transport 2012. Trialling longer HGV semi-trailer
(https://www.gov.uk/government/policies/providing-effective-requlatiifireight-transport/supporiir-
pages/trialling-longer-hgv-semi-trailgrs

European Commission 200°Freight Transport Logistics Action PlaBrussels

European Commission 200&ffects of Adapting the Rules on Weights and Dimensions of Heavy Commercial
Vehicles as Established with Directive 96/53/EC’ Report for the European Commission, Brussels.

European Commission 2013a. Freight Transport Statistics
(http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Freight_transportsktadistiessed on 23
November 2013

European Commission 2013b. Proposal for a DIRECTIVE OF THRGPEAN PARLIAMENT AND OF THE
COUNCIL amending Directive 96/53/EC of 25 July 1996 laying dowrtéstain road vehicles circulating within
the Community the maximum authorised dimensions in national aachational traffic and the maximum
authorised weights in international traffic, Brussels.

European Environment Agency (EEA) 2010. Load Factors for Rr&igimsport
(http://www.eea.europa.eu/data-and-maps/indicators/load-factors-for-freighipdrirmccessed on 22nd June
2015

European Federation for Transport and Environment (T&E) 20@ngeér and Heavier Lorries (LHLs) and the
Environment. Position Paper, Brussels.

European Shippers Council 200MRoad Transport Reduction through the European Modular System: the
Challenges for European Transport Markets” Brussels.

European Transport Safety Council (ETSC) 20ETSC position on Longer and Heavier Goods Vehicles on the
roads of the European Union, Brussels.

Eurostat 2013. Modal Split of Freight Transport - % of inland freight tonne-km
http://epp.eurostat.ec.europa.eu/tgm/refreshTableAction.do;jsessionid=9ea7d07&RGHATH2247c5b0628¢
c85d5fla67.e340aN8Pc3mMc40Lc3aMaNyTb3iSe0?tab=table&plugin=1&pcode=tsdiaP20&ge=en
accessed on*IDecember 2013



https://www.gov.uk/government/policies/providing-effective-regulation-of-freight-transport/supporting-pages/trialling-longer-hgv-semi-trailers
https://www.gov.uk/government/policies/providing-effective-regulation-of-freight-transport/supporting-pages/trialling-longer-hgv-semi-trailers
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Freight_transport_statistics
http://www.eea.europa.eu/data-and-maps/indicators/load-factors-for-freight-transport
http://epp.eurostat.ec.europa.eu/tgm/refreshTableAction.do;jsessionid=9ea7d07e30dbd71fe6b9752247c5b0628cc85d5f1a67.e34OaN8Pc3mMc40Lc3aMaNyTb3iSe0?tab=table&plugin=1&pcode=tsdtr220&language=en
http://epp.eurostat.ec.europa.eu/tgm/refreshTableAction.do;jsessionid=9ea7d07e30dbd71fe6b9752247c5b0628cc85d5f1a67.e34OaN8Pc3mMc40Lc3aMaNyTb3iSe0?tab=table&plugin=1&pcode=tsdtr220&language=en

Fraunhofer ISI, TRT and NESTEAR 2009., Long-term climate impadiseohtroduction of mega-trucks. Study
for the Community of European Railway and Infrastructure gamies (CER), Karlsruhe.

Glaeser K-P201Q Performance of articulated vehicles and road trains regarding road damegigad capacity,
Federal highway research institute (BASt), Germany.

Glaeser, K-R.Ritzinger, A. 2012. Comparison of the preformance of heaviche=h Results of the OECD
study: 'Moving Freight with Better Trucks'. Procedia - Social and BehaviSuiahces, 48, 10620.

Gligor, D. M., Holcomb, M. C. 2012. Understanding the Role of Logistiapabilities in Achieving Supply
Chain Agility: a Systematic Literature Review. Supply Chain Managemeihttemmational Journal 17 (4), pp.
438453.

Kallas, S. 2013Making the Best and Fairest use of Europe’s Roads. European Commission SPEECH/13/710 —
IRU-EU Road Transport Conference, 16/09/2013, Vilnius, Lithuania.

