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Abstract
In this master thesis, thirty-two technological and organizational improvements related to vehicle and
driver efficiency factors have been identified under seven titles and evaluated individually with their
descriptions, the considerations related to them and their cost-benefit analyses. A methodology to
improve transportation companies in terms of fuel consumption and CO2 emissions has been developed
based on the identified improvements. Moreover, a methodology to determine the contributions of
vehicle and driver efficiency factors to the fuel consumption and the real total potential of each
improvement area has also been developed. Although this research project has taken shape around the
identified problems and needs of Heineken, the findings are generalizable to any company with its own
fleet, any LSP and any company working with an LSP.
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Management Summary
Global Warming and Road Freight Industry
Due to a phenomenon called “Global Warming”, which is defined as the increase in the average
temperature of Planet Earth since the mid-20th century due to the increase in the anthropogenic (human
caused) greenhouse gas (GHG) concentrations, the significant share of the transport sector and road
freight industry in total final energy consumption and the expected increase will attract more attention
from different perspectives - including companies, governmental and non-governmental organizations in terms of environmental effects, regulations and oil prices, which depend on demand/supply ratio,
depletion and taxes.
In this sense, the project anticipates that companies with their own distribution fleet and LSPs –
consequently, their customers - will be substantially affected by the factors such as higher
environmental awareness, regulations and standards, and the increase in fuel prices. To remain
competitive, they will have to adapt their businesses to those changes by learning how to increase their
fuel efficiency.
Heineken’s Sustainability Vision and Research Objectives
With global warming awareness, Heineken has set a long-term ambition to become “the World’s
Greenest Brewer”. To reach this long-term ambition, “Brewing a Better Future” has been launched with
several strategic sustainability initiatives. Green Distribution programme was one of them with a mission
of “constantly reducing the environmental impact of Heineken’s distribution operations, by driving
fewer kilometers, using more efficient equipment and working with partners that share Heineken’s
ambition”.
To contribute achieving the second goal of Green Distribution programme, which is to “define
distribution efficiency standards for owned and outsourced operations”, the first and the second
research objectives are defined as:
1. Identify the technological and organizational improvements to reduce fuel consumption and the
associated CO2 emissions in distribution operations.
2. Develop a methodology to assess, compare, manage and develop Heineken owned fleets and
LSPs in terms of fuel consumption and the associated CO2 emission based on the identified
technological and organizational improvements.
Moreover, in order to increase the accuracy of the Green Distribution CO2 Calculation Model, the third
research objective is defined as:
3. Develop a methodology to incorporate drivers of fuel consumption and the associated CO 2
emissions into Heineken Green Distribution Model.
Improvements to Reduce Fuel Consumption and CO2 Emissions in Road Freight Operations
Drivers of the fuel consumption and the associated CO2 emissions in road freight industry have been
identified and classified under four titles: logistics, vehicle, driver and route efficiency factors. Thirty-two
v

commercially available technological and organizational improvements related to these vehicle and
driver efficiency factors have been identified under seven titles: engine improvements, truck idling
alternatives, aerodynamic drag reduction add-ons, rolling resistance reduction alternatives, drivetrain
improvements, improvements for energy needs of accessories and driver efficiency improvements.

Graph 1 – Estimated total potential of reductions in fuel consumption and the associated CO2 emissions due to each
improvement area

According to the findings, the potential gains from the identified improvements are very significant.
However, as the literature review has revealed out, it is difficult to determine this potential exactly due
to wide variations in the literature and complex interactions among different improvements.
Despite these difficulties, the potential of reduction in fuel consumption and the associated CO2
emissions has been estimated individually for each improvement within a range. Thirty-two
commercially available improvements have been evaluated individually in summary tables with their
descriptions, the considerations related to them and their cost-benefit analyses.
According to the findings, most of the improvements have payback periods shorter than 1 year. Sixteen
“Quick Win”s have been identified through benefit/effort graphs based on low capital cost (effort) and
short payback period criteria. Moreover, two sets of two improvement packages (basic and advanced)
have been created for the existing and new trucks to guide Heineken OpCos and LSPs about where to
start and how to proceed.
A Methodology to Improve Transportation Companies in Terms of Fuel Consumption and CO2
Emissions
A methodology has been developed to assess, compare, manage and develop Heineken owned fleets
and LSPs in terms of fuel consumption and the associated CO2 emission based on the identified
technological and organizational improvements with three key deliverables:
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A handbook of the improvements to reduce fuel consumption and the associated CO2 emissions in
road freight operations
o identifies and evaluates available improvements
o provides a roadmap through benefit/effort graphs and improvement packages for a clear
comparison of the improvements and a suggestion on where to start and how to proceed
A survey
o measures the implementation level of the identified improvements
A performance dashboard
o tracks and evaluates the progress on the implementation of the improvements

A Methodology to Incorporate Drivers of Fuel Consumption and CO2 Emissions into Heineken Green
Distribution Model
A methodology has been developed to incorporate drivers of fuel consumption and the associated CO2
emissions into Heineken Green Distribution Model and determine the real total potential each
improvement area based on quantifying vehicle and driver efficiency factors’ contributions to the fuel
consumption in terms of the implementation level of the identified improvements in a fleet.
However, multiple regression analysis - the last step of the methodology - couldn’t be carried out due to
the low response rate and the difficulties emerged during the data collection from three Heineken
OpCos – Hungary, Slovakia and Poland. Although the factors to incorporate the drivers to the model and
the real total potentials couldn’t be determined, the overall approach including a scoring system and a
process to stabilize the factors out-of-scope has been defined. Furthermore, the discussion of the survey
results gives valuable insight about participants’ general opinion on the potential of improvements and
the most popular ones.
Benefit for Heineken and Contribution to the Literature
Benefits of this research project for Heineken can be summarized as:




Increasing the awareness and knowledge of the different improvement areas available and their
impact on fuel consumption and CO2 emissions.
Supporting the definition of the distribution efficiency standards for owned and outsourced
operations
Contributing to Heineken’s internal and external CO2 reduction commitments

Although this research project has taken shape around the identified problems and needs of Heineken,
the findings are generalizable to any company with its own fleet, any LSP and any company working with
an LSP. In this sense, contributions to the literature include:




a study that combines the results of individual studies focusing on particular improvements and
their impact on fuel consumption through a meta-analysis
a methodology that produces all necessary deliverables to assess, compare, manage and develop
distribution fleets in terms of fuel consumption and the associated CO2 emissions
a methodology to incorporate drivers of fuel consumption and CO2 emissions into Heineken Green
Distribution Model and determine the real total potential of each improvement area
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1. Introduction
1.1.Global Warming and Road Freight Industry
Over the past 20 years, a phenomenon called “Global Warming”, which is defined as the increase in the
average temperature of Planet Earth since the mid-20th century due to the increase in the
anthropogenic (human caused) greenhouse gas (GHG) concentrations, is getting attention from every
segment of the society (UNIPCC, 2007). These GHGs absorb the thermal radiation from Earth’s surface
and re-radiate it in all directions. Actually, this process is vital since some of the Sun’s energy is trapped
by this way and the temperature of Earth’ surface is kept warm enough to support the life. However, the
anthropogenic activities have disturbed this natural process and caused an increase of
in
th
the average temperature of Earth’s surface during the 20 century. Moreover, a further increase of
is expected during the 21th century based on the climate models with different scenarios
(UNIPCC, 2007).
Since any increase in the concentrations of GHGs has a worldwide impact - unlike the local pollutants,
international organizations and national governments are motivated to work in coordination. They have
taken action to reduce the concentrations of GHGs and set GHG emission reduction targets, such as the
European Union’s (EU) reduction targets - 20% by 2020 and 60-80% by 2050 compared to 1990 levels.
They have also introduced different mechanisms to help meeting these targets: mandatory or voluntary
GHG reporting programmes, climate policies, carbon or energy taxes, regulations, emission trading
schemes and emission standards (Piecyk, 2010).
In this context, an international environmental treaty, which is called United Nations Framework
Convention on Climate Change (UNFCCC), has been produced at the United Nations Conference on
Environment and Development held in Rio de Janeiro, 1992. Although the treaty itself is not legally
binding, it sets mandatory limits through protocols. The Kyoto Protocol, which came into force in 2005,
is one of them. As August 2011, 191 states have signed and ratified the protocol. Although the efforts to
make the protocol legally binding during the United Nations Climate Change Conferences in Copenhagen
(2009) and in Cancún (2010) have failed, some of the parties (Annex I – industrialized countries and
economies in transition) have committed themselves to reduce their GHG emissions or compensate
their excessive emissions through the flexible mechanisms introduced in the protocol, such as emission
trading, clean development mechanism and joint implementation. An emission trading scheme is a “cap
and trade” system that allows the parties to sell and buy allowances as long as they do not exceed the
upper limits. It is one of the ways that the countries can meet their commitments under the Kyoto
Protocol. The EU Emission Trading Scheme (ETS) is the largest multi-national, GHG emission trading
scheme in the world, and it has become the milestone of the EU climate policies. Carbon dioxide1 (CO2)
1

A well-accepted way of GHG emission reporting is calculating the carbon dioxide equivalents (CO2e) of the relevant GHGs –
including carbon dioxide (CO2), methane (MH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs) and sulphur hexafluoride (SF6). However, CO2 has the most of the attention since it constitutes almost 85% of all
GHGs in the atmosphere and the increase in the average temperature of Planet Earth is almost only related to the increase in
the concentration of CO2 (Cullinane & Edwards, 2010). In this sense, carbon dioxide (CO2) has been used instead of carbon
dioxide equivalents (CO2e) in this thesis report although it actually refers to CO2e and includes the other GHG emissions.
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emissions have been materialized and become a cost-benefit parameter for companies since they have
a price on the market under this protocol. However, at the moment, not every industry is in the scope of
the scheme. Power generation, iron & steel, cement, pottery and bricks industries, which represent
around 40% of the EU’s total CO2 emissions, are already covered by the EU ETS. Enlarging the scope of
the scheme to new sectors is expected in the second commitment period of the Kyoto Protocol, which is
starting in 2012. In this sense, road transport - the main elements of transport sector - is also expected
to be included in the regulations by the near future governments although there is no specific date yet
(Hoen, Tan, Fransoo, & Houtum, 2010).
According to the European Commission report
on the trends of European energy and
transport (Capros, Mantzos, Papandreou, &
Tasios, 2008), the energy consumed by the
transport sector (passenger & freight) was
accounted for 31% of total final energy
consumption of Europe in 2005 while 82% of
this energy was consumed by road transport.
The trucks, which can be referred to as road
freight industry, were responsible for 39.4% of
this share. This makes them account for almost
10% of total final energy consumption.
Moreover, according to the
same European Commission
report, the energy consumed
by the transport sector is
expected to increase by
almost 1% per year from
2005 to 2030. Meanwhile,
the share of the road freight
industry in total freight
transport is assumed to
increase by 2.8% in the same
period (Capros, Mantzos,
Papandreou, & Tasios, 2008).

Graph 2 - Share of Transport, Road Transport and Trucks in Total
Energy Consumption of Europe in 2005 (Capros, Mantzos,
Papandreou, & Tasios, 2008)

Graph 3 - Change of Energy Related CO2 Emissions and Freight Transport Activities in
Europe (Capros, Mantzos, Papandreou, & Tasios, 2008)

The significant share of the transport sector and road freight industry in total final energy consumption
and the expected increase will attract more attention from different perspectives - including companies,
governmental and non-governmental organizations - in terms of environmental effects, regulations and
oil prices, which depend on demand/supply ratio, depletion and taxes. In UK, more than 50% of the road
freight companies assume that their business will be substantially affected by the climate change
concerns by 2015. Moreover, this is expected to increase over 80% by 2020 (McKinnon & Piecyk, 2010).
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Although financial concerns and necessities to comply with the current and expected regulations are still
among the main key drivers, customer relationships, corporate and brand image have also become
strong motivations for companies to be interested in green logistics and supply chains due to the growth
of environmental awareness (McKinnon A. , Environmental Sustainability, 2010).

1.2.Company Introduction - Heineken
Heineken owns and manages one of the world’s leading portfolios of beer brands and is one of the
world’s leading brewers in terms of sales volume and profitability while the principal international
brands are Heineken and Amstel. However, the group brews and sells more than 200 international
premium, regional, local and specialty beers and ciders, including Primus, Birra Moretti, Sagres,
Cruzcampo, Foster’s, Strongbow, Bulmer, Newcastle Brown Ale, Zywiec, Ochota, Kingfisher, Tiger, Star,
Dos Equis, Tecate and Sol (Heineken, 2010). Heineken currently holds varying degrees of ownership over
140 breweries in more than 70 countries. These breweries belong to around 93 operating companies
(OpCos), usually one OpCo per country, within Heineken. Most of these breweries are fully owned by
Heineken, but in several occasions Heineken only holds a minority share of less than 50%. As a company
operating worldwide, Heineken has five operating regions: Western Europe, Central and Eastern Europe,
The Americas, Africa and the Middle East as well as Asia-Pacific (Heineken, 2010). The new acquisitions
show that the size of Heineken’s organization is steadily growing as it has been doing for the past 145
years. Heineken has been able to remain one of the world’s leading consumer and corporate brands
during this time. It confronts directly the challenges in many of its markets to deliver organic profit
growth, but also focuses on building the long-term future of Heineken’s brands and business.

1.3.Heineken’s Sustainability Vision: Brewing a Better Future and Green
Distribution Programmes
With a desire to play a positive role in society and a leading role in beer industry, sustainability has
become one of the core values of Heineken. In this context, Heineken has set a long-term ambition to
become “the World’s Greenest Brewer”. To reach this long-term ambition, a sustainability programme,
which is called “Brewing a Better Future” (Figure 1), has been launched in April 2010. The programme is
structured around three strategic imperatives:




Continuously improve the environmental impact of Heineken brands and business
Empower the people and communities in which Heineken operates
Positively impact the role of beer in society

To improve the environmental impact of Heineken brands and business, two strategic initiatives - Green
Brewer and Green Commerce - have been adopted. Green Brewer aims to increase efficiency while
reducing energy and water consumption during production. Meanwhile, Green Commerce aims to
reduce environmental impacts of packaging, cooling and distribution beside production.
In 2008, Heineken conducted a pilot study to evaluate the carbon footprint for a number of selected
products. In this context, Corporate Distribution and Logistics (CDL) investigated the impact of
distribution activities in detail. The results showed that distribution activities, as well as packaging and
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cooling, have a significantly large contribution to a product’s total carbon footprint. As a result, Green
Distribution programme has been initiated under Green Commerce.
Green Distribution has a mission of “constantly reducing the environmental impact of Heineken’s
distribution operations, by driving fewer kilometers, using more efficient equipment and working with
partners that share Heineken’s ambition”. To accomplish this mission, three goals have been specified to
be met by 2012:
1. Develop and execute a carbon footprint model for distribution operations that will contribute to
the Baseline Carbon Footprint of Heineken Supply Chain (from Barley to Bar).
2. Define distribution efficiency standards for owned and outsourced operations.
3. Identify carbon reduction opportunities through footprint reviews for top 20 markets.

Figure 1 - Brewing a better future programme
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2. Research Design
2.1.Problem Definition and Research Objectives
In order to fulfill Heineken’s long-term ambition to become “the World’s Greenest Brewer”, the goods
and services that are purchased should meet the minimum environmental standards along with setting
environmental limits and standards for the internal operations through Heineken’s supply chain. As a
company with 93 OpCos worldwide, there is a considerable variety in Heineken’s owned and outsourced
distribution operations in terms of fleet, and, consequently, operational efficiency. In this sense, the
second goal of Green Distribution programme has been specified as “define distribution efficiency
standards for owned and outsourced operations”. To contribute achieving this goal, the first and the
second research objectives are defined as the following:
1. Identify the technological and organizational improvements to reduce fuel consumption and the
associated CO2 emissions in distribution operations.
2. Develop a methodology to assess, compare, manage and develop Heineken owned fleets and
LSPs in terms of fuel consumption and the associated CO2 emission based on the identified
technological and organizational improvements.
Moreover, CDL has developed Heineken Green Distribution Model to calculate and report CO2 emissions
generated from distribution operations on OpCo level in order to meet the first goal specified for Green
Distribution programme. This model calculates overall CO2 emissions of an OpCo for a specified period
with two approaches depending on the available data:


Fuel-based approach:

If data on fuel consumption that is particularly related to Heineken’s distribution operations is available
(which is mostly the case if an OpCo has its own truck fleet), fuel-based approach is preferred since it
provides true CO2 emission levels instead of estimations. The calculation model for this approach (Figure
2) has two main components: fuel consumption (lt) and CO2 conversion factor of fuel (grCO2/lt).

