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Synopsis 

This thesis handles the need for Volvo Logistics (VLC) to calculate their total carbon footprint of purchased 
transportations, i.e. the total carbon dioxide emissions by all vehicles employed by VLC to transport the goods 
of their customers. The purpose of the thesis is therefore to determine a method with which VLC can calculate 
the total carbon footprint. To be able to decide upon one method that can fulfil the purpose, the authors 
searched for various methods, both in the academia and within the transportation sector, with which the 
emissions can be determined. Simultaneously the available input at VLC was studied to determine what type of 
method would be best suited to the current state of the company. 

After gathering several methods and determine what input was available and what was not available at VLC, an 
analysis of the found methods was done. First matching them with the available input to see which were usable 
as is, and then a more thorough Analytical Hierarchical Process analysis using three main-criterions; credibility, 
comparability, and simplicity, each with several sub-criterions. The weighting of these criterions was done in a 
workshop together with VLC employees, particularly the Environmental Manager and an Environmental 
Analyst, but also with two employees at the Global Logistics Development department at VLC. Using the 
weighting and the author’s comparisons of the methods within each of the criterions it was possible to obtain 
the methods with which further analysis should be done. 

After further analysis was conducted, considering VLC’s situation and possible development, the final methods 
was decided upon, one for each mode of transport; air, rail, road, and sea. These had to be adapted to better 
suit VLC and the input that was available; the distances, the weight, and the transport mode, factors which are 
incorporated in the methods recommended by the authors. The adaptation was then done using expertise at 
VLC to be able to determine what input VLC could affect as to be able to work towards lowering the total 
carbon footprint once it was calculated the first time. This also led to a revaluation of the method for sea 
transportation, forcing a change from the previously chosen one to a more suited method. This meant that 
three of the four modes; air, road, and sea, was covered by the NTM method, while rail used the Green Cargo 
method. 

While adapting the methods; to make them ready to use for VLC, certain changes required to obtain all the 
input needed was encountered and forwarded to the environmental department, letting them include it in the 
annual supplier survey. 

The thesis was concluded by four sets of instructions to be used to calculate the carbon footprint, one two 
tiered set for each mode of transportation. The instructions are presented in a step by step fashion of how to 
perform the calculations. The first part; First time usage, depicts those changes needed before the calculations 
can be attempted, the second part; Annual usage, cover those steps which has to be gone through every time 
the total carbon footprint for a period is to be calculated. 
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Chapter 1. Introduction 

In this chapter the reader will get an introduction and an insight into the 
background of the subject of this thesis. This then leads to the purpose which is 
followed by an explanation of the directives stipulated by the constituent. 
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 Background 1.1

The companies of today are constantly striving towards reducing their total costs which often leads to 
outsourcing of production to countries that have lower wages or sourcing from companies and places that are 
less expansive. At the same time the requirement of constant availability of products from customers, and the 
increasing desire to sell the products on markets all over the world implicates that the companies are becoming 
more global. This in turn requires an extensive transport system that can handle a great variation of goods on 
long distances. A presence on different continents also requires a mixed transportation system with intermodal 
transports1 (Söderlind, A., 2011). 

Another solution for companies to reduce their total cost is to focus on their core business and then utilise 
companies within the tertiary sector of the economy to provide and perform the other activities. The basic 
characteristic of the sector is the provisioning of services instead of the production of end products. Services 
may involve transport and distribution as for the case of Volvo Logistics Corporation, henceforth VLC. 

VLC handles the day to day transportations of the Volvo Group and for other customers such as Volvo Cars, 
through their extensive logistics system. With their three major business functions; Inbound, Outbound and 
Emballage, VLC can handle their customers’ logistical needs. VLC does not own any transportation itself though, 
instead it sources everything from external transportation suppliers, and in essence they purchase 
transportation to cover the needs of its customers (Söderlind, A., 2011). These suppliers are henceforth known 
as carriers. 

One major consequence of the increasing amount of transports worldwide is its negative affectation on the 
environment. The four different transport modes are all responsible for emissions of greenhouse gases2, 
henceforth GHG, and each transport mode comes with a different effect on the environment than the other.  

During the past few years the pressure on companies to calculate and regulate their environmental impact has 
been steadily increasing, with focus on emission of carbon dioxide. The demands derive from either 
legislations, customers or other parties that take interest in the effect on the environment that VLC is 
responsible for.   

VLC is a part of the Volvo Group and therefore shares the same core values; quality, safety and environmental 
care. Being responsible for transportations, the environmental care is one of the major issues and VLC is 
making efforts trying to reduce the environmental impact of its actions (Hambeson, S., 2011). 

The department of Global Logistic Development, GLD, is a support function to the other logistics activities. They 
work with strategic logistic development which includes projects that span over several segments and business 
functions of the VLC organisation. Within this department, a pilot study has been performed in order to analyse 
the current situation on how VLC today presents its impact on the environment. The findings of the pilot study, 
such as the concepts for two methods for calculating a carbon footprint, can be found in 2.4 Pilot Study 
(Söderlind, A., 2011). 

A conclusion derived from the pilot study is that today VLC calculate the emissions from only some of its 
different activities in terms of CO2, NOx, SOx and PM

3
, which to some extent get converted to the cost carrying 

                                                             

1 An intermodal transport is the transportation of freight in an intermodal container or vehicle using multiple modes of 

transportations (air, rail, road or boat). The freight is being transported in different modes without ever being handled when 
changing modes. 

2 The direct greenhouse gases being foremost CO2 and the indirect gases SOx, NOx among other (UNFCC, 2011). 
3 PM is the abbreviation of Particulate Matter which origins from bad air quality and air pollution which can give serious 

respiratory and cardiovascular health problems. Combustion of coal, diesel, oil and gasoline produce emissions that 
contribute to fine particles EPA (2011). 
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unit Environmental Load Unit, ELU
4
. Today VLC is lacking a tool with which to calculate its total emissions of 

carbon dioxide and other GHG. This measurement is usually called a carbon footprint. It is used in order to 
determine to what extent the entire organisation leaves a mark on the environment, hence the footprint. 
Instead they calculate relative values of emissions, e.g. grams per tonne-km carbon dioxide (Söderlind, A., 
2011). 

An initiative of enabling the calculation of the carbon footprint of VLC has now been initiated at the Global 
Logistics Development department. Its aim is to enable work towards achieving improvements regarding one of 
the three core values, namely environmental care, with a method that suits VLCs needs (Söderlind, A., 2011). 

 Problem definition 1.2

Currently VLC faces increasing demands from legislation regarding presentation of, and reducing the total 
emissions of carbon dioxide. Reporting for which VLC currently has no efficient method.  With the increasing 
demands from customers wanting to know the environmental impact from the products purchased, VLC’s need 
of being able to calculate its impact on the environment is twofold. 

With a method to calculate the carbon footprint, VLC will have a baseline from which it can evaluate its current 
environmental impact, stating goals to fulfil and to be able to measure improvements. Therefore are the 
authors reflecting on the following questions: Is it possible to find or develop a method for how to calculate the 
carbon footprint for VLC? What are the parameters required for such a method and what would be the 
structure of that kind of method? Is one of the two methods developed in the pilot study the method that VLC 
should use or is there another one that is more suitable? 

 Purpose 1.3

The purpose of this thesis is to investigate, adapt and evaluate methods of calculating the carbon footprint and 
make recommendations on a method, considering the input possible for VLC to obtain, that enables VLC to 
calculate the carbon footprint from purchased transports. 

In order to explain the above broad purpose it is divided into two sub-purposes. 

 Investigate methods of calculating the carbon footprint and what input can be obtained by VLC. 
Analyse the investigations and decide on one method for further studies in the thesis. 
 

 Adapt and evaluate the method chosen in order to recommend a method to VLC that enables VLC to 
calculate the carbon footprint from purchased transports. 

 Clarification of the purpose 1.4

The concept carbon footprint has a great number of different explanations (Wiedmann, T. and Minx, J., 2007). 
In the study by Wiedmann, T. and Minx, J. (2007) British Petroleum defines the concept as the amount of 
carbon dioxide emitted due to daily activities. And in the same study British Sky Broadcasting defines it as 
measuring the carbon dioxide equivalent

5
 of emissions from its premises, company-owned vehicles, business 

travel and waste to landfill. The oxford dictionary explains the concept as “the amount of carbon dioxide 

                                                             

4 ELU is the measuring unit of the Swedish measuring method Environmental Priority Strategies, EPS, which describes the 

effect on the environment from different activities. The amount of ELU represents the willingness of the society to pay to 
avoid or repair an environmental impact (Zackrisson et al., 2004). 
5 Carbon dioxide equivalency is a quantity that describes the amount of CO2 that would have the same global warming 

potential (GWP), when measured over a specified timescale, generally over 100 years, for a given mixture and amount of 
GHG. (Chamberlin, S. 2008) 
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released into the atmosphere as a result of the activities of a particular individual, organisation, or community” 
(Oxford dictionaries, 2011a). Carbon Trust (2011) defines that carbon footprint is measured in tonnes of carbon 
dioxide equivalent (tCO2e) which allows the different greenhouse gases to be compared on a basis relative to 
one unit of carbon dioxide. 

In this thesis, the concept carbon footprint is the total amount of carbon dioxide emitted during a time period, 
in this case during a year. A calculation and transformation of all the greenhouse gases into carbon dioxide 
equivalent will not be made in this thesis, only the emissions of carbon dioxide will be considered. This 
definition of the concept was decided in consultation with the constituent and was due to the time constraint 
of the thesis as well as the fact that VLC prefer the focus to be on just carbon dioxide for the time being. 

The term purchased transports includes the transports and the transport services that the carriers of VLC 
provide. The notion does not include the transports and services that VLC itself is responsible for.  As a 
conclusion, the method recommended to VLC includes how to calculate the carbon emissions emitted by the 
carriers of VLC during one year. 

 Directives  1.5

The constituent of this thesis has established certain directives to be taken in consideration in order to fulfil the 
assignment of this thesis. Directives from VLC are listed below.  

 The carbon footprint should cover all transport modes (air, rail, road and sea) and also cover all 

continents where VLC and its carriers are operating. 

 The thesis should investigate methods to calculate carbon footprint from purchased transports that 

are used by the industry or found through literature reviews. 

 Adapt a method for how to calculate the carbon footprint.  

 Give recommendation on which method to choose for VLC.   

 Develop instructions for VLC and its carriers on how to use the method recommended in the thesis.  

  



Chapter 1 Introduction 

5 

 

 Composition of the report 1.6

In this section the reader is provided an explanation of the content in each chapter of the thesis. A graphical 
overview of the composition of the report can be seen in Figure 1.1 below, which is explained in more detail in 
Chapter 3 Introductory task description and methodology. 

Chapter 1 Introduction, here the reader will get an introduction and an insight into the background to the 
subject of this thesis and explanation of the directives. 

Chapter 2 Company description is meant as an introduction to VLC, its operations and how it relates to its 
customers.  

Chapter 3 Introductory task description and methodology gives a further explanation of the task of this thesis 

and also presents the research areas addressed to fulfil the purpose.  

Chapter 4 Frame of reference: Stage one, the methods for calculating the carbon dioxide found in theory are 
presented with area of usage, general spread of usage, if available, and what input is required for each one.  

Chapter 5 Specification of the task and methodology: Stage one specifies the methods used in stage one, 
research questions and method critics. 

Chapter 6 Empirical Research: Stage one presents the result from the benchmarking and the internal interviews 
performed at VLC. 

Chapter 7 Analysis: Stage one presents an analysis of the methods found in theory and from the benchmarking 

studies. 

Chapter 8 Conclusion: Stage one presents the method selected in Stage one, consisting of four mode specific 

methods, is presented here, which is the base for the studies in Stage two. 

Chapter 9 Frame of reference: Stage two contains all the new theoretical references needed for Stage two of 

the thesis. 

Chapter 10 Specification of the task and methodology: Stage two has the methodology of how the work in 

Stage two was performed. 

Chapter 11 Empirical Research: Stage two contains the result of the empirical research the authors had to do in 

order to complete Stage two of the thesis. 

Chapter 12 Adaption and evaluation: Stage two the adaption of the mode specific methods chosen in Stage one 

can be found here. 

Chapter 13 Conclusion and Recommendation: Stage two has the adapted mode specific methods that the 

authors recommend VLC to use. 

Chapter 14 Instructions: Stage two is the last chapter of the thesis which has the instructions for how to use the 

mode specific methods. 
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Figure 1.1 - The composition of the report. 
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 Quick Overview 1.7

To facilitate the reading of the thesis, a list of abbreviation, terms and definitions can be found in the two last 
appendixes at the end of the report. 

 Reading instructions 1.8

Since not everyone reading this thesis does so for the same reason, instructions of how one should read, 
depending on what one want to achieve, are presented here: 

The Complete Experience – For those who want to get a complete understanding of what was done and how 
the conclusions were reached in this thesis: 

 Read all chapters and appendix’. 

The Methodology Example – For those who want to know only how the study was performed: 

 Chapter 3, Chapter 5 and Chapter 10 

The Calculation Method Analysis – For those who want to know what the authors found out regarding various 
emission calculation methods, what criterions the methods found were analysed on, how the analysis was 
performed, and the result of the analysis: 

 Chapter 4 through Chapter 8. 

The Method Adaption – For those who want to know more about the adaption of the method the authors’ 
analysis arrived upon for VLC to use: 

 Chapter 9 through Chapter 13 

The Executive – For those who quickly need to get up to speed regarding the contents and the conclusions of 
the thesis to be able to make a decision: 

 The Synopsis, Chapter 8 and Chapter 13 

The End User – For those who are tasked to do the calculations but do not feel they have any need to know 
how the authors came to the conclusions they did: 

 Chapter 14 
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Chapter 2. Company description 

This chapter is meant as an introduction to VLC, its operations and how it relates 
to its customers. This chapter also presents the three main business areas of VLC; 
Emballage, Inbound, and Outbound, it also introduces the company’s core values 
and a pilot study regarding carbon dioxide emission calculations made by VLC. 
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 Volvo Group 2.1

VLC is a provider of commercial transportation solutions within the Volvo Group. The Volvo Group provide 
products such as lorries, buses, construction equipment, engines and drive systems for boats and industrial 
applications, as well as air- and spacecraft engine components. They also offer an increasing share of other 
services to its customers. As part of the Volvo Group, VLC is one such company, providing its customers with 
logistical solutions throughout the world. The Volvo Group has about 90,000 employees, production facilities in 
19 countries, and sales activities in some 180 countries (Volvo Group, 2010). 

Below in Figure 2.1 you can see the different business areas in which the Volvo Group is active. The arrows 
show what business areas the different companies are active within. VLC takes part in almost all the different 
areas and has a very wide scope of operations (Volvo Group, 2010). 

 

Figure 2.1 - The Volvo Groups business areas (Volvo Group, 2011a) 

The Volvo Group has three core values that permeate the entire organisation: Quality, Safety and 
Environmental Care. Quality and Safety has been there since the beginning, but the Environmental Care was 
added later but is now seen as a natural part of the Volvo Way (Volvo Group, 2011a). 

 Volvo Logistics 2.2

VLC handles the logistical needs, as its name indicates, of the Volvo Group as well as some customers outside 
the group. The most notable one is Volvo Cars, which even though no longer a part of the Volvo Group since its 
sale to Ford Motor Company in 1999 and then to Zhejiang Geely Holding Group in 2010, remains as VLC’s 
biggest customer (Söderlind, 2011). 

VLC does not only handle the day to day transportations needed for its customers but also develop and supply 
new logistical and transportation solutions tailored for the customer. Since their customers are spread all over 
the world VLC is as well. In Figure 2.2 the current and planned offices of VLC are shown (Volvo Group, 2011a). 
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Figure 2.2 - Volvo Logistics offices throughout the world (Volvo Group, 2011a) 

Even though VLC is responsible for the transportation of goods for the Volvo Group and its other customers, 
VLC does not own any transportation itself, instead it is all sourced from carriers, such as DHL, Schenker, Green 
Cargo, and WWL to mention a few. This means VLC has a lot of relations with various companies that need to 
be handled every day. To efficiently manage this VLC has divided its operations into three business areas, 
Inbound, Outbound, and Emballage, as to focus expertise within different areas so that the best possible 
service can be provided to the customers (Volvo Group, 2011a). 

In total VLC have 530 contracted carriers and an additional 140 carriers that are used on a per transport basis. 
The amount of carriers is steadily being reduced. The big markets for VLC, in terms of purchased transports, are 
Europe (71 per cent), North America (16 per cent), South America (8 per cent), Asia (5 per cent) with Asia as the 
fastest growing market (Jidhage, D. 2011). Out of the three business areas the distribution of transportation is 
distributed as following Inbound (53 per cent), Outbound (38 per cent) and Emballage (9 per cent). 

2.2.1 Inbound 

This area handles all the transportation to the customers from their suppliers; basically Inbound covers all 
material supply flows. This includes not only the actual transports but Inbound is also responsible for some 
terminals with operations required for cross docking, warehousing and batching or sequencing of components 
(VLC, 2002). 

2.2.2 Outbound 

When a product at one of VLC’s customers is ready to be delivered to their customer it is the Outbound 
department that makes sure it gets there, on time and undamaged (VLC, 2002). Outbound is foremost handling 
the final products. But the department can also be responsible for transports of products that will need a 
further assembling, as for the case of chassis that not yet have a finished lorry cab. The requirement is that the 
product being transported needs to be mobile by its own, in other words, it needs to have tires (Johansson, S., 
2011).    
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2.2.3 Emballage 

To protect the products and components during transit it is important to have good packaging, and with good 
packaging it is also possible to more efficiently fill the transports and thus improve the performance of 
transportation. This is why VLC has its own packaging department and sources almost all the packaging for its 
customers (VLC, 2002). 

The packaging of VLC is returnable and used several times. There are some standard types of packaging, which 
can be seen in Figure 2.3, the L pallet being the most used. The material used in the packaging material is either 
wood or plastic. The blue boxes are of plastic and possible to stock, fitting other blue boxes within VLC and 
onto the pallets. VLC also has a number of special packaging as for example the racks onto which the motors 
from the customer Powertrain in Skövde are transported (Volvo Logistics, 2011; Johannesson, M., 2011). 

 

Figure 2.3 - General packaging overview (Volvo Logistics, 2011). 

2.2.4 Business systems 

Even though VLC is one company all the business functions does not use the same business system, instead the 
three major business areas has their own system, as well as some of the supporting functions. For Inbound it is 
Transport Information Rutiner (TIR) currently, but a migration to the newer Advanced Transport Logistics for 
Automotive Supply (ATLAS) is under ways. Outbound use Application for Distribution (A4D) and Emballage use 
Volvo Emballage Management System (V-EMS). From interviews with representatives from all three areas it 
has become clear that the lack of one unified system is the root to many problems today, specifically it hinders 
cooperation between the three. The purchasing function use Volvo Logistics Transport Agreement (VoLTA) for 
handling all the contracts (Grönberg, M., 2011; Johansson, S., 2011; Öster, O., 2011, Jidhage, D., 2011) 

 Core Values 2.3

The aforementioned core values of the Volvo Group and in extension VLC; Quality, Safety and Environmental 
Care has been the basis for the goals of VLC. Through the work of the Core Values department of VLC specific 
goals for each of the values has been formed (Volvo Group, 2011a). 

2.3.1 Quality 

The overarching quality goal is to have satisfied customers, this means getting the right product, to the right 
customer, in the right quantity and condition, at the right time and at the right cost (Volvo Group, 2011a). 
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2.3.2 Safety 

The focus within safety is to reduce the risk of accidents regarding damage on goods and vehicles as well as the 
personal safety of the workforce and the customer using the Volvo products, the long-term goal being a zero 
accident vision (Volvo Group, 2011a). 

To improve the traffic safety for drivers, regulations pertaining drive and rest schedules, usage of seatbelts, 
driving under the influence of alcohol or narcotics, securing of load and keeping of speed limits are required 
from the carriers and shipping companies (Volvo Group, 2011a). 

2.3.3 Environmental Care 

With the climate and air quality as important issues in today’s society the focus on environmental efforts has 
increased. Goals of reducing emissions of transportations have been set within VLC to 30 per cent in Europe by 
2015, based on 2006 levels when it comes to emissions per tonne-km. This is measured by calculating the 
emissions in grams carbon dioxide per tonne-km using the data reported by carriers to VLC from the supplier 
survey they send out annually. To achieve this, the four different transport modes have different strategies. For 
road, air and sea transport the emission should decrease yearly while the emissions from railroads aim at 
remaining at the current level. At the same time the amount of air transport is set to be reduced while instead 
increasing the share of railroad transport, which has the lowest environmental impact of the four (Volvo Group, 
2011b; Volvo Logistics, 2011). 

The work with making VLC more environmentally sound is never finished and at any given time the product- 
and logistics development departments are working at several projects aimed at decreasing emissions one way 
or another. It is developing efficient solutions, placing demands on carriers, encouraging the use of alternate 
fuels or working with increasing fill-rates (Volvo Group, 2011b). 

 Pilot Study 2.4

During the summer of 2011 a pilot study into possibilities regarding the calculation of a carbon footprint were 
undertaken by Söderlind, A. (2011) and his colleague Charalanis, A. (2011) at VLC. The finding of this study lays 
the ground for this thesis and is presented in the following section. 

2.4.1 Background 

The current software used for calculating the environmental impact, EnvCalc, is unable to handle the increase 
in amount of data in order to meet the increasing demand, from VLC internally and from its customers, of 
emission calculation and reporting. Therefore a pilot study of how to solve the problem was done (Söderlind, A. 
and Charalanis, A., 2011). 

The aim was to map the current needs for emission calculation and reporting, to readily be able to recommend 
whether or not VLC should acquire or develop new emission calculation and reporting tools rather than using 
EnvCalc (Söderlind, A. and Charalanis, A., 2011). 

2.4.2 The problem 

Besides not calculating the total but instead relative emissions today, the problem lies mainly in the fact that 
VLC has a large margin of error in its calculations. The reason for this is due to several factors, the number one 
contributor being the quality of the input. Since the input is mostly obtained from the supplier survey that the 
carriers fill out themselves, which is not validated to any greater extent, the input is of uncertain nature. 
Furthermore, not all carriers choose to participate in the supplier survey, as there are no repercussions when 
not doing so. To conclude, any resulting calculation will not be more reliable than the input upon which it is 
based (Söderlind, A. and Charalanis, A., 2011). 
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In spite of this lack of accuracy, the environmental calculations are still important since they enable VLC to 
actively put requirements on equipment quality and switch to transport modes considerate of the 
environment. It helps finding the most cost-efficient solution since a higher efficiency requires higher filling 
degree which gives a more environmentally sound solution. Therefore it is important that stakeholders that can 
influence the carrier’s equipment quality, their transport modes, and are evaluating the logistics cost effect 
also have access to a tool that easily can assist their decisions in regards of environmental impact (Söderlind, A. 
and Charalanis, A., 2011). 

One way of making a system more user-friendly could be to limit the calculations to only carbon dioxide 
instead of all the major GHG. By enabling the user to calculate emission footprints at Global, Market and even 
Customer level the use of the tool in e.g. negotiations increases the acceptance of the tool and increasing the 
extent to which it will be used (Söderlind, A. and Charalanis, A., 2011).  

2.4.3 Towards the goal 

To achieve the goal different alternatives were considered, one option was to develop EnvCalc and a new tool 
based on it, as to make it powerful enough to handle all the calculations required and handling all the input. 
Another was to keep the current version of EnvCalc for the uses it has today and instead use another method 
for the carbon footprinting. The new methods that were generated in the pilot study and which were to be 
able to use existing data at VLC were the following (Söderlind, A. and Charalanis, A., 2011): 

Option A – Cost Based Method 

The method should be used by an environmental analyst when calculating global or per market carbon dioxide 
footprint and be simple to update annually, simple to understand and easy to explain in its limitations in 
accuracy. Preferably the calculations are to be made in excel, which is a familiar environment for most 
employees, since it can handle large amounts of data and is very flexible when it comes to changing 
parameters, which is very important in a logistical system that is ever-changing (Söderlind, A. and Charalanis, 
A., 2011). 

Because of the scope of this tool it is highly unlikely that it will be suitable for per customer calculations. The 
suggested method is based on a top down utilisation of extrapolated transport volumes in relation to emission. 
This way the total environmental impact may be computed via an algorithm that converts the costs of the 
carriers used in transportation into total emission (Söderlind, A. and Charalanis, A., 2011). 

Below in Figure 2.4 is an illustration of how this method might work to extrapolate the total emissions with the 
given data through the use of an algorithm (Söderlind, A. and Charalanis, A., 2011). 
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Option B – Carrier Information Method 

In this method the carriers are to supply VLC with their total carbon dioxide emissions related to the 
transportation done on behalf of VLC. Since many of the bigger carriers already declare their total carbon 
dioxide emissions it is deemed likely that they are able to provide this information. Using these figures VLC 
could summarise the carbon dioxide emissions towards a total carbon dioxide emission of the purchased 
transports. In the case of missing information, figures can be taken from general emission databases and 
combined with the invoiced transportations and then scaled up to fill the gaps in information (Söderlind, A. and 
Charalanis, A., 2011). 

2.4.4 Conclusion of Pilot Study 

From previous projects involving system development where many interfaces needed to be integrated, VLC can 
discern that there were high risks, mainly due to the complexity and the cost, thus the alternative of 
developing a new improved EnvCalc tool was scrapped. The remaining two options of emission calculations 
methods were accepted and are to be tested simultaneously for 2011, these two methods are also part of the 
methods this thesis handle to determine what is the best practice for VLC in the regard of carbon footprinting 
(Söderlind, A. and Charalanis, A., 2011). 
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Figure 2.4 – Illustration of a possible path for the Cost Based method, all numbers and relations are fictitious (Söderlind, A. 
and Charalanis, A., 2011). 
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Chapter 3. Introductory task description and methodology 

This chapter gives a further explanation of the task of this thesis and also presents 
the research areas addressed to fulfil the purpose. In this chapter the research 
approach is described as well as the theories of methods for collecting data. A 
discussion concerning credibility and the work sequence conclude the chapter. 
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 Description of the task 3.1

In order to clarify the task the purpose is decomposed, this is done by identifying the areas of research which 
need to be studied so that the purpose will be fulfilled. Since the purpose is broad, it has been divided into two 
sub-purposes. The first sub-purpose has to be fulfilled before proceeding to the study of the second. Based on 
the two sub-purposes this thesis is divided into two stages, one for each sub-purpose. 

“Investigate methods of calculating the carbon footprint and what input can be obtained by VLC. Analyse the 
investigations and choose one method for further studies in the thesis.” That is the first sub-purpose which 
relates to the first part of the main purpose “investigate… methods of calculating the carbon footprint”. This 
sub-purpose can be broken down further in to three main research steps. The first one being to identify what 
methods can be found in theories or in the industry, this will be presented in Chapter 4 Frame of reference: 
Stage one and Chapter 6 Empirical Research: Stage one. That is followed by what input is required in order to 
use the different methods and after that a research of what input is available to VLC, either internally or from 
its carriers. These three steps lead to an analysis where the different methods and their requirements of input 
will be analysed together with what input is available. This finally results in a selection of one method on which 
the work in stage two will be based, as can be seen in Figure 1.1. 

Since there are several different methods, a further analysis of all the methods is not possible due to the 
timeframe of this thesis. Therefore the focus will be on selecting the most suitable method in stage one and 
then adapt and develop that method in stage two. 

The second sub-purpose: “Adapt and evaluate the method chosen in order to recommend a method to VLC that 
enables VLC to calculate the carbon footprint from purchased transports.” This sub-purpose relates to the 
following part of the main purpose; “adapt and evaluate methods of calculating the carbon footprint and make 
recommendations on a method”. The second sub-purpose depends on the selection from the first stage. In the 
second stage the final step is to recommend a method to VLC. In order to do that the method needs to be 
credible and adapted to VLC. To ensure this; an evaluation and adaption of the method selected needs to be 
performed. A theoretical framework and adaption of this model to the method precede the above steps which 
are shown in Figure 1.1. 

 Method sequence 3.2

The methods used for the two stages are different since there are two different sub-purposes. For stage one 
the purpose is foremost to explore and investigate which methods are available to choose from and what input 
is possible for VLC to obtain. In order to fulfil this, the authors study theories and legislations which lead to an 
interview guide for the companies which were benchmarked to obtain information of what is used in the 
industry. After that the authors create a new interview guide based on the theoretical theories, the legislations, 
and the results from the benchmarking. This interview guide is used in order to find out which of the input 
required to use either of the methods is possible for VLC to obtain. This interview guide has two strengths, one 
being that there is a strong connection between the theories and the empiric studies since the empiric studies 
are based on the existing theories. The other strength is the fact that even the methods not part of the theories 
but used in practice, and their required input, are investigated, which have a higher chance of working in 
practice. The next step consists of comparing the input possible for VLC to obtain with the methods found in 
theories and in the industry and their required input. The aspects and the requirements of VLC were also 
incorporated in this analysis, which aim is to find the method that is best suited to VLC’s reality and needs.  



Chapter 3 Introductory task description and methodology 

17 

 

Stage two begins with a new theoretical study, more focused on how to adapt the chosen method to VLC and 
how to make it credible. In this stage the authors perform an evaluation and adaption to make the method 
suitable for VLC. The testing and the evaluation is iterative work, if the evaluation of the result of the testing 
were insufficient the test needs to be repeated and possibly the tested method changed. An illustration of the 
work sequence can be found in Figure 3.1 below. 

 

Figure 3.1 - The work sequence. 
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 Scientific approach 3.3

Below the three methodological approaches, the analytical, the systems and the actors approach are described 
followed by an explanation of what scientific approach is used in this thesis. 

3.3.1 The analytical approach 

According to the analytical approach all knowledge is objective and independent from who conducts the 
investigation. Reality is made up out of patterns and causal relations which can be investigated and revealed. 
To ensure that the observed object is not distorted by outside influence the observer has to refrain from 
interacting with it as to not exert any influence over it. Reality is considered to be the sum of all of its parts, 
parts which can be broken down and analysed by themselves. By uncovering patterns and relations to explain 
and generalise the results it is assumed future incidents can be predicted (Gammelgaard, B., 2003). 

This approach is most often used for quantitative data analysis by means of statistical procedures. 
Nevertheless, qualitative methods are also used as means to validate positivistic studies (Gammelgaard, B., 
2003). 

3.3.2 The system approach 

In the system approach the parts of reality by themselves are not very meaningful, instead the world should be 
understood as a system where different parts are linked and the whole is greater than the sum of the parts. 
The researcher tries to understand a part of the world, how it links to other parts and with the knowledge of 
how the observed system then works, tries to improve on it. Thus the theory in the system approach is more 
contextual than universal (Gammelgaard, B., 2003). 

It is important to analyse and compare different cases rather than to try and find a universal cause and effect 
relation. This way the focus is shifted away from finding an absolute truth to a search for a solution that works 
in practice. To achieve this it is deemed important that the observer is close to the observed object, and that 
influence over the object is exerted since the purpose is to improve the system in practice (Gammelgaard, B., 
2003). 

Someone who applies the system approach should always have the greater system in mind to avoid making 
errors. When modelling the system it is assumed to have replaceable parts into which the input, be it data, 
people, or money, can be fed to receive an output (Churchman, C., 1968). 

Churchman, C. (1968) has two questions that, depending on the answers to them, help define the system: 

 Can I affect it? 

 Does the answer have any significance in regard to the objectives? 

If the answer is ‘no’ to both of these questions then the object is a part of the environment, rather than the 
system (Churchman, C., 1968). 

It is considered that case studies are the optimal method when applying the system approach. Both 
quantitative methods, like simulations, and qualitative methods can be used in the system approach. 
Simulations are seen as a substitute for theory since modern computers have enough computing power to 
handle vast amounts of data that can replace theoretical guesswork (Gammelgaard, B., 2003). 

According to Abrahamsson, M. and Aronsson, H. (1999) the delimitations concerning what lies within and 
outside the system are to be kept constant. Though the changes inside the system can very well affect the 
outside of the system, in which case it is deemed justified to study the observable effects and discuss how it 
affects the outlying parts (Abrahamsson, M. and Aronsson, H., 1999). 
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3.3.3 The actors approach 

The actors approach is completely different from the other two approaches. Here reality is not considered to 
be the objective but instead the result of various social constructions. The acquiring of knowledge is based on 
the interpretation of the researcher and in theory the ideal way of studying a system is by being a part of said 
system. The actors approach argues that it is impossible to make predictions since cause and effect relations 
depend on the humans involved in the system that is predicted. Thus an understanding would require an 
investigation into the intentions of the actors in the system, mainly through qualitative studies (Gammelgaard, 
B., 2003; Björklund, M. and Paulsson, U., 2003). 

3.3.4 The approach of the thesis 

The approach of this thesis is the system approach as it is appropriate when it comes to logistical studies. The 
reason behind this being that academia perceives logistical flows as a system. The purpose is partially to find a 
solution that works in practice, a method that is adapted and developed to VLC rather than a universal 
solution, which is the aspect of the system approach, illustrated by Gammelgaard, B. (2003). It is important to 
study how the different parts are linked in order and how the different parts work in order to find a method 
that is possible to use for VLC, this again being an aspect of the system approach, illustrated by Gammelgaard, 
B. (2003). 

 The studied system 3.4

The operations of VLC and its suppliers and customer are presented in a simplified form below in Figure 3.2. In 
reality there are thousands of flows identical or similar to the ones illustrated. As the legend says the different 
arrows represent the transportations handled by the three business areas Emballage, Inbound, and Outbound. 

 
Figure 3.2 – The operations of VLC. 
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The flows, starting at the top left corner and working their way through the three different business functions, 
has incoming packaging from the packaging suppliers to one of Emballage’s terminals. Here they are split into 
transports of new and reused packaging to the suppliers of the customers. That is then sent off to the different 
suppliers so they can pack their goods for further transportation, either as a sub supplier to one of the 
customer’s suppliers, or as a direct supplier for transportation directly to the customer. Packaging that has 
been used to the extent that it no longer can be reused is sent to recycling (Grönberg, M., 2011). 

All the transportation from sub suppliers and suppliers in to the customer is handled by the Inbound business 
function. This can be anything from small components to lorry cabs, requiring different kinds of transportation 
and all with different lead times. Inbound and Emballage sometime cooperate when it comes to transportation 
planning since the lorries that deliver the packaging to the suppliers might as well continue on to the new link 
in the flow with the goods that that supplier is going to ship. This is done to both increase efficiency and to 
lower the environmental impact. The empty packaging at the costumer is transported back to a terminal by 
Inbound (Öster, O., 2011; Grönberg, M., 2011). 

The final products of the customer are then shipped to the end customer of VLC. This is handled by the 
Outbound business function and consists mostly of products that do not require any packaging (Johansson, S., 
2011). 

For the purpose of this thesis the system that will be studied is the various transportation solutions that the 
three business areas purchase to handle the flows described above. The purchased transportation solutions 
might or might not include cross docking, terminal operations or other indirect transportation element. These 
elements are most likely going to be impossible to separate from the direct transportation, therefore the effect 
of those operations will be allowed to remain as part of the transportation in the studied system. 

Since VLC basically does not own any means of transportation themselves this delimitation will be 
representative of the entire carbon footprint incurred from transportations within VLC. The studied system can 
be seen in Figure 3.3 below, all the faded nodes are outside of the scope and the non-faded transports are the 
focus of the thesis.  

With the studied system defined as it is in Figure 3.3 the actors that the authors cannot affect and where this 
fact does not have any significance in regard to the objective of the thesis are the customers, the suppliers, the 
carriers which supply the transportation services of VLC and competitors of VLC that also supply similar 
logistical solutions. These make up the environment as they all fulfil the criterion specified by Churchman, C. 
(1968) of what makes up the environment of the system. 
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 Delimitations  3.5

The studied system in this thesis is the transportation that VLC purchase from its carriers. The transports 
analysed are door to door, executed by carriers on behalf of VLC and are performed with one or several of the 
following four transportation modes; air, rail, road or sea. The transportations considered in this thesis are only 
the ones that VLC acquire from its carriers and not activities at the terminals which VLC manage itself. These 
delimitations were set by the constituent of the thesis since the transportation is where VLC knows the least 
about their emissions today and because that is also where the largest part of the emissions originates in VLC’s 
operations. An implementation of the method is not required, by the constituent, within the scope of this 
thesis due to the amount of time required in order to complete that task, and since it requires previous 
knowledge that the authors does not possess. 

 Research approaches 3.6

Depending on the extent of the existing knowledge within the area of research, different approaches are more 
or less suitable. In Table 3.1 the conditions and objectives of different research approaches are explained, 
based on Björklund, M. and Paulsson, U. (2003) together with Lekvall, P. and Wahlbin, C. (2001). 

  

Figure 3.3 - The studied system. 
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Type of study Condition Objective 

Exploratory There exist only little knowledge 
within the area 

To obtain a basic understanding of 
the area of research. 

Descriptive There is fundamental knowledge 
within and an understanding for 
the area of research. 

To describe rather than explain 
relationships.  

Explanatory Is used when the aim is to obtain 
deeper knowledge and 
understanding within the area. 

The objective is both to describe 
and explain.  

Normative This approach is appropriate when 
the basic knowledge and the 
understanding already exist.  

The aim is to provide guidance and 
suggest improvements.  

Table 3.1 – A description of different research approaches, based on Björklund, M. and Paulsson, U. (2003) together with 
Lekvall, P. and Wahlbin, C. (2001). 

The two sub-purposes represent, as earlier stated, two stages. These two sub-purposes have a different nature 
hence different research approaches are necessary for the two stages. 

The first stage aims to “Investigate methods” which is similar to the exploratory research where there is little or 
no previous knowledge of the area. The aim is to obtain a basic understanding. In the second stage, a basic and 
fundamental knowledge is in place and the purpose is to “Adapt and develop the method chosen in order to 
recommend a method” which is closer to a normative research. The aim is here to suggest improvements 
through the development of a method suitable for VLC and provide guidance through the recommendation and 
the instructions. 

Another distinction that can be made between different research approaches is the difference between 
qualitative and quantitative studies. Quantitative studies are studies that comprise of information that can 
either be measured or valued numerically. Qualitative studies are used when there is a need to obtain a greater 
understanding of the area of research. Qualitative studies imply fewer possibilities of generalisation in 
comparison with quantitative studies, but on the other hand, quantitative studies add limits for the possibility 
to obtain new knowledge since not everything can be measured numerically (Björklund, M. and Paulsson, U., 
2003; Lekvall, P. and Wahlbin, C., 2001). 

In stage one the proper research approach is a mixture between quantitative and qualitative studies. The 
research is quantitative when investigating and evaluating the input obtained from the carriers and VLC, but at 
the same time qualitative when investigating which methods can be found in the industry and in the literature. 
In stage two, the research is also a mixture since testing and evaluating the results from the test is quantitative 
and qualitative when developing and adjusting the method to fit VLC. 

 Methods for collecting information 3.7

Information, both for creating a theoretical framework, but also for executing an empirical study, can be 
collected in various ways. The information collected is usually categorised as primary or secondary data. 
Primary data is data collected by the researcher from the original source without any previous transformation. 
Secondary data on the other hand is data that previously has been collected and compiled in another context. 
A risk with the secondary data is that it might have been collected with another purpose than the one for this 
thesis. It is therefore important to be aware of the fact that presentation of secondary data might be biased or 
not comprehensive (Björklund, M. and Paulsson, U., 2003; Lekvall, P. and Wahlbin, C., 2001). 

Since the purpose of this thesis is to recommend a method to VLC on how to calculate their carbon footprint, 
the authors might have to collect primary data to some extent to be able to adapt the method to VLC’s specific 
situation. Since it is resource-consuming to collect primary data the authors will, to as great extent as possible, 
use secondary data in order to make the fieldwork more effective.  
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There are several different ways to collect information and depending on what information is needed, a certain 
method is chosen. The methods used in this thesis are explained below and a more thorough explanation of 
the methods of the two stages can be found in Chapter 5 Specification of the task and methodology: Stage one 
and Chapter 10 Specification of the task and methodology: Stage two respectively. 

3.7.1 Literature studies 

One of the most common methods to collect information or data is literature studies. The scope of literature 
includes books, brochures and journals. The data or information obtained is secondary data according to 
Björklund, M. and Paulsson, U. (2003) since the data or information has been collected in another purpose than 
the one of this thesis. 

Investigations that are only based on primary data hardly exist since in at least in some phase of the study 
there are reasons to use secondary material.  Usually in the analysis phase, where there is a need of studying 
previously performed studies in order to get knowledge and ideas that might be the foundation for a field 
study (Lekvall, P. and Wahlbin, C., 2011).  

For the secondary data it is important to be aware of the fact that the data or information might be biased and 
therefore the material obtained needs to be questioned. In addition to questioning the bias, it is important to 
take into consideration and observe the search routines that are used in connection with the literature studies 
since it can result in an incomplete basis of literature (Björklund, M. and Paulsson, U., 2003). 

The literature studies performed to support this thesis are either based on books or articles from academic 
journals. The articles are either found in the database LiUBSearch, which supports a quick search in five 
databases; Academic Search Premier, Business Source Premier, ERIC, PubMed and Scopus, or an extended 
search in any one of 302 available databases (LiUBSearch, 2011). The authors have also searched among the 
10 000 electronic- and the 2 000 printed journals (Universitetsbiblioteket, 2011) and used Google scholar 
(Google Scholar, 2011) in order to find articles. 

A strength regarding literature studies is that it is fairly easy, under a short period of time, to study the 
contents of a wide range of information. Literature studies are also often a help to map existing knowledge 
within the area (Björklund, M. and Paulsson, U., 2003).  

3.7.2 Interviews 

An interview is a method to collect primary data, gathered with the purpose of being used in this study and an 
interview can be performed in various ways. Different forms of questioning that can occur with direct contact 
or by telephone are called interviews by Björklund, M. and Paulsson, U. (2003) and dialogue that is held by mail 
or text messages is also often referred to as interview.  

The number of respondents and the choice of respondents are only two of many factors that can vary when 
constructing interviews. Björklund, M. and Paulsson, U. (2003) are of the opinion that the strength of using 
interviews is that it gives an opportunity to deeper understanding of the subject since it is possible to adjust the 
questions for each respondent and based on his or hers earlier answer. They also believe that an advantage of 
the method is that it allows the questioner to interpret other signals, such as body language. Still, interviews 
are very time consuming but provide primary data. 

Björklund, M. and Paulsson, U. (2003) divide interviews into three different forms: structured, semi-structured 
and unstructured. A structured interview consists of questions that have been prepared in advance and with a 
set order in which the questions are asked. Semi-structured interviews have a pre-determined subject and the 
questions are structured afterwards and asked when the interrogator finds it suitable considering the answers 
of the respondent or the reaction on earlier asked questions. The final form, the unstructured interview, 
consists of a conversation where the questions are made up and asked as the conversation goes a long. 
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This thesis will use the two foremost forms of interviewing. The unstructured interview will foremost be used in 
the beginning of the study in order to obtain a basic knowledge about VLC and the task at hand. The reason for 
using unstructured interviews being that a lack of knowledge of what information is needed which prompts 
more of a dialogue than a straight-out interview. When the basic knowledge is obtained, the problem becomes 
clearer and the questions become more direct thanks to having a good idea of what it required. Since there 
might be a need to deviate from the questions still to obtain the best information for the task the use of semi-
structured interviews was thought to be appropriate. 

 Achieving credibility 3.8

It is always important to have a high level of credibility and therefore it is important to have a critical attitude 
towards how the information is collected and the type of information gathered because this affects the 
credibility of the study. In this chapter a discussion concerning the information collected and the credibility of 
the information is held, since it is the aim of each writer to have a high level of credibility.  

Three concepts constitute the credibility of a study according to Björklund, M. and Paulsson, U. (2003) and are 
listed below.   

 Validity concerns the extent of that what should be measured actually is measured 

 Reliability is a measure of how reliable the measuring instruments that are used are, that is, if the 
same results would be obtained if the measuring was repeated.  

 Objectivity signifies to what extent the observer’s values affect the study.  

Figure 3.4 illustrates the two concepts validity and reliability based on a metaphor of a dartboard by Björklund, 
M. and Paulsson, U. (2003).  The two concepts can be likened to darts, where every thrown dart can be 
compared to a repeated attempt to measure and the desired measure correspond to hit the centre of the 
dartboard. The dartboard to the left illustrates poor reliability and poor validity since every measurement gives 
different results and these also are far away from what that should be measured. The dartboard in the middle 
has good reliability since the arrows are placed together but poor validity since what is supposed to be 
measured is not, as the arrows are not cantered around the middle. The dartboard to the right illustrates high 
reliability and high validity. 

 

Figure 3.4 - Illustration of the concepts validity and reliability, based on Björklund, M. and Paulsson, U. (2003). 

The certainty of the results is very important, according to Lekvall, P. and Wahlbin, C. (2001). If there would be 
a large amount of insecurity or distortions the results might be unusable or even misleading, in other words 
lead to the wrong decision. During a study there is a variety of sources of error, things that might compromise 
the quality of the study. These sources of error are many but not impossible to influence. Therefore there is a 
basis on which a researcher should spend much effort and care. That is, in every step of the investigation or 
study: 

 Make it clear what sources of errors that might exist 

 Try to eliminate these or reduce their influence on the quality of the result 

 Estimate what effect the remaining errors have or might have on the result of the study 
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3.8.1 The academic quality of this report 

An academic work is a study that is based on scientific knowledge and presented at a seat of higher learning. 
Since this thesis is an academic report, there are certain standards to fulfil in order to have a high level of 
academic quality, and also credibility. The requirements stated by Björklund, M. and Paulsson, U. (2003) can be 
seen below. 

The study should relate to already existing academic knowledge. 
The authors need to have a certain knowledge base and base their work on already existing theories, methods 
or data and anchor the results obtained by discussing their correspondence with already existing theories. The 
new knowledge should be a contribution by deepening or expanding the already existing base of knowledge. 

The study should be both of general and theoretical interest. 
Irrespective of whether the authors are performing a broad investigation or a deep diving case study, the basis 
for the work should be in general questions that are of common interest and have a theoretical dimension. 

The study should constitute a logical functional entity. 
The study should be characterised by good readability and with a main thread throughout the report. The 
choices and actions of the authors should be carefully motivated so that the reader can understand and follow 
the author’s way of reasoning. 

The reader should be given the opportunity to form their own opinion of the study. 
The authors should clearly refer to their sources and motivate the choices and opinions so that the reader can 
make up their own mind regarding the study and decide to what extend they agree with the content of the 
report. 

Commonly accepted scientific methods should be the base of the study. 
The authors should use tested, reliable and accepted scientific methods in order to obtain a result of the study 
that is controllable, repeatable and as unrelated to an individual as possible. 

The work of this thesis emanate from existing theory regarding logistics and economy that have been acquired 
by the authors during their education within Industrial Engineering and Management.  

That the thesis is of common interest is strengthened by the daily discussion in newspapers and other media 
around the world regarding the on-going demand of reduction of GHG’s, mainly carbon dioxide. The interest is 
also increasing with possible new legislations and tougher standards on how much carbon dioxide emissions 
are allowed. The theoretical and academic interest of this study is the lack of a common method on how to 
calculate a carbon footprint. 
 
The authors have stated the reasons for the choices and delimitations made in the report. This in combination 
with clear reference to the sources used makes it possible for the reader to make up their own mind regarding 
the study and its result. The methods used in the study are based on known academic and scientific methods 
and have been presented earlier in this chapter. 

3.8.2 The credibility of this report 

The validity of the report is improved by using several methods with different perspectives; this is called 
triangulation and is described by Björklund, M. and Paulsson, U. (2003) as the way of using several methods in 
order to examine one phenomenon, se Figure 3.5 below. 
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Therefore the authors of this study are using both literature studies and benchmarking as methods for finding 
existing theory on how to calculate the carbon footprint. Björklund, M. and Paulsson, U. (2003) also explain 
other types of triangulation where several different sources of literature are used to obtain a data 
triangulation. Another one, evaluator triangulation, is when more than one is studying and evaluating the 
material and theoretical triangulation is where different theories are used on the same data. 

In order to increase the validity of benchmarking, the authors are mainly using the method as a source of 
inspiration since there is not a great amount of existing academic ways of calculating the carbon footprint. The 
authors will also use benchmarking as a reference for what is useable in reality for an organisation. 

The authors are trying, as far as possible, to use theories and different sources of literature to obtain a 
complete picture. The information found should not only be of a supporting character but can also be in 
conflict with other theories, this again to get a complete framework of theory. 

To improve the reliability the authors are using control questions in interviews and inquiries, as Björklund, M. 
and Paulsson, U. (2003) are suggesting.  The objectivity of the report is improved by motivating and explaining 
the choices and delimitations. Also the theoretical framework is kept as objective as possible without any 
opinions or reflections from the authors in order to make it possible for the reader to do an analysis of their 
own with the data obtained based on the theoretical framework. 

Since the study is both of and for VLC they have a big influence on the work process which might affect the 
results. As VLC has done some delimitation it is possible that important angles of the task at hand will be 
overlooked. At the same time VLC knows VLC the best and the directives and delimitations they impose might 
indeed be helping by making sure things outside the scope of the task will not take up undue attention and 
time which is best spent tackling problems more related to the task at hand. There is little use of the authors 
making the same mistakes that others within VLC already have done. That being said it is best to keep in mind 
that VLC is a part of a profit driven organisation, the Volvo Group, and would prefer if the end results can be 
implemented to increase profits, which is why a certain balance has to be maintained. 

Since the constituent and the receiver of the end result is GLD there is no conflict of interests when it comes to 
what the results should be. Still the purpose is heavily biased towards environmental efforts, which means the 
Environmental Manager has a notable say in what should be included, what delimitations are appropriate, and 
how the work should be conducted. 

To ensure the credibility of the thesis as far as possible while still working within the scope that has been 
agreed upon, as well as the delimitations set by VLC, the authors maintain a critical attitude, not only towards 
the gathering of but also the gathered information, especially to avoid the uncertainty when constructing the 
framework on secondary data, as this case. 

To increase the validity of the work the interviewees do not only include different departments within VLC but 
also carriers of VLC to further increase the validity, also the interview questions were based on the factors 
identified during the literature studies. 

Figure 3.5 - Triangulation, based on Björklund, M. and Paulsson, U. (2003). 

The object of study 

Method of investigation 1 Method of investigation 2 
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To increase the reliability the authors critically review each other’s work throughout the process to make sure 
that the amount of variance relating to the interpretation of information as well as data gathering is minimised. 
During the interviews control questions, i.e. the same questions are to be asked to different interviewees to 
judge the reliability of the information, which is used to determine the overall reliability of the result. The 
factors that affect the reliability as well as validity of the thesis in stage one, are presented in Table 3.2 below: 

 Validity Reliability 

Positive 
Effects 

 VLC selected interview objects 

 Interviewees both within VLC and its carriers 

 Interview guides were based on literature 

 Control questions used 

 Mutual review of each 
other’s work by authors 

Negative 
Effects 

 Interviewees might be biased 

 The results from most interviews are purely 
subjective 

 Varying number of 
interviewees for each area 

Table 3.2 – Factors which affect the validity and reliability of the thesis. 

To increase objectivity, triangulation is applied in all steps of the work; this includes both authors being present 
during all interviews to make sure they are conducted as objectively as possible, as well as motivating and 
explaining choices and delimitations. When it comes to literature studies triangulation is applied to as great an 
extent as possible, though within the area of GHG emission calculations the academia is still inadequate and 
what little theories exist are rarely handling the same topic from different viewpoints, but rather new sides of 
new topics. Thus the authors have chosen to raise all relevant theories that could be found and evaluate them 
based on the criteria that the purpose, as well as the delimitations, set by VLC mandate. The frame of 
references is kept as objective as possible by not adding any opinions or reflections from the authors and 
allowing the reader a chance to analyse the facts on their own first. Further objectivity is reached through the 
criticisms from opponents that examine the work done throughout the allotted time.  

Evaluation triangulation, having both authors study and evaluate the material, will permeate the work done in 
the thesis to as great an extent as possible. Of course it will be difficult to determine the objectivity of the 
authors after working closely with VLC during this period. 

To increase the certitude in this stage of the process the focus lies on taking as many methods, and the factors 
required for the methods, into consideration as possible. This to not miss something crucial when it comes to 
emission calculation, without going too deep into each question, something which could mean losing sight of 
the purpose. The balance between these two, considering many factors and not delving too far into them, is a 
vital point when it comes to maintaining the quality of the work as well as the usability of the result.  
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Chapter 4. Frame of reference: Stage one 

As the purpose of this thesis is to investigate, adapt and evaluate a method for 
carbon footprint calculation, the frame of references coupled with the first Stage is 
focused on existing methods and crucial theory connected to these. The methods 
are then presented with area of usage, general spread of usage, if available, and 
what input is required for each one. This is then aggregated at the end of the 
chapter so the crucial information is readily available both during the continued 
work and with regard to the readers’ ability to quickly get a grasp of what is 
important. 
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 Greenhouse gas emissions 4.1

There are several factors when it comes to road transportation on which the GHG emissions depend. First, 
there is the efficiency of the vehicle, represented by the distance travelled per unit of fuel consumed, e.g. 
kilometres per litre. Secondly, the type of fuel used by the vehicle, e.g. diesel, gasoline or ethanol, result in 
different compositions of GHG emissions, some types might give rise to higher carbon dioxide emissions than 
other. A third factor, and according to some, the most important one, is the total distance travelled by each 
vehicle, with the direct correlation of higher emissions per longer distance travelled (Garren, S.J. et al., 2011). 

A reduction in GHG emissions could therefore be achieved by increasing the efficiency of the vehicle, by using 
fuels with lower GHG emission than traditional fuels, and/or by reducing the actual number of kilometres 
travelled. The first two factors are to some extent regulated by legislations demanding certain standards on 
engines and by implementing alternative fuel programs. The crux lies with the third factor, total distance 
travelled, which in the USA alone is projected to rise 160 per cent from 2005 levels by 2030. This increase will 
eclipse the reductions achieved by legislative actions on the first two factors (Garren, S.J. et al., 2011). 

For calculation of carbon dioxide emissions data of fuel usage is the most accurate, whereas the total distance 
travelled is most accurate when it comes to other GHGs, such as methane (CH4) and nitrous oxide (N2O). Thus 
both measurements should be used to obtain as precise an estimate as possible, thought if one type of data is 
unavailable it is acceptable to estimate all GHGs from the same parameter. As carbon dioxide is the highest 
contributor when it comes to GHGs, companies should try and improve their fuel usage first and foremost 
(World Resources Institute, 2008). 

 Methodologies for estimating emissions 4.2

There is a myriad of various methods used today for estimating emissions in small and large systems, and very 
few of them are given a name so one readily can differentiate one from another. Therefore the methods will be 
given a short name so they are easily identified further on. The naming for each methodology is presented 
under their specific section below. 

There are generally two approaches when it comes to methods for emission estimation: top-down and bottom-
up. They share basic structures in estimation but have differences when it comes to input data, assumptions, 
and parameters. Selection of method is usually entirely dependent on the availability of input data (D’Angiola, 
A. et al., 2009). 

Since there is a plethora of different methods that may vary just enough to be considered different from other 
similar methods and this thesis has a time constraint the authors had to set a deadline for when to stop 
collecting new methods via theories. This deadline was decided upon to be the point when methods started to 
repeat themselves more often than new methods would be found. 

 Method 1 – Fuel Sale 4.3

On national and state levels in the USA the GHG emissions are quantified from fuel consumption data that the 
U.S. Department of Energy publishes. The method converts the total amount of fuel consumed, which is 
estimated from the amount of fuel sold, within geographical boundaries, by multiplying the energy usage by 
emissions factors that incorporate both the carbon content and the heat content of each fuel type. This 
method assumes that all fuel purchased within a geographical area is consumed within the same area, thus not 
taking travel across the borders of the area into consideration. For CH4 and N2O emissions calculation the total 
distance travelled is determined by multiplying the emission factors for each vehicle type and their respective 
global warming potential to get a carbon dioxide equivalent (Garren, S.J. et al., 2011). 

The limitations of this method lie in the unavailability of data, e.g. if the fuel consumption is unknown the 
accuracy is severely limited since estimations has to be used. By assuming that the fuel sales in the 
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geographical area are equal to the consumption all travel in and out of the area is ignored. Despite these 
limitations the method is used in cities throughout the world, such as Bangkok, Geneva and Cape Town 
(Garren, S.J. et al., 2011). 

 Method 2 – Fuel inventory 4.4

Another method, notated as Fuel Inv. henceforth, uses a top-down approach where they use the fuel 
consumption from a large inventory such as a state or a country and then scale it down to smaller areas based 
on the percentage of motor vehicle registrations in that area. This assumes that the fuel use and behaviour is 
the same for the larger region as it is for the smaller area, e.g. the total distance travelled per capita in a county 
is the same as for the entire state (Garren, S.J. et al., 2011). 

 Method 3 – National level GHG protocol 4.5

Here the data of total distance travelled is utilised to calculate the total fuel consumption in the system, this is 
done via GHG protocols which have average values on the fuel consumption per distance travelled for varying 
kinds of travel and fuel. The total fuel consumption is then used to calculate the GHG emissions by multiplying 
it with a nationally determined emissions factor. This method is widely used by local governments in the USA 
and United Kingdom as well as various cities throughout Europe for calculating their GHG emissions, mainly 
because data of the total distance travelled is readily available at local levels (Garren, S.J. et al., 2011). 

The uncertainties of this method arise from the fact that the actual emission factor for the vehicle fleet might 

differ from the nationally determined values (Garren, S.J. et al., 2011). 

 Method 4 – Cost based 4.6

During the aforementioned pilot study three ideas on methods of calculation the carbon footprint were 
presented, two of which were deemed applicable for VLC. The first of those two was a top-down approach 
using the costs for purchased transportation as a basis from which the emissions were then calculated using an 
algorithm that would do the necessary computing, using given input in an excel document, to determine a 
good estimate of the emissions, in this case the carbon footprint (Söderlind, A. and Charalanis, A, 2011). 

This method was thought to have a low cost of development and implementation and meet the requirements 
of most of the users requesting the information, being both simple to use and in an environment most users 
are familiar with, excel (Söderlind, A. and Charalanis, A, 2011). 

Some of the cons that were brought up mentioned the requirement of familiarisation with new tools for 
estimating distances travelled since the current application, EnvCalc, was deemed insufficient in many regards. 
Also the difficulty to get good precision in the figures as a result of much estimation needed to convert the 
costs to emissions (Söderlind, A. and Charalanis, A, 2011). 

4.6.1 Transportation price 

Lumsden, K. (1998) explains that the method of contracting is first and foremost used when there are special 
circumstances such as a when the assignment is time limited, there are large volumes, when the transports are 
individual and the freight being large, unusual or rare or the method is used when one carrier is handling the 
entire transport system for another company. In this method a price is negotiated based on the given 
conditions Lumsden, K. (1998). 

The most used method is the tariff method, which is based on a fixed price for freight transport. All the 
customers are then treated the same and they pay the same amount for the same type of goods. The price 
varies instead based on the following reasons: weight, distance, and in some cases depending on the value of 
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the freight. The method is used when the procedures for the freight transported is almost the same Lumsden, 
K. (1998). 

4.6.2 Transportation cost 

Lumsden, K. (1998) describes two types of transportation costs; actual and other transportation costs. The 
notion, actual transportation costs, includes the costs that are connected to the actual transfer of the freight 
as: transportation, loading, reloading and unloading Lumsden, K. (1998). Jonsson and Mattsson (2005) refer to 
these, actual transportation costs, as external transport and handling costs. The costs being added to this 
category is capital cost since the freight transported ties up capital, a cost that Lumsden, K. (1998) chooses to 
place under other costs.  