Klingender M., Ramakers R., Henning K. 2008depth safety impact study on longer and/or heavier commercial
vehicles in Europe, " International Conference on Power Electronics and Intelligent TransportatitenmSys
(PEITS), IEEE.

Knight I., Newton W., McKinnon A., Palmer A., Barlow T., McCra®odd m, Couper G, Davies H., Daly A.,
McMahon W., Cook E., Ramdas V., Taylor N. 2008. Longer ariddnger and Heavier Goods Vehicles
(LHVs) — a Study of the Likely Effects if Permitted in the UK: Final Report, dndon.

Knight, I., Burgess, A., Maurer, H., Jacob, B., Irzik, M., Aakts Vierth, I. 2010. Assessing the likely effects of
potential changes to European heavy vehicle weights and dimensiolagioagu Transport Reserach Laboratory.

Leach D.Z., Savage C.J. 2012. Impact Assessment: High Capacity Velddegrsity of Huddersfield,
Huddersfield

Leduc G. 2009. Longer and Heavier Vehicles: An overview of technical asganot@ean Commission, Joint
Research Centre, Seville (Spain).

Mason, R., Lalwani, C., Boughton, R. 2007. "Combiningtizal and horizontal collaboration for transport
optimisation”, Supply Chain Management: An International Journal, 13{3),87-199.

Matson, J. E., Matson, J. O. 2007. Jastime Implementation amongst Suppliers in the Automotive Suppliers
in the Southern USA. Supply Chain Management: an International JoL2(@), pp.432443.

McKinnon, A.201Q Optimising the road freight transport system, In: Walters, D. (eds.aGlolgistics: New
Directions in Supply Chain Management, London: Kogan Page.

McKinnon A. 2005. The economic and environmental benefits of incigeasaximum truck weight: the British
experience, Transport Research Part D, 10, pp.77-95.

McKinnon A. 2012. Environmental sustainability: a new priority for ligés managers. In: McKinnon, A.
Browne, M. & Whiteing, A. (eds.) Green London: Kogan Page.

McKinnon, A. 2011. Improving the Sustainability of Road Freight $pamt by Relaxing Truck Size and Weight
Restrictions, In Evangelista, P., McKinnon, A., Sweeney (Eds), S@in Innovation for Competing in Highly
Dynamic Markets: Challenges and Solutions, London: Premier Reference.Source

McKinnon, A.C., Piecyk, M.I. 2009. Measurement of {FEInissions from Road Freight Transport: A Review of
UK Experience, Energy Policg7(10, pp.3733- 3742.

Meers, D., Macharis, C., van Lier, T. 2014. Introducing longereadier vehicles in Belgium: a potential
threat for the intermodal sector? Paper presented at the 13th InternationasiBymmo Heavy Vehicle
Transport Technology. Expanding Horizons, San Luis, Argentina.

Ministry of Infrastructure and the Environment. 2011a. LongerHaalier Vehicles in Practice. The Hague.

Ministry of Infrastructure and the Environment. 2011b. Monitoringd&l&hift. Longer and Heavier Vehicles.
The follow-up measurement. The Hague.



Ministry of Transport, Public Works and Water Management. 2010. LargkeHeavier Vehicles in the
Netherlands. Facts, figures and experiences in the period 1995-2010. Tlee Hagu

Nagl P. 2007. Longer Combination Vehicles (LCV) for Asia and the Pacific Re§mme Economic
Implications), UNESCAP, Bangkok.

OECD / ITF 2010 Moving Freight with Better Trucks Research Report
(http://www.internationaltransportforum.org/jtrc/infrastructure/heavyveh/Trucks&lfjraccessed on 22June
2015

Ortega, A., Vassallo, J.M., Guzman, A.F., Pérez-Martinez, P.J. 201&oAger and Heavier Vehicles (LHVs)
Beneficial for Society? A Cost Benefit Analysis to Evaluate their Potential Imptatieenin Spain. Transport
Reviews: A Transnational Transdisciplinary Journal, 34(2), 138-

Piecyk, M.I., McKinnon, A.C. 2009Analysing Global Energy Trends in Road Freight Transport. Proceeafings
the 2009 Logistics Research Network Conference, Cardiff Univetsity 9" — 11" September 2009.