Figure 2 - Calculation of CO2 Emissions in Heineken Green Distribution Model – Fuel-Based Approach

However, most of the road freight operations are outsourced to logistics service providers (LSPs) since
only a few OpCos have their own truck fleet. As a company operating worldwide, Heineken is working
with different local LSPs, which might be a family company with a few trucks or a corporate firm with a
complete fleet and a sophisticated management system. It is expected that only a few LSPs have
equipped their fleets with on-board units providing information on fuel consumption. Many of them
may even not keep their shipment data regularly on a computer system. Having the full visibility to
monitor and evaluate the exact CO2 emission performance remains highly unlikely in near future.
However, Heineken needs to start with an estimation to manage this to be able to track and reduce CO2
footprint of its products throughout the value chain. Therefore, another approach is also adopted.
5



Activity-based approach:

If data on fuel consumption particularly related to Heineken’s distribution operations is not available,
CO2 emission levels are calculated based on specific information, such as fleet characteristics, number of
shipments, total distance contracted and total load shipped. The calculation model for this approach
(Figure 3) has three main components: load (tonne), distance (km) and CO2 conversion factor of
operation (grCO2/tonne-km).

Figure 3 – Calculation of CO2 Emissions in Heineken Green Distribution Model – Activity-Based Approach

While load and distance are directly obtained from distribution data on OpCo level, CO2 conversion
factor of operation is estimated from country averages for different truck sizes based on the
assumptions of the Ecological Transport Information Tool (EcoTransIT), which is a CO2 emission
calculation tool for transport operations (IFEUHeidelberg, Öko-Institut, IVE, & RMCON, 2010). However,
it is a first approximation because CO2 conversion factor of operation, which is a measure of how many
grams of CO2 is emitted to transport one tonne of load for one kilometer, depends on many other
factors beside the country and the truck size. Due to the straightforward relationship between fuel
consumption and CO2 conversion factor of operation, these factors also refer to drivers of fuel
consumption and the associated CO2 emissions. The accuracy of the estimations and the Green
Distribution Model will be significantly increased if these factors are included to the calculations. In this
sense, the third research objective is defined as the following:
3. Develop a methodology to incorporate drivers of fuel consumption and the associated CO2
emissions into Heineken Green Distribution Model.

2.2.Research Methodology and Approach
This research project is an example of business
problem-solving (BPS) projects, which improve the
performance of a business system, department or a
company on one or more criteria with the aim of an
increase in efficiency of operational business
processes. Van Aken et al. (2006) state that BPS
projects follow the regulative cycle, which is shown in
Figure 4.
However, this research project has focused on the first
three stages (problem definition, analysis and
diagnosis, plan of action), which are called the design
part together since 7 months was not enough to both
design and implement the solution.
6

Figure 4 - The Regulative Cycle (Source: (Aken, Berends,
& Bij, 2006))

2.3.Research Scope
In road freight industry, CO2 is produced as one of the final products of fuel combustion in the
combustion chamber. In this sense, any reduction in fuel consumption will directly cause a reduction in
the associated CO2 emissions. This straightforward relationship between fuel consumption and the
associated CO2 emissions, as shown in Figure 2, was the key to decide on the scope of this project. Any
improvement to reduce the carbon content of fuel (including alternative fuels) is left out of scope and
the scope is limited only to the improvements to reduce fuel consumption.
Moreover, drivers of fuel consumption and the associated CO2 emissions in road freight industry have
been identified during the literature review phase. These drivers can be classified under four titles
(Léonardi & Baumgartner, 2004):





Logistic efficiency factors are related to supply chain network, logistics structure and fleet
specifications.
Vehicle efficiency factors are related to vehicle design and technology.
Driver efficiency factors are related to driver behavior.
Route efficiency factors are related to road conditions, traffic congestion and driving cycles, which
are mostly inevitable.

The relationship between fuel consumption, the associated CO2 emissions and drivers of them in road
freight industry is shown in Figure 5:

Figure 5 - The relationship between fuel consumption, the associated CO2 emissions and drivers of them in road freight
industry

Logistic efficiency factors, which are related to optimization of transportation chain and logistics
network with the aim of increasing the capacity utilization and minimizing the distance traveled, are
already in the working area of CDL with the collaboration of OpCos. Moreover, route efficiency factors
are left out of the scope due to their inevitable nature. In this context, the scope of this research is
limited to:


technological and organizational improvements related to vehicle and driver efficiency factors

7

Since the energy share in a truck and the potential of reduction in fuel consumption due to any
improvement depend on the characteristics of the transportation operation, the characteristics in the
scope are also defined. This research is covering the technological and organizational improvements
only related to vehicle and driver efficiency factors and applicable to the transportations operations,
which typically have the following profile:



performed by heavy-duty diesel trucks - Gross Vehicle Weight (GVW) of 12-24 tonnes, 24-40 tonnes
and 40-60 tonnes
primary distribution, long distance and single-stop, full truck loads (FTLs)

Considering supply chain structure of Heineken, as shown in Figure 6, the transportations operations
with the mentioned profile refer to primary shipment.
The level of maturity is also defined for the technological improvements in the scope. The scope of this
research is limited to:
improvements, which are commercially available at the time of the study

Customer Depot

Brewery
Inter-Brewery

Shuttle
Customer Outlet 1

Brewery

First Customer



Depot
Customer Outlet 2

Note: Notice returnable materials flows have
not been portrayed .

References
Primary Shipment

Secondary Shipment

Figure 6 - Supply chain structure of Heineken

Finally, the geographical scope of this research is also defined in order to keep consistency among some
parameters of cost-benefit analysis such as retail diesel price and currency. In this sense, the scope of
this research is limited to:


Europe
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3. Technological and Organizational Improvements to Reduce Fuel
Consumption and the Associated CO2 Emissions in Road Freight
Industry
To identify the target areas for improvements, energy share in a modern heavy-duty diesel truck has
been analyzed. According to the literature, approximately 53% of the total fuel energy consumed during
the operation is lost as heat through the exhaust and the cooling system in a modern heavy-duty diesel
truck on long-haul distribution at a steady speed of 100 km/h. Another 5% is consumed as engine
friction and pumping losses while only 42% is available as engine output. This output is used to
overcome the following factors (Ang-Olsun & Schroeer, 2002):






Aerodynamic drag
Rolling resistance
Drivetrain losses
Energy needs of accessories
Inertial forces during acceleration or climbing

Although the share of these factors can significantly vary depending on truck specifications (weight,
engine, aerodynamic profile, etc.), speed, wind speed and angle, driver behavior, topography, road
infrastructure, driving cycle and traffic congestion; engine losses, aerodynamic drag and rolling
resistance have the biggest shares respectively. Therefore, improvements with an aim of reducing
engine losses, aerodynamic drag and rolling resistance can have a large impact on fuel consumption and
the associated CO2 emissions. The energy share in a modern diesel heavy-duty truck at highway speeds
is shown below:

Graph 4 - Energy share in a typical diesel heavy-duty truck at highway speeds (Ang-Olsun & Schroeer, 2002) (Bachman, Erb, &
Bynum, 2005)

A wide range of literature, which includes not only academic journal papers, but also truck association
and committee reports and white papers, best practice handbooks and environmental reports, has
been reviewed with a special focus on engine losses, aerodynamic drag and rolling resistance due to
the findings on energy share in a modern heavy-duty diesel truck. Thirty-two commercially available
technological and organizational improvements have been identified under seven titles: engine
improvements, truck idling alternatives, aerodynamic drag reduction add-ons, rolling resistance
9

reduction alternatives, drivetrain improvements, improvements for energy needs of accessories and
driver efficiency improvements.
According to the findings, the potential gains from the identified improvements are very significant.
However, as the literature review has revealed out, it is difficult to determine this potential exactly.
McKinnon (The Potential of Economic Incentives to Reduce CO2 Emissions from Goods Transport,
2008) has summed up the difficulties as follows:
 There are wide variations in estimations of potential fuel savings in the literature.
o It is very hard to generalize the findings due to many different configurations of vehicles
with greatly varying driving cycles.
o It is often unclear from what baseline potential savings are being calculated, particularly
when they are generalized at an international level.
 There are complex interactions among different improvements. In some cases, combination of
improvements might:
o mutually reinforce each other’s effect (e.g. use of a cab side fairing with an appropriate cab
roof deflector or fairing enhance its effectiveness, and vice versa (PART, 2011))
o counteract each other’s effect (e.g. a truck idling alternative will increase the tare weight of
the truck; therefore, it will reduce the gains from tare weight reduction)
o overlap each other’s effect (e.g. aerodynamic drag reduction add-ons, which function in a
similar approach, such as streamlining flow, reducing wake, separating flow or covering
exposed underbody flow structures (Mohamed-Kassim & Filippone, 2010), might overlap
each other’s effect)
Despite these difficulties, the potential of reduction in fuel consumption and the associated CO2
emissions due to the improvements identified under seven titles has been estimated individually within
a range with the following assumptions:




In order to overcome the variations in estimations caused by the varying truck configurations and
driving cycles, the analyses are based on a fictional heavy-duty articulated truck (a combination of a
tractor and a trailer) with:
o annual fuel consumption of 16,235 gallons (61,449 liters) (Frey & Kuo, 2007)
o annual mileage of 100,000 miles (160,900 km) (NESCCAF, ICCT, TIAXLLC, &
SoutwestResearchInstitute, 2009)
o annual truck idling of 1,830 hours (Frey & Kuo, 2007) while consuming 0.8 gallons (3 liters)
of fuel during truck idling (TheNationalAcademyofScience, 2010)
o a driving cycle that typically have the following profile:
 primary distribution, long distance and single-stop, full truck loads (FTLs)
In this sense, either the researches with the mentioned or similar profile are taken into account or
the necessary changes are made by following the calculation steps backwards in the research. For
further information on these changes and assumptions, please check Table 19 in Appendix 3 – The
Reliability Assessment of the Sources.
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Two important aspects related to the potential of reduction in fuel consumption have been
estimated: a range and a weighted average. A range is estimated by taking the maximum and
minimum of the ranges and the averages given by the sources. However, to estimate the weighted
average, the averages of the ranges given by the sources are calculated first. Then, the average of
these average values is calculated.

Graph 5 is showing these estimations for engine improvements. For the rest of the graphs and further
information on the sources, the ranges given by these sources and assumptions, please check Appendix
1 - The Analysis of Reductions in Fuel Consumption..

Graph 5 - Engine improvements and their impact on fuel consumption

Similar steps have been taken to estimate the capital costs of the improvements. Graph 6 is showing
these estimations for engine improvements. For the rest of the graphs and further information on the
sources, the ranges given by these sources and assumptions, please check Appendix 2 – The Analysis of
Capital Cost Estimations.

Graph 6 - Engine improvements and their capital cost estimations

By using the estimated potential of each improvement, the total potential of each improvement area is
calculated with the assumption that there is no interaction among improvements and each
improvement works independently (TheNationalAcademyofScience, 2010):
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In this sense, the total potential of reductions in fuel consumption that can be achieved by
implementing all related improvements in each improvement area are estimated within a range and
with a weighted average as follows:

Graph 7 – Estimated total potential of reductions in fuel consumption and the associated CO2 emissions due to each
improvement area
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As seen in the graph, the estimated total potential gains from each improvement group are quite
remarkable. However, the uncertainty represented by the range is also very significant. Therefore, there
is a need for further research to determine the real total potential of reductions in fuel consumption and
the associated CO2 emissions in each improvement area. An approach is explained in chapter 4.
In the following sections, seven improvement areas have been introduced along with the summary
graphs showing the ranges and averages of reduction in fuel consumption and capital cost estimations
of the related improvements. Moreover, thirty-two commercially available improvements have been
evaluated individually in Appendix 5 – Summary Tables of Improvements with:




their descriptions
the considerations related to them
their cost-benefit analyses

It should be noted that a crucial distinction among the identified improvements is if an improvement
can be implemented on an existing truck, or not. While some of these improvements (e.g. most of the
engine improvements) can be only considered during the renewal or expansion decisions of the existing
fleet, the rest (e.g. aerodynamic drag reduction add-ons) can be implemented on not only the new, but
also the existing trucks. This distinction is made clear on the improvement summary graphs and tables
with the following statements: “Applicable only to the new trucks” or “Applicable to the new and
existing trucks”.
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3.1.Engine Improvements
The significance of the engine losses, which are responsible for around 58% of fuel consumption, points
out the importance of the engine and exhaust systems. The U.S. Department for Energy expects that
around two-thirds of the future fuel
efficiency gains in trucks will actually
depend on the improvements of these
systems
(McKinnon,
Allen,
&
Woodburn, Development of Greener
Vehicles, Aircraft and Ships, 2010).
Moreover,
21st
Century
Truck
Partnership, which is an industrygovernment collaboration in U.S.A., has
announced one of their goals as
developing and demonstrating a heavyduty engine system in prototype with
55% thermal efficiency by 2013, which
is highly efficient compared to today’s
engines with 42% thermal efficiency. In
this sense, there are several
commercially available and emerging
technological improvements on the
market to increase the engine
Graph 8 - Summary graph for engine improvements
efficiency.
Seven engine improvements have been identified in the literature and shown in Graph 8 with the ranges
and averages of reduction in fuel consumption and capital cost estimations.

3.2.Truck Idling Alternatives
Truck idling is a crucial aspect of long-haul transport. Many long-haul trucks idle for extended periods to
meet the heating or cooling needs of the truck cab, to run the electrical appliances, to keep the engine
and the fuel warm. However, running a heavy-duty truck engine for these needs has a significant impact
on fuel consumption and the associated CO2 emissions in road freight industry (Ang-Olsun & Schroeer,
2002). Furthermore, truck idling increases the engine wear; therefore, increases truck maintenance
costs and shortens the engine life.
Although detailed data on annual truck idling time is not available, there are many rough estimates ranging from 1500 hours to 2400 hours per year. During the analysis, it is assumed that a long-haul
heavy-duty truck is idling around 1,830 hours per year (Frey & Kuo, 2007) while consuming 3 liters of
fuel per hour during idling (TheNationalAcademyofScience, 2010). Considering that the annual fuel
consumption of a long-haul heavy-duty truck is around 61,450 liters (Frey & Kuo, 2007), the fuel
consumed during idling is responsible for a significant share of this amount.
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Six mutually exclusive truck idling
alternatives, which can not be
implemented on the same truck, have
been identified in the literature and
shown in Graph 9 with the ranges and
averages of reduction in fuel
consumption
and
capital
cost
estimations.

3.3.Aerodynamic Drag
Reduction Add-Ons
Aerodynamic drag has the biggest
share of the engine output and a
significant effect on the fuel
consumption. Vehicle profile and
vehicle
speed
are
the
main
determinants
of
a
vehicle’s
aerodynamic
performance
(FreightBestPractice, Aerodynamics for
Efficient Road Freight Operations, 2007).