As Lumsden, K. (1998) definition of other transportation costs is similar to the costs that Jonsson and Mattsson 
(2005) mention that occurs around the actual transport. A few examples of these costs can be: 

 Packaging, freight marking and packaging material 

 Damage to freighted goods 

 Cost for shortage or delays 

 Administration 

 Insurance 

 Customs, public fees and environmental costs 

As transportation costs represent a relatively large proportion of product value, companies are under intense 
pressure to maximise vehicle utilisation (McKinnon, A. and Piecyk, M., 2011).  

The transportation cost difference between the different transport modes is foremost based on the size of the 
actual transportation costs and the average transportation costs for the different transport modes vary a lot 
both within and between the different modes, Figure 4.1. 

 

Figure 4.1 - Average transportation cost for different transport modes with a constant shipment (based on Lumsden, K., 
1998). 
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 Method 5 – Carrier information  4.7

The second method that was recommended in the pilot study was to request information about emissions 
from the carriers directly and then summarise those figures to get the total carbon footprint caused by the 
carriers (Söderlind, A. and Charalanis, A, 2011). 

Since many of the carriers that VLC currently work with present their own emissions annually it would seem 
possible to acquire this information from them. In the case that information could not be obtained from a 
carrier, a general emissions database and the invoiced transportation could be used to estimate the specific 
carriers’ emissions for the period of interest (Söderlind, A. and Charalanis, A, 2011). 

The pros with this method is the fact that figures would be to a larger extent based on actual emissions and 
since the carrier themselves supply the data it would be easier to track changes and their effects (Söderlind, A. 
and Charalanis, A, 2011). 

On the downside VLC would lose control over the calculations, possibly relying on incorrect data. There is also 
the risk of big areas in the world were such data is unavailable due to a lack of interest in environmental issues 
by the carriers. If VLC were to try and break the emissions down to specific subcontracted carriers in various 
regions it would be harder since VLC would be reliant on their carriers for information about this as well 
(Söderlind, A. and Charalanis, A, 2011). 

 Method 6 – Nanjing city 4.8

Bi, J. et al. (2011) did an inventory of the carbon emissions of Nanjing city where they calculated the emissions 
from transportations, in tonnes carbon dioxide equivalent, using the following formula: 

   ∑[                  ]

 

      

Where    is the total carbon emission from the transportation sector in the study;     is the population of the 
vehicle fleet i, vehicles, where a vehicle fleet was defined as e.g. passenger cars, taxis, lorries (heavy, medium, 
light, and micro), bus, and motorcycles.      is the annual average distance travelled by vehicle fleet i, in 
kilometres per vehicle and year;     is the fuel efficiency of the vehicle fleet i, in litres per kilometre;       is 

the carbon emission factor for the fuel type used by vehicle fleet i, in g CO2e per litre of fuel (Bi, J. et al., 2011). 

Using this method the emissions from road transportation of Nanjing city was estimated. The reason for not 
estimating rail, air, nor sea transport in the study was due to a lack of information about those modes of 
transportation, otherwise it is assumed that the same method would have been applicable for them as well (Bi, 
J. et al., 2011). 

 Method 7 – Metropolitan area of Buenos Aires  4.9

D'Angiola, A. et al. (2009) did a calculation for the metropolitan area of Buenos Aires, henceforth called MABA, 
for the year of 2006. Using the COPERT

6
 methodology for estimation of emissions for hot, cold, and evaporative 

emissions, which then were calculated separately using the following formula: 

                                                             

6
 COPERT is software used to estimate emissions from road transports. The development of the tool is 

coordinated by the European Environment Agency (EEA) as a measure to enable official emission inventory by 

EEA member countries and follows the Intergovernmental Panel on Climate Change (IPCC) guidelines from 

2006 (Emisia, 2011). 
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       is the emissions of type i, vehicle category j, road type k for thermally stabilised engines;    is the number 

of vehicles in circulation of category j;        is kilometres travelled for vehicle category j, road type k;        is 

the hot emission factor for type i, vehicle category j, road type k. The cold emissions are estimated using the 
same formula but with cold engine emission factors for type i (D’Angiola, A. et al., 2009). 

Using this method and summarising the results for all the different species of data annually the total annual 
emissions of road transports in the MABA. The MABA was then analysed by geographical zones created by 
grouping districts that share similar socioeconomic characteristics (D’Angiola, A. et al., 2009). 

The vehicle fleets were classified according to the COPERT methodology and seven major vehicle classes were 
used which were also divided into two larger groups: light-duty which includes; passenger cars, sport utility 
vehicles, taxicabs, and light-duty lorries and heavy-duty which includes; heavy-duty lorries, buses, and coaches. 
These seven were then divided further according to fuel type, engine capacity, vehicle size, weight, and 
emission control technology, all in all 35 subcategories that can be linked to both age and technical parameters 
(D’Angiola, A. et al., 2009). 

The input data for vehicles in circulation was then acquired from the Vehicle Registration Directory in Buenos 
Aires with disaggregation into the 35 subcategories as far as possible. Since control and maintenance programs 
in Argentina are not enforced the study had to make assumptions on emission reducing technology of the 
vehicle fleet based on the age of the vehicles and estimates from experts of the lifetime of e.g. three-way 
catalysts. New vehicles were estimated to follow varying Euro classes depending on how old they were. Since a 
large portion of the vehicle fleet is rather old the division and estimates based on age is very relevant and will 
have a big impact on the end result (D’Angiola, A. et al., 2009). 

To estimate the travelled distances of the vehicles expert estimation was used since no data on the matter was 
obtainable. The central estimation corresponded very well to vehicles registered between 2004 and 2006, thus 
an age-dependent annual distance travelled was assumed with different distances for the various models year 
groups. This because vehicles tend to be used less the older they get and might have skewed the results of the 
study otherwise (D’Angiola, A. et al., 2009). 

When it came to estimating the emission factors it became clear that the local information concerning 
emissions from the vehicle fleet were scares to say the least and only included hot-driving. What little input 
available was used and the rest was approximated as best possible using emission estimations from COPERT 4. 
Since a large part of the Argentinean vehicle fleet consists of European vehicles this approximation was 
deemed reasonable. To complement the existing data regarding hot-driving measurements from studies in 
Latin American cities; Bogotá, Mexico City, Santiago de Chile, and Sao Paulo, was used to better reflect the local 
conditions. Still emission factors for many of the GHGs measured were taken from the IPCC emission factor 
database (D’Angiola, A. et al., 2009). 

The emission factors used in the method took account of the road types, driving patterns, and climate 
conditions by using an average based on those three conditions. Because of this, only one kind of road type 
was used, urban road, since this best reflected the state of roads in the MABA (D’Angiola, A. et al., 2009). 

 Method 8 – Liimatainen, H. and Nykänen, K. (L&N) 4.10

The data required for calculating the carbon footprint for logistic service providers (LSP) should not be difficult 
to obtain, according to Liimatainen, H. and Nykänen, K. (2011), since the same is needed to monitor the 
efficiency of vehicle usage, fuel consumption, and driver behaviour. Therefore, the data should already be 
available in every company. Three interacting processes are needed to calculate a precise consignment-level 
carbon footprint (Liimatainen, H. and Nykänen, K. 2011): 
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1. Fuel consumption measured for each section of a delivery round. 

2. RFID-based identification of consignments of loading and unloading. 

3. Calculation system and database for allocating fuel consumption to consignments. 

Consignment level footprinting is possible when the following data is available:  Fuel consumption, the weight 
of each consignment and the distance. Descriptive data is not necessary for carbon footprinting, but enables a 
deeper analysis of the carbon footprint and thus actions to reduce it (Liimatainen, H. and Nykänen, K. 2011). 

The method described above is a bottom-up approach and can be carried out when data is available on; the 
fuel consumption for each trip, the weight of each consignment, and the distances between customer and 
terminal.  In order to obtain the data the company, on which the study was performed, used on-board 
computers for fuel consumption measurements and addresses were obtained from Google Maps. The footprint 
was then calculated with the following steps (Liimatainen, H. and Nykänen, K. 2011): 

1. The shortest distance between each customer and terminal was used. 

2. Weight was analysed by using dimensional weights. 

3. Fuel consumption was calculated by: Cf = ((Cd + Cw/2) x Of, where Cf : consignments share of total 

consumption, Cd=Consignments share of distance (calculated in 1), Cw: consignments share of overall 

weight, Of: overall fuel consumption on trip. 

Calculating the overall carbon footprint of company’s operations would not be possible with the method above 
since it raises the question of fairness between different consignments (Liimatainen, H. and Nykänen, K. 2011). 

A top down approach, notated L&N, can be used instead where the footprint is calculated by the following step 
(Liimatainen, H. and Nykänen, K. 2011): 

 Summing up the energy consumption of transport and terminal operations which gives an overall 

calculation of carbon dioxide emissions. 

For companies that own their vehicles the first step is monitored through refilling cards on which amount of 
fuel, vehicle mileage and the time of refuelling. For companies that use contract-carriers there are some 
challenges to be able to carry out the first step. The contract-carriers should report the average fuel 
consumption of their vehicles and the total fuel consumption is calculated with help from distances in a 
database. However, not all contract-carriers report their numbers or report an incorrect number. Further on 
the information of total haulage the distance and the weight is needed, which can vary depending on the 
source of information (Liimatainen, H. and Nykänen, K. 2011). 

As a conclusion, the bottom-up calculation is too difficult to do because of the inadequate processing of the 
data and also the lack of data, especially accurate fuel consumption data (Liimatainen, H. and Nykänen, K. 
2011). 

 Method 9 – Chemical Transport Study (CTS) 4.11

In this study McKinnon, A. and Piecyk, M. (2011) study the transport of chemicals in Europe, which while not 
the same kind freighting as that which VLC is handling, the method, Chemical Transport Study (CTS), might be 
adoptable (the authors opinion). McKinnon, A. and Piecyk, M. (2011) discusses five steps in a procedure for 
measuring and reporting carbon emissions from businesses, shown in Figure 4.2: 
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4.11.1 Step 1: Setting objectives for the measurement of carbon footprint 

The first step consists of establishing the purpose of the measurement which is important since the type of 
objective determines the required degrees of coverage, accuracy and disaggregation. A distinction between 
external factors and internal motives can be done (McKinnon, A. and Piecyk, M., 2011). 

External factors  

1. Legal obligation: Sectors that are covered by the European Union Emissions Trading Scheme (EU ETS) or 

national carbon taxation/levy schemes are required to measure the emissions of carbon dioxide. 

2. Customer request: The industrial customers can ask for the information on the amount of carbon 

‘embedded’ in the products they buy. 

3. Corporate social responsibility (CSR): Carbon auditing and reporting is becoming a key aspect of CSR. 

4. Participation in surveys and benchmarking exercises: The different industry sectors are keen to 

demonstrate and improve their carbon footprint. 

Internal motives 

5. Identifying possible areas and opportunities for reducing carbon and improving efficiency. 

6. Including the carbon impact in logistics decisions and investments. 

7. Measuring changes in carbon emissions over time. 

4.11.2 Step 2a: Selecting calculation approach. 

McKinnon, A. and Piecyk, M. (2011) present two approaches to estimates carbon dioxide emissions from 
freight transport operations, one based on energy consumption and one on the level of transport activity: 

Energy-based approach 

Almost all carbon dioxide emissions from freight transport are energy related and therefore the simplest and 
most accurate way is to record the energy use and then use standard emissions factors to convert energy 
values into carbon dioxide. For transport operations that are outsourced it is difficult for the shippers to have 
access to the energy data (McKinnon, A. and Piecyk, M., 2011). 

Activity-based approach 

This approach is used in the absence of energy data and the carbon dioxide emissions are roughly estimated 
with the following formula: 

Step 1:  

Setting 
objectives 

Step 2:  

Selecting 
calculation 

approach and 
defining 

boundaries. 

Step 3:  

Data collection 
and choice of 

emission factors 

Step 4:  

Calculation 

Step 5: 

Verification and 
reporting 

Figure 4.2 – Carbon measurement process (McKinnon, A. and Piecyk, M., 2011). 
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The amount of tonnes transported can be obtained through company records, ERP systems and delivery 
manifests. For the distance travelled regarding road transports, estimates can be obtained through the same 
sources as before. Distances for rail and sea transports and intermodal transports can be more difficult to find 
out but the EcoTransIT tool provide approximate routing and distance data.  The last factor, the most difficult 
factor to determine, is the carbon dioxide emission factor for each mode (McKinnon, A. and Piecyk, M., 2011). 

4.11.3 Step 2b: Defining boundaries 

McKinnon, A. and Piecyk, M. (2011) define four types of boundaries that must be drawn around the transport 
system, this is in order to delimit the extent of the calculation: corporate, functional, system and geographical 
boundaries. 

When the transport is outsourced the emissions fall into what the Greenhouse Gas Protocol calls scope 3, i.e. 
emissions from activities performed by other companies on one’s own behalf. It is now considered good 
practice for businesses to count these scope 3 emissions as part of their carbon footprint. This type of 
corporate boundaries requires judgement and negotiation and there is an on-going debate of the allocation of 
the emissions between the carrier’s clients. One issue is who should take responsibility for repositioning empty 
vehicles? Is it the responsibility of the carrier or is it an integral part of the transportation service and therefore 
the customer should take responsibility for a part or all of the emission (McKinnon, A. and Piecyk, M., 2011)? 

The functional boundaries are needed to determine the scope of the transport calculation. Two areas are 
presented by McKinnon, A. and Piecyk, M. (2011), where the first one, the internal supply chain, includes the 
Outbound delivery to customer and the interplant transfers, but excludes the movements on the production 
site since that is considered as part of the production process. The second area is the related logistics activities, 
and if processes such as emissions from warehousing, material handling operations etc. should be included 
(McKinnon, A. and Piecyk, M., 2011). 

The third boundary, the system boundary (SB), is based on the method by NTM, an abbreviation for the 
Swedish non-profit organisation Network for Transport and Environment, and consists of five levels. The levels 
are labelled as SB1 - SB5 and are cumulative, see Figure 4.3 below. The first level includes the emissions from 
the actual transport, which mostly emanate from the exhausts. For electrified railway transports the emissions 
from the electrical power supply are included. The second level also includes the extraction, production, 
refining and distribution of energy and the third level includes the servicing and maintenance of vehicle and 
transport infrastructure. SB4 widens the system and includes the emissions from manufacturing the vehicles, 
construction of transport infrastructure and their scrappage and dismantling. The last level includes emissions 
that are associated with the management of transport operations (McKinnon, A. and Piecyk, M., 2011). 

 

 

The fourth and last boundary is the geographical. For companies serving a global market, much of its transport 
volume is sold on a delivery price or ‘cost insurance freight’ basis and holding the companies responsible for 
the freight at least as far as the foreign port of entry (McKinnon, A. and Piecyk, M., 2011). 

SB5 Administrative functions, personnel etc. 

SB4 Service and Maintenance (infrastructure) 

SB3 Service and Maintenance (aircraft/vessels etc.) Infrastructure 

SB2 Energy supply 

SB1 Traffic operations 

Figure 4.3 - System boundaries, based on McKinnon, A. and Piecyk, M. (2011) 
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4.11.4 Step 3: Data collection and choice of emission factors 

McKinnon, A. and Piecyk, M. (2011) list a number of factors that are affecting the choice of the emission factor 
for chemical transport operations in the third step: 

1. GHGs to be included 

2. Transport modes to be covered 

3. Degree of disaggregation by type of vehicle and power source 

4. Energy supply chain 

5. Assumptions about vehicle load factors and empty running 

6. Nature of the product 

7. Logistical operations at differing levels in the chemical supply chain 

8. Geographical variability 

Carbon dioxide is estimated to make up 93-95 per cent of total GHG potential of emissions from freight 
transport. Therefore it is recommended that the carbon footprint is measured in carbon dioxide. Regarding 
transportation of chemicals the following transport modes are used: Road, Rail, Inland waterway/barge, Short-
sea shipping; bulk, container, Roll on/Roll off (RoRo)7 ferry, tanker, Deep sea shipping, pipeline and air. For all 
these modes, an emission factor will be required. For intermodal transport it is possible to use weight mode-
specific factors with estimates of distance travelled by each mode and obtain a composite emission factor 
(McKinnon, A. and Piecyk, M., 2011). 

The average carbon emissions are very sensitive to the fifth factor, assumptions about vehicle loading and 
empty running, as can be seen in Figure 4.4 below. Around the payload range 1-10 tonnes there are dramatic 
changes and after that the curve flattens. Also the percentage of empty running has a significant impact on the 
emission factor regarding road transports. The effects are easier to asses for road transport than for any other 
mode since more research has been made regarding road transport. The filling degree for RoRo ferries and 
vessels are tricky since first the filling degree of the container needs to be calculated and then the filling degree 
on board the vessel. The nature of the product has an impact on the emission factor since it will influence the 
density of the product and hence the weight-based load and emission factors (McKinnon, A. and Piecyk, M., 
2011). 

 

Figure 4.4 - Relationship between Carbon Emission Factor and Truck Load in tonnes (McKinnon, A. and Piecyk, M., 2011). 

                                                             

7 RoRo is an abbrevation of Roll on, Roll off which are vessels designed to carry wheeled cargo such as 

automobiles, trucks, semi-trailer trucks, trailers or railroad cars that are driven on and off the ship on their own 

wheels (Wikipedia, 2011a). 
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The nature of freight transport operations varies across different levels of the chemical supply chain. At the 
upper end, close to the source, primary producers of base chemicals distribute their products in bulk in large 
volumes that can fill road vehicles, ships, wagons and even whole trains. The average carbon intensity will be 
lower at this end than the lower end where the output is dispatched in smaller orders to a more diverse mix of 
customers, sometimes on road based multiple-drop delivery rounds. If the emission factor would have been 
based on the transport in the upper level of the chain, it is likely to underestimate the total carbon emission 
(McKinnon, A. and Piecyk, M., 2011). 

Regarding rail, the per cent of rail freight services that are electrified, per cent of rail freight electricity from low 
carbon sources, railway loading gauge etc. are factors that affect carbon emissions. In the inland waterways the 
maximum draught, size, weight, and age of vessels among other affect the emission of carbon (McKinnon, A. 
and Piecyk, M., 2011). 

McKinnon, A. and Piecyk, M. (2011) define seven key parameters, shown in Figure 4.5, that affects the carbon 
dioxide emissions with focus on road transport: 

  

Timing of 
deliveries 

CO2 emissions 

Road tonne-kms 

Total vehicle-kms 

Fuel efficiency 

Traffic conditions 

Spatial pattern of 
deliveries 

Distribution of vehicle-kms by vehicle size, weight and type 

Fuel consumption 

Carbon intensity of fuel 

Weight of goods transported by 
road 

Road tonnes-lifted 

Average % empty 
running 

Weight of goods produced / 
consumed 

Average length of haul 

Average handling 
factor 

Average load on laden 
trips 

Modal split 

Level of backhaulage 

Supply chain structure 

 

Vehicle carrying capacity 
by weight / volume 

Efficiency of vehicle 
routing 

Vehicle utilisation on 
laden trips 

Similar analyses for other 
modes 

Key parameter 

Aggregate 

Determinant 

Figure 4.5 – Flowchart of key parameters for estimating the carbon dioxide emissions 
(McKinnon, A. and Piecyk, M., 2011). 
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The key parameters from Figure 4.5 are explained below: 

 Modal split: Indication of the proportion between different transport modes and carriers. 

 Average handling factor: The ratio of weight of goods produced by an industrial sector to freight 

tonnage loaded onto vehicles at the start of a journey. This factor serves as a measure of the average 

number of links in the supply chain. 

 Average length of haul: The length of each link in the supply chain and conversion of the tonnes lifted 

statistics into tonne-km. The average handling factor and length of haul represent the supply chain 

structure. 

 Average payload on laden trips and average per cent empty running: Two key vehicle utilisation 

parameters where the payload is normally measured in terms of weight. 

 Fuel efficiency: Defines the ratio of distance travelled to energy consumed. It is a function mainly of 

vehicle characteristics, driving behaviour and traffic situation. 

 Carbon intensity of fuel: The amount of carbon dioxide emitted per unit of energy consumed directly 

by the vehicle or indirect at the power source for electricity freight operations. 

 Method 10 – NTM 4.12

NTM was initiated 1993 with the aim to establish a common base of values on how to calculate the 
environmental impact from various modes of transports (NTM, 2011). NTM primarily uses data and statistics 
from organisations in Sweden or other European countries. 

4.12.1 NTM Road Transportations 

This chapter is based on NTM Road (2008) if nothing else is stated. The calculations for road transportations are 
to be done as follows and can be found in Figure 4.6: 

  
1. Select vehicle 

type 

2. Select road 
type 

3. Calculate emissions 

4. Compensate for any 
abatement equipment 

5. Multiply with distance 

6. Allocate all emissions to the 
transported cargo 

Measurement of actual fuel 
consumption 

NTM default fuel 
consumption 

Figure 4.6 - Graphical presentation of the calculation method for Road transport (NTM Road, 2008). 
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1. Selection of relevant vehicle type. 
2. Select road type and fuel consumption, either actual or default. 
3. Calculate vehicle environmental performance data (energy use and emissions to air) for the operation 

of the vehicle. 
4. Compensate for the effects of applicable exhaust gas abatement techniques. 
5. Combine with vehicle operation distance. 
6. Allocation of emissions to investigated cargo. 

The emissions of carbon dioxide are according to NTM calculated based on the physical data for the fuel. With 
the assumption that the entire carbon content of the fuel is transformed into carbon dioxide, the amount of 
carbon dioxide is the carbon content, in mass per cent, multiplied with the fuel density and the molecular 

weight relations  
(        )

  
 

  

  
 . The molecular weight of carbon dioxide is 44 u and carbon is 12 u

8
. 

The emission is calculated by applying the formula below, note that this method disregards the fact that a small 
amount of carbon leaves the engines as carbon oxide, hydrocarbons and particles: 

                                 
  

  
 [
  

 
] 

where,   CC is Carbon content of the fuel [%-weight] 

                   is Density of the fuel [kg/l] 

There are several techniques regarding filter but NTM Road (2008) shows a decrease of GHG emissions but 
increase of carbon dioxide emissions. The size of the engine determines the fuel consumption. For further 
information regarding the NTM Road method, see Appendix I. 

4.12.2 NTM Sea Transport 

This chapter is based on information from NTM Sea (2008) if nothing else is stated. Sea transportation differ 
from other transport modes in several aspects and when it comes to emissions and energy consumptions it is 
important to remember that all ships are individual with different characteristics. NTM only considers the 
environmental performance of the main engine while seagoing. There is no information presented regarding 
the fuel consumption and emission levels while manoeuvring in and out of ports or while berthed.  

Using the NTM method the best results are obtained with ship specific data, but default values for various 
kinds of ships are provided in case ship specifics data is unavailable, though with the drawback of a lower 
precision in the results.  

Method for emission calculations 

In order to perform correct calculations certain data is necessary to obtain from ship operators, what data is 
necessary regarding the NTM method is presented in Table 4.1 below: 

  

                                                             

8 Unified atomic mass unit(s) u is equal to 1/12 the mass of one atom of the isotope carbon-12 (Wikipedia 

2011b). 
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Parameter Unit Instructions to data providers 

1. Cargo capacity 
Tanker 
Bulk dry 
General cargo 
Container 
Refrigerated cargo 
RoRo Cargo 
Ferry 

 
Tonne 
Tonne 
Tonne 
TEU9 positions 
Tonne 
Lane meter 
Lane meter 

Select ship types 
Inland , Product, and Large tanker 
Inland, Coastal, Handy size and Ocean 
Inland, Coastal, Handy size and Ocean 
Inland, Feeder, Feeder (type A), Panamax, Postpanamax 
Ocean 
“Small/slow”, “Modern” car transporters 
RoPax, Freight ferry 

2. Capacity utilisation [%] Use average capacity utilisation for one (or several) round 
trip(s) or a period of time, e.g. one year. 

3. Fuel Consumption at 
cruise speed 

[tonne/km] Use average fuel consumption for one (or several) round 
trip(s) or a period of time, e.g. one year. 

4. Fuel heat value [MJ/tonne] Use average values for fuels used in one (or several) round 
trip(s) or a period of time, e.g. one year. 

5. Fuel Sulphur content 
(Max 4.5 %) 

[%-weight] Use average values for fuels used in one (or several) round 
trip(s) or a period of time, e.g. one year. 

6. Emission profile [kg/tonne fuel] Obtains data for: CO2 Fossil, CO2 Total, NOx (as NO2), 
HC/VOC (Total), CH4, PM, CO and SOx (as SO2). 

Table 4.1 – Input data necessary for performing the calculation, NTM Sea (2008). 

Method for calculation of emissions for cargo vessels 

NTM presents two different methods for calculating the emissions from sea transports, one for cargo vessels 
and one for ferries. The first one, the method regarding cargo vessels, is presented below, Figure 4.7: 

 

Figure 4.7 – Method for calculating emissions from cargo vessels (NTM Sea, 2008). 

Step 1: Calculate the emission and energy profile of the ships. 

For calculating the emissions of NOx, CO, PM and HC the fuel consumption is multiplied by the engine/fuel 
specific emission profile. For emission of SOx it depends on the sulphur content of the fuel and carbon dioxide 
emissions are given by the carbon content of the fuel. Different fuels for different engine types are applied and 
if no data is available a default value of 3 180 kilograms carbon dioxide/tonne fuel should be used. 

The energy utilisation is calculated by using data for the heat value of the fuel and the fuel consumption of the 
vessel [tonne fuel/km]. If no data can be obtained, a default value of 41 [MJ/kg fuel] should be used. After this 
step the emission profile will be available as [MJ/km] and [kg/km]: 

                                                             

9 TEU is the abbreviation for twenty-foot equivalent unit, the standard unit for describing a ship’s cargo carrying 

capacity. One TEU is 20x8x8 feet (Business dictionary, 2011a). 

Step 1: Calculate the emission 
and energy profile of the 

ships. 

Step 2: Calculate allocation to 
the carried cargo. 

Step 3: Calculate emissions 
form the investigated 

transport route. 
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                   [
  

  
]                   [

     

  
]                          

  

     
  

Step 2: Calculate allocation to the carried cargo. 

All emissions and energy used should be allocated to the cargo responsible. A direct division of the data is 
possible for the ships carrying homogenous cargo type as oil, coal and containers. The total amount of cargo is 
obtained by multiplying the cargo capacity by the utilisation factor which should be given as an average 
capacity utilisation for e.g. one round trip, several round trips, period of time, year etc. Return of empty 
packaging material or cargo-handling equipment; pallets, containers, trailers, should also be considered as 
cargo and its emissions should be allocated. 

Step 3: Calculate emissions from the investigated transport route. 

The final step consists of multiplying the emissions per cargo unit and distance by the travelled distance. The 
distance used should be the distance travelled over ground and when using distance tables a factor of two per 
cent should be introduced in order to encompass route deviations due to weather or navigation. Inland 
waterways are an exemption with its fixed routes no factor needs to be added. 

Method for calculation of emissions for ferries 

In the case with ferries that transports both vehicles and passengers NTM suggests the following allocation 
procedure: 

A. First split the emissions evenly between the number of decks which gives the division between 

vehicles and passengers. 

B. The share of the emissions that are allocated to the RoRo deck(s) is then divided by the average 

utilised lane meters on the vehicle deck(s). 

C. The emissions belonging to the investigated unit or vehicle is then found by multiplying the “per lane 

meter”- found in B, above, with the length of the unit or vehicle + 0.5 meter for inter-vehicle distance. 

The result of these step will be an emission profile in [MJ/km x cargo unit] and [kg emission/km x cargo unit]. 
The advantage of this method is that it only needs a limited amount of data; the most difficult part is to obtain 
the lane meter capacity utilisation. The method on how to proceed with the calculations of emissions from 
ferries can be seen below, Figure 4.8. 

 

Figure 4.8 - Method for calculating emissions from ferries (NTM Sea, 2008). 
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Step 1: Ferry fuel consumption 

To be accurate, the fuel consumption of a ferry should be the average fuel consumption for a roundtrip divided 
by the route length in [km] times two. The calculation should be made both for the main engine and the 
auxiliary engines. 

An approximation that can be made is by multiplying installed engine power in kW with an estimated power 
level in per cent, normally 70 to 80 per cent on open water, and with the specific fuel consumption [g/kWh], 
which gives fuel consumption in [g/h]. Then by multiplying the value obtained with the crossing time an 
approximation can be found. This approximation does not take into account reduced power levels on parts of 
the trip or auxiliary engine power. 

Step 2: Calculate ships’ emission and energy profile 

The total emissions of NOx, CO, HC, PM, CO2 and SOx are calculated by multiplying the fuel consumption 
[tonne/km] by the engine or fuel specific emission factors [kg/tonne fuel] for both main and auxiliary engines: 

          [
  

  
]                   [

     

  
]                   

  

     
  

For calculation of the emissions factor the following should be used in priority order. 

1. For ships with NOx-reduction attestation: Use actual measured emission factors from the attestation 

or the Swedish Maritime Administration (SMA) database. Stated emission factors should be divided by 

engine specific fuel consumption [g/kWh] and then multiplied by 1000 to arrive at emissions factors in 

[kg/tonne fuel]. 

2. Use emissions factors from ship owner and sulphur content from actual fuel analyses. 

3. Use generalised emission factors for engine and fuel type combinations. 

The energy utilisation is calculated by multiplying the fuel calorific value (energy content) of the actual fuel 
with the fuel consumption: 

                  [
  

  
]                   [

     

  
]                        

  

     
  

Step 3: Calculate allocation to carried cargo 

The allocation is difficult, but important in order to represent the correct values and reassuring that the 
emissions are allocated to the right cargo. NTM lists a number of recommended allocation methods, Table 4.2, 
and states that the preferred method is the volume method.  The volume that should be counted is the one 
assigned to each category, passenger or freight. Areas of the ship not assigned to the payload such as 
machinery, tanks, crew quarters etc. should not be included. Allocation within the same freight category, e.g. 
between cars and heavy vehicles, should be done by net volume including half the gap between units. 
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Category Allocation unit  

Pass RoRo, 
RoPax10, 
RoPax w/ rail 

Volume Pass/freight share by dedicated volume (fixed ship characteristic) 
Within freight category allocation by net deck footprint times deck 
height (varies with utilisation) 

High speed Weight  Net weight of actual payload 

Table 4.2 - Recommended allocation methods for ferries (NTM Sea 2008). 

The volume is calculated as the deck area times the deck free height. Typical free heights are 4.5-5 metres for 
heavy vehicle decks, 2.1-2.3 metres for decks dedicated for normal cars and 4.5 metres for railway cars. 

Step 4: Calculate emissions from the investigated transport route 

The final step consists of multiplying the calculated emissions per payload unit [grams per payload kilometre] 
and energy utilisation [mega joule per payload kilometre] by the distance travelled to obtain the emissions and 
the energy consumption to be allocated to a certain cargo. 

Uncertainties 

Some factors affect the certainty of the result for example weather, currents, water depth, ship design, 
navigation procedures etc. To take this into consideration, NTM proposes that these factors will be enclosed in 
an -20 per cent + 40 per cent span in the final result. The span is not even since the default values are more 
accurate at a lower end of the result. For inland waterways the span is set to +/- 60 per cent due to currents, 
water flow and depth of rivers and canals which highly affects the fuel consumption. One way of obtaining a 
higher accuracy in the result is to demand the exact fuel consumption from the ship owner. For ferries that 
have a repeatable route the error in fuel consumption over a number of journeys should be less than ten 
per cent, which then provides an accurate result of the carbon dioxide emissions. 

For further information regarding NTM Sea method, see Appendix II. 

4.12.3 NTM Rail Transport 

This chapter is based on NTM Rail (2008) if nothing else is stated.  International rail transports are generally 
carried out by national railway operators who are active within the national borders. This implies that the train 
usually has to stop and switch engines in order to continue into the next country. This is something that has to 
be taken in consideration when calculating on international railway transports.  NTM presents a calculation 
strategy, Table 4.3, and encourage the use of as much situation-specific data as possible. 

The method is based on the total gross weight of the train and topography, which gives the energy demand 
and what type of cargo is transported. The method does not take into consideration the difference between 
wagon types, driving behaviour, aerodynamic profiles or traffic situations (speeds, number of starts and stops). 

Three types of cargo are used: 

 Bulk goods (oil, ore etc.) 

 The “average goods” which is the statistically determined average value for all transports of a carrier 

during one year. 

 Volume goods (industrial parts, furniture, clothes etc.) 

                                                             

10 RoPax is a variation of RoRo and is a vessel built for transporting vehicles as well as passengers (Wikipedia, 

2011a).  
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Step Description Comment 

1 Selection of the engine type NTM presents data for trains pulled by electrical motor 
or diesel engines.  

2 Select the train gross weight The gross weight is used as a parameter for the 
calculation of the energy demand. 

3 Calculate electricity 
consumption (EC) or fuel 
consumption (FC) 

The equations give consumption data ([kWh/km] or 
[l/km]) as a function of train gross weight.  

4 (Electrical 
train) 

Calculate emissions and primary 
energy demand 

The transmissions losses are compensated by 
calculating the demanded electricity output from the 
power plant(s) [kWhpp/km].  

The emissions and the primary energy demand of 
relevant electricity production [per kWhpp] are then 
multiplied by the electricity demand [kWhpp]. 

4 (Diesel 
train) 

Calculate emissions and primary 
energy demand 

The fuel consumption data [l/km] is combined with heat 
value of the fuel [MJ/l] and emission data per litre of 
fuel [g/l]. 

5 Diesel traction: compensate for 
the effect of applicable exhaust 
gas abatement techniques  

 

6 Vehicle operation distance Find the distance the rail wagon travels related to the 
transport and investigated cargo.  

7 Allocation to investigated cargo Calculate the share of the environmental performance 
data (energy use and emissions to air) that is related to 
the cargo investigated. 

Table 4.3 - Calculation strategy for rail transports (NTM Rail, 2008). 

For further information regarding NTM Rail method, see Appendix III. 

4.12.4 NTM Air Transport 

This chapter is based on NTM Air (2008) if nothing else is stated. The overall steps for calculating the emissions 
from air transport are to calculate the total emissions for the flight and then allocate the shipment based on 
the weight of the total weight of all cargo. The data needed is the distance of each flight, the vehicle used, the 
load factor and the weight of the shipment in question.  The primary packaging and the secondary packaging 
should be included in the total weight of the shipments. The load factors used by NTM are based on specified 
maximum weight capacity for freight- and cabin factor. 

Total emission 

The air transport consists of take-off, cruising and landing. The emission factors are different for the three 
parts. For take-off and landing the emission is constant, Constant Emission Factor (CEF), as opposed to during 
cruising where the emission is linear and depends on the distance, Variable Emission Factor (VEF). The total 
emissions of substance i can be seen below: 

           (    )        (    )              

where 

TEi is the total emission of substance i. 

CEF(i,cu) is the Constant Emission Factor for substance i at capacity utilisation cu. 
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VEF(i,cu) is the Variable Emission Factor for substance i at capacity utilisation cu. 

D is the Great circle distance between airports11. 

The distance travelled is calculated by using the geographical coordinates of the origin {lat1, lon1} and the 
destination {lat2, lon2} and then by using the method of the great circle distance (GCD). The distance can then 
be calculated by two methods, see below, the second one being less subject to rounding errors for short 
distances. 

  
       (   (    )     (    )     (    )     (    )     (         )) 

         (√((   (
         

 
))

 

    (    )     (    )  (   (
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)) 

The CEF and VEF are presented by NTM, depending on the aircraft and the freight factor. After calculating the 
GCD, the distance needs to be corrected by a factor depending on the distance between the two airports due 
to stacking, traffic and weather-driven corrections. These factors are presented in Table 4.4 below. 

GCD  Correction to GCD 

Less than 550 kilometre   +50 kilometre 

Between 550 kilometre and 5500 kilometre   +100 kilometre 

Above 5500 kilometre   +125 kilometre 

Table 4.4 - Correction distance factors (NTM, 2008). 

NTM presents already calculated values on emissions of carbon dioxide from different aircrafts combined with 
different load factors and max distances. In order to calculate the carbon dioxide emissions the fuel 
consumption is multiplied by the fuel-specific carbon dioxide emission. 

Method of allocation 

The factor of allocation should be the delimiting one in order to allocate the emissions in a relevant way. In air 
transport the weight is an essential and delimiting factor defining total environmental performance, therefore 
the basis of allocation should be weight. Both physical and volumetric weights are used in air cargo transport. 
The industry conversion factor for air freight is 167 [kg/m3] but in general the transported weight is the 
chargeable weight. 

The NTM recommends a total allocation based on mass weight of passengers and cargo. The overall mass is 
constituted by the mass of payload (passengers, luggage included and cargo, pallets and containers included) to 
which the mass of the specific equipment (equipped mass) necessary for the transportation. 

 Method 11 – EcoTransIT 4.13

EcoTransIT is the abbreviation for the Ecological Transport Information Tool and is a free internet application 
that shows the environmental impact of freight transport for any route in the world and by any transport 
mode. When the tool first was published in 2003 it only covered the transports in Europe but the recent 

                                                             

11 The shortest path between two points on a sphere is a segment of a great circle (Mathworld, 2011). 
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version, published in 2010, allows calculating environmental impacts worldwide. The tool can either be used as 
standard or extended depending on the level of detail of the calculation (EcoTransIT, 2011). 

EcoTransIT (2011) are taking the following factors in consideration: 

 Transport mode and vehicle type 

 Traction type 

 Transport network 

 Vehicle capacity utilisation 

 Energy pre-chain 

 Freight transport 

 Special features of international freight transports 

There are three factors that can and need to be chosen for each mode of transport. These are (EcoTransIT, 
2011): 

 Weight in tonnes or in TEU. 

 Type of goods: Light, heavy or average. 

 Define handling: bulk, liquid or other. Depending on the type of cargo, the cargo handling on terminal 

and transfer points can be considered in the calculation. 

When using the method of EcoTransIT (2011) the capacity utilisation is calculated as followed, Table 4.5 below. 

Abbreviation Definition/Formula Unit 

M Mass of freight [net tonne] 
CP Payload capacity [tonne] 
LFNC Load Factor: mass of weight/Payload capacity 

     
 

  
 

[net tonnes/tonne 
capacity]; [%] 

ET Empty trip factor: Additional distance the vehicle/vessel runs empty 
related to loaded distance allocated to the transport.  

   
              

               
 

 

[km empty/km 
loaded]; [%] 

CUNC Capacity utilization= Load factor/ (1+empty trip factor) 

     
    

(    )
  

[%] 

Table 4.5 - Capacity utilisation (Based on EcoTransIT, 2011). 

4.13.1 Road transport 

The cargo for both road and train transports have been divided into three groups; bulk (coal, oil etc.), average 
(statically determined average value for all transports of a given carrier) and volume (industrial parts, furniture, 
clothes etc.). 

When calculating the road transport the following parameters can be chosen (EcoTransIT, 2011): 
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 Vehicle type which is the gross weight of the lorry selected. 

 Emission standard: The classification for the lorry. The options are: 

o Euro (Europe)I-V 

o EPA (USA) 1994, 1998, 2004, 2007, 2010. 

o JP (Japan) 1994, 1997, 2003, 2005, 2009. 

 Load factor. 

 ETF: Empty trip factor. For lorries; bulk 60 per cent, average goods 20 per cent and volume goods 10 

per cent. 

 Ferry routing. A choice can be made whether in which quantity ferries shall be considered by routing. 

The choices are: obstruct = aim to avoid ferries, normal = ferry chosen if shortest route, preferred = 

preference to choose ferry over land-route. 

4.13.2 Train transport 

When calculating the train transport the following parameters can be chosen (EcoTransIT, 2011): 

 Train weight. Three models can be chosen from; short train 500 tonnes, average train 1 000 tonnes 

and long train 1 500 tonnes. 

 Emission standard, if it is an electrical train or a diesel. 

 Load factor. 

 ETF: bulk 80 per cent, average goods 50 per cent and volume goods 20 per cent. 

 Ferry routing. A choice can be made whether in which quantity ferries shall be considered by routing. 

The choices are: obstruct = aim to avoid ferries, normal = ferry chosen if shortest route, preferred = 

preference to choose ferry over land-route. 

4.13.3 Air transport 

When calculating the train transport the following parameters can be chosen (EcoTransIT, 2011): 

 Belly freight. Commonly used cargo airplanes can be chosen. Default planes are selected with the 

selection of start and end points. 

 If it is belly freight, the utilisation of the passenger seats in order to determine the emissions related to 

the passengers and those belonging to the freight. Default is 80 per cent. 

 Load factor. The default value is 65 per cent and for belly freight the load of the passage is 80 per cent 

by default. 

 RFI. The RFI factor is an additional to the calculation of the carbon dioxide equivalent, because the 

emissions are directly emitted in the higher atmospheric layers. 

4.13.4 Sea transport 

There are two types of transports connected to over-water transports and that is sea transports or inland ship. 

For sea transport the following parameters can be chosen (EcoTransIT, 2011): 

 Ship class where the choices are aggregated, dry (for transport of unpacked bulk cargo) or liquid. 

 Ship types. The types that can be selected depend on the type of goods transported and between 

which two harbours. 
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 Speed reduction. A speed reduction results in reduced emissions from the main engine at sea and the 

emissions from auxiliary engines at sea increases due to longer duration of the trip and the emissions 

in port remain unchanged while delivering the same transport services. 

 Load factor. The factor depends on the chosen category of ship (48 - 70 per cent). 

For inland ship transport the following parameters can be chosen: 

 Ship type. The euro ship or bigger type of inland ship can be chosen for container-transports or non-

container-transports. These ships can sail on canals of class V or higher. 

 Load factor. The factor depends on the chosen category of ship (48 - 70 per cent). 

For further information regarding the background of the calculations see Appendix IV. 

 Method 12 – Greenhouse Gas Protocol (GHGP) 4.14

The GHG protocol is a widely used international GHG emission accounting tool in which, among others, the 
basis for the ISO standard 14064 lies. GHG protocol points out the difference between direct and indirect 
emissions, see Figure 4.9 below, where direct emissions, scope 1, are from sources that are owned or 
controlled by the reporting company. The indirect emissions, scope 2, are a consequence of the activities of the 
reporting company but occur at sources that are owned or controlled by another company. By definition, scope 
3 contains indirect emissions from for instance third-party logistic providers. By clearly defining scope 1 and 
scope 3 the companies can assure that the same emission is not counted twice (GHG Protocol, 2011). 

 

Figure 4.9 – Overview of GHG Protocol scopes and emissions across the value chain (GHG Protocol, 2011). 

Scope 3 can be further divided into upstream and downstream activities where the upstream activities relate 
to acquired goods and services and downstream activities relate to sold goods and services. The upstream 
activities of scope 3 include the emissions of purchased fuels and electricity as well as transport and 
distribution losses. Emissions from the consumption of fuels or electricity are included in scope 1 and 2 (GHG 
Protocol, 2011).  

The category transportation and distribution included in scope 3, upstream, includes transportation and 
distribution of products between a company’s 1

st
 tier supplier and its own operations. Also included are the 

third-party transportation and distribution services purchased by the reporting company, including Inbound, 
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Outbound and third-party transportation and distribution between a company’s own facilities. The emission 
sources stated are the following (GHG Protocol, 2011):  

 Air transport 

 Rail transport 

 Road transport 

 Marine transport 

 Storage of purchased products in warehouses, distribution centres and retail facilities. This is outside 

the delimitations (the authors comment). 

The GHG protocol suggests two different methods for calculating the carbon emissions. The first one being a 
fuel-based method and is simply to determine the amount of fuel consumed and applying the appropriate 
emissions factor for that fuel. The GHG Protocol (2011) also calculates with the energy necessary to keep a 
cargo refrigerated. This method is very similar to L&N apart from the energy for refrigerating but since VLC is 
not handling cargo needed to be refrigerated, the methods are the same and this will not be investigated 
further, authors point.  

The second method, the distance-based method, consists of determining the mass, distance, and mode of 
shipment and then applying the appropriate mass-distance emission factor for the vehicle used.  

The formula used is the following:  

               ∑                                                            

                                                     

However, accuracy is generally lower than the fuel based approach since assumptions are made on the average 
fuel consumption, mass of goods and loading of vehicles. The data needed for this calculation can be gathered 
from purchase orders, online maps and calculators, specific carrier and the emission factors can be obtained 
from the GHG protocol website (GHG Protocol, 2011).  

There are two different approaches concerning allocation. The first being the supplier allocation which consists 
of individual supplier reporting allocated emission data to the reporting company and disclose the allocation 
metric used. The second is the reporting company allocation where the reporting company allocates supplier 
emissions by obtaining two types of data from individual suppliers: 1) total supplier GHG emission data, and 2) 
the reporting company’s share of the supplier’s total production, based on either physicals factors, weight, 
volume etc., or economic factors, revenue, spend etc. The second allocation is likely to ensure more 
consistency while the first one might be practical by avoiding the need for supplier to report potentially 
confidential business information. The allocation factors can then be weight, volume, number of units or other 
depending on the physical relationship between the multiple inputs/outputs and the quantity of emissions 
generated (GHG Protocol, 2011). 

Physical allocation is expected to yield more representative emission estimates since physical factors are 
expected to best reflect the relationship between the transportation of products and the resulting emissions. 
Companies should either allocate based on weight or volume depending on whether the capacity of the vehicle 
is limited by volume or by weight. For example, ocean vessels tend to be more limited by volume compared to 
lorries which tend to be more limited by weight (GHG Protocol, 2011). 

The GHG Protocol also supplies calculation tools for various types of operations, among others transportation 
or mobile sources. The method presented here is henceforth notated GHGP. 
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 Method 13 – prEN 16258 4.15

European Committee for Standardisation (CEN) is in the process of developing a “methodology for calculation 
and declaration on energy consumption and GHG emissions in transport services (goods and passengers 
transport)”. It is currently, as of 2011-11-08, a draft out on remittance with various companies and nations in 
Europe, allowing these to comment on the current state of the draft and suggest things to be added and/or 
subtracted before the standard is finished. Once completed it will become a European Standard and CEN 
members are bound to comply with the regulations specified in it on a nationwide level (CEN, 2011). 

The current draft stipulates the calculation of both energy consumption and GHG emissions, in MJ and carbon 
dioxide equivalent respectively, for Well-to-Wheel (WTW), Well-to-Tank (WTT) as well as Tank-to-Wheel (TTW). 
Of these both the WTW and the TTW are to be declared with corresponding information on calculations and 
justifications for choices made regarding conversion factors as well as compliance with recommendations 
specified in the standard (CEN, 2011). 

The calculations are to be done according to the following steps, which then are more thoroughly explained in 
sub steps specified later in the draft: 

 Step 1: Identification of the different legs of this transport service 

 Step 2: Calculation of energy consumption and GHG emissions of each leg  

 Step 3: Sum of the results for each leg  

The first step is merely to separate the various transport modes for certain transportation for the calculations, 
i.e. identify if a transport from A to D via B and C use the same of different modes of transport between each 
point. These sections of a transport are called a leg of a transport in the draft (CEN, 2011). 

The second step is more detailed since it is where the actual calculations are to be done. It is divided into four 
sub steps that deal with how to calculate each leg: 

 Sub step 2.1: Establishing the Vehicles Operations System (VOS) related to the leg 

 Sub step 2.2: Quantification of the total fuel consumption for this VOS 

 Sub step 2.3: Calculation of total energy consumptions and GHG emissions for this VOS 

 Sub step 2.4: Allocation to the leg of a share of each of the four results of sub step 2.3 

A VOS is determined according to the users own criteria of what the specific leg uses for transportation. This 
can be on a per vehicle basis or a more generalised average of the entire vehicle fleet handling that kind of 
transportation for the specific user. In all the cases the VOS shall include the empty trips related to the actual 
transportation, e.g. the trip for a lorry to the starting point as well as the return trip from the end point (CEN, 
2011). 

For the quantification of fuel consumption for vehicle operations there are four methods that are accepted in 
the draft, by order of preference: 

2.2.1. Specific measured values 
2.2.2. Transport operator vehicle-type or route-type specific values 
2.2.3. Transport operator fleet values 
2.2.4. Default values 

Where default values should be used only as a last resort. If the vehicle uses different energy carries, i.e. fuels 
such as petrol, diesel or electricity, the total consumption for all of the energy carriers should be quantified. 
The actual how-to of calculating the emissions for the various alternatives is not specified, even for the default 
values, which basically just says it is okay to use a calculation tool of one’s choice for estimating the emissions. 
This should be based on the transported weight, the types of vehicles and their fuel efficiency, the distances 
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they travel and the specific energy carrier or fuel they require to get as precise a measurement as possible 
(CEN, 2011). 

The calculation of total energy consumption and corresponding GHG emissions for the vehicle operations are 
then to be calculated using the following formulas: 

For Well-to-Wheel Energy Consumption, notated      (   ): 

     (   )    (   )          

For Well-to-Wheel Energy Consumption, notated      (   ): 

     (   )    (   )          

For Well-to-Wheel Energy Consumption, notated      (   ): 

     (   )    (   )          

For Well-to-Wheel Energy Consumption, notated      (   ): 

     (   )    (   )          

Where, 

  (   ) is the total fuel consumption used for the vehicles operations system (examples: FC(VOS) = 
5000 litres of diesel; FC(VOS) = 30000 kWh) 

         is the well-to-wheels energy conversion factor for the fuel used (example: FEN_WTW = 41.8 MJ per 
litre of diesel); 

        is the well-to-wheels emission conversion factor for the fuel used (example: FEM_WTW = 3.15 kg 
CO2e per litre of diesel; FEM_WTW = 400 g CO2e per kWh). 

        is the tank-to-wheels energy conversion factor for the fuel used (example: FEN_TTW = 36 MJ per 

litre of diesel); 

        is the tank-to-wheels emission conversion factor for the fuel used (example: FEM_TTW = 2.64 kg 

CO2e per litre of diesel). 

The selection of conversion factors is specified in an annex of the draft where tables of values to use if no other 
values can be obtained are presented. Usage of which must be justified when declaring the values obtained 
from the calculations (CEN, 2011). 

The allocation of energy consumption and GHG emissions obtained from steps 2.1 through 2.3 are then 
allocated to the corresponding cargo and/or passengers carried. The recommended allocation should be based 
on the product of the quantity of passengers and/or cargo by distance travelled. The draft presents formulas 
for calculation of the allocation depending on the share of the total distance travelled the certain passenger 
and/or cargo used the VOS for travel. There are certain allowances for estimation of quantities but specific 
measurements are preferred (CEN, 2011). 

After this the third main step shall be implemented and all the results for all the legs calculated should be 
added to get the total energy consumptions and GHG emissions (CEN, 2011). 
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The actual draft is a lot more detailed with examples for several types of transportation, varying degrees of 
detail in the calculations, tables with emissions factors and energy values to use if more relevant ones cannot 
be obtained among others. There are also instructions on how to use it on varying levels of aggregation and 
generalisation. Since it is still not finished it is not yet decided what will remain in the finalised standard but the 
current state is likely to be considered close to the final product (CEN, 2011). 

 Summary of the Frame of References 4.16

As is presented thus far in this thesis there are many methods used and developed by various people when it 
comes to GHG emission calculations, although many are very similar and might be nigh on interchangeable. 
The main problem of all methods is the input, or in the case of VLC the lack thereof, which is why a compiled 
overview of what input is required for each one is presented below in Table 4.6. 

Some of the input required is omitted from Table 4.6 since it is input which is required for all methods, these 
factors are instead listed here: 

 Regional data; to differentiate between various geographical regions that have noticeable differences 
compared to other such regions, e.g. the carbon content of carbon based fuel in Australia differs from 
that in Northern America and the infrastructure in South Africa or Asia differs from that of Europe. 

 Emission factors; it will be required to get the actual emissions once the unit from which it is deemed 
best to convert from is obtained, e.g. fuel consumed or kilometres travelled. This might be connected 
to the Regional data due to fuel quality. 

 Fuel Consumption; since almost all the methods use fuel consumption as the conversion unit to 
emission, it was deemed unnecessary to include it in the table, but mainly since it is not usually used 
as a pure input but rather something which is calculated using the other input. 

In Table 4.6 the different methods are assigned a Region, this is where the method has been developed and 
thus is applicable with certainty, with exceptions for those methods which are generalised to such an extent 
that they are applicable throughout the world, marked W. Other methods might be developed in a specific part 
of the world or by joint operations in parts of the world, such as the EU, these methods might be applicable 
outside of their region of origin, but this is yet to be proved. The ones marked N/A (Not Available) are methods 
that are currently being tested and/or developed. 

The methods in Table 4.6 are presented in the order they appear in the thesis, using the abbreviation of their 
assigned name as to not make the table unnecessarily cluttered. Overall the methods can be divided into two 
main categories: Top-Down or Bottom-Up. Top-Down methods are heavily generalising over large amounts of 
data; this is the most common method for nations when it comes to reporting GHG emissions in compliance 
with the Kyoto Protocol or for national improvements. Bottom-Up is focused on getting as accurate results as 
possible, beginning the calculations at the lowest level and then summarising up all the emissions, or inputs 
needed for calculating the emissions, until the level that is required is reached. 

Once the deadline mentioned in 4.2 Methodologies for estimating emissions was reached the amount of 
methods was the current 13 which still is a considerable amount. Thus it is possible that there are some 
methods which the authors have failed to discuss which could have been suitable to VLC. But to counter this, 
the actual method gathering did not stop here, further research into what methods could be used was 
continued, but the focus was shifted from academia to methods currently in use within the industries. These 
methods can be found in Chapter 6 Empirical Research: Stage one.  
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 Input factor Fuel 
Sale 

Fuel 
Inv 

National 
GHG 

Cost 
Based 

Carrier 
Info 

Nan-
jing 

MABA L&N CTS NTM Eco-
Transit 

GHGP prEN 
16258 

Total Distance Travelled     x     x x  x x x x x 

Fuel Purchased x x            

Fuel used        x      

Transportation Costs       x                   

Carrier Emission Data     x         
Purchased Transport Distance         x                 

Weight         x x x x x 

Number/Type of Vehicles   x       x x   x x x x  x 

Vehicle Fuel Efficiency      x x  x x x x x 

Hot/Cold-running             x     x x     

Catalyst          x x   

Road Type       x   x x   

Fuel Type x  x  x     x    x  x x x    x 

Average Speed          x x   

Information System                          

Filling Degree                 x x x   x 

Applicable for Air x x   x x x     x x x x x 

Applicable for Rail x x  x x x   x x x x x 

Applicable for Road x x x x x x x x x x x x x 

Applicable for Sea x x  x x x   x x x x x 

Region W W W N/A N/A W W W EU W W W W 

Table 4.6 - An overview of input factors for the different methods.
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Chapter 5. Specification of the task and methodology: Stage one 

This chapter specifies the methods used in stage one. It also delves deeper into the 
purpose of the thesis by developing research questions based on the literature 
studies done into the area of GHG emission calculation as well as delimitations 
specified by VLC. The chapter also contains criticism of the methods used in Stage 
one. 
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 Specification of the task in Stage one 5.1

As a reminder, stage one corresponds to the first sub-purpose:   

“Investigate methods of calculating the carbon footprint and what input can be obtained by VLC. Analyse the 
investigations and decide on one method for further studies in the thesis”.   

In order to answer to the first part of the sub-purpose, Investigate methods of calculating the carbon footprint, 
a research of both theoretical as well as empirical nature is performed. This since the directives, 1.5 Directives, 
states that the authors should investigate methods found in literature reviews or in the industry. The question 
that the authors need to answer in order to fulfil this part of the sub-purpose is:  

 What methods exist for calculating the carbon footprint, or carbon emissions, since not all uses the 
notion carbon footprint, in theory and in the industry? 

The purpose of this thesis is to recommend a method to VLC and also test the method and give instructions. In 
order to do that it is important to have knowledge of how the methods are constructed and what input they 
require, or factors that the calculation is based on. Therefore when investigating what methods exist, the 
questions which also need to be answered are: 

 How are the methods constructed?  

 What factors are the methods based on or what input is required in order to use a certain method? 

“Investigate…what input can be obtained by VLC” is the next part of the sub-purpose where the authors need 
to investigate what information VLC can obtain. This is then intended to be compared with what factors and 
input the methods found in the theory and in the industry requires. Therefore, the research question for that 
part of the sub-purpose is: 

 What of the input required for the methods are possible for VLC to obtain? 

The final part of the sub-purpose consists of an analysis and decision on a method. The analysis is based on 
certain factors which are further developed in 5.2.4 Analysis: Stage one. In the analysis all the methods 
selected are analysed and the analysis leads to the decision. The analysis and the decision supply the answer 
to:  

 Which method is chosen, and why, for further studies in stage two? 
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5.1.1 Composition of stage one 

The composition of stage one is visualised in Figure 5.1, where the different steps 
correspond to one specific chapter in this report.  

The first part of the sub-purpose, “investigate methods” is related to the first and 
third chapters of stage one, the frame of reference for methods found in theory 
and the empirical research for methods used in industries. The second part 
“Investigate…what input can be obtained by VLC” correspond to the third step of 
stage one were an empirical research is performed within the organisation of VLC. 

“Analyse the investigations” is the third part of the sub-purpose and correspond to 
the fourth step were an analysis is performed. This analysis then leads to the last 
part of the sub-purpose “decide on one method for further studies in the thesis” 
which is the result of the fourth step and presented in the fifth step of stage one; 
Chapter 8 Conclusion: Stage one. 

A more thorough explanation of the different steps can be found in the following 
sections of this chapter. 

5.1.2 Delimitations 

In Table 4.6 in 4.16 Summary of the Frame of References all the factors needed by 
the different methods to achieve a total emission value are presented. There are a 
lot of different kinds of input required for most methodologies and with regard to 
the time constraint of this thesis some delimitation had to be done. 

It is paramount that the method recommended should be applicable to all regions 
since VLC is operating globally. The method should therefore not be based on, for 
example car test data for UK, data that reasonably cannot be applied globally due 
to variations in vehicle fleets. This delimitation is stated by the constituent and 
defines the search of theoretical methods. 

 Method for stage one 5.2

The composition of stage one is presented in Figure 5.1 above but the path by which the final step of stage one 
is to be reached is more complicated. The chronological order of the study can be seen in the figure below, 
Figure 5.2, as the research is constituted by theoretical studies, empirical studies and analysis. Stage one starts 
with a frame of reference, where the methods for calculating the carbon footprint found in theories are 
presented, this forms the first step of stage one, Chapter 4 Frame of reference: Stage one. 

The second step of stage one, Chapter 5 Specification of the task and methodology: Stage one, provides the 
research questions in order to perform empirical studies to investigate what methods are used in the industry, 
questions that are based on the theory. The chapter also contains the research questions in order to 
investigate what input can be obtained by VLC. These questions are based on the methods of calculating the 
carbon footprint found in theories and in the industry. 

The third chapter, Chapter 6 Empirical Research: Stage one, combines the empirical information from the two 
empirical studies, both the study of the industry and of what input VLC can obtain. This leads to an analysis of 
which method to choose for further studies, Chapter 7 Analysis: Stage one. Stage one ends with a conclusion, 
Chapter 8 Conclusion: Stage one where a method of calculating the carbon footprint is chosen. 