Piecyk, M.l., McKinnon, A.C. 2010. Forecasting the Carbon FootmrinRoad Freight Transport in 2020,
International Journal of Production Economics, 128(1), pg3&1-

Rhodes, C. 2013. The retail industry, Economics and Policy Statistics, HousmpfdDs Library.

Rossi, S., Colicchia, C. Cozzolino, A., Christopher, M 2013. Thgdttios Service Providers in Eco-Efficiency
Innovation: an Empirical Study Supply Chain Management: an Interaatloarnal, 18(6), pp.583-603

Steer, J., Dionori, F., Casullo, L., Vollath, C., Frisoni, R., Carippo, FglRst, D. 2013. A Review of
Megatrucks. Major Issues and Case Studies, European Commission Diregtaratal for Internal Policies,
Brussels.

Tacken, J., Sanchez-Rodrigues, V., Mason R. 2G{k. emission reduction initiatives applied within the
German logistics sector, International Symposium on Logistics, Berlin, UK - 1Bt July 2011.

Tunnell M.A., Brewster R.M2005 Energy and emissions impacts of operating higher-productivitiges,
Transportation Research Record: Journal of the Transportation ResearchlBdayghp.107:14.

Umwelt Bundesamt, 2007. Langer und schwerer auf Deutschlands Stral3en: RiesgemiLkw zu einer
nachhaltigen Mobilitat bei? Dessau: Umwelt Bundesamt.

Vierth, ., Berell, H., McDaniel, J., Haraldsson, M., Hammarstrom, U. YahyR, NLindberg, G., Carlson, A.,
Ogren, M., Bjorketun, U. 2008The Effects of Long and Heavy Trucks on the Transport System” VTI,
Stockholm.


http://www.internationaltransportforum.org/jtrc/infrastructure/heavyveh/TrucksSum.pdf

Appendix 1- Semi-structured interview questions

Interview Part 1: General questions about the company

How many people are working for your company and how manywk drivers?

What is the core business of your company? Which logistics servicegaoesompany offer to your customers

Does your company handle ISO-Containers, and if yes, at which povtanany per week, and how many are
filled up with volume goods?

During which period and with how many vehicles did your compamijgipate in the field trials?

Which goods were transported on which routes? How many tonnes-kissnagdrthe trial cover?

Interview Part 2: Positive and negative risks of LHVs

How efficient was the field trial with EMS for your company? How woydd describe the savings of transport
and logistics costs (e.g. in per cent)? Which costs could be reduced in detail?

Did you measure the reduction of fuel consumption and CO2 emisSiond? you tell me the CO2 impact you
estimated during the field trial??

To what extent could the traffic volume of vehicles be affected the implementédtisiVs? What do you think
about the capacity utilisation of the roads?

To what extent could LHVs cause risks to the safety of other roasi?udéher noise / vibration levels than
conventional vehicles? More accidents than conventional vehicles?

To what extent are there any risks regarding the infrastructure while adbpitirgy

According to published reports, the freight market is expected to iechga®2% until 2030. To what extent cou
LHVs cause changes in the modal split between rail and road?

Interview Part 3: Future actions and measures required
Which time horizon does your company need for an implementatiohlg§ lin your truck fleet?
Which actions could be implemented to mitigate the risks of LHVs relateé &afbty of other road users?

Which actions or technical improvements for LHVs are necessary for fiuesavings?



Appendix 2 — Str

uctured questionnaire (in English) used in the survey

Part 1 — Your company

1- How many employees are working in your company?

1to 49 150 to 499

50 to 149 More than 500

2- What is the core business of your company? (Multiple answers possible)

Road transport Rail

Inland waterways Air freight

Sea freight Pipeline

Warehousing Value-adding services

3- Does your company import / export and/or handle ISO-containers inyHe-day business?

Yes, continuously

Yes, infrequently

No

If your answer is ‘yes

>, at which sea ports do you dispose your containers (Multiple answers possible)

Hamburg

Rotterdam

Amsterdam

Antwerp

If your answer is ‘yes

’, how many TEUs is your company handling weekly?