Graph 9 - Summary graph for truck idling alternatives

The aerodynamic drag is mainly formed by the direct flow exposure on cab and trail fronts; crossflow
effects inside cab and trailer gaps; base wakes; and complex underbody flows (Mohamed-Kassim &
Filippone, 2010). Therefore, the impact of vehicle profile and shape on aerodynamic performance is
significant. Manufacturers have achieved a considerable progress over the last ,two decades by reducing
the drag coefficient of a typical truck from 0.8 to around 0.65 (SmartWay, A Glance at Clean Freight
Strategies – Improved Dynamics, 2004). However, it can even be reduced to 0.45 by using commercially
available aerodynamic features (Ang-Olsun & Schroeer, 2002). On the market, there is a wide range of
aerodynamic drag reduction add-ons that are functioning with different approaches: streamlining flow,
reducing wake, separating flow and covering exposed underbody flow structures (Mohamed-Kassim &
Filippone, 2010). Up to 16% of potential reductions in fuel consumption is achievable by combinations of
these add-ons that improve the overall aerodynamic profile of a truck according to a series of good
practice guides and case studies.
Ten aerodynamic drag reduction add-ons have been identified in the literature and shown in Graph 11
and Graph 10 with the ranges and averages of reduction in fuel consumption and capital cost
estimations. It should be noted that only the most popular add-ons are introduced due to the huge
variety on the market.
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Graph 11 - Summary graph for aerodynamic drag reduction
add-ons (for cab)

Graph 10 - Summary graph for aerodynamic drag reduction
add-ons (for trailer)

3.4.Rolling Resistance Reduction Alternatives
Rolling resistance is the friction generated by the interaction of tire surface and ground. It is due to the
energy loss created by the deflection of the tire sidewall and the compression and deformation of the
tire tread at the contact area with the
road surface (Goodyear, 2008). As
mentioned at beginning of this section,
rolling resistance is the most important
consumer of total available fuel energy
after engine losses and aerodynamic
drag. It mostly depends on the material
and surface area of the tire and the sort
of the ground, beside the weight and
the speed of the truck (Frey & Kuo,
2007).
In this context, four improvements
related to two important determinants
of rolling resistance - tires and vehicle
weight - have been identified in the
literature and shown in Graph 12 with
the ranges and averages of reduction in
fuel consumption and capital cost
estimations.

Graph 12 - Summary graph for rolling resistance reduction alternatives
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3.5.Drivetrain Improvements
Drivetrain refers the group of components, such as the driveshafts, transmission, differentials and the
wheels, which are responsible for transferring the generated power to the road. As mentioned at the
beginning of this section, up to 4-5% of the total fuel energy is lost because of drivetrain inefficiencies.
The improvements to avoid these inefficiencies generally fall into one of two categories
(TheNationalAcademyofScience, 2010):




Improved
system
integration:
includes improvements to ensure
that the engine operates at its
optimum range in terms of power,
torque and speed. Transmission
improvements are in this category.
Improved drivetrain efficiency:
includes improvements to reduce
the losses during transferring the
generated power to the road. Lowfriction drivetrain lubricants are in
this category.

Three drivetrain improvements have
been identified in the literature and
shown in Graph 13 with the ranges and
averages of reduction in fuel
consumption
and
capital
cost
estimations.

Graph 13 - Summary graphs for the rest of the improvements

3.6.Alternatives for Energy Needs of Accessories
Accessories, such as the air compressor for the braking system, cooling fans, air-conditioning
compressor, power- steering systems, alternator to charge the truck’s vehicle, etc. are expected to
share around 2.5% of the total fuel energy (NHTSA, 2010) since they are mostly gear or belt-driven and
they directly consume energy from the engine output. A reduction of 1-2.5% in fuel consumption is
feasible due to some improvements (NHTSA, 2010).
One alternative for energy needs of accessories has been identified in the literature and shown in Graph
13 with the range and average of reduction in fuel consumption and capital cost estimations.

3.7.Driver Efficiency Improvements
The behavior of truck drivers (driving style) has the single greatest impact on fuel consumption
(McKinnon A. , Increasing Fuel Efficiency in the Road Freight Sector, 2010). Rafael-Morales and
Cervantes-de Gortar (2002) have introduced ‘technical driving’ (TD), which is an integrated procedure
that is adjusted for different scenarios including vehicle specifications, road profiles and traffic
conditions, with the aim of minimum fuel consumption. This procedure is based on establishing a ‘green
17

zone’, which is an optimum range that engine operation achieves the maximum efficiency in the terms
of fuel and energy by specifying the inputs: power, torque and speed. In this sense, they have achieved
significant reductions in fuel consumption on the field tests via this green zone specified through an
rpm-speed diagram for these specific scenarios. Based on the field test results, Rafael-Morales and
Cervantes-de Gortar (2002) have claimed that TD is the most effective strategy for significant reductions
in fuel consumption of large road vehicles if it is aided by proper training of drivers and full observation
of the procedure - including monitoring the performance of drivers for continuous feedback and
incentives to encourage them to adopt fuel-efficient driving.
In this context, driver training program with a focus on fuel efficient driving has been identified in the
literature as a driver efficiency improvement and shown in Graph 13 with the ranges and averages of
reduction in fuel consumption and capital cost estimations.
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4. A Methodology to Incorporate Drivers of Fuel Consumption and the
Associated CO2 Emissions into Heineken Green Distribution Model
The third research objective has been defined as to “develop a methodology to incorporate drivers of
fuel consumption and the associated CO2 emissions into Heineken Green Distribution Model”.
Moreover, a need for further research to determine the real total potential of reductions in fuel
consumption and the associated CO2 emissions in each improvement area has been identified during the
first phase of the project due to:



complex interactions among different improvements
wide variations in estimations of potential fuel savings in the literature

In order to realize both goals, vehicle and driver efficiency factors’ contribution to the fuel consumption
and the associated CO2 emissions can be quantified in terms of the implementation level of the
identified improvements in a fleet. A methodology with the following steps has been developed:






Based on the findings of the literature review, a multiple regression model has been built to identify
vehicle and driver efficiency factors’ contribution to the fuel consumption and the associated CO2
emissions in terms of the identified improvements and their implementation level in a fleet.
Data collection has been carried out through a survey, which is created by converting vehicle and
driver efficiency factors into questions and measures to check the implementation level of the
improvements related to them.
A multiple regression analysis was planned to be carried out to analyze the results of the survey.

In the following sections, these steps will be explained.

4.1.Scope of the Analysis
The scope of the analysis has been defined in parallel to the scope of the research project. In this sense,
the scope of the analysis is limited to:


the following efficiency factors:

Table 1 - Efficiency factors in-scope and out-of-scope



the transportations operations, which typically have the following profile:
o performed by heavy-duty diesel trucks - Gross Vehicle Weight (GVW) of 12-24 tonnes, 24-40
tonnes and 40-60 tonnes
o primary distribution, long distance and single-stop, full truck loads (FTLs)
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Heineken OpCos and their LSPs in:
o Hungary, Slovakia and Poland

4.2.Multiple Regression Model
The objective of multiple regression analysis is predicting a single dependent variable from the
knowledge of two or more independent variables (also called predictors). To apply a multiple regression
analysis, a researcher must (Hair, Black, Babin, & Anderson, 2009):
1. figure out the variables of the analysis and decide on which variable is dependent and which
variables are independent
2. make sure that the data is metric or appropriately transformed
These two steps will be explained in the following sections.

4.2.1. Dependent and Independent Variables
The relationship between fuel consumption, the associated CO2 emissions and drivers of them in road
freight industry have already been identified based on the findings from the literature review as shown
in the following figure:

Figure 7 - The relationship between fuel consumption, the associated CO2 emissions and drivers of them in road freight
industry

Fuel efficiency (lt/tonne-km) has been determined as the dependent variable instead of fuel
consumption (lt) to stabilize the impacts of the length of haul and the payload transported on the
analysis as a part of the stabilization procedure that is explained in the next paragraph. Moreover,
independent variables have been determined based on the scope of the analysis. In this context, the
dependent and independent variables are as follows:

Table 2 - Dependent and independent variables
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It should be noted that one of the main assumptions for multiple regression analysis is that predictors
(independent variables) are linearly independent (Hair, Black, Babin, & Anderson, 2009) although it is
not very realistic considering the complex interaction among different improvements related to these
drivers.
For the validity of the analysis, it is crucial to stabilize each factor out-of-scope. In this sense, a
stabilization procedure is developed and introduced as follows:














Length of haul: This factor is stabilized by choosing fuel efficiency as the dependent variable and
liter per tonne-kilometer (lt/tonne-km) as the unit of analysis. By this way, the impact of length of
haul is neutralized.
Fleet composition: This factor is stabilized by carrying out the analysis individually for each vehicle
class (Gross Vehicle Weight of 12-24 tonnes, 24-40 tonnes, 40-60 tonnes).
Capacity utilization: This factor is stabilized by following a normalization procedure, which is
explained below.
Vehicle/engine age: EU Emission Standards came into force on the following dates for heavy-duty
trucks: Euro I - 1992, Euro II - 1996, Euro III - 2000, Euro IV - 2005, Euro V - 2008. In this sense, it is
more convenient to focus on EU Emission Standards as an indicator of vehicle/engine age. This
factor is stabilized by following a normalization procedure, which is explained below.
Inertial Forces: Inertial forces have an impact on the vehicle during acceleration, deceleration, turns,
and going uphill and downhill. Although it is not possible to follow the same driving cycle and route
for operations covering period of one year for different LSPs, they are assumed to be stabilized by
limiting the scope of the analysis to countries with similar infrastructure and topography (Hungary,
Slovakia and Poland). Moreover, any potential differences between countries chosen are minimized
by adding country effect to the normalization procedure, which is explained below.
Maintenance: Although maintenance might have a considerable impact on fuel consumption, it is
beyond the scope of this study to quantify this impact through a quantitative and qualitative
measurement of maintenance performance. Therefore, it is assumed that each LSP has an adequate
maintenance performance that minimizes its impact on fuel consumption and stabilizes this factor.
Topography and road infrastructure: These factors are stabilized by limiting the scope of the
analysis to countries with similar topography and road infrastructure (Hungary, Slovakia and
Poland). Moreover, any possible differences between countries chosen are minimized by adding
country effect to the normalization procedure, which is explained below.
Driving cycle: This factor is stabilized by limiting the scope of the analysis to transport operations
with the following profile:
o performed by heavy-duty diesel trucks - Gross Vehicle Weight (GVW) of 12-24 tonnes, 24-40
tonnes and 40-60 tonnes
o primary distribution, long distance and single-stop, full truck loads (FTLs)

The normalization procedure to stabilize some of these factors is based on the Ecological Transport
Information Tool, which calculates environmental impacts of any freight transport – including the energy
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consumption, CO2 and exhaust emissions. The transport operations of each LSP are simulated with the
EcoTransIT based on the data provided in the survey:
EcoTransIT Simulations
Input
Output
Calculated

Payload (tonne)
Distance (km) (by indicating the origin and the destination)
Vehicle Class (12–24 t, 24-40 t, 40–60 t)
Emission Standard (Pre Euro I, Euro I, Euro II, Euro III, Euro IV, Euro V)
Capacity Utilization (Average Load Factor (%) and Average Empty Running (%))
Primary Energy Consumption (petrol equivalents)
Efficiency Score (petrol equivalents/tonne-km)
Table 3 - EcoTransIT simulations for normalization procedure

Note that ‘Payload’ (tonne) and ‘Distance’ (km) do not have an impact on ‘Efficiency Score’ due to the
unit of analysis (petrol equivalents/tonne-km).
Based on the output of these simulations, ‘Efficiency Score’ is calculated for each ‘LSP’ - ‘Vehicle Class’ ‘Emission Standard’ combination. In mathematical terms:

transported by Emission Standard e vehicles in Vehicle Class j for LSP i
travelled by Emission Standard e vehicles in Vehicle Class j for LSP i
of Emission Standard e vehicles in Vehicle Class j for LSP i
of Emission Standard e vehicles in Vehicle Class j for LSP i

It is assumed that an LSP does not prefer one vehicle to another for a transport operation based on their
emission standards. However, that preference is directly proportional with the number of vehicles for
each ‘Vehicle Class’ - ‘Emission Standard’ combination. Higher number of vehicles means higher
probability to be preferred and higher level of usage. In this sense, weighted average of ‘Efficiency
Score’s is calculated for each ‘LSP’ - ‘Vehicle Class’ combination based on the number of vehicles. In
mathematical terms:

‘Weighted Average Efficiency Scores’ is representing the relative impacts of ‘Capacity Utilization’,
Vehicle/Engine Age’, ‘Topography’ and ‘Road Infrastructure’ on fuel consumption for each ‘LSP’ ‘Vehicle Class’ combination. These factors are stabilized by normalizing fuel efficiency data (lt/tonnekm) (provided in the survey ) with ‘Weighted Average Efficiency Scores’ for each ‘LSP’ – ‘Vehicle Class’
combination. In mathematical terms:
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The normalization procedure should be consistent through the analysis by choosing either WAESijmax or
WAESijmin all through. Note that the choice of either WAESijmax or WAESijmin does not have an impact on
the analysis since multiple regression analysis is based on the relative magnitude of dependent variable
instead of the absolute magnitude.

4.2.2. Scoring System for Data Transformation
The second step is to make sure that the data is metric or appropriately transformed. In this sense, a
scoring system has been adopted for each efficiency factor in-scope based on the identified
improvements and their implementation level in a fleet. One of the main assumptions of this scoring
system is that the potential of reduction in fuel consumption due to identified improvements is same for
all heavy-duty vehicle classes. It is a plausible assumption since the scoring system is based on the
relative magnitude of these potentials (as an indication of how important an improvement is compared
to the rest in an improvement area). In mathematical terms:

However, the scoring system for driver efficiency factors is more complex than the rest. Driver training
program, which is the only improvement identified for driver efficiency factors, is an organizational
improvement that cannot be scored based on the implementation level as the rest of the
improvements. Therefore, it should be scored based on the parameters affecting its overall
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performance. These parameters have been identified and their contributions have been estimated
through the available literature:
Driver Training Program
Content of the driver training program
Importance of limiting vehicle speed
Effective use of cruise control
Importance of lower engine speed (rpm)
Importance of avoiding unnecessary acceleration
Importance of avoiding unnecessary braking
Effective use of exhaust and engine brakes
A complementary fuel management program
Measure fuel efficiency per driver
Set fuel efficiency targets for drivers

100%
60%
15%
5%
15%
5%
5%
4%

Importance of skipping gears and changing block gears
Effective use of clutch control
Importance of avoding unnecessary truck idling
Vehicle checks (walk-round, tire pressure, etc.)
Effective use of telematics (if there are any)

3%
3%
3%
1%
1%

40%
20% Offer a fuel bonus scheme for drivers who meet their
10% fuel efficiency targets

10%

Table 4 – The identified parameters affecting the overall performance of a driver training program and their estimated
contributions to the overall performance

However, these contributions are estimated based on the qualitative insight mainly gained from a
Freight Best Practice report (FreightBestPractice, SAFED for HGVs, 2009) and a SmartWay report
(SmartWay, A Glance at Clean Freight Strategies - Drivers Training, 2004). Therefore, these contributions
should be considered with precaution and it should be noted that there is a need for further
quantitative research to verify the contribution of the identified parameters to the performance of a
driver training program.
The scoring system adopted for driver efficiency improvements is as follows:
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A general multiple regression equation has been built:

where:

Based on the scope, dependent and independent variables, scoring system and general equation, three
multiple regression models for three vehicle classes (12-24 tonnes, 24-40 tonnes, 40-60 tonnes) have
been created with seven improvement areas:

where:

4.3.Data Collection
For data collection phase, a survey has been created by converting the vehicle and driver efficiency
factors into questions and measures that check the implementation level of the improvements related
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to these factors. A modified version of this survey is also used for performance assessment of Heineken
owned fleets and LSPs in terms of fuel consumption and the associated CO2 emission based on the
identified technological and organizational improvements. For this modified version, please check
Appendix 7 – Survey.
For the data collection phase, three Heineken OpCos have been identified – Hungary, Slovakia and
Poland – due to their similar topography and road infrastructure. However, some difficulties have
emerged during this process. There has been an overall delay in identifying Heineken OpCos and their
LSPs since the contracts were being negotiated with LSPs. Therefore, the climate has required some
additional time to find the right OpCo to work with. These Heineken OpCos were asked to translate the
survey into their own language and forward it to the LSPs that they are working with.
Although Slovakia and Poland have agreed to be part of the study in advance, they have decided to
withdraw in the last minute since they did not want the study to affect the ongoing negotiations.
However, Heineken OpCo in Poland agreed to be part of the study with its own fleet. In the mean time,
Heineken OpCo in Hungary have sent the translated questionnaire to 29 of their LSPs. In order to
increase the sample size, the translated questionnaire has been sent to 126 non-Heineken LSPs in
Hungary in parallel. Moreover, the original questionnaire in English has been sent to 101 non-Heineken
LSPs in Slovakia. The response rate was much lower than expected. In the end, we got response from:




4 Hungarian Heineken LSPs
3 Hungarian non-Heineken LSPs
1 Heineken OpCo in Poland (Heineken owned fleet)

As a last attempt to increase the sample size, an LSP from Turkey and a Heineken OpCo in Mexico (own
fleet) have been contacted. Therefore, total sample size was 10 in the end.
Sample size has a direct effect on the statistical power of the significance testing and the generalizability
of the result for multiple regression analysis. As a rule of thumb (Hair, Black, Babin, & Anderson, 2009):



Minimum ratio of sample size to number of variables is 5:1
The preferred ratio is around 15:1 or 20:1

In this sense, the minimum sample size should be 40 considering 7 independent and 1 dependent
variables, although the preferred samples size is around 120. However, our sample size was only 10.
Therefore, we did not have enough samples to carry out a multiple regression analysis to identify the
real total potential of reductions in fuel consumption and the associated CO2 emissions in each
improvement area and to incorporate drivers of fuel consumption and the associated CO2 emissions into
Heineken Green Distribution Model.
Based on the discussions with logistics consultants in CDL department, possible reasons of low response
rate might include:



An LSP may consider the data related to fuel consumption as confidential information
An LSP may even not register the data related to fuel consumption
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An LSP might hesitate to share information about the improvements that are implemented in its
fleet to reduce fuel consumption due to the concern that this information might affect the fuel
surcharge negotiations later on.
There might be problems related to survey design:
o The survey with 11 sections might be too long and require significant time to complete.
o The questions and explanations in the survey might have got lost in translation and created
a negative impact on the survey design.
An LSP might be busy to attend such a study or may not be interested in at all.