Stage one 

Theoretical 
framework:  
Stage one 

Specification of 
the task and 

methodology:  
Stage one 

Empirical 
research:  
Stage one 

Analysis:  
Stage one 

Conclusion:  
Stage one 

Figure 5.1 – The composition 
of stage one. 
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5.2.1 Theoretical framework: Stage one 

Since the purpose of the thesis is to recommend a method for VLC with which it is possible to 
calculate their carbon footprint, the question as a base for the composition of the framework is: 

 What theories exist regarding methods for calculating the carbon footprint?  

The theoretical framework is constructed based on the introduction and background of this thesis 
and also the clarification of the purpose. Since this area of research; methods for calculating the 
carbon footprint, is fairly unexplored the primary source for collecting information is via the internet, 

scientific journals, and material from conferences obtained by professors at the University of Linköping. The 
articles are mostly found by searching in databases such as the LiUBSearch (2011) and Google scholar (2011). 
The keywords that the searches have been based on can be found in Appendix V. The search for new methods 
to use ends once the author’s notice that the same, or very similar, methods start reappearing more often than 
new methods are found. 

With basis in the background, VLC also face a possible increase in legislation and standardisation on how to 
calculate the carbon footprint, or carbon emissions, and therefore the authors also present theories regarding 
standardisations such as GHG protocol emissions and the CEN standard prEN 16258. 

The framework consists mostly of different methods on how to calculate carbon emissions or the carbon 
footprint but also of sections regarding transportation costs and GHG’s. Transportation costs are important 
since one of the methods in the framework suggests that the footprint should be calculated with a cost-based 
approach, an approach which is different from the rest of the theories. Therefore, the authors need to analyse 
what is included in the transportation cost that VLC is invoiced by its carriers and for that the authors need 
basic knowledge regarding what is usually included in transportation costs, to determine what can be related 

Figure 5.2 - The work sequence of stage one. 
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to carbon dioxide emissions. The construction of a theoretical framework has been an iterative process since 
questions have arisen when collecting more information, questions that required more theory such as the 
example with transportation costs.  

5.2.2 Specification of the task and methodology: Stage one 

Based on the theoretical framework and with the purpose as a focal point, the task of this thesis was 
broken down into a number of research questions where the task was further précised. This 
research questions are divided by the input necessary for the different methods, based on the input 
factors that the methods consist of. 

Total Distance Travelled 

The methods that require input regarding the total distance travelled are The National GHG method, 
Nanjing, MABA,  L&N, CTS, NTM, EcoTransIT, GHGP and prEN 16258, with which the former four use to help 
estimate the fuel consumption, from which they then determine the emissions with the help of emissions 
factors. The latter two methods use the total distance travelled to determine the emissions directly via 
emissions factors based on the distance travelled. 

To determine how many kilometres the transports of VLC travel, information from the three business areas; 
Emballage, Inbound and, Outbound has to be obtained since it is divided between all three. Since it is the total 
distance travelled which is required, the distances as well as the frequency of VLC transports along the 
distances is required. In combination with the need for regionally specific information due to delimitations 
specified in 5.1.2 Delimitations this gives rise to the questions: 

 What distances does VLCs transports frequent in each region? 

 How many transports frequent these distances annually? 

 What distances does VLCs transport frequent between regions? 

 How many transports frequent these interregional distances annually? 

Fuel Purchased 

The Fuel sale and Fuel Inv methods require the amount of fuel that has been purchased to complete the 
transportation in question. Using this they then assume the purchased fuel is also the consumed fuel and 
convert it using emissions factors to get the actual emissions. To get the input for these methods it is therefore 
a need to answer the following question: 

 How much fuel has been purchased for the various transports? 

Fuel Used 

As the method L&N by Liimatainen, H. and Nykänen, K. (2011) required the energy consumption for the 
transportation operations in order to determine the carbon dioxide emissions, and energy consumption in 
regard to transportation in most cases is in fact the fuel consumption, or fuel used, this is input that will be 
required to complete the L&N method. Therefore the following question is relevant: 

 How much fuel is used for the transportation operations? 

Transportation Costs 

The cost based method requires rather specific details regarding the costs of transportations. How much 
transportation services cost as well as what the cost consists of. Based on the theory in 4.6.1 Transportation  
transportation costs are made up of both direct and indirect costs why it is important to know what the price of 
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transportation really includes. If the method of contracting is used as a price method, the price is negotiated 
and the question is how this affects the price and how the price then reflects the transportation part of the 
price. This gives rise to questions: 

 How big portion of the costs are for actual transports and how much is warehousing or other 
handling? 

 How are prices for transportation negotiated? 

To ensure that the regional delimitation is covered it is important to know how the price is dependent on the 
regions thus the following questions need an answer: 

 What are the transportation costs for the regions VLC operate in? 
o Are certain regions cheaper/more expensive compared to others? 

 How are costs from interregional transportation assigned? 

Carrier Emission Data 

The method that needs this input is the carrier information method, where it is an integral part of obtaining the 
carbon footprint by summarising the data gathered from carriers. To determine how much emission VLCs 
carriers give rise to within a feasible timeframe, i.e. not by measuring for each and every one of all the carriers, 
it would be preferable if the carriers themselves could report how much emission they are accountable for and 
what part is due to VLC. Therefore the questions to find answers to are: 

 How many of the carriers that currently report annual carbon dioxide emission? 

 How much of the carrier’s total emissions is VLC accountable for with each carrier? 

 How many of the carriers are unable to say how much of the emissions VLC is accountable for? 

Purchased Transport Distance 

The two methods; cost based and the carrier information method, need information regarding the purchased 
transport distance. The cost based in order to validate how much of the transport costs that is related to the 
fuel consumption which depends on the transport distance. The carrier information method needs the 
information to be able to generalize the emissions from those carriers that might not provide the requested 
information about the emissions they incur on behalf of VLC. Instead the invoiced distances would be used to 
estimate the emissions and for that reason the following questions need answer: 

 How many kilometres are invoiced from each carrier? 
o How many kilometres are invoiced in each region? 

Weight 

If the method L&N, CTS, NTM, EcoTransIT, GHGP or prEN 16258 is to be used, then besides some of the things 
already addressed, the weight of the goods and/or passengers transported is required. For the weight 
parameter to be meaningful for the calculations it is important to tie back to the distance travelled and the 
frequency of those transports, therefore the following question needs to be asked: 

 How much weight does each transport on the distances frequented by VLC carry? 

Number/Type of Vehicles 

VLC have transports not just in all four modes; air, rail, road and sea, but also in various social and economic 
regions and because of these factors the types of vehicles used and their fuel efficiency may vary between 
regions as well as between modes. The Fuel Inv method, the Nanjing method, MABA, CTS, NTM, EcoTransIT 
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and the prEN 16258 methods require the amount of vehicle types employed. As the degree of emission 
capacity ratio is different it is useful to know how many of each type of vehicle are used when calculating the 
emissions, where a type refers to the emission classification, i.e. how much emissions on average is connected 
to a set amount of fuel consumption. Therefore the questions to ask are: 

 How many types of vehicles within each transportation mode are used annually? 

 How many of each type of vehicle within each transport mode are used to fulfil VLCs transportation 
needs annually? 

Vehicle Fuel Efficiency 

With the knowledge of how many vehicles of the various types are involved in the transportations and how 
much weight they transport how far, the only thing left to determine is the fuel consumption, which is the most 
common unit from which conversion to emissions is done. This is done with the help of the fuel efficiency of 
the vehicles and necessary for the following methods: Nanjing, MABA, CTS, NTM, EcoTransIT, and prEN 16258. 
The question to be answered is the following: 

 Which fuel efficiency is prevalent for each transport mode and type in each region? 

Hot/Cold-running 

The amount of fuel consumption is depending on the performance of the vehicle which on its part can depend 
on factors as hot and cold running. The more cold-running the more amount of fuel is necessary (NTM Road, 
2011). In order to use one of the following methods; MABA, NTM or EcoTransIT, the question necessary to 
answer is: 

 Is it possible to find out how much of the purchased transports that are using hot respective cold 
running? 

Catalyst 

The amount of carbon dioxide emitted to the environment is mainly based on the amount of carbon in the fuel 
as can be seen in the section about, 4.12.1 NTM Road Transportations, where a filter has a minor effect on the 
carbon dioxide emissions. One factor that is connected to the construction of the vehicle is whether the vehicle 
uses a catalyst or not, since a catalyst reduces the amount of carbon dioxide emitted from fuel combustion. 
Therefore the question necessary to investigate for the NTM method and the EcoTransIT method is: 

 Are the carriers using a catalyst in their vehicles? 

Road Type 

Fuel consumption is directly connected to the amount of carbon dioxide emissions and the fuel consumption 
defers depending on the road type. There is a difference between a transport on a motorway or in an urban 
area with more starts and stops which increase the fuel consumption. Therefore the question needed to be 
answered for the MABA method, NTM method and the EcoTransIT method is: 

 How is the distance travelled by the carriers divided into different road types (urban, rural or 
motorway)? 

Fuel Type 

The amount of carbon dioxide emissions that vehicles give rise to, is strongly correlated to the type of fuel 
used, i.e. the carbon content of the fuel, and the type of fuel used is dependent on the region in which the 
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transportation is performed. Because of this the emission factors of various fuel types and their regional 
variations need to be taken into consideration in some methods. In this thesis the national GHG method, 
Nanjing method, NTM method and EcoTransIT method are the ones that take this into account and require an 
answer to: 

 What fuel type is used for the vehicle fleets in the regions they operate? 

Average Speed 

Another factor contributing to the fuel consumption is the average speed. A higher average speed contributes 
to higher fuel consumption and therefore to a higher amount of carbon dioxide emissions, a factor that is an 
input required for the NTM and the EcoTransIT methods. Therefore the question of investigation is the 
following: 

 What is the average speed for each transport? 

Filling Degree 

The filling degree is important when allocating the emissions to a respective cargo. A high filling degree gives a 
minor amount of carbon dioxide per unit of cargo. In CTS, NTM, EcoTransIT and prEN 16258 this is one 
parameter that is required to be able to break down emissions on a per transported unit basis. Thus prompting 
the question: 

 What is the filling degree of the transports purchased by VLC? 

5.2.3 Empirical research: Stage one 

The empirical research consist of two parts, one being an investigation regarding what input can be 
obtained by VLC and the other being benchmarking in order to find further methods of calculating 
the carbon footprint. The first part is based on the questions specified in the previous section, 5.2.2 
Specification of the task and methodology: Stage one, the respondents for these is specified below in 
Input obtained by VLC. The second part, the benchmarking, is handled later in this section. 

Input obtained by VLC 

When it comes down to gathering the data using the various questions specified in 5.2.2 Specification of the 
task and methodology: Stage one several interviews of foremost semi-structural nature is used. It is not likely 
to find one person to answer all the questions, or one type of input that would allow the extraction of all the 
facts. Instead questions aimed at various research areas are going to be asked mainly to people who have 
knowledge in the area, to either get the best quality of interview response or input to work with for analysis. It 
is also possible there is no information available at the various instances that are to be interviewed, in such 
cases the question will be dealt with in the analysis.   

The research questions are divided into different research areas which are presented below. The grouping of 
questions according to these can be found in Appendix VI. Under each area it is specified to whom the 
questions are to be asked. 

Purchasing 

The purchasing department should have a good idea of how pricing of transportation is set in the different 
regions and know if any consideration is taken to regional differences. This department should also be able to 
answer on how prices for transportation are negotiated. Questions regarding specific information about the 
carrier, such as type of vehicle they use, if they report their annual carbon dioxide emissions and if it is possible 
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to find out how big a portion that VLC is responsible for, are also being asked to the purchasing department. 
The reason for that is that the purchaser has a close contact with the carrier and might explain certain carrier 
specific information.    

Business support 

One way to get answers to some of the research questions is simply by studying the business systems, or 
transportations systems of VLC. Since Emballage, Inbound, and Outbound use different systems there is a need 
to investigate all three. The questions being asked to the support are more or less all research questions, trying 
to find out whether the input factors exist in the systems, the credibility of the information in the systems and 
what is possible to extract from the systems. 

Invoicing 

The questions concerning costs are asked to the invoicing department of VLC in order to get information 
regarding what is being invoiced by the carrier and what is specified on the invoice such as fuel consumption or 
kilometres. The invoicing department might also have the answer to if there is a regional difference in 
transportation costs, if certain regions are more expensive than other. 

Environmental department 

The environmental department might answer to questions regarding the standards and demands that VLC has 
on its carriers such as catalyst, fuel efficiency, hot and cold running and fuel type. This department might also 
have the answers to questions regarding the environmental work of the carriers, if they report their annual 
carbon dioxide emissions and whether it is possible to find the portion for which VLC is responsible.  

Carriers 

The carriers have the most detailed information regarding their fleet and due to that the carriers should be 
able to answer what fuel type they use, what is their filling degree, average speed, if they use hot or cold 
running among others. The carriers should also be able to answer whether they report their annual carbon 
dioxide emissions and if it is possible to find out the portion that VLC is responsible for. In order to use 
triangulation for improving the credibility of the report the authors also ask the carriers questions regarding 
what is included in the transportation costs that is being invoiced to VLC. The carriers being interview are 
Wallenius Wilhelmsen Logistics, Green Cargo, DHL and Maersk, this after directive from Hambeson, S. (2011). 

Benchmarking theory 

The term benchmarking is often-used with a broad explanation of its signification. The noun Benchmark is 
described as “a standard or point of reference against which things may be compared” (Oxford Dictionaries, 
2011b). Moriarty, P. and Smallman, C. (2009) describe the noun as “a point of reference and subsequently 
extended beyond surveying into a spectrum of organizational practices where the analogy of a level plane is 
some level of organisational performance or achievement”. Leibfried, K. and McNair, C. (1992) define 
benchmarking as “an external focus on internal activities, functions or operations in order to achieve 
continuous improvement”, which is connected with the theory of quality management where sustained 
continuous improvement is embedded in a thorough feedback mechanism (Moriarty, P. and Smallman, C., 
2009). 

Moriarty, P. and Smallman, C. (2009) also discuss the meaning of benchmark as a form of reverse engineering 
where performance goals that have been achieved by organisations can be applicable to others. This is a 
conflict with the above meaning of benchmark as a catalyst for organisational improvements. One type of 
benchmarking is more appropriate than another depending on what the purpose of the research is. Moriarty, 
P. and Smallman, C. (2009) present four different forms of benchmarking: 
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Internal benchmarking: This form of benchmarking is an organizational learning where any intra-organizational 
activities achieving superior performance can be used as a template by others. 

Competitive benchmarking: The best practices of business are re-evaluated after comparison with the 
competitors. The factors being evaluated are first and foremost customer facing factors, such as defect rates or 
process speed. 

Functional benchmarking: The organization’s business practices are evaluated against a non-competitor which 
demonstrates a superior knowledge within a certain area.  Common factors that are evaluated are such as the 
use of technology or logistic solutions which permits cooperation between the organizations because there is 
no risk of market-place competition. 

Generic benchmarking: This is the broadest form of benchmarking since it is triggered by a wide range of 
markedly improved performance which is widely applicable. An organization’s best practices are compared 
with organizations which have demonstrated a superior performance from broadly similar practices or 
dispositions. 

Moriarty, P. and Smallman, C. (2009) also present three other perspectives of benchmarking: Performance, 
Process and Strategic. Where the first evaluates the competitiveness of the organization and in the second the 
processes are evaluated which gives a measure of the internal performance. Finally the third is also called 
competence and network benchmarking where the superior practices do not have to be in the same industry 
or country as long as there was some advantage learned for the organization by studying the other. 

In the table below, Table 5.1, Moriarty, P. and Smallman, C. (2009) combine the different forms of 
benchmarking. As for this thesis, the purpose is to improve the internal processes of VLC. Therefore a high 
relevance result will be reached by applying either a functional or generic benchmarking. The purpose of using 
benchmarking as a method in this thesis is to get as much inspiration and examples from different actors as 
possible, in order to be able to combine them into a suitable method for VLC. 

 Internal 
benchmarking 

Competitive 
benchmarking 

Functional 
benchmarking 

Generic 
benchmarking 

Performance 
benchmarking 

Medium High Medium Low 

Process 
benchmarking 

Medium Low High High  

Strategic 
benchmarking 

Low High Low Low 

Table 5.1 – Benchmarking relevance table (Moriary, P. and Smallman, C., 2009) 

A method for how the authors will work with benchmarking in this thesis can be seen in Figure 5.3 which is 
adapted from Moriarty, P. and Smallman, C. (2009). Moriarty, P. and Smallman, C. (2009) developed this 
method from a method of continuous improvements; Plan-Do-Check-Act.  The first step is to determine what 
to benchmark, which is further explained in Chapter 5 Specification of the task and methodology: Stage one. 
The second step is to form a team which in this case is the authors, the third step is to identify the partners, 
partner to analyse, and this can also be found in 5.2.3 Empirical research: Stage one. The fourth step is to 
collect and analyse the data obtained, which can be found in Chapter 6 Empirical Research: Stage one and 
Chapter 7 Analysis: Stage one. The end of the benchmarking process is usually to implement the change 
suggested, but in this thesis the purpose is not to implement the method but to develop and adapt a method. 
Therefore the data collected and analysed will be used as a possible foundation or source of inspiration for the 
method that will be developed in stage two of the thesis. 
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To conclude; no matter how independent the method is described, the main purpose is to work towards the 
end of achieving a more desirable organizational state than the currently state. The goal-state does not have to 
be the best but at least better (Moriarty, P. and Smallman, C., 2009). 

Benchmarking in this thesis 

Generic benchmarking is used in this thesis as a way of finding methods regarding how to calculate the carbon 
footprint. The reason for not choosing functional benchmarking is due to the benchmarking partners being 
competitors to some extent. 

Benchmarking partners 

The partners chosen to benchmark are the following; Wallenius Wilhelmsen Logistics, Green Cargo, DHL and 
Maersk. These and the contact person are selected by Hambeson, S. (2011) based on the following criterions 
from the authors; the companies should provide services for VLC and there should be at least one company 
representing each transport modes.  

The authors will also benchmark NTM, since NTM is now developing the new calculation tool NTM 3.0. Due to 
the expertise of the CEO of NTM, Swahn, M. (2011), the authors thought it prudent to get input from him 
regarding carbon dioxide emission calculation in general and the new NTM 3.0 in particular. This interview 
differs from the rest as it is not an actual company that has transportation but instead an organisation which 
develop a tool to be used for GHG emission calculations for such companies.  

Benchmarking questions 

A complete list of the benchmarking questions can be found in Appendix VII. Since the authors do not have the 
general knowledge about the benchmarking partners the first questions to ask are found below and the 
purpose of the questions is to better be able to relate the partners and their methods to VLC’s situation: 

 What is your business concept?  

 Where in the world are you active? 

 What transportation services do you provide? 

 What is the amount of transports that you handle each year? (in turnover, in number, and in 
kilograms) 

 What requirements do your customers have on you to present your carbon dioxide emissions? 

The first step of benchmarking, Figure 5.3, is to determine what to benchmark: To investigate what methods of 
calculating the carbon footprint is used in industry. Using the answers from the below questions it will be 
possible to determine if the method used by the interviewees is similar to the methods from the literature or if 
it is a new method which might be applicable for VLC. The methods found will be added to the pool of possible 
methods for VLC to use and later it will be analysed along with the rest. Since the carriers are the ones that 
best know the types of vehicles they use, the specifications of these, and how many they have in their fleet or 
employ these are also things that will be asked. They might also know what the prevalent fuel types of their 
fleet are in various regions, if there is a difference: 

Develop and 

adapt a method 

Collect and 

 analyse data 

Identify 

partners 

Form  

a team 

Determine what to 

benchmark 

Figure 5.3 - PDCA "Stepwise framework": Adapted from Moriarty, P. and Smallman, C. (2009) 
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 Are you calculating your carbon dioxide emissions? 

 How are you calculating the carbon dioxide emissions? 
o Do you use a certain method? 
o Do you follow a certain standard? Which one(s)? 
o How does the calculation differ from region to region or transport mode? 
o What input do you have available regarding the vehicle fleet that handle your 

transportations? 
o From where do you get the input or data in order to do the calculation? 

 Do you divide your carbon dioxide emission per customer or per region? 
o How is it done? 

To further determine how applicable the methods might be to VLC it is of interest to know what the result is 
used for and what resources they allocate to obtain it. This is mainly due to the constituent’s request that the 
method is simple to use, something which system theory also backs up (Söderlind, A. 2011; Loucopoulos, P., 
1994). If the benchmarked company allocates significant amounts of resources in order to perform their 
calculations then it might not be a good method for VLC: 

 How much resources are put into calculating the carbon dioxide emissions? (in time, in money) 

 How do you utilise your calculations? 

 

5.2.4 Analysis: Stage one 

The difficulty with finding a suitable method, for calculating the carbon footprint of VLC, is to 
combine the wishes of VLC for a simple and effective method with one that also gives a trustworthy 
result. The analysis in this chapter will be mostly qualitative since the criterions of the desired 
method are qualitative rather than quantitative. The methods being analysed in this chapter are the 
methods of calculating the carbon footprint from the theoretical framework and also the methods 

found in the industry. 

Since the method recommended will be used in the communications with the carriers and the customers of 
VLC it is necessary that the method recommended presents a credible result (Hambeson, S. 2011). A 
quantitative analysis regarding the accuracy of the recommended method will not be performed until stage 
two but it is necessary to make a qualitative analysis regarding the credibility of the method at stage one in 
order to choose the right method for continued development. Therefore there is a need of a qualitative 
analysis regarding: 

 How credible is the method? 

The constituent requires the method to be simple to use (Söderlind, A. 2011) which is also recommended by 
Loucopoulos, P. (1994), professor of information systems. A model should be simple, since with simplicity the 
models are more flexible, easier to implement, and easier to understand and simplifying the model can 
drastically reduce both development and maintenance effort (Loucopoulos, P. 1994). Simplicity is also 
decreasing the amount of support for both the user of the method but also for other actors that need to 
provide data. The question for analysis is therefore: 

 How simple is the method? 

In the industry, there is always a desire of comparing and demonstrating the environmental performance.  As 
McKinnon, A.C and Piecyk, M.I (2011) discuss, an external factor of the purpose for carbon footprinting can be 
to make it possible to participate in surveys and benchmarking, since the different industry sectors are keen to 
demonstrate and improve their carbon footprint. The constituent is also keen on the possibility of comparing 
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the carbon footprint of VLC with competitors and other companies in the logistics or transport sector.  
Requiring an analysis of: 

• How comparable is the method? 

The analysis model for stage one can be seen in Figure 5.4. The model is based on a funnel where a gradual 
discussion and analysis leads to the result of one method. It is not reasonable to obtain something at the end of 
the funnel that is not there in the beginning and the method selected should not be a new method, but be a 
logical result of the previous reasoning in the funnel (Björklund, M. and Paulsson, U. 2011).The analysis model 
consists of first a discussion where the authors delimit the methods which are impossible to use. After follows a 
knock-out criterion, were the second narrowing of the amount of methods will be made. This is then followed 
by a grouping where the methods are grouped together and after that there is an Analytic Hierarchy Process 
(AHP) for each transport mode where the amount of methods will be narrowed to the result of just one 
method. These four methods will then be joined together into one method that is selected for further studies 
in stage two. The combining is the last step of the analysis and the presentation of the selected method is 
the Chapter 8 Conclusion: Stage one.  

Discussion 

The authors discuss methods that are impossible for VLC to use. Reasons for that might be lack of input 
necessary which VLC cannot obtain or that the method is simply a service which can be purchased from the 
carrier, that service might be combined with the Carrier Info method. The authors will not further investigate a 
possible chance for VLC to purchase the service since that is not a method for calculating the carbon footprint.  

Figure 5.4 - Analysis model for Stage one 
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Knock-out criterion 

A knock-out criterion is used in order to screen out the candidates that do not fulfil the minimum requirements 
for a certain criterion (Oskarsson, B., 2011a). The knock-out criterion in this analysis consists of the comparison 
between the first two questions of the analysis; what input the methods require and what input is possible for 
VLC to obtain. If the input required to use a method cannot be obtained by VLC, then the method cannot be 
used. Therefore, this comparison works as knock-out criterion. 

Grouping 

After having used the knock-out criterion there is a possibility that there might be several different methods to 
analyse in the following AHP’s. The methods might also be of similar character which makes the AHP analyse 
difficult to perform. In order to reduce the number of methods to be analysed in the AHP’s the authors group 
the methods found in theory and in the industry based on the following criterions:  

 The methods require the same input.  

Analytic hierarchy process 

An analytic hierarchy process (AHP) consists of a number of main-criterions that are weighted between each 
other. Beneath the main-criterions, a number of sub-criterions are stated and weighted within the main-
criterion. The candidates are evaluated in pairs and given relative scores. Thereafter the scores obtained per 
sub-criteria and then the main-criterions are summed up and the candidate with the highest score is the 
winner (Oskarsson, B., 2011a). The AHP used for the different transport modes in this thesis consist of the 
same criterions. The AHP is chosen because it takes several criterions and sub-criterions into consideration and 
gives a numerical result which is helpful when analysing something qualitative. The analysis is done in pairs, so 
no ranking of several methods at once is required, just a comparison between two at a time, which tend to give 
more reliable results.  

The main-criterions for this analysis are based on the directives from the constituent that the method 
recommended should be credible, comparable and simple. The credibility of a method is measured and 
analysed based on three sub-criterions; validity, reliability, and objectivity. The comparability of a method is 
analysed based on two sub-criterions; standardisation and calculation tool. For the last main-criterion, 
Simplicity, the analysis is based on the sub-criterions; the amount of data necessary to process, number of 
steps, amount of sources, and user friendliness. 

The different methods or groups of methods are compared and evaluated in pairs where the methods can 
obtain a 1/3, 1/2, 1, 2, or a 3 compared to the other method. The explanation of the numbers can be found in 
Table 5.2 below. 

3 Much Better 
2 Better 
1 As Good 

1/2 Worse 
1/3 Much worse 

Table 5.2 - Assessment scale for the AHP. 

Main-criterion: Credibility 

As stated in 3.8 Achieving credibility validity measures how well the measurement is actually measuring what it 
is supposed to measure (Björklund, M. and Paulsson, U. 2003). In this case, the method suggested should 
measure the carbon footprint of VLC, in other words the amount of carbon dioxide emissions emitted by the 



Chapter 5 Specification of the task and methodology: Stage one 

69 

 

purchased transports of VLC. The method is based on a number of factors which, in order for the method to 
reflect the emissions, need to reflect the emissions. Therefore, validity is analysed based on the following 
question: 

 How well do the factors that the method is based on reflect emissions of carbon dioxide? 

The second sub-criterion is reliability and is a measurement of how well the same result is given when 
repeating the method, independent of whom is performing the calculations (Björklund, M. and Paulsson, U. 
2003). If the validity is high, the reliability is assumed to be high (Eki, 2011). In order to obtain the same result 
every time the method is performed, the method needs to be clearly explained and should not contain a lot of 
variation. Therefore, reliability is analysed based on the following question: 

 How well is the method defined? 

Objectivity is the third aspect of credibility and high objectivity is signified by the investigator’s, or the user of 
the method’s, ability to be neutral and not influence the input or the factors necessary for the method 
(Björklund, M. and Paulsson, U. 2003). This concerns the actual collecting of input but also the input that might 
be secondary and has been collected and reported by somebody else. Objectivity is analysed based on the 
following question: 

 How objective is the input and possible constants necessary for the method? 

Main-criterion: Comparability 

In order to be able to compare the calculated carbon footprint with competitors or other actors there is a need 
of using the same methodology of calculation. It is also recommended to use a consistent method in order to 
get accurate results (Carbontrust, 2011). A standard is defined by the authors as guideline set by a committee 
for standardisation. Therefore, the first sub-criterion standardisation is analysed from the following question: 

 Is the method based on a standard? 

Calculation tool is the other sub-criterion and based on the same justification as above. If the method is based 
on a calculation tool then there is less space for assumptions and own definitions of factors which implies that 
the comparability of the method increases. 

 Is the method based on a calculation tool? 

Main criterion: Simplicity 

Simplicity of a data model, which can be compared to the method that is going to be recommended since it is 
based on data and requires calculation, relates to the complexity and size of the model (Loucopoulos, P. 1994). 
Though there is very little knowledge about the time consumption of using most methodologies, claims of time 
and effort factors being substantial can be found for a bottom-up approach (Andrew Kelly, J., 2009). The 
amount of time necessary to perform one method of calculating the carbon footprint or another is rather 
difficult to estimate since it depends on the amount of data necessary to process and the amount of manual 
working hours. Working hours are directly connected to the amount of time necessary for gathering and 
compiling the data. However, the amount of hours might increase because of difficulty in obtaining the data 
due to low response rate on e.g. a supplier survey, requiring extra effort in order to obtain the data necessary. 

The simplicity criterion is the same as the other main-criterions, the goal for the winning method is to obtain as 
high number as possible. Therefore a higher number, than the method with which it is being compared, on one 
of the following questions reflects that that method is simpler than the other. For example the fewer amounts 
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of data necessary to process, the simpler the method is and the higher number of the following sub-criterion is 
obtained by the method. 

Therefore, the first sub-criterion within simplicity is the amount of data that has to be analysed. This since the 
more details and input is required in order to use a certain method, the longer it takes to do the calculation of 
the carbon footprint and the more complex the task of calculating the carbon footprint gets. The larger the 
amount of input necessary the more advanced the computer system or support needs to be, which increase 
the complexity. Therefore in order to analyse this sub-criterion, the following question needs to be discussed 
and analysed: 

 How little data, or input, is necessary to process in order to use the method? 

Another aspect that determines the magnitude of a methods workload and thus also relates to the simplicity of 
the method is the number of steps in a method. If a method only contains a few steps rather than several, with 
the same level of details, the method is simpler to use and might be used by a greater number of people. But if 
the method consists of more steps, the complexity and the time necessary to put in the calculation increases 
and the method is not as simple as desired. Therefore, the number of steps needs to be analysed based on the 
following question: 

 How few steps are necessary to go through in order to use the method? 

The complexity of a method can also depend on the amount of sources that it is necessary to use in order to 
obtain the necessary input for the method. Sources in this context are partners or carriers which are necessary 
to be in contact with. This, the amount of sources, is analysed based on: 

 How few sources are necessary to work with in order to use the method? 

The fourth sub-criterion is user friendly, due to directives. A desire from the constituent is that the method 
does not require a great number of hours to perform since the amount of time available for VLC to calculate 
the carbon footprint is limited (Söderlind, A. 2011). A conclusion that the constituent drew from 2.4 Pilot Study 
is that the current method used by VLC is not very user friendly, something that VLC would like to redeem with 
the new method (Söderlind, A. 2011). 

User friendly, also known as usability, is defined by five quality components according to Nielsen, J. (2011); 
Learnability, Efficiency, Memorability, Errors and Satisfaction. Learnability concerns how easy it is for users to 
accomplish basic tasks the first time they use the design. Efficiency is how quickly the users can perform a task 
once they have learned the design. Memorability is how easy it is for the users to use the design after a period 
of absence. The fourth component, errors, is an analysis regarding how many errors the user makes and how 
severe these errors are. The final component, satisfaction, concerns how pleasant it is to use the design 
(Nielsen, J., 2011). 

The more software, or business systems, to handle, the more difficult it is to learn how to use the method. This 
leads to an increase in errors, and a decrease in efficiency since there is more work to be done. The 
memorability becomes lower if there are different systems to understand and the satisfaction will lower due to 
multiple software designs. Therefore, an analysis regarding all these components will be made via the following 
question: 

 How few types of software are needed to use the method? 
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The weighting of the AHP model, Figure 5.5 above, is based on a workshop with the constituent Söderlind, A. 
(2011), the Environmental Manager of VLC, Hambeson, S. (2011) and the analyst responsible for environmental 
calculations at VLC, von Bahr, H. (2011) together with the authors. These three along with the Logistics 
Developer   Charalanis, A. (2011) were tasked with doing individual weighting before the workshop to see what 
the various individuals personally thought was more important, from which the discussion at the workshop 
then emanated. As different people has different competences and insights it was made possible for the 
participants in the group to decide on weighting of opinions within the group, either for the entire model or for 
certain aspects of it in which one or two might have a higher understanding to further balance the final 
weighting to better suit the needs of VLC. 

Figure 5.5 – The Analytic Hierarchy Process including weights. 

Sensitivity analysis 

When the AHP is performed, a sensitivity analysis will be made in order to study the variation and uncertainty 
of the AHP. The sensitivity analysis will be based on comparing the main-criterions and study the different 
output and result of the AHP when changing the relative weight of the main-criterions. The effect of the sub-
criterions will also be investigated by changing the relative weight of them.  

If there is a clear result of top-down approaches that are the best methods, there is also a need of investigating 
what will have to be the division of the main-criterions in order to obtain a bottom-up method and in reverse if 
the result is a bottom-up approach for the best methods.  
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Reflection 

After having used the AHP, the authors will perform a reflection regarding the possibility of using the methods 
suggested in each AHP. The question of reflection is analyse whether the methods best in the AHP is actually 
something that VLC can use, if the input is possible to obtain or how much time is required and efforts from 
VLC to enable a use of the method. The methods or group of methods that will be compared are the top 
25 per cent in number of methods for that transport mode. In example if air transportations would consists of 
eight methods, then the number of methods compared in the reflection would be the two best.  

If there is a group of methods selected from the AHP, the authors will compare the different methods in the 
group, their strength and weaknesses. This will then lead to the selection of one method per transport mode 
and not one group of methods per transport mode.  

Combining 

After having obtained four different methods, one for each transport mode, they are then combined to one 
method with four different sections, one for each transport mode. The methods are not mixed but simply put 
together as one big method with different sections. 

5.2.5 Conclusion: Stage one 

In this step, the final chapter of stage one, a summary of the preceding analysis leads to a selection 
of one method which will be further developed and adapted to VLC in stage two. The final step of 
the analysis model; the selected method represents the conclusion. 

The conclusion states clearly which method is chosen and how the method is constituted. This 
chapter also gives information concerning strengths and weaknesses of the method chosen, these 
form a basis for further studies in stage two. 

 Method criticism 5.3

There is some criticism arising towards the method of benchmarking; one being the difficulties of obtaining 
reliable information as well as being able to achieve the organizational changes suggested by the method. 
Another criticism is that benchmarking is a process of learning from what has given organizations advantages 
earlier and might not be profitable in a fast-moving market (Moriarty, P. and Smallman, C., 2009). 

Answer to the criticism stated above is that the authors are treating the information from the carriers that also 
might be competitors to VLC as inspiration and will not choose one of the methods found in industry without 
analysing the method. The other criticism is not applicable to the situation for calculations of carbon footprint 
since it is not a fast-moving market and since the purpose is to adapt an existing method and not use an old 
one if it is not suitable. 

The selection of companies is based on directives and recommendations from the constituent which can 
question the result of the benchmarking. The authors have discussed this matter and stated what type of 
companies the benchmarking should be based on, at least one per transport mode, in order to get a good 
scope. The constituent has suggested companies to contact, which is a rather good approach since if there 
already is collaboration between the companies there is also a will to share information, which is a basis for 
successful benchmarking (Karlöf, B. 2009).  The selection of companies to benchmark has been based on their 
environmental improvement. The companies that are chosen all dedicate resources to environmental work and 
are more likely to be able to present useful methods on how to calculate their carbon footprint. 
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Since a lot of the information is gathered via semi structured interviews it is hard to ascertain that the same 
results would be obtained if the study would be repeated with a different set of interview objects, which 
means that the reliability is relatively low. The interviews structure is chosen to better allow for follow-up 
questions where needed since the authors does not have the deeper understanding of the work of VLC or its 
carriers which would be required to make the best use of fully structured interviews. Regarding benchmarking 
this is explained by the fact that emission calculation is still a rather new area with very little standardisation 
which has led to a very diverse industry when it comes to how calculations are done or even if they are done. 
To be able to get useful information out of the various companies which were interviewed using a structured 
interview would be more of a hindrance since there is no unified terminology and the degree of transparency 
vary greatly between companies. Using semi structured interviews instead allows the interviewer to follow up 
on certain things the interviewee might say which could lead to information which is of use in the research. 
When it comes to the input factors for interviews within VLC the same applies, since the three business areas 
are not using the same business system and have relatively little interaction with each other, what is readily 
available for one might not be clear at all for another. 

Some information, mainly the transportation data as well as information on what input is available within VLC 
today, is taken directly from the business systems used and thus have a relatively high reliability since the data 
will not change if it is retrieved at a later date. Though, during interviews it was discovered that some of the 
data that was collected was less than accurate even though it was extracted from the business system, this 
again lowers the reliability but is a factor outside the control of the authors. 

The one criticism against the AHP model in general is rank reversal, where the addition of a new alternative 
might change the rank of the old ones and thus altering the outcome. This is important to take into 
consideration when specifying the criterions, since if two or more are similar, the ranking those get might be 
lower than if they had been one criterion and thus allowing for something of less importance to have too much 
impact on the result. To account for this the authors have worked hard to try and keep the criterions as 
separate as possible. 

The weighting of the AHP model is based on a workshop, as stated before, which includes the opinions of VLC 
but does not reflect the academic view or evaluation of a method. Since the methods are mainly based on a 
theoretical search, which supplies the foundation for the AHP analysis, the aspect of the academics is taken 
into consideration due to that. The main-criterions, on which the AHP is based, are ideas and requirements 
from the workshop, but the sub-criterions of each main-criterion are based on theory which adds the aspect of 
theory to the analysis. The employees that had a part in the weighting were Hambeson, S. (2011), 
Charalanis, A. (2011), Söderlind, A. (2011), and von Bahr, H. (2011). As the tools main usage will be within the 
Corporate Excellence department, to which both Hambeson, S. (2011) and von Bahr, H. (2011) belongs, their 
weigting carried heavier than the weighting of Charalanis, A. (2011) and Söderlind, A. (2011). Due to this the 
workshop, which did not include Charalanis, A. (2011) as he was away on a business trip at the time, evened 
out the weighting of Charalanis, A. (2011) within the simplicity main-criterion to better reflect the wishes of the 
environmental manager Hambeson, S. (2011). Beyond this no internal weighting of the participants opinions 
were applied before agreeing upon the final weighting of the model, with everyone giving a consensus of being 
happy with the final result. Thus it can be ascertained that even though some of the opinions were disregarded 
the opinions which did come through in the end were more representative of VLC’s environmental vision, 
which is in line with the purpose of the thesis. 

Beyond the criticism against the weighting of the AHP model there is the issue of evaluating the various 
methods and groupings and assigning each one a relation to another for each possible pairing within every sub-
criterion. This has been done entirely by the authors by answering the respective questions connected to the 
sub-criterions and making an evaluation based on the discussion around those to decide whether one is better 
or worse than another. The AHP would vary greatly with different relational values in this process, making it 
crucial to make as objective measurements as possible and draw conclusions from what is known and avoid 
making assumptions when something is unclear. The authors feel they have a good understanding of the 
methods after extensively studying them and therefore can make objective decisions in the matter. To try to 
ensure that subjective comparisons are minimized both authors double checked the relations and discussed 
the relation as to make sure it was based on facts and not opinions.  
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Chapter 6. Empirical Research: Stage one 

In this chapter the results from the benchmarking in the form of a description of 
the benchmarking partner and an explanation of their calculation method is 
presented. This is followed by the results from internal interviews for each 
research question to better show where problems in obtaining the information 
occurs within VLC.   
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 Green Cargo – Benchmarking interview 6.1

Green Cargo currently offers their customers the option of receiving a climate certificate where the 
environmental impact of the bought transportation for the specific customer is shown. This is only done for 
those customers who ask for it and is not information they have readily available but instead something which 
is calculated by Johan for each customer who buys the service (Sandström, J. 2011). 

The information about how many tonne kilometres a customer is responsible for via railroad is relatively easy 
to obtain though, since this and much other information is something Green Cargo is required to report to the 
Swedish traffic authority. This also makes it easy for Green Cargo to get the input for their emission 
calculations, as they have to report a lot of the factors anyway. It is all gathered internally for the 
transportation they do themselves. When it comes to road transportation it is more work to get hold of the 
input and to verify it (Sandström, J. 2011). 

Green Cargo calculates their carbon dioxide emission both annually and monthly. The annual calculation is for 
the company’s annual report where they present the past years environmental impact. This is also validated by 
a verified auditor, in the same manner and with the same detail as the economic aspects of the report. The 
monthly reports are used for internal improvements and follow-up of these (Sandström, J. 2011). 

The calculations for railway transports is fairly easy due to the fact that they have to report everything from 
fuel consumption and distance travelled to the weight and where the electricity is produced to the transport 
authorities. Using the data they can get rather precise estimations of the emissions using emission factors and 
the energy consumption. The own hauliers fuel consumption is known and how far they have driven is also 
registered, using this the emissions are calculated using standard values from NTM. The transportation they 
acquire from outside sources is calculated using standard values and guesstimates since they don’t have very 
reliable information regarding the fuel consumption nor how many kilometres they travel. Road transportation 
even more so, since it is based on even more guesstimates, made by the carriers they employ. They ask the 
larger carriers and then scale up the results to cover all the transportation (Sandström, J. 2011). 

6.1.1 Company description 

Green Cargo is a breakoff company created when the state enterprise Statens Järnvägar unbundled in 2001 
and formed several new companies, one of which was Green Cargo. They are a railway based transportation 
company that expanded into handling road transportation and logistical solutions. Recently they have shifted 
their strategy from work towards becoming an intermodal logistical provider to once again focus on railway 
transportation (Sandström, J. 2011). 

Currently Green Cargo is active in all of Europe, the Swedish and Norwegian operations is with their own 
locomotives and wagons while the trains in the rest of Europe is mainly hired locomotives that move their 
wagons as well as others. Two types of railway transportation are possible, system trains; which go back and 
forth between set points on a regular basis, or the more common wagon sets; where wagons get attached and 
detached to the train along the route depending on how much and where the goods are to be transported. The 
latter requires more organising and rearranging of locomotives and wagons; it is also hard to get big enough 
volumes to make a profit using this kind of railway transportation. VLC mainly use the system train type for 
their transportations. On the Swedish market Green Cargo are uncontested when it comes to wagon sets but 
there is at least one competitor within the system train segment. Their trains use electricity in 95 per cent of 
the cases; the remaining 5 per cent are diesel trains. (Sandström, J. 2011). 

The transportation is 92 per cent electrical locomotives, 5 per cent diesel locomotives and 3 per cent with 
lorries. The road transports are done either with their own haulier or with external hauliers if need be. Green 
Cargo also offers the possibility to rent warehousing space or other logistical services (Sandström, J. 2011). 
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6.1.2 Emissions calculation method 

The method Green Cargo uses is a bottom-up approach where they calculate the fuel consumption with the 
help of the data they have at their disposal and then use emission factors for railways from EcoTransIT and for 
road haulage from NTM. The filling degree they use is either calculated, for trains using the previously 
mentioned data, or assumed to be 70 per cent for road, based on an average from the Swedish transportation 
authority. The one thing they are very specific about is to keep assumptions consistent as long as possible, that 
way they can compare the results and measure changes between years. Once an assumption is changed it is 
well motivated (Sandström, J. 2011). 

The method is developed by Sandström, J. (2011) himself in excel, but a lot is based on EcoTransIT. It is 
updated when there are assumptions that are proven to be obviously wrong or when an auditor questions 
something that warrants an update (Sandström, J. 2011). 

Green Cargo does not exclusively follow any given standards currently but are interested in prEN 16258 
depending on how the development of it pans out. Whether they are going to implement it or not is also 
heavily dependent on their situation once it is completed. Johan also mentioned that for such a standard to 
really work it would require more automation in terms of participants connecting their business systems for 
easier sharing of data (Sandström, J. 2011). 

Today the data they require from carriers is gathered via a survey where they fill in the fuel consumption and 
how many kilometres they have travelled. This is then validated by Johan by matching the figures with what 
they are paid, to see if it seems reasonable or not. What is reasonable is determined from the own haulier’s 
rates and pricing. This verification has found discrepancies a few times such as the distances reported being of 
by a factor of ten (Sandström, J. 2011). 

The resources Green Cargo puts into their calculations is substantial; several weeks every year for the annual 
report and quite a lot of time for the monthly ones as well, which is why the company specific analysis’ are 
heavily based on assumptions. This would be made easier if there was a similar system for road haulage as 
there is for railways, where everything is near automatic due to the reporting requirements (Sandström, J. 
2011). 

Sandström, J. (2011) could not answer how much of the costs of transportation is made up by fuel 
consumption, but mentions having heard of a fuel surcharge in contracts about to be implemented since the 
price of fuel is quite volatile. 

For road transports some generalisations have been done and the data which has been gathered from which 
assumptions have been made is, by number of carriers, 95 per cent based on small carriers and 5 per cent large 
“network transporters”, such as Schenker. One big difference that could be seen between these two groups is 
the price difference; the bigger ones are more expensive by up to a factor of ten compared to the smaller ones. 
Thus Sandström, J. (2011) deems it hard to connect carbon dioxide emissions to costs unless it is divided 
between carriers (Sandström, J. 2011). 

 Wallenius Wilhelmsen Logistics – Benchmarking interview 6.2

There is a big difference between road-based transportation and shipping; therefore there might be a need of 
different methods to cover all the transport modes, according to Moore, M. (2011). Moore M. (2011) also 
explains the need, especially for international logistics, of a common standard since there are different 
standards being used in different companies. Today WWL tries to meet the requirements of twelve standards. 
The desire is that there would only be a maximum of two standards used, but preferably just one (Moore, M., 
2011). 
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Moore, M. (2011) consider the Clean Shipping Index, provided by the Clean Shipping Project
12

, a good tool for 
cargo holders such as VLC or Volvo AB. The Clean Shipping Index gives a comprehensive view on ships but 
should be used in conversation with the shipping companies since it provides a snapshot of a vessel in a point 
of time. A conversation is needed in order to understand the signification of the numbers and possible 
improvements (Moore, M., 2011). 

6.2.1 Company description 

Wallenius Wilhelmsen Logistics (WWL) is a 50 per cent Swedish owned and 50 per cent Norwegian owned 
company that supplies supply chain management, ocean transportations, inland distribution terminal services, 
and technical services such as centres for producing or repairing vehicles or paint jobs. For the inland 
distribution WWL hire carriers to perform the transportation and only manage the flows, but also have a minor 
amount of company owned lorries. In general the main part of the logistics services consists of their own 
vessels, used for sea transports and shipping, which is the part that leaves the biggest carbon footprint (Moore, 
M., 2011). 

Today, WWL has about 60 vessels operating in global trade routes and transport 2.3 million units of vehicles a 
year. Moore, M. (2011) was not able to determine how much of the total VLC is responsible for. A handful of 
customers request calculations of the carbon footprint, but there is an increase in inquiries and typical 
questions are: “How much carbon dioxide is a typical unit responsible for?” or “What were the total carbon 
emissions from our transports during last year?” Moore, M. (2011) makes it clear that the main contact with 
the customers is not to provide them with numbers but to explain and inform the customer on how the 
calculation can be made and what this means (Moore, M., 2011). 

WWL is foremost responsible for the transportations of Outbound (Global Spend Report, 2011) and has a fleet 
of more than 60 pure car lorry carrier (PCTC) and RoRo vessels (WWL, 2011). 

6.2.2 Emissions calculation method 

WWL calculates their carbon footprint using the Energy Efficiency Operational Indicator (EEOI), a guideline for 
carbon dioxide emissions calculation per transportation operation provided by the International Maritime 
Organisation (IMO), which is the United Nations organisation working with improving maritime safety and 
preventing pollution from ships. This guideline provides the factors and the constants on which WWL 
calculations are based and the methodology for how to perform the calculations. In order to have consistency 
in the method on how to calculate the carbon footprint and in order to select boundaries, WWL is using the 
standards of the GHG protocol and ISO 14064. The construction of a system for calculation which follows these 
standards required a great amount of time, an amount of time which was highly under-estimated. Today, the 
resources allocated to emission calculations are mostly used for developing the quality of the calculation and 
improving the quality of input (Moore, M., 2011). 

The basic calculation of the total emissions for WWL, using the EEOI guidelines uses the following formula: 

                              ∑(       ) 

Where     is the fuel consumption of fuel type j and     is the emission factor for fuel type j. The carbon 

dioxide emission factor for Heavy Fuel Oil, the most prominent fuel type for sea freight, is defined by IMO as 
3114 grams of carbon dioxide per kilogram of consumed heavy fuel oil. 

                                                             

12 The Clean Shipping Project was started in order to increase focus on the environmental impact of shipping and 

to make information regarding emissions readily available to cargo owners who wish to hire a shipping company 

(Clean Shipping Project, 2011). 



Chapter 6 Empirical Research: Stage one 

78 

 

The input, i.e. the distance, cargo and fuel consumption, are all factors that can be found in the business 
system of WWL since they own their fleet of ships. WWL is classed as a deep sea operator, even though they 
have transports in e.g. the Baltic Sea which is considered to be short sea, and bases the calculations on deep 
sea transport, this to simplify the calculations and since the vessels and the fuel types are the same (Moore, 
M., 2011). 

WWL uses the calculation of carbon dioxide emissions internally in order to measure and fulfil their 
performance indicators. Fuel consumption is a factor that is significant for the costs of WWL and therefore is 
used as a basis of analysis when it comes to energy consumption, which can be broken down to an analysis 
regarding performance of each vessel. Another use for the calculation is in the annual report where the 
amount of carbon dioxide emissions is presented (Moore, M., 2011). 

Validation of the method of how to calculate the carbon emissions is made by contracting an auditor to verify. 
The task of the auditing is to investigate and revise how the calculations are done and suggest improvements. 
The current discussion between WWL and the auditor is how thorough the auditing should be. The auditing is 
mainly done with sample surveys in order to verify the calculation but the next step is to include on-board visits 
with auditors on the vessels (Moore, M., 2011).  

WWL calculates the total amount of carbon dioxide emitted by their fleet. This value is not divided into 
different regions since WWL is a global actor and does not differentiate between regions. The total emissions 
cannot be distributed on a per costumers basis, i.e. VLC cannot obtain how much carbon dioxide is emitted by 
WWL on behalf of VLC, since such a distribution is too complex according to WWL. They could calculate a figure 
with less precision, but it would not be very credible and not something that WWL would stand behind should 
it be questioned (Moore, M., 2011). 

 DHL – Benchmarking interview 6.3

Hammarberg, U. (2011) was an account manager for VLC at DHL and now works with environmental affairs at 
DHL Freight in Sweden. During the interviews Hammarberg, U. (2011) informs the authors that the fuel 
component of their transportation is not specified in either their contracts or their invoices. 

6.3.1 Company description 

DHL is a logistics company that deal with transportation in all four modes; air, rail, road, and sea. When it 
comes to air freight DHL owns their own fleet while the fleets in the other modes are mostly hired 
transportation. For DHL, VLC is the biggest customer that uses flight express. The main area of DHL Freight is 
lorry transportation where they have both dedicated and shared transports. Out of all the 2500 lorries that 
handle the transportation for DHL in Sweden they only own 80 of them themselves. The lorry freighting makes 
up 90 per cent of the total transportation operations in Sweden and is handled by about a 100 carriers 
(Hammarberg, U., 2011). 

As a part of the environmental work of DHL, every local manager is responsible for monthly reports of the 
energy consumption, water consumption, type of energy used, and waste produced by the plant or terminal 
(Hammarberg, U., 2011). 

DHL uses a worldwide carbon dioxide budget which means that not only the costs need to be considered when 
purchasing vehicles or a transport service but also the carbon dioxide emissions. With energy consumption, for 
e.g. a terminal, there is a cost in money and also an amount of carbon dioxide. This means that all activities 
have a limit regarding both costs and carbon dioxide. To keep track of this not only the costs are checked, but 
also the emission factors in e.g. fuel or energy consumption (Hammarberg, U., 2011). 
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6.3.2 Emissions calculation method 

Currently there is an increasing demand for emissions information from the customers of DHL. Some 
customer’s wants data in order to perform emission calculations themselves, while other customers want just 
an emissions report that specifies how much emissions their transports incur.  The emissions report that DHL 
Freight can provide per customer are based on the NTM method. Hammarberg, U. (2011) mentions that it is 
better that the customers demand an emissions report rather than data because the customers do not always 
know how to use the data obtained, or why they request it, e.g. customers requesting information about motor 
classes when wanting to calculate only their carbon dioxide emissions. The time required to complete one of 
the customer specific emissions reports is about 500 hours currently, excluding the time needed for 
development of the calculation tools, updating these, administration and meetings (Hammarberg, U., 2011).  

For the carbon dioxide emission calculation DHL Freight uses the GHG Protocol as a framework and has good 
knowledge of scope 1 and 2 and is working to improve scope 3, which includes emissions from purchased 
transports. One of the major issues when it comes to emissions calculations is transparency in order to be able 
to measure improvements and compare values. DHL Freight uses NTM as a source of emission factors and 
default values (Hammarberg, U., 2011). 

DHL Freight considers the use of standards to be necessary and that transparency is becoming more and more 
important. In their own calculations they plan to appropriate the available standard, which currently is done by 
using the NTM calculation tool and the GHG protocol. In the future DHL will be using either the CEN 16258 
standard or the ISO 14067 standard (Hammarberg, U., 2011). 

The challenge for DHL today is to improve the environmental calculations of scope 3. One way to go about this 
is to use data from Fleet management systems

13
, such as Dynafleet that Volvo is using in their new lorries. With 

a fleet management system it is possible for carriers to optimise their positioning and their route planning and 
from the system it is possible to obtain data such as fuel consumption and distance travelled. But there is a 
resistance towards fleet management from the unions since the system means that the driver is constantly 
monitored. Of DHL Freight’s carriers in Sweden there is a 30-40 per cent that uses a fleet management system 
but not all carriers feel a need of using such systems and assert that in some areas, such as larger cities, the 
driver’s knowledge of the area is more important and there is no time to rely on such a system. On the other 
hand when the driver has little knowledge about an area and the area of deliver is outside a city there is a 
greater need and use of a fleet management system. Using such systems DHL hope to be able to obtain the 
actual fuel consumption from their carriers, something that the carriers who do use such systems gather 
themselves today (Hammarberg, U., 2011). 

There is the problem of how to increase the use of fleet management system. With dedicated transports there 
is a possibility to utilise the use of such a system since the carrier is only transporting the cargo of e.g. DHL. 
With shared transports there is the question of financing the system, how much would the carrier invest and 
should DHL finance a part if they want to use the data? Another issue regarding fleet management system is 
the will of the carriers to share the information, since it might be considered a business secret which the 
carriers would not like to share. But if the carriers would use such a system DHL could combine that data with 
the own data from a personal digital assistant, that almost all carriers of DHL freight use, in order to get more 
accurate calculations for scope 3 (Hammarberg, U., 2011). 

Every year each carrier of DHL Freight needs to update a transportation database online where information 
about vehicles, engine size, amount of driven kilometres for DHL per day, type of fuel, if there is a catalyst, if 
there is a PM filter, and if there is a spoiler that is adapted to the cargo. These factors need to be specified for 

                                                             

13 Fleet management systems are systems for management of a company's vehicle fleet. They can include 

commercial motor vehicles such as cars, vans and trucks. They keep track of a range of functions, such as 

vehicle financing, vehicle maintenance, vehicle telematics for tracking and diagnostics, driver- , speed-, fuel-, 

and health and safety management. All which can help both the owner and the driver by providing information 

about position and vehicle condition (Wikipedia, 2011c). 
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every vehicle. The information is then validated by auditors who visit each carrier. With this information and 
with factors from NTM, DHL Freight is calculating their carbon footprint. The filling degree used is how much is 
loaded of DHL cargo by the theoretical capacity of the vehicle. With the use of shared transports the filling 
degree is calculated by using default values. To update the calculation method carrier evaluation is revised 
yearly to improve the input and reduce the gap in content between what external actors expect and what DHL 
actually does (Hammarberg, U., 2011). 

When VLC purchases air transportation a climate compensation amount is added to the price. This amount is 
then invested by DHL into biofuel research. This since the development of more renewable fuels in the air 
freight sector is not as well developed as in the road sector (Hammarberg, U., 2011). 

Carbon dashboard is a new initiative from DHL Go Green and is a service to customers with which the 
customers can obtain a carbon report. Currently there are 80-100 clients using the service which means that 
DHL is working with obtaining data from their carriers in order to fulfil the calculations (Hammarberg, U., 2011). 

 NTM 3.0 – Benchmarking interview 6.4

Swahn, M. (2011) supports the CEN standard prEN 16258 since it could help everyone to start using 
comparable calculations. He does see some problems in its way when it comes to getting it approved, mainly 
thanks to the French “Bilan Carbone” law that does not completely go hand in hand with the standard. The 
Bilan Carbone is a French law that states that all products and services should have a climate certification. 
Among other things the standard specifies that calculations should be done of all GHGs, whereas the French 
law only specifies carbon dioxide emissions. Swahn, M. (2011) is partial to the GHG approach since there are a 
lot of emissions that will be neglected if calculations are only of carbon dioxide. The French law also demand 
that the emissions be assigned on a per product basis, which is hard even with just one type of emission, 
especially for those companies who purchase transportation services. NTM is now en route of developing the 
new calculation tool NTMcalc 3.0 (Swahn, M., 2011). 

To simplify some calculations in the new NTM 3.0, NTM is developing a table where it will be possible to 
estimate the emissions factors based on the energy content of commercial fuels, and also the carbon content 
of those energy sources as carbon content is highly correlated to carbon dioxide emissions. This has a lot of 
support thanks to the comparability that will be possible if everyone use the same emissions factors 
independent of where they operate (Swahn, M., 2011). 

The Bilan Carbone has yet to specify any demands on precision of the calculations and indications say that 
using something equal to the NTMcalc Basic tool might be sufficient. The law might not even be a law in the 
true sense of the word, but instead more of a recommendation (Swahn, M., 2011). 

Some of those who do calculate their emissions has opted to use NTM default values rather than the values 
that their carriers supply, this is so they can compare the emissions between carriers without having to take 
the carriers own assumptions into consideration (Swahn, M., 2011). 

It is easier to do detailed calculations for Full Truck Load (FTL) transports, but when it is only Less Than 
Truckload (LTT) transports there is really no point in using anything but average/default values. This since a FTL 
transport is a dedicated transport. Thus Swahn, M. (2011) recommends using carrier data for FTL and 
default/average values for LTT. Even if you get data from carriers if is rarely specific enough since the carriers 
are likely to have made assumptions themselves (Swahn, M., 2011). 

Swahn, M. (2011) thinks that calculating the carbon dioxide emissions from fuel consumption that you get from 
costs is good method, NTM is developing a table for fuel to emission factors that could be useful for such a 
conversion, something Swahn, M. (2011) and NTM would like to finalize and set at a feasible minimum level for 
everyone to have as a fall-back option (Swahn, M., 2011). 
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Swahn, M. (2011) also thinks that the focus should be shifted from forcing carriers to use specific equipment to 
improve their environmental impact towards setting goals for them to reach and let them figure out how to 
best reach those goals themselves. Focus should be that the carriers themselves want to improve and the task 
of the transportation buyer would rather be to verify that the improvements actually happen (Swahn, M., 
2011). 

Regarding fuel pricing in contracts Swahn, M. (2011) divulges that he has heard that the per cent basis specified 
is only for the variable part of the fuel consumption for the transportation, the base consumption is still 
“hidden” within the remainder of the costs, but he could not say for certain that this is how it always is or even 
that it is a common practice. A difficulty that remains, when having the fuel pricing and the fuel consumption as 
a base line, is the problem of allocating the emissions. 

The fuel shipping index is, according to Swahn, M. (2011), evaluating the carriers based on their performance, 
something that NTM is not doing. The purpose of NTM is not to evaluate or classify the carriers but to work for 
obtaining a baseline (Swahn, M., 2011). 