1t09 150 to 499
10 to 49 More than 500
50 to 149

If your answer is ‘yes
maximum weight of

>, what is the percentage of containers handled by your company wikuesdéng the
44 Tonnes:

Part 2 — Demand of the logistics sector and requirement of the German economy

1- Participation in field trials

We have participated

We are participating

and restrictions

We have not participated
due to various reasons

2- The German freight transport market is expected to increase by 32 pey 2880bWhich transport mode
will mostly be absorbing this increase?

Road Airfreight
Rail Sea
Inland

waterways

3- Rail lobbyists suspect that modal shift will tend to relocate freight back enabedue to the use of LHVs
What is your opinion on this concern from rail lobbyists?

A shift to LHV will take place

No shift to LHV will take place




Part 3 — Energy efficiency and COz emissions

1- Iftwo LHVs replace three conventional vehicle combinations, how doeshtaatie influence CO

emissions?

Significant decreaseg Slight increase

Slight decrease

Significant increase

No change

2- How do LHVs influence the fuel consumption of your fleet?

Significant decreaseg Slight increase

Slight decrease

Significant increase

No change

3- Which additional actions are necessary to reach a further decrease of fuehgtos for new vehicles?
(Multiple answers possible)

manufacturing

Use lighter material in vehicle

Technological equipment to improve
driver behaviour / performance

aerodynamics

Improvements in vehicle

Technology of tyres to reduce the
rolling resistance

alternative fuels

Use of hybrid technology and

4- Wil LHVs lead to a significant increase in vehicle noise and vibration?

Yes
No
Don't
know

Part 4 — Costs versus benefits

1- The equipping of the truck fleet with LH¥an be implemented...

Only in the strategic level / long term

In the operational level / short ter{ ‘

Only in the tactical level / medium term

2- Do you think the use of LHVs would be efficient / economically beneficiaydor company?

Yes, but only with fixed term contracts

No, since an increase in total vehicle
capacity is not required

containers

Yes, for pre- and post-road carriages of

3- Based on a fixed sample size (2 LHVs instead of 3 conventional vehicles),asbkidtems could be
decreased through the use of LFNVs
(--: significantly decreased, -: slightly decreased, 0: No change, +: gligbtease, ++: significantly

increased)
Cost type Item
Fuel & lubricants
Running costs Tyres

Maintenance

Driver salary costs

Additional driver labour cost

Motor vehicle tax

Fixed costs

BAB-road tax disc

Vehicle insurance




Cost type Item

Overheads Overheads / Admin
Interests
Management wages

Other costs

Part 4 — Safety

1- Do you see any risks generated from the implementation of LH\tHer road users?

No, as long as vehicles are equipped with technical
safety assistance systems and drivers have continuo
training

No, on an extension of 6.5 metres

Yes

2- State necessary actions required to increase the safety conditions iartiieoomf LHVS
(Multiple answers possible)

Specified speed limits for LHVs

LHV ban for pre-defined sections of the road

LHV ban for pre-defined times of the day

General ban on LHV circulation

Reducing driving times / weekly working hours for
drivers




Appendix 3 — data gathered during the interviews

Company

A

B

C

D

E

F

Company size
(employees and
truck drivers)

85 employees; 38 truck
drivers

400 employees, 120 truck
drivers

2,300 employees, N/A
truck drivers

9,228 employees,
approximately 500 truck
drivers

14,519 employees,
approximately 400 truck
drivers

90 employees, 30 truck
drivers

Company core

National and international
groupage and warehouse

Logistics services, nationg
and international groupag

Logistics services, nationg
and international freight
forwarding

National and international
road freight, courier,
express, parcel services,
supply chain managemen

Inbound logistics,
transportation, module
assemblies, value added

National groupage and
national and international

business logistics and mtt_armodal trgnsports and specialist in textiles airfreight, sea freight, _ services / packaging freight transport
(sea, air, road, rail) logistics customs brokerage, direct logistics
9 load, rail solutions and IT | and IT Solutions
solutions

Type of freight : . ) .
transport Fre|ght fqrwardlng Door to door services. Fr elght forwardlpg and Door+o-door services. Door+o-door services. Door-+o-door services.
ervices services in Germany and distribution services.