Since the possible reasons of low response rate vary, the possible actions that can be taken to increase
the response rate for a further study vary too. As mentioned before, we had no direct contact with LSPs
that might participate into the study. The information flow was following the path of Heineken CDL
department, Heineken OpCos and LSPs respectively. Although statements about the confidentiality have
been already added to the survey, ensuring direct contact and clear understanding might have helped to
remove the concerns related to confidentiality. Moreover, eliminating an actual or potential customer,
such as Heineken, from the information flow might have also helped to remove the concerns related to
the fuel surcharges. Regarding to the survey design, a pilot study might have been conducted to spot
potential problems related to design. A satisfactory pilot study couldn’t be carried out for our case due
to time constraints.

4.4.Discussion of the Results
Although the response rate was much lower than the expected and a multiple regression analysis
couldn’t be carried out, the data provided through 10 responses is discussed in this section.
The last page of the survey is about the participants’ general opinion on these improvement areas. In
this sense, the participants have been asked to indicate how much they agree with each of the following
statements:







I believe that investing in these improvement areas will reduce my company's overall costs.
I believe that investing in these improvement areas will help my company to gain more
customers/business.
I believe that investing in these improvement areas will reduce my company's overall CO2
emissions.
I believe that investing in these improvement areas will improve customer satisfaction.
I believe that investing in these improvement areas will improve my company image.
I believe that investing in these improvement areas will differentiate my company from competitors.

The results show that the participants strongly believe investing in these improvement areas will reduce
the companies’ overall costs and CO2 emissions. However, they are not so sure of that investing in these
improvement areas will help them to gain more customers/business, differentiate from competitors,
improve customer satisfaction and company image.
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Graph 14 - General opinion on the improvements

Moreover, the participants have been asked to rank the top three improvement areas that their
companies are planning to invest in short and long term to reduce fuel consumption and the associated
CO2 emissions. The improvements areas included to the ranking are as follows:
Engine Improvements
Truck Idling Alternatives
Aerodynamic Drag Reduction Add-Ons
Rolling Resistance Reduction Alternatives
Drivetrain Improvements
Energy Needs of Accessories

IT Improvements
Fuel Management
Driver Training
Maintenance
Backhaul Strategy
Table 5 - The improvements areas included to the ranking

Please note that the improvement areas included to the ranking are not only limited to the ones in the
scope of this research project in order to understand the underlying reasons if the participant’s
company is not interested in the improvement areas covered.
Based on this ranking, the most popular improvement areas to be invested in short and long term are as
follows:

1st
2nd
3rd

Short-Term

Long-Term

Fuel Management & Driver Training
Drivetrain Improvements & Maintenance
Rolling Resistance Reduction Alternatives

Engine Improvements & Aerodynamic Drag Reduction Add-Ons
Drivetrain Improvements
Backhaul Strategy

Table 6 - The most popular improvement areas to be invested in short and long term

However, the validity of this ranking might be disputable due to the limited number of responses (small
sample size) and widely dispersed answers. Frequency histograms of the responses for short and long
term are as follows:
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Graph 15 - Short-term improvement areas

Graph 16 - Long-term improvement areas

Therefore, the popularity of the identified improvements has been also analyzed. The first graph is
showing the number of vehicles with the mentioned improvement for each of the identified
improvements in order to indicate the level of implementation:

Graph 17 - Number of vehicles with the mentioned improvement
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The second graph is showing the number of LSPs that have implemented the mentioned improvement
(at least in one truck) for each of the identified improvements in order to indicate how familiar an
improvement is:

Graph 18 - Number of LSPs with the mentioned improvement

These graphs are showing that LSPs are familiar with most of the improvements although
implementation levels are lower than the expectations.
Moreover, the relationship between the size of the company and the level of implementation has been
analyzed; however, there couldn’t be found any dependency:

Graph 19 - The relationship between the size of the company and the level of implementation
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The relationship between the size of the company and general opinion the improvement areas (on
average) has been also analyzed; but, there couldn’t be found any dependency:

Graph 20 - The relationship between the size of the company and general opinion the improvement areas

The key findings based on the data provided in 10 responses are summarized as follows:









The participants strongly believe investing in these improvement areas will reduce the companies’
overall costs and CO2 emissions. However, they are not so sure if investing in these improvement
areas will help them to gain more customers/business, differentiate from competitors, improve
customer satisfaction and company image.
The most popular improvement areas to be invested are:
o Driver training, fuel management, drivetrain improvements, maintenance and rolling
resistance reduction alternatives in short term
o Engine improvements, aerodynamic drag reduction add-ons, drivetrain improvements and
backhaul strategy in long term
LSPs are familiar with most of the improvements although implementation levels are lower than the
expectations. The most popular improvements have been identified as:
o cab roof deflectors and fairings, cab side fairings, low friction engine and drivetrain
lubricants, turbo-compound – mechanical, direct-fired heaters, low-rolling resistance tires,
cab turning vanes and increased turbocharger efficiency
There couldn’t be found any dependency between the size of the company and the level of
implementation.
There couldn’t be found any dependency between the size of the company and general opinion the
improvement areas (on average).
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5. A Methodology to Assess, Compare, Manage and Develop
Transportation Companies in Terms of Fuel Consumption and the
Associated CO2 Emissions
The second research objective has been defined as to “develop a methodology to assess, compare,
manage and develop Heineken owned fleets and LSPs in terms of fuel consumption and the associated
CO2 emission based on the identified technological and organizational improvements”.
In order to deliver this objective, a methodology with three complementary goals has been specified as
the following:
1. Create a handbook of the improvements to reduce fuel consumption and the associated CO2
emissions in road freight operations to evaluate available improvements and provide a roadmap
about where to start and how to proceed
2. Create a survey to measure the implementation level of the identified improvements in Heineken
owned fleets and LSPs
3. Create a performance dashboard to track and evaluate the progress on the implementation of the
improvements
Please note that this chapter was planned to be based on the real total potential of each improvement
area that was supposed to be determined in chapter 4 as a result of the multiple regression analysis.
However, since the multiple regression analysis could not be carried out due to low response rate of the
survey, this chapter is based on the average values of reduction in fuel consumption and capital cost
estimations that are calculated in chapter 3. Although there is a risk of uncertainty due to the variations
in estimations as identified in chapter 3, average values are considered to be adequate for the needs of
Heineken.
The methodology is explained in the following sections.
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5.1.Handbook
Heineken OpCos are encouraged to manage and develop their fleets for owned operations and their
LSPs for outsourced operations in terms of fuel consumption and the associated CO2 emissions. In this
sense, they should be able to compare the improvements for implementation and choose the suitable
ones for their needs or pass this knowledge to their LSPs. A handbook has been developed to guide
Heineken OpCos while reviewing their distribution operations with the aim of reducing fuel
consumption and the associated CO2 emissions.
In this handbook, thirty-two technological and organizational improvements identified under seven
titles have been introduced and evaluated through summary tables. For an example of handbook
summary tables, please check Appendix 6 – Handbook – Summary Table.
Moreover, the handbook introduces a roadmap with benefit/effort graphs and improvement packages
to provide a clear comparison of the improvements and a suggestion on where to start and how to
proceed.

5.1.1. Benefit/Cost Graphs
Benefit/effort graphs are adopted in order to provide a clear comparison of the improvements in terms
of three most crucial aspects:




reduction in fuel consumption (benefit)
capital cost (effort)
payback period

Reduction in fuel consumption (benefit), capital cost (effort) and payback period are assessed based on
the weighted average values estimated or calculated with the quantitative analyses explained in
Appendix 1, Appendix 2 and Appendix 4. Explanations about the benefit/effort graphs are as follows:







Capital cost (effort) does not include any aspect related to any limitation related to the
implementation and operation of the improvement. It refers to the initial investment.
If an improvement is applicable only to the new trucks, it is marked with a triangle on the graph.
Meanwhile, an improvement is marked with a circle, if it is applicable not only to the new trucks, but
also the existing trucks.
Graphs are colored to show how favorable an improvement is in terms of benefit/effort (green highly favorable, yellow - reasonably favorable, red – unfavorable).
Payback period lines are included to the graphs for three important time horizons: 1 year, 2 years
and 3 years.
Since cost structure is not available for four improvements (increased turbocharger efficiency, tare
weight reduction, truck stop electrification - single and dual systems -), they are excluded from the
graphs.

The benefit/effort graphs of twenty-eight technological and organizational improvements under four
titles - engine improvements, truck idling alternatives, aerodynamic drag reduction add-ons, other
improvements – are as follows:
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Key findings of the benefit/cost
graph for engine improvements:

 Increased peak cylinder,
improved fuel injection, lowfriction engine lubricants and
turbo-compound mechanical
offer considerable reduction in
fuel consumption with low
investment requirements and
short payback periods.
 Selective catalytic reduction
(SCR) system offers mid-benefit
with a significantly high cost
and payback period. However,
it should be considered for
implementation in order to
comply with the Euro
Emissions Standards (Euro
Norms) since it provides a
considerable amount of
reductions in NOx emissions.
Table 7 - Benefit/cost graph for engine improvements
Key findings of the benefit/cost
graph for truck idling alternatives:

 Although truck idling
alternatives differ in their
benefit/effort structures, they
should be considered for
implementation due to their
considerable reduction in fuel
consumption with reasonable
payback periods.
 Truck idling alternatives are
mutually exclusive
improvements, which cannot
be implemented on the same
truck. Therefore, the needs
during idling (cooling, heating,
electricity for appliances, etc.)
should also be taken into
account since what is provided
depends on the alternative
chosen.
Table 8 - Benefit/cost graph for truck idling alternatives
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Key findings of the benefit/cost
graph for aerodynamic drag
reduction add-ons:

 Aerodynamic drag reduction
add-ons is the most favorable
improvement area in terms of
capital cost and payback
period.
 Especially, cab roof deflectors
and fairings, trailer boat tails
and base flaps, trailer front
fairings and trailer side skirts
offer considerable reduction in
fuel consumption with low
investment requirements and
short payback periods

Table 9 - Benefit/cost graph for aerodynamic drag reduction add-ons
Key findings of the benefit/cost
graph for other improvements:
 Driver training program is the

most appealing improvement
since it offers very high benefit
with very low cost and very
short payback period.
 Moreover, low-friction engine
lubricants, low rolling
resistance tires and wide-base
tires also offer considerable
benefits with very low cost and
short payback period.

Table 10 - Benefit/cost graph for other improvements
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General findings of the benefit/cost graphs are:



Most of the improvements have payback periods shorter than 1 year and they are on the green
area, which refers to highly favorable improvements in terms of benefit/effort.
Sixteen “Quick Win”s have been identified through benefit/effort graphs based on low capital cost
(effort) and short payback period.

As a starting point, these “Quick Win”s should be targeted. The improvements identified as “Quick Win”
are listed in the following table (in the order of preference):
1. Driver training program

9. One of the truck idling alternatives*

2. Low-friction engine and drivetrain lubricants

10. Cab side skirts

3. Cab roof deflectors and fairings

11. Trailer side skirts

4. Cab side fairings

12. Cab turning vanes

5. Improved fuel injection

13. Cab front bumper air dams

6. Increased peak cylinder pressure

14. Automated tire inflation systems

7. Turbo-compound - mechanical

15. Trailer boat tails and base flaps

8. Wide-base tires or low rolling resistance tires

16. Trailer front fairings**

*The overall effect depends on the amount of idling time. Therefore, the characteristics of the distribution process in terms of
idling time should be evaluated to choose the appropriate alternative (the more idling time, the more advanced alternative
should be chosen). Moreover, the needs during idling (cooling, heating, electricity for appliances, etc.) should be checked since
what is provided depends on the alternative chosen.
**The overall effect will be reduced if the improvement is implemented in combination with other aerodynamic drag reduction
add-ons on cab roof and sides. Therefore, other aerodynamic drag reduction add-ons already implemented should be
considered to decide on the implementation of this improvement.

Table 11 - The improvements that are identified as "Quick Win"

5.1.2. Improvement Packages
Two sets of two improvement packages (basic and advanced) have been created for the existing and
new trucks to guide Heineken OpCos and LSPs about where to start and how to proceed. Logistics
managers are encouraged to manage and develop their fleets for owned operations and their LSPs for
outsourced operations in terms of fuel consumption and the associated CO2 emissions by following the
suggestions provided by these packages. These packages are created based on the following aspects and
criteria:






Reduction in fuel consumption (%): The amount of reduction that can be achieved is crucial for the
selection of the improvements. In this sense, improvements with higher reduction in fuel
consumption are more preferable for the basic package; however, the following aspects have higher
priority for the selection of the improvements due to the possible investment issues.
Capital cost (€): Capital cost is the initial investment to implement an improvement. Improvements
with lower capital costs are more preferable for the basic package considering the investment
issues.
Payback period (years): Payback period is the time required for the return on the initial investment.
It is calculated based on the reductions in fuel consumption and capital cost estimations.
Improvements with shorter payback periods are more preferable for the basic package considering
the investment issues.
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Popularity: Highly popular improvements are more preferable for the basic package considering that
they might have been already implemented in the fleet. Moreover, highly popular improvements
tend to be easily adopted due to their familiarity.