6.4.1 Company description 

Swahn, M. (2011) is the CEO of NTM, a non-profit organisation which aims to create a common basis for how 
environmental performance for various means of transportation should be calculated. The method NTM has 
developed is mainly aimed at cargo holders who buy transportation to enable them to assess the overall 
environmental impact these transportations have. 

6.4.2 Emissions calculation method 

The new NTMcalc 3.0, which is under construction, is going to have three different options: 

1. The first option is a basic calculation tool which uses default values for all vehicles and motors as well as 

fuel types, road conditions and so on. This is aimed at those who does not have the actual data available or 

for people who want to know how their own emissions compare to the average transportation on the 

same stretch, which is what the default values are based on. 

2. The second option allows you to change every parameter and even use your own operational data to use 

in the calculations. 

3. The third function is the biggest difference compared to the current NTMcalc's; professional web, this is a 

function which allows companies to report in their transports to NTM for an automatic calculation. The 

input will be sent from the business system of the company directly into NTMcalc 3.0. If there is some 

input which NTMcalc deems missing which could improve the calculations it is meant for this data to be 

requested, something which is yet to be realised. 

NTMcalc 3.0 was meant to be finished by Q1 2012, but the project has been delayed a minimum of three 
months to Q2 2012. What is left is, among other things, to “teach” the system to determine what data is 
needed to improve the calculations and automatically request it. It is still based on the same input as the 
previous versions, but the calculations and the base data has been updated, improved and expanded to cover 
more of the world, still there are certain areas which aren’t covered as well as others. NTMcalc works well for 
Air and Sea transportation in the entire world. It works okay for road transports, they are working towards 
collecting more regionalised data regarding vehicles to improve on this. Railway on the other hand is so-so 
outside of Europe since the energy mix for electrical trains varies a lot depending on country, but the diesel 
part is okay to use all over the world. The NTM Road is using the EcoTransIT tool and statistics in order to 
provide an international tool (Swahn, M., 2011). 

The factors that are most important to determine when calculating the carbon footprint are the following in 
descending order: 
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1. Transport mode. There is a big difference in emission from an airplane compared to a lorry. 

2. Size. For example a bigger ship can carry more cargo than a small ship and therefore it is possible to 

cut the emissions. 

3. Filling rate. Using a big lorry is not improving the environmental performance if the lorry is not fully 

loaded. 

4. Fuel consumption. The fuel consumption is depending on the engine class, load level, road type and 

the driving style. 

Regarding methods that are based on default values, these methods can present 30 to 40 per cent 

improvements of carbon footprint but this would still be within the margin of the standard deviation. This 

implies that it is hard to prove an improvement (Swahn, M., 2011). 

 Maersk Line – Benchmarking interview 6.5

Maersk Line is the world’s largest container shipping company (Maersk Line, 2011a) with a fleet consisting of 
500 container vessels. They have a thorough environmental operation and aim to shape the shipping sector 
when it comes to transparency regarding emissions calculations (Jivén, K., 2011). 

6.5.1 Company description 

The market of Maersk Line is divided into regions and clusters. For example; France is its own cluster while 
Sweden belongs to the Scandinavian cluster, but both France and Sweden belong to the European region. The 
Maersk Group handles terminal activity all over the world with an operational centre in Rotterdam, where 
planning of loading and unloading as well as routes for the ships are done. The Maersk Group also handles 
inland transports but it is the ships of Maersk Line that represent the biggest amount of carbon dioxide 
emissions (Jivén, K., 2011). 

Half of the fleet is owned by Maersk Line and the other half (approximately 250 vessels) are chartered. When 
Maersk Line charters a vessel, it is chartering the entire vessel and provides the fuel for the vessel. The fleet 
owned by Maersk Line is usually the more modern vessels (Jivén, K., 2011). 

Maersk Line is one of the world’s largest buyers of oil, which is used to fuel their fleet. The fuel is often a big 
part of the price of transportation, about a quarter. The price of transportation is determined by the market 
price and it is highly volatile. The price variation is not 5 or 15 per cent but the variation can be up to 50 per 
cent a year. This price variation can depend on for example that there are many shipping companies that are 
not truly profit driven, such as family companies. It can also depend on that the market is not consolidated, 
which means that the companies can offer lower prices than what is actually profitable. Another reason is that 
Maersk Line, which is the biggest shipping company, has a 20 – 25 per cent market share which contributes to a 
price war (Jivén, K., 2011). 

Maersk Line is foremost responsible for the transportations of Inbound (Global Spend, 2011). Maersk Line is a 
container shipping company and does not have RoRo vessels or car/lorry carriers in its fleet (Maersk Line, 
2011b). 

6.5.2 Emissions calculations method 

Maersk Line calculates the carbon dioxide at the source of emission, in other words when the fuel is 
combusted, and does not take into consideration the refining of the fuel, a so called Tank-To-Wheel 
perspective. The calculation is based on the total amount of fuel consumed by a ship during a certain period of 
time and how far the ship has travelled. For a filling degree, Maersk uses a general factor which is related to 
the nominal loading factor. The emissions are then divided per TEU since it is the unit the cargo is handled in. In 
the future Jivén, K. (2011) sees that the calculations need to include scope 3 from the GHG Protocol as well 
(Jivén, K., 2011). 
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Maersk Line is using a method developed by the Clean Cargo Working Group (CCWG) which is within the 
Business for Social Responsibility (BSR). The BSR is a non-governmental organisation that has created a forum 
for transport purchasers and carriers. Among the members are IKEA, the Coca-Cola Company, and Wal-Mart 
Stores Inc. This forum includes carriers that together offer 60 per cent of the total capacity of container 
transportation. The figures used by Maersk Line in the customer score card have been revised by Lloyds (Jivén, 
K., 2011). 

The method which Maersk Line use, based on the CCWG standardised method, for calculating their carbon 
dioxide emissions is based on emission factors approved by IMO in 2005; 3114 grams of carbon dioxide per 
kilogram of consumed heavy fuel oil. The calculation is done on a per ship basis and to do these calculations 
they require some input from the ships carrying their cargo: 

 Total fuel consumed from main and auxiliary engines as well as boilers, for all fuel types, both in port 

and while at sea during a set period, usually one year 

 The total distance travelled in the given period, including port distances 

 Maximum nominal TEU, i.e. the maximum number of TEU possible to load on a specific ship while at 

statutory summer draft, i.e. the most freight loaded according to maritime law for sea transport, and 

complying with safe visibility regulations 

 Number of reefer plugs14 on the ship, each which is able to supply 1.9 TEU 

 Average energy consumption per reefer container, standardized to 3.8 kW to be able to use the 

calculations for chartered ships as well as own ships 

 Reefer plug utilisation set to 25 per cent per year, based on CCWG average 

 Number of days ship was deployed 

Using this information it is possible to first calculate the amount of fuel required by reefer containers using a 
conversion constant from energy to kilograms of fuel and then to calculate the carbon dioxide emissions from 
dry containers, containers that are not refrigerated, and reefer containers per TEU (Maersk Line, 2011c). 

For the key clients to which Maersk Line report a monthly carbon dioxide emissions total for the cargo 
transported by the customer, for the sea leg of the transportation the calculation is done on a per ship basis 
and then summarised using the following formula: 

                      ∑(                                                  ) 

The ships emissions factors are averages based on the last six months of data from the specific ship. All the 
emission calculations are verified by an auditor once yearly since 2010. For ships that are under vessel sharing 
agreements and feeder vessels, i.e. ships operated by a third party that does not report the required 
information to Maersk Line the global average from CCWG is used (Maersk Line, 2011c).  

Customers are often asking about their carbon dioxide emissions and Maersk Line presents a monthly score 
card for its key clients. The score card specifies the amount of carbon dioxide emitted by the transports 
operated by Maersk Line on behalf of the customer (Jivén, K., 2011). 

Jivén, K. (2011) describes that there are different factors that drive the improvements of different emissions, 
therefore Maersk Line has not found a suitable method for calculating all emission but instead focus on the 
emissions of carbon dioxide. Energy efficiency is the factor that will drive the development of carbon dioxide 
emissions in the foreseeable future. By driving in a smarter way and by using better ships the amount of carbon 
dioxide emitted can be reduced due to lower fuel consumption. But for sulphur emissions there is a need for 

                                                             

14 A reefer plug is a plug for refrigerated containers (reefer) to provide them with power while on-board. 
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legislation since the fuel that contains a minor amount of sulphur is twice as expensive as the regular fuel 
(Jivén, K., 2011). 

Maersk Line is also involved in the Clean Shipping Index where the fleet of Maersk Line is reported. Clean 
Shipping is accepting the method described by BSR but a weakness of Clean Shipping is that while Maersk Line 
has a good environmental performance, according to Jivén, K. (2011), the fleet is still below the average 
performance according to the Clean Shipping Index. There is a lack of transparency and the fact that all the 
data is not validated yet means that there might be ships reporting an environmental performance that it is 
impossible for them to achieve. Jivén, K. (2011) is also critical to some of the criterions since the Clean Shipping 
Index to some extend measures whether a shipping company complies or agrees with legislation rather than 
their actual environmental impact (Jivén, K., 2011). 

Relative emissions are important to measure for Maersk Line. For every ship, even those who are chartered, 
there is an energy saving program which the carriers are obligated to follow. In newer ships more advanced 
technology is installed, e.g. route planning system and sensors that measure meteorological data such as 
currents and weather conditions, these facilitate the calculation of carbon dioxide emissions since there is a 
great source of primary data that is reported directly into the Maersk Line database (Jivén, K., 2011). 

For Maersk Line there is still a lot of manual work and the resources required for calculating the carbon dioxide 
emissions includes a full time position in Denmark, support from an IT-team in the Philippines among others. 
To complete a standard score card for a key client is rather simple but if there is something special with the 
client or route, the amount of time necessary might be a couple of hours per score card. The same goes for 
calculations which are prompted by customers about more detailed information regarding comparisons of 
certain routes or ships (Jivén, K., 2011). 

Maersk Line is thorough in answering the supplier survey from VLC every year, but there is a question where 
the carrier, Maersk Line, should state how much VLC cargo that has been transported by sea where the answer 
given by Maersk Line is an estimation. One other factor that is used in communication between VLC and 
Maersk Line is the Bunker Adjustment Factor (BAF), a factor that should be connected to the fuel consumption 
of a vessel, of which there is a lack of feedback and evaluation. The carriers used by Maersk Line report their 
BAF in order to keep the carrier safe from fuel price changes since the fuel price is in the range of 25 – 
30 per cent of the transport price (Jivén, K., 2011).  

 Input obtained by VLC 6.6

This section consists of the empirical data gathered from interviews with employees at VLC aimed at the areas 
specified in 5.2.2 Specification of the task and methodology: Stage one. 

6.6.1 Total Distance Travelled 

When doing calculations for customers who request emissions reports environmental analyst von Bahr, H. 
(2011) use the start- and end points for transports and Google maps to determine the distance that the 
transportation has taken since that information is unavailable in the data she receives. What is available is the 
point of origin and the end point for each transport, but not any detours that might have occurred (von Bahr, 
H., 2011). 

From the interview with Emballage employees it was determined that no data about the actual distance 
travelled was available in their system, only the start and end locations. The number of transports between the 
various locations was also available (Lagerström, J., 2011). 

After talking to Flores, E. (2011) regarding the available data from Inbound it was clear that no actual distances 
were available, only the start- and end points for the transports, but each and every one of them were 
registered so the frequency would be no problem (Flores, E., 2011). 
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From the interview with Outbound it was ascertained that the distances of the transports can be reported into 
their transportation system A4D, but even so it is not always done, nor are the distances exact or even correct 
if it is reported. The start and end locations as well as how many transportations were done at those distances 
was available on the other hand (Dahlberg, J., 2011). 

6.6.2 Fuel Purchased 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

For the purchasing department this information was not readily available, if it was possible to get it at all. The 
fuel portion of the bought transportation is more and more frequently defined as a stand-alone part in the 
contracts with conditions regarding renegotiations if/when the fuel price changes for the two parties. This is 
not so for all contracts and for the ones which has it the information regarding this is not reported into any of 
the business systems. Instead a portion of them are gathered manually and successively added to an excel file 
used when renegotiations of the fuel portion is required. As this database is far from complete, not only since 
not all the existing contracts are added yet, but also since not all contracts has such a clause attached to them, 
there is no feasible way of determining the fuel purchased for the transportations of VLC with any precision 
from what the purchasing department has available today (Hernefjord, G., Liljeros, E. and Påhlsson, A., 2011). 

6.6.3 Fuel Used 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

For sea transports the fuel portion is specified in most cases, as either a percentage or as a separate cost item, 
this is due to how the contract is drawn up, had it not been defined there it would not be visible in the invoices. 
For road the same type of contracting is common practice, but even so there are very few carriers who actually 
define what the total cost they invoice VLC for are made up of. Even in the cases the fuel portion is visible 
invoicing cannot say how correct it is as they have no efficient way of checking the amounts with the contracts 
for which the invoice is valid (Nilsson, C., 2011). 

6.6.4 Transportation Costs 

All transportation costs are negotiated by the purchasing department and even though most have a general 
contract which they are based on the cost vary from carrier to carrier. The costs are specified in an 
attachment 2 with the contract for each carrier. When prices are set for transportation between two regions it 
is mostly determined by the market, since those transports are limited by capacity, therefore those transports 
are considered their own region from a purchasing perspective. In Asia there is currently work towards drafting 
generic contracts for each county instead of the entire region, this is because of the maturity of the 
transportation industry in these countries vary a lot in all of Asia. Currently there is not consideration of 
inflation in pricing, mainly because of the contracts being short, spanning two plus one years, where 
renegotiation of prices is possible after the first two years. The fuel volatility of fuel prices is covered by a fuel 
adjustment factor (FAF) which is a percentage that decides on how much the fuel price is allowed to change 
before either party is entitled to renegotiation of the fuel portion. Still it is hard to tell exactly how much is 
actual, fuel consuming, transportation and how much is handling, warehousing or other components of the 
total price, but the fuel portion is specified more and more to provide better protection against variations in 
fuel prices for the carriers and VLC both (Jidhage, D., 2011). 

Emballage does not negotiate any prices themselves, it is instead handled exclusively by the purchasing 
department (Holländer, T.  and Lagerström, J., 2011). 

Inbound has no influence over price negotiation and thus has no information regarding how much of the price 
is made up of what type of activity (Flores, E., 2011). 
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Since Outbound does not negotiate their prices themselves they cannot say how they are negotiated, but they 
do have the transportation costs for each leg available in their system (Dahlberg, J., 2011). 

6.6.5 Carrier Emission Data 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

According to Hambeson, S. (2011) there are very few carriers that report their emissions to VLC today.  

6.6.6 Purchased Transport Distance 

As Emballage does not handle the invoices nor the negotiations of the transportations they have no 
information regarding the invoiced distances (Holländer, T.  and Lagerström, J., 2011) nor does Inbound (Flores, 
E., 2011) or Outbound (Dahlberg, J., 2011). 

Invoicing has no information about what distances are included in each invoice, to determine this one would 
have to match the invoiced cost to the defined cost per distance unit in the contract which matches the invoice 
and calculate an estimate from that (Nilsson, C., 2011). 

Purchasing has information regarding what price is set for the distance and estimated quantity for which they 
draw up contracts, but no information regarding how many kilometres the carriers actually transport gods 
(Hernefjord, G., Liljeros, E. and Påhlsson, A., 2011; Jidhage, D., 2011). 

6.6.7 Weight 

In the Emballage business system there is precise information about how many of each type of packaging that 
is transported which can be used to get the average weight using the weight of one unit of the specified 
packaging (Lagerström, J., 2011). 

In Inbounds business system TIR the weight of the transported cargo as well as its volume is available for each 
transport (Flores, E., 2011). 

Outbound’s A4D has the exact weight of all units they sell available and connected to the various 
transportations they use (Dahlberg, J., 2011). 

The weight that has been transported cannot be seen on an invoice from carriers to VLC. To be able to 
determine the weight it would require a matching of the invoice with the contract that covers it and if there is a 
per weight unit clause an estimate of the transported weight might be possible, but it is highly unlikely that 
there is much credibility in such a figure (Nilsson, C., 2011). 

6.6.8 Number/Type of Vehicles 

One limitation with the Emballage business system is that is can only show one mode of transportation per 
distance instead of one per each leg, because of this it is hard to discern exactly how many vehicles or even 
what vehicles are used (Lagerström, J., 2011). 

Inbound has the registration number/ID for each vehicle used for the transportation of their cargo as part of 
the available input, though this input is not always correct and thus not something that can be relied upon as 
usable for calculations (Flores, E., 2011). 

It is possible to determine how many vehicles that are used in the Outbound operation since the carriers report 
this information for each unit they transport for Outbound, though there are some variations in how they 
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report it, e.g. some report per lorry that carries vehicles and others report each unit on its own, even though 
they are carried by the same lorry. The mode of transportation is discernible and is correct 99 per cent of the 
time, it is also possible to tell the difference between short sea and deep sea (Dahlberg, J., 2011). 

The annual supplier survey that VLC send out to its carriers asks for the specifications of the vehicle fleets used 
by the carriers to transport the goods, from this it is possible to know how many vehicles the carrier judges 
they use for VLC related transportation, as well as what type of vehicle it is. Not all carriers fill it out though, 
only about 83 per cent respond yearly, and the submitted results are not verified by VLC to any larger extent, 
only a few sample tests is done every year. There are no repercussions associated with failing to comply with 
the standards VLC demand from its carriers, nor from failing to report the sought for information in the 
supplier survey, leaving it quite unclear just how reliable this information is (Hambeson, S., 2011). 

In the supplier survey for sea transportation there is no distinction between deep and short sea operations, 
there is however a distinction between container and RoRo shipping. Thus every ship, identified by name, is 
notated as either carrying containers or vehicles for VLC. As VLC has taken a part in the Clean Shipping Index 
they currently require their sea carriers to register with the index. As to not put unnecessary work on their 
carriers they have since opted to not request sea carriers to fill out the fleet sheet of the supplier survey, given 
that they have registered with the Clean Shipping Index, making it possible for VLC to get the input they require 
from there instead (Hambeson, S., 2011). 

As not all road carriers use European vehicles they cannot report Euro classes for their fleet, instead they 
report their equivalent classifications following US regulations, e.g. US04, or Japan regulations, e.g. Japan NTL, 
which then has to be converted by VLC’s environmental analysts to Euro classes (Hambeson, S., 2011). 

6.6.9 Vehicle Fuel Efficiency 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

6.6.10 Hot/Cold-running 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

6.6.11 Catalyst 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

As a part of the supplier survey information is requested regarding what catalysts are used by the vehicle fleet 
of the carriers and the reliability is, as mentioned before, of questionable quality (Hambeson, S., 2011). 

6.6.12 Road Type 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

6.6.13 Fuel Type 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). Nor is any 
specific information regarding this available at either the purchasing department nor the corporate excellence 
department, which handles the supplier survey (Jidhage, D., 2011; Hambeson, S., 2011) 
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6.6.14 Average Speed 

No information regarding this input factor was available at either of the three business areas; Emballage, 
Inbound, and Outbound (Holländer, T.  and Lagerström, J., 2011; Flores, E., 2011; Dahlberg, J., 2011). 

6.6.15 Filling Degree 

When relocating packaging material Emballage is always trying to have a 100 per cent filling degree and has so 
in 99.9 per cent of the cases since they determine exactly how and when the transportation is to be handled. In 
other cases, when the order is placed by the supplier it is not certain that the supplier orders a full truckload 
which makes it harder to keep a 100 per cent filling degree. The carriers are always interested in transporting 
full loads since it is more profitable than transporting air. Sometimes the carriers group loads themselves since 
they have better knowledge of transportation than VLC since they might be transporting things for Emballage, 
Inbound, and Outbound (Lagerström, J., 2011). 

Inbound has no data regarding the filling degrees of their transportation available in TIR (Flores, E., 2011). 

As Outbound does not buy transportation on a per lorry basis but rather on a per unit basis, they do not have 
any incentive of knowing the filling degree, thus this information is unavailable in A4D (Dahlberg, J., 2011). 

This is not something that Invoicing has any information on available in their systems (Nilsson, C., 2011). 

The filling degree is one of the things which is requested in the supplier survey, but possibly the one which is 
least reliable as there is no unified method for how to determine the filling degree, leaving all the carriers with 
free hands of deciding how they define filling degree. This leads to reports of 100 per cent filling degrees in 
average, and over all very high reports which is not congruent with the industry average of about 70 per cent. 
There is, of course, the possibility that the carriers of VLC are highly efficient when it comes to loading their 
vehicles, making very high filling degrees a reality. As this is the filling degree that the carriers claim to have VLC 
uses it for the calculations today (Hambeson, S., 2011). 

 Summary of the Empirical Research: Stage one 6.7

The methods found through the benchmarking are summarised in Table 6.1 on the following page, showing 
what input they require and for what modes they are applicable. To the far right the available input at VLC is 
shown. The two alternatives for DHL represent; the actual calculation they do today (DHL1), if VLC were to do it 
themselves and; the option of buying the service Carbon Dashboard from DHL (DHL2), where they do all the 
required work in regard to emission calculation. 
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  Green 
Cargo 

WWL DHL1 DHL2 NTM 3.0 Maersk 
Line 

VLC’s Input 
Availability 

Total Distance Travelled x x x   x x   

Fuel Purchased        

Fuel used  x    x  

Transport Costs              x 

Carrier Emission Data        

Purchased Transport 
Distance 

              

Weight x x x  x x  

Number/Type of Vehicles x x x   x x   

Vehicle Fuel Efficiency x x x  x x  

Hot/Cold-running    x   x     

Catalyst   x  x   

Road Type x   x   x     

Fuel Type x x x  x x  

Average Speed x   x   x    

Information System      x  

Filling Degree x x x   x x  x 

Applicable for Air   x x x   

Applicable for Rail x   x x x     

Applicable for Road   x x x   

Applicable for Sea   x x x x x   

Region SE/NO W W W W W   

Table 6.1 – The methods found from benchmarking and their Input Availability  
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In Table 6.2 the methods from Chapter 4 Frame of reference: Stage one are shown again, but this time the input available from VLC today is also included. 

  Fuel 
Sale 

Fuel 
Inv 

National 
GHG 

Cost 
Based 

Carrier 
Info 

Nan-
jing 

MABA L&N CTS NTM Eco-
Transit 

GHGP prEN 
16258 

VLC’s Input 
Availability 

Total Distance Travelled    x   x x  x x x x x  

Fuel Purchased x x             

Fuel used        x       

Transportation Costs     x          x 

Carrier Emission Data     x          
Purchased Transport Distance      x          

Weight         x x x x x  

Number/Type of Vehicles   x    x x  x x x x x  

Vehicle Fuel Efficiency      x x  x x x x x  

Hot/Cold-running        x   x x    

Catalyst          x x    

Road Type       x   x x    

Fuel Type  x x x   x  x x x x  x  

Average Speed          x x    

Information System                

Filling Degree          x x x  x x 

Applicable for Air x x   x x x     x x x x x  

Applicable for Rail x x  x x x   x x x x x  

Applicable for Road x x x x x x x x x x x x x  

Applicable for Sea x x  x x x   x x x x x  

Region W W W N/A N/A W W W EU W W W W  

Table 6.2 – The Methods from Frame of Reference and their Input Availability
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Chapter 7. Analysis: Stage one 

In this chapter a discussion and analysis of the methods that qualify for further 
analysis from Chapter 4 Frame of reference: Stage one as well as the new 
methods found with the help of benchmarking which are presented in Chapter 6 
Empirical Research: Stage one is done. 
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 Discussion  7.1

The DHL2 method of buying the service of carbon footprint calculation from DHL will not be part of the further 
analysis, this because it is not a method per se and thus not within the scope of this thesis. There is also very 
little information available regarding how the calculations are to be done, making any comparison of the 
method to any other method more guesswork than analysis. 

 Knock-out criterion 7.2

The knockout criterion in the analysis model; the matching of what input is available to VLC and what input the 
methods require will help reduce the number of potential methods to use from the current 19 to a more 
manageable amount for further analysis. This is due to most studies agreeing that the availability of good 
quality input is crucial when it comes to developing a good method for determining the emissions from any 
kind of operation. With good access to input, the output, as well as the path to getting it, becomes 
considerably easier to realise. 

Starting with the input factor of Total Distance Travelled; this is input which is not available directly in the 
business systems of VLC, instead analysts use the point of origin and the end point of the transportations to 
determine the distances via Google maps, which leaves them with only the shortest routes for all 
transportation. Thus the methods that require this input are removed, they are the following: National GHG-, 
Nanjing-, CTS-, NTM-, EcoTransIT-, GHGP-, prEN 16258-, WWL-, DHL1-, NTM 3.0- and Maersk Line method. 

Continuing with the input factor Fuel Purchased, this is something VLC has no data on today and it was not 
considered possible to obtain this input from carriers based on benchmarking and interviews with employees 
at VLC. This means that the methods which require this input get knocked out, they are the following: Fuel Sale 
and Fuel Inv methods. 

When inquiring about Carrier Emission Data while performing the benchmarking interviews all four 
benchmarking partners said they could provide the information, three out of four said that they were willing to 
supply the information, of which two would do this for a service fee and one provided the information monthly 
to its key customers. The one that was unwilling to provide this figure stated that it would not be a reliable 
enough figure for them to be able to stand behind it if questioned, due to the high degree of estimation 
required. This raises concern regarding the credibility of the other three carriers figures, chances are they 
would provide similarly unreliable figures. In conclusion not all carriers were comfortable with providing such 
figures and even though it was a relatively small group of benchmarking partners it is possible a similar 
distribution among other carriers regarding the willingness to provide the information could exist, not to 
mention the fact that it might be that some carriers are unable to provide the information. Thus the methods 
requiring this information are deemed knocked out, in this case only the Carrier Info method. 

After this matching only one method remain, which have enough information within VLC to be completed; the 
Cost Based method. This is by far too few methods to analyse further and as it is a top-down method the 
bottom-up perspective is completely lost. Instead it was decided to undo the knock-out and keep the methods 
until the next step off the analysis. Thus there would be four AHP analysis’ done on all those methods which 
were applicable for each mode of transport. 

 Grouping 7.3

Since many of the methods thus far are very similar and there is very little to tell which one of several methods 
using the same input is the best one, it was decided to group methods with each other as to not have to weigh 
two methods which seem equivalent, against each other. The grouping leaves ten method groups to analyse 
further, which group includes which methods are shown below in Table 7.1 along with an overview of which 
modes they are applicable in. The methods that were too different and thus could not be grouped are left with 
their old names. For the grouping of Group 2 (G2) the reason behind combining methods that previously only 
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were considered applicable to one specific mode of transportation was due to all of them using the actual fuel 
consumption to determine the carbon dioxide emissions. As this method works for all three modes this group 
cover there was no reasonable objection to combine them into one group. The input factors that Green Cargo, 
WWL and Maersk require besides Fuel Consumption and Fuel Type are only to for them to be able to 
determine relative emissions, i.e. carbon dioxide per tonne-km. This is not what this thesis is about and is thus 
disregarded in the analysis. Only those factors which are required to determine the total carbon footprint are 
considered henceforth. Both Green Cargo and Maersk Line offer their customers the option to get emissions 
reports in which they calculate the customer’s emissions for all the transportations they have purchased from 
them. As it is deemed very unlikely that carriers would hand over information about their fuel consumption, 
something which would be required from these methods, these emissions reports would be calculated using 
the same emissions factors as if VLC were to do the calculations themselves. Thus there is little need for the 
fuel consumption if the emissions can be obtained directly, and more willingly from the carriers, it even saves 
some work for VLC and if they really wanted to know the fuel consumption it would be possible to just do the 
calculations backwards, from carbon dioxide to fuel. The reason this is not grouped with or considered to be 
the same as the Carrier Info method is due to the fact that these methods have one set calculation method, 
whereas the Carrier Info method has none and thus opens up for the possibility of several different methods 
being used, losing both credibility and comparability. 

Methods Groups Air Rail Road Sea 

Fuel Inv and Fuel Sale  Group 1 (G1) x x x x 
National GHG N/A   x  
Cost Based N/A x x x x 
Carrier Info N/A x x x x 
Nanjing N/A x x x x 
MABA N/A   x  
L&N, Green Cargo, WWL and Maersk Line Group 2 (G2)  x x x 
CTS and prEN 16258 Group 3 (G3) x x x x 
NTM, EcoTransIT, DHL1 and NTM 3.0 Group 4 (G4) x x x x 
GHGP N/A x x x x 

Table 7.1 – Groups of methods that are similar and in what modes of transportation they are applicable 

The amount of methods applicable for each mode of transportation is presented below in Table 7.2. 

Air Rail Road Sea 

7 8 10 8 

Table 7.2 – The number of methods available for analysis for each mode of transportation 

 AHP 7.4

The next part of the analysis is the AHP where the methods, or group of methods, are compared to another 
method or group of methods. The comparison is based on a discussion and the methods or group of methods 
are assigned relative values to determine which are better. The relative values and their meaning can be found 
in Table 5.2 in 5.2.4 Analysis: Stage one. As some methods are not applicable for all transport modes they will 
only be compared for the transport mode in which they are applicable and thus also only included in the AHP 
concerning that transport mode.  

The structure of this section requires a short explanation; the sub-criterions are divided into sub-sections in 
which the method that is the header is compared with all the subsequent methods, for that sub-criterion, each 
new header meaning one less comparison. 



Chapter 7 Analysis: Stage one 

94 

 

7.4.1 Credibility – Validity 

How well do the factors that the method is based on reflect emissions of carbon dioxide? 

G1 vs. 

When comparing G1 with National GHG the only mode to compare them for is road, since that’s the only one in 
which National GHG is applicable. Since G1 is more focused on geographical distribution of fuel consumption 
rather than on a per company basis it is worse suited when it comes to road transportation than National GHG. 
G1 also assume that the fuel purchased in a region is also consumed there, which may or may not be true, 
whereas National GHG, uses distance travelled, and the prominent fuel types. G1 is better than Cost Based in 
general, since it emanates from the actual fuel purchased, e.g. for rail either electricity or diesel, instead of the 
total cost of transportation, which can include warehousing, docking fees for sea transports and so on. When it 
comes to sea transportation the transportation price variations of 50 per cent (Jivén, K., 2011) makes it nigh 
impossible to use with any certainty, thus making G1 much better for sea transportation. 

G1 is worse than Carrier Info, since it does not reflect the situation of VLC very well, while Carrier Info method 
gets the actual emissions from the carriers of VLC. This is especially so when it comes to air and rail, where the 
carriers due to legislations telling them to report everything that is required for carbon dioxide emission 
calculations, have all the input themselves, making G1 much worse in comparison for these modes. G1 is worse 
than Nanjing when it comes to road as it does not take as many contributing factors into consideration, while it 
is deemed better when it comes to air, rail and sea due to the fact that the Nanjing method has yet to be tested 
for those modes. G1 is worse than MABA when it comes to road, the only mode in which they are comparable 
as MABA is only applicable for that mode. This is due to MABA taking, among others, the road type used into 
consideration, which can drastically change the actual carbon dioxide emissions. G1 is as good as G2, since 
both convert fuel consumption directly to emissions and only gather very top-down input for all modes of 
transport. G1 is much worse than G3, which consists of very detailed instructions on how to calculate emissions 
from a bottom-up perspective. G1 is much worse than G4, a group of detailed calculation tools that allow 
variations depending on mode of transport as well as the available input. G1 is worse than GHGP as GHGP is 
better applicable for VLC since it works from the transported cargo for each leg of transportation rather than 
the top-down approach of distributing fuel related emissions from country level scopes down to a specific 
company’s operations in the country. 

National GHG vs. 

As the National GHG method only is applicable for road the comparisons that follow are only of those which 
also are applicable for road. 

National GHG is better than Cost Based as it reflects the actual emissions better by utilising fuel rather than 
costs. National GHG is better than Carrier Info as it is unclear just how the carriers do their calculations while 
National GHG is clear on how it reflect the carbon dioxide emissions from the given input. National GHG is 
worse than Nanjing, due to the amount of factors taken into consideration, the same goes when comparing to 
MABA. National GHG is worse than G2 even though they both take the same amount of impacting factors into 
account; this is because of fuel consumption having a higher correlation with carbon dioxide emissions. 
National GHG is much worse than both G3 and G4, two groups that are based on standard and extensive 
calculation tools. National GHG is worse than GHGP on count of GHGP using more input factors that have high 
relevance when it comes to determining the carbon dioxide emissions than National GHG. 

Cost Based vs. 

Cost Based is much worse than all the other methods due to the difficulties of separating costs into 
components to get the fuel consumption thanks to high price fluctuations in some modes, e.g. sea, and very 
little transparency regarding what is what in price negotiations. Hammarberg, U. (2011) informs the authors 
that the fuel component of their transportation is not specified in neither DHLs contracts nor their invoices. 
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And from the interviews with the purchasing department it became clear that even though VLC is working 
towards separating the fuel cost from the rest of the costs, this is far from reality today (Hernefjord, G., Liljeros, 
E. and Påhlsson, A., 2011), which would basically leave guesswork as a means of determining the actual fuel 
consumption when proceeding from costs. 

Carrier Info vs. 

Carrier Info is worse than Nanjing and MABA since it is very hard to say how the carriers would do their 
calculations. It is worse than G2 since there is uncertainty in what is really calculated as VLC would have no 
influence on the used methods of its carriers while the G2 uses the actual fuel types and how much of each has 
been consumed. Carrier Info is much worse than G3 and G4 which is clear to see from the input required for 
the methods. The Carrier Info method is worse than GHGP since while it uses factors related to carbon dioxide 
emissions it is not detailed enough for it to be guaranteed to be much better than the methods used by the 
carriers, were they to do the calculations. 

Nanjing vs. 

Nanjing and MABA are very similar in both input and calculation formula and are thus considered to be as 
good. Nanjing is much worse than G2 as G2 uses actual fuel consumed instead of assuming an average 
consumption for a certain distance travelled. Nanjing is worse than G3 which takes more factors into 
consideration, the same goes for G4. Nanjing is better than GHGP for all modes as the carbon content of a fuel 
is strongly correlated to carbon dioxide emissions (Swahn, M., 2011), an input Nanjing takes into consideration 
but not GHGP. 

MABA vs. 

Being only applicable to road transportation the MABA method will only be compared in respect to road 
related calculation, thus factors that might make a difference in other modes of transport are disregarded here. 

MABA is considered worse than G2 due to the previously mentioned actual fuel consumption versus estimated 
fuel consumption argument. When comparing MABA with G3 they are as good as each other since they include 
the same amount of input factors and even though they do not use exactly the same factors, the ones that 
differ are arguably equal in importance. MABA is on the other hand worse than G4 which include all of the 
parameters of both MABA and G3, and then some. As MABA uses almost the same factors as GHGP and the 
differences between the two are equally impacting, making them as good. 

G2 vs. 

G2 is better than G3 and G4 methods due to using actual fuel consumption and using the same argument it is 
much better than GHGP which uses considerably less impacting input factors in its calculations than G3 and G4. 

G3 vs. 

G3 is considered worse than G4 since it covers fewer impacting factors if comparing only the TTW perspective 
when it comes to road, rail, and sea, while they are as good when using air. G3 is better than GHGP as it takes 
the various fuel types into consideration.  

G4 vs. 

G4 is much better than GHGP for all modes as it covers more important and impacting input factors than GHGP. 
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7.4.2 Credibility – Reliability 

How well is the method defined? 

G1 vs. 

G1 is much worse than National GHG as there is no indication on how exactly the fuel is to be estimated in G1, 
making it more likely that redoing the method might end up with a different estimation, while the National 
GHG method has defined factors that you are to multiply the distance travelled, something which is easy to 
understand what it means. In G1 it is also unclear how the part that should be assigned to VLC would be 
defined. G1 is better than the Cost Based method since it at least has some steps defined and is currently used 
in places all over the world, whereas the Cost Based has barely any at all and has never been tried, the same 
goes for the Carrier Info method. 

G1 is worse than Nanjing, a method that comes with a ready-to-use formula whereas G1 only says what to do 
and not how, the same goes for MABA. For road, G1 is as good as G2 as they both go from fuel is a way but 
neither has very specific directives on how to obtain the estimates of fuel consumption not what emissions 
factors to use when converting, for rail and sea G1 is worse than G2 since the rail and sea methods of G2 has 
well defined conversion calculations. G2 is not applicable to air. G1 is much worse than both G3 and G4, two 
groupings of very well defined methods, debatably too defined for some modes. G1 is worse than GHGP, which 
has definitions regarding what to measure, what is included in the scopes and how to do the work. 

National GHG vs. 

National GHG is much better than the Cost Based method when it comes to how defined the methods are, 
National GHG has a concise set of step using distance travelled and fuel type while Cost Based is basically 
undefined. The same argument holds true for the Carrier Info method. National GHG is arguably worse than 
Nanjing and MABA which have clear cut formulas to follow and use and as good as G2 as they both have 
somewhat unclear definitions of how the actual method is supposed to be performed when it comes to road, 
When comparing with both G3 and G4, National GHG is much worse since they are groups of very well defined 
methods, which is shown in Chapter 4 Frame of reference: Stage one. National GHG is worse than GHGP as it 
has a far less defined methodology than GHGP, which even has a tool for calculating the actual emissions. 

Cost Based vs. 

Cost Based is as good as Carrier Info, the former is not yet developed and the latter leaves almost everything 
for the carriers to decide themselves, making it highly likely that there will be just as many different 
calculations done as there are carriers. Cost Based is much worse than Nanjing, MABA, G2, G3 and G4, all of 
which are comparatively very well defined, as can be seen in Chapter 4 Frame of reference: Stage one. Cost 
Based is much worse than GHGP due to the complete lack of definition of the Cost based method whereas 
GHGP has been around for a relatively long time and has had many opportunities to fix any kinks in the 
definition of the method that has been raised by users of the calculation tool and standard that is GHGP. 

Carrier Info vs. 

Carrier Info is worse than Nanjing, due to the previous statement of the diversity of calculation allowed by the 
Carrier Info method. MABA worse 

Carrier Info is as good as G2, as both leave it up to the user of how to obtain the required input for road, when 
it comes to rail and sea Carrier Info is worse than G2. Carrier Info is much worse than both G3 and G4, methods 
that either derives from standards or detailed calculation tools. In comparison with GHGP it is considerably 
worse as GHGP has clear guidelines as to what should be included in the calculations whereas Carrier Info has 
no guidelines at all. 
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Nanjing vs. 

Nanjing is as good as MABA when it comes to how well defined the methods are, they both provide a formula 
and what input is required to complete the calculations, although with varying amount of input. Nanjing is 
better than G2 when it comes to road, as G2 leaves the user to decide just how the gathering of information is 
to be done, but as good when it comes to rail and sea. Nanjing is worse than both G3 and G4, which provide 
extremely well defined steps on how to perform the calculations. Nanjing is better than GHGP as it has fewer 
choices for the user and thus less probability for user influenced errors. 

MABA vs. 

MABA is much better defined than G2 for road, but much worse than G3 and G4. When comparing to GHGP, 
MABA is as good as the GHGP method, both have strongpoints in the methodology, MABA having strength in 
per vehicle estimation and GHGP in the definition of what to include. Since MABA is strictly for road no 
comparison for other modes is done. 

G2 vs. 

G2 is much worse than G3 and G4 for road, since there is no definition of how to obtain the fuel consumption in 
G2 while both G3 and G4 have extensive instructions on just how to estimate emissions. For rail and sea G2 is 
merely worse than G3 and G4 as it has well defined steps of getting the emissions once the fuel consumption is 
obtained whereas G3 and G4 have instructions for all the steps required to get a carbon dioxide emission. G2 is 
worse than GHGP for road but as good when it comes to rail and sea. 

G3 vs. 

G3 and G4 are considered to be as good when it comes to how well they methods are defined, but G3 is 
undeniably much better than GHGP. 

G4 vs. 

The level of definition is without a doubt much better for G4 methods compared to GHGP, which is clear from 
previous discussion of the methods. 

7.4.3 Credibility – Objectivity 

How objective is the input and possible constants necessary for the method? 

G1 vs. 

G1 is worse than National GHG when it comes to the objectivity of the input; using regional fuel estimations 
done by someone else is considered being less objective than obtaining the distances travelled from the known 
start and end points of the transports that VLC have in their system today. G1 is therefore also worse than Cost 
Based, which is based on transportation costs which is negotiated by VLC, this input will be followed up on if 
there is anything awry, lowering the chance of the costs being unrepresentative of the actual purchased 
transportation. G1 is as good as Carrier Info since they both rely heavily on external input, it is possible that 
carriers want to appear better than they are towards VLC and thus report less than truthful emissions while 
similar phenomena may play a part in the G1 input in light of some regions wanting to seem better when 
looked upon by the rest of the world. G1 is worse than both Nanjing and MABA, two methods that both require 
input regarding the vehicle fleets of the carriers but also internal calculation of the distances travelled instead 
of relying almost entirely on external input which would be the case with G1. G1 and G2 are as good for road 
since they both rely on outside sources to obtain the fuel consumption estimation, again facing the problem of 
carriers either wanting to look better than they really are or even unwilling to hand out correct data since it 
might be considered a business secret. For rail and sea G2 base their emission factors on internationally 
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determined values, set by third parties, increasing the objectivity, thus in regard to these two modes G1 is 
worse than G2. 

When comparing G1 with G3 and G4 regarding objectivity it is much worse due to the need of more 
quantifiably measurable factors in the latter two methods, leaving very little for subjective assessment, with 
some of the factors available as first hand input within VLC. The data required from carriers for G3 and G4 is 
mostly things VLC already collect via the supplier survey they perform yearly, leaving carriers more likely to 
correctly fill in the input due to long going communication regarding the filling out of the supplier survey and its 
importance. A similar motivation regarding GHGP shows that there is a greater need for second hand 
information in G1, making it worse than GHGP which uses both distance travelled and weight, both available as 
first-hand input for VLC with relatively high precision. 

National GHG vs. 

National GHG is as good as the Cost Based method as they both mainly use first-hand input available within 
VLC rather than second-hand input from outside sources. When compared to Carrier Info, National GHG is 
better as it is based on own input rather than emission figures provided by the carriers, which, as mentioned 
earlier, might alter their figures to appear favourably in VLC’s eyes. National GHG is as good as Nanjing and 
MABA since they all use the same internally available input while the latter two use more external factors, but 
they are not significant enough in regard to objectivity to be used as basis to claiming a difference in 
objectivity. National GHG is better than G2 as G2 requires information regarding fuel consumption which VLC 
does not have access to today, the same goes for G3 and GHGP. While it is much better than G4 for road due to 
G4 requiring much more input which would be acquired from external sources, each and every one of them a 
possible source of outside influence. 

Cost Based vs. 

Cost Based is better than Carrier Info since it has the input available internally while Carrier Info again 
exclusively requires outside input. The same holds true for Nanjing, MABA G2, G3, and GHGP, as they all 
required external information to some extent, which has been presented previously. When weighting Cost 
Based against G4 it is much better since G4 requires so much external sources compared to Cost Based only 
needing one internal input when considering only road, for air, rail, and sea G4 has less input and thus Cost 
Based is better in regard to those modes. 

Carrier Info vs. 

The Carrier Info has the lowest objectivity since it is entirely made up of input from the carriers of VLC, and all 
that may bring which has been mentioned earlier. Therefore it is deemed to be much worse than the following 
methods, even though they have a varying amount of external factors; Nanjing, MABA, G2, G3, G4, and GHGP. 

Nanjing vs. 

The Nanjing method is better than MABA, G2, G3, G4 for air, rail, and sea, and GHGP in regard to amount of 
possible subjective inputs, while it is much better than G4 when considering the same aspect for road. 

MABA vs. 

MABA is as good as G2, G3, and GHGP while it is better than G4 for road. The reasons for this are clear from the 
statements regarding the various methods or groupings above. 
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G2 vs. 

G2 is better than G3, G4 for rail and sea, and GHGP as it has slightly fewer sources which could be biased or 
otherwise introduce subjectivity to the calculations. G2 is much better than G4 for road as it has even more 
sources. 

G3 vs. 

G3 has as many possible sources of subjectivity as G4 for air, rail, and sea and nearly the same amount as GHGP 
and they are therefore deemed to be as good. G3 is better than G4 for road. 

G4 vs. 

G4 is worse than GHGP for air, rail, and sea, and much worse for road. 

7.4.4 Comparability – Standardisation 

Is the method based on a standard? 

The GHG Protocol as well as CEN are considered to be committees for standardisation, authors note. 

Since G3 includes the standard prEN 16258 which currently is under revision by CEN it will be ranked much 
better than all rivalling methods or groupings thereof, except GHGP which is a standard as well in which the 
basis for ISO standard 14064 lie, thus they will be assumed to be as good. G2 for rail and sea, G4 and GHGP 
have some elements which are based in international standards and thus will be ranked better than those 
which does not have such basis. For G2 rail the emission factors are from EcoTransIT and for sea the emission 
factors are set by IMO. For G4 the emission factors are determined by extensive statistical data for the various 
modes from mainly Europe, where VLC has the majority of its transportation today, but for air and sea they are 
based on more international statistics since those modes have more legislation which determines what is 
allowed and what is not. GHGP is, just as G3, much better than those methods with no basis in standards and 
better than those with just a basis in standards and as good as other methods that follow a standard. 

7.4.5 Comparability – Calculation tool 

Is the method based on a calculation tool? 

Just as some methods are based on a standard, some are based on a widely used calculation tool and can be 
compared to each other more fairly because of this. Thus those methods which use a well-used calculation tool 
as basis, such as NTM or EcoTransIT, will be considered much better than those which do not, in this case G4. 
Among the methods up for analysis, G2 for rail has some basis in EcoTransIT and is thus considered better than 
the methods that have no basis in any calculation tool, the same holds true with G2 for sea as it uses the CCWG 
Tool for calculations there. G4 is considered better than G2 for rail due to actually being a calculation tool 
versus just using some parts of it, with G2’s emission factors for rail being derived from EcoTransIT. For sea G2 
is as good as G4 since the tools are more similar in this regard. 

G4 has two common tools for emission calculation as a part of the grouping, one which is included twice since 
there are two versions that are of interest for VLC; NTM and NTM 3.0, the other tool in this group is the 
previously mentioned EcoTransIT. DHL1 is based on NTM and covers all the same factors as the other methods 
in the group and is therefore assumed to be more or less the same as NTM in its calculations. The remaining 
methods and groupings will be deemed as good as each other in this regard as none of them have any 
connections to existing calculation tools. 
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GHGP has its own tool for calculation, even if is not an online version in which newer, more updated values, get 
implemented as they becomes available, it is still a tool with which it is possible to calculate the carbon 
footprint of transportation operations. Therefore GHGP is better than National GHG, Cost Based, Carrier Info, 
Nanjing, MABA and G3, it is worse than G4 and G2 for sea and as good as G2 for rail. 

7.4.6 Simplicity – Amount of data 

How little data, or input, is necessary to process in order to use the method? 

G1 vs. 

The first comparison between G1 and National GHG is only regarding road transport. G1 requires the fuel 
consumption of a region as an input which then has to be divided onto the fleet of the carriers of VLC which is 
more data to process than in the case of National GHG where the input required is the distance travelled which 
is then multiplied by national emission factors. Therefore the G1 is worse than National GHG. 

When comparing the G1 with the Cost Based method, the amount of data necessary to process is rather the 
same since there is a lot of data necessary to gather for G1 and for Cost Based there is a need of dividing the 
transportation costs into what reflects the actual transport and then multiplying it with a factor, which means 
that the two methods are as good in aspect of the amount of data for all transport modes.   

The Carrier Info method requires that the carrier performs the necessary work and calculations and then report 
the value to VLC. This means little effort for VLC which can only focus on adding the numbers together, but 
with G1 VLC needs to collect the data which means that the data necessary is more for G1 than the carrier Info, 
and therefore the G1 is worse. 

G1, as said before, only requires the fuel consumption in contrary to the Nanjing method which requires the 
distance travelled, the number and types of vehicles, vehicle fuel efficiency and fuel type. Therefore, G1 is 
better than the Nanjing method.  

The MABA method is only valid for road transportation and is even more detailed than the G1 since it requires 
data regarding hot and cold running, road type and distance travelled among others. The conclusion is that the 
G1 method is much better than the MABA method.  

The G2 requires the total amount of fuel consumed and G1 requires the fuel purchased which is about the 
same amount of data. This since in G1 the regions supplies a number of fuel consumed and then it is up to VLC 
to divide the number onto its transportations. In G2 the job for VLC is to sum up the amount of data either that 
has been invoiced by the suppliers or information from the suppliers. Therefore, G2 is as good as G1. 

The next comparison is between G1 and G3, which consists of CTS and prEN 16258. These two methods in G3 
require more data than G1, such as the filling degree, vehicle fuel efficiency, number and type of vehicles, the 
weight and distance. Therefore the G1 is much better than the G3 in aspect of the need of little data. 

G4 is similar to G3 and requires much more data than G1. A division can be made in the G4 since the NTM 
method for Air is slightly less complicated in amount of data than the rest of the NTM methods for the other 
transport modes. Though with this difference, the G4 is still much worse than G1 in aspect of amount of data 
for all transport modes.  

G1 is based on fewer input factors than GHGP and therefore, the amount of data necessary to process for G1 is 
less than GHGP. The method GHGP also has to combine data which increases the amount of data necessary to 
process. Therefore, G1 is better than GHGP.  
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National GHG vs. 

The National GHG requires the distance travelled and the fuel type meanwhile the Cost Based method requires 
the transportation costs. This is almost the same amount of data necessary and therefore, the methods are as 
good in aspect of amount of data.  Using the Carrier Info method reduces the amount of data necessary to 
process and is in this aspect better than the National GHG. 

The Nanjing is a more specified method than the National GHG since it requires data regarding number and 
type of vehicles and vehicle fuel efficiency in addition to the data that the National GHG method. This means 
that the National GHG method is better than Nanjing. MABA is even more detailed than the Nanjing method 
and similar to the methods in G4. Therefore, MABA is much worse than the National GHG. 

National GHG and G2 both require the fuel type and further more National GHG requires the distance travelled 
and G2 requires the fuel used. There is a difference between weight and fuel type but the data necessary is 
available at the same place, since one lorry uses a certain fuel and that same lorry carries a certain weight and 
both are registered. Therefore, the national GHG and G2 are as good. 

The G3 is as the National GHG based on the distance travelled but then the G3 requires the weight, the number 
and type of vehicles, vehicle fuel efficiency among other. This increases the amount of data necessary to 
process but G3 is not as detailed as the G4 which requires even more data. Therefore, National GHG is better 
than G3 and much better than the G4.  The National GHG is better than GHGP since the GHGP method requires, 
besides the distance travelled, the weight, number/type of vehicles and vehicle fuel efficiency.  

Cost Based vs. 

The Carrier Info methods require information from the suppliers and there is no need to further process the 
data in opposite to the cost based method that need to process the transportation cost to reach the carbon 
footprint. Therefore, the Carrier Info is better than the Cost Based. 

The following method, the Nanjing is more detailed than the Cost Based which increases the amount of data 
necessary. The same reasoning counts for the MABA method but that method requires even more input. The 
Cost Based method is better than both the MABA and the Nanjing method. The Cost Based method is as little 
detailed as G2 and therefore these methods are as good, this regarding road.  

Cost Based is a top-down approach and the difference between that approach and G3, a bottom-up approach, 
is that the Cost Based consists of fewer factors than the G3. Therefore, the Cost Based method is better than 
the G3. The same reasoning goes for the G4, but these methods are even more detailed and require even more 
input, therefore the Cost Based is much better than the G4. 

GHGP requires more data than the cost based, both in types of data and in number since the data necessary is 
the weight, the number/type of vehicles and vehicle fuel efficiency, therefore the Cost Based method is better 
than the GHGP.  

Carrier Info vs. 

The Carrier Info is the less detailed method regarding the amount of data necessary, this since it only consists 
of data given by the carrier and the process work necessary by VLC is limited. Therefore the Carrier Info data is 
better than the Nanjing, G2 and GHGP, and much better than MABA, G3 and G4. The difference between better 
and much better is based on the amount of input factors for each method. As for MABA that not require a 
great number of input factors but require data regarding road type which means that one distance will be 
divided, adding the amount of data necessary.  
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Nanjing vs. 

The Nanjing method is less detailed than the MABA method, and requires almost the same amount of data as 
GHGP, this since the Nanjing method requires more factors. The Nanjing method is thus worse than G2, better 
than MABA and G3 and as good as GHGP since the amount of input factors is similar. Nanjing is not as detailed 
as G4 which means that the method is much better than G4.  

MABA vs. 

As stated before, the MABA method is much more detailed than G2 and therefore much worse than G2. The 
method does not require the same amount of input factors as G4 and is therefore better than G4. MABA is 
therefore similar to G3 in terms of input factors and is therefore as good as G3 and GHGP.  

G2 vs. 

G2 is one of the methods that consists of the least number of input factors and therefore require little data; 
this is a method which is only suitable for road transportation which means that all input factors are necessary. 
When comparing the G2 with G3, G2 requires less data and is therefore better than G3 and GHGP. The next 
group G4 is much more detailed than G2 and therefore the G2 is much better than the G4. 

G3 vs. 

When comparing G3 to G4 there is a difference. When comparing for sea transport, factors as Hot/cold 
running, catalyst and road type, do not affect the carbon emission. Therefore, the data necessary for G4 is 
slightly more than for G3 since G3 does not require the average speed and G3 is then better than G4. For air; 
G3 and G4 are the same and therefore, as good. Regarding road, all factors are necessary and therefore, G3 is 
much better than G4. GHGP includes factors that not differs between transport modes and requires fewer 
amounts of data than G3, therefore G3 is worse than GHGP.   

When comparing rail transportations the factor road type has to be considered since there is a difference of 
fuel consumption between mountainous and flat areas. Therefore, there is more data necessary for G4 than G3 
and G3 is then better than G4. 

G4 vs. 

Since there are factors included in G4 that are not relevant for sea transportation, the amount of data 
necessary for G4 is worse than GHGP. Regarding air, G4 is worse than GHGP since it requires average speed and 
filling degree. Regarding road and rail, the G4 is much worse than GHGP since factors as road type and filling 
degree are important and for road transportation factors such as hot and cold running are important.  

7.4.7 Simplicity – Number of steps 

How few steps are necessary to go through in order to use the method? 

G1 vs. 

The methods in G1 consist of estimating the fuel sold or the fuel consumption per region and then multiply that 
energy usage with emission factors. The additional step that has to be performed by VLC, is to allocate the 
regional emissions to VLC and how many steps that last step consists of is hard to determine but it could be as 
simple as dividing the regional emissions by a factor and then it is only one step. In comparison with the 
National GHG which consists of collecting the distance travelled, multiplying the distance with GHG protocol 
factors that gives the amount of energy consumed and finally multiplying the energy consumed by a national 
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emission factor. By doing a wide comparison between these two methods, the G1 and National GHG consist of 
the same number of steps and are as good.  

When comparing the G1 with the Cost Based method, which is a rather undefined method, the number of 
steps are more for the Cost Based method. This because even if the method is just defined as collect the 
transportation costs there is a need for several more steps in order to reach the carbon footprint. How many is 
though not defined but at least more than for the G1, therefore G1 is better than Cost Based. 

The Carrier Info method is the simplest method and requires just one step; to collect the data from the carriers. 
Afterwards the data needs to be verified but there is no specification on how that is done. When the carriers 
can not present the values needed, there might be a need of calculating the distance invoiced in order to 
estimate the carbon dioxide emissions. This adds a step to the calculation but still, it is easier than the step of 
dividing the fuel purchased in G1. Based on the information given the Carrier is better than G1. 

The Nanjing method consists of gathering information about the vehicle fleet, determining how many of the 
different vehicles that are being used, determining the distance travelled, the fuel efficiency per vehicle type, 
and then determine the emission factor. This is then all multiplied together and summarised over all vehicle 
types. This means that there are more steps than the G1 and therefore, the G1 is better than Nanjing. 

In order to use MABA there is several steps that need to be followed. First information regarding the vehicle 
fleet is necessary to gather as the use of catalyst, number of vehicles and also what road type the transport has 
been travelling on and  how many kilometres on respective road type. The method also requires analysis 
regarding hot emissions and this divided for each vehicle and road type and whether the vehicle uses a catalyst 
or not. At the end the last step is to calculate the cold emissions. This means that there are more steps to go 
through in order to use this method than the G1 and therefore the G1 is better than MABA. 

G2 is one of the simplest methods and consists only of gathering the fuel consumption and then there might be 
a use for multiplying this amount with emission factors. Therefore, G2 is as good as G1. The next method to be 
compared with is the G3, and though the prEN 16258 is rather detailed it is not as detailed as G4 when it comes 
to road transportations. Therefore, the G1 is much better than G4 for all transport modes and better than G3 
regarding sea and air transportation and much better regarding road and rail transportation.  

G1 is better than GHGP in all transport modes since GHGP requires a number of calculations, the mass has to 
be multiplied by the distance travelled in transport leg and then multiplied by the emission factor of transport 
mode or vehicle type. This is then summarised to provide the total amount of carbon dioxide emissions.  

National GHG vs. 

As said earlier, the cost based method is much undefined and therefore it is hard to estimate the number of 
steps necessary to go through. But the amount of steps necessary to go through for the Cost Based are more 
than multiplying the total distance travelled by the respective fuel type. Therefore, the National GHG is better 
than the Cost Based.  

The Carrier Info is one of the simplest methods and consists of either gathering the information or compiling it 
and if that is not possible calculate the emissions based on the distances invoiced. The National GHG needs to, 
for all transports, calculate the emissions and the method is therefore worse than the carrier info.  The Nanjing 
method requires an information gathering and then a calculation, steps that are more in number than for the 
National GHG, therefore the National GHG is better than the Nanjing.  

The MABA method is as said earlier, one of the more defined methods and therefore the method is bigger and 
includes more steps. This means that the National GHG is better than MABA. G2 is similar to the National GHG 
and is therefore as good as National GHG. G3 is the group consisting of the more detailed methods and also the 
more steps to follow, more choses to pick and more information to gather than the National GHG. Therefore, 
the National GHG is better than G3.  
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The last group is G4 which is the most sophisticated group and here there is a difference of the number of 
steps to go through in order to find the value at the end. In order to use one of the methods in G4 there is a 
great amount of information needed to be gathered, for example whether the lorries use catalysts or not, and 
there is a need to gather the vehicles into different classes or types which means that National GHG is much 
better than G4 regarding having as few steps as possible.  

GHGP consists of more input factors and therefore also more calculations and the gathering of information. 
There is also a need of dividing the distance down onto what type of vehicles used on that distance and the fuel 
efficiency of that vehicle. Therefore, National GHG is better than GHGP. 

Cost Based vs. 

The analysis regarding the number of steps that the Cost Based method consists of is rather difficult since the 
method is greatly undefined. Though, from the authors view and research, there is a need of several steps first 
in order to collect and gather the transportation costs. After that there has to be more steps in order to obtain 
the actual cost that correspond to the fuel consumption which is the base for carbon dioxide emissions and 
then that fuel consumption has to be multiplied by one or several factors in order to obtain a number 
representing the emissions. 

Therefore, the Cost Based is as good as the GHGP and Nanjing, worse than the Carrier Info and the G2, and 
better than MABA and G3. There is also a difference between the numbers of steps depending on the transport 
mode. As for air, the numbers of steps are few and therefore the Cost Based is better than G4. But regarding 
rail, road and sea there are more factors to be chosen and to take into consideration when using the method 
and therefore Cost Based is much better than G4. 