Benelux.
Type of freight
transport
g(e;rn\{[;isef Freight forwarding Door to door services. g{gﬁg&;g;wgﬂl,?cge:nd Door+o-door services. All

. services in Germany and | Rotterdam, Amsterdam, : ports in Central Europe. | Outsourced to partner Outsourced to partner

handling . Bremen, Hamburg and
. . Benelux. Hamburg, Antwerp. 350 containers ; More than 1000 company company
information ports in Benelux. 400 .
(portsand Rotterdar_n and Antwerp. | per week. 500 containers per week Containers per week.

20 Containers per week.
number of
containers)

One vehicle between Jun ggetg;rggLeZ%(gt;v Zﬁg 201

Governmental limitation | On vehicle between July | One vehicle between 2006 and October 2007 in One vehicle between Jun re?defined route betweer

Detailson to 1 vehicle pre-defined | 2006and May 2007 in January 2007 to June 20( pre-defined route betweer P

participation
on field trials

route between Nettetal an
Porta-Westfalica from
2007 to 2008.

pre-defined route betweer
Meppen and Duisburg.
Night deliveries.

in pre-defined route
between Duisburg and
Nurnberg.

Osnabruck and Lehrte an
some other pre-defined
routes to various
consignees.

2006 and July 2007 in pre
defined route between
Wolfsburg and Emden.

Parchim- Gallin —
Valluhn- Parchim and
Parchim - Rostock.




Company

B

Groupage (no dangerous

Goods goods), 280 run, 110,000 .
: Less than truck load and | Automobile parts / spare
transported Km and 3,400 tons In tota| FTL loadings / direct | parts, 186 runs, 120,900
tonnes- Groupage, Tonn&ms not Ou?warg'ourne _ '150 Intermodal transport, 344 | delivery, 257 runs; 65,040 km and 3,833 tons, high | Groupage, 652 runs;
Kilometres disclosed. cbm = 1010% R}e/turn runs and 271,000 km km, 5,076 tons, average | volume goods with an 127,140 km.
during the journ;y' capé\City capacity utilisation: 74 pel overall weight of %
trials utilisation = 120-130 cbm cent volume. tones.
= 85%.
An estimated total cost
reduction of 121,500
Euros per year, fix and
An overall reduction of 33 High potentials of cost variable costs per vehicle A total saving in the fuel | An overall cost saving of
er cent could be savings: fuel costs reduce are higher for Costs of fuel consumption consumption of 33 per cent was calculate
Vehidle gchieved all variable cost by 55 Euro per day, driverl EMS (426,750,- EUR) could be reduced by 33.3| 18,800 Euro during the due to
efficiency / cost | items red,uced by 33 per cost reduced by 33 per compared to a per cent, only in fuel therg field trial. decreased investment an
reductig% cent. due to the )rledugtion cent and miscellaneous | conventional vehicles was a cost reduction of | Also, additional cost maintenance costs,
of tV\;O instead of three costs and investment cosi (325,000,- EUR) the use | 12,400 Euro during the saving in drivers and decreased
vehicles estimated to be reduced k of two LHVs instead of field trial. repair are expected if driver costs, less fuel per
' 15.88 Euro per day. three 18.75 LHVs are implemented. | year and less road charge
meters long trucks leads t
a significant reduction in
cost.
A reduction of 16,900
A reduction in fuel litres, the LHV fuel
A reduction of 18,600 consumption of 32.9 per consumption was only 1.2
litres, 37 per cent by a cent P =P litres more than the fuel
Fuel An 7-metre increase in the reduction of 41 per cent o A reduction of 17,700 a decrease in sooty partic consumption of a Approximately a reductior|

consumption /
CO2 emissions

loading metres and 2 litres
of fuel per 100 Km.

the total runs, a reduction
of CO2 emissions due to {
reduction of the road
kilometres by

79,000 km.

litres and a reduction of
CO2 emissions of 15 per
cent.

from 10,000 to 8,000 PM
(g) and a reduction in CO
emissions of
approximately 30 per
cent.

conventional truck, so the
estimated reduction in fug
consumption is 30.4 per
cent.

is fuel consumption and
CO2 emissions of 33%.




Company

C

Traffic volume

Decrease of capacity
utilisation since the same
amount of goods can be
transported with two
vehicles instead of three.