Considering the first three aspects, the following intervals have been specified in order to classify,
compare and select the improvements:
Reduction in Fuel (%)
0.00% - 2.99%
3.00% - 6.99%
7.00% - …

Capital Cost (€)

Low
Medium
High

€ 0 - € 1,499
€ 1500 - € 4,999
€ 5000 - …

Payback Period (Years)

Low
Medium
High

0.000 - 0.999
1.000 - 2.333
2.334 - …

Short
Medium
Long

Table 12 - The intervals specified to classify, compare and select the improvements

However, popularity of the improvements has been evaluated based on the available literature and
responses obtained during data collection phase of multiple regression analysis.
In this context, two sets of two improvement packages have been created for the existing and new
trucks:
Reduction in
Fuel
Consumption

Capital
Cost

1 Driver Training Program

High

Low

Short

Medium

2 Low-Friction Engine Lubricants

Low

Low

Short

High

3 Low-Friction Drivetrain Lubricants

Low

Low

Short

High

Medium

Low

Short

High

4.2 Cab Side Fairings

Low

Low

Short

High

4.3 Cab Turning Vanes

Low

Low

Short

High

4.4 Cab Front Bumper Air Dams

Low

Low

Medium

Medium

Medium

Medium

Short

Medium

6 Low Rolling Resistance Tires

Low

Low

Short

High

7 Direct-Fired Heaters

Low

Low

Short

High

Medium

Medium

Short

Low

Improvements

Payback
Popularity
Period

Basic Package

4 Basic Aerodynamic Drag Reduction Add-Ons Package
4.1 Cab Roof Deflectors and Fairings

5 Wide-Base Tires

8 Automatic Engine Idle Systems

Table 13 - Basic package for the existing trucks
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Reduction in
Fuel
Consumption

Capital
Cost

9.1 Cab Side Skirts

Low

Low

Short

High

9.2 Trailer Side Skirts

Low

Medium

Short

Medium

10 Direct-Fired Heaters with Thermal Storage

High

Medium

Short

Low

11 Electrification of Accessories

Low

Low

Short

Low

12 Automated Tire Inflation Systems

Low

Low

Short

Low

Medium

Low

Short

Low

Low

Low

Short

Low

14 APU

Medium

High

Medium

Low

15 Tare Weight Reduction

Medium

n/a

n/a

Low

Improvements

Payback
Popularity
Period

Advanced Package
9 Intermediate Aerodynamic Drag Reduction Add-Ons Package

13 Advanced Aerodynamic Drag Reduction Add-Ons Package
13.1 Trailer Boat Tails and Base Flaps
13.2 Trailer Front Fairings

Table 14 - Advanced package for the existing trucks

Reduction in
Fuel
Consumption

Capital
Cost

1 Driver Training Program

High

Low

Short

Medium

2 Low-Friction Engine Lubricants

Low

Low

Short

High

3 Low-Friction Drivetrain Lubricants

Low

Low

Short

High

Medium

Low

Short

High

4.2 Cab Side Fairings

Low

Low

Short

High

4.3 Cab Turning Vanes

Low

Low

Short

High

4.4 Cab Front Bumper Air Dams

Low

Low

Medium

Medium

5 Improved Fuel Injection

Medium

Low

Short

High

6 Increased Peak Cylinder Pressure

Medium

Low

Short

High

7 Increased Turbocharger Efficiency

Low

n/a

n/a

High

8 Turbo-compound - Mechanical

Low

Medium

Short

High

Medium

Medium

Short

Medium

10 Low Rolling Resistance Tires

Low

Low

Short

High

11 Direct-Fired Heaters

Low

Low

Short

High

Medium

Medium

Short

Low

Improvements

Payback
Popularity
Period

Basic Package

4 Basic Aerodynamic Drag Reduction Add-Ons Package
4.1 Cab Roof Deflectors and Fairings

9 Wide-Base Tires

12 Automatic Engine Idle Systems

Table 15 - Basic package for the new trucks
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Reduction in
Fuel
Consumption

Capital
Cost

13.1 Cab Side Skirts

Low

Low

Short

High

13.2 Trailer Side Skirts

Low

Medium

Short

Medium

High

Medium

Short

Low

Medium

Medium

Short

High

16 Selective Catalytic Reduction (SCR) Systems

Low

High

Long

Medium

17 Electrification of Accessories

Low

Low

Short

Low

18 Automated Tire Inflation Systems

Low

Low

Short

Low

Medium

Low

Short

Low

Low

Low

Short

Low

20 APU

Medium

High

Medium

Low

21 Tare Weight Reduction

Medium

n/a

n/a

Low

22 Turbo-compound - Electrical

Medium

Medium

Medium

Low

Improvements

Payback
Popularity
Period

Advanced Package
13 Intermediate Aerodynamic Drag Reduction Add-Ons Package

14 Direct-Fired Heaters with Thermal Storage
15 Automated Manual Transmission

19 Advanced Aerodynamic Drag Reduction Add-Ons Package
19.1 Trailer Boat Tails and Base Flaps
19.2 Trailer Front Fairings

Table 16 - Advanced package for the new trucks

Further notes and explanations about the packages and improvements are as follows:










Driver training program should be implemented with a complementary fuel management program
that monitors fuel efficiency of drivers, sets fuel efficiency targets and offers a fuel bonus in order to
achieve the full potential and maintain long-term benefits.
Wide-base tires and low rolling resistance tires are mutually exclusive improvements, which cannot
be implemented on the same truck. Therefore, an OpCo or an LSP should assess the characteristics
of the distribution operations and the fleet to choose the appropriate one (e.g. whether the trailers
have conventional dual tires, or not).
Truck idling alternatives are mutually exclusive improvements, which cannot be implemented on the
same truck. The overall impact depends on the amount of idling time. Therefore, an OpCo or an LSP
should assess the characteristics of the distribution operations in terms of idling time to choose the
appropriate alternative (the more idling time, the more advanced alternative should be chosen).
Moreover, an OpCo or an LSP should check what the needs are during idling (cooling, heating,
electricity for appliances, etc.) since what is provided depends on the alternative chosen.
The overall impact of trailer front fairings will be reduced if the improvement is implemented in
combination with other aerodynamic drag reduction add-ons on cab roof and sides. Therefore, an
OpCo or an LSP should consider other aerodynamic drag reduction add-ons already implemented to
decide on the implementation of this improvement.
Since cost structure is not available for increased turbocharger efficiency and tare weight reduction,
the analyses for capital cost estimation and payback period could not be carried out.
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Despite its high initial cost and significantly long payback period, selective catalytic reduction (SCR)
systems are included in the advanced package for the new trucks considering the necessities to
comply with the Euro Emissions Standards (Euro Norms) since it provides a considerable amount of
reductions in NOx emissions.
Trailer rear tapering and truck gap splitters are mutually exclusive improvements with cab side
fairings and trailer boat tails and based flaps respectively. They are excluded from the packages
since cab side fairings and trailer boat tails and based flaps are more preferable because of their
superior cost-benefit structure.
Truck stop electrification (dual and single) systems are excluded from the packages since they are
not popular in Europe and it is practically almost impossible to find a truck stop with the mentioned
infrastructure.
Automatic transmission is excluded from the packages due to its very high capital cost and very long
payback period.

5.2.Survey
The survey created for data collection phase of multiple regression analysis has been modified to
measure the implementation level of the identified improvements in Heineken owned fleets and LSPs.
For the survey, please check Appendix 7 – Survey.
The content includes questions related to the fleet profile, the operational data and the improvements
implemented in the fleet. It has been structured in 11 sections:





Section 1 is providing an overview of the company, the fleet and the operational data (e.g. payload,
distance, fuel consumption, etc.).
From section 2 to section 10, the identified improvement areas are covered by checking the level of
implementation in the fleet. Definitions and explanations of the improvements are provided at the
bottom of each page.
Section 11 is providing participant’s general opinion on the identified improvement areas.

5.3.Performance Dashboard
A performance dashboard has been created for each vehicle class. Based on the data provided in the
survey, the performance dashboard provides:




a means of comparison among Heineken owned fleets and LSPs
a possibility to track and evaluate the progress of the implementation of the improvements
identification of the areas to be improved

For an example of the performance dashboard, please check Appendix 8 – Performance Dashboard. The
performance dashboard is covering the following aspects:
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Fleet Composition
Vehicle class (12-24 tonne, 24-40 tonne, 40-60 tonne)
Vehicle split by Euro Emission Standards (Pre Euro I, Euro I, Euro II, Euro III, Euro IV, Euro V)
Operational data
Kilometers driven (km)
Fuel consumption (lt)
Average length of haul (km)
Payload transported (tonne)
Number of trips
Operational performance
Average load factor (%)
Average fuel consumption (lt/100km)
Average empty running (%)
Average fuel efficiency (lt/tonne-km)
High level performance assessment of the fleet
with a graph that compares the potential and achieved reductions in fuel consumption for each
improvement group based on the level of implementation.
Detailed performance assessment of the fleet
with several graphs that compares the potential and achieved reductions in fuel consumption for each
improvement in each improvement group based on the level of implementation.
Table 17 - The aspects covered by the performance dashboard

While some of these aspects are directly obtained from the data provided in the survey, the rest are
calculated with the following formulas:

Table 18 - The formulas used in the performance dashboard

High level and detailed performance assessments of the fleet for each vehicle class are based on the
comparison of potential and achieved reductions in fuel consumption due to the implementation of the
improvements. While potential reduction of fuel consumption of an improvement is based on the
findings from the literature as presented on the previous sections, achieved reduction in fuel
consumption is calculated with a similar approach to the scoring system explained in “Chapter 4.2.2
Scoring System for Data Transformation”. In mathematical terms:
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Detailed performance assessment of the fleet is based on the comparison of
where:

,

High level performance assessment of the fleet is based on the comparison of
where:

,

Moreover, the performance of the fleet based on the implementation of a driver training program is
also evaluated with a similar approach to the scoring system adopted for driver efficiency factors in
“Chapter 4.2.2 Scoring System for Data Transformation”. In mathematical terms:
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5.4.Benefits for Heineken and Next Steps
The methodology that is developed to assess, compare, manage and develop Heineken owned fleets
and LSPs in terms of fuel consumption and the associated CO2 emission produces three key deliverables
for Heineken: a handbook, a survey and a performance dashboard. The benefits for Heineken can be
evaluated around these key deliverables:





The handbook shows that how Heineken can manage and develop the transportation fleets (owned
or outsourced) focusing on fuel consumption and CO2 emission reductions through the introduction
of the improvement packages.
The survey assesses the implementation level of the improvements in outsourced and owned fleets.
The performance dashboard drives the discussion about future improvement plans with LSPs for
outsourced operations and within OpCos for owned operations.

The overall benefits of this research project can be summarized as:




Increasing the awareness and knowledge of the different improvement areas available and their
impact on fuel consumption and CO2 emissions.
Supporting the definition of the distribution efficiency standards for owned and outsourced
operations
Contributing to Heineken’s internal and external CO2 reduction commitments

This research project is an important initial step for Heineken to identify the potential of improvements
to reduce fuel consumption and CO2 emissions in road freight operations and have a roadmap about
where to start and how to proceed. The potential next steps might be:






Introducing the handbook within logistics operations and OpCos as part of Green Distribution
program
Defining distribution standards based on the improvement packages introduced in the handbook
Including the survey in the tendering process to support the selection of a logistics partner.
Using the survey as a checklist to assess the maturity of fuel and CO2 reduction improvements within
owned fleets
Using the performance dashboard as part of the contract management of LSPs/owned fleets to track
progress on the implementation of the improvement packages

43

6. Generalizability of the Findings, Contributions to the Literature and
Further Research Needs
This research project has been executed at the Corporate Distribution and Logistics department of
Heineken in Zoeterwoude, the Netherlands with three main objectives:
1. Identify the technological and organizational improvements to reduce fuel consumption and the
associated CO2 emissions in distribution operations
2. Develop a methodology to assess, compare, manage and develop Heineken owned fleets and
LSPs in terms of fuel consumption and the associated CO2 emission based on the identified
technological and organizational improvements
3. Develop a methodology to incorporate drivers of fuel consumption and the associated CO 2
emissions into Heineken Green Distribution Model
Although this research project has taken shape around the identified problems and needs of Heineken,
the findings are generalizable to any company with its own fleet, any LSP and any company working with
an LSP since they all are expected to substantially affected by the same factors such as:




financial concerns due to the increase in fuel prices
necessities to comply with the current and expected regulations and standards
customer relationships, corporate and brand image due to higher environmental awareness

To remain competitive, companies will have to adapt their businesses to these changes by learning how
to increase their fuel efficiency. In this context, this research is providing a considerable insight and aid
to companies.
The contributions to the literature are summarized around three main research objectives in the
following paragraphs.
Drivers of fuel consumption and the associated CO2 emissions in road freight operations have been
identified under four titles: logistics, vehicle, driver and route efficiency factors. Thirty-two commercially
available technological and organizational improvements related to vehicle and driver efficiency factors
have been identified and evaluated through a meta-analysis of the available literature. Although there
are many studies individually focusing on some of the improvements and their impact on fuel
consumption, there was no study in the literature that combines the results of these individual studies
through such an extensive review process. In this sense, this research project contributes to eliminate
this lack in the literature.
Moreover, a methodology is developed to identify vehicle and driver efficiency factors’ contribution to
the fuel consumption and the associated CO2 emissions. Although multiple regression analysis, which is
the last step of this methodology, couldn’t be carried out due to low response rate, the overall approach
is a contribution to the literature considering the scoring system adopted and the process introduced to
stabilize the factors out-of-scope. Furthermore, the discussion of the survey results gives valuable
insight about participants’ general opinion on the potential of improvements and the most popular
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ones. However, the validity of this discussion might be disputable due to the limited number of
responses.
Finally, the methodology that is developed for Heineken to assess, compare, manage and develop
Heineken owned fleets and LSPs in terms of fuel consumption and the associated CO2 emissions based
on the identified technological and organizational improvements is generalizable to any company with
its own fleet, any LSP and any company working with an LSP as mentioned above. Another remarkable
point about the methodology is the opportunity given to the companies to improve not only their own
fleets but also their LSPs, which are actually out of their management boundaries. Therefore, this
research project contributes to the literature with this methodology that produces all necessary
deliverables to assess, compare, manage and develop distribution fleets in terms of fuel consumption
and the associated CO2 emissions.
Beside these contributions, the following research needs have been identified during this project:




A need for further research to determine the real total potential of reductions in fuel consumption
and the associated CO2 emissions in each improvement area has been identified during the first
phase of the project due to:
o complex interactions among different improvements
o wide variations in estimations of potential fuel savings in the literature
The parameters affecting the overall performance of a driver training program have been identified.
Their contributions have been estimated; however, no analysis could be carried out to check them
statistically due to time constraints. Therefore, there is a need for further quantitative research to
verify these contributions.
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7. Conclusion
General findings and steps of this research project have been summarized in this section.
Thirty-two commercially available technological and organizational improvements related to vehicle and
driver efficiency factors have been identified under seven titles: engine improvements, truck idling
alternatives, aerodynamic drag reduction add-ons, rolling resistance reduction alternatives, drivetrain
improvements, improvements for energy needs of accessories and driver efficiency improvements.
According to the findings, the potential gains from the identified improvements are very significant.
However, as the literature review has revealed out, it is difficult to determine this potential exactly due
to wide variations in estimations of potential fuel savings in the literature and complex interactions
among different improvements. Therefore, there is a need for further research to determine the real
total potential of reductions in fuel consumption and the associated CO2 emissions in each improvement
area. Despite these difficulties, the potential of reduction in fuel consumption and the associated CO2
emissions due to the improvements identified under seven titles has been estimated individually within
a range through a meta-analysis. Thirty-two commercially available improvements have been evaluated
individually in summary tables with their descriptions, the considerations related to them and their costbenefit analyses.
The findings point out that most of the improvements have payback periods shorter than 1 year. Sixteen
“Quick Win”s have been identified through benefit/effort graphs based on low capital cost (effort) and
short payback period. Moreover, two sets of two improvement packages (basic and advanced) have
been created for the existing and new trucks to guide Heineken OpCos and LSPs about where to start
and how to proceed.
A methodology has been developed to assess, compare, manage and develop Heineken owned fleets
and LSPs in terms of fuel consumption and the associated CO2 emission based on the identified
technological and organizational improvements with three key deliverables: a handbook, a survey and a
performance dashboard.
Moreover, a methodology has been developed to incorporate drivers of fuel consumption and the
associated CO2 emissions into Heineken Green Distribution Model and determine the real total potential
each improvement area based on quantifying vehicle and driver efficiency factors’ contributions to the
fuel consumption in terms of the implementation level of the identified improvements in a fleet.
However, multiple regression analysis - the last step of the methodology - couldn’t be carried out due to
the low response rate and the difficulties emerged during the data collection from three Heineken
OpCos – Hungary, Slovakia and Poland. Although the factors to incorporate the drivers to the model and
the real total potentials couldn’t be determined, the overall approach including a scoring system and a
process to stabilize the factors out-of-scope has been defined. Furthermore, the discussion of the survey
results gives valuable insight about participants’ general opinion on the potential of improvements and
the most popular ones.
The contributions of this research project to Heineken include increasing the awareness and knowledge
of the different improvement areas available, supporting definition of the distribution efficiency
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standards and assisting the achievement of Heineken’s internal and external CO2 reduction
commitments. Meanwhile the contributions to the literature include providing a meta-analysis on
improvements related to vehicle and driver efficiency factors, a methodology that produces all
necessary deliverables to assess, compare, manage and develop distribution fleets in terms of fuel
consumption and the associated CO2 emissions and a methodology to determine the contributions of
vehicle and driver efficiency factors to the fuel consumption and the real total potential of each
improvement area.
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Appendix 1 – The Analysis of Reductions in Fuel Consumption
These technological and organizational improvements have been identified through a wide range of
literature, including journal papers, committee reports and best practice handbooks. Some of the
sources have given ranges for reductions in fuel consumption due to these improvements while some of
them have given average values. Two important aspects related to the potential of reduction in fuel
consumption have been estimated: a range and a weighted average. A range is estimated by taking the
maximum and minimum of the ranges and the averages given by the sources. It is shown by the green
line on the graph. However, to estimate the weighted average, the averages of the ranges given by the
sources are calculated first. These averages are shown with green and red diamonds on the graphs.
Then, the average of these average values is calculated as the weighted average of reduction in fuel
consumption due to the mentioned improvement. It is shown by the blue triangular and the box on the
graph.
Moreover, the reliability of the sources has been assessed based on which institution or journal the
study belongs to and if the sources of the study are clear and well-defined. Based on this assessment,
reliable sources are shown with green diamonds on the graphs while unreliable sources are shown with
red. The summary of this assessment can be found in Appendix 3 – The Reliability Assessment of the
Sources. It should be also noted that the numbers in and/or around the diamonds refer to the sources as
listed in Appendix 3 – The Reliability Assessment of the Sources.
In this sense, the estimated potential of reductions in fuel consumption due to thirty-two technological
and organizational improvements have been shown on the graphs below as suggested by different
sources:

Graph 21 - Engine improvements and their impact on fuel consumption

I

Graph 22 - Truck idling alternatives and their impact on fuel consumption

Graph 23 - Aerodynamic drag reduction add-ons and their impact on fuel consumption

Graph 24 - Rolling resistance reduction alternatives and their impact on fuel consumption

Graph 25 - Drivetrain improvements and their impact on fuel consumption

II

Graph 26 - Other improvements and their impact on fuel consumption

The analysis of reductions in fuel consumption due to the technological and organizational
improvements are based on a fictional articulated truck (a combination of a tractor and a trailer) with:




annual fuel consumption of 16,235 gallons (61,449 liters) (Frey & Kuo, 2007)
annual mileage of 100,000 miles (160,900 km) (NESCCAF, ICCT, TIAXLLC, &
SoutwestResearchInstitute, 2009)
annual truck idling of 1,830 hours (Frey & Kuo, 2007) while consuming 0.8 gallons (3 liters) of fuel
during truck idling (TheNationalAcademyofScience, 2010)

III

Appendix 2 – The Analysis of Capital Cost Estimations
The analysis for capital cost estimations of the technological and organizational improvements are based
on the data gathered from a wide range of literature, including journal papers, committee reports and
best practice handbooks. Some of the sources have given ranges for capital cost estimations while some
of them have given average values. Two important aspects related to the capital cost have been
estimated: a range and a weighted average. A range is estimated by taking the maximum and minimum
of the ranges and the averages given by the sources. It is shown by the green line on the graph.
However, to estimate the weighted average, the averages of the ranges given by the sources are
calculated first. These averages are shown with green and red diamonds on the graphs. Then, the
average of these average values is calculated as the weighted average of mentioned improvement’s
capital cost estimation. It is shown by the blue triangular and the box on the graph. It should be noted
that these data are highly dependent on the time and location of these researches. In this sense, the
real cost of any improvement might be different than the one estimated over here.
As for the analysis for reductions in fuel consumption, reliable sources are shown with green diamonds
on the graphs while unreliable sources are shown with red. The summary of this assessment can be
found in Appendix 3 – The Reliability Assessment of the Sources. It should be also noted that the
numbers in and/or around the diamonds refer to the sources as listed in Appendix 3 – The Reliability
Assessment of the Sources.
In this sense, capital cost estimations of thirty-two technological and organizational improvements have
been shown on the graphs below as suggested by different sources:

Graph 27 - Engine Improvements and their cost estimations
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Graph 28 – Truck idling alternatives and their cost estimations

Graph 29 - Aerodynamic drag reduction add-ons and their cost estimations

Graph 30 - Rolling resistance reduction alternatives and their cost estimations

Graph 31 – Drivetrain improvements and their cost estimations

V

Graph 32 - Other improvements and their cost estimations

Assumptions related to the analysis of capital cost estimations of the technological and organizational
improvements are as follows:






The capital cost estimations are based on incremental changes for any improvement that replaces
the existing technology (e.g. wide-base tires vs. conventional tires, low-friction engine lubricants vs.
conventional lubricants, etc.).
The capital cost estimations of the improvements are based on a fictional articulated truck (a
combination of a tractor and a trailer) with:
o annual fuel consumption of 16,235 gallons (61,449 liters) (Frey & Kuo, 2007)
o annual mileage of 100,000 miles (160,900 km) (NESCCAF, ICCT, TIAXLLC, &
SoutwestResearchInstitute, 2009)
o annual truck idling of 1,830 hours (Frey & Kuo, 2007) while consuming 0.8 gallons (3 liters)
of fuel during truck idling (TheNationalAcademyofScience, 2010)
In order to overcome the currency inconsistency, the exchange rate of US dollar to Euro on the date
of the analysis (June 16, 2011) is adopted in the calculations ($ 1 = € 0.71).

Since no cost structure is available for ‘Increased Turbocharger Efficiency’, ‘Truck Stop Electrification
(Single System)’, ‘Truck Stop Electrification (Dual System)’ and ‘Tare Weight Reduction’, they are
excluded from the capital cost estimations.
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Appendix 3 – The Reliability Assessment of the Sources
Improvements

Source Reference Numbers
Reduction in Fuel Consumption
Cost Estimation

Increased Peak Cylinder Pressure

1

Improved Fuel Injection

2

16

1

2

16

1

2

1

2

Selective Catalytic Reduction Systems

2

3

4

Increased Turbocharger Efficiency

2

3

4

Turbo-compound - Mechanical

2

4

2

4

Turbo-compound - Electrical

2

4

2

4

Low-Friction Engine Lubricants

1

3

Direct-Fired Heaters

4

6

14

16

1

2

16

1

2
3

6

7

1

2

7

1

2
3
2

2
3

4

7

2

3

Direct-Fired Heaters with Thermal Storage
APU

2

Automatic Engine Idle Systems
Truck Stop Electrification (Single System)

1

7

6

7

3

6

1

7
1

1
3
8

3

3
7
7

9

10

2

9

2

8

9

2

9

8

9

10

2

9

Cab Turning Vanes

8

9

9

Cab Front Bumper Air Dams

8

9

9

9

10

Truck Stop Electrification (Dual System)
Cab Roof Deflectors and Fairings

2

Cab Side Fairings
Cab Side Skirts

2

Trailer Front Fairings

8

Trailer Side Skirts

2

3

8

9

10

Trailer Boat Tails and Base Flaps

2

3

5

8

10

8

9

Trailer Rear Tapering
Truck Gap Splitters
Wide-Base Tires
Low Rolling Resistance Tires

1

2
3

3

6
4

Automated Tire Inflation Systems
Tare Weight Reduction

1

Automated Manual Transmission

2

9

11

12

16

1

16

1

6

13

2
3

3

6

Automatic Transmission
Low-Friction DriveTrain Lubricants

1

2

Electrification of Accessories

1

Driver Training Program

9
2

3

9

2

5
9

2

10

9
4
4

1

13

2

2

2

2

6

14

2

3
5
3

4

16

1

3

6

15

1

2
5

1

2

4

16
17

Legend
8

9

Reliable (green) and unreliable (red) sources are shown with diamonds. The numbers in
the diamonds refer to the sources as listed in the following section and Bibliography

Table 19 - The reliability assessment of the sources
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1. (Frey & Kuo, 2007) - Reliable
This is a report prepared for U.S. Department of Transportation by two faculty members of Department
of Civil, Construction, and Environmental Engineering of North Carolina State University with clear and
well-defined sources. It is reliable.
2. (NHTSA, 2010) - Reliable
This is a report prepared by the U.S. Department of Transportation, National Highway Traffic Safety
Administration with clear and well-defined sources. It is reliable.
3. (TheNationalAcademyofScience, 2010) - Reliable
This is an intensive report prepared by “The Committee to Assess Fuel Economy Technologies for
Medium- and Heavy-Duty Vehicles” whose members are drawn from the councils of the National
Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine. The sources
are clear and well-defined. It is reliable.
4. (NESCCAF, ICCT, TIAXLLC, & SoutwestResearchInstitute, 2009) - Reliable
This is a report to assess available and emerging technologies that could be used to reduce CO2 emissions and lower fuel consumption of new heavy-duty long haul combination trucks in the United States
in the 2012 to 2017 timeframe. It is prepared by a committee that is formed by Northeast States Center
for a Clean Air Future, International Council on Clean Transportation, Southwest Research Institute and
TIAX, LLC. It has been used a source in many studies on the literature. It is reliable.
5. (Schubert & Kromer, 2008) - Reliable
This is a report created by TIAX, which is a technology processing and commercialization company. It is
used as a source in many studies on the literature (including many joint effort committee studies
sponsored by U.S. Department of Transport). The sources are clear and well-defined. It is reliable.
6. (Ang-Olsun & Schroeer, 2002) - Reliable
This is a report prepared by two consultants of ICF International since EPA has contracted with ICF
International to examine the potential benefits of a variety of freight strategies. It has attracted
considerable attention from the industry and it has been presented at the 81st Annual Meeting of the
Transportation Research Board. The resources that they have used are either academic papers or
reports from national laboratories and industry. Therefore, the source is reliable.
7. (Stodolsky, Gaines, & Vyas, 2000)- Reliable
This is a report about technological alternatives to reduce idling time in heavy-duty trucks by Argonne
National Laboratory. The study is sponsored by the United States Department of Energy, Assistant
Secretary for Energy Efficiency and Renewable Energy, Office of Transportation Technologies, Office of
Heavy Vehicle Technologies. The sources are clear and well-defined. Therefore, it is reliable.
8. (PART, Platform for Aerodynamic Road Transport, 2011) - Unreliable
PART is a platform in which scientists, road transport equipment manufacturers and shippers and
carriers work together. PART focused primarily on aerodynamic measures for road transport vehicles.
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While the initiative looks reliable because of many partners contribution, sources are not clearly defined
and indicated. Therefore, the source is classified as unreliable.
9. (FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007) - Reliable
Freight Best Practice is funded by the U.K. Department for Transport (DfT) and managed by AECOM to
promote operational efficiency within freight operations. The reduction possibilities estimated by
Freight Best Practice are among the most conservative values on the literature. Although sources are
not clearly defined and indicated (since target group is industry not academy), being funded by the U.K.
Department for Transport (DfT) increases the source’s reliability. Therefore, the source is classified as
reliable.
10. (Mohamed-Kassim & Filippone, 2010) - Reliable
This is an academic article about “Fuel savings on a heavy vehicle via aerodynamic drag reduction”
which is published on a peer-reviewed international journal - Transportation Research Part D: Transport
and Environment. Therefore, the source is reliable.
11. (Bachman, Erb, & Bynum, 2005) - Reliable
This is a report of the field tests conducted by U.S. Environmental Protection Agency (EPA). The field
tests, methodologies and the sources are well-defined. Therefore, the source is reliable.
12. (SmartWay, A Glance at Clean Freight Strategies – Single Wide-Based Tires, 2004) - Reliable
13. (SmartWay, A Glance at Clean Freight Strategies – Automatic Tire Inflation Systems, 2004) Reliable
14. (SmartWay, A Glance at Clean Freight Strategies - Low-Viscosity Lubricants, 2004) - Reliable
15. (SmartWay, A Glance at Clean Freight Strategies - Drivers Training, 2004) - Reliable
SmartWay is an initiative by U.S. Environmental Protection Agency (EPA) to reduce fuel consumption
and CO2 emission in road freight by using technological improvements and best practices. Although
sources are not clearly defined and indicated in informative publications (since target group is industry,
not academy), being funded by EPA (which has also funded many scientific studies on the field as can be
seen from the other sources) increases the source’s reliability. Therefore, these sources are classified as
reliable.
16. (Vyas, Saricks, & Stodolsky, 2002) - Reliable
This is a technical report of Argonne National Laboratory’s Energy Systems Division. The sources are
clear and well-defined. Therefore, it is reliable.
17. (Baker, Cornwell, Koehler, & Patterson, 2010) - Unreliable
This is a report of Ricardo Plc. (a consultancy firm) prepared for Department for Transport (UK).
Although it has extensive information on “Low Carbon Technologies for Heavy Good Vehicles”, the
sources are not clearly defined and indicated. Therefore, the source is classified as unreliable.

IX

Appendix 4 – The Analysis of the Payback Period
Payback period is the time required (in years) for the return of the initial investment. The analysis of the
payback period does not include any lifecycle costs, such as operations and maintenance (O&M) and
replacement. The payback period of an improvement has been calculated based on the ranges and
weighted averages given for reductions in fuel consumption ( Appendix 1 - The Analysis of Reductions in
Fuel Consumption) and capital cost (Appendix 2 – The Analysis of Capital Cost Estimations) estimations.
In addition to the assumptions stated in these two appendices, the following assumptions are made for
the payback period analysis:



Interest rate is assumed to be 7% as used in U.S. EPA’s calculations (NESCCAF, ICCT, TIAXLLC, &
SoutwestResearchInstitute, 2009).
Since the scope of the analysis is limited to Europe, the retail diesel price per liter used in the
analysis is calculated as the average of European countries on the date of the analysis (June 16,
2011) (Europe's Energy Portal):
Retail Diesel Price
€ 1.32



The retail diesel price movement is forecasted through the time horizon of the analyses to roughly
capture the possible effects on the feasibility of the improvements. It is assumed that any UK bulk
diesel price movement is a direct indicator of European diesel retail price movement. The change in
retail diesel price is forecasted by fitting a trend line on the historical data from the UK Bulk Diesel
Price Movement published Freight Transport Association (FTA, 2011), which is covering the price
movements from February 2007 to June 2011. In this sense, the retail diesel price per liter is
forecasted through the time horizon of the analysis as follows:
Year 1 Year 2 Year 3 Year 4 Year 5
€ 1.32 € 1.38 € 1.45 € 1.51 € 1.58



Since no cost structure is available for ‘Increased Turbocharger Efficiency’, ‘Truck Stop Electrification
(Single System)’, ‘Truck Stop Electrification (Dual System)’ and ‘Tare Weight Reduction’, they are
excluded from the analysis of the payback period.

For each improvement, the payback period has been calculated as follows:
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Appendix 5 – Summary Tables of the Improvements
In order to create a clear comprehension, thirty-two commercially available technological and
organizational improvements have been evaluated individually in the following summary tables with
their explanations, the considerations related to them and their cost-benefit.

The improvement is
described in this section with
an explanation of how it
reduces fuel consumption.

Indicating if the improvement is applicable only to the
new trucks or not only to the new, but also to the
existing trucks in a fleet.
Aerodynamic Drag Reduction Add-Ons

Improvement 14: Cab Roof Deflectors and Fairings

Applicable to the new and existing trucks

Description:

Any other factor affecting the
performance of the
improvement is specified in
this section.

• A cab roof deflector is a flat or contoured plate that can be set at different angles based on the height difference between
the cab and the trailer while a cab roof fairing is a more complex three-dimensional molding (FreightBestPractice,
Aerodynamics for Efficient Road Freight Operations, 2007).
• Both of them are placed on the roof of a truck’s cab to streamline the flow from the roof of the cab to the roof of the trailer
(FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007).

Considerations:

The type of the truck or
operation, on which the
benefit likely to be greatest, is
specified here.

Any effect on vehicle safety
(positive or negative) and
any limitation related to the
implementation and the
operation of the
improvement are specified
in this section.

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
1.20%
4.45%
10.00%
Capital Cost (€)
€ 341
€ 589
€ 923
Payback Period (Years)
0.08
0.18
0.65

o Achieving the full potential of the improvement requires the correct
adjustment of the add-on (Baker, Cornwell, Koehler, & Patterson, 2010).
• Most suitable for:
o a truck with a height difference between its cab and its trailer
(FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007)
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o no impact on vehicle safety

* Reduction in fuel consumption (%) due to the improvement is specified here.
For further information, please check Appendix 1.
* Capital cost (€) of the improvement is specified here. For further information,
please check Appendix 2.
* Payback period in years is specified here. For further information, please
check Appendix 4.