Carrier Info vs. 

The Carrier Info consists of more or less one step and that is to collect the data and compile it. There might be 
more steps if the carriers can not present data, but then it adds one or two steps. Based on this, the method is 
not worse than any other method since all the other methods consist of at least one step of collecting 
information and then one step of calculations but here, the work necessary to be done is already performed by 
the carrier before reaching VLC. Therefore the Carrier Info is better than; Nanjing, G2, G3 and GHGP and is 
much better than G4 and MABA. The amount of work that separates the MABA from G3 is defining the road 
type of every part of the distance travelled and the amount of hot/cold running, also being divided based on 
the distance travelled. This step is rather wide and therefore, MABA separates from G3. 

Nanjing vs. 

The most time consuming part of this method is to classify and group the vehicles depending on their 
environmental performance. This means that the method is not as difficult, and does not consist of as many 
steps as MABA or G4 and is therefore much better than those.  In comparison with G2, Nanjing is worse. The 
amount of steps that Nanjing consists of is more similar to the GHGP and less than the ones in G3. As a 
conclusion, Nanjing is as good as GHGP and better than G3. 

MABA vs. 

The most time consuming and the most difficult steps to perform is to divide the distance travelled in road type 
and to determine how much is hot/cold running. But in addition to this, G4 is also handling average speed and 
filling degree, which means that MABA is better than G4. The number of steps for MABA might be compared 
with G3 since G3 takes into consideration the weight in addition to the steps of MABA and does not use road 
types. Therefore, MABA is as good as G3. GHGP does not handle the road type which makes the method less 
wide and makes the MABA worse than GHGP and in the end much worse than the simplest method, G2. 
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G2 vs. 

After Carrier Info this is one of the least wide methods, which means that the number of steps is limited. In 
comparison with the widest method, G4, G2 is much better. G2 is also much better than G3 and better than 
GHGP since the last mentioned only consists of combining the weight with the distance and number/type of 
vehicles and their efficiency.  

G3 vs. 

When comparing G3, G4 and GHGP, the last method consists of the least number of steps and therefore G3 is 
worse than GHGP. The difference between G3 and G4 is connected to the transport mode. When calculating 
the emissions for air transport, the methods are rather similar and consist of selecting the vehicle type 
appropriate, the filling degree and the distance travelled among others. But on the contrary, when calculating 
the carbon dioxide emissions for sea transport the average speed is of relevance, and for rail and road factors 
such as road type are important, adding steps to the method. Therefore G3 is as good as G4 when it comes to 
air transportation and better when it comes to road and rail transports. 

G4 vs. 

Finally, G4 is much more detailed than the GHGP and certainly when it comes to all transport modes but air. 
Due to this, G4 is much worse than GHGP concerning rail, road and sea transports and worse concerning air 
transport.  

7.4.8 Simplicity – Amount of sources 

How few sources are necessary to work with in order to use the method? 

G1 vs. 

G1 is based on fuel that is purchased in a certain region. Therefore there is a need to cooperate with one or, as 
in the case of VLC several regions in order to obtain the data necessary. This can be easy or difficult depending 
on the environmental work of the country or region. Countries that are working with the Kyoto protocol, need 
to present the countries’ carbon dioxide emission which means that there is a greater chance of finding the 
information necessary in these countries. In comparison between G1 and National GHG the data necessary for 
National GHG can be obtained within VLC since VLC know the point of departure and point of reception for 
every transport. The distance can then either be obtained from the business system, A4D, or from an extern 
source such as Google maps or MapPoint. This means that it is easier to find the information necessary for 
National GHG than for G1 since the source of information is either within the company or an online application 
that is accessible. Therefore, G1 is much worse than National GHG. 

The Cost Based method is based on transportation costs and since most companies strive after achieving 
profitability, the costs are often closely monitored and easy to access. But in order to calculate the amount of 
the transportation cost that can be connected to the carbon emission, there has either to be an investigation of 
all the contracts where the fuel proportion of the price is stated or try to find out from the carrier. However, 
this is less sources than requesting the fuel consumption of every region or country in which VLC operate. 
Therefore, G1 is much worse than Cost Based.  

Information from the carriers is necessary in order to use the method Carriers Info and even though the 
number of carriers is higher than the amount of countries in which VLC operates, the carriers are likely to be 
the minor source of information. This since a carrier usually has a contact person, a person responsible for the 
contract with VLC who can provide information or an environmental manager that can assist. A region or a 
country is not likely to have an environmental manager or just one responsible for the amount of fuel 
purchased in a region, usually there is a committee responsible and therefore there are more sources 
necessary to work with in order to obtain the information necessary.  
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The Carriers Info also need information from VLC regarding the distance purchased if the Carriers could not 
present the data necessary. In the benchmarking study, the authors found that three out of four companies 
could present the emissions that VLC is responsible for. But this amount of companies are too few to be certain 
and therefore, the authors are pessimistic and think that only one of two companies can present the data 
necessary and for the rest, VLC needs to use the invoiced transport in order to find out the carbon dioxide 
emissions. The amount of carriers that VLC contract is not a small number which is the reason for that G1 is 
worse than the carrier info, and not much worse. 

The Nanjing method requires the distance travelled which either can be obtained by the business systems or an 
online application, as said earlier. The method also needs information from the carriers such as the 
number/type of vehicles, vehicle fuel efficiency and fuel type. Again this is information from carriers that one 
or maybe a couple of persons can answer in order to provide the information instead of contacting a 
committee of a country as in the case of G1. Therefore, G1 is worse than Nanjing.  

The MABA method needs information regarding road type. In the benchmarking study, the companies are not 
using the road type in order to calculate their emissions and therefore maybe the carriers cannot provide this 
information. This creates a need of searching for the information outside the suppliers, maybe a search and a 
topographic information gathering for every region which might require cooperation with surveying.  The 
MABA method requires as many sources as G1 and is therefore as good as G1.  

Collecting information regarding the fuel consumption, as for G2, requires cooperation with the carriers and 
might be difficult or easy to obtain, depending on the will of the company to share the information with VLC. It 
might also be possible to collect only the information from the biggest carriers and then scale up the 
information in order to get a wide picture, this decreases the number of sources. In comparison with G1 the 
number of carriers is still more than the number of countries or regions, but still there is a contact person for 
each carrier which helps. Rail transportation is legally obliged to report the fuel consumption in Sweden 
(Sandström, J., 2011) and it is foremost in Sweden where VLC uses rail transportations, which makes it easier to 
find the data and fewer sources to use. Therefore G1 is much worse than G2.  But the difficulty of obtaining the 
fuel consumption might be high and therefore G1 is worse for the rest of the transport modes.  

G3 requires the filling degree, a factor not mentioned yet in this section. This factor is usually presented and 
calculated by the carriers since they are keen to keep a high filling degree because it makes the more use of the 
transportation. G3 does not require anything that cannot be obtained by the company internally such as 
distance and weight or from the supplier such as information regarding the vehicle fleet. Therefore G1 is worse 
than G3.  

The same reasoning for MABA is applicable when comparing G1 against G4, since the input factors are similar 
and most of the factors are information possible to obtain from the carriers. The tricky part with G4 is that it 
also requires the average speed, something that is neither as common to keep track of. With this motivation, 
G1 is as good as G4. 

The GHGP is based on factors that either can be obtained from the business system, or with help of an online 
application for distances, or in communication with the carriers. Therefore G1 is much worse than GHGP.  

National GHG vs. 

For Cost Based, the only information needed is the transportation costs, which the invoicing department can 
provide. It is then required to use one or several more sources to convert the transportation costs into actual 
price for fuel; in order to get a relevant number that reflects the emissions. In comparison with the National 
GHG, the work necessary and the number of sources are about the same, since for the National GHG there is a 
need of finding the distance travelled. National GHG is thus as good as the Cost Based method. 

For the Carrier Info method information is needed from the sources, carriers, and VLC, and for the National 
GHG there is a need of both working with carriers, or global statistics to find the fuel type, and to work 
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internally with the distances. Therefore, the National GHG is worse than the Carrier Info because there is not 
only a need of extracting the distances, but also verifying the distances.  

The amount of sources necessary for Nanjing and National GHG are the same, they both need the distance and 
information regarding the vehicle fleet which they can obtain from the carriers. Therefore, National GHG is as 
good as Nanjing. MABA and National GHG are quite similar, they both need information internally and from the 
suppliers. But MABA also needs information regarding the road type which makes the National GHG better 
than MABA. 

G2 is based on information from the carriers, such as fuel consumed and fuel type. The National GHG requires 
cooperation internally, and with the carriers, which means that National GHG is worse than G2. As discussed 
earlier G3 is as National GHG based on both information from the carriers but also based on information that is 
in the business systems of VLC, therefore these methods are as good. 

For G4 there is a need for contacting other sources in order to find out the hot/cold running, something that 
might require a deeper contact with the carrier and the road type. Therefore National GHG is better than G4. 

The GHGP requires information from the carriers and distance information and is then very similar to the 
National GHG. Therefore the National GHG is as good as GHGP. 

Cost Based vs. 

It is easier to obtain the information internally than to have to contact other parties to obtain the data, even 
though there might be trouble using the existing business systems. When comparing the Cost Based with the 
Carrier Info the Cost Based is better than the Carrier Info since it simpler to extract costs from different 
business system than to contact all carriers of VLC and internally.  

The Nanjing requires cooperation with both the carriers and the internal systems. This increases the number of 
sources in comparison with just needing to work with the internal business systems as for the Cost Based 
method. This means that Cost Based is better than Nanjing.  

The MABA method is more detailed than the Nanjing method and requires cooperation with external sources, 
carriers and internal information. With this taken into consideration, the Cost Based method is much better 
than MABA. 

If the carriers are willing to share their information regarding the fuel consumption the only tricky with G2 is to 
get in touch with the carriers. But, even though G2 is rather simple, it still requires communication with all the 
suppliers, which demands more sources of information than just finding the transportation costs. As a 
conclusion, the Cost Based is better than G2.  

Cost Based is much better than G3 and G4 for all transportation modes, since they all require a great amount of 
data from several different sources, such as all the carriers, distances, and fuel type and for G4, even road type. 
The Cost Based is better than GHGP since it does not require contact with the carriers but it is sufficient with 
data from the business system/systems of VLC which are many, but not as many as the number of carriers.  

Carrier Info vs. 

When comparing the Carrier Info and the Nanjing method, more data is needed when using the Nanjing 
method but it is still the same source of information, the carriers. But in addition to this, Nanjing also requires 
the distance which adds a source to the work since not only to extract the distances but to control the ones 
already in the systems. Carrier Info is just taking the distances invoiced and only in 50 per cent of the cases. 
Therefore is Carrier Info better than Nanjing. 
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As discussed earlier, MABA and G4 for road transportations require cooperation with several more sources 
than Carrier Info since there is a need of knowing for example the road type or the amount of hot/cold running. 
Therefore is Carrier Info much better than MABA and G4 for road and rail transportations. Regarding air and 
sea transportations Carrier Info is better than G4 due to the fact that the sources of information are then the 
business systems of VLC and the carriers.  

Both G2 and Carrier Info requires information from the carriers and almost the same amount of information as 
well. But the source of information is none other than the carriers for both the methods and therefore Carrier 
Info is as good as G2.  

G3 is based on information from both carriers and VLC, in comparison to Carrier Info that only needs 
information from carriers. This points out that the sources of information are fewer for the Carrier Info than for 
G3 and therefore the Carrier Info is better than G3 and the same reasoning goes for GHGP and therefore 
Carrier is info better than GHGP. 

Nanjing vs. 

Nanjing is based on basically the same information as MABA but with the difference that MABA needs 
information regarding hot/cold running and road type. The other information is either obtained by VLC 
internally or from carriers but these two additional factors might increase the number of sources due to the 
fact that it is not something that VLC is keeping track of and nor is the carriers. Therefore Nanjing is better than 
MABA. 

G2 only needs information from the carriers, and Nanjing needs information both from the carriers; regarding 
their vehicle fleet, and also the distance travelled; which can be found in the business systems of VLC. 
Therefore Nanjing is worse than G2.  

G3 and Nanjing are rather similar and are based both on information from VLC and from carriers, therefore the 
methods are as good. The level of detail of the methods in G4 is higher than Nanjing, and therefore G4 requires 
more information and the information is gathered from more sources than Nanjing. As a conclusion, Nanjing is 
better than G4.  

Between Nanjing and GHGP, there is not a big difference and both methods require data from carriers and 
from the business systems of VLC, or with help from online tools, to determine the distances. Therefore, 
Nanjing is as good as GHGP. 

MABA vs. 

When comparing MABA against G2, G2 is much simpler since the source in question for obtaining the 
information is only the carriers. MABA is much worse than G2. MABA is worse than G3 since the factor road 
type might include other sources than just internally at VLC and the carriers. GHGP is similar to G3 and in terms 
of amount of sources, MABA is worse than GHGP.  

In terms of amount of sources, MABA is as good as G4 since the only difference is the amount of data 
necessary and not the number of sources.  

G2 vs. 

When using G2, the only source of information is the carriers, since the fuel consumption must be provided by 
the carriers. The methods G3 and G4 require information from the carriers, but also from the internal business 
systems of VLC. And in addition to this, G4 is also requiring information regarding topography for train and road 
transportations. Therefore G2 is better than G3 and better than G4 regarding air and sea transportations and 
much better than G4 regarding rail and road transportations.  
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GHGP is similar to G3 and requires information from both VLC and the carriers in comparison with G2 that only 
needs information from the carriers and therefore G2 is better than GHGP. 

G3 vs. 

G3 needs information from the same sources as G4 regarding air and sea transportation. They need 
information from VLC regarding the distance and information regarding the vehicle fleet from the carriers. 
Therefore G3 is as good as G4. But when comparing G3 and G4 for rail and road, G3 is better than G4 since it 
does not require information from other sources to find out road type.  

GHGP requires information from two types of sources both internally from VLC and externally from the 
carriers; this is the same for G3 and therefore G3 is as good as GHGP.  

G4 vs. 

Regarding air and sea transportations, G4 and GHGP require information from both the carriers and VLC and 
therefore these methods are as good. But when comparing them for rail and road, there is a need for more 
sources in order to find out road type and hot/cold running. Therefore G4 is worse than GHGP when it comes 
to rail and road.  

7.4.9 Simplicity – User friendly 

How few types of software are needed to use the method? 

G1 vs. 

When it comes to user friendly, the amount of necessary software will affect the memorability and the 
effectiveness since the work becomes more complex when using several types of software. For G1, the data 
being delivered by the regions is probably based on common software such as Excel. Then there is a need of 
calculating the emissions connected to VLC from this amount of fuel and this is preferably done in the same 
software. Therefore the types of software necessary for G1 are very few.  

In comparison between G1 and National GHG, there is a need of working with three business systems at VLC in 
order to obtain the data of distance travelled, necessary for National GHG. The three business systems in use at 
VLC keep track of the transportations, one for Emballage, one for Inbound and one for Outbound. Due to the 
current situation where very few distances are reported into the system and the validity of the distances 
actually reported is questionable, there might be a need of using even more software to calculate the distances 
needed. Therefore G1 is better than National GHG. 

The Cost Based method is using data from the different invoicing and cost control systems at VLC and there is 
one system for incoming and one for outgoing. Then there are six or seven systems, just in Sweden, in order to 
work with the other business units and customers. In other parts of the world there is not even a computerised 
business system in use, instead they use paper based systems.  After that there is a need of working with excel 
in order to convert the actual cost into carbon dioxide emissions. This exceeds the number of software 
necessary to work with G1 and therefore G1 is much better than Cost Based.  

The Carrier Info method requires work with the carriers regarding the carrier emission data and internally 
regarding the invoiced distance if the carriers cannot provide the information necessary. The carriers are likely 
to provide their emissions in a scorecard, as in the case of Maersk, or at least in a simple format such as excel 
or a .pdf. In order to obtain the distances invoiced by the carriers, there is a need of working with all the 
invoicing systems of VLC, adding to the complexity of the method. Therefore G1 is better than the Carrier Info. 

Nanjing require work with both the carriers and internally at VLC with the three different business systems in 
order to find the distance travelled and also another source of information in order to control or calculate the 
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distances. After this there is a need of using Excel or other similar software to perform the actual calculation. 
G1 is better than Nanjing since it does not have to go through the first step of using all different business 
systems.  

MABA requires the former mentioned work with the distances, the three business systems at VLC and another 
system to verify or calculate the missing distances. MABA also requires information regarding the vehicle fleet 
of the supplier and also the road type. This information is then put together in software such as Excel in order 
to perform the calculation. G1 is therefore much better than MABA since it only requires one type of software.  

G2 is as simple to use as G1 since the carriers can only report the amount of fuel consumed in a worksheet in 
Excel and then VLC can perform the calculations in the same software, the same situation as for G1. Therefore 
G1 is as good as G2.  

In order to use G3, VLC faces the same difficulties as for all the other methods that need the distance travelled; 
an extraction of data from three business systems and then a validation of the data and maybe a calculation for 
the missing data. With this in consideration, G1 is better than G3 and GHGP, as the methods are quite similar.   

For G4 there is on one hand the difficulty with the distance travelled and then there is a need of information 
from the carriers which might use the same software as the calculations are to be performed in. For road and 
rail there is the trouble with road type which might add the amount of software types needed to work with. 
Therefore G1 is much better than G4.  

National GHG vs. 

National GHG requires the distance travelled which means the amount of different software to work with is at 
least three to cover the different business systems of VLC. The Cost Based method needs to work with a lot of 
different invoicing systems. Then National GHG needs to work with one more type of software in order to 
cover the fuel type, which might be the same as the one used for the following calculation that both the 
methods need to use. Therefore National GHG is better than Cost Based. 

If all carriers of VLC could present the amount of carbon dioxide that VLC represent, the need of software 
should just be one. But since this is not the reality, VLC might need to use the invoicing business systems to find 
data to cover the missing input. When using National GHG, there is always a need of using several business 
systems, but for half of the cases, when using Carrier Info, there is need for only one type of software and 
therefore National GHG is as good as the Carrier Info method.  

For the Nanjing method there is the same difficulties with the distance travelled as for National GHG, though 
the Nanjing method also needs information from the carriers, information that can be gathered in one type of 
software, the same used for the actual calculation both for the Nanjing method and National GHG.  Therefore 
National GHG is as good as Nanjing.  

The number of software increases when comparing MABA with National GHG due to the unclear input factor 
road type. Besides that, both the methods are facing the difficulty of gathering data about distance travelled. 
Therefore National GHG is better than MABA and G4, as G4 also faces the trouble with road types.  

G2 requires only information from the carriers and that information can be gathered in the same software as 
the calculation then is performed with and therefore National GHG is worse than G2. G3 and GHGP are similar 
in the aspect of number of software types since both methods need to find the distance travelled and also 
obtain information from the carriers. The amount of software for National GHG is therefore as good as G3 and 
GHGP. 
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Cost Based vs. 

The Cost Based method is using data from the different invoicing and cost control systems at VLC and there is 
one system for incoming and one for outgoing. Then there are six or seven more systems in Sweden in order to 
work with the other business units or customers. In other parts of the world there is not even a business 
system but they still use papers and manual checking. After having extracted the data there is a need of using 
one other type of software for performing the calculation which makes it four types of software in total, 
roughly calculated. When comparing Cost Based against Carrier Info; Carrier Info needs one type of software, 
the same as for calculating, when the carriers can supply the data and otherwise there is a need of working 
with an additional three systems. Since Cost Based needs several more systems it is much worse than Carrier 
info. 

Nanjing uses at least three business systems in order to find the distance travelled. Then there is the need for 
software in which the carriers can report the data regarding vehicle fleet and in which the calculation can be 
performed. Roughly compared, Cost Based is worse than Nanjing, and the same goes for GHGP.  

Just as Nanjing, MABA also require about four types of software to obtain the distance travelled. In addition to 
this, MABA also needs software to handle the road type. So, Cost Based is as good as MABA. This is not the 
case when comparing Cost Based with G2 since G2 needs the same amount of software as Carrier Info, one 
type of software for the information gathering from the carriers, preferably the same one that is to be used for 
the calculations. Therefore Cost Based is much worse than G2.  

G3 is very similar to Nanjing and requires software for distance travelled and also software for the calculation. 
Since G3 needs to validate and maybe calculate the distances, Cost Based is worse than G3. Cost Based is also 
worse than G4 regarding air and sea, and as good as G4 regarding rail and road with the motivation that G4 
need the input factor distance travelled and for rail and road also the road type, which prompts the need for 
more types of software to use.  

Carrier Info vs. 

Carrier Info needs, in the case when carriers can support the necessary data, only one type of software. But 
when the carriers cannot supply this, there is a need of retrieving the purchased transport distance from the 
invoicing cost and control, which consists of several systems, all running different software. This is only when 
the carriers cannot supply the data necessary. For the case of Nanjing there is always a need of using at least 
three types of software in order to just find the distance travelled. Therefore is Carrier Info as good as Nanjing.  

When comparing the Carrier Info with MABA, MABA requires more software, since MABA requires the distance 
travelled. Therefore Carrier Info is better than Carrier Info and the same argument holds for G4 regarding road 
and rail. For the rest of G4 there is a need of at least three software types regarding the distance travelled and 
then software for calculating and for collecting the data. Therefore Carrier Info is as good as G4 when it comes 
to air and sea.  

G2 is the simplest method when it comes to software. The idea is just to give the carriers the job to report the 
fuel consumed that is connected to VLC in an Excel file and then do the calculation in the same software. 
Carrier Info is therefore much worse than G2. The air and sea part of G4 is rather similar to both G3 and GHGP 
for which there is a need of software for finding the distance travelled and then software for calculating. 
Therefore Carrier Info is as good as both G3 and GHGP. 

Nanjing vs. 

The amounts of software necessary for Nanjing in comparison with the rest of the methods are quite similar 
since they all need the distance travelled. The difference can be found in MABA and in road and rail for G4 
which also needs software for the road type. The other difference is with G2, which only needs one type of 
software. 
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Therefore Nanjing is as good as G3, G4 (air and sea) and GHGP, worse than G2 and better than MABA and G4 
(rail and road). 

MABA vs. 

As stated before, the big difference regarding MABA is that it might require some software to be able to collect 
and use the road type factor and the hot/cold running. Therefore, MABA is one of the methods requiring the 
most software. MABA is much worse than G2, since G2 only needs one type of software, more or less. MABA is 
worse than G3 and GHGP since there is a need of calculating the distance, which needs further software. MABA 
is as good as G4 since they are based on the same information and therefore use the same amount of 
software.  

G2 vs. 

G2 is clearly the simplest method and requires just one type of software, in which the carriers can report the 
fuel consumed by VLC’s transportation and then the same software can be used for the calculations. Therefore 
G2 is better than G3, G4 (air and sea) and GHGP. G2 is much better than G4 regarding rail and road.  

G3 vs. 

G3 consists of at least three types of software in order to calculate the distance travelled and then one 
software to calculate the emissions, therefore G3 is as good as G4 (air and sea) and GHGP,  and better than G4 
(rail and road). 

G4 vs. 

G4, regarding rail and road, require one or several more software in order to find data regarding hot/cold 
running (road) and road type (road and rail). Regarding air and sea, G4 is as good as GHGP but regarding rail 
and road G4 is worse than GHGP. 

 Result of AHP 7.5

In this section the authors present the AHP for each transport mode and also perform a sensitivity analysis 
regarding the results obtained from the AHP. 

7.5.1 Compilation of the result of the AHP 

The result of the AHP for each transportation mode can be found below in Table 7.3 for Air, Table 7.4 for Rail, 
Table 7.5 for Road and Table 7.6 for Sea, whereas the highest percentage represents the best method. The 
percentages are of the total ranking, thus 10 per cent indicates it got 10 per cent of the total ranking value for 
the specific criterion. More information regarding the results of the AHP can be found in Appendix VIII to 
Appendix XI. 
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Table 7.3 - Result of the AHP for air transportation. 

 

Table 7.4 - Result of the AHP for rail transportation. 
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Table 7.5 - Result of the AHP for road transportation. 

 

 

Table 7.6 - Result of the AHP for sea transportation. 
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7.5.2 Sensitivity analysis 

The sensitivity analysis is based on six situations: 

 Initial: This is the value obtained at the AHP. 

 All main-criterions are equal: All main-criterions are each weighted as a third. This shows the affect that 

the sub-criterions have. 

 100 per cent credibility: The main-criterion credibility has a relative weight of 100 per cent, the two others 

have zero. 

 100 per cent comparability: The main-criterion comparability has a relative weight of 100 per cent, the two 

others have zero. 

 100 per cent simplicity: The main-criterion simplicity has a relative weight of 100 per cent, the two others 

have zero. 

 All main-criterions and sub-criterions within a main-criterion are equal: All main-criterions have each a 

relative weight of one third and the sub-criterions within a main-criterion all have the same relative 

weight. 

The initial ranking of the sub-criterions is as following, Table 7.7, where the value is the relative weight of the 
sub-criterion multiplied by the relative weight of the respective main-criterion. 

Sub-criterion relative weight  x relative weight 
(main-criterion) 

Reliability 1894 

Standardisation 1875 

Validity 1417 

Amount of sources 1097 

Objectivity 938 

User friendly 934 

Amount of data 731 

Calculation tool 625 

Number of steps 488 

Table 7.7 - The ranking of sub-criterions. 

Air 

The graph to which this analysis is referring to is Figure 7.1 which can be found on page 117. When comparing 
the initial situation (G3 and G4 the best methods) with the situation when all main-criterions are equal the two 
methods that are best are expanded in to consisting of G3, G4 and GHGP. GHGP is obtaining a higher value and 
this can be explained since the strength of GHGP is that it is based on a standard and when the main-criterion 
comparability is given a higher relative weight, from 25 to 100/3 the effect of the standard can be seen.  

The second situation is to increase the credibility to 100 per cent and lower the other two main-criterions to 0. 
By doing this the top two are the same as the initial situation, G3 and G4, but there is a change of the third best 
method from GHGP to Nanjing. This can be explained by the fact that Nanjing is a method that is better defined 
than GHGP and therefore obtains a better value regarding reliability which is the strongest sub-criterion.  

When increasing the relative weight of comparability to 100 per cent the top two changes from the initial 
situation to GHGP and G3. This since GHGP is a standardisation and one of the methods in G3 is based on 
standardisation.  
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An increment of the simplicity to 100 per cent and decreasing the other main-criterions to zero changes the top 
two from a bottom-up approach to a top-down approach. Carrier Info is then the best method since it is the 
simplest method. In order to obtain a top two consisting of both a top-down and a bottom-up method, 
simplicity has to obtain a relative weight of 50-60 per cent. 

For the last situation when all criterions are the same the top two is G3, G4 and GHGP. GHGP and G3 are so 
close that they are almost equal. To summarize, the methods that are the best in most cases are G3 and G4 
and these should be further analysed.  
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Figure 7.1 - Sensitivity analysis for air transportation.
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Rail 

The reference graph of this section can be found on page 119 in Figure 7.2. The initial situation for rail is that 
the methods G2 and G3 are the top two. When equating the main-criterions the resulting two best methods 
are still G2 and G3. The only change in the ranking can be seen between G4 and GHGP and this change is based 
on that GHGP is based on a standardisation which now is the most important sub-criterion. 

When increasing the relative weight of credibility to 100 per cent, G4 climbs to first place followed by G3. The 
major difference between G2 and G4 is how well the method is defined and since reliability is the sub-criterion 
which has the highest relative weight within the main-criterion credibility; this means that G4 is better than G2. 
Comparability is a main-criterion that first and foremost consists of the sub-criterion standardisation. When 
increasing the relative weight of comparability to 100 per cent, GHGP becomes the best method, followed by 
G3 and this because these methods are based on standardisation.  

100 per cent simplicity gives the top two methods; G2 and Carrier Info. This since it is easier to work with the 
suppliers and gather the information necessary than to actually collect the data themselves and perform the 
calculation. The last situation when all main-criterions and their respective sub-criterions are equal and results 
in G2 as the best method followed by G4. Based on this analysis, the methods that are mostly within the top 
two is G2 and G3, as in the initial solution, and is therefore going to be analysed further.  

G2 is one of the simplest and most credible methods, and is therefore a method to take into consideration of 
recommending to VLC: The only weak point of the method is the low result regarding comparability; otherwise 
it belongs to the top three no matter of the distribution of relative weights between the main-criterions. When 
keeping simplicity at around 60 per cent, Carrier Info almost equals G3 and GHGP but with a lower rate of 
simplicity, the bottom up approaches such as GHGP and G3, are more suitable. The methods for further 
analysis are G2 and G3. 
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Figure 7.2 - Sensitivity analysis for rail transportation. 
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Road 

The sensitivity analysis regarding road transportations is based on the graph that can be found on page 121, 
Figure 7.3. 

There are many methods that can be applicable to road transports since it is regarding road transports that 
most of the research has been made. Because of the larger amount of methods regarding road transportations, 
the analysis will be concentrated to the top three and not the top two methods as earlier.  

At the initial situation, G3 is the best followed by G4 and G2. This relation is also being maintained when 
equating the main-criterions. The difference here is the same as for the other transport modes; GHGP is 
approaching the top three due to its strongly base on standardisation. 

When comparing with a 100 per cent relative weight of credibility, G4 takes the first place followed by G3 and 
Nanjing. G3 and G4 also are among the top three joined by GHGP when evaluating 100 per cent comparability.  

100 per cent simplicity changes the top three into G2, Carrier Info and G1. G2 is also among the top three with 
G3 and G4 when equating all main and sub-criterions. When increasing the relative weight of simplicity to 
around 60 per cent, G2 is still on top but followed by Carrier Info and then National GHG. When increasing the 
simplicity to 70 per cent, G2 and Carrier Info are still on top but followed by the top down approaches; G1, 
National GHG and Cost based. With this reasoning, the methods for further analysis are G2, G3 and G4. 
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Figure 7.3 - Sensitivity analysis for road transportation.  
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Sea 

The base for the sensitivity analysis regarding sea transportations can be found in Figure 7.4 on the following 
page.  

When analysing the initial solution for sea transportations, G2 and G3 are the best methods and these top two 
methods are the same for the second situation when the main-criterions are weighted the same. This situation 
represents the influence that the sub-criterions have on the result where standardisation is the biggest sub-
criterion when the main-criterions are equal and it is therefore that GHGP is increasing and is the third best 
instead of G4. 

The reliability is highest in the methods G3 and G4 since they are the top two when only comparing credibility, 
in which reliability is the biggest sub-criterion. G2 is not as credible as G4 since G4 is a better defined method. 

The method best based on a standardisation, is the standardisation GHGP followed by G3 which contains the 
CEN standard. The top down approaches are week regarding comparability since they are not based on a 
standard or calculation tool. 

100 per cent simplicity makes G2 and Carrier Info the best methods followed by Cost Based and G1. When 
having 60 per cent simplicity, 20 per cent comparability and 20 per cent credibility G2 is the best followed by 
Carrier Info and then GHGP. After that it is close between G3 (12.49 %), Cost based (11.96 %) and G4 (11.66 %). 

The methods the authors have chosen to continue working with after the AHP analysis are G2 and G3. 

.
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Figure 7.4 - Sensitivity analysis for sea transportation. 
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 Reflection 7.6

Due to the knock-out criterion of available data only leaving one method for analysis and the subsequent 
decision to analyse all the methods from that stage for their applicable modes of transport the result of the 
AHP analysis has a relatively low spread in output making it less obvious which methods are the best to be 
used. As can be seen in the sensitivity analysis above in 7.5 Result of AHP the best method can change with 
some change of the weightings of the criterions. Therefore the authors have decided to not just take the 
highest scoring alternative for each  transport mode and use that, but rather take the top 25 per cent of the 
methods for each transport mode and have a reflection around these and the availability of input currently and 
within a reasonable time horizon. The reason for taking the top 25 per cent and not the top 10 per cent or top 
40 per cent is due to the amount of tested methods, too low a percentage and no additional methods would be 
taken into consideration, too high a percentage and methods that scored comparatively low in the AHP would 
be taken into account. The AHP is after all the tool with which the methods are meant to be compared, thus 
following the ranking from the analysis is considered important, but since the study is qualitative rather than 
quantitative the highest ranking result might not be the best one due to factors which are hard to quantify. The 
methods, or grouping thereof, that are up for reflection in the various transport modes are presented below in 
Table 7.8, the reason for there being three choices for road is due to there being more possible methods for 
road transportation and 25 per cent of 10 is 2.5, which is rounded up to 3 rather than down to 2 to be on the 
safe side of caution. 

Air G3 and G4 
Rail G2 and G3 

Road G3, G4, and G2 
Sea G2 and G3 

Table 7.8 – The top 25 per cent of the methods for the respective modes of transportation. 

When assessing G3 there is really no reason to use CTS over prEN 16258, CTS has a lower comparability than 
prEN 16258 due to not being based on any standardisation, which is the third most important sub-criterion in 
the AHP. CTS is also based on transportation of chemicals, which is not completely applicable to the situation of 
VLC. Due to this the CTS method will be disregarded in favour of prEN 16258 within G3 and as this leaves just 
one method in the group henceforth mention of G3 will revert back to using prEN 16258. 

Within G4 the DHL1 method is one of the weaker alternatives for VLC as the exact methodology is unavailable, 
whereas the NTM and EcoTransIT ones are available in their entirety. Between these the NTM path is 
preferable for a big company as VLC which want to process large amounts of data; NTM 3.0 will have the 
possibility of feeding it with raw data and get the results automatically rather than doing all the calculations 
themselves. This also increases the comparability aspect, as other companies which use the same service will 
have identical reports, all done by an independent third party. This in combination with NTM’s flexibility when 
it comes to what input is required to calculate emissions, using default values of relatively high standard for 
missing input, makes it almost ideal for VLC’s needs of a method that can be made to work within a shorter 
time-frame as well as one that gives a better result in the long run. Therefore NTM/NTM 3.0 will be taking the 
place of G4. 

For G2 the authors divide the group into methods according to modes of transport: Green Cargo for rail, L&N 
for road and WWL and Maersk Line for sea. Since there really is not any discernible difference between WWL 
and Maersk Line when it comes to the calculations of the total carbon footprint for sea transportation, both 
convert the actual fuel consumption using the same emission factor to get the carbon dioxide emission, the 
authors will use Maersk Line when talking about the method for sea henceforth. This is also due to the fact 
that WWL was less than willing to divide their total carbon footprint down to a per customer basis, while 
Maersk Line provided such a service for its key clients, something which could be of importance later on. 
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7.6.1 Air 

For air transportation the top ranking methods were prEN 16258 and NTM. The highest scoring method was 
prEN 16258, with a score of 18.27 per cent, while NTM scored 17.08 per cent, a difference of 1.19 per cent, a 
relatively large gap between two alternatives in this context. Since all of the methods require a lot of input 
which VLC is unable to provide today, at all or with a high enough precision for the result to be reliable, the 
focus of the reflection will be regarding whether possible to make the methods useable in the long-term, and if 
it is possible to make it usable in the short-term, with some modifications of the method or policy changes 
within VLC to make required input available. 

Both prEN 16258 and NTM have rather extensive methodologies but for air freight they differ in that prEN 
16258 use only the actual energy consumption, i.e. fuel consumption, and set emission factors for combusting 
the fuel, while NTM used the distance the airplane travel. To account for the difference in emissions between 
start/landing and cruising NTM has a certain emission factor for each of these. VLC has no data of the fuel 
consumption today but do in fact have start- and end points for all the transportations they purchase, 
information which can be used to estimate the distance travelled for air with very good precision as airplanes 
does not follow roads but instead take the shortest route most of the time. Thus even though prEN 16258, as 
part of G3, got a higher score in the AHP than NTM and G4, the fact that VLC does not have the possibility of 
obtaining good estimates of the input required today makes it almost certain that it is not the best method 
right now. Instead using the NTM method for air freight is something which VLC could start doing right away, 
and which could be simplified if there were to be an extensive enforcement of distance reporting and verifying 
of the reported distances as well as their modes within VLC. That way the calculations for air freight could be 
done in a very fast manner, once the input was made available from the business areas, baring that each one 
would have more precise and reliable distance information integrated with each post of transportation. 

The method the authors have decided to move forward with for air transports is the NTM method, which will 
be upgraded to NTM 3.0 once released. 

7.6.2 Rail 

For rail the two alternatives are Green Cargo, which scored the highest of all rail methods with 15.86 per cent, 
and prEN 16258, which scored 15.32 per cent, both methods utilising the energy consumption and then an 
emission factor to get the emissions. The difference being that prEN 16258 is quite undefined in the how’s of 
getting the energy consumption whereas Green Cargo has EcoTransIT behind it which has good tools for 
estimating the fuel consumption from distance travelled and weight transported. Green Cargo is also one of 
the major railway carriers of VLC making their method to be representative of the rail portion of the total 
purchased transportations. Since it’s not likely for VLC to be able to request the energy consumption and then 
continue with prEN 16258 to get the carbon dioxide emissions the uncertainty of the method will keep it in 
second place. The downside of the Green Cargo method is that there might be some costs related to acquiring 
the input needed to complete the calculations, but doing so would mean that calculation of the total carbon 
footprint of VLC could begin very soon. On a longer time horizon it might be possible for VLC to specify in their 
contracts that the energy/fuel consumption should be declared for each month and then begin adapting 
prEN 16258 or another standard which would use this input to further increase their comparability. 

The method the authors have decided to move forward with for rail transports is the Green Cargo method. 

7.6.3 Road 

For road the highest scoring method was prEN 16258 with 12.40 per cent, followed by NTM at 11.75 per cent 
and L&N at 11.45 per cent. Both prEN 16258 and L&N require either the actual or estimated fuel consumption 
for determining the carbon dioxide emissions, something which is unavailable at VLC currently and cannot be 
deemed likely to be available within the next five years or maybe more. The NTM method on the other hand 
has the capabilities of estimating the emissions based on mainly distance travelled and weight, two things that, 
as mentioned in 7.6.1 Air above, can be obtained relatively precisely from the data which the various business 
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areas have in their systems. As NTM require quite a lot of other input for an even more précis estimation of the 
carbon dioxide emissions, input which VLC does not have access to in all cases, there will need to be some 
adaption to make it better fit VLC. This is handled in Stage two of the thesis. 

The method the authors have decided to move forward with for road transports is the NTM method. 

7.6.4 Sea 

The two methods which were at the top for sea transportation were Maersk Line with 15.56 per cent and prEN 
16258 with 15.12 per cent. Since the Maersk Line method is the method used by the majority of the sea freight 
sector, on a global scale, there is very little that talks against using the Maersk Line method in favour of prEN 
16258 currently. The problem of how to obtain the fuel consumption still remains a problem which is dealt 
with in Stage two of the thesis. 

The method the authors have decided to move forward with for sea transports is the Maersk Line method. 

 Combining 7.7

The four methods selected using the analysis model to cover the four modes of transportation are the 

following: 

 Air – NTM 

 Rail – Green Cargo 

 Road – NTM 

 Sea – Maersk Line 

These four methods are then combined to one method that will be further analysed in Stage two. This method 

however has four different parts, one for each transport mode, according to the list above.  
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Chapter 8. Conclusion: Stage one 

This chapter is the conclusion of Stage one of the thesis, based on the analysis 
done in the previous chapter. The method which has been chosen is described in 
more detail here, as well as the mode specific methods strengths and weaknesses. 
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The conclusion of Stage one is in essence that, even though VLC wanted one method for doing the calculations, 
what has been done thus far lets it be known that it is better to differentiate the various modes of transport as 
they are so very different. Thus the method which is chosen consist of four mode specific methods, one for 
each of the four modes of transport; air, rail, road, and sea. It can also be seen as three methods as two of the 
four, air and road, are covered by the same methodology; NTM, while the remaining two are covered by mode-
specific methods, Green Cargo for rail and Maersk Line for sea. When presenting this for the stakeholders at 
VLC it was well received, especially so when put into the context of lack of input to complete any one method 
completely for VLC as it is today. 

While there was one method for which VLC had all the assumed input factors, the Cost Based method, the 
authors found that even though the costs of transportation was available, the real problem with the method 
would be to estimate how much fuel consumption the prices implied. The complexity of this method due to 
just this grew exponentially alongside the interviews with the various business areas and functions of VLC. 
Things like using more expensive biofuels, which give of less carbon dioxide, or extreme fuel price volatility 
would completely skew the method’s end result and not show a decrease in emissions as much as a change in 
one of many factors with no direct connection to carbon dioxide. This made it clear that it was not a method 
that should be used for VLC. 

The major contributor to the lack of available and reliable input would most likely be assigned to the fact that 
the three business areas use different types of business systems, the same goes for their customers and 
carriers. On top of that, the functions, such as purchasing, invoicing, and finance, all use their own systems as 
well. In the case of invoicing they have as many as seven different systems they access to be able to handle 
their day-to-day operations, one further obstacle in the path of the Cost Based method. 

The analysis done in Chapter 7 Analysis: Stage one: A discussion to eliminate less interesting methods for the 
purpose of the thesis followed by a knock-out criterion which knocked out almost all methods which then was 
sidestepped for the greater good of the analysis. Grouping of similar methods to eliminate unnecessary work 
and unwanted subjective views in the following AHP analyses, done for each of the four transport modes. A 
reflection of the results from the four AHP analysis’ landing in a combining of chosen methods into one 
method, with which VLC is meant to be able to calculate the total carbon footprint of their purchased 
transports. 

The method which was decided upon consists of NTM for both air and road transportation, Maersk Line for sea 
and Green Cargo for rail. The how-to of calculating for air and road has previously been thoroughly covered in 
4.12.4 NTM Air Transport and 4.12.1 NTM Road Transportations respectively. The methods for rail and sea are 
specified in 6.1 Green Cargo – Benchmarking interview and 6.5 Maersk Line – Benchmarking interview 
respectively. 

The strengths of the NTM method is the level of detail it has available and the fact that the emission factor 
database is constantly being expanded making it possible for a lot of adaption. Depending on where in the 
world the transportation, of which the emissions are calculated, has been performed different things can be 
taken into account, making the end result rather precise and allowing for changes in e.g. driving behaviour or 
routing to be made visible. On the other hand the weakness with using the NTM method for VLC lies in the 
same area. Since VLC has very little input available a lot of the variations that could be done to improve 
performance are unavailable to VLC, forcing the usage of default values or even exclusion of the parameter in 
the calculations. The possibility of being able to account for more things can help VLC in the future if they work 
on obtaining more of the input which is lacking today and thus improve their model. That would mean that the 
newer calculations would not be comparable with old calculations as they would be done using different input, 
something which should be taken into consideration when planning on implementing new input into the 
calculations. It might even be better to keep using a less precise method for a while instead of changing the 
calculations as soon as possible to be able to tell if any improvements actually has been made and then 
implementing a lot of changes at once and set a new baseline. 

When it comes to the Green cargo and Maersk Line methods the approach for use here is slightly different than 
that which is presented in 6.1 Green Cargo – Benchmarking interview and 6.5 Maersk Line – Benchmarking 
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interview respectively. Instead of calculating the emissions within VLC, the emissions are to be obtained from 
the carriers Green Cargo and Maersk Line and then scaled up to cover the total amount of transportation 
within their respective modes which VLC utilise. 

The strengths of this method come from the relative precision of the results due to the extensive amount of 
input available to both Green Cargo and Maersk Line on which they base their calculations. There is also the 
aspect of simplicity in how VLC are able to obtain what they need by just asking and receiving from their 
carriers and then scale it up to cover the entire mode. The weakness’ of this method is the uncertainty 
associated with how much of the total transportations within their respective modes the methods cover. If 
Green Cargo has 90 per cent of the total rail segment then there is very little that argue against scaling it up to 
cover the remaining 10 per cent as well. But if Green Cargo only has 50 per cent then there might be some 
qualms regarding scaling up to cover the remaining 50 per cent without an investigation into what makes up 
the other half. The same thing goes for sea transports, if Maersk Line and WWL make up a very small part of 
the total then maybe there is little point in pursuing this approach. But again, if they make up 80 or even 90 per 
cent of the total then scaling up to cover the gap would be feasible. One other weakness with this method is 
the question marks regarding how to measure improvements. If a smaller carrier makes significant 
improvements to reduce their emissions and still keep the same portion of the total transportations for the 
specific mode that would not be noticed due to the up scaling. At the same time if either Green Cargo or 
Maersk Line were to improve their efficiency, that improvement would carry over to the other carriers in the 
same mode. The same goes for deteriorations, and the only way to avoid this currently would be for those 
carriers to report their fuel consumption to VLC so they could do the same calculations as Green cargo or 
Maersk Line does, for the mode in question. 

With this in mind the thesis continues into Stage two to determine if the method currently chosen is the best 
one for VLC and how to develop it as to suit VLC’s operations and available input as well as possible.  
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Chapter 9. Frame of reference: Stage two 

The theoretical framework used for the work in Stage two, covering generalisation 
and credibility for adaption of methods and the variations of various input factors 
which are relevant to the chosen method can be found in this chapter. 

 

 

 

 

 

  

 

 



Chapter 9 Frame of reference: Stage two 

131 

 

 Introduction to the Frame of reference: Stage two 9.1

In Stage two of the thesis the chosen method will be adapted to the situation of VLC, meaning that the 
different mode specific methods will require different theoretical backing and data upon which to base the 
calculations to better suit VLC. 

The Green Cargo method will require theory regarding generalisation since it is meant to generalise the carbon 
dioxide emissions from one carrier to cover all carriers within the rail transportation section of VLC operations. 

Since the adaption that is done in Stage two alters the existing methodologies of the mode specific methods, 
which affects the credibility; theories regarding credibility is needed to maintain a high credibility for usage of 
the adapted method. 

Since the method requires input which might vary between regions wherein VLC operates these differences has 
to be taken into account. Thus information concerning the various input factors, their effect on the result and 
how they might differ regionally is required. 

A more detailed description of what purpose Chapter 9 Frame of reference: Stage two serves is presented in 
10.2.1 Theoretical framework: Stage two. 

 Difference in transportation modes 9.2

The Texas Transportation Institute (2009) does a comparison between the three transport modes and uses 
diesel fuel as the energy source. The diesel fuel carbon weight per US gallon is an average of 2 778 grams per 
gallon. The percentage of carbon oxidized into carbon dioxide is estimated to 99 per cent and the molecular 
weight of the carbon dioxide is 44/12 since carbon is 12 and oxygen is 2 x 16 = 32. This leads to the weight of 
carbon dioxide being 2 778 x 0.99 x (44/12) = 10 084 grams per gallon. One tonne of carbon dioxide is then 
produced per 90.09 gallons of fuel consumed. By using the fuel efficiency of trucks, 155 tonne-miles per gallon, 
it will transport 13 964 tonne-miles/tonne carbon dioxide. For rail the fuel efficiency is 413 tonne miles per 
gallon and for inland towing 576 tonne miles per gallon, Figure 9.1 (Texas Transportation Institute, 2009).
  

 

Figure 9.1 - Tonnes of carbon dioxide per million tonne km (Based on: Texas Transport Institute, 2009). 
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The amount of carbon dioxide emissions in the figure above is based on a diesel train operating in the US. VLC 
does not carry cargo on trains in USA, but in Sweden and northern and central Europe where the trains operate 
on electricity instead of diesel (authors note). The trains in Sweden would produce between 0.16 and 0.06 
million tonnes of carbon dioxide per million of tonne-miles, compared to rail transport in Germany where this 
would be between 21.6 and 8.5 million tonnes, depending on the size of the trains (EcoTransIT, 2011).  

Maersk Line classifies shipping as the most common and environmentally friendly form of transport due to the 
low amount of carbon dioxide that is produced from shipping in comparison with the other transport modes. 
This comparison can be found in Figure 9.2 below. 

 

Figure 9.2 - Grams of carbon dioxide emitted by transporting one tonne of gods one kilometre (Based on Maersk Line, 
2011d; NTM, 2011). 

The Carbonfound (2011) is calculating the carbon footprint by using the total number of shipments, the 
average weight of shipment and the average shipping distance. With this they use the following emissions 
factors and calculate the amount of grams of carbon dioxide that is emitted per tonne-km travelled for each 
transport mode, see Figure 9.3 below. 
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The world shipping council defines shipping as the most carbon-efficient mode of transportation, as illustrated 
in Table 9.1 below. Shipping includes much greater payloads per trip than ground or air and the shipping 
industry emits far less carbon dioxide per tonne-mile than any other transportation mode.  

 

Table 9.1 - Amount of carbon dioxide emissions per transport mode (Based on World shipping council, 2009). 

 Generalisation 9.3

Generalisation is the act of drawing broad interferences from observations, something known as a quality 
standard within quantitative studies and considered controversial in qualitative studies (Polit, D. and Beck, C., 
2010). There are three main types of generalisation; Statistical generalisation, also known as sample-to-
population extrapolation; Analytic generalisation, and Transferability; also known as case-to-case transfer 
(Polit, D. and Beck, C., 2010; Firestone, W., 1993). Of these the latter, transferability, is often associated with 
qualitative studies, analytic generalisation with quasi-experimental methods, leaning more towards qualitative 
than quantitative, and statistical generalisation with survey research, usually very quantitative research 
(Firestone, W., 1993). 
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Generalisation is paramount to evidence-based practices; the results from research can only be used if it has 
relevance to things outside of the context of the studies sample. Without generalisation the results of a study 
would never be applicable to anything besides the sample from which the conclusions were drawn. The degree 
to which conclusions from a study can be generalised has long been a valued standard by which the validity of 
research has been measured. Still it is an area of much complexity for quantitative studies, and even more so 
for qualitative studies. Most qualitative researcher’s selfdom worry about generalisation as they perceive the 
goal of their studies as providing contextualised understanding of human experiences based on the study of 
particular cases. Furthermore the opinions regarding generalizability among qualitative researchers differ; not 
everyone thinks it is worth striving for or even possible since it would require extrapolation that never can be 
fully justified due to how findings are embedded in context. On the other hand some researchers believe that 
qualitative studies are well suited for defining higher-level concepts and theories which can be applied outside 
of the studied sample. This is based on the notion of qualitative studies being rich, highly detailed and insightful 
in nature, which would make them especially suited for extrapolation (Polit, D. and Beck, C., 2010). 

9.3.1 Statistical generalisation 

Most quantitative researchers and also the general public find generalisation to be applied in its strongest form 
when used to extrapolate from a sample onto a larger population. An approach with relies on both sampling 
and probability theory. First a population of interest is identified and then a sample from the population is 
drawn. The drawing should be done randomly so there is an equal chance to be part of the sample for all the 
members of the population and it is possible to determine how closely the characteristics of the sample reflect 
the entire population. The claims that are based from the study of the sample can be considered stronger if the 
sample is representative and vice versa (Firestone, W., 1993). 

Standard tests of statistical inference are based on the assumption that the samples are selected at random 
from the population. This is, as most assumptions are, the ideal, something to try and achieve, rather than an 
actual description of what the real research consist of. The myth that all quantitative research follows the 
random sampling model is generally assumed to be true while there in fact are several factors that play a part 
in the selection of samples for most studies. Most quantitative researchers begin with a vague notion of the 
target population and are more likely to have an accessible population, a group to which they have access and 
from which the participants are sampled, rather than from the population which the generalisation is meant to 
cover in the end. These accessible populations are often ill defined in reports as well as the sometimes diffuse 
connections to the target population. In many cases the real starting point is the sample, not the population, 
which is identified afterwards based on sample characteristics and eligibility criteria. A quick check of nursing 
and health care studies can conclude that the majority is in fact not based on random samples. Even when the 
sample is random the compliance of the subjects is rarely perfect, leading to less than random results in the 
end (Polit, D. and Beck, C., 2010). 

9.3.2 Analytic generalisation 

Analytic generalisation does not use samples and populations, but rather strive to generalise a particular set of 
results to fit a theory or broader construct. The focus lies on providing evidence that support the theory, but 
not necessarily prove it definitely. The approach differs from generalising to a population in that when 
generalising to a theory the theory is used to make a prediction and then confirm those predictions. The 
predictions are held under certain conditions that vary from study to study and if the prediction holds only 
under those conditions they become delimitations of how the theory can be generalised. This complicates 
things as varying theory is used, sometimes common sense, to recognize relevant conditions that may or may 
not affect the application of the theory. A single study generally provides weak support for generalisation, 
whereas a replication of the study with the same conditions only helps showing reliability of the theory. A 
study using different conditions where successful replication is achieved improves the support for generalising. 
If similar results are obtained using different conditions it shows the robustness of the theory (Firestone, W., 
1993). 

Analytic generalisation is often linked with qualitative research but is still used within quantitative research 
that is theory-driven. The ideal model of an analytic generalisation consists of conceptualisations of processes 
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and/or experiences with the help of higher-order abstractions. During the study the researchers distinguish 
between information that is relevant to the majority of the participants and information which is only relevant 
to unique participants. This is mostly done at the analysis stage of a study (Polit, D. and Beck, C., 2010). 

Just as with Statistical generalisation, analytic generalisation is an ideal which is not always reached. Most 
common are the mistakes where the researcher finishes the study prematurely, stopping when a “aha”-
moment occurs or stopping when it is convenient rather than when saturation has been reached. Sometimes 
there are overgeneralisations in the conclusions, covering issues not part of the analysis, making it easy for 
critics of qualitative studies to find fault (Polit, D. and Beck, C., 2010). 

9.3.3 Transferability 

Transferability, or case-to-case transfer, uses the findings from one study on a completely different setting. This 
is more of a collaborative generalisation, the researchers job is to provide detailed description of the study and 
the particulars that might have affected the results, allowing the reader to use the material to extrapolate the 
findings to another setting. Thus the main work of transferability is done by the readers rather than the 
researchers themselves. It is the readers who evaluate to what extent the findings can be used in other 
situations; they “transfer” the results. Transferability has been used as a quality criterion primarily in 
qualitative research, but using statistical generalisation on cases could provide basis for use in quantitative 
research as well, extrapolating the results from a case study to a larger population (Polit, D. and Beck, C., 2010). 

When discussing transferability focus is often on having a thorough description about the research settings, 
study participants, and observations. Readers can only make good judgement about whether or not a study can 
be transferred to their environment if they have high-quality information about the study available. As with the 
other two models of generalisation transferability is an ideal that is seldom reached. The description from 
which the reader can judge the applicability of the results is not always as extensive as desired. Journal articles, 
with page limitations, are far from optimal in this regard. Though page limitation is not the only culprit to 
blame, a study done of 1000 journals show that even basic information like the sex distribution, racial or 
ethnical distribution or even the age distribution was rarely presented (Polit, D. and Beck, C., 2010). 

Usually transferability, which is used extensively within legal practice, has four criterion from which it judges 
the relevance of the case, the first being material facts; whether the case fits with the conditions of the case 
one consider to transfer. The second is appropriateness, where the reader has to make a judgement regarding 
the rightness of using the case in the current context. The third criterion is the reason for the conclusion of the 
study, if it failed because it only works with a certain type of people and the case onto which the reader wants 
to transfer it has just that type of people, it is applicable. The final criterion is the generality of the conclusion, 
was it due to a technicality or due to a more fundamental reason, that the specific conclusion could be drawn 
(Firestone, W., 1993)? 

 Credibility 9.4

When it comes to credibility in studies that are aimed towards policy and decision makers there are two paths 
according to science studies. The first is that of balancing the demands from both scientific viewpoints and 
policy makers, while the other claims that science and policy are equally fundamental for stabilising norms, 
instead of the common conception of scientific and policy making practices working against each other. This 
perspective is reinforced by empirical researches that argue the separation of science and politics in order for 
the objectivity of scientific studies to remain intact; to better comply with the need of scientific assessments 
for use of decision makers. Others argue that such scientific objectivity should be sacrificed for the sake of 
political relevance. The opposition argue that the IPCC, which was born out of politics, was still able to maintain 
a high credibility among scientists and claim that this is due to the IPCC avoiding making policy 
recommendation, thus distancing themselves from politics and therefore maintaining credibility (Keller, A., 
2009). 
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The popular belief is that science is only useful when making policies or decisions if it is objective, a notion that 
is based in the ideal of science as something which comes from a lab with immediate and practical relevance 
that does not require nor allow any interpretation (Keller, A., 2009). 

To study how assessment organisations perform, studies of successful cases have highlighted potential sources 
of success, and among those the interaction between scientists and policy- or decision makers could be found 
in several cases. Stakeholder and end user involvement was also among the identified factors. Similar studies 
did however show cases where success was not as apparent where the same involvement was present. The 
conflicting results of such studies make generalisation of how to conduct assessments while maintaining high 
credibility difficult (Keller, A., 2009). 

Most organisations have a porous boundary, allowing for outside influence when it is crucial to the work of the 
organisation. To utilise these links to external actors the organisations will coordinate their activities with the 
actors when there is a mutual dependence between them that both can benefit from. This way it is not 
uncommon for organisations to adopt or mimic norms and strategies of other organisations in the same 
domain, promoting credibility and legitimacy by demonstrating that they are similar to other legitimate actors 
(Keller, A., 2009). 

In the study done by Keller, A. (2009), where she researches whether science assessment organisation face 
trade-offs in credibility and relevance, comes to the conclusion that ties to the user does not necessarily mean 
an undermining of credibility. The study also stated that it is ”difficult to accept the claim that creating ties with 
policy end users will result in a significant loss of perceived scientific credibility” (Keller, A., 2009). 

Instead of focusing on getting peer reviews by the scientific community some organisations, such as the IPCC, 
incorporate representation into their efforts to make the science in the reports more robust. If that is the 
reason for the high credibility scores they received or if there are other factors which weigh in more could not 
be concluded from the study (Keller, A., 2009). 

 Input factors that influence the method 9.5

Some factors might be hard to discern from the involved parties; VLC and the carriers they employ, and might 
best be obtained from external and/or independent sources. E.g. fuel efficiency of vehicles, fuel types and their 
usage in various regions as well as whether or not scaling up of results is feasible based on a few data points to 
cover the entirety of VLC’s transportation operations. 

The carbon dioxide emissions that is a result of the calculations with the NTM method is strongly depending on 
the transport mode, weight and distance since the emission factors supported by NTM have to be multiplied by 
the corresponding weight and distance (NTM, 2011). 

 Global variation of the input factors 9.6

The input factors might vary in different regions of the world. In the following sections the global variation of 
the input factors for NTM Air, NTM Road, and NTM Sea are described. 

9.6.1 Distance and weight: Air, road and sea 

The weight and distance is not different globally but depends on the cargo and the transportation that has to 
be performed. In the study performed by Howitt, O.J.A. et al. (2011) the biggest uncertainty when calculating 
emissions from airfreight was the distance between the origin and the destination of goods. Air transportations 
that used one or more stopovers were likely to have their carbon dioxide emissions underestimated due to 
underestimated distance (Howitt, O.J.A. et al., 2011). 
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9.6.2 Air 

The impact of and aircrafts aerodynamics is one factor that, while hard to measure, has an notable effect on 
the performance. The input factors that NTM Air (2008) require can be measured or, when that is not plausible, 
the use of default values is possible. These input factors and their global variation can be found in the following 
sections. 

Type of vehicle 

Six brand new Boeing 767 Extended Range Freighters (ERF) are to join the DHL fleet by 2012. With the new 
winglets of the aircraft it emits around 3.150 tonnes less of carbon dioxide annually than without them. In 
comparison with the previously used aircraft for DHL’s transatlantic routes; MD-11F aircraft, the new Boeing 
767ERF uses 53 per cent less fuel per trip and produces 53 per cent less carbon dioxide (DHL, 2009).   

It is not always representative to choose an average aircraft type since it is recognized that there are 
considerable differences in fuel consumption between aircrafts belonging to the same aircraft type. This is 
dependent on many factors such as age, airline specific configuration, including engines (ICAO, 2009a). 