The traffic could be
decreased by 33%
theoretically.

The company estimates a
increase of 25 per cent of
goods on the freight
market in the next five
years, 10,000 trucks morg
trucks per year. With
LHVs they estimate that
the number of motor
vehicles could be
unmodified.

About 10-15 per cent less
freight vehicles in the roac
with the implementation o
LHVs.

Traffic volumes will
decrease, since less
vehicles for commercial
transport are needed.

Less commercial vehicles
on the road means less
traffic.

That might be up to 33 pe
cent.

LHVs has no impact on

The company suggest tha

Less noise on the

Nplse . higher noise or vibrations| Not measured. Not measured. noise and vibrations are | Not measured. motorways (no
/vibration L . measurement about
on themotorways. not signficantly higher. L
vibration).
No problems were
measured during the field
trial. The LHVs
could be integrated into
the existing traffic without
any challenges. In }
No, other road users did | cooperation with the TUV There were no problems No problems were Contrary. the compan
not notice the LHV. Truck| Rheinland and the GUVU ; P identified during the field Y pany i
. ! along the field trial (no . . foresees that that due to &
No, throughout the whole | drivers of the company the truck drivers were . . trial. As pointed .
. . . X . ) accidents). One driver haq decrease in the number o
Risk to other field trial there were no ranked the vehicle connected by wire with - oo out before, the company ) . .
a critical situation on a . freight vehicles in the
road users problems or neutrally. No problems electrodes to measure the mentioned only problems
) ; . X ; motorway, due to . road, the number of
accidents. with shunting, overtaking | skin conductance on motorway stations

of cars or
turnarounds on the routes

without any negative
results. There were really
marginal differences
between the operation of
LHVs and conventional
trucks.

carelessness of a particul
car driver.

related to lack of parking
space.

accidents should
also decrease.




Company A B C D E F
No risk for infrastructure,
as long as the maximum i
No problems with not
. shunting, overtaking of No risk for infrastructure increased (mf_mmum 44t No risks were identified; | No risk for infrastructure,
No, the infrastructure cars or . 48t), the parking areas ar¢ ) .
Damageto ] since the total Tonne-Km nevertheless, new as long as the maximum i
(bridges and road) can be turnarounds on the routes not long enough for the :
road , : per year would decrease . motorway stations have tq not
) relieved due to the reducg no extended handicap for| | . : | manoeuvres required . . .
infrastructure : : with the implementation o be reconstructed if the increased (maximum 44t
weight per axle. roads or bridges, no though, but that most :
LHVs. | LHVs are implemented. | 48t).
problems due to weather routes can be planned thg
conditions. the vehicle combinations
do not have to take a rest
on motorway stations.
Intermodal transport will
be more critically in the . I
. X . Due to capacity utilisation
. . future, since many regiony Depends on investments .
. Small shift from rail to ! ) o of the rail transport
Potential have no railway stations g the rail infrastructure. If

changesin the
German freight
mar ket

road due to rail capacity
restrictions and no
investments in

new rail tracks. There is a

No modal split; the road
freight will increase much
faster

than the rail freight due to

terminals within a radius
of 100 kilometres.
According to the overall

nothing changes the mod
split will move more and
more the road, since

The company does not
estimate modal shift from
the rail to

infrastructure, a model

split will occur from rail to
road. This development is
consequential, since the

regardmg_ very likely growth in capacity utilisations traffic dlstan_ce, today the | capacity utilisation does | road or backwards. rail could never replace
modal split . costs of equipment for not allow more goods be
intermodal transport. ; : doorto-door
intermodal transport are | transported by trains. transportation
between 35 and 55 per P .
cent.
Short-term
Short-term implementation, since twg
; : . Short-term different dolly axles were | Short-term
implementation, since Short-term ; . - ; . .
. N ) ; . implementation, within tested (manufactured by | implementation, since the
Timescale of existing vehicles are used implementation, no - Short-term
. several weeks or 2to 3 | the company Krone) and { acquisition of the new ; .
the and the investment on new implementation, due to

implementation

company has only to
invest into the motor dolly
or a trailer coupling.

vehicles, only the trailer
needs to change.

month though, due to the
demand of dollies and
couplings on the market.

purchase of those dolly
axles can be accomplishe
within several weeks.

technical equipment
required is
straightforward.

marginal investment costs




Company

B

F

M easureson
traffic safety

The use of LHVs during
the night (after 8 pm) only|

Only terminalto-terminal
runs, only truck drivers
with long time experience
and without any accidents
are allowed to drive
LHVs, lane- and braking
assistance, distance
regulator

Extension of driver
license, additional driver
trainings and improved
education for
employees.