Figure 8 - An example of a summary table for an improvement and explanations

For the summary tables, a range of cost-benefit analyses have been conducted based on reduction in
fuel consumption and capital cost estimations. These analyses include the followings:


Reduction in fuel consumption (%): It is the measure of expected fuel savings in percentage. A
range and a weighted average have been estimated for each improvement based on the available
literature. For further information on sources, assumptions and calculations, please check Appendix
1 - The Analysis of Reductions in Fuel Consumption.



Capital cost (€): It can be referred as the initial investment. It is based on incremental changes for
any improvement that replaces the existing technology (e.g. wide-base tires vs. conventional tires,
low-friction engine lubricants vs. conventional lubricants, etc.). It does not include any lifecycle cost
such as operations and maintenance (O&M) and replacement. A range and a weighted average have
XI



been estimated for each improvement based on the available literature. For further information on
sources, assumptions and calculations, please check Appendix 2 – The Analysis of Capital Cost
Estimations.
Payback period (years): Payback period is the time required (in years) for the return on the initial
investment. It does not include any lifecycle costs, such as operations and maintenance (O&M) and
replacement. A range and a weighted average have been calculated for each improvement based on
the reductions in fuel consumption and capital cost estimations. For further information on sources,
assumptions and calculations, please check Appendix 4 – The Analysis of the Payback Period.

Figure 9 - Visuals of engine improvements
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Figure 10 - Visuals of truck idling alternatives

Figure 11 - Visuals of aerodynamic drag reduction add-ons (for cab)

Figure 12 -Visuals of aerodynamic drag reduction add-ons (for trailer)

Figure 13 - Rolling resistance reduction alternatives
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Figure 14 - Visuals of drivetrain improvements

Figure 15 - Visuals of alternatives for energy needs of accessories and driver efficiency improvements
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Table 20 - Summary table for increased peak cylinder pressure

Table 21 - Summary table for improved fuel injection
Engine Improvements

Improvement 3: Selective Catalytic Reduction (SCR) Systems

Applicable only to the new trucks

Description:
• To comply with the emission standards, manufacturers design new solutions to reduce the emission levels of the vehicles.
Exhaust gas recirculation (EGR) system is one of these solutions, which is used in most of today’s gasoline and diesel engines
to reduce NOx emissions. However, it increases fuel consumption while limiting in-cylinder formation of NOx
(TheNationalAcademyofScience, 2010).
• Selective Catalytic Reduction (SCR) systems are added to new engines in addition to EGR systems as an after treatment
method to reduce NOx emission levels (TheNationalAcademyofScience, 2010).
• Selective Catalytic Reduction (SCR) systems have higher fuel efficiency compared to conventional EGR systems since they
allow higher in-cylinder formation of NOx and eliminate it later on (TheNationalAcademyofScience, 2010).

Table 22 - (cont'd on next page) Summary table for selective catalytic reduction (SCR) systems
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Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o Temperature is an important determinant of the overall performance of SCR
systems. Cool exhaust temperatures during the start-up period reduce the
performance of SCR systems (TheNationalAcademyofScience, 2010).
• Most suitable for:
o all trucks
• Safety and limitation matters:
o no impact on vehicle safety
o The process requires a fluid, which is a urea-water mix and generally called
AdBlue in Europe and diesel exhaust fluid (DEF) in the United States.

Min
Average
Max
Reduction in Fuel Consumption (%)
2.00%
2.83%
4.00%
Capital Cost (€)
€ 6,392
€ 6,747
€ 7,102
Payback Period (Years)
2.26
3.22
4.64

o SCR systems are sensitive to contamination with compounds potentially exist
in the exhaust gases (NESCCAF, ICCT, TIAXLLC, & SoutwestResearchInstitute,
2009).

Table 22 - (cont'd from last page) Summary table for selective catalytic reduction (SCR) systems

Table 23 - Summary table for increased turbocharger efficiency

Engine Improvements

Improvement 5: Turbo-Compound - Mechanical

Applicable only to the new trucks

Description:
• A turbo-compound – mechanical includes a power turbine, which is implemented to the exhaust stream to obtain extra
energy from the exhaust, in addition to the conventional turbocharger (TheNationalAcademyofScience, 2010).
• That power turbine is connected to the crankshaft to provide additional power and increase the overall efficiency
(TheNationalAcademyofScience, 2010).

Table 24 – (cont'd on next page) Summary table for turbo-compound – mechanical
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Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o The characteristics of the distribution (long-haul/short-haul,
primary/secondary, one stop/multi stop, etc.) affects the performance of turbocompound since it tends to be highest under full load and much less under light
load (TheNationalAcademyofScience, 2010).
• Most suitable for:
o all trucks
• Safety and limitation matters:
o no impact on vehicle safety
o 'Turbo-compound - Mechanical' and 'Turbo-compound - Electrical' are mutually
exclusive improvements, which can not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
2.50%
2.88%
3.00%
Capital Cost (€)
€ 1,420
€ 1,829
€ 2,131
Payback Period (Years)
0.81
0.84
0.97

Table 24 – (cont'd from last page) Summary table for turbo-compound – mechanical

Table 25 - Summary table for turbo-compound – electrical

Table 26 – Summary table for low-friction engine lubricants
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Table 27 – Summary table for direct-fired heaters
Truck Idling Alternatives

Improvement 9: Direct-Fired Heaters with Thermal Storage

Applicable to the new and existing trucks

Description:
• A thermal storage stores heating or cooling energy that is transferred from the engine or air-conditioning while the truck is
operating (Stodolsky, Gaines, & Vyas, 2000).
• This stored energy is used to meet heating or cooling needs (Frey & Kuo, 2007).
• When it is used with a direct-fire heater, it increases the overall efficiency of the system and provides a considerable
amount of reduction in fuel consumption (Stodolsky, Gaines, & Vyas, 2000).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o amount of truck idling time (the overall reduction in fuel consumption will
increase with the amount of truck idling time)
• Most suitable for:
o a truck that mostly performs long-haul/primary distribution with a
considerable amount of truck idling time
• Safety and limitation matters:
o no impact on vehicle safety
o It does not provide electrical power to run the electrical appliances.
o All truck idling alternatives are mutually exclusive improvements, which can
not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
8.21%
9.22%
10.23%
Capital Cost (€)
€ 2,983
Payback Period (Years)
0.39
0.43
0.48

Table 28 - Summary table for direct-fired heaters with thermal storage

Truck Idling Alternatives

Improvement 10: Auxiliary Power Unit (APU)

Applicable to the new and existing trucks

Description:
• An APU is located externally on the cab or sleeper, and provides heat and electricity through its own combustion engine,
equipped with a generator and heat recovery (Stodolsky, Gaines, & Vyas, 2000).
• Air conditioning is also provided with the electricity supplied by APU. In this sense, the savings from an APU is expected to
be much higher than from a direct-fire heater (Stodolsky, Gaines, & Vyas, 2000).

Table 29 – (cont'd on next page) Summary table for auxiliary power unit (APU)
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Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o amount of truck idling time (the overall reduction in fuel consumption will
increase with the amount of truck idling time)
• Most suitable for:
o a truck that mostly performs long-haul/primary distribution with a
considerable amount of truck idling time
• Safety and limitation matters:
o no impact on vehicle safety
o All truck idling alternatives are mutually exclusive improvements, which can
not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
5.63%
6.79%
7.39%
Capital Cost (€)
€ 4,261
€ 5,393
€ 5,880
Payback Period (Years)
0.97
1.05
1.27

Table 29 – (cont'd from last page) Summary table for auxiliary power unit (APU)
Truck Idling Alternatives

Improvement 11: Automatic Engine Idle Systems

Applicable to the new and existing trucks

Description:
• Automatic engine idle systems start and stop engine automatically to maintain a specified temperature in the cab or
maintain minimum battery voltage (Ang-Olsun & Schroeer, 2002).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o amount of truck idling time (the overall reduction in fuel consumption will
increase with the amount of truck idling time)
• Most suitable for:
o a truck that mostly performs long-haul/primary distribution with a
considerable amount of truck idling time
• Safety and limitation matters:
o no impact on vehicle safety
o All truck idling alternatives are mutually exclusive improvements, which can
not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
2.29%
3.39%
4.50%
Capital Cost (€)
€ 710
€ 1,775
€ 2,841
Payback Period (Years)
0.52
0.69
1.03

Table 30 - Summary table for automatic engine idle systems
Truck Idling Alternatives

Improvement 12: Truck Stop Electrification (Single System)

Applicable to the new and existing trucks

Description:
• A truck driver can simply connect his truck to power supply provided at the truck stop via an electrical cable in order to
provide heating and cooling for the cab, electricity for the appliances, and energy for the other needs (Frey & Kuo, 2007).
• For single systems, modifications are required only for truck stops (Frey & Kuo, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o amount of truck idling time (the overall reduction in fuel consumption will
increase with the amount of truck idling time)
• Most suitable for:
o a truck that mostly performs long-haul/primary distribution with a
considerable amount of truck idling time
• Safety and limitation matters:
o no impact on vehicle safety
o A truck stop with the mentioned infrastructure is required.
o There is an hourly fee of getting service at a truck stop with the mentioned
infrastructure.
o All truck idling alternatives are mutually exclusive improvements, which can
not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
0.92%
Capital Cost (€)*
n/a
n/a
n/a
Payback Period (Years)*
n/a
n/a
n/a
*Since cost structure is not available for
this improvement, the analyses for
capital cost estimation and payback
period could not be carried out.

Table 31 - Summary table for truck stop electrification (single system)
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Truck Idling Alternatives

Improvement 13: Truck Stop Electrification (Dual System)

Applicable to the new and existing trucks

Description:
• A truck driver can simply connect his truck to power supply provided at the truck stop via an electrical cable in order to
provide heating and cooling for the cab, electricity for the appliances, and energy for the other needs (Frey & Kuo, 2007).
• For dual systems, modifications are required not only for truck stops but also for trucks (Frey & Kuo, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o amount of truck idling time (the overall reduction in fuel consumption will
increase with the amount of truck idling time)
• Most suitable for:
o a truck that mostly performs long-haul/primary distribution with a
considerable amount of truck idling time
• Safety and limitation matters:
o no impact on vehicle safety
o A truck stop with the mentioned infrastructure is required.
o There is an hourly fee of getting service at a truck stop with the mentioned
infrastructure.
o All truck idling alternatives are mutually exclusive improvements, which can
not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
8.93%
8.99%
9.02%
Capital Cost (€)*
n/a
n/a
n/a
Payback Period (Years)*
n/a
n/a
n/a
*Since cost structure is not available for
this improvement, the analyses for
capital cost estimation and payback
period could not be carried out.

Table 32 - Summary table for truck stop electrification (dual system)

Aerodynamic Drag Reduction Add-Ons

Improvement 14: Cab Roof Deflectors and Fairings

Applicable to the new and existing trucks

Description:
• A cab roof deflector is a flat or contoured plate that can be set at different angles based on the height difference between
the cab and the trailer while a cab roof fairing is a more complex three-dimensional molding (FreightBestPractice,
Aerodynamics for Efficient Road Freight Operations, 2007).
• Both of them are placed on the roof of a truck’s cab to streamline the flow from the roof of the cab to the roof of the trailer
(FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
1.20%
4.45%
10.00%
Capital Cost (€)
€ 341
€ 589
€ 923
Payback Period (Years)
0.08
0.18
0.65

o Achieving the full potential of the improvement requires the correct
adjustment of the add-on (Baker, Cornwell, Koehler, & Patterson, 2010).
• Most suitable for:
o a truck with a height difference between its cab and its trailer
(FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007)
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o no impact on vehicle safety

Table 33 - Summary table for cab roof deflectors and fairings
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Aerodynamic Drag Reduction Add-Ons

Improvement 15: Cab Side Fairings

Applicable to the new and existing trucks

Description:
• Cab side fairings are used to bridge the gap between a truck’s cab and trailer in order to streamline the flow from the side of
the cab to the side of the trailer (FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
0.60%
1.27%
3.00%
Capital Cost (€)
€ 213
€ 341
€ 398
Payback Period (Years)
0.15
0.36
0.75

o crosswind (the overall reduction in fuel consumption will increase with the
crosswind and the yaw angle) (Mohamed-Kassim & Filippone, 2010)
o Achieving the full potential of the improvement requires the correct
adjustment of the add-on (Baker, Cornwell, Koehler, & Patterson, 2010).
• Most suitable for:
o a truck with a considerable gap between its cab and its trailer
(FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007)
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o no impact on vehicle safety
o Use of a cab side fairing without an appropriate cab roof deflector or fairing
reduces its effectiveness (PART, Platform for Aerodynamic Road Transport, 2011).
o ‘Cab Side Fairings' and ‘Truck Gap Splitters' are mutually exclusive
improvements, which can not be implemented on the same truck.

Table 34 - Summary table for cab side fairings
Aerodynamic Drag Reduction Add-Ons

Improvement 16: Cab Side Skirts

Applicable to the new and existing trucks

Description:
• Cab side skirts are used to cover the gap between the front and rear wheels of the tractor in order to prevent the underbody
flow and drag (Mohamed-Kassim & Filippone, 2010).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
0.60%
1.68%
4.00%
Capital Cost (€)
€ 852
€ 1,048
€ 1,420
Payback Period (Years)
0.35
0.83
2.34

o crosswind (the overall reduction in fuel consumption will increase with the
crosswind and the yaw angle) (Mohamed-Kassim & Filippone, 2010)
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o Since cab side skirts are located close to the road surface, they might have
damage from stone chips (FreightBestPractice, Aerodynamics for Efficient Road
Freight Operations, 2007).
o Cab side skirts improve the stability of the vehicle in crosswinds while they
also increase the general road safety since they reduce the amount of road spray
and the possibility of cyclists’ and pedestrians’ getting caught under the wheels
(PART, Platform for Aerodynamic Road Transport, 2011).

Table 35 - Summary table for cab side skirts

XXI

Aerodynamic Drag Reduction Add-Ons

Improvement 17: Cab Turning Vanes

Applicable to the new and existing trucks

Description:
• Cab turning vanes are located below the windscreen level on the cab front edges to reduce drag caused by the sharp edges
(FreightBestPractice, Aerodynamics for Efficient Road Freight Operations, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o Cab turning vanes also prevent dirt’s building up on the lower windscreen and
improve the driver’s visibility and safety (PART, Platform for Aerodynamic Road
Transport, 2011).

Min
Average
Max
Reduction in Fuel Consumption (%)
0.30%
0.33%
0.40%
Capital Cost (€)
€ 114
Payback Period (Years)
0.38
0.46
0.5

Table 36 - Summary table for cab turning vanes

Table 37 - Summary table for cab front bumper air dams
Aerodynamic Drag Reduction Add-Ons

Improvement 19: Trailer Front Fairings

Applicable to the new and existing trucks

Description:
• Trailer front fairings are used to reduce the effects of the drag caused by the gap between the cab and the trailer (MohamedKassim & Filippone, 2010).
• Any aerodynamic drag reductions add-ons already fitted to the cab roof and sides are expected to reduce the overall effect
of trailer front fairings (PART, Platform for Aerodynamic Road Transport, 2011).

Table 38 - (cont'd on next page) Summary table for trailer front fairings

XXII

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
1.60%
2.32%
3.80%
Capital Cost (€)
€ 398
Payback Period (Years)
0.14
0.23
0.33

o the shape of the cab and any aerodynamic drag reductions add-ons already
fitted to the cab roof and sides (e.g. cab roof deflectors and fairings; cab side
fairings) (PART, Platform for Aerodynamic Road Transport, 2011)
• Most suitable for:
o an articulated truck with a considerable gap between its cab and its trailer
(Mohamed-Kassim & Filippone, 2010)
o an articulated truck, which mostly performs long-haul/primary distribution at
highway speeds
• Safety and limitation matters:
o no impact on vehicle safety

Table 38 – (cont'd from last page) Summary table for trailer front fairings
Aerodynamic Drag Reduction Add-Ons

Improvement 20: Trailer Side Skirts

Applicable to the new and existing trucks

Description:
• Trailer side skirts are covering the gap between the wheels of the tractor and the trailer to prevent the underbody flow and
drag (Mohamed-Kassim & Filippone, 2010).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
0.40%
2.55%
6.98%
Capital Cost (€)
€ 852
€ 1,588
€ 2,841
Payback Period (Years)
0.3
0.82
4.52

o crosswind (the overall reduction in fuel consumption will increase with the
crosswind and the yaw angle) (Mohamed-Kassim & Filippone, 2010)
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o Since cab side skirts are located close to the road surface, there is a risk of
having damage from stone chips (FreightBestPractice, Aerodynamics for Efficient
Road Freight Operations, 2007).
o Trailer side skirts improve the stability of the vehicle in crosswinds while they
also increase the general road safety since they reduce the amount of road spray
and the possibility of cyclists’ and pedestrians’ getting caught under the wheels
(PART, Platform for Aerodynamic Road Transport, 2011).