Air Charter (2011) divides the cargo aircrafts into four categories; light, medium, heavy, and outsize. The first 
category, light, has a speed of 800 km/h and a payload of 2 500 kilograms. The medium aircrafts has a speed 
range of 480 km/h to 840 km/h and can carry 6 800 - 50 000 kilograms. The heavy cargo aircrafts has a 
maximum speed range of 550 to 900 km/h and a cargo capacity of 23 000 - 120 000 kilograms. The final 
category, outsize, is used for cargo which cannot fit in a B747; the biggest aircraft in the heavy category. The 
outsized aircraft can carry 120 000 kilograms and has a speed of 800 km/h (Air Charter 2011).  

Depending on what type of aircraft being used, the amount of carbon dioxide emissions in grams per tonne-km 
differs, as can be seen below in Figure 9.4. The aircrafts Boeing 737-200C, Boeing 767-300F and Boeing 747-
400F are dedicated freighters and the aircrafts Fokker 100, Boeing 757-200 and Boeing 747-400 are passenger 
aircrafts. 60 per cent of the cargo transported by air is transported by freighters (EcoTransIT, 2011).  

 

Figure 9.4 - Specific carbon dioxide emissions of dedicated freighter and passenger aircrafts (EcoTransIT, 2011). 
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Fuel type 

The jet fuel (kerosene) consumption for transportations in China is mainly driven by aviation traffic (IEEJ, 2004).  

According to NTM Air (2008) Jet-A is the most common fuel type used for jet engines. The computer support 
group (CSGnetwork, 2011) states that there are two main grades of turbine fuels used outside former 
communist areas; Jet A-1 and Jet A, both of which are kerosene type fuels. Another grade of jet fuel; Jet B, is a 
wide cut kerosene, but it is only used in very cold climates (CSGnetwork, 2011). 

Air BP is one of the world’s largest aviation fuel supplier and provides two types of fuel; Jet Kerosene and 
Aviation Petrol (BP, 2011). Avgas is the abbreviation for Aviation petrol, foremost used by smaller aircrafts, and 
the most popular Grade is 100LL. The aviation industry is currently examining options for the development of 
an unleaded aviation petrol to replace the 100LL (BP, 2011). By using Jet A-1 rather than Avgas there is a 
potential of up to 30 per cent better fuel economy, but the usage of Jet A-1 requires a replacement of the 
engine and a modification of the aircraft (Shell, 2011). 

The emissions factors used in USA for Jet fuel is 9.57 kilograms carbon dioxide per gallon of fuel (U.S. Energy 
Information Administration, 2011) and with the conversion to litres, the amount is 2.5 kilograms carbon dioxide 
per litre. This is almost similar to the factor 2.6 kilograms carbon dioxide per litre Jet – A fuel used by NTM Air 
(2008). 

For air transportation there might be up to 50 per cent of bio derived synthetic blending components added to 
conventional jet fuel. These renewable fuel components are known as hydro processed esters and fatty acids 
(HEFA) (Biofuels, 2009). 

Source Average  
[kg CO2/kg fuel burned] 

Short-haul 
[kg CO2/tonne-km] 

Long-Haul 
[kg CO2/tonne-km] 

Howitt, O.J.A et al. (2011) 3.157 0.82 0.69 

NTM Air (2008) 3.16 - - 

EcoTransIT (2011) 3.150 - - 

Table 9.2 - Emission factors for Air freight transportations. 

The carbon dioxide emission factor for the combustion of aviation fuel used by Howitt, O.J.A et al. (2011) and 
ICAO (2009a) is 3.157 kilograms carbon dioxide per kilogram fuel burned in comparison with 3.16 used by NTM 
Air (2008) and 3.150 used by EcoTransIT (2011), Table 9.2. The factors of Howitt, O.J.A et al. (2011) are based 
on the aviation industry in New Zealand and for short-haul the emission factors are 38 per cent lower than the 
factors used in the UK. The emissions factors used for long-haul were 13 per cent higher than the emission 
factors used in the UK (Howitt, O.J.A et al., 2011). 

Filling degree 

The filling degree of an aircraft is not always limited by the weight but in terms of volume. The effect of not 
using the appropriate cargo density to estimate the tonne kilometres available is when transporting low 
density cargo, the aircraft shows a low filling degree but if seeing it from a volumetric point of view, the aircraft 
is operating at its limit. For cargo operations 75 per cent of the carriers agreed that, for statistical purposes, 
161 kilograms per cubic metre is a representative average cargo density in international and domestic cargo, 
and mixed operations. The result of 161 kilograms per cubic metre was obtained from a sample of 28 member 
airlines distributed globally (ICAO, 2009b). 
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Regarding airfreight, it is high value per volume or perishable goods that are shipped and the permissible 
maximum weight is limited. Therefore, the only type of goods considered is volume goods. The other types of 
goods; bulk and average, are excluded. For air traffic, the capacity utilisation is identical with the load factor 
since the empty trip factor is zero. Air freight can either be transported by freighters or passenger aircrafts and 
its respective capacity utilisation, filling degree, can be found in Table 9.3, below. IATA (2011) states that the 
Asia-Pacific carriers account for about 40 per cent of the global freight markets, in October they posted the 
highest freight filling degree (58.8 per cent); a full 12.3 percentage points above the average of 46.5 per cent. 

Transport mode Type of flight Freight (freighters and 
passenger aircrafts) 

Air Short haul (up to 1 000 kilometre) 55% 
 Medium haul (1 001 – 3 700 kilometre) 60% 
 Long haul (more than 3 700 kilometre) 65% 

Table 9.3 - Filling degree for air transportations (EcoTransIT, 2011). 

9.6.3 Road 

The method for road transportation is the the method that requires the biggest amount of input factors since 
there are many factors that affect the fuel consumption of a truck. The different input factors and their global 
variations are presented below. 

Type of vehicle 

Diesel engines are not used widely in light-duty vehicles in USA since they do not meet the requirements of the 
U.S emission standards (Chevron, 2007). Light-duty trucks in China have petrol as primary energy source. 
Roughly half the diesel fuel in China is consumed by road and farm vehicles (IEEJ, 2004). 

There is no regulation set today in Europe regarding carbon dioxide emissions for heavy duty vehicles, only 
passenger cars and light duty commercial vehicles. By 2013, the European Commission will develop a strategy 
for carbon dioxide emissions from heavy duty vehicles.  The European classification for engines used today, 
Euro 1 to Euro 6, regulates foremost the emissions of NOx and PM (Delphi, 2011). 

When a freight transportation customer is choosing a tractor, the choice is based foremost on two 
characteristics; the gross vehicle weight rating; which establish the maximum carrying capacity of the tractor 
and the trailer, and cab type; by choosing a sleeper cabs the driver can accommodate overnight in the tractor. 
Operators also consider the tractor’s roof height when matching to a trailer; for the most efficient 
configuration. Therefore the agencies are proposing differentiated standards depending on these three 
attribute: weight class, cab type and roof height. By using the standards that are proposed to be phased in by 
2017 there would be a 7 to 20 per cent reduction in emissions and fuel consumption from the affected tractors, 
with 2010 as a baseline (Delphi, 2011). 

The engine size affects the fuel consumption, by choosing an engine of the right type and size for the specific 
purpose, the fuel consumption can be optimised (Motiva, 2009). Statistically the yield specific consumption; 
litres per kilometre, increases with increasing engine size while transportation specific consumption; litres per 
tonne-kilometre, can be decreased, as long as the vehicle provides a heavier load. A truck with too high engine 
efficiency in relation to its field of application will consume more fuel than necessary; the fuel consumption can 
increase by five per cent or more. If the engine has too low efficiency, the driver needs to use lower gears; 
higher number of resolution, than what is optimal, which also leads to increased fuel consumption. A big 
engine also needs a big cooler, which increases the air resistance and therefore the fuel consumption.  A 
smaller engine weighs less, which decreases the fuel consumption (Trafikverket, 2011). 
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Vehicle fuel efficiency 

When comparing diesel engines there are indirect (IDI) and direct injection (DI) depending on how the fuel is 
injected. IDI engines operate at a higher compression ratios than the DI engines and therefore suffer from 
greater heat loss. The heat loss decrease the efficiency of the engine and therefore IDI engines are achieving 
fuel efficiencies that are 10 to 20 per cent lower, on a relative basis, than comparable DI engines. IDI diesel 
engines are most commonly used in smaller automotive and light-duty truck applications, but with newer 
technology the need of IDI engines is decreasing and most engines today are DI engines (Chevron, 2007). The 
higher the pressure of injection is, the more efficient the combustion becomes, which gives a better fuel 
economy and decreases the emissions of carbon dioxide (Toyota, 2011). 

It is common practice to use some sort of forced air induction in order to increase maximum power and even at 
equal power, a forced-air diesel engine has an advantage over a naturally aspirated engine. The increased air 
mass decreases the fuel-air ratio which then improves the engine’s thermal efficiency and thus; the fuel 
economy (Chevron, 2007). As of today there is no carbon dioxide regulation for medium or heavy trucks in 
Europe (Delphi, 2011). In August of 2011, the President of the United States of America; Barack Obama, 
presented the first fuel economy law affecting big tractor-trailer lorries. It states that these lorries have to get 
20 per cent more miles per gallon by 2018, affecting the lorries and buses built in 2014 through 2018 (NY 
Times, 2011; Whitehouse, 2011). 

The Finnish Technical Research Centre, VTT, (VTT, 2005) performed in 2005 a study where they measured the 
fuel consumption on highway and freeway for semi-trailers (maximum 42 tonnes) of three different brands. 
The result of the study can be seen in Figure 9.5 below where the three different colours each represent a 
brand and the x-axis represents the loads. The maximum difference for unloaded semi-trailers on highway is 14 
per cent and on freeway it is 15 per cent. The difference between brands decreases when the load increases 
(VTT, 2005). 

 

Figure 9.5 - Fuel consumption on highway and freeway cycles for semi-trailers (VTT, 2005). 

VTT (2005) also performed a similar study measuring fuel consumption but for trucks with full trailers 
(maximum 60 tonnes) and with four instead of tree different brands. The result of this study can be found in 
Figure 9.6 below where the biggest difference between the four brands is nine per cent, for full load on both 
highway and freeway and for half load on highway. In contrast to the semi-trailers, the maximum difference 
increase with the amount of load instead of decreasing but the maximum difference is less than in the above 
study (VTT, 2005).  
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Figure 9.6 – Fuel consumption on highway and freeway cycles for full trailers (VTT, 2005). 

The International Energy Agency (IEA) has in 2005 compared the energy intensity for rail and road 
transportations in different regions; see Figure 9.7 below. The difference ranges between regions, depending 
mainly on the types of goods moved. As an example in the Former Soviet Union (FSU) large quantities of bulk 
raw material are moved very long distances by rail, resulting in low energy intensity per tonne-km but in 
Europe much more rail freight consists of light, finished products (International Energy Agency, 2006). 

 

Figure 9.7 – Energy intensity, truck and rail, by region 2005 (International Energy Agency, 2006). 

The IEA also measured the global average intensity trends by surface freight category, see Figure 9.8 below. 
There is a wide range of energy efficiency for different size of trucks, and slow but steady improvements in 
trucking energy efficiency (International Energy Agency, 2006). 
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Hot/Cold running 

At low temperature the paraffin waxes in the diesel fuel becomes solid and makes it impossible for the fuel 
system to deliver fuel to the engine. The wax formation can be exacerbated by blends of biodiesel with 
conventional diesel fuel. In some cases the cost of the extra fuel needed may be less than winterizing the 
engines, such as heated fuel tanks or insulated fuel lines. This results in operators allowing the diesel 
equipment to idle in cold weather rather than turning off the engine when it is not in use. This practice is no 
longer allowed in certain regions of USA (Chevron, 2007).  

Cold starts results in additional emissions and even though they take place under all three driving conditions, 
they seem most likely to take place in urban driving. These emissions are calculated as an extra emission over 
the emissions that would be expected if all vehicles only operated with hot engines and warmed-up catalysts. 
These emissions vary from country to country and depend on driving behaviour, as well as climate conditions 
(EEA, 2007).  

When experiencing cold running there might be an additional 70 per cent of fuel consumption 
(Klimatkompassen, 2011). During the winter months there is a need of using an engine preheater 
(Transportstyrelsen, 2009). The engine preheater should not be used for a period of time longer than one hour 
and a half at 15 degrees below zero and one hour at ten degrees below zero in order to save electricity 
(Energimyndigheten, 2011). 

A cold start means that the catalyst is not heated and is not fully working; it cannot fully convert carbon 
monoxide into carbon dioxide. Therefore the result of a cold start is increased fuel consumption, due to the 
fact that the engine needs more fuel, but the increased fuel consumption does not affect the carbon dioxide 
emissions since the catalyst cannot fully convert the carbon monoxide into carbon dioxide. The carbon 
monoxide gas is highly dangerous to the human (Iowa State University, 2000). 

Catalyst 

Whether or not there is a catalyst only affects road transportations. The catalyst accelerates the combustion of 
hydrocarbons, carbon monoxide and nitrogen oxides (Körkortsprovguiden, 2011). The catalyst reduces the 
amount of carbon monoxide but cannot reduce the amount of carbon dioxide emissions. Emissions of carbon 
dioxide are direct in proportion to the amount of fuel consumed, a lower amount of fuel consumed implies less 
carbon dioxide emissions. The high efficiency of a diesel engine and low fuel consumption, in comparison with 
an equivalent petrol engine, results in less carbon dioxide emissions (Preem, 2011a). 

However, the catalyst might have an affect on fuel economy. If the catalyst can make the engine to burn fuel 
more completely the result would be that the amount of fuel consumed would be less. Though, there is not 

Figure 9.8 - Global average energy intensity trends (International Energy Agency, 2009). 
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much room for improvement since today, with no addition of an additive to the fuel, the diesel engine 
combustion efficiency is typically greater than 98 per cent and test showed almost no change in fuel economy 
(Chevron, 2007). 

Road type 

The Texas Transportation Institute performed a study where the standard vehicle used was a diesel fuelled 
combination tractor trailer truck with Gross Vehicle Weight Rating of 80 000 lbs. which belongs to the class 
HDDV8B. The vehicle miles travelled (vmt) distribution for HDDV8B was 37 per cent freeways, 48 per cent 
arterials, 13 per cent local roads and 3 per cent freeway ramps. After adjusting the percentage after what 
belongs to long haul trucks carrying diverted freight, assumed that they rarely travel on arterials or local roads 
but primarily interstate, the allocation was 95 per cent freeway and five per cent freeway ramps 
(Texas Transportation Institute, 2009). NTM distributes the road type usage of HDV’s on different road 
categories as 41 per cent highway, 47 per cent rural and 12 per cent city (NTM Road, 2008). 

Fuel type 

The main advantage of the diesel engine is its high thermal efficiency
15

. Diesel engines can achieve thermal 
efficiencies in excess of 50 per cent in comparison with the best petrol engine that can achieve from 30 to 
33 per cent efficiency. As a result, diesel engines have better fuel economy than petrol engines 
(Chevron, 2007). In order to cut carbon dioxide emissions regarding road transportations the main opportunity 
lies in changing the fuels to more advanced biofuels (International Energy Agency, 2009).  

Given a number of the fuel, it must be obvious that the quality of all diesel fuel is not the same. However, for a 
diesel truck fleet, the fuel is the single largest operating cost and therefore many users make their purchase 
decisions based on price alone (Chevron, 2007).   

By 2020 biodiesel would represent as much as 20 per cent of all on-road diesel used in Brazil, Europe, China 
and India (Biodiesel 2020, 2008). 

Europe 

The diesel provided by Statoil contains five per cent of renewable FAME (Statoil, 2011). FAME, Fatty Acid 
Methyl Ester, is obtained from vegetable oil and the most common being rapeseed oil, rapeseed methyl ester, 
RME (Preem, 2011b). Preem in Sweden has two different types of diesel, ACP Evolution diesel with seven per 
cent of FAME and ACP diesel with five per cent of FAME (Preem 2011c). Both the diesel types provided by 
Statoil and Preem are the type of environmental classification 1 of Sweden, MK1 diesel. MK1 in Sweden and 
the Sulphur free European diesel, a fuel standardisation set by CEN (Dieselnet, 2011), contains the same 
amount of sulphur, ten ppm. All diesel in Europe is sulphur free but the European diesel contains higher 
harmful particles and carcinogenic particles than MK1 (Preem, 2011d), but the production of MK1 generates a 
higher amount of carbon dioxide emissions than the sulphur free European diesel (Statoil, 2011). If all refineries 
in Europe would produce MK1, the carbon dioxide emissions would increase by ten per cent (Statoil, 2011). The 
sulphur free European diesel is three per cent more energy effective than the MK1 which decreases the fuel 
consumption of the vehicle and then also the carbon dioxide emissions (Statoil, 2011). The main issue for 
Sweden, regarding the sulphur free European diesel, is the need to use one type of diesel during the summer 
and another type during the winter, which increases the transports of fuel. The net emissions would increase 
by 130 000 - 450 000 tonnes each if Sweden would change from MK1 (Preem, 2011e). The winter type of the 
sulphur free European diesel also increases the fuel consumption, which that is not relevant for MK1, since it is 
usable the entire year (Preem 2011e). A car that operates on diesel instead of petrol reduces the emissions by 
20 per cent due to the better efficiency of the diesel car (Konsumentverket, 2011). 

                                                             

15 Thermal efficiency is the amount of work produced by the engine divided by the amount of chemical energy in 

the fuel that can be released through combustion (Chevron, 2007).  
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The fuel economy is not affected by changing from regular diesel to Preem evolution diesel that contains 
20 per cent renewable sources such as 15 per cent tall oil and 5 per cent RME (Preem, 2011f). This type of 
diesel reduces the amount of carbon dioxide by 16 per cent compared to regular diesel (MK1). The evolution 
diesel is classified as a standard diesel and not as a biodiesel (Preem, 2011f). 

Biofuel express (2003) mentions that using biodiesel B20 or B30 has not a reported impact on the fuel 
consumption. When comparing the sulphur free diesel European diesel and the sulphur free European diesel 
+5 per cent FAME with the Swedish diesel MK1 there was found a 3-5 per cent reduced fuel consumption for 
the two European diesels (Statoil, 2007). Li, X.Y. et al. (2006) conclude that B20 has similar performance to 
diesel in terms of fuel consumption and fuel efficiency. For B50 and B100 blends, there was discovered a higher 
fuel consumption and lower fuel efficiency in comparison to diesel due to lower energy content of the 
biodiesel. The carbon dioxide emissions for biodiesel blends used were a 15.6, 39.2 and 78.5 per cent reduction 
in emissions for B20, B50 and B100 respectively compared to petroleum diesel. The energy content is 38.391, 
37.753 and 35.238 MJ/L for Diesel, B20 and B100 respectively. This lower energy content for B100 could lead to 
increased fuel consumption (Li, X.Y. et al., 2006). 

The Swedish Board of Agriculture (2006) compares the energy content in diesel MK1 (9.8 MWh/m
3
), 

diesel MK2/MK3 (10 MWh/m
3
) and biodiesel RME (10 MWh/m

3
) with the conclusion that the energy content is 

almost similar and therefore also the fuel consumption.  

Coronado, C.R. et al. (2009) shows the effect on carbon dioxide emissions due to the biodiesel blend in Figure 
9.9 below, as a steady decrease in carbon dioxide emissions due to an increase of biodiesel percentage. In 
Figure 9.10 the reduction of carbon dioxide emissions can be seen while comparing petroleum diesel, B20 and 
B100 (Coronado, C.R. et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.9 - Effect of biodiesel blend level on CO2 emissions (Coronado, C.R. et al., 
2009). 
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North America 

In 2004, the on-highway16 transportations were accounted for 59.5 per cent of the total diesel fuel sales in USA. 
The same year, the on-road diesel presented 37 000 million gallons in comparison with close to 20 000 millions 
of gallons of other diesel. In the United States the diesel fuel that is primarily used is Grade No. 2-D diesel fuel. 
However there are also two other grades in commercial use, Grade No. 1-D and Grade No. 4-D. The numbers 
are according to density and viscosity where No.1- D is the lightest and No. 4-D is the heaviest (Chevron, 2007). 

The most common fuel used in the freight subsector of transportations in Canada is diesel fuel oil, 71 per cent, 
followed by motor petrol 22 per cent, heavy fuel oil and other (aviation petrol, natural gas and propane) stands 
for less than ten per cent (OEE, 2011). 

Asia 

In Japan, highway vehicles (passenger cars, trucks and buses) normally use No. 2 diesel fuel and special 
No. 3 diesel fuel is used as the winter grade in Hokkaido and other cold climates. For other countries, the 
emission standards are based on European, Japanese or USA regulations. Australian emissions are based on the 
European standards with certain USA and Japanese standards accepted for selected applications. The long term 
policy is to fully harmonise the Australian regulations with the European standards. Brazilian standards are 
primarily based on European standards and Singapore adopts a mixture of regulations from USA, Europe and 
Japan (Chevron, 2007).  

Many Asian countries have set their own national targets of biofuels. Thailand has set a target of ten per cent 
ethanol mix in regular petrol, which was due 2007. Malaysia is beginning to sell a five per cent palm oil diesel 
blend at domestic pumps and Indonesia has set a ten per cent biofuels target by 2010. The Philippines should 
have, by law, at least two per cent biodiesel blend and ten per cent bioethanol fuel within 2011. In 2004 the 
Chinese government made it mandatory to include ten per cent ethanol content in petrol in five provinces 
Heilongjian, Jilin, Liaoning, Anhui, and Henan (Enviroscope, 2011). The biodiesel in the Philippines is referred to 
as FAME (Senate 2006). 

                                                             

16 USA uses the term on-highway for all vehicular traffic that is capable on going on all public roads, not just 

highways. 
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Figure 9.10 – Possible reduction of CO2 emissions when comparing petroleum diesel with 
different blends of biodiesel (Coronado, C.R. et al., 2009). 
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In Thailand there are three types of biodiesel, B2 (2 per cent biodiesel), B5 (5 per cent biodiesel) and B10 
(10 per cent biodiesel) (Biomass, 2008). The B2 has been compulsory since 2008 and should be phased out 
during 2011 to instead have B5 as compulsory starting 2011 (Biomass, 2008) and the B10 will be the target in 
2012 (Biofuels, 2008). In Indonesia the mix of biodiesel should be three per cent by 2015 and five per cent by 
2025 (Biofuels, 2008). Australia uses a range of biodiesel from B2 to B100, but the most typically used is B5 as 
Ecuador, Chile, Argentina, South Africa, Japan, Thailand and New Zealand (Australian Government, 2008). 
Mexico and Paraguay are using 20 per cent blend of biodiesel (Australian Government, 2008). 

Average speed 

The vehicle speed has a major influence on the emissions of the vehicle and different approaches have been 
developed to take into account the driving patterns. There are two ways to use the speed, either by selecting 
one single average speed for each road types; urban, rural and highway (e.g. 20km/h, 60 km/h and 100km/h) 
or define mean speed distribution curves and then integrate over them (EEA, 2007).   

The fuel consumption is dependent on the speed of the vehicle. With a higher speed, the fuel consumption 
increases. For each 10 km/h above 70 - 75 km/h the fuel consumption increase with 0.5 - 1.0 decilitres per 10 
kilometres (Transportstyrelsen, 2009). By driving 55 miles per hour (88.5 km/h) instead of 65 miles per hour 
(104.5 km/h) GHG emissions are reduced by 20 per cent (The Treehugger, 2010). 

According to Motorists (2011) the speed limit for trucks in USA are for rural interstates roads: 88.5-112.5 km/h 
and for urban roads: 88.5-120.5 km/h, not taking the Virgin Islands or Northern Mariana Islands into 
consideration. In some states there are special speed limits during the nights, but only in a few states and 
certain roads Motorists (2011). 

Regarding road transportation in Europe with trucks the most common speed limit is 50 km/h on urban roads 
except for the following truck combinations and countries found in Table 9.4 below (Man Trucker, 2008). 

Country Truck combination Speed limit [km/h] 

UK Truck + 2 trailers 32 
Poland Truck > 3.5 tonne 20/50 
Poland Truck + Trailer 20/50 
Portugal Truck + Trailer 40 
Russia Truck >3.5tonne 60 
Russia Truck + trailer 60 
Serbia Truck >3.5tonne 60 
Slovakia Truck >3.5tonne 60 

Table 9.4 - Speed limit for countries and combinations, on urban roads, that differs from the rest of Europe (Based on 
Man-Trucker, 2008). 

For road transportations on highways the most common speed limit is 80 km/h, though there are many 
countries and truck combinations that differ from that speed limit. There are countries that only accept 
60 km/h on highways for trucks >3.5 tonnes and truck + trailer and there are countries where 70 is the speed 
limit, most common after 80 km/h (Man Trucker, 2008).  

On motorway, the most common speed limit in Europe is again 80 km/h, except for those countries that allow 
90 km/h such as Spain, Russia, Romania, Portugal, Belgium, France, UK and Latvia to mention some. In Bulgaria 
the speed limit is 100 km/h for trucks > 3.5 tonne and for truck+ trailer (Man Trucker, 2008). 

Filling degree 

The Swedish Society for Nature Conservation (SSNC) uses a standard filling degree for the road transportations 
of 75 per cent (SSNC, 2007).  
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EcoTransIT (2011) uses the load factor as of how much weight the truck can carry, as can be seen in Table 9.5 
below, volume goods uses only an average of 30 per cent of the possible weight that a truck can carry. The load 
factor and the average empty trip factor then give the capacity utilisation, in other words the filling degree 
(EcoTransIT, 2011).  

Transport mode Type of cargo Load factor LFNC Empty Trip Factor (ET) Capacity utilisation 
(CUNC) 

Truck Bulk 100% 60% 63% 
 Average 60% 20% 50% 
 Volume 30% 10% 27% 

Table 9.5 – Filling degree for road transportations (EcoTransIT, 2011). 

NTM Road (2008) uses the empty trip factor when determining the default fuel consumption for different 
vehicle types. The fuel consumption (FC) is calculated by NTM (2008) as following:  

               (               )            (    ) 

Where CCUweight (phys) is the cargo capacity utilisation, defined as [cargo physical weight/max weight capacity]. 

FCccu is the fuel consumption at capacity utilisation CCU. 

9.6.4 Sea 

Sea transportation is the final part of the method that needs to be downscaled and therefore are the input 
factors that NTM Sea (2008) uses presented below and their variation globally. 

Type of vehicle 

The US Environmental Protection Agency, EPA (2001), has defined three engine categories; less than five litres, 
five to 20 litres and greater than 20 litres. These categories correspond to engines in high speed, medium 
speed and low speed categories used by IMO. After testing, full output for most engines corresponded to 83 
± 17 per cent. In general, the absolute emission rates can vary across engines but the emission profile for diesel 
engine as a function of load does not vary much (EPA, 2001). 

Most car carriers are equipped with two stroke diesel engines, except the smaller vessels (Artemis, 2005). In 
February 2011 WWL introduced a new RoRo ship, using a turbo generator system that is estimated to cut the 
total annual fuel consumption by 5 - 6 per cent. The vessel is also built with hull optimisation to give minimum 
resistance in calm water and waves. This change would improve transportation efficiency with 10 - 15 per cent 
(GasToday, 2011). 

Seatruck Ferries Ltd has also improved their fleet and has designed a RoRo ship that with the help from new, 
improved engines will reduce the fuel consumption with up to 30 per cent in comparison with conventional 
designs (Maritime Journal, 2011). 

Marintek (2000) mentions a number of possible improvements regarding the design and functionality of the 
ship in order to decrease the amount of carbon dioxide emissions. The improvements concern the type of 
propellers used, flow smoothing devices, post swirl devices and optimised hull shape among other. These 
improvements can result in a 5 - 30 per cent fuel saving potential, and thus also a 5 - 30 per cent carbon dioxide 
saving (Marintek, 2000). 

Container ships vary considerable in size, due to the capacity of the port. Some ships that serve bigger ports 
have a capacity exceeding 5 000 TEU and small ships that serve small outer ports from a major port have 
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capacity of 400 TEU or less. Since the RoRo ships are designed to carry cargo that cannot be stacked and that 
can vary in height, the volume utilisation is generally less than a containership. The vehicles transported with 
RoRo vessels are light and homogenous, with the stowage factor being an average of four to five times higher 
compared to container and general cargo (Global security, 2011a). 

The main limiting factor for the size of container ships is the size of the Panama Canal that only allows 
container ships carrying between 4 500 and 5 000 TEU and these are called Panamax. The Postpanamax, 
container ships that are too big in order to travel through the canal, is a fast growing category as well as the 
Super Postpanamax.  By the end of 2001 about 10 per cent of the global box ship fleet consisted of Super 
Postpanamax and today 30 per cent of the fleet is Postpanamax. Some car manufactures are now testing the 
potential of transporting up to four family cars in a 45 foot container, which shows one reason why the 
container ship market is expected to grow faster than world trade and the economy. There is almost no limit of 
commodities that can be transported in a container and/or a container ship (Global security, 2011a). 

In order to be able to use bigger container ship there is a plan of enlarging the Panama Canal, but so far it is 
just a suggestion, and consists of letting 6 000 – 8 000 TEU vessels be able to pass. This still does not solve the 
problem for the 48 per cent that still will be Postpanamax by 2014 (Maritime Professional, 2011). 

There are not only container ships but also RoRo ships that are designed to carry wheeled and tracked vehicles 
as all or most of its cargo (Global security, 2011b). The RoRo ships are not categorised in any special classes and 
are of great variation in size, from small ferries to great Pure Car Carrier (PCC) of up to 8 000 Car Equivalent 
Units (CEU) (Shippipedia, 2011). 

Within the area of car carriers the NYK line uses a solar-powered ship with 328 solar panels for a journey 
between Japan and USA (NYK Line, 2009a). The Auriga Leader with a capacity of 6 200 cars has solar panels that 
provide 0.05 per cent of the ship’s propulsion power and 1 per cent of the electricity used on the vessel, such 
as for pumps and lights. This change will reduce the fuel consumption by an estimated 13 tonnes per year and 
the carbon dioxide by approximately 40 tonnes (NYK Line, 2009b). 

The capacity of a PCC is usually measured in number of RT43 units. One RT43 unit is equivalent to 7.40 square 
meters (Wallenius lines, 2007). The PCC or Pure Car Truck Carrier (PCTC) are distinctive ships with a design 
much like a box and running the entire length and breadth of the hull, fully enclosing and protecting the cargo. 
The PCTC has liftable decks in order to increase clearance as well as heavier decks for “high and heavy cargo”. 
By lifting the decks in order to accommodate higher cargo reduces the total capacity. With the building of the 
car carrier Faust of WWL, called the large car & truck carrier, the car carriers entered a new era, being able to 
carry 8 000 cars (Shippipedia, 2011).  

The Eukor Car Carrier Inc. is one of the largest shipping companies specialised in transporting automobiles and 
other rolling cargo. Its base is the export of Hyundai Motor and Kia Motors from their plant in Korea and 
around the world with a modern fleet of PCTC (Eukor, 2011a). The fleet of Eukor range from a capacity of 1 828 
to 8 011 CEU (Eukor, 2011b).  

Due to the great diversity of the RoRo fleet it is a difficult sector to define. One sector is the deep sea RoRo 
with long haul routes and a deadweight tonnage above 20 000. The second sector is vessels operating on 
ferry/liner type services on short hauls as Baltic, Mediterranean, US Gulf and Japan and on these lines it is 
difficult to separate the vessels between RoRo passenger ships and pure RoRos (Global security, 2011b).  

The Intergovernmental Panel on Climate Change (IPCC) lists a number of ships and their respective emissions of 
carbon dioxide due to the amount of fuel consumed, Table 9.6, (IPCC, 2002). 
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Region Ship type CO2 [g/kg fuel] 
U

S Ocean-going Ships (US) 3 212 

Eu
ro

p
e

 Diesel engines 3140 

Petrol 4-Stroke Engines 3200 

Petrol 2-Stroke Engines 3200 

Table 9.6 – Carbon dioxide emissions per ship type and kilogram fuel (IPCC, 2002). 

Maersk Line has signed a contract which will bring 10 new ships with an option of an additional 20 ships which 
will improve the environmental performance compared to the today largest container vessel and which 
produces the lowest amount of carbon dioxide emissions, Emma Maersk. These new ships will produce 20 per 
cent less carbon dioxide emissions per container compared to Emma Maersk and 50 per cent less than the 
industry average on the Asia-European trade lane where these new ship will travel. The background to the 
reduced amount of carbon dioxide is not only the increased capacity of the vessel, which means that the vessel 
will consume 35 per cent less fuel per container, but also the new design of the engine and the optimised hull 
(Maersk Line 2011e).  

One lane meter, in which the capacity of car carriers is measured, equals 2.5 - 3.0 meters (U.S. Department of 
Transportation, 2008). The University of North Carolina (2008) defines a lane meter as two meters wide and 
one meter long. BBC Chartering (2011) defines one lane meter as one times two meters. Seabridge (2004) 
mentions that 2 100 lane meters require a minimum of 3 500 tonnes payload. Gernez, E. (2011) assumes a 
default value of 3.375 tonne per lane meter but if the RoRo is fully loaded with complete HDVs of 15 metres 
long and 22 tonne payload, the loading becomes less than 1.5 tonne per lane meter and the exploited capacity 
less than 50 per cent. If the RoRo is loaded with at least 3.375 tonne per lane meter it is almost as energy 
efficient as a LoLo ship. The conclusion is to use the factor 2 tonne per lane meter in order to better reflect the 
different cargo that can be transported by a RoRo ship (Gernez, E., 2011). 

Lane meter defines the capacity of a RoRo ship while TEU is the unit for a container ship. One TEU is equivalent 
to 24 000 kilograms with the maximum cargo and its payload capacity is 21 600 kilograms (Dimensionsguide, 
2011).  

Vehicle fuel efficiency 

The Tennessee Valley authority performed a study of marine fuel efficiency during the years 2003, 2004 and 
2005. The numbers were validated and concluded to be accurate within 0.3 per cent of the actual tonnage 
reported. The marine fuel efficiency was 574.1 tonne-miles/gallon for 2003, 575.7 for 2004, and 575.6 for 2005 
(Texas Transportation Institute, 2009). 

The Transpacific Stabilization Agreement (TSA) is a research and discussion forum of the major container 
shipping lines that carry cargo between USA and Asia. Today, the activities of TSA extend to the largest ocean 
container trade lane in the world. TSA uses an average of 158.4 tonnes of fuel per day to the west coast of USA 
and with an average capacity of 2 744 40’ containers. For the east coast and the gulf they use an average fuel 
consumption of 127 tonnes per day and a capacity of 1 928 40’ containers (Transpacific Stabilization 
Agreement, 2011). 
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IMO (2009) compares the fuel efficiency of different ships with rail and road transports, as can be seen in 
Figure 9.11 below. 

Figure 9.11 - Typical range of carbon dioxide efficiencies of ships compared with rail and road transport (IMO, 2009). 

In 2008 Maersk Line consumed just over 13 million tonnes of fuel across the group and 95 per cent is 
consumed by the ocean going ships (Maersk Line, 2011d). Depending on which type of ship being used, the 
ships consume different amount of fuel as can be seen in Table 9.6 below. 

Ship type Average consumption 
(Mg/day) 

Consumption at full power (Mg/day) as a function of 
gross tonnage (GT) 

General cargo  21.3 9.8197 + 0.00143 ● GT 

Container 65.9 8.0552 + 0.00235 ● GT 

Passenger/RoRo/Cargo 32.3 12.834 + 0.00156 ● GT 

Table 9.7 - Fuel consumption per day for different ships (based on IPCC, 2006). 

Fuel types 

DNV (2010) discuss that heavy fuel oil is not an option for future shipping and that alternatives need to be 
introduced. A study performed by DNV (2010) concludes that Liquid Natural Gas (LNG) is the alternative, 
particularly for short sea shipping. Since 2001 20 LNG-filled ships have been delivered and are today operating. 
LNG is both better economically and for the environment (DNV, 2010).  

Using natural gas instead of oil would decrease the carbon dioxide emissions by 47 000 pounds per Billion Btu 
of Energy output and by 91 000 when comparing to coal (Naturalgas, 2011). The US Department of Energy 
(2011) compares LNG and Compressed Natural Gas (CNG) with diesel and sees a potential of reducing the 
amount of carbon dioxide emissions by 25 per cent depending on the source of the natural gas and in 
comparison with petrol there is a reduction of 25 per cent.   

Marine bunkers are a common term for marine fuels combusted in the engines of the ships. Such fuel oils are 
normally used for the main engines propelling the vessels. Lighter fuels such as diesel oil and gas oils are 
usually used for the auxiliary engines that provide for lighting, pumping and cargo handling among other. The 
amount of carbon dioxide emitted from main engines into the atmosphere is directly related to the fuel oil 
consumption. Marintek also compared emission factors and for sulphur dioxide there was a different emission 
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factor depending on if the fuel used was residual oil or distillate oil. This separation was not made for carbon 
dioxide emissions. However, further on in the study by Marintek (2000) there is a potential of saving 
4-5 per cent of carbon dioxide emissions by changing from heavy fuel oil (HFO) to marine diesel oil (MDO) 
(Marintek, 2000). Depending on which fuel is being used in the ship, the amount of carbon dioxide differs, as 
can be seen in Table 9.8 below.  

Fuel type CO2 emission [Kg/TJ] 

Gas/Diesel Oil 74100 

Residual Fuel Oil 77400 

Liquefied Petroleum Gases 63100 

Table 9.8 – Carbon dioxide emissions per fuel type for sea transportation (Based on IPCC, 2006). 

NTM Sea (2008) uses residual oil as the most common fuel used for sea transportations and it is also called 
Marine fuel oil (MFO) or Heavy Fuel Oil (HFO) but it is also possible to use Marine Gas Oil as can be seen in 
Table 9.9 below. 

Engine type Fuel type CO2 fossil [kg/tonne] 

Slow Speed Diesel Residual Oil 3179 
Medium Speed Diesel Residual Oil 3179 
High Speed Diesel Marine Gas Oil 3177 
High Speed Diesel Residual Oil 3179 
Steam Turbine Residual Oil 3179 

Table 9.9 – Carbon dioxide emissions for sea transportations depending on the fuel type (NTM Sea, 2008). 

Marintek (2000) is comparing different emission factors for carbon dioxide per tonne fuel used for sea 
transportation. The result can be found in Table 9.10, below. 

Transport 
mode 

Low factor 
(kg CO2 /tonne fuel) 

High factor 
(kg CO2 /tonne fuel) 

Sea 3 159 3 175 

Table 9.10 - Emission factor for sea transportations (based on Marintek, 2000). 

Average speed 

The fuel consumption for sea transportations is depending on speed of the container vessel as can be seen in 
Figure 9.12 below where the different lines represent the amount of cargo capacity in TEU. The normal speed 
represents the speed at which the engine is designed to operate at.  Slow steaming is done by running the 
engines below capacity in order to save fuel but at the expense of longer travelling time. This speed however is 
likely to become the new normal speed since more than 50 per cent of the global shipping capacity was 
operating under such conditions 2011.  Extra slow steaming is known as the economical speed since it achieves 
a minimal level of fuel consumption and at the same time maintains a commercial service. The minimal cost 
speed, 12-15 knots, is the lowest speed technically possible and lower speed does not lead to any significant 
additional fuel economy. The level of service is though inacceptable so it is unlikely that maritime shipping 
companies would adapt this speed (Hofstra University, 2011). 
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Slow streaming originated during the financial crises 2008 - 2009 when the demand plummeted and the earlier 
increased capacity during boom years was coming. Slow or extra slow steaming enabled the companies to 
accommodate additional savings, but with a similar frequency of port calls. After the crisis it was expected that 
the companies would return to the normal speeds, but that is not the case. Since the petrol prices are 
increasing, the companies are trying to cut costs and therefore opting for slow steaming. Slow steaming 
practices have become the new norm and to which the new users need to adapt (Hofstra University, 2011). 

 

Figure 9.12 - Fuel consumption of container vessels depending on speed (Hofstra University, 2011). 

Artemis (2005) states that the emissions of carbon dioxide relate directly to fuel consumption and is roughly 
3.2 times the amount of fuel in tonnes. Artemis (2005) points out that it is important to consider each ship as 
an individual. Vehicle carriers are ships primarily intended to carry new vehicles and large vehicle carriers 
operate all year around at a fixed high speed. The speed distribution of the test of car carriers in Artemis (2005) 
shows a strong concentration around 19-20 knots (Artemis, 2005).  

In 2008, Maersk Line reduced the speed and a journey that used to take three weeks took in 2010, one month. 
The save of fuel and also in GHG emissions reduction was 30 per cent (Treehugger, 2010). Maersk Line and 
Safmarine have also introduced slow steaming on a large number of routes and by reducing the speed with 
5-10 per cent does increase the number of days at sea but it reduces the fuel consumption and therefore also 
the carbon dioxide emissions by more than 15 per cent (Maersk Line, 2011d).  

In a report delivered to IMO, from Marintek, studying GHG emissions from ships a care study was performed 
covering ships of categories; tank, bulk, container and general cargo. The result of the case study was that 
there is an estimated potential reduction of carbon dioxide emissions by 23.3 per cent when reducing the 
speed with 10 per cent (Marintek, 2000). The RoRo ships are designed for a speed of 8 knots up to 40+ for the 
high speed ferries (Shippipedia, 2011). 

Filling degree 

Since the RoRo ships are designed to carry cargo that cannot be stacked and that can vary in height, the volume 
utilisation is generally less than a containership. The vehicles transported with RoRo vessels are light and 
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homogenous goods with a stowage factor being an average of four to five times higher compared to container 
and general cargo. In a PCC, the weight of the car cargo represents about 40 to 50 per cent of the dead weight 
of the ship while in PCTC- ships it is only 20 to 25 per cent of the dead weight. A considerable quantity of ballast 
water is needed in order to keep stability of the ship and in the most unfavourable cases the weight of the 
ballast water exceeds the weight of the vehicle cargo (Global security, 2011b).  

EcoTransIT (2011) separates the cargo between passenger cars and vehicle cars and uses a load factor, filling 
degree, of 30 per cent for passenger cars and 25-80 per cent for vehicle parts.  

Type of cargo Example of cargo Load factor [net 
tonnes/capacity tonnes] 

Net-gross-relation [net 
tonnes/gross tonnes] 

Volume Passenger cars 30% 0.44 
 Vehicle parts 25-80% 0.40-0.68 

Table 9.11 - Emission factors for sea transportations (EcoTransIT, 2011). 

 

 Deep sea and short sea, container and RoRo transportations – 9.7

difference in carbon dioxide emissions 

Hjelle, H. (2011) calculated the carbon dioxide emissions from short sea transportation to be 61.1 g carbon 
dioxide per tonne-km for a ship with reefer capabilities on a return trip and a 56.1 per cent filling degree. In the 
study this is compared to the figures that IMO presented in their second GHG study of 13.9 g carbon dioxide 
per tonne-km for a ship in a similar weight class as the one in the study of Hjelle, H. (2011). The difference of 77 
per cent is too big to be accounted for in the difference of filling degree, where IMO uses 60 per cent, winter 
weather conditions, higher total engine load due to reefer usage and the higher number of port calls that the 
ship in the study had to deal with. The ship was also relatively new, four years old, and operated at a moderate 
speed of 17 knots, factors which would instead lower the fuel consumption and thus the emissions (Hjelle, H., 
2011). 

The IMO study mentioned above, set the emissions for larger vehicle carriers at 32 g carbon dioxide per tonne-
km and the larger container carriers between 12.5 and 16.6 g carbon dioxide per tonne-km. The larger RoRo 
ships, with an average of 5154 tonne capacity and more than 2000 lane metres, are determined to have a 
relative emission of 49.5 g carbon dioxide per tonne-km (IMO, 2009). 

Another set of emission factors for sea transportation can be found in the CTS method by McKinnon, A. and 
Piecyk, M. (2011) where they, after comparing studies, determine that 31 g carbon dioxide per tonne-km is an 
acceptable average to use for inland waterway transportation. They then continue to set the emissions for 
short sea shipping to 16 g carbon dioxide per tonne-km, deep sea shipping to 8.4 g carbon dioxide per tonne-
km and deep sea tanker shipping to 5 g carbon dioxide per tonne-km. The distinction between short- and deep 
sea is defined by the size of the ships, with the argument that one does not use the smaller ships that are 
common in short sea when crossing oceans as is done in deep sea shipping (McKinnon, A. and Piecyk, M., 
2011). 

Defra (2010), Department for Environment, Food and Rural Affairs, in the UK has compiled an extensive 
emission calculation tool in which one can find emission factors for ships of varying size. Freight By Water 
(2011) has used the values from this to define short sea transport as ships with a load capacity of 2999 TEU or 
less and deep sea transports as ships with a load capacity of 3000 TEU or more. This yielded the emission 
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factors 29.7 g carbon dioxide per tonne-km and 15.4
17

 g carbon dioxide per tonne-km respectively (Freight By 
Water, 2011). 

In Table 9.12 below the various emissions factors that have been mentioned above are presented for a better 
overview of the variation that is present within the definitions of short- and deep sea transportation. The 
biggest span is that of short sea which goes from 13.9 to 61.1 g carbon dioxide per tonne-km, a variation of 
over 400 per cent. 

 Hjelle, H. IMO McKinnon, A. and Piecyk, M. Defra 

Short Sea 61.1 13.9 16 29.7 
Deep Sea  12.5 - 16.6 8.4 15.4 
Deep Sea Tanker   5 4.5 
Inland Waterway   31  
Vehicle carrier  32  38.4 
RoRo  49.5  51.4 

Table 9.12 – Emissions for various sea transportation types in g carbon dioxide per tonne-km according to different 
studies (Based on: Hjelle, H., 2011; IMO, 2009; McKinnon, A. and Piecyk, M., 2011; Defra, 2010). 

 

                                                             

17 Authors note: the figure on the Freight By Water homepage says 10.3 g CO2 per tonne-km, but that is a 

miscalculation and using the same calculation as was done to obtain the short sea figure, 15.4 g CO2 per tonne-

km would be correct. 
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Chapter 10. Specification of the task and methodology: Stage two 

This chapter specifies the methods used in Stage two. It also delves deeper into 
the purpose of the thesis by developing research questions based on the second 
sub-purpose. This chapter also contains a discussion regarding criticism of the 
methods used in Stage two.  
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 Specification of the task in Stage two 10.1

The task in Stage two correspond to the second sub-purpose which is: 

“Adapt and evaluate the method chosen in order to recommend a method to VLC that enables VLC to calculate 
the carbon footprint from purchased transports.” 

The basis for the task in Stage two is the method chosen in Stage one. The task is to adapt and evaluate the 
method chosen which will be done via an evaluation that is based on empirical and theoretical research. The 
method selected in Stage one is similar for air and road and the main issue for these in Stage two is to find out 
how to scale down the method in order for VLC to be able to use it. For rail and sea the question is whether or 
not VLC can use the method suggested or if the authors have to re-evaluate the method chosen in Stage one. 

10.1.1 Composition of stage two 

Stage two is based on the method suggested in Stage one. In order to adapt the 
method to the current situation of VLC, theories regarding credibility, the global 
variation of the input factors among other are areas of theory that the adaption 
is based on. This theory can be found in the first chapter of Stage two, 
Theoretical framework: Stage two. The following chapter is this chapter, a more 
thorough explanation of the method used in Stage two. The third chapter of 
Stage two is the Empirical research: Stage two where the authors are 
investigating what input factors that the purchase department can influence 
when signing a contract with a supplier. This in order to find out what input 
factors should be incorporated in the method to enable VLC to lessen the 
impact of its carbon footprint. That chapter also consists of supplier statistics 
with the aim to investigate if Green Cargo and Maersk Line are significant 
suppliers to enable the use of these methods.  

The fourth chapter of Stage two is Adaption and evaluation: Stage two, where 
the analysis is connecting the theoretical framework with the empirical 
research in order to adapt the method to the current situation of VLC. This is 
then followed by Conclusion and Recommendation: Stage two where the 
method is concluded in a simple way. In that chapter there is also a discussion 
regarding what type of errors can be found in the method and suggestions for 
further studies and improvements.  

The end of Stage two is the chapter Instructions: Stage two where the last of 
the directives from the constituent is being fulfilled. These instructions for VLC 
are regarding how to use the methods for the first time and then for how to 
perform the annual calculations. 

10.1.2 Delimitations 

The only delimitation, or directive, from the environmental manager of VLC, 

concerns the need of investigating the possible difference of emissions from 

sea transportations in deep respective short sea. Within VLC, deep sea is 

considered as transportations between different regions, for example between 

Europe and Asia, while short sea is within the same region. This directive 

requires that the authors investigate if there is a difference between deep and short sea transportations 

regarding the carbon dioxide emissions.  
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 Method for Stage two 10.2

The method for Stage two is described as a combination of theoretical framework, empirical studies and 
analysis as can be seen below in Figure 10.1. 

 

Figure 10.1 – Method for Stage two. 

10.2.1 Theoretical framework: Stage two 

In order to generalise the carbon emission statistics from Maersk and Green Cargo, it is important that the 
authors study theory regarding generalisation, this in order to know what is important for a generalisation. The 
question then for the literature studies is: 

 What is important to take into consideration when generalising? 

In order to get a base to the above question it is necessary to perform a theoretical research regarding how to 
maintain a credible result when scaling down the method. Therefore, the question for research is: 

 How to maintain a high credibility? 

The theoretical framework of Stage two consists of theories regarding generalisation and how to maintain 
credibility. This theoretical framework is based on literature studies of books, the internet and scientific 
journals. The articles are mostly found by searching in databases such as the LiUBSearch (2011) and Google 
scholar (2011). The keywords for the theoretical framework in Stage two can be found in Appendix XII. 
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Another way to analyse the possibility of scaling down the method and still keep the method credible is done 
by investigating the parameters of the method. This is done in order to determine what parameters are 
influencing the method most and how the parameters are changing from region to region. The less variation in 
the input factors, in different regions, the less the result will change and the method is kept simple while 
keeping a high level of credibility. Therefore, there is a need of investigating: 

 What input factors are influencing the result of the method most? 

 How do the input factors differ globally? 

The theoretical framework then also shows the difference of the input factors in the method in different 
regions. Input factors that affect the carbon dioxide emissions is e.g. the type of fuel, and the authors can 
assume that there is a difference in environmental performance regarding lorries operating on diesel or 
biofuel. But how big the difference is and how big the difference between the same fuel in different countries 
or regions is, for example, is what needs investigation. This is done through the internet in order to cover a 
global area of information. 

As another part of the theoretical framework, the authors dig deeper into the area of sea transportations and 
find out if the carbon dioxide emissions differ from transportations on deep respective short sea, as well as 
container respective RoRo. VLC purchases transports both on deep and short sea and in order to represent the 
emissions correctly regarding sea transportations, the authors need to investigate whether there is a difference 
between carbon dioxide emissions from deep and short sea or not. Besides the difference of deep and short 
sea there is a difference in what type of transportation VLC purchases, the components for the manufacturing 
at the customers sites are usually transported in containers, while the finished products mainly go on RoRo 
ships. Thus there is a need to discern if there is any tangible difference in emissions between these types of sea 
transportation. This is done by thoroughly investigating methods for calculating carbon dioxide emissions from 
sea transportations. The source of information is again literature studies and electronic sources such as 
internet, and investigates the following question: 

 How do the carbon dioxide emissions from deep respective short sea as well as container respective 

RoRo transportations differ? 

10.2.2 Specification of the task and methodology: Stage two 

The task of Stage two is to adapt and evaluate the method chosen in Stage one in order to recommend a 
method to VLC. The evaluation is based on both a theoretical framework but also a new empirical research, this 
since the authors need to evaluate the current situation but need a theoretical framework as a base in order to 
improve the credibility of the result. 

10.2.3 Empirical research: Stage two 

VLC, as said before, is responsible for air, rail, road and sea transportations and in order to put the right 
amount of effort and time on the right part of method the authors need to investigate which transport mode 
represent the biggest portion of the total. This in order to estimate the amount of carbon dioxide emissions 
emitted by the respective transport mode. The questions of research are: 

 How much is each respective transport mode accountable for of the total transportation? 

Since 9.7 Deep sea and short sea, container and RoRo transportations – difference in carbon dioxide emissions 
indicate that there is a bigger difference between container and RoRo than the difference between short and 
deep sea when it comes to carbon dioxide emissions. This in combination with the fact that 6.2 Wallenius 
Wilhelmsen Logistics – Benchmarking interview states that WWL mainly have RoRo ships while 6.5 Maersk Line 
– Benchmarking interview states that Maersk Line has almost exclusively container ships shifts the focus away 
from determining how much of the total sea transportation WWL and Maersk Line make up. Instead the focus 
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lies on the distribution of RoRo and container shipping within VLC operations. To be able to use the Maersk 
Line method the container portion has to be significantly larger than the RoRo portion, therefore what need to 
be found out is: 

 How much of VLC sea transportation consists of containers respective RoRo and of short sea 
respective deep sea transportation? 

The part of the method regarding rail is also based on data from the carrier, Green Cargo, and therefore the 
same question as above is necessary to investigate for rail as well: 

 How much of VLC rail transportations is Green Cargo responsible for? 

It is also important to find out whether VLC is a key client of Maersk Line and then obtain the amount of carbon 
dioxide on a monthly score card. Therefore, the question below needs to be investigated: 

 Is VLC a key client of Maersk Line and receive a monthly score card regarding carbon dioxide 

emissions? 

After presenting the method chosen in Stage one to the stakeholders at VLC, a discussion followed where a 
new directive was set from the environmental manager of VLC. The directive stipulates that VLC wants to be 
able to measure environmental performance changes over time. That is if the goal of VLC is to decrease the 
amount of carbon dioxide emissions by ten per cent, it is necessary that the decrease can be visualised in the 
result by changing the input of one or several input factors that the method consists of. VLC cannot influence 
and affect all input factors that a method for calculating the carbon footprint consists of. In order to base the 
method on input factors that they can influence, it is then necessary to find out the following: 

 What input factors can VLC influence when signing a deal with a carrier? 

The empirical research of Stage two consist of investigating VLC internally in order to find out more about the 
most important carriers regarding sea and rail transportations, which is made via interviews with the 
purchasing department. The purchasing department and the carrier developers, responsible for developing 
relations with the carriers of VLC, are interviewed in order to find out what factors VLC can influence when 
contracting a carrier. The empirical research also consists of finding out how much cargo and distance travelled 
each transport mode is responsible for. 

The empirical research turns to the purchaser responsible for Maersk Line in order to find out whether VLC is a 
key client or not of Maersk Line and if VLC obtains a monthly scorecard regarding the amount of carbon dioxide 
that Maersk Line emits, which VLC is responsible for. The type of interviews in the empirical research in Stage 
two will primarily be semi-structured interviews and the questions the respective interview questions has 
emanated from are the questions stated in this chapter. Semi-structured interviews are selected in order to 
give the interviewees a possibility of adding their own input or information that the authors might have 
overlooked. 

10.2.4 Adaption and evaluation: Stage two 

The first evaluation consist of estimating which transport modes are responsible for the largest amount of 
carbon dioxide emissions and it will be those transport modes that the authors will focus primarily on when 
adapting the method.  

 What transport modes represents the biggest amount of carbon dioxide emissions? 

Once this is made clear the next part of the analysis will commence, determining whether the chosen methods 
for rail and sea can be used, if they cannot be used it is important to find this out as soon as possible to better 
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be able to accommodate the changes needed to implement a secondary method for the modes of 
transportation which are affected. 

Rail and Sea 

The first issue to evaluate is whether VLC can use the method suggested for rail and sea. If VLC cannot use the 
method for rail and sea, due to lack of information from the carriers or if it is not possible to generalise the 
data in a satisfactory way, there might be a need of reconsider the choice of method for rail and sea. The 
method then suggested would be either G3 or G4 and with the same reasoning as was made for air and road, 
G4, and within that group NTM, is the best method. Therefore, if the Maersk Line method would not be 
possible to use for VLC, then the method used instead would be NTM Sea and if the Green Cargo method 
cannot be used, then the method suggested would be NTM Rail. Therefore, the main question for analysis is: 

 Can VLC use the method suggested? 

If it is decided that the method can be used the theory regarding generalisation and credibility will help to 
determine if and/or how to scale up the emissions from the methods while maintaining a good credibility in the 
end result of determining the total carbon footprint for VLC’s purchased transportations. 

If it is decided that the method has to be changed to one of the NTM methods then the affected mode of 
transportation will be added to the analysis of the other two, air and road, and follow the same approach as 
they do, which can be found below. 

Air and Road 

Regarding the NTM method for air and road there is the problem of having a method that is too detailed, 
prompting a need to adapt the method to VLC. The aim is therefore to scale down the method, making it 
lighter but at the same time having a credible method and a method with which it is possible to measure 
improvements regarding environmental performance for VLC. The down scaling should not affect the 
credibility of the method in a wider extent; here the theory regarding credibility will come into play once again.  
The basis for this analysis is the theoretical research regarding how the input factors differ throughout the 
world, how the input factors affect the method and credibility. The analysis is also based on the empirical 
research regarding what input factors that VLC can influence in order to measure environmental performance 
improvements. Therefore, the focus question for the analysis is: 

 How can the method be scaled down while being credible and measure environmental performance 

improvements? 

This gives a scaled down method that then needs to be tested, if the method is credible even if the input 
factors are changed, or if the method has been too scaled down and needs to be more detailed in order to be 
credible enough. The adapting of the method and the test are an iterative process that then leads to the result 
of one method that satisfies the needs of VLC. This quantitative analysis will be a test of the adapted method 
and the test will show the credibility of the result of the method. Therefore, the questions on which the test is 
based on are the following: 

 How does the result of the method change with differences in the input? 

 Is the method credible or should it be readapted? 

The model for the analysis, how to adapt and evaluate the methods can be found below in Figure 10.2. 
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Figure 10.2 - Analysis model for Stage two. 

10.2.5 Conclusion and recommendation: Stage two 

Chapter 13 Conclusion and Recommendation: Stage two is where the method recommended to VLC is 
presented; it also contains recommendations of how VLC will be able to obtain the data necessary in order to 
use the method. The authors present possible areas of improvements for VLC and how the improvements 
should be made in order to improve the calculation of the carbon footprint for VLC. 

There will also be a critical reflection of the thesis and its results, something that aim at ensuring that the result 
the authors have arrived at is relevant and durable. This will be done by answering the following questions 
(Oskarsson, B., 2011b): 

  



Chapter 10 Specification of the task and methodology: Stage two 

162 

 

1. Is the purpose of the thesis fulfilled? 
2. How is the surrounding system affected by the recommendations by the authors? 
3. How do the delimitations and the scope of the thesis affect the relevance of the result? 
4. How has the chosen working approaches and methodologies worked? 
5. How sensitive is the result to changes? 

10.2.6 Instructions: Stage two 

The final chapter of this thesis consists of instructions to the employees that are supposed to use the method 
recommended. The purpose of the instructions is to facilitate the use of the method but also to use the 
method correctly. The instructions should specify every step of the calculations and clearly describe how to 
make certain choices or assumptions. The user of the method, and thus the recipient of the instructions, is 
considered to be someone with at least basic knowledge of environmental calculations, the authors will 
therefore adapt the language and the level of details of the instructions accordingly. 

 Method criticism 10.3

When starting Stage two, a new directive was set that the method should also be able to show changes in 
environmental performance and VLC should be able to affect some of the input factors which the method is 
constructed by and then see the change in the results. If this directive had been stated earlier, it might have 
affected the AHP analysis performed in Stage one and shifted the outcome towards a more detailed method, or 
even earlier in the search for theoretical methodologies in Chapter 4 Frame of reference: Stage one, since it 
details that VLC should be able to influence and not just calculate the carbon footprint. With this in mind, the 
result of Stage one would have been similar to the one obtained, as it is a rather detailed method. Instead the 
authors need to evaluate the credibility of the method and if the method is possible to use but with the 
additional directive that the method should be based on input factors that VLC can influence. 

Due to the lack of data, the test performed in stage two will not be statistically significant but should rather be 
used as an indication of the credibility of the method. The important evaluation regarding the method is the 
qualitative evaluation, the discussion about the credibility of the method and not the actual test. Though, the 
authors consider the test to show a basic understanding of how credible the method is which is necessary in 
order to recommend a method to VLC. 

The theoretical framework is largely based on statistical data, which gives a picture of past situations since it 
takes time both to gather and compile the information. As the thesis handles emission calculation it is 
important to remember that the field is constantly changing and improvements are done continuously. 
Therefore a lot might change from year to year and while the calculations might say one thing it is fully possible 
that improvements during the year might have changed the outcome of next year’s results substantially and 
while drawing conclusions from the results this is something to remember. The authors would like to claim that 
to overestimate the actual emissions is preferable to underestimating as it might lead to more effective 
reduction measures being implemented, something which has no bad side effects. 

The frame of references regarding road transportation is largely based on European data while VLC operations 
stretches throughout the world, but since the larger portion of VLC operation is within Europe the margin of 
error on the total carbon footprint due to this is considered minimal. 

As some figures are of a sensitive nature to VLC they will not be included in the thesis, this means that some of 
the conclusions drawn by the authors are based on information the readers do not have access to, making it 
impossible for the readers to ascertain whether or not the conclusions are reasonable or not. Drawing from the 
theory regarding credibility in 9.4 Credibility, specifically regarding the tie to the policy maker not being a 
hindrance when it comes to maintaining high credibility, since the work is done for VLC with data they provide 
and have access to, there is no reason for assuming a lower credibility due to omission of figures. Neither the 
authors nor VLC would benefit from conclusions that are drawn wrongfully. 
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Chapter 11. Empirical Research: Stage two 

The empirical research done for Stage two consists of interviews with purchasers 
and carrier developers, the results has helped shape the work and end result of 
Stage two. It helped strengthen some methods and gave input that let the 
authors change other methods so they have a better coverage of what is 
important for their specific modes of transportation. E.g. what VLC can and 
cannot affect when it comes to carrier behaviour that has direct connections with 
emissions. 
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 How much is transported by respective transport mode?  11.1

The biggest transport mode in turnover is road, 64 per cent, which can be seen in Figure 11.1 below. Road is 
followed by rail and then air and sea. The numbers are based on statistics that the purchasing department does 
continuously and this reflects the purchased transports over twelve months starting in October 2010 (Jidhage, 
D., 2011).  

Figure 11.1 - Contracted turnover divided per transport mode (based on Jidhage, D., 2011) 

 How much of VLC sea transportation consists of containers respective 11.2

RoRo and short sea respective deep sea transportation? 

WWL is, as said earlier, foremost responsible for cargo transportation for Outbound using RoRo vessels. Maersk 
on the other hand is a container shipping company and mainly handles the cargo of Inbound. When comparing 
the amount of purchased transports of deep and short sea, the container transportations represents 35 per 
cent and RoRo is 65 per cent (Jidhage, D., 2011). 

Deep sea is responsible for 48 per cent of the annual spend by the purchasing department and short sea is 
responsible for 52 per cent (Påhlsson, A., 2011).  

VLC uses several large actors when it comes to sea transportation and neither WWL nor Maersk Line can be 
said to be representative of either RoRo or container freight (Global Spend Report, 2011). 

 How much of the rail transportations of VLC is Green Cargo responsible 11.3

for? 

Green Cargo represents a considerable portion of the entire rail transportations of VLC, big enough to motivate 
using the Green Cargo method and scaling it up to cover the remainder of the emissions according to the 
authors. VLC requested that the figures on exactly how big the Green Cargo portion is of the total rail 
transportations were omitted from the thesis (Bergström, A., 2011; Söderlind, A., 2011). 

Green Cargo handles rail transportation not only in Sweden but also into Germany and to the terminal in 
Ghent, Belgium. This means that the energy mix used for calculations will not be based purely on Swedish 
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electricity, but also German and Belgian electricity, making it even more suitable to scale up to cover the 
remainder of rail transportation, most of which goes to Germany from Sweden (Bergström, A., 2011). 

 Is VLC a key client of Maersk and obtains a monthly score card 11.4

regarding carbon dioxide emissions? 

Yes, VLC is a key client of Maersk and obtains a monthly score card where the amount of carbon dioxide that 
VLC is responsible for, can be found. The carbon footprint is an estimate based on volume, routes and vessels 
used when shipping with Maersk Line. The scorecard shows the actual footprint using Maersk Line and a 
comparison if the cargo would have been shipped using a carrier average (Maersk Line Customer scorecard, 
2011). 

 What input factors can VLC influence when contracting a carrier? 11.5

The choice of what modes of transport which are to be used for the transports which VLC are responsible for 
are mostly determined by the requirements of the customers, such as certain lead times or a price range and in 
most cases leaves the purchaser with just one option. Still the choice of what modes that is to be used is the 
main possibility for the purchasers to affect the transportations in a way that has an environmental impact, i.e. 
by using more intermodal transportation instead of e.g. pure road transportation. When it comes to 
possibilities for this to change in the current organisation, one path would be if the customers themselves 
would ask for a certain reduction in emissions, and another might be the introduction of e.g. carbon taxation, 
putting a price tag on carbon dioxide emissions, thus making it a part of the price criterion which purchasers 
work with currently (Rytterhag, K. et al., 2011). 

11.5.1 Air transportation 

When contracting air transportation there is nothing that VLC can affect, since the availability of air 
transportation is limited and air transportation is used mainly when the ordinary transportation fails for some 
reason, VLC has to use which ever transporter they can. Thus it is very hard to set demands on the carriers. 
What VLC can do is discuss how the carrier works in environmental issues and try to influence them to work in 
a way that is aligned to VLC policy as best they can (Hallberg, M., 2011). 

As air transportation is almost never a standard material flow for VLC the distances, i.e. the airports between 
which the flights go, are rarely the same. If the air transportation is purchased as Airport-to-Airport or Door-to-
Airport then Hallberg, M. (2011) deems it relatively straight forward to determine which airports has been 
used. For those air transportations that are purchased as Airport-to-Door or Door-to-Door  

11.5.2 Rail transportation 

As the railway carriers has a clear environmental profile already and steadily work on improving this profile by 
investing in new and modern locomotives, both electric and diesel, and to increase the share that use 
renewable energy. Bergström, A. (2011) would say that VLC has not had to actively affect this development of 
the railway carriers since it is driven forward by the carriers themselves. What VLC do is to continuously 
communicate their Core Values, which include an environmental aspect, and the demands of ISO 14001 
certification. Though VLC make sure that their transportations use a minimum of diesel locomotives and when 
done it should only be on stretches where electricity is unavailable. Further they try to ensure that the 
locomotives are as modern as possible as to be able to handle different electric grids and signal systems so they 
can be used in their international transportations, these locomotives are also effective in an environmental 
perspective (Bergström, A., 2011). 
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11.5.3 Road transportation 

When it comes to road transportation the size of the lorry used for VLC transportation is determined first and 
foremost by the size of the cargo and for international traffic most of the transports are trailers. The only real 
demand VLC has on lorries is the Euro classification, where there are different demands depending on where in 
the world the transportations are to be done. Currently the most common type of road transportation is 
performed by a Tractor + MEGA-trailer with a payload of about 24 tonnes. Theoretically VLC could affect the 
route the carriers take, but that would more than likely incur increased costs and increased emissions due to 
the carriers being unable to coordinate their operations as freely and make sure they have cargo to pick up on 
the route or the return trip. The only time VLC might have a say in the routing is when a road has a road tax, 
where VLC can decide if they want to pay the tax or if the carrier should take a longer route, the decisions are 
based purely on the economical aspect in these cases, the overall cheaper alternative is the one that gets 
chosen (Rytterhag, K. et al., 2011). 

There is no current policy in place that says that the purchasers should try to get the carriers to use a certain 
kind of fuel, if there was the purchasers could start pushing for a shift in fuel usage, but it would most likely be 
associated with an increase in costs and ultimately the decision would lie with the customers of VLC which has 
to pay for the transportation. When it comes to filling degree the only time VLC can affect the carriers in that 
regard is when they buy FTL transports, for LTT there is little VLC can control as it is up to the carriers of how 
they do their groupage with other cargo. VLC could use a hub structure to consolidate LTT transports, there is 
also the possibility of altering the pickup schedule which could help increase the filling degree, but lead times 
might hinder the effective use of this as some cargo has to be sent as soon as possible (Rytterhag, K. et al., 
2011). 

11.5.4 Sea transportation 

There is nothing VLC can do to affect the carriers for sea transportation as the carriers are such big actors in 
comparison to VLC, therefore VLC cannot apply the same kind of tactic as with road carriers, which are 
relatively small and can be forced to do changes in accordance with VLC policy changes. Furthermore the fleets 
of the sea carriers has a much longer service life and thus will not be replaced until they have been fully 
utilised, limiting the possibilities of taking advantage of new, cleaner and more efficient, technology (Rytterhag, 
K. et al., 2011). 
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Chapter 12. Adaption and evaluation: Stage two 

This chapter contains the analysis of Stage two, combining the conclusion from 
Stage one with Chapter 9 Frame of reference: Stage two following the analysis 
model presented in 10.2.4 Adaption and evaluation: Stage two to adapt the mode 
specific methods to fit the operations and needs of VLC. 
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 What transport mode represents the biggest amount of carbon dioxide 12.1

emissions? 

It is the weight and the distance that best represent how much each transport mode is responsible for in 
amount of carbon dioxide emissions. However it is not possible to obtain data for how much that is transported 
by each transport mode in weight and in distance and therefore the authors base this analysis on the statistics 
from purchasing in order to find the most frequent used transport mode. The transport modes that represent 
the highest turnover are road followed by sea. Regarding air and rail transports, their turnovers are fairly low. 
Air is the transport mode responsible for producing most carbon dioxide per tonne-km but it is also one of the 
most expensive transport modes. Since it is an expensive transport mode the authors assume that there is little 
cargo that is being transported because of the low turnover. This means that even though air transportation is 
producing a lot of carbon dioxide the emissions are fairly low due to the little amount of cargo being 
transported and therefore the authors will not focus on air transportations. 

Regarding rail transportations, the turnover is only five per cent of the total transportations and therefore 
represents a small amount of cargo. Rail is one of the transport modes that give rise to a lower carbon dioxide 
per tonne-km which means that rail transportations will not be the focus for the authors since an improvement 
of rail transportations will not give a big change in the total carbon footprint. 

The two transport modes on which the authors will focus is road and sea due to their big part of the turnover 
of purchased transports of VLC and the high carbon emissions per tonne-km with road transportations. 

 Generalisation 12.2

An analysis of whether the two generalisation-based methods from Chapter 8 Conclusion: Stage one, the Green 
Cargo method and the Maersk Line method, is to be used or not based on the data obtained in Chapter 11 
Empirical Research: Stage two is done in the following section. 

12.2.1 Rail 

As was shown in 11.3 How much of the rail transportations of VLC is Green Cargo responsible for? Green Cargo 
covers a significant portion of the total rail transportation and provides services in a region that covers most of 
VLC’s rail transportation. Thus an up scaling of the carbon dioxide emissions from Green Cargo is deemed both 
doable and acceptable for determining the carbon footprint of VLC’s rail transportation. The slight loss in 
precision due to generalising the emissions of one carrier when it comes to rail transportation has a relatively 
small impact on the total carbon footprint when put into the perspective that rail transportation merely make 
up five per cent of VLC operations. There is also very little that VLC feels they can affect when it comes to rail 
transportations according to Bergström, A. (2011), further strengthening the choice of the Green Cargo 
method, which minimizes the work to obtain the carbon footprint for rail, while still yielding a precise enough 
estimate of the carbon footprint. 

The theory regarding generalisation in 9.3 Generalisation shows the difficulty of having statistical support when 
performing a generalisation but with the above argument, the authors concludes that Green Cargo is 
representative enough and that the method can be used while maintaining high credibility. 

The Green Cargo method decided upon in Chapter 8 Conclusion: Stage one will continue to be used to 
determine the total carbon footprint of VLC for rail transportations. 

12.2.2 Sea 

VLC is a key client of Maersk Line and every month obtains a scorecard that shows the carbon footprint of VLC. 
But since Maersk Line is a container shipping company and due to the low portion of purchased transportations 
consisting of container shipping, only 35 per cent, Maersk Line represents a small part of the entire sea 
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transportations. Further 9.7 Deep sea and short sea, container and RoRo transportations – difference in carbon 
dioxide emissions shows that there is a significant difference in emissions when comparing RoRo and container 
ships. Therefore, the method suggested in Chapter 8 Conclusion: Stage one for use in sea transportations would 
not reflect the sea transportations of VLC correctly and the authors will instead move forward with the 
secondary choice, NTM Sea. The adaption and evaluation of the method for sea transportations will follow the 
same methodology as for air and road transportations and can be found in the following sections. 

The method decided upon in Chapter 8 Conclusion: Stage one will not continue to be used to determine the 
total carbon footprint of VLC. Instead NTM Sea will be adapted to better suit the current operations of VLC, this 
will be done in 12.3.5 Sea below. 

 Downscaling of methods 12.3

Since the methods chosen in the original form require more input than VLC has available the methods have to 
be scaled down to fit with what is available while still being able to obtain a total carbon footprint. Doing this 
will lower the precision of the calculations, but had it not been done the methods would not be usable at all for 
VLC and determining a carbon footprint would be impossible. 

This adaption of methods to better suit VLC might raise the question of whether or not the credibility of the 
results will suffer. Though, as the study done by Keller, A. (2009) show, the altering of research to better suit 
the goals of those who are shaping policies does not have to mean a lowering of credibility. 

12.3.1 Transport mode 

There is a need of selecting and choosing the right transport mode due to the big difference in carbon dioxide 
emissions between the different transport modes which has been described by Texas Transport Institute 
(2009), Maersk Line (2011d), Carbonfound (2011) and World shipping council (2009). Therefore it is important 
to assign the purchased transports by VLC to the corresponding transport mode in order to present a correct 
picture of the carbon footprint. 

There is a difference in the ranking of the transportation modes in amount of carbon dioxide emitted per 
tonne-km between the sources. Carbonfound (2011) differs from the rest by placing rail transportations as the 
mode with which the carbon dioxide emissions are the least and not sea when comparing with the other 
sources. Though, air and truck are still the two transport modes that are responsible for the highest amount of 
carbon dioxide emitted per tonne-km.  

As Rytterhag, K. et al. (2011) mentioned there is a chance for the purchasers to select a different transport 
mode if there is a request from the customer. There is then an opportunity for VLC to change the transport 
mode from e.g. road to an intermodal transport mode consisting of rail and road and where the rail constitute 
the biggest part of the distance. This change reduces the carbon footprint and therefore it is important to 
assign the purchased transports to the corresponding transport mode in order to be able to measure possible 
improvements of the carbon footprint. 

12.3.2 Distance and Weight: Air, road and sea 

As said by Howitt, O.J.A. et al. (2011), the distance is an important input factor to take into consideration and it 
is also where a big uncertainty lies. Therefore, it is important to take this input factor into consideration and 
also try to make it as certain as possible due to the fact that the emission factors used by NTM (2011) are based 
on the distance travelled. 

Howitt, O.J.A. et al. (2011) also mentions that the distance is usually underestimated for air transportations due 
to the use of stopovers. VLC is foremost using air freight for emergency transportations (Hallberg, M., 2011) 
where it is crucial to find a carrier that can carry the cargo within a limited time. Due to the fact that the air 



Chapter 12 Adaption and evaluation: Stage two 

170 

 

transportations are not scheduled or standard it is difficult to keep track of the correct distance. Therefore, VLC 
has to estimate the distance travelled by air as accurate as possible. Air transportations is the transport mode 
that is responsible for the biggest amount of carbon dioxide emissions per tonne-km but since it is the 
transport mode that VLC is using the least, the difference of having the correct distance or an estimated 
distance will not affect the total carbon footprint largely.  

In order to allocate the emissions from the carrier, the weight need to be considered. The weight is then used 
to see how much of the cargo that the carrier transports that is VLC’s cargo. Therefore the weight is an 
important factor to take into consideration. 

12.3.3 Air 

The method suggested for Air transportations includes a set of input factors that vary globally. This variation 
combined with which input factors that the purchasing department can affect will give the downscaled method 
and a discussion concerning each input factor can be found below in the following sections.   

Air transportation is mostly used by VLC in emergency situations (Hallberg, M. 2011) and the possibility of VLC 
to select a certain type of aircraft type is limited since it is mostly a matter of getting the cargo on an aircraft, 
no matter which.  The calculation for air transportation does not allow improvements by VLC since it is difficult 
for VLC to change the type of vehicle, the fuel used or the filling degree. The purpose of calculating the carbon 
footprint from air transportations is foremost to give a picture of the reality. The improvements lay in the work 
of changing from air to another transport mode and not by influencing the input factors in air transports.  

Type of vehicle 

During the last couple of years there has been a progress in developing new types of vehicles in order to 
decrease their environmental impact. As DHL (DHL, 2009) has invested in six new aircrafts that reduces the 
carbon dioxide emissions by 53 per cent each trip and as Air Charter (2011) has a wide range of different 
aircrafts it is important to select the appropriate aircraft since it reflects a difference in fuel consumption and 
therefore also in carbon dioxide emissions as shown by EcoTransIT (2011).  

But, as ICAO (2009a) mentions the fuel consumption is different between aircrafts belonging to the same 
aircraft type depending on factors such as age and engines. It is not possible for VLC to obtain precise fuel 
consumption for a certain aircraft since it does not own the fleet itself and should instead focus on selecting 
the aircraft model for the calculation that best reflects the aircraft being used. The authors consider the error 
in the calculation by not taking into consideration the difference between aircrafts within the same type is 
relatively small. 

Fuel type 

The most common fuel type for air transportation is the jet fuel as mentioned by IEEJ (2004), CSGnetwork 
(2011), BP (2011) and NTM Air (2008). Shell (2011) makes the comparison between Avgas and Jet A-1, but as 
BP (2011) informs, the Avgas fuel is used for smaller aircrafts and therefore the authors uses the Jet fuel as the 
most common fuel used in the industry and within the jet fuels, Jet A is the most common (NTM Air, 2008). 

When comparing the emissions factors for the Jet – A fuel the U.S. Energy Information Administration (2011) 
uses a factor of 2.5 kilograms carbon dioxide per litre of fuel and NTM Air (2008) uses 2.6 kilograms which is 
almost the same amount. Howitt, O.J.A et al. (2011) uses a factor of 3.157 kilograms carbon dioxide per 
kilograms fuel burned, NTM Air (2008) uses a number of 3.16 and EcoTransIT (2011) 3.150. Again, NTM Air 
(2008) is similar to the other emission factors that can be found, slightly higher than the rest. But since it is, 
according to the authors, better to show a too high carbon footprint than a too low the authors will use the 
emission factor stated by NTM Air (2008).  
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As Biofuels (2009) shows, there might be up to 50 per cent of bio derived synthetic blending components 
added to conventional jet fuel, which would have an effect on the carbon footprint. But during the 
investigations by the authors there are only a few planes that are using this new fuel and VLC should therefore 
not take the fuel type into consideration for now and use the Jet A as the standard fuel, according to NTM Air 
(2008). 

Filling degree 

EcoTransIT (2011) uses a filling degree of 55 per cent up to 65 per cent depending on the type of flight. This 
filling degree includes both freighters and passenger aircrafts. IATA (2011) on the other hand states a filling 
degree of 46.5 per cent and this time only including freighters. According to EcoTransIT (2011) air cargo is 
foremost transported via freighter and therefore the average filling degree is around 46.5. The filling degree 
though represent how much cargo is being transported and the more cargo the higher fuel consumption and 
therefore the filling degree is important to take into consideration.  

The filling degree can also vary between carriers, as an example of the Asia-Pacific carriers that has the highest 
filling degree of 58.8 per cent (IATA, 2011). Due to this, it is important to analyse the fleet that VLC is using and 
maintain filling degree as an input factor.  

12.3.4 Road 

The method for road transports is the most detailed and therefore a discussion regarding all input factors of 
the method is presented below together with the aspect of which input factors that VLC can influence.  VLC has 
a bigger chance of influencing the carriers within road transports than carriers of the other transport modes 
since the road carriers are more in number and they do not control the transports such as sea carriers do. 

Type of vehicle 

The use of diesel in LDV’s is not globally spread since in USA the LDV does not meet the U.S. emission standards 
and in China, LDV uses petrol as a primary energy source (IEEJ, 2004; Chevron, 2007). The most cargo being 
transported by VLC however is larger than fitting onto a LDV and therefore petrol is not relevant for VLC. 

NTM Road (2008) divides the type of vehicles into LDV, MDV and HDV. As said earlier, LDV is not of interest but 
MDV and foremost HDV is. Currently there is no regulation set in Europe regarding carbon dioxide emission for 
HDV but there might be a standardisation upcoming in the next couple of years due to the work of the 
European Commission and the classification of today, Euro class, regulates other GHG than carbon dioxide 
(Delphi, 2011). NTM Road (2008) states that there is a difference in fuel consumption between the different 
Euro class’ and in order to minimise the error of the calculation, the Euro class should be taken into 
consideration. It is also possible for VLC to influence what Euro class is used by setting standards for the 
carriers to fulfil. 

As Delphi (2011), Motiva (2009) and Trafikverket (2011) shows; there are other factors regarding the type of 
vehicle that reflects the fuel consumption. These factors, such as choosing the correct tractor roof height or 
engine can reduce the fuel consumption. However, these factors are hard to measure and difficult for VLC to 
improve. Therefore the two things that are being taken into consideration regarding the type of vehicle are the 
Euro class and the type of truck according to NTM Road (2008). 

Vehicle fuel efficiency 

The fuel efficiency can be increased through a higher pressure of injection (Toyota, 2011) or by using a forced-
air diesel engine (Chevron, 2007). These improvements however are difficult to measure by VLC and they are 
hard for VLC to affect. Though, there is a steady improvement in regulations and standards, the latest affecting 
the fuel economy rule for big tractor-trailer trucks in USA (NY Times, 2011; Whitehouse, 2011), therefore it is 
important to keep the emission factors updated with the new regulations and standards. 
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VTT (2005) showed that there is only a small difference between vehicle brands and that the biggest difference 
in fuel consumption is related to the filling degree. The International Energy Agency (2006) show that there is a 
regional difference in how much fuel is needed to transport one tonne of cargo one kilometre.  This regional 
difference is very hard for VLC to measure since it is depending on the type of vehicle, the fuel and the cargo 
transported among other. The biggest difference shown by International Energy Agency (2006) and a factor 
that is possible to measure for VLC is how the energy intensity or fuel used depends on the type of vehicle 
where the biggest difference is from LDV to MDV or HDV. 

As to conclude this section, VLC will be able to measure the vehicle fuel efficiency by taken the type of vehicle 
into consideration. Still, VLC need to stay updated on the standardisations and regulations of vehicles in order 
to use an accurate emission factor. 

Hot/Cold running 

If the vehicle needs to be started in a cold environment there might be a need of extra fuel in order to deliver 
fuel to the engine (Chevron, 2007) and this gives rise to extra emission (EEA, 2007). According to 
Klimatkompassen (2011) there might be a 70 per cent increase in fuel consumption which may be reduced with 
the use of a preheater (Transportstyrelsen, 2009; Energimyndigheten, 2011). This is a rather important factor 
but it is almost impossible for VLC to either affect or measure the hot/cold running. 

When starting a vehicle in cold temperature the catalyst is not working as it should and cannot fully convert the 
fuel from carbon monoxide into carbon dioxide. The amount of fuel necessary is increasing but since the 
catalyst is not working this implies an increase in carbon monoxide emissions and not carbon dioxide 
emissions. One could say that cold running is better in aspects of carbon dioxide emissions, but since the 
carbon monoxide emissions are considered to be highly dangerous (Iowa State University, 2000) an increase in 
cold running is not recommended. Since the method is supposed to measure improvements and create a will to 
improve the performance of the carriers it would be wrong to recommend such a method.  

Due to the difficulty to measure and improve the input factor the author will not take this input factor into 
consideration. 

Catalyst 

Preem (2011a) shows that the catalyst cannot reduce the carbon dioxide emissions but only the carbon 
monoxide as it accelerates the combustion of hydrocarbons, carbon monoxide and nitrogen oxides 
(Körkortsprovguiden, 2011). Due to this and the fact that a catalyst only has a little impact on fuel economy 
(Chevron, 2007) the authors will not consider this input factor. 

Road type 

The type of road affects the fuel consumption. In a city environment the speed is lower, but there is more start 
and stop compared to highway. The Texas Transportation Institute (2009) uses the distribution for the HDV 
class HDDV8B as 37 per cent freeways, 48 per cent arterials or rural, 13 per cent local roads and 3 per cent 
freeway ramps. This is similar to the distribution used by NTM Road (2008); 41 per cent highway, 47 per cent 
rural and 12 per cent city.  

Since the fuel consumption varies depending on what type of road the vehicle is travelling, this input factor is 
important, as is the distribution proposed by NTM Road (2008) which also seem to reflect the situation in the 
USA. 

Fuel type 

Carbon dioxide emissions depend on the type of fuel used, specifically the carbon content of the fuel, because 
when the fuel is combusted the carbon transforms into carbon monoxide and carbon dioxide. But the 
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emissions are also depending on the energy content of the fuel, since the lower energy content, the more fuel 
is necessary and the higher the carbon dioxide emissions.  

Today the carriers base their choice of fuel foremost on price (Chevron, 2007) but there is an increase of 
biodiesel in the world (Biodiesel 2020, 2008) and in order to cut carbon dioxide emissions from road 
transportations the main opportunity lies in changing fuels to more advanced biofuels (International Agency, 
2009).   

As section 12.3.4 Road, describes there are different fuel type standards globally and there are several 
variations of biofuels arising on the market. By each increased percentage of biodiesel, the amount of carbon 
dioxide emissions decrease (Coronado, C.R. et al., 2009). As Chevron (2007) and Konsumentverket (2011) 
explains there is big difference in carbon dioxide emissions from a petrol engine and a diesel engine, due to the 
better fuel economy of a diesel engine.  

With the big change in carbon dioxide emissions due to the fuel used, this input factor is important to take into 
consideration. And due to the big variation globally it is necessary to obtain the information directly from the 
carrier, i.e. what type of fuel that the carrier’s fleet is using. Regarding this input factor it might also be possible 
for VLC to influence its carriers to use more biofuels by setting standards or requirements as is done with the 
Euro classes of engines today.   

Average speed 

The speed has an impact on the emissions of the vehicle (EEA, 2007) and by reducing the speed the fuel 
consumption is also reduced (Transportstyrelsen, 2009; Treehugger, 2010), which means less carbon dioxide 
emissions.  

When comparing speed limits for trucks in USA, for rural interstates roads 88.5-112.5 km/h and for urban roads 
88.5-120.5 km/h (Motorist, 2011) with the common speed limit on highways and motorways in Europe of 80 
km/h (Man Trucker, 2008), the speed limits are higher in USA than in Europe. That is, there might be an 
expectation of higher amount of carbon dioxide emissions from road transports in USA than in.  

Though, it is very hard for VLC to measure and do follow-ups on what average speed the carrier is using, 
therefore the authors will disregard this input factor. 

Filling degree 

The filling degree can either be based on just how much cargo the truck carries in comparison with the capacity 
of the truck or it can include the empty trips that the vehicle travels, which EcoTransIT (2011) include. When 
comparing the filling degree used by SSNC (2007), 75 per cent, with the one used by EcoTransIT (2011) for 
average volume, 50 per cent, there is a big difference which can be derived from the fact that the latter is 
including empty trips and therefore obtains a lower number. 

By including the empty trip factor as well as the payload, the cargo transported divided by the cargo capacity, 
reflects the emissions more accurate since someone has to be responsible for the empty trips as well. 
Therefore, this factor is important to take into consideration since it determines the fuel consumption. The fuel 
consumption default values defined by NTM Road (2008) include the empty trip factor; therefore it is relatively 
easy to take this into consideration.   

12.3.5 Sea 

Sea transportation is the second biggest transport mode of VLC and it is therefore of interest to get as clear a 
picture as possible. The input factors for sea transportation are fewer than for road transports. 
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Type of vehicle 

Fuel consumption depends on the output of the engine, normally 83 ± 17 per cent (EPA, 2001), and the design 
of the hull as well as the engine design (GasToday, 2011; Maritime Journal, 2011).  Since a more effective 
design of the hull or choosing the right propeller can give a reduction of 5-30 per cent of the carbon dioxide 
emissions (Marintek, 2011) this should be important to take into consideration. But, the possibility for VLC to 
measure and influence the design of the hull or the post swirl devices, among other, is limited and therefore 
these specific factors will not be included in the method. 

However, the size of the ship is relevant to the carbon dioxide emissions and the size are widely different 
(Global security, 2011a; Maritime Professional, 2011; Shippipedia, 2011). The Panama Canal limits the size of 
the ships and the RoRo section of the vessels is hard to define due to the big variation of vessels (Global 
security, 2011b), A container ship can carry more cargo than a RoRo or car carrier. The cargo of a container ship 
is stackable as opposed to cars being transported by a car carrier and has a higher filling degree. Since the type 
of ships represents a different filling degree and therefore also a different amount of fuel consumed per unit of 
cargo it is important to take the type of vehicle into consideration. 

NTM Sea (2008) defines the size of the RoRo ships in lane meter but the transportation statistics that VLC has is 
in kilograms and therefore it is necessary to determine a converter between kilogram and lane meter in order 
to use the default values of NTM Sea (2008). The cargo of VLC is cars, trucks and other vehicle construction 
equipment and it is a great variation of the weight of a car compared to the weight of a tractor or a dumper but 
the lane meter that the vehicles require are not so different. Therefore it is important not to use a factor set for 
construction equipment vehicles and not for just cars but for something that reflects the middle size. Therefore 
the factor of Gernez, E. (2011), two tonne per lane meter is used since it is based on calculations for a fully 
loaded vessel with heavy load and also a vessel with only trucks loaded. 

The other unit that NTM Sea (2008) uses is TEU when determining the load capacity of a ship and as 
Dimensionsguide (2011) defines, the payload capacity of one TEU is 21 600 kilograms and the weight of one 
TEU is 24 000 kilograms and that is the factor that will be used. If for an example a ship can carry 333 TEUs the 
cargo capacity of that ship is 333 x 21 600 = 7 192 800 kilograms. 

Vehicle fuel efficiency 

IMO (2009) shows that there is a difference in fuel efficiency between different types of vehicles and that 
container ships and RoRo/vehicle do not represent the biggest span in carbon dioxide efficiencies but not the 
least either. Over the years 2003, 2004 and 2005 Texas Transportation Institute (2009) showed that there was 
constant fuel efficiency, which can be explained by the fact that it takes time to change the performance of 
ships and that a ship has a much longer lifetime than for example a truck. It is therefore difficult to change the 
performance of a fleet during a short period of time. 

However, as IPCC (2006) shows, the fuel consumption per day can be described as a function of the gross 
tonnage, where a higher gross tonnage implies a higher fuel consumption. If VLC were to calculate the exact 
amount of carbon dioxide emissions from sea transportations, VLC would need information regarding the 
performance of each ship used, how much fuel that specific ship has used and how much of the cargo VLC have 
transported on that ship. Such specific data is sensitive to the carrier to hand out since it involves company 
secrets. It is therefore difficult for VLC to, firstly; know how much of the cargo is transported on the respective 
ship and secondly; be able to obtain and revise the fuel consumed for each ship and thirdly; it requires more 
time to perform the calculation. With these arguments, the vehicle fuel efficiency for sea transportation will 
not be taken into consideration. 

Fuel types 

The most common fuel for sea transportations is the residual oil and even though DNV (2010), Naturalgas 
(2011) and the US Department of Energy (2011) explain the benefits of using LNG in terms of reducing the 
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carbon dioxide emissions the market is still not mature for a major use of an alternative fuel. This can partly be 
explained by the long service time of a ship compared to a truck and it is therefore hard to change the fuel of 
one ship.  

A smaller step that can be taken in order to reduce the carbon dioxide emissions is shown by Marintek (2000); 
by changing the fuel to a MDO, but the authors have not found evidence of a greater usage of alternative fuels. 
By comparing the emission factors used by NTM Sea (2008) and Marintek (2000), the factors used by NTM Sea 
(2008) are slightly higher but as said earlier: the opinion of the authors is that it is better to show too big a 
carbon footprint rather than to underestimate the emissions. 

With basis in the discussions of the above sections, the authors will use fuel type in order to present how a 
different fuel alters the carbon footprint. However, today NTM Sea (2008) uses mainly residual oil in its 
calculations and therefore this fuel will be the default value until the method gets updated. But in a longer 
perspective, the method should take the fuel type into consideration, and the fuel type used by each carrier 
should be gathered. This since the authors predicts a growth in using alternative fuels for sea transportations in 
order to minimise the impact on the environment. 

Average speed 

The speed of a vessel has an impact on the fuel consumed as Hofstra University (2011) shows; the lower the 
speed the less fuel is consumed and as a consequence, less carbon dioxide emitted. Due to the increasing 
petrol prices the ship companies need to cut costs and one way to do it is by reducing the speed. The speed 
that represent the minimal cost is 12-15 knots but at the expense of an inacceptable level of service. It is no 
idea to reduce the speed lower than 12 knots since there is no extra fuel that can be saved at lower speeds. But 
by reducing the speed to slow steaming there is a possible reduction of GHG emissions of 15 – 30 per cent 
(Maersk Line, 2011d; Treehugger, 2010).  

Due to the fact that there is a relative big amount of fuel that can be saved by reducing the speed, this is a 
factor that should be taken into consideration. As Marintek (2000) describes, by reducing the speed with 10 per 
cent there is a potential fuel saving of 23.3 per cent. Though, the problem that arises is how to measure this 
input factor and how to incorporate it into the calculations. The average speed is something that is dependent 
on the ship and in order to use the average speed, VLC need to allocate the cargo to its respective ship and 
then obtain the average speed of that ship. This is difficult and it is also difficult to measure and validating the 
data if it were to be added to the supplier survey; making the carriers report the average speed of their ships.  

With the current situation of the big difference of ships and then also different average speed and the difficulty 
of validating the data, the authors recommend to use a default value. However, it is important to keep the 
default values of NTM Sea (2008) updated, since these values reflect the average global fleet and if there would 
be more ships that uses slow steaming then the default value for the average speed would probably be 
modified by NTM. 

Filling degree 

Having a higher filling degree implies that there is more cargo to carry the emissions from the vehicle. The 
vehicle emits carbon dioxide both when travelling empty and when being loaded with cargo. The emissions for 
empty loading should be carried by the cargo. Therefore it is important to take the filling degree into 
consideration in the calculations. As EcoTransIT (2011) and Global security (2011b) mention, the filling degree 
varies among ship types and between the type of cargo loaded. Therefore, in order to use a representative 
number, VLC should use the filling degree supplied by the carriers through the supplier survey. 

Though, with the method by NTM Sea (2008) it is not possible to select the appropriate filling degree since it is 
based on default values. This means that if VLC would obtain the filling degree for each carrier, an assumption 
has to be made that the emissions is linear to the carried cargo. The difficult of obtaining the filling degree for 
each carrier is that in the supplier survey today, the filling degree is not one of the questions regarding sea 
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transportations. Therefore, until the NTM Sea (2008) updates the tables used for calculations with different 
filling degrees and until VLC changes supplier survey and includes the question regarding filling degree, default 
values should be used for sea transportations. 

In order to evaluate the filling degree reported by the carriers a comparison with the default values of NTM Sea 
(2008) can be done since a carrier that reports 100 per cent filling degree for a car carrier is likely to be 
exaggerated, compared to EcoTransIT (2011) that uses a filling degree for a car carrier with passenger cars of 
30 per cent. 

12.3.6 Testing of variation 

Having discussed the input factors in previous chapters based on global variations of the input factors, this 
chapters focus on the numerical variation by using or not using certain input factors based on the NTM method 
for Air, Road and Sea. 

Using a typical cargo of 30 tonnes that will be transported from Gothenburg to Gent in Belgium, a distance of 
1200 km, reflects the big difference in carbon dioxide emissions depending on the transport mode used for the 
calculations as can be seen in Table 12.1 below. 

Transport mode Air Road Short sea Container ship 

Grams CO2/ tonne-km 560 47 12 10 

     

Kg CO2  20 160 1 692 432 360 

Table 12.1 - Kg CO2 emitted when using different transport modes. 

This 30 tonnes cargo transported 1200 km is just a small part of the total amount of cargo transported by VLC 
during a year. The example above shows how important it is for VLC to use the correct transport mode when 
performing the calculations. The emissions are directly depending on the weight and distance and therefore it 
is of great importance that these two input factors are correct in order to obtain a result that reflects the 
reality. 

How much would the result differ if a wrong vehicle type would be used or the wrong Euro class? When 
examining the emission factors for each Euro class the difference is only significant when having a higher load 
factor, heavier trucks and operating in urban areas. This can be seen below in Table 12.2. 
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  Motorway Rural Urban 

  Load factor Load factor Load factor 

  0% 100% 0% 100% 0% 100% 

Tractor + MEGA trailer Avg. Euro 1-5 0,2454 0,4456 0,251 0,477 0,3174 0,6344 

 Euro1 0,255 0,459 0,257 0,505 0,325 0,649 

 Euro2 0,248 0,457 0,251 0,505 0,313 0,645 

 Euro3 0,253 0,462 0,259 0,500 0,329 0,654 

 Euro4 0,234 0,422 0,242 0,474 0,307 0,607 

 Euro5 0,237 0,428 0,246 0,401 0,313 0,617 

Lorry/Truck + Semitrailer Avg. Euro 1-5 0,282 0,546 0,334 0,608 0,368 0,783 

 Euro1 0,293 0,569 0,341 0,622 0,377 0,802 

 Euro2 0,285 0,563 0,335 0,618 0,364 0,795 

 Euro3 0,290 0,567 0,346 0,622 0,381 0,804 

 Euro4 0,268 0,511 0,322 0,583 0,356 0,750 

 Euro5 0,273 0,520 0,328 0,594 0,364 0,764 

Table 12.2 - How the Euro class affects the method. 

However, the difference in Euro class does not affect the result as the type of vehicle needs to be chosen 
correctly. The difference in emissions factors is highly depending on the type of vehicle and therefore it is 
important that this is taken into consideration, as can be seen in Table 12.3 below where the average of Euro 1-
5 is used for each of the vehicles. Vehicle type is more important than the Euro class but not as important as 
the three main factors; transport mode, weight and distance. 

 Motorway Rural Urban 

 Load factor Load factor Load factor 

 0% 100% 0% 100% 0% 100% 

Tractor + city trailer 0,2012 0,2938 0,2048 0,3182 0,2552 0,402 

Lorry/Truck + trailer 0,226 0,3602 0,2266 0,3798 0,2868 0,5046 

Tractor + semitrailer 0,226 0,3602 0,2298 0,3958 0,2884 0,5046 

Tractor + MEGA trailer 0,2454 0,4456 0,251 0,477 0,3174 0,6344 

Lorry/Truck + Semitrailer 0,2818 0,546 0,3344 0,6078 0,3684 0,783 

Table 12.3 - Emission factors depending on the vehicle type. 

As a conclusion of this test chapter, in order to obtain a high certainty of the calculated carbon footprint the 
importance of accuracy lies first and foremost in using the correct transport mode. The second and third most 
important factors are then the weight and the distance since the emission factor is depending on the weight 
and distance. Therefore, these three input factors need to be considered and additional input factors should be 
taken into consideration in order to get as accurate result as possible. 

With this the method is still accurate to use and the result credible even though certain input factors have been 
foreseen. The most important factors; transport mode, weight and distance are incorporated.  

12.3.7 Summary of the methods 

A summary of what input factors are included in the method for each transport mode can be found below in 
Table 12.4, where Default means that the value is taken from NTM documentations, Collect require the value 
from the carrier and Disregard that the input factor is not being used. With the input factors presented for 
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each transport mode, the method is downscaled and at the same time kept credible since the input factors that 
varies globally or that has a big impact on the methods are not being disregarded. 

Input factor Air  Road  Sea 
Type of vehicle Collect Collect Collect 
Fuel type Default Collect Default 
Filling degree Collect Collect Collect 
Vehicle fuel efficiency - Disregard - 
Hot/Cold running - Disregard - 
Catalyst - Disregard - 
Road type - Default - 
Fuel type Default/Collect Collect Default/Collect 
Average speed - Disregard Disregard 
Filling degree Collect Collect Default/Collect 

Table 12.4 - Summary of input factors used for each transport mode. 

 Sources of errors 12.4

The sources of errors in the method are foremost related to the input factors or the method. Distance travelled 
needs to be calculated or estimated correctly and if not, this is a source of error. As for air, road and sea 
transports it is difficult to know the exact routing of the transport and if there have been stopovers along the 
way. This adds an uncertainty to the method that can only be reduced by trying to estimate the distance as 
well as possible and for example sea transportations the trade lanes can be investigated to have a more 
representative distance. This is the same if it is the environmental analyst that estimates the distances or if it is 
the purchaser that reports the distance in A4D. 

Weight and transport mode are two input factors that need to be correctly reported into the business systems 
of VLC. Though, it might be difficult to estimate what transport mode is being used if the service purchased by 
VLC is to transport an amount of cargo from place A to place B and especially in the case of emergency 
transports. Again, it is up to the purchaser or the person responsible for reporting the information into the 
business system to verify what transport mode is being used and in the case of difficulty to report more than 
just one transport leg due to business system limitations it is important to report the transport mode that 
represent the biggest part, in tonne-km, of the total transport. Regarding weight, it is important to report the 
right amount of cargo since the calculations are based on weight and distance.  

Other input factors are based on information from the carriers in the supplier survey. In order to achieve 
credible answers it is important to have a well-defined questionnaire and explanation text supporting the 
survey. If the question to be answered is well defined it is easier to get the wanted information and limits the 
risk for carriers to interpret the question and give a non-representative answer. VLC also needs to perform 
random samples on its carriers to validate the data and the information.  

The third source of errors is related to the method and is the assumptions that the authors have made or the 
default values supported by the NTM documentation. The assumptions that the authors have made can be 
used as guidance if the method recommended needs to be changed or updated. 

The assumptions made by the authors and their respective effects on the result: 

 Assumption: The carriers use the different vehicle types of their fleet in proportion to the number of 

each type of vehicle for VLC transportations. 

 
Effect: If the fleet of the carrier does not use the distribution of the vehicles that is assumed from the 
supplier survey and the number of vehicles the carrier have the actual emissions will differ. E.g. if the 
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carrier has 90 per cent MEGA trailer but only uses them in 20 per cent of the cases for VLC, then the 
distribution of the fleet does not reflect the actual use of certain vehicles. This leads to the usage of 
the wrong emissions factors. 
 

 Assumption: The filling degree for sea transportation will be used from the supplier survey and not the 

default values from NTM Sea (2008), thus the assumption is that the fuel consumption is linear in 

relation to the filling degree. 

Effect: Using this assumption would mean that the fuel necessary for running the ship empty will be 
overlooked and only the fuel consumed in order to transport a certain extra amount of cargo will be 
taken into consideration. This effect can be reduced by obtaining a more detailed table of emissions 
for sea transportations when applying different filling degree from NTM, just as it is for road 
transportations. 

 Assumption: Diesel is the main fuel for road transportations. 

Effect: NTM is currently using diesel as the main fuel for road transportations and so far it is the most 
common fuel for road transportation, but if the suppliers of VLC are at the forefront of the 
development and use significant amounts of alternate fuels, such as biodiesel, this assumption will 
result in an inaccurate result. 
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Chapter 13. Conclusion and Recommendation: Stage two 

This chapter contains the conclusions and recommendations of Stage two of the 
thesis, which also is the final conclusion of the entire thesis. Sections about the 
working process of the thesis as well as suggestions for further research can be 
found here as well. 
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 Air 13.1

The method recommended by the authors for determining the carbon footprint of VLC’s air transportations is 
the following: 

As air transportation is almost exclusively used when the ordinary transports fail for some reason, and VLC has 
to get the cargo to the customer on time, the distances that are flown are almost never the same. In 
combination with the fact that VLC purchase their air transportation mostly as a Door-to-Airport, Airport-to-
Door or Door-to-Door service there is little to no information regarding what airports the flights go between in 
the systems of the business areas to which the transportations belongs. Most of the time only the senders and 
the recipients addresses are available. This means that there is a problem with determining what distances are 
actually flown in the transportations registered to have at least one air leg. To solve this for VLC the authors 
decided upon the development of a distance matrix between those airports that are most common for cargo 
transportation in the areas that VLC’s customers and their suppliers operate. Then those transportations which 
include an air leg between two points would be assumed to use the closest airports, from the matrix, to the 
sender and the recipient to determine the distance of the air leg as a great circle distance. The transportation 
from and to these airports would be assumed to be done as a road leg, whose distances would be determined 
as the shortest distance from the sender/recipient and their nearby airports. 

The emission factors to use are taken from the most up to date version of the NTM Air (2008) methodology 
which can be found at the members section at the NTM homepage; http://www.ntmcalc.se/. To be able to 
compare calculations from year to year, once the emission factors from NTM have been obtained for the first 
time, they should not be changed without good cause, and if/when they are changed this should be clearly 
declared. Below in Figure 13.1 and excerpt from the tables with emission data can be seen, the CEF and VEF 
figures for carbon dioxide and other GHG emissions depending on the type of plane and the filling degree. With 
the help of the supplier survey VLC can calculate an average for each air carrier’s fleet using their reported 
plane types and filling degrees. To ensure the correct usage of filling degree for the sake of the calculations, it 
should be made clear to the carriers that the filling degree that VLC want is weight based, not volume based, as 
well as that they should take eventual empty trips into consideration using the capacity utilisation formulae 
from 4.13 Method 11 – EcoTransIT. 

 

Figure 13.1 – Example of emission factor table from NTM Air documents (NTM Air, 2008). 

Once the distances for air transportation are determined the tonne-km can be calculated. These, along with 
the tonnes, are then distributed among the carrier’s planes based on how many of each type the carrier has. 
For each plane type the CEF and VEF are extrapolated and then divided with the Max Freight Load multiplied 
with the carrier’s filling degree to obtain an emission per tonne and tonne-km. The CEF per tonne and VEF per 
tonne-km are then multiplied with the tonne and tonne-km of the carrier’s fleet to obtain the emissions. More 
detailed instructions can be found in 14.1 Instructions for Air. 

 Rail 13.2

The method the authors recommend when it comes to determining the carbon footprint of VLC’s rail 
transportations is the following: 

A310-300 Freighter 
A310-300 Freighter 
A310-300 Freighter 
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By purchasing the climate certificate service from Green Cargo, VLC would get the carbon dioxide emissions of 
their transportations using Green Cargo, this should then be scaled up to cover the entire rail transportation 
portion of VLC operations. The up scaling should be done by first determining the total distance travelled for all 
rail transportations and then for those which green cargo is responsible for. The relation between these will 
decide how much the carbon dioxide emissions of Green Cargo should be scaled up, to cover all of VLC’s rail 
transportations. The distances should be available from the three main business areas of VLC; Emballage, 
Inbound, and Outbound, and their respective business systems; V-EMS, TIR/ATLAS and A4D. Should the 
obtaining of distances from the systems prove to be too uncertain or impossible for whatever reason, the 
expenditure on rail transportation and the relation between Green Cargo and the total expenditure should be 
used instead. 

 Road 13.3

The method recommended by the authors for determining the carbon footprint of VLC’s road transportations 
is the following: 

After scaling down the NTM Road (2008) methodology to better suit the situation of VLC, six variable input 
factors were decided upon as usable; distance travelled, weight, type of vehicle, fuel type, Euro class, and filling 
degree. Road type was included as a constant input factor to be used as the current standard mix according to 
NTM Road (2008) since the differences between various road types have a noticeable impact on the end result. 
It might be possible for VLC to have better statistics over road types at a later date, at which point the inclusion 
of region or country specific road type mixes will be easier if a default value is already part of the calculations. 

The vehicle types, their corresponding fuel types, Euro class or equivalent, and filling degrees are all obtained 
through the supplier survey that VLC perform once a year. The survey will have to be tweaked to better suit the 
needs of the calculation of the carbon footprint and instead of classifying vehicles as bigger than or smaller 
than 3.5 tonnes they should be classified according to the NTM Road (2008) type definitions, which can be 
found in Figure 2, Appendix I. The filling degree should also take empty trips into consideration, therefore 
instructions on how to include this in the calculations should be included with the supplier survey, according to 
the formulae in 4.13 Method 11 – EcoTransIT. 

The fuel types determine what emission factors that are to be used, as the carbon content, and therefore also 
the carbon dioxide emission factor when consumed, varies significantly between fuel types, which is shown in 
9.6.3 Road under Fuel type. As VLC is unable to get the actual fuel consumption of each type of fuel for all of 
their transports from the carriers, the fuel consumption per kilometre will be estimated with calculations 
utilising the filling degree, the type of vehicle, emission factors from NTM Road (2008), Euro class, and fuel 
consumption estimates from NTM Road (2008). To determine the emission factors for carrier with fleets that 
use more than one type of fuel the distances travelled will be used, and since there is no information available 
regarding exactly what vehicle has travelled what distance the division will be done by number of vehicles using 
the various fuel types for each carrier’s fleet. 

Once all of the above is gathered the carbon footprint can be calculated by first calculating the tonne-km for 
each transportation, including those to and from airports/ports. The distances and weight to use in the 
calculations will come from the business systems of the three business areas; Emballage, Inbound, and 
Outbound. For Outbound the distances should be reported into A4D and be readily available for usage, while 
for Emballage and Inbound the sender and receiver are the only currently available inputs. These are to be 
used to determine the shortest distances using MapPoint, Google Maps, or another software of the users 
choice, as long as it is the same software used for all distances and it does not change annually. It is important 
to include those distances that are estimated for air and sea transportations, from and to airports/ports. If a 
carrier cannot be identified for a distance an assumption of a Tractor + MEGA-trailer with the regionally 
required Euro classification and diesel fuel should be used. 

For the distances which can be assigned to a carrier the tonne-km shall be distributed among the carrier’s 
vehicle- and fuel types depending on how many of each type a carrier has. Then using the carriers’ filling 
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degrees from the supplier survey the fuel consumption will be determined for each of the vehicle types and the 
standard road mix according to NTM Road (2008). These fuel consumptions are then divided by the vehicles 
cargo capacity multiplied with the carrier’s filling degree to get the fuel consumption per tonne-km for the 
vehicles. This is then multiplied with the assigned tonne-km for each vehicle- and fuel type to estimate the 
absolute fuel consumption. Once the fuel consumption can be determined the only thing that remains is to 
convert it to carbon dioxide emissions, which is done with the emission factors specified in NTM Road (2008) 
for the various fuel types, currently only diesel is available. Then the emissions are summarized over vehicle- 
and fuel types as well as carriers to get the carbon footprint of VLC’s road transportations. 

 Sea 13.4

The method the authors recommend when it comes to determining the carbon footprint of VLC’s sea 
transportations is the following: 

For sea transportation a similar problem as the one for air transportation arose; the transportations including a 
sea leg did not have the ports between which the ships had travelled, instead the senders and the recipients 
locations was specified in the data available at VLC. Thus a similar distance matrix as the one for air 
transportation, but for the nautical distances between the ports to and from which VLC purchase 
transportation, will need to be developed. Then the distances of the legs of transportation before and after the 
sea leg would be determined to and from the ports used as the shortest distance. 

To identify the transportations which include a sea leg input from the business systems of VLC will be used, and 
for those reported within Outbound distances should be available directly. For those that are not available in 
Outbound as well as for those sea transportations done on behalf of Emballage and Inbound where only the 
sender and recipient is available the distances will be estimated using the closest port to the sender/recipient 
from those ports that are in the distance matrix. Since there is a significant difference between fuel efficiency 
of container and RoRo transportation the type of each of the sea transports has to be identified. Then the fuel 
consumption for each of the ships is to be determined according to the classifications in NTM Sea (2008) for 
container ships and using the car carrier alternative for all RoRo ships. Since the ships’ cargo capacities are 
specified in lane meter for RoRo and TEU for container a conversion to tonnes is required, for this the 
conversion rates or 1 lane meter is equivalent to 2 tonnes and 1 TEU is equivalent to 21.6 tonnes are to be 
used. This to be able to convert the fuel consumption for the ships to tonnes fuel per tonne-km instead of just 
per kilometre, which is done by dividing the fuel consumption from NTM Sea (2008) by the cargo capacity in 
tonnes multiplied with the filling degree reported by the carrier. If no filling degree has been reported for the 
carrier the default filling degree for the ships that can be found in NTM Sea (2008) is to be used. To improve 
the quality of information, instructions on how to calculate the filling degree to include possible empty trips 
should be included according to the formulae in 4.13 Method 11 – EcoTransIT. 

Using the input from the business systems the tonne-km for all sea transports can be calculated and associated 
to VLC’s sea carriers. Then they are to be distributed down to each carrier’s ships by dividing each carrier’s total 
tonne-km by the number of ships they have. These tonne-km are then to be multiplied with the fuel 
consumptions per tonne-km for the ships and with the fuel types’ emissions factors, given in NTM Sea (2008) to 
obtain the carbon dioxide emissions. To get the carbon footprint for VLC’s sea transportations all the emissions 
are summarized. 

 Calculation testing 13.5

To verify that the method is not just theoretical, but work in practice as well, a calculation testing was 
performed at VLC with the authors and participants from VLC. The methods for Road and Sea transportations 
were tested on data from both Inbound and Outbound with promising results. A final carbon footprint was 
obtained for the data used and after doing a rough estimate of the emissions using the tonne-km and an 
average emission factor from NTM it was concluded that it was in the right magnitude. The participants agreed 
that the method had potential and would be possible to use to calculate the carbon footprint of VLC. 
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 Future improvements 13.6

Suggestions for further improvements can be divided into three areas; updating the method, validate data 
from VLC and validate data from the carriers. The method and the input factors should actively be updated. 
The emission factors and other definitions provided by the NTM documents should at all times be updated to 
reflect the present situation of VLC. 

Regarding validating the data from VLC, one major improvement lies in achieving control over the exact 
distances that the carriers travel. This will provide a more accurate and exact carbon footprint. Another 
improvement is to validate the transport mode for each cargo transported which also will provide a more 
representative carbon footprint due to the big difference of emissions from the different transport modes. This 
can be made by explaining the need of using the method for calculating the carbon footprint and what is 
important to report correctly to the business systems. By explaining the importance of for an example 
reporting the correct distance for Outbound transports or the correct transport mode for Emballage transports, 
there is a bigger chance that the information reported would be correct, than without the explanation of why it 
is necessary. 

By validating the data from the carriers, VLC should perform extensive studies on its carriers to validate the 
data or the information supplied by the carriers in the supplier survey. Since the method to some extent is 
based on the information from the supplier survey it is important to validate the information to obtain a 
carbon footprint that reflects the current situation of VLC. 

VLC requested a method for calculating the carbon footprint and as the work proceeded the requirements on 
the method changed and it was not only important to present a correct picture of the carbon footprint but it 
was also important to be able to measure and initiate improvements.  

When reasoning with the purchasers of VLC regarding what is possible for them to influence and decide upon, 
the main factor was the price. Roughly, the thing VLC might influence is what transport mode is being used for 
carrying the cargo. With that there is a possibility to use more intermodal transport solutions as a combination 
of rail and road, instead of only road, which would reduce the carbon footprint significantly.  

Evaluating the other input factors shows that it is difficult for VLC to improve the carbon footprint without 
setting more standards regarding what fuel or what type of vehicles that the carriers can use to transport the 
cargo of VLC. With the method recommended it is not possible to measure the small improvements of the 
carriers such as improving the fuel efficiency by driving more economical, improving the design of the hull of 
the ship or the design of the aircraft. These improvements reduce the carbon footprint but it is not something 
that VLC can measure or take into consideration in the more general calculation that is suggested in this thesis.  

One way to reach and take these small improvements into consideration is to hand over the responsibility of 
presenting the carbon footprint to the carriers. By doing this, VLC does not have to use the time or resources to 
perform the calculation, but only collect the data and compile it. This would give the carriers the chance to 
show their environmental performance and it could be used as an incentive for the carriers to reduce their 
carbon footprint.  

It might be difficult to validate the data supported by the carriers unless they verify the data themselves with 
help from an external party. It might also be somewhat difficult to combine the data from different carriers 
that use different methods in order to present a summarized carbon footprint for VLC. By demanding the 
carriers to provide the carbon emissions that VLC is responsible for from each carrier, and the carriers performs 
a verification of the values, there is an opportunity to evaluate the carriers against each other. This since the 
carriers that owns their own fleet, keeps track on the fuel consumption for their fleet, as the fuel cost is one of 
the highest costs for carriers, and they can directly see the effect of for example using slow steaming. 

This requires that the carriers can allocate their total carbon dioxide emissions to VLC, which is not the case 
today, but might be in the future. 
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The default factor regarding vehicle fuel efficiency is based on an average by NTM Road (2008) and VLC will not 
be able to measure improvements. Still, this input factor is an important factor to the amount of carbon 
dioxide emitted since the higher the efficiency of the chosen engine for the vehicle, the less emission. With 
this, the authors want to point out that it is still important in the work with the carriers to stress the 
importance of having a strategy on how to keep a high efficiency of the vehicles. Since it is hard to measure, 
VLC should not change the default values when one carrier is improving their driving or their vehicles, but when 
there is a bigger change that affects a bigger part of the amount of cargo transported, then VLC should adjust 
the default values. 

 Critical reflection and generalisation 13.7

The questions stated in 10.2.5 Conclusion and recommendation: Stage two are answered here as a reflection 
on the work done in the thesis. 

13.7.1 Is the purpose of the thesis fulfilled? 

The purpose of this thesis is to investigate, adapt and evaluate methods of calculating the carbon footprint and 
make recommendations on a method that enables VLC to calculate the carbon footprint from purchased 
transports. 

As can be seen in Stage one of the thesis, specifically in Chapter 4 Frame of reference: Stage one and Chapter 6 
Empirical Research: Stage one, the current methods for calculating a carbon footprint has been investigated. In 
Chapter 7 Analysis: Stage one an evaluation of these methods is done which also is the basis for a 
recommendation of a method for use at VLC, something which is done in Chapter 8 Conclusion: Stage one. This 
method is then adapted to fit the needs of VLC in Stage two. The final method for use at VLC can be found in 
Chapter 13 Conclusion and Recommendation: Stage two above. 

The investigation of methods available for calculating the carbon footprint turned up a substantial amount of 
varying methods, both those which go from the bottom-up and those which are top-down in their calculations. 
Using the various methods, required input factors could be defined and investigated whether or not they were 
available to VLC. Using this information an AHP analysis was conducted which led to a discussion to determine 
what method would be best for VLC within the four modes of transport they are active in. A method to 
calculate the carbon footprint for each of the modes was the result of Stage one and the starting point of Stage 
two. 

In Stage two the chosen methods for each mode were then adapted to better fit the needs of VLC. Once this 
was completed a set of instructions of how to use the final method were setup, as can be seen in Chapter 14 
Instructions: Stage two. 

13.7.2 How is the surrounding system affected by the recommendations by the authors? 

As the authors were in contact with a number of carriers that VLC employs, when investigating what methods 
were available, an increased awareness of the willingness of VLC to lower their carbon footprint has been 
noted. This could lead to an increased focus on improving environmental aspects of the services that carriers 
supply to VLC. 

The customers of VLC has already been asking for the carbon footprint of the transportations they use, with the 
ability of determining the footprint of their own operations. VLC might now be able to provide their customers 
with a figure. This might make the customers more aware of the environmental impact of the transportation 
they use, prompting the use of more environmentally friendly alternatives, something which very well could 
become the more economical choice in the long run, especially if a carbon dioxide tax would be enforced. 
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The ability to calculate the carbon footprint could give VLC an edge over those logistics suppliers which do not 
currently, and gain on those which already do. With corporate responsibility becoming more and more 
important to the end customers this is more pressing now than ever and might sway customers to choose VLC 
instead of other logistics suppliers, so they can have a better idea of their own total carbon footprint. 

13.7.3 How do the delimitations and the scope of the thesis affect the relevance of the result? 

The first delimitation of the thesis is to study only the transportation and no other activities of VLC. This means 
that crucial operations such as terminals, warehouses, yards and offices, to name a few, are disregarded even 
though they all have a noticeable impact on the total carbon footprint. 

The delimitations regarding what methods are to be studied, and when to stop searching for new methods, 
might have rejected methods which in fact could have been used with very good results for VLC, or even 
overlooked some methods, which might have been even better suited than those which were found. Though as 
the work continued past Stage one and the collecting of methods, the authors encountered several new 
methods, though none was very different from the ones already found and would have done very little, if 
anything at all, towards altering the end results of the thesis. 

The request that the method should be able to measure improvements and not only be able to give a decent 
estimate of the carbon footprint from bought transports might have changed the focus of the thesis quite a lot 
if it had come up in Stage one rather than in Stage two. As it was it became less of a delimitation and more 
something which helped shape the recommendations regarding future focus for VLC. 

The selection of interview partners that was done by VLC might have influenced the result and the focus of the 
authors in the continued work. Had different partners been chosen it is very likely that the result would have 
changed, and had the partners been chosen randomly the results might have been more possible to generalize. 
The partners that were chosen were relatively large carriers and make out a big portion of the total 
transportations, thus they were assumed to be representative of the various modes of transport they are 
active in. That in conjunction with the time constraint of the thesis, which made it hard to meet very many 
carriers, was considered to be sufficient justification of the actual choices. 

13.7.4 How has the chosen working approaches and methodologies worked? 

As there is very little unification regarding emission calculations in general and carbon footprinting in 
particular, the search for the best alternative for VLC has been extensive, turning up methods both left and 
right. This also means that there is no consensus as to which is the better method to use, with everyone 
claiming their way to be at least as good as the others, if not better. The choice to stop searching for new 
methods once they started to repeat each other was therefore a good choice as it limited the time spent 
finding new methods. 

The division of the work into two stages worked very well with the purpose of the thesis. Had a more 
conservative approach been used and all theoretical references and all empirical data gathered at once the risk 
of missing crucial information would have been greater. Instead many problems were encountered in Stage 
one which could be taken into account in Stage two, resulting in a better final product. 

On the other hand, if the two stage methodology had not been used, some of the information that came forth 
in Stage two might have come up earlier, specifically the need for the calculation method to be able to measure 
improvements in a tangible way. This was never the focus of the thesis in Stage one, if it had been then Stage 
one would have taken a different direction, focusing more on bottom-up approaches and on what VLC has the 
ability to affect when it comes to the carriers and the transportations they provide as well as what input they 
could and could not obtain. Then stage two would be more focused on deciding on a calculation method by 
which VLC could measure improvements and how VLC were able to use that method by increasing the input 
they have at their disposal. 
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The use of semi structured interviews enabled the authors to get better results and uncover things that would 
have been overlooked, had structured interviews been used. Due to the explorative nature of the thesis in the 
first stage this has been a big asset when it comes to getting to know the studied system better. 

13.7.5 How sensitive is the result to changes? 

Road transportation is where most changes can happen under a shorter period of time due to the comparison 
of service time of a truck and the service time of a car carrier or container ship. The vessel types are not that 
different globally since the vessels are operating globally which differs from road transportations where 
different geographical areas use different types of trucks, as for example heavier trucks in Europe than in Asia. 
Therefore the method for road transportation is more sensitive to changes in the environment than for the 
other transport modes.  Calculating the carbon footprint is, as stated along the thesis, under fast development 
and its importance is continuously growing. Research concerning this area will hopefully increase. This sets 
requirements for constant updating the used method with values, for e.g. new vehicle types, vehicle fuel 
efficiency (engine types), and fuel types in order to present a correct value. If the vehicle fleet of the suppliers 
of VLC is using a high number of alternative fuels and NTM cannot present values for how to calculate the 
carbon emissions for these fuels and only supports data for diesel, then the method does not reflect the reality 
and VLC need to reconsider the choice of method. However, NTM is a leader in Europe regarding 
environmental calculations and the authors have identified NTM as a stable and aggressive performer in this 
area, which will continue to develop its method and supporting values as the environment changes. 

Another factor that influences the method in the future is the globalisation of VLC customers. There is a trend 
among companies to expand to Asia and when VLC customers expands to Asia, VLC has to deal with changes 
the area of transportation; from Europe, being where most inbound road transports take place, to perhaps 
Asia. This sets requirements on the method to adapt to this new geographic area. The MEGA trailer foremost 
used in Europe is not the foremost used in Asia where the use of smaller trucks is more frequent and this again 
sets requirements on NTM to be able to incorporate data from a wider geographical area. 

 Suggestions for further studies 13.8

As there still is a substantial gap in information between what is needed to precisely calculate the carbon 
footprint and what information VLC has access to, the main focus of further studies with a direct connection to 
this thesis would be on how VLC can increase the available information regarding transportations. This would 
not only be beneficial for environmental calculations such as the carbon footprint, but also for several decision 
support tools and economic analyses. 

One problem that the authors encountered while working on this thesis was the abundance of calculation 
methods, every company that the authors have been in contact with has brought up this. Due to everyone 
using different methods, emission factors, and assumptions, there is no basis for comparison between the 
presented values of companies. Still there might be misconceptions that company Y’s carbon footprint is 
comparable to company Z’s carbon footprint, even though that might not be the case due to the assumptions 
of the companies differing from each other. Even if a relative figure, such as emissions in grams per tonne-km, 
were to be used to account for difference in size of companies and the extent of their operations, the problem 
of assumptions and emissions factors persists. There is therefore a need for one single method, covering all 
four modes of transport, which is possible for everyone to use. But the authors are not saying that a new, 
better, method should be developed, but rather a consensus of which method the transportation sector should 
use. Thus a study of what method would be preferable for all actors in the transportation sector to use, would 
be the suggestion of the authors. 

Since the filling degree of all kinds of transportation has a significant impact on the environmental efficiency 
and as there currently is as many ways that transporters calculate it as there are transporters, the filling degree 
is a big cause of error in emission calculations. To unify the calculation methods regarding filling degree for 
different kinds of goods, a study to define the best way of determining the filling degree for various goods, 
both in ease of use and precision of results, should be initiated. 
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Chapter 14. Instructions: Stage two 

The instructions for how to use the method recommended in Chapter 13 
Conclusion and Recommendation: Stage two can be found in this chapter. The 
results for each of the four modes are then to be summarized to obtain the total 
carbon footprint of VLC. 

 

  

 

 

 

 

  

 

 



Chapter 14 Instructions: Stage two 

189 

 

 Instructions for Air 14.1

To make sure that the emission calculations for air transportations are performed in a uniform way from year 
to year, as to have comparable figures with high validity and reliability, instructions on how to perform the 
calculations are explained here in a step by step fashion. 

14.1.1 First time usage 

The first things that needs to be done is the creation of the distance matrix to be used to determine the actual 
flight distances for the transports that include an air leg, as well as update the supplier survey routines to 
ensure the correct kind of filling degree: 

1. Identify those airports that are most common for start and end points of air transportation of the cargo 
VLC transports in the various regions that VLC currently operate in. This information can, to some extent, 
be found in contracts, but it is not readily available in the business systems. For the remainder qualified 
assumptions will have to be done as to what airports are used predominately having consulted the air 
transportation purchasers. 

2. Calculate the great circle distance between all airports that are identified in step 1 using the formula 
specified in the NTM Air methodology, as it is unlikely the formulae will change. The one currently used in 
the NTM Air documentation is presented in 4.12.4 NTM Air Transport. 

3. Once the distances are calculated, the matrix with all the distances from each start/end airport to every 
other start/end airport is constructed for easy access to the information for future calculations. 

4. The supplier survey needs to be updated to make it clear that the filling degree VLC is interested in is the 
weight based filling degree and not the volume based filling degree. Instruction on how to take empty trips 
into account are to be included, which should be done according to the EcoTransIT formulae for filling 
degree, available in 4.13 Method 11 – EcoTransIT, notated as capacity utilisation. Ideally this should be a 
single occurrence, but it is likely that annual follow up is required to make sure the correct filling degree is 
specified in the supplier survey. 

14.1.2 Annual usage 

The following steps should be completed in order to determine the carbon footprint of VLC’s air 
transportations: 

1. Update the distance matrix with new airports in case VLC has expanded their operations or have been 
tasked to handle the logistics from new suppliers to their customers in regions not currently covered. 

2. Identify the transportations which include an air leg from all of VLC operations for the year for which the 
carbon footprint is to be calculated. This is done from data in the three business areas’ business systems. 
For Outbound there should be reported distances ready for usage while for Emballage and Inbound the 
airports closest to the sender and recipient from the distance matrix will be used to determine the 
distances. 

3. Identify the carrier for each of the transportations. This is used to determine the filling degree and plane 
type by matching the carriers to their corresponding answers on the supplier survey. 

4. Calculate the tonne-km for each air transportation and associate them with their respective carriers. 
5. Distribute the tonne and tonne-km for each carrier to the planes in the carrier’s fleet based on how many 

of each plane type they have. 
6. If any carrier reports a filling degree below 50 per cent extrapolate the CEF and VEF emission factors from 

50 per cent to 0 per cent. 
7. Interpolate the CEF and VEF for each plane type to the filling degree of the carrier from the supplier survey 

and divide it with the Max Freight Load multiplied with the filling degree of the carrier. This gives the CEF 
per tonne and VEF per tonne-km and plane. 

8. Multiply the CEF and VEF obtained above with the assigned tonne and tonne-km respective for each plane 
from step 5. This gives the carbon dioxide emissions of VLC per plane of a carrier. 

9. Summarize over planes and carriers to get the carbon footprint of VLC’s air transportation. 
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 Instructions for Rail 14.2

To make sure that the emission calculations for rail transportations are performed in a uniform way from year 
to year, to have comparable figures with high validity and reliability, instructions on how to perform the 
calculations are explained here in a step by step fashion. 

14.2.1 First time usage 

The first thing to do in order to be able to use the method recommended by the authors is to order the climate 
certificate service on an annual basis from Green Cargo. This should be done so the climate certificate will 
cover the same period of time as the data used for the other three modes. If they use data from the first of 
January until the last of December for each year, then the climate certificate should be for the same period; to 
get high validity in the figures. 

14.2.2 Annual usage 

The following are the instructions to calculate the carbon footprint of VLC’s rail transportations: 

1. Determine the distances travelled by railways for VLC transportations by each of the three business areas; 
Emballage, Inbound, and Outbound and summarize them to get the total rail distance travelled. 

2. Determine the distances travelled by all Green Cargo rail transportations for VLC by the three business 
areas; Emballage, Inbound, and Outbound. 

3. Using the total rail transportation distances travelled and the Green Cargo distances travelled, determine 
the relation between the two by dividing the Green Cargo distance with the total distance. 

4. Using the carbon dioxide emissions from the climate certificate from Green Cargo for the given period and 
the relation between Green Cargo and total transportation, scale up the emissions to cover the total rail 
transportations. 

IF the above methodology cannot be completed due to lack of information available from the business areas, 
the relation can be determined using expenditure instead, which can be obtained from the purchasing 
department. Then the below steps should be followed instead: 

1. Determine the relation between the expenditure for Green Cargo and the total rail expenditure for the 
given period.  

2. Using the carbon dioxide emissions from the climate certificate from Green Cargo for the given period and 
the relation between Green Cargo and total transportation, scale up the emissions to cover the total rail 
transportations. 

 Instructions for Road 14.3

To make sure that the emission calculations for road transportations are performed in a uniform way from year 
to year, to have comparable figures with high validity and reliability, instructions on how to perform the 
calculations are explained here in a step by step fashion. 

14.3.1 First time usage 

The following instructions are to be done in order to enable the best result with usage of the calculation 
method: 
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1. The supplier survey should be updated with instructions on how to calculate the filling degree to take 
empty trips into account, this should be done according to the EcoTransIT formulae for filling degree, 
available in 4.13 Method 11 – EcoTransIT, notated as capacity utilisation. 

2. The supplier survey should also be updated to accommodate the vehicle types used in the NTM 
methodology. These can be found in Appendix I – NTM Road. 

14.3.2 Annual usage 

The following are the instructions to calculate the carbon footprint of VLC’s road transportations: 

1. Determine the vehicle type, Euro class, fuel type, and filling degree for all carriers through the supplier 
survey. 

2. Calculate the tonne-km for each road transportation and associate them with their respective carriers. Do 
not forget the road transportations to and from airports/port for air and sea transportations. The 
information should be found in the business systems of Emballage, Inbound and Outbound, where the 
distances from Emballage and Inbound will have to be estimated as the shortest distance from sender to 
recipient while the distances should be available for Outbound’s transportations. If they are not available 
they should be estimated the same way as for the transportations of Emballage and Inbound. For distances 
which cannot be associated with a specific carrier a Tractor + MEGA-trailer using the regional requirement 
for Euro classification should be used. 

3. Using the input from the supplier survey about the carriers’ fleet, determine the distribution between 
vehicle- and fuel types. I.e. how many Tractor + MEGA-trailer that use diesel and how many use biodiesel 
out of the carriers total fleet and so on. 

4. Distribute the carrier’s tonne-km according to the distribution of vehicle- and fuel types from 3. 
5. Using the carrier’s specific filling degree interpolate the fuel consumption for the vehicle- and fuel types 

for the three road types; motorway, rural and urban. Instructions for interpolation can be found in NTM 
Road (2008) documentation. Then combine these using the standard road type mix to get the fuel 
consumption for each of the vehicle- and fuel types. 

6. Divide the fuel consumptions by the cargo capacity multiplied with the filling degree for the carrier to 
obtain the fuel consumption per tonne-km for each vehicle- and fuel type. 

7. Multiply the assigned tonne-km with their respective fuel consumptions per tonne-km to get the total fuel 
consumption of the vehicle- and fuel types of the carrier. 

8. Multiply the fuel consumptions with their respective emissions factors from NTM Road (2008) and 
summarize over all vehicle and fuel types as well as carriers to get the carbon footprint of all VLC’s road 
transportations. 

 Instructions for Sea 14.4

To make sure that the emission calculations for sea transportations are performed in a uniform way from year 
to year, to have comparable figures with high validity and reliability, instructions on how to perform the 
calculations are explained here in a step by step fashion. 

14.4.1 First time usage 

The first thing that needs to be done is the creation of a distance matrix to be used to determine the actual 
shipping distances for the transports that include a sea leg: 

1. Identify those ports that are most common for start and end points of sea transportation of the cargo 
which VLC transports in the various regions that VLC currently operate in. This information can, to some 
extent, be found in contracts, but it is not readily available in the business systems. For the remainder 
qualified assumptions will have to be done regarding what ports are used predominately having consulted 
the sea transportation purchasers. 

2. Use MapPoint, Google Maps or software of the user’s choice to determine the distances between ports, as 
long as the same software is used each time a distance is to be determined. 
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3. Once the distances are calculated, the matrix with all the distances from each start/end port to every other 
start/end port is constructed for easy access to the information for future calculations. 

4. The supplier survey for sea transportation should be updated to include a question regarding what filling 
degree the carriers have, if possible on a per ship basis. It should take empty trips into account, which is to 
be done according to the EcoTransIT formulae for filling degree, available in 4.13 Method 11 – EcoTransIT, 
notated as capacity utilisation. 

14.4.2 Annual usage 

The following are the instructions to calculate the carbon footprint of VLC’s sea transportations: 

1. Identify the transportations which include a sea leg from all of VLC operations for the year for which the 
carbon footprint is to be calculated. This is done from data in the three business areas’ business systems. 
For Outbound there should be reported distances ready for usage while for Emballage and Inbound the 
ports closest to the sender and recipient from the distance matrix will be used to determine the distances. 

2. Determine if the sea transportation is container or RoRo. 
3. For container determine the ship size and match with fuel consumption for the size range according to 

NTM Sea (2008). For RoRo use the car carrier fuel consumption from NTM Sea (2008) for all ships. 
4. Convert lane meters and TEU to tonnes using the following conversion rates; 1 lane meter equals 2 tonnes 

and 1 TEU equals 21.6 tonnes. 
5. Divide the ships’ fuel consumption by the ships’ cargo capacity times the filling degree reported by the 

carrier. If not reported, the ship specific filling degree from NTM Sea (2008) is to be used, this gives the fuel 
consumption in tonnes fuel per tonne-km. 

6. Calculate the tonne-km for each sea transportation using the input from the three business areas’ business 
systems. 

7. The tonne-km are to be assigned to each carrier and their ships by dividing the tonne-km by the number of 
ships the specific carrier have. 

8. Calculate the fuel consumption for each ship by multiplying their tonne-km by their fuel consumption in 
tonnes per tonne-km. 

9. Calculate the carbon dioxide emissions by multiplying the fuel consumptions with the emissions factors of 
the ships fuel types.  

10. Summarize over ships and carriers to obtain the carbon footprint of VLC’s sea transportations. 
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Appendix I – NTM Road transport 

This appendix is based on NTM Road (2008) if nothing else is stated. 

NTM presents data for ten different vehicle types/concepts. Each vehicle can then be operated by an engine of 
different emissions concept (Euro class). The concept Euro class limits the emissions from engines. The 
classification concerns carbon monoxide (CO), hydrocarbon (HC), particles (PM) and nitrogen oxide (NOx). The 
NTM calculation is based on standard values which are selected in order to represent a typical transport as 
carried out today. The standard values are given for cargo capacity, cargo capacity utilisation, and fuel 
consumption and emission performance. NTM recommend that when doing a detailed analysis the default 
values should be replaced by more situation-specific data. If performing a screening analysis of a transport 
chain, the default values could be used when the aim is to find out where the largest emissions take place.  

The calculations of NTM are based on fuel consumption since that is one key operational data which is often 
available. NTM has previously relied on emission values from the emission evaluation tool Handbook of 
Emission Factors – HBEFA.  The default fuel consumption data is recommended to be used for calculations of 
normal European traffic when there is no specific data available. In order to get the right fuel consumption, it is 
possible to specify the vehicle used as well as what type of road and the amount of cargo capacity utilisation by 
weight. 

The type of road traversed can be analysed through a Geographical Information System (GIS) based route 
planning system. If there is no data available then national statistics can be useful as an approximation, in 
Sweden such data is available from VTI

18
. 

Naturally the weight of the load that a lorry carries influences the fuel consumption. The increase associated 
with heavier loads is as a result of increased rolling resistance and dynamic weight. NTM uses a method to 
calculate the fuel consumption, with regards to the capacity utilisation, where the increase is approximated to 
a linear function. 

               (              )           (    ) 

where, 

         (    )  is the Cargo Capacity Utilisation, defined as [cargo physical weight/max weight 

capacity] 

       is the Fuel consumption at capacity utilisation CCU. 

It is important to calculate the CCU based on the physical weight and not dimensional weight or volume 
compensated weight. This since a larger dynamic mass and a higher rolling resistance is connected to the 
physical weight and the cause of the increase in fuel consumption. If the calculations were to be based on 
volume compensated weight, the result would be an overestimation of the fuel consumption. 

Another factor that influences the fuel consumption is the variation of speed. However, it is not possible to 
receive this information from the ARTEMIS model. The method currently used by NTM is a ‘rule of thumb’, 
presented by a Swedish haulier and is valid for a larger lorry and trailer combination (maximum 60 tonnes). 

Increase from 70 to 80 km/h => 4 litres extra fuel per 100 kilometre.  

                                                             

18 The Swedish National Road and Transport Research Institute; Statens Väg- och Transportforskningsinstitut. 
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Increase from 80 to 90 km/h => 6 litres extra fuel per 100 kilometre. 

NTM also discuss the fuel consumption for the different vehicle classes at idle, which is not an available output 
from the ARTEMIS model. The fuel consumption is strongly dependent on factors as engine size, engine idle 
speed and the power consumption of the vehicle equipment such as climate systems for the cargo hold and the 
driver cabin, hydraulic and electrical systems for cargo handling e.g. pumps, cranes, lifts et cetera.  

In order to calculate the emissions from a Light Commercial Vehicle (LCV) in urban traffic a number of 
questions have to be answered see Figure 1. The value obtained from the calculation is in g/km since the fuel 
consumption is not considered to be reliable for LDVs.   

 

Figure 1 - Steps for calculating the fuel emissions for LCV, based on NTM Road (2008). 

For the calculations regarding Heavy Duty Vehicles (HDVs) and Medium Duty Vehicles (MDVs), NTM uses diesel 
as the main fuel and an average of 50 per cent as the loading factor. The MDVs are divided into two groups; 3, 
5 - 14 tonnes and 14-28 tonnes, for each vehicle it therefore necessary to know the vehicle gross weight. It is 
also necessary to know in which area the vehicle is trafficking; urban, rural or motorway, and what engine type 
the vehicle possess. Other factors that are necessary to take into consideration are the road type, speed limit 
and slope/topography. NTM uses a mix of motorway types for both the road type and speed limit, a mix based 
on weighted average from SvARTEMIS and a weighted average for the slope/HDVtopography based on a 
distribution from HBEFA 2.1. For the HDVs the same estimations are done as for the MDVs, the only difference 
is that the gross weight of the vehicles is either 28-40 tonnes or 40-60 tonnes. 

Continuing on the subject of fuel, the fuel characteristics are the next step to evaluate and discuss. The fuel 
characteristics differ from country to country depending on regulations. The fuel data used by NTM is either 
average values for Europe or Sweden. The caloric value for average diesel in Europe is different from the 
average for diesel used in Sweden. This also reflects on the emissions of carbon dioxide from diesel and petrol, 
see Table 1. 

Fuel Data  Diesel 
MK1 
Sweden 

Diesel 
Europe  
Low sulphur 

Petrol MK1 
Sweden  
(=5 % ethanol) 

Petrol 
Europe 

Calorific Value  
(specific energy, heat 
energy, or heat of 
combustion) 

[MJ/l] 35,3 35,8 32,2 32,8 

TOTAL CO2  [kg/l] 2,54 2,64 2,32 2,39 

Table 1 - Fuel-data used by NTM. (NTM Road Transport Europe 2008) 

Is the vehicle a 
van or a pick-up? 

Is the fuel diesel 
or petrol? 

Is the road urban, 
rural or 
motorway? 

What engine-
type has the 
vehicle? 

- PreEuro   

- Euro1 

-Euro2 

-Euro3 

-Euro4 

-Euro5 

-Euro6 
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There are several techniques for cleaning the exhaust gas, for reducing pollutants from the exhaust gases from 
diesel engines. NTM presents the following techniques:  

 Oxidation catalyst (ox cat) 

 Particular Matter filter/trap (PM-filter) 

 Exhaust Gas Recirculation (retrofit) (EGR) 

 EGR + PM filter (retrofit) 

 Selective Catalytically Reduction (SCR) 
 SCR + PM filter 

The two techniques which have an effect on the emission of carbon dioxide are the EGR (Retrofit) and EGR+ 
PM filter (retrofit) which can be seen in Table 2. The two techniques mentioned above only affects the 
following three engine generations; Euro1, Euro2 and Euro3.  The two techniques show a decrease of the 
emissions on other GHG, but show an increase of the emission of carbon dioxide.  

Engine Generation Substance EGR (retrofit) EGR + PM filter (retrofit) 

Euro 1 CO2 + 2 % + 2 % 
 HC  - 90 % 
 NOx - 40 % - 40 % 
 PM  - 90 % 
Euro 2 CO2 + 2 % + 2 % 
 HC  - 90 % 
 NOx - 40 % - 40 % 
 PM  - 90 % 
Euro 3 CO2 + 2 % + 2 % 
 HC  - 90 % 
 NOx - 40 % - 40 % 
 PM  - 90 % 

Table 2 - Gas reduction techniques. (NTM Road, 2008) 

Distance  

The distance is a factor which affects the emission of carbon dioxide since a longer distance result in higher fuel 
consumption. 

Direct transport  

The direct distance between two places can be calculated by different route planning tools. But it is not only 
the distance between two addresses that is the distance travelled by the carrier. Usually the lorry needs to be 
positioned empty before the transport, pre-positioning. NTM suggests that the emissions related to the pre-
positioning should be calculated and added to the total emissions of the transport. When a lorry has left its 
load it usually returns empty and this transport, the empty transport is not taken in consideration by NTM. If 
there is no data of how long the distance for pre-positioning is, NTM recommend using a distance of 20 per 
cent of the total distance.   

For the case of back haul or return loads, for example distribution of beverages in glass bottles, NTM suggests 
that this load is made to carry all the environmental data (e.g. emissions) for the lorry on the return way. The 
argument presented is that there is no allocation between the primary load and the return cargo.  

Another case of direct shipments is a case of ‘one-way’ shuttle system with dedicated vehicles, e.g. tankers for 
fuel and chemicals. These transports will show a 50 per cent capacity utilisation, where 100 per cent Outbound 
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and 0 per cent on the return trip. In this case, the emissions will be calculated as 100 per cent filled transport 
one way and as an empty vehicle for the return way. 

When the direct transport is of nature a singular shipment will be handled similar to the above cases. But the 
singular shipment will have less possibility to reach a high degree of cargo capacity utilisation on the Outbound 
trip, since it is more difficult to choose an optimal vehicle to that special cargo, and   difficulty to obtain short 
positioning distances. The suggestion in this case from NTM is to, if no situation-specific data is available, a 
positions distance equal to 50 per cent of the total transport distance, this to encourage the operators to 
deliver more situation specific data. The emissions for this distance should be calculated based on fuel 
consumption data for the empty vehicle. A calculation of the emissions for the empty vehicle after delivering 
the cargo should not be considered unless this simplification seems unreasonable, states NTM and gives an 
example of a delivery to a remote construction site.  

Transports via integrating terminals  

When the transport is integrated into a transport system, it is difficult for the shipper to know the exact route 
taken by the cargo. The cargo is usually transported via a terminal and not along the shortest way from point A 
to point B. The idea is to increase the cargo capacity utilisation as a compensation for the longer distance, 
especially on longer distances. The typical shipment could be composed of the following stages:  

1. Pick-up and transport to terminal 1 by a lorry on a pick-up route.  

2. At terminal 1: The cargo is unloaded and grouped with other cargo that will be delivered to the 

destination area. The shipment is loaded, with the other cargo, onto a lorry or rail car and transported 

to terminal 2.  

3. At terminal 2: The shipment is once again unloaded and combined with the cargo that will be 

delivered to customers in the same area. The cargo is then loaded onto a distribution lorry and 

transported to the consignee in a distribution route.  

The cargo is not transported the shortest way possible, which should have been the case with a dedicated 
transport. It can be very difficult to find the actual distance travelled by the cargo in the different steps and 
even the capacity utilisation of different vehicles is different to monitor.  

The most accurate data from which to perform the calculation is always the one obtained from the integrator 
or the sub-contracted haulier/vehicle operator. However, if there is no data available, NTM suggest two 
simplified methods:  

1. Use the road distance between two major city centres nearby the origin and destination of cargo.  

Then assume that the cargo is transported by a semi-trailer, in Sweden and Finland use a lorry and 

trailer, and apply the default capacity utilisation, Table  3 . The values of default capacity utilisation are 

not supported by any research or statistical analysis. The data are made by integrators based on 

approximations for Swedish domestic conditions by using the volumetric weight for analysed cargo 

with low density.  

2.  First, find the distance between the origin/destination and the closest city centre, where it is assumed 

that the integration/distribution terminal is located. Then assume a medium-sized duty vehicle for 

performing the delivery transport to the receiver. And finally use the default values, as in the method 

above.  
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Nomenclature Default capacity utilisation (CU) % of max 
capacity, including positioning.  

Pick-up 30 % 

Van 30 % 

Small lorry/truck 50 % 

Medium lorry/truck 50 % 

Large lorry/truck 50 % 

Tractor + ’city-trailer’ 50 % 

Lorry/truck + trailer 60 % 

Tractor + semi-trailer 60 % 

Tractor + MEGA-trailer 60 % 

Lorry/truck + semi-trailer 60 % 

Table 3 - Default cargo capacity utilisation. (NTM Road 2008) 

Allocation principles 

The basic assumption of NTM allocation principles is that all emissions from the transport vehicles, during 
transport, empty positioning and return transports must be allocated to the transported cargo. Then for 
obtaining a result of the emissions related to a specific shipment, a calculation of its relative share of the total 
cargo load is performed. The standard way on how to allocate the emissions is by the physical weight of the 
shipment (w(phys)) where the total weight of the carried cargo is W(phys). If the latter is not known, it can be 
calculated as the product of the maximum cargo capacity (CCweight(phys)) and the weight-based cargo capacity 
utilisation (CCUweight(phys)). The equation below gives a visualisation of the calculation where EF is the 
abbreviation for emission factor. 

  ( )
        

   ( )
    

 (    )

( (    ))
   ( )

    
 (    )

(        (    )           (    ))
 

The use of weight as the unit for allocation is the most common, with that said it is not the most suitable in all 
cases. Other units possible to use can be pallet positions, TEU, cubic metre or load metre19.  If the weight of the 
cargo is low density it is often converted into ‘volumetric or dimensional weight’ which is based on a standard 
density conversation, which can be found below. 

The volumetric weight, sometimes referred to as the dimensional weight, is obtained by multiplying the weight 
obtained as the commercial calculation factor [kg/m3] with the volume [m3] of the shipment. This gives a 
factious weight measure (W(dim)). Then the physical and the volumetric weights are compared for each 
shipment and the largest weight is chosen. The volumetric weight is usually used for shipments with a density 
below the commercial calculation factor which is some 250 [kg/m3] for international road transport.  The cargo 
capacity utilisation is then calculated as the dimensional weight divided by the actual carrying capacity. This 
gives a higher capacity utilisation than if the physical would have been used. This method is then chosen for 
certain cases since it better reflects the actual cargo capacity utilisation of the vehicle. But, the cargo capacity 
utilisation varies between companies, regions, seasons etc. and therefore it is important to find specific data 
for the invested cargo. 

If no data is able to obtain, NTM suggests a certain default data for cargo capacity utilisation for integrated 
transport systems: 

                                                             

19 A loading metre correspond to one linear metre of loading space in a truck and is usually used as a unit for 

calculation of goods that cannot be stacked or when it is not allowed to stuck the goods. 3 euro’s non-stack 

pallets are equivalent to 1.2 loading metres (Embassy freight, 2011 & Eurofreight Shipping, 2011). 
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 50 per cent of the maximum physical weight capacity (CC) for the vehicles that pick up and 

deliver to/from the terminals combined with direct distance to terminal. 

 70 per cent of the maximum physical weight capacity (CC) for vehicles that transport 

between terminals. 

This dimensioning of the capacity utilisation based on the dimensional weight should also be used when 
calculating the fuel consumption in order to be consistent. This will though lead to an overestimation of the 
fuel consumption since the dimensional weight always is greater than the physical. 

For direct transports NTM suggests an utilisation degree of 75 per cent for direct shipments and 50 per cent for 
single shipments of the maximum cargo capacity when carrying cargo to the receiver.  The emissions from the 
positioning distance need to be added to the total emissions and then use the unit best describing the use of 
the cargo capacity of the vehicle in allocation. 

The uncertainties of the calculations are presented by having a high and low value for the data. This span is 
supposed to include all factors which influence the fuel consumption and the emission profile. The span is 
created by varying the fuel consumption while keeping all other variables constant. A low estimate is suggested 
by NTM to be -10 per cent and the high estimate to be +30 or +40 per cent. 

 

Figure 2 – NTM Road vehicle classification (NTM Road, 2008). 
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Figure 3 – Fuel consumption as a function of Euro class, vehicle size, road category and load factor (NTM Road, 2008). 
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Appendix II – NTM Sea transport 

This appendix is based on NTM Sea (2008) if nothing else is stated. 

NTM presents seven different ship categories with different sizes see Table 4. The different ships are chosen 
based on relevant difference in performance, e.g. cargo capacity and speed. The ferries are most difficult to 
generalise since they show very individual characteristics in types of operation. The difference between RoRo20 

and RoPax
21

, is that the RoRo ferry can carry considerable more passengers but has only around 500 lane 
metres in comparison with around 2 000 lane metres for the RoPax. The RoPax can also have an additional rail 
capacity on the cargo decks. Many freight RoRo vessels have a small passenger capacity, used to accommodate 
the lorry drivers and it is suggested that these are treated as pure freight vessels since the passenger 
transportation is not the main purpose of these vessels.  

Category Ship Sizes 

Tanker (e.g. liquid cargo Inland WW
22

 Product/Chem Large (VLCC23) Ocean 
Bulk Dry (e.g. ore, coal, 
cereals) 

Inland WW Costal Handy Size Ocean 

General Cargo Inland WW Costal Handy Size  
Container Inland WW Feeder Panamax24 Postpanamax 
Refrigerated cargo (e.g. 
meat, produce) 

  Bulk-Ocean  

RoRo Cargo (e.g. lorries, 
trailers, cars, containers) 

 RoRo 'small and slow' RoRo 'modern' Car Carrier 

Ferry (e.g. trailers, 
lorries, cars) 

 Fast Ferry RoPax  

Table 4 - NTM ship categorises and sizes (NTM Sea 2008). 

Cargo capacity utilisation 

Cargo capacity utilisation, CCU, is defined by NTM as “the amount of cargo carried by the ship in relation to the 
maximum amount of cargo the ship is allowed to carry (under given conditions)” (NTM Sea 2008 p.12).  

For the vessels operating on a fixed route it is difficult to calculate the exact cargo capacity utilisation due to an 
imbalance of the cargo flow and the large amount of data required. NTM suggest the use of an average 
utilisation for a round trip for this kind of trip. For ships that are working as a shuttle, e.g. oil tankers bringing 
oil to refineries could use the same method and in many cases the ‘round-trip-cargo-capacity-utilisation’ will be 
close to 50 per cent since it is often difficult to obtain return loads. For ships that are not engaged in regular 
routes or cargo flows but in tramp traffic the positioning distance before the transport should be included.  

NTM has, in cooperation with the ship owners in the NTM group, estimated the cargo capacity utilisation for 
NTM ship types, which can be seen in Table 5. The inland WW is an example of a shuttle which estimated CCU 
by the NTM, 50 per cent, is equally to the number estimated by the ship owners. 

 

                                                             

20 Roll on roll off, are ships designed to load and unload rolling cargo over ramps. 
21

RoPax are a type of RoRo ship with high freight capacity and limited passenger facilities 
22 WW is the abbreviation for waterways.    
23 VLCC is the abbreviation for very large crude carrier. 
24 Panamax is the size limit for ships travelling the Panama Canal 
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Category Capacity utilisation 

Tanker  Inland WW 
50 % 

Product/Chem 
55 % 

Large (VLCC) 
65 % 

 

Bulk Dry  Inland WW 
50 % 

Costal 
60 % 

Handy Size 
60 % 

Ocean 
60 % 

General Cargo Inland WW 
50 % 

Costal 
60 % 

Handy Size 
60 % 

Ocean 
60 % 

Container Inland WW 
N/A 

Feeder 
80 % 

Panamax 
80 % 

Postpanamax 
80 % 

Refrigerated cargo    Bulk-Ocean 
60 % 

 

RoRo Cargo   RoRo 'small and slow' 
80 % 

RoRo 'modern' 
88 % 

Car Carrier 
90 % 

Ferry   Fast Ferry 
N/A 

RoPax 
N/A 

 

Table 5 - Cargo capacity utilisation for NTM ship types (NTM Sea 2008). 

Within this notion of CCU, the load carrier (e.g. container, lorry, train wagon etc.) is also considered as a load 
and its environmental impact should be allocated to the cargo and not the carrier. For the containers that carry 
the goods, the flow is not always balanced and return transports of empty containers have to be transported to 
the origin of goods. The environmental calculation for the containerised cargo should therefore take into 
consideration the positioning of containers and NTM proposes a default value of ¾ of the containers are in 
transit and ¼ is positioned, empty transports. As a conclusion the positioning emission can be added to the 
total emissions by multiplying the result by a factor 1.25. 

One difficulty regarding ship transports is the allocation of the emissions between passengers and the cargo. 
The main issue is which parameter to use in order to obtain a correct allocation, e.g. revenue, weight, volume 
etc. Combined passenger & RoRo ferries are currently the most obvious example of combined transportation 
where different payload uses the same vehicle. The cargo could also be allocated by different criteria such as 
weight, volume, lane use or deck area use.  

Data availability 

An important consideration when choosing which method to use for allocating the emission is the availability 
of relevant data. International ships’ registers usually contains information regarding tonnage, Gross Tonnage 
(GT) and Net Tonnage (NT), deadweight, main engine power and design speed. Deadweight includes the weight 
of fuel, water, ballast water, stores, cargo, crew passengers and other items necessary for use on the voyage 
and that a ship can carry safely, Military Sealift Command (2011). Other information that can be included in the 
registers can be cargo capacity; data on maximum passenger capacity, lane meters etc. but this data is 
voluntary. The error in using deadweight as a payload is usually small, less than ten per cent, but the error 
should be taken in consideration.  

GT is defined by the 1969 Oslo convention as the measurement of the ship’s total enclosed volume according 
to the following function:    (               )    where V is the total enclosed volume in cubic meters 
[m3]. 

The purpose of NT is to reflect the total cargo volume space in a ship. But the NT is calculated with a 
complicated formula with exemptions which as a result means that two ships with the same NT may have very 
different cargo volumes depending on other measurements. 
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Engine and fuel characteristics 

The amount of fuel used by a ship, in other words the emission profile, depends on the following factors:  

 Engine type(s) used 

 The fuel quality 

 The engine power output (or size) governed by the ship velocity and sea/weather conditions. 

The availability of data regarding the above factors determines which one of the following analyses is relevant: 

1. The engine emission profile, fuel consumption and cargo capacity utilisation is all known for the vessel 

carrying the investigated cargo. This results in an emission calculation which will return a high quality 

result.  

2. The vessel type, fuel consumption and cargo capacity utilisation is known for the vessel carrying the 

investigated cargo.  This will be combined by average emission profiles for different vessel types and 

then the emission profile can be calculated and return a result which is less precise than the one 

obtained in option 1. 

3. If the only information available is the vessel type, default data from NTM regarding the emission 

profile, fuel consumption and capacity utilisation can be used. This calculation will return a result less 

representative of the reality.  

The default values that NTM uses are based on publications in which the Swedish Environmental Research 
Institute, IVL, has been involved. The values for option 1 can be found in Table 6 and an explanation of the 
abbreviations in Table 7. 

Engine 
type 

Fuel 
type 

CO2           
fossil 

[
  

     
] 

NOx         
(as NO2) 

[
  

     
] 

HC/VOC 
(Total) 

[
  

     
] 

CH4 
 

[
  

     
] 

PM 
 

[
  

     
] 

CO 
 

[
  

     
] 

SOx            
(as SO2) 

[
  

     
] 

Specific fuel 
consumption 

[
 

   
] 

SSD RO 3179 93 3,1 0,031 4,10 2,60 54 195 

MSD RO 3179 66 2,3 0,019 3,76 5,10 54 213 

HSD MGO 3177 59 1,0 0,02* 1,48 5,40* 10 203 

HSD RO 3179 60 0,94 0,019 3,76 5,10 54 2013 

ST RO 3179 7 0,33 0,007 2,62 0,66 54 305 

Table 6 - Ship emission profile concerning engine type and fuel type (NTM Sea, 2008). 
* = the data used is not for MGO but for MDO. 

Abbreviation Explanation 

SSD Slow Speed Diesel 
MSD Medium Speed Diesel 
HSD High Speed Diesel 
ST Steam turbine 
RO Residual Oil 
MGO Marine Gas Oil 
MDO Marine Diesel Oil 

Table 7 - Explanation of the abbreviations used in Table  (NTM Sea, 2008). 

When working with the third option above, the specific emission profile for a given ship category will be 
needed. An important fact is that the default data used by NTM does not originate from actual measurements 
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on board on each of the vessel type, but is a result of different calculations for different fuel/engine 
combinations. The data is then weighted by the average composition of engine/fuel types for each category 
and the result can be seen in Table 8. The values presented are an average for the different vessels. The type of 
vessels whose emission not is 3179 kilograms carbon dioxide per tonne fuel is presented in Table 9. 

Emissions at 
sea  

LMU-code A13 A21 A31 A33 A34 A35 A36 

Main engine  Oil Bulk 
dry 

General 
Cargo 

Container Refrigerated 
Cargo 

RoRo 
Cargo 

Passenger/
RoRo 
Cargo 

CO2 Fossil [kg/tonne] 3179 3179 3179 3179 3179 3179 3179 

Engine/fuel 
mix 

        

 SSD-RO 76 % 97 % 60 % 92 % 83 % 46 % 3 % 

 MSD-RO  2 % 38 % 6 % 17 % 50 % 71 % 

 HSD-RO 5 %  2 %   1 % 10 % 

 HSD-MGO       10 % 

 ST-RO 19 %     2 %  

 Other  1 %  2 %   6 % 

Table 8 - Specific emission profiles for different ship categories [kg/tonne fuel] (NTM Sea, 2008). 

Category RoRo Cargo Container Container Tanker Tanker Bulk Dry 

Size Modern Inland WW Postpanamax Inland 
WW 

Costal 
tanker 

Push boat + 4- 
barge-train 

CO2 [kg/tonne fuel] 3460 3177 3110 3177 3178 3178 

Table 9 - Specific emission profiles for different ship categories and sizes [kg/tonne fuel] (NTM Sea, 2008). 

Fuel 

Shipping use different fuels qualities that primarily are differentiated by their viscosity. Parameters affecting 
the environmental impact from the combustion of fuel are the calorific heat value, the density and the 
viscosity. The emission of carbon dioxide is directly related to the carbon content, which can be found in Table 
10. 

FUEL DATA MGO MDO RO Unit 

Heat value 42,65 42,19 40,96 [MJ/kg] 

Density 0,852 0,9 0,965 [kg/l] 

Carbon 86,74 86,68 86,61 [%-weight] 

Sulphur 0,23 0,93 2,7 [%-weight] 

Viscosity at 50°C 3,1 19,3 204 [mm2/s] 

Table 10 - Fuel specific data (NTM Sea, 2008). 
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Distance and speed 

The distance used in the calculation should be the actual distance travelled in order to obtain as correct result 
as possible. The speed of a vessel has proved to have an impact on the fuel consumption and consequently 
affects the emissions. This factor however is not taken in consideration in the NTM method due to the complex 
relation between speed and fuel consumption, a relation that shows difference between ship individuals within 
the same category, size and vessel type. One conclusion made by NTM is that an analyst should not be satisfied 
using the NTM data but aim for obtaining situation-specific data from the ship operator.  

Comments regarding NTM Sea 

The vessels usually use auxiliary engines beside the main engine to e.g. supply electrical power but this extra 
information is not covered by NTM, which is important to take into consideration since it affects the total 
emissions from a harbour. 
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Appendix III – NTM Rail transport 

This appendix is based on NTM Rail (2008) if nothing else is stated. 

Description of the steps of calculations follows: 

Step 1 and 2: Train characteristics 

The train types presented by NTM either have a diesel engine or an electrical engine and can only carry cargo, 
calculations of freights that is transported with a passenger train cannot use this method. NTM divides the 
trains into three different train types which can be combined with the cargo in question, Table 11. 

Train Size Train gross weight (Wgr) 
[tonne] 

Cargo type Cargo capacity utilisation (CCU) 
(including empty trips) 

[%] 

Short train 500 Bulk 
Average 
Volume 
Shuttle train 

60 % 
50 % 
40 % 
50 % 

Average train 1000 Bulk 
Average 
Volume 
Shuttle train 

60 % 
50 % 
40 % 
50 % 

Long train 1500 Bulk 
Average 
Volume 
Shuttle train 

60 % 
50 % 
40 % 
50 % 

Table 11 - Train and cargo types presented by NTM (NTM Rail, 2008). 

The train gross weight (Wgr) is the total weight of all rail waggons pulled by the engine but the weight of the 
engine is not included. The weight has a direct influence on the required transaction power in order to pull the 
train. The possible combinations of waggon and cargo types are several which make it impossible to find a 
simple expression of the gross weight based on the type of cargo. This information has to be obtained from the 
train operator.  

Step 3: Calculate electricity consumption (EC) or fuel consumption (FC) 

The electricity consumption and the fuel consumption depend on the topography of a country and the gross 
weight of the train. NTM presents a method on how to calculate the EC below, Table 12. The Alps (Switzerland 
and Austria) are considered to be mountainous terrain and Netherlands, Denmark and Sweden have flat 
terrain. All other countries are considered to be hilly.  
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Traction Topography Gross weight range 
[tonne] 

EC [Wh/gross tkm] or FC 
[g/gross tkm] 

Electrical Flat terrain 500-1500           
     

Electrical Hilly terrain 500-1500           
     

Electrical Mountainous terrain  500-1500           
     

Diesel Flat terrain 500-1500              
     

Diesel Hilly terrain 500-1500              
     

Diesel Mountainous terrain  500-1500              
     

Table 12 - Electricity and diesel consumption depending on different topography and gross weight (NTM Road, 2008). 

Then by combining the gross weights for different train sizes with the formulas on how to calculate the EC and 
FC a summary can be made, Table 13. 

Traction Train size Wgr 

 
[tonne] 

Cargo type Flat terrain 
[kWh/km] 

Hilly terrain 
[kWh/km] 

Mountainous 
terrain 

[kWh/km] 

Electrical Short train 500 Bulk 
Average 
Volume 
Shuttle train 

12 15 18 

Electrical Average train 1000 
 

Bulk 
Average 
Volume 
Shuttle train 

17 21 26 

Electrical Long train 1500 Bulk 
Average 
Volume 
Shuttle train 

21 26 31 

Diesel Short train 500 Bulk 
Average 
Volume 
Shuttle train 

3,29 4,11 4,94 

Diesel Average train 1000 
 

Bulk 
Average 
Volume 
Shuttle train 

4,65 5,82 6,98 

Diesel Long train 1500 Bulk 
Average 
Volume 
Shuttle train 

5,70 7,13 8,55 

Table 13 - Calculated fuel consumption for NTM default trains (NTM Rail, 2008). 

Step 4 (Electrical traction): Calculate emissions and primary energy demand 

For electricity, a factor of 10 per cent needs to be added to the electricity consumption due to losses in 
transmission. This factor can in reality vary up to more than 30 per cent depending upon electrical systems and 
distances.  

For electrical traction the emissions from the electric power plant need to be taken in consideration since the 
system of an electrical train, the power transmission and the power plant is considered to be within the same 
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system boundaries as the diesel engine or a lorry for road transport.  The emission calculation consists of the 
following steps:  

1. Calculate the total amount of electricity needed from the power plant, including the transmission 

losses.  

2. Select the type of power plant by using the following priority. 

a. When a rail operator buys electricity using a production-specified delivery contract, use data 

for specific power plant(s) or power plant technologies.  

b. Use the average emission for the mix stated by the electricity supplier.  

c. Use country-/region- specific average electricity production mix where the transport takes 

place.  

d. Use average European electricity production data for calculating the average environmental 

performance per kWh.  

3. Then combine the selected product technology mix with the environmental performance data 

(primary energy needed and emission to air) for each production technology, which will result in 

environmental performance data per kWh delivered to the power grid. 

4. Final step consists of multiplying the total electricity demand by the calculated environmental 

performance of selected electricity production. 

As a summary, the following data is required in order to fulfil the detailed analysis: 

 Engine electricity consumption 

 Transmission and conversion losses 

 Electricity generation technology mix 

 Environmental performance data for all the generation technologies included in the mix. 

Step 4 (Diesel traction): Calculate emissions and primary energy demand 

The emissions of carbon dioxide are related to the fuel consumption and are calculated with the same method 
as for road, the equation below. Note that this method disregards the fact that a small amount of carbon 
leaves the engines as carbon monoxide, hydrocarbons and particles.  

CC: Carbon content of the fuel [%-weight] 
 : Density of the fuel [kg/l] 

                      
  

  
 [
  

 
] 

 
The emissions from diesel engines are often higher than from lorries due to the lack of stringent legislation. 
NTM has collected and calculated the emission factors from a number of traffic companies in Europe, Table 14. 

Traffic company Country CO2 

Green Cargo Sweden 2637 
DB Germany 2642 
DSB Denmark 2637 
TI Italy 2579 
SNCF France 2621 
Default NTM/EcoTransIT  2637 

Table 14 - Emissions factors for diesel trains [l/kg] (NTM Rail, 2008). 
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The technology for producing electricity differs from country to country and with that the emission of carbon 
dioxide is different in various countries within Europe, Table 15.  

Country Primary Energy 
[MJ/kWh] 

CO2 
[kg/kWh] 

Austria* 4,12 0,01 

Belgium 10,93 0,26 

Czech Republic 10,13 0,71 

Denmark* 5,86 0,48 

Finland 7,22 0,21 

France 11,05 0,11 

Germany* 11,1 0,66 

Hungary 11,64 0,55 

Italy* 7,51 0,49 

Luxembourg 5,43 0,26 

Netherlands 6,98 0,43 

Norway 4,01 0,00 

Poland 9,82 0,94 

Slovakia 9,8 0,18 

Slovenia 9,65 0,37 

Sweden* 4,56 0,00 

Switzerland* 4,44 0,00 

EU – 25** 9,19 0,41 

Table 15 - Carbon dioxide emission factor of the electricity supply for railway transport in European countries (NTM Rail, 
2008). 
*Railway mix 
**Based on the average European energy mix 

Step 5: Diesel traction; compensate for the effect of applicable exhaust gas abatement techniques 

Depending on which fuel to use, certain GHG can be reduced. That is not the situation for  carbon dioxide, as 
can be seen in Table 16. 

Fuel Data Diesel Rail Europe Diesel Europe Low Sulphur 

Total CO2 [kg/l] 2,64 2,64 
Fossil CO2 [kg/l] 2,64 2,64 
Fossil CO2 [kg/kg] 3,17 3,17 

Table 16 - Diesel data used by NTM Rail (2008). 

Step 6 and 7: Vehicle operation distance and Allocation to investigated cargo 

The emission of carbon dioxide depends on the fuel consumption which depends among other factors on the 
distance travelled. The weight mentioned earlier, Wgr, is the total actual weight of the train, waggons and 
cargo. In this weight, the weight of containers, pallets and other cargo handling and securing devices need to 
be included. The calculated environmental performance is the allocated to the cargo in question, the allocation 
can be made based on the weight of the cargo, pallet TEU, m

3
, or other unit.   
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Another factor that is important to take into consideration is the capacity utilisation (CCU), or load factor, of 
the train which is defined as: net weight of all cargo/the gross weight of the train. NTM presents default values 
for the load factor depending on the type of cargo or train, Table 17. In these values, the share of empty return 
trips is included. The earlier calculated energy/emission value per gross tonne kilometre has to be divided by 
the capacity utilisation in order to calculate the emission per net-tonne kilometre.  

Rail Load factor including empty trips 
 [net-tonne-km/gross-tonne-km] 

Bulk cargo 60 % 
Volume cargo 40 % 
Average train 50 % 
Shuttle trains 50 % 

Table 17 - Load factor including empty trips for different kind of cargo (NTM Rail, 2008). 

Calculation summary 

When combining the default values presented, the load factor and the electricity demand, it is possible to 
present the kWh consumed per net-tonne x kilometre for electricity trains and the litre diesel consumed per 
net-tonne x kilometre, as is shown in Table 18 on the following page. A span of +/- 30 per cent is recommended 
to add in order to guarantee credibility. 

Traction Train 
size 

Wgr 

[tonne] 
Cargo 
type 

CCU incl. 
Empty trips  

Flat terrain 
[kWh/net-
tonnekm] 

Hilly terrain 
[kWh/net-
tonnekm] 

Mountainous 
terrain 
[kWh/net-tonnekm] 

Electrical Short 
train 

500 Bulk 
Average 
Volume 
Shuttle 
train 

60 % 
50 % 
40 % 
50 % 

0,040 
0,048 
0,060 
0,048 
 

0,050 
0,060 
0,075 
0,060 

0,060 
0,072 
0,091 
0,072 
 

Electrical Average 
train 

1000 Bulk 
Average 
Volume 
Shuttle 
train 

60 % 
50 % 
40 % 
50 % 

0,028 
0,034 
0,043 
0,034 

0,036 
0,043 
0,053 
0,043 

0,043 
0,051 
0,064 
0,051 

Electrical Long 
train 

1500 Bulk 
Average 
Volume 
Shuttle 
train 

60 % 
50 % 
40 % 
50 % 

0,023 
0,028 
0,035 
0,028 

0,029 
0,035 
0,044 
0,035 

0,035 
0,042 
0,052 
0,042 

Diesel Short 
train 

500 Bulk 
Average 
Volume 
Shuttle 
train 

60 % 
50 % 
40 % 
50 % 

0,0110 
0,0132 
0,0165 
0,0132 

0,0137 
0,0165 
0,0206 
0,0165 
 

0,0165 
0,0197 
0,0247 
0,0197 

Diesel Average 
train 

1000 Bulk 
Average 
Volume 
Shuttle 
train 

60 % 
50 % 
40 % 
50 % 

0,00776 
0,00931 
0,0116 
0,0093 

0,00970 
0,0116 
0,0145 
0,0116 

0,0116 
0,0140 
0,0175 
0,0140 

Diesel Long 
train 

1500 Bulk 
Average 
Volume 
Shuttle 
train 

60 % 
50 % 
40 % 
50 % 

0,00633 
0,00760 
0,00950 
0,00760 

0,00792 
0,00950 
0,00950 
0,0119 

0,00950 
0,0114 
0,0143 
0,0114 
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Table 18 - Electricity and fuel consumption per tonne-km (NTM Rail, 2008). 

Appendix IV – EcoTransIT  

In this section certain underlying factors and assumptions are described for each transport mode for improving 
the understanding.  

Rail transport 

EcoTransIT (2011) has on its route to more international calculation incorporated carbon dioxide emission 
factors of the electricity supply for train transports all around the world. It is covering regions as Africa, Asia 
and the Pacific, Australia, Central and South America, Europe, North America and Russia and FSU (EcoTransIT, 
2011). 

EcoTransIT (2011) states that the carbon dioxide emissions depend directly from the amount of fuel used and 
the fuel properties. The factor used for diesel train transport is 74 000[kg/TJ] and 3 179[g/kg]. The standard 
railway wagon definition can be seen in Table 19, the resistance in Table 20 and the capacity utilisation in Table 
21. 

Number of axles Empty weigh [tonnes] Payload capacity [tonnes] Max. axle load [tonnes] 

4 23 61 21 

Table 19 - Definition of standard railway wagons in EcoTransIT World (EcoTransIT, 2011) 

Attribute Resistance 

Freight corridor 1,0 
Non freight corridor 1,8 
Diesel tracks at electrified calculation 4,0 

Table 20 - Resistance for railway network (Based on EcoTransIT, 2011). 

ECspec [Wh/Gtkm] = 1200 x GTW-0,62
 

Abbreviation Definition/formula Unit 

EW Empty weight of wagon  [tonne] 
CP Payload capacity [tonne] 
CUNC Capacity utilisation 

      
    

(    )
 

[%] 

CUNG Net-gross relation 

      
    

(     
  
  

)
 

[net tonnes/gross tonne] 

CUNG * 
      

    

(     
  
  

)
 

[net tonnes/gross tonne] 

Table 21 - Capacity utilisation for rail transport (EcoTrasIT, 2011). 
*EcoTransIT uses a default empty wagon weight and payload capacity of rail wagons. 
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Road transport 

The payload of a lorry is the difference between maximum weight allowed and the empty weight of a vehicle 
(including equipment, fuel, driver etc.). In EcoTransIT the lorries are divided into five different weight classes 
and for each class an average value for empty weight and payload capacity is defined (EcoTransIT, 2011).  

Regarding carbon dioxide emissions from road transport, it depends directly from the fuel properties. In 
EcoTransIT world, an emission factor of 74 000 kg/TJ for diesel fuel was used. 

The resistance of streets are divided into five categories, which can be seen below, Table 22.  

Street category Resistance 

Motorway (category 0) 1,0 
Highway (category 1) 1,3 
Big city street (category 2) 2,4 
City street (category 3) 3,5 
Small city street (category 4-6) 5,0 

Table 22 - Resistance of street (Based on EcoTransIT, 2011). 

Air transport 

The factor of carbon dioxide emissions from air transports is 3 150 [g/kg fuel used]. The payload of airplanes is 
limited by the maximum zero fuel weight (MZFW), which is the total weight of the airplane and all its contents 
minus the weight of the fuel on board. Therefore the payload capacity is the difference between MZFW and 
the operating empty weight of the aircraft (EcoTransIT, 2011).  

The capacity utilisation for freight refers to the maximum weight which can be transported by a freighter or an 
aircraft. For air traffic, the capacity utilisation is identical to the load factor because the empty trip factor is zero 
(EcoTransIT, 2011). 

EcoTransIT uses, as NTM, the Great Circle Distance (GCD) to calculate the flight distance. The real flight 
distance = (GCD-185,2) [km] x 1,04 + 185,2 [km] + 60[km]. And for flights shorter than 185,2km, the real flight 
distance is= GCD+60 km (EcoTransIT, 2011). 

Sea transport 

For bulk, general cargo and other non-container vessels the tonnage is expressed in dead weight tonnage 
(DWT). A simplification is made based on the fact that the cargo load dominates the DWT of freight vessels and 
therefore the inclusion of fuel, fresh water and crew can be ignored. Different DWT values are based on 
different draught25 definitions of a ship (EcoTransIT, 2011).  

The cargo weight of ocean-going vessels only influence the energy consumption to a minor extend, in particular 
compared to other modes of transport. Wave resistance increases exponentially with speed which makes 
speed the most important parameters (EcoTransIT, 2011).  

The capacity utilisation of sea transport can be seen in Table 23. 

                                                             

25 Draught is the depth of water to which the ship sinks according to its load (Business dictionary 2011b).  
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Abbreviation Definition/formula Unit 

M Mass of freight  [net tonne] 
CP Payload capacity [tonne] 
LNNC Load factor        

 

  
 [net tonnes/tonne capacity]; [%] 

ET Empty trip factor= Distance 
empty/Distance loaded 

[km empty/km loaded], [%] 

CUNC Capacity utilisation 

      
    

(    )
 

[%] 

Table 23 - Capacity utilisation for Sea Transport (Based on EcoTransIT, 2011). 

The parameters used in the calculations are shown below, Table 24. 

 Country/Region specific parameter Mode specific parameter 

Road Fuel specifications:  

 Carbon content 

 Share biofuels 
Emission regulation