The use of LHVs during
the night only, additional
driver trainings, only truck
drivers with long time
experience, without any
accidents and reliable
track record.

The use of LHVs during
the night only, a further
action is to mark the
vehicles with an orange
sign like

“Caution! Overlength” or
“Caution! Long Vehicle”

Additional technical
equipment can
lead to an improvement in
safety conditions, e.g.
additional mirrors, lane-
assistance, braking-
assistance, marks on the
vehicles, further advanceq
driver training is
necessary.

Other
measuresto
reduce CO:
emissions

Main action should be
Eco-trainings due to the
“MINIMAS”

sponsorship program,
telematics systems in the
trucks offers the
possibility to reduce and
control the fuel
consumption.

Special driver training,
long experience of the
dedicated truck drivers.

No other measures
planned.

Use of Telematics (MAN
TeleMatics) to analyse
position, speed, actual an
average fuel consumption
breaking
points.

Further increases of the
total weight up to 60
tonnes offer the possibility
to decrease the fuel
consumption and CO2
emissions, eco-trainings
and advanced driver
trainings are necessary as
well.

Extended driver training,
extended technical
equipment for vehicles.




Appendix 4 — Summary of data gathered in the survey

Description of participating companies

Positive effects

Significantly | Slightly Slightly Significantly
N N decreased decreased | Nochange | increased | increased
Road freight 15
transport 38 1to9 Fuel consumption 27 5 6 0 0
Air freight 10
transport 4 TEU handled| 10 to 49 CO2 emissions 30 6 2 0 0
- Sea freight per week 11
Log|_st|cs transport 4 50 to 499 Maintenance 19 5 3 3 8
services
Fuel- and
Warehousing | 20 Currently 21 lubricants 34 2 0 0 2
; Between
Time of the
Value-adding participation 2004 and
Services 8 in field trials 2010 15 Driver 27 3 0 0 8
Applying c educti
ost reductions i
Container to _Vehlcle
handling Yes 26 participate 2 insurance 19 0 8 0 11
activities |_Infrequently | 3 Road tax disc 17 3 8 0 10
Road vehicle
No 9 tax 22 0 8 0 8
Overheads/
Mai Hamburg 25 admin 22 0 7 0 9
ffje?éhiea Antwerp 25 Leasing 22 3 3 1 9
ports Rotterdam | 19 Depreciation 24 3 3 0 8
M anagement
Bremen 19 wages 19 7 3 0 9
Traffic volume 19 0 10 0|9(1)

*1 - Increases in traffic volumes can lead to issues in service stations




Negative effects

Future actions and measures required

Not
Significantly significantly No impact at
increased increased all
I i isel
ncreasesin noise levels 0 36 5
Increasesin accident
levels 2 (*1) 22 (*2) 14 (*3)
Damageto road
infrastructure
0 2 36
Increasesin the growth of
theroad freight transport
mar ket and decreasesin
therail sector 21 7 (*4) 10

*1 - As long as appropriate safety equipment is installed in the vehicle

*2 - An increase in 6.5 metres in length had no a significant effettteonumber of accidents

*3 - It might lead to less frequent but heavier accidents

*4 - Due to an increase in the intermodal road-rail split

Short-term/
operational
15
Timescale of implementation Short-term/
tactical 6
Long-term/
strategic 17
Lorry ban for pre-
defined sections of 19
road
General ban at
o 8
specific roads
M easur es on safety
Pre-defined speed 6
limitsfor LHVs
Lorry ban for pre- 6
defined times
Eco-driving 10
systems
Improved 9
aerodynamics
Other CO2 reduction measuresthe
company ismore likely implement Lighter vehicles 7
Tyre 7
improvements
Hybrid engines 6