Table 39 - Summary table for trailer side skirts
Aerodynamic Drag Reduction Add-Ons

Improvement 21: Trailer Boat Tails and Base Flaps

Applicable to the new and existing trucks

Description:
• Air flows through the roof and side edges of the trailer while causing a trailing wake that lowers the pressure at the rear and
increases the drag consequently (Mohamed-Kassim & Filippone, 2010).
• Trailer boat tails and base flaps are four rectangular plates attached to the back of a trailer in order to decrease the wake
of the truck and the drag (PART, Platform for Aerodynamic Road Transport, 2011).

Table 40 - (cont'd on next page) Summary table for trailer boat tails and base flaps
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Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
1.50%
4.12%
7.50%
Capital Cost (€)
€ 1,065
€ 1,319
€ 1,591
Payback Period (Years)
0.23
0.42
1.17

o Achieving the full potential of the improvement requires the correct
adjustment of the add-on (Baker, Cornwell, Koehler, & Patterson, 2010).
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o The length limitations, safety matters (in case of a collision) and operational
difficulty (loading and unloading) prevent these add-ons to be well accepted in
the industry despite their significant savings (Mohamed-Kassim & Filippone,
2010).
o 'Trailer Rear Tapering' and 'Trailer Boat Tails and Base Flaps' are mutually
exclusive improvements, which can not be implemented on the same truck.

Table 40 - (cont'd from last page) Summary table for trailer boat tails and base flaps
Aerodynamic Drag Reduction Add-Ons

Improvement 22: Trailer Rear Tapering

Applicable to the new and existing trucks

Description:
• Air flows through the roof and side edges of the trailer while causing a trailing wake that lowers the pressure at the rear and
increases the drag consequently (Mohamed-Kassim & Filippone, 2010).
• Tapering the rear of the trailer is another alternative to reduce the wake of the truck and the drag (FreightBestPractice,
Aerodynamics for Efficient Road Freight Operations, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds
• Safety and limitation matters:
o no impact on vehicle safety
o potential loss of trailer payload space (FreightBestPractice, Aerodynamics for
Efficient Road Freight Operations, 2007)

Min
Average
Max
Reduction in Fuel Consumption (%)
0.20%
0.30%
0.40%
Capital Cost (€)
€ 284
Payback Period (Years)
0.94
1.26
1.9

o 'Trailer Rear Tapering' and 'Trailer Boat Tails and Base Flaps' are mutually
exclusive improvements, which can not be implemented on the same truck.

Table 41 - Summary table for trailer rear tapering
Aerodynamic Drag Reduction Add-Ons

Improvement 23: Truck Gap Splitters

Applicable to the new and existing trucks

Description:
• A gap splitter is an effective alternative to a cab side fairing for an articulated truck with a big gap between its cab and its
trailer (Mohamed-Kassim & Filippone, 2010).
• It blocks the airflow through the gap and prevents the cross flow effect that increases the drag (Mohamed-Kassim &
Filippone, 2010).

Table 42 - (cont'd on next page) Summary table for truck gap splitters
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Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o speed of the truck (effectiveness of the aerodynamic add-ons and overall
reduction in fuel consumption will increase with the speed of the truck due to the
increase in aerodynamic drag) (PART, Platform for Aerodynamic Road Transport,
2011)
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the speed of the truck

Min
Average
Max
Reduction in Fuel Consumption (%)
0.60%
1.15%
3.00%
Capital Cost (€)
€ 398
€ 607
€ 1,065
Payback Period (Years)
0.27
0.7
1.35

o crosswind (the overall reduction in fuel consumption will increase with the
crosswind and the yaw angle) (Mohamed-Kassim & Filippone, 2010)
• Most suitable for:
o an articulated truck with a considerable gap between its cab and its trailer
(Mohamed-Kassim & Filippone, 2010)
o an articulated truck, which mostly performs long-haul/primary distribution at
highway speeds
• Safety and limitation matters:
o no impact on vehicle safety
o ‘Cab Side Fairings' and ‘Truck Gap Splitters' are mutually exclusive
improvements, which can not be implemented on the same truck.

Table 42 - (cont'd from last page) Summary table for truck gap splitters
Rolling Resistance Reduction Alternatives

Improvement 24: Wide-Base Tires

Applicable to the new and existing trucks

Description:
• Wide-base tires have lower rolling resistance and tare weight compared to conventional dual tires (Ang-Olsun & Schroeer,
2002).
• A typical articulated truck with wide-base tires on both truck and trailer axles can take advantage of tare weight reduction
ranging from 350 kg to 450 kg (SmartWay, A Glance at Clean Freight Strategies – Single Wide-Based Tires, 2004).
• Tire manufacturers refuse the common concern related to the belief that the failure of a wide-base tire would leave the
truck immobilized. They state that the trucks can continue to operate with a wide-base tire failure since most of the trucks
and trailers have tandem axles (SmartWay, A Glance at Clean Freight Strategies – Single Wide-Based Tires, 2004).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o n/a
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds and has conventional dual tires (Baker, Cornwell, Koehler, & Patterson,
2010)
• Safety and limitation matters:
o Higher attention to tire inflation is required due to safety concerns (Frey & Kuo,
2007).
o 'Wide-Base Tires' and 'Low Rolling Resistance Tires' are mutually exclusive
improvements, which can not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
1.81%
4.54%
11.00%
Capital Cost (€)
€ 1,591
Payback Period (Years)
0.19
0.46
1.17

Table 43 - Summary table for wide-base tires
Rolling Resistance Reduction Alternatives

Improvement 25: Low Rolling Resistance Tires

Applicable to the new and existing trucks

Description:
• Tires made of new materials (e.g. the combination of silica and synthetic elastomer) with lower coefficients of friction have
lower rolling resistance compared to conventional tires (Frey & Kuo, 2007).

Table 44 – (cont'd on next page) Summary table for low rolling resistance tires
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Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o n/a
• Most suitable for:
o a truck, which mostly performs long-haul/primary distribution at highway
speeds (Baker, Cornwell, Koehler, & Patterson, 2010)
• Safety and limitation matters:
o no impact on vehicle safety
o 'Wide-Base Tires' and 'Low Rolling Resistance Tires' are mutually exclusive
improvements, which can not be implemented on the same truck.

Min
Average
Max
Reduction in Fuel Consumption (%)
2.91%
Capital Cost (€)
€ 1,250
Payback Period (Years)
0.57
-

Table 44 – (cont'd from last page) Summary table for low rolling resistance tires
Rolling Resistance Reduction Alternatives

Improvement 26: Automated Tire Inflation Systems

Applicable to the new and existing trucks

Description:
• Under inflated tires deflect more than properly inflated tires while increasing the rolling resistance; therefore, the fuel
consumption. Moreover, under inflation causes faster and uneven wear, which shortens the service life of the tire.
Automatic tire inflation systems sense the pressure and supply pressurized air to tires continuously to avoid any under
inflation (SmartWay, A Glance at Clean Freight Strategies – Automatic Tire Inflation Systems, 2004).
• A recent survey reveals that only less than half of the articulated truck tires have inflation pressures that are within 5% of
the recommended values (SmartWay, A Glance at Clean Freight Strategies – Automatic Tire Inflation Systems, 2004).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o n/a
• Most suitable for:
o all trucks
• Safety and limitation matters:
o Automated tire inflation systems improve vehicle safety by reducing the tire
wear and the chance of a tire failure (Ang-Olsun & Schroeer, 2002).

Min
Average
Max
Reduction in Fuel Consumption (%)
0.60%
0.67%
0.80%
Capital Cost (€)
€ 284
€ 462
€ 639
Payback Period (Years)
0.76
0.92
1.02

Table 45 - Summary table for automated tire inflation systems
Rolling Resistance Reduction Alternatives

Improvement 27: Tare Weight Reduction

Applicable to the new and existing trucks

Description:
• Vehicle weight has a direct relationship with the rolling resistance and the power needed to overcome the inertial forces
emerged during acceleration-deceleration or ascending-descending; therefore, the fuel consumption
(TheNationalAcademyofScience, 2010).
• Tare weight reduction can be achieved by using lightweight materials (e.g. aluminium, plastic, etc.) in the production of
vehicles and eliminating the unnecessary components (Frey & Kuo, 2007).
• Tare weight reduction would either reduce fuel consumption for volume-limited trucks or increase the payload capacity for
weight-limited trucks; therefore, increase the fuel efficiency (lt/tonne-km) (Ang-Olsun & Schroeer, 2002).
• It is assumed that a tare weight reduction of 1.5 tonnes is achievable (Frey & Kuo, 2007) (Ang-Olsun & Schroeer, 2002).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the truck’s driving cycle and the
inertial forces emerged during acceleration and deceleration (stop-and-go)
o topography since it determines the inertial forces emerged during ascending
and descending
• Most suitable for:
o all trucks
• Safety and limitation matters:
o no impact on vehicle safety
o The need of having a durable design for certain components sets a limit on the
usage of lightweight materials (Ang-Olsun & Schroeer, 2002).

Min
Average
Max
Reduction in Fuel Consumption (%)
1.80%
3.35%
6.60%
Capital Cost (€)*
n/a
n/a
n/a
Payback Period (Years)*
n/a
n/a
n/a
*Since cost structure is not available for
this improvement, the analyses for
capital cost estimation and payback
period could not be carried out.

Table 46 - Summary table for tare weight reduction
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Drivetrain Improvements

Improvement 28: Automated Manual Transmission

Applicable only to the new trucks

Description:
• An automated manual transmission (AMT) operates similar to a manual transmission (MT); however, it does not require
clutch actuation or shifting by the driver due to the electromechanical or hydraulic actuators and controls added to take over
the shifting activities (TheNationalAcademyofScience, 2010).
• It helps to maintain optimum engine performance, smoother shifts, less driver distraction, higher productivity and safety
(TheNationalAcademyofScience, 2010).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the truck’s driving cycle and the
need for gear changes (the overall reduction in fuel consumption will increase
with the frequency for gear changes)
o driver skills (highly skilled drivers can perform similar to an AMT while average
drivers cannot) (TheNationalAcademyofScience, 2010)
• Most suitable for:
o a truck, which mostly performs short-haul/secondary distribution with higher
frequency of gear changes
• Safety and limitation matters:
o Automated manual transmission improves vehicle safety by reducing driver
distraction (TheNationalAcademyofScience, 2010).

Min
Average
Max
Reduction in Fuel Consumption (%)
4.00%
6.00%
8.00%
Capital Cost (€)
€ 2,841
€ 3,444
€ 4,048
Payback Period (Years)
0.57
0.76
1.14

o 'Automated Manual Transmission' and 'Automatic Transmission' are mutually
exclusive improvements, which can not be implemented on the same truck.

Table 47 - Summary table for automated manual transmission

Drivetrain Improvements

Improvement 29: Automatic Transmission

Applicable only to the new trucks

Description:
• While maintaining the same advantages of an AMT - optimum engine performance, smoother shifts, less driver distraction,
higher productivity and safety -, an automatic transmission (AT) also allows a driver to complete a shifting under full engine
power. This significantly improves the trip time since an engine requires around 5 seconds returning to full power after each
shift with an AMT or an MT (TheNationalAcademyofScience, 2010).
• An important disadvantage is the lower mechanical efficiency compared to AMTs and manual transmissions (MT) due to
indirect transfer of power (via torque converter) (TheNationalAcademyofScience, 2010).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o characteristics of the distribution (long-haul/short-haul, primary/secondary,
one stop/multi stop, etc.) since it determines the truck’s driving cycle and the
need for gear changes (the overall reduction in fuel consumption will increase
with the frequency for gear changes)
o driver skills (highly skilled drivers can perform similar to an AMT while average
drivers cannot) (TheNationalAcademyofScience, 2010)
• Most suitable for:
o a truck, which mostly performs short-haul/secondary distribution with higher
frequency of gear changes
• Safety and limitation matters:
o Automated manual transmission improves vehicle safety by reducing driver
distraction (TheNationalAcademyofScience, 2010).

Min
Average
Max
Reduction in Fuel Consumption (%)
0.50%
2.50%
5.00%
Capital Cost (€)
€ 10,653
Payback Period (Years)
2.87
5.95
-

o 'Automated Manual Transmission' and 'Automatic Transmission' are mutually
exclusive improvements, which can not be implemented on the same truck.

Table 48 - Summary table for automatic transmission
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Drivetrain Improvements

Improvement 30: Low-Friction Drivetrain Lubricants

Applicable to the new and existing trucks

Description:
• Low-friction lubricants with lower viscosity can be used to reduce the friction losses and the wear on the drivetrain
components (Ang-Olsun & Schroeer, 2002).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o n/a
• Most suitable for:
o all trucks
• Safety and limitation matters:
o no impact on vehicle safety

Min
Average
Max
Reduction in Fuel Consumption (%)
1.00%
1.35%
2.50%
Capital Cost (€)
€ 178
€ 266
€ 355
Payback Period (Years)
0.14
0.26
0.35

Table 49 - Summary table for low-friction drivetrain lubricants
Alternatives for Energy Needs of Accessories

Improvement 31: Electrification of Accessories

Applicable to the new and existing trucks

Description:
• Gear or belt-driven accessories (such as the air compressor for the braking system, cooling fans, air-conditioning
compressor, power- steering systems, alternator to charge the truck’s vehicle, etc.) directly consume energy provided by the
engine. These accessories operate and consume energy whenever the engine is running even if they are not needed (Frey &
Kuo, 2007).
• Electrification of these mechanically driven accessories can reduce the engine load; therefore, reduce the energy needs
and fuel consumption (Frey & Kuo, 2007).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o n/a
• Most suitable for:
o all trucks
• Safety and limitation matters:
o no impact on vehicle safety

Min
Average
Max
Reduction in Fuel Consumption (%)
1.00%
1.91%
4.50%
Capital Cost (€)
€ 355
€ 621
€ 1,420
Payback Period (Years)
0.02
0.04
0.18

Table 50 - Summary table for electrification of accessories
Driver Efficiency Improvements

Improvement 32: Driver Training Program

Applicable to the new and existing trucks

Description:
• The behavior of a truck driver (driving style) has the single greatest impact on fuel consumption (Frey & Kuo, 2007).
• High vehicle and engine speed, rapid acceleration-deceleration, frequent stop-and-goes, ineffective gear changes
dramatically increases the fuel consumption (SmartWay, A Glance at Clean Freight Strategies - Drivers Training, 2004).
• Drivers can increase their skills and gain knowledge on fuel efficiency through driver training programs that encourage
them to modify their behaviors in order to reduce the unnecessary fuel consumption (SmartWay, A Glance at Clean Freight
Strategies - Drivers Training, 2004).

Considerations:

Cost-Benefit Anaylsis:

• Other factors affecting the performance:
o Monitoring fuel efficiency of drivers, setting fuel efficiency targets and offering
a fuel bonus will help to maintain long-term benefits (SmartWay, A Glance at
Clean Freight Strategies - Drivers Training, 2004).
• Most suitable for:
o all truck drivers
• Safety and limitation matters:
o Driver training program improves vehicle safety by increasing drivers’ skills,
knowledge and performance (SmartWay, A Glance at Clean Freight Strategies Drivers Training, 2004).

Min
Average
Max
Reduction in Fuel Consumption (%)
1.90%
9.56%
20.00%
Capital Cost (€)
€ 170
€ 256
€ 341
Payback Period (Years)
0.02
0.04
0.18

Table 51 - Summary table for driver training program
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Appendix 6 – Handbook – Summary Table

Figure 16 - An example of handbook summary tables - cab side fairings
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Appendix 7 – Survey

Figure 17 - Survey page 1
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Appendix 8 – Performance Dashboard

Table 52 - Performance Dashboard
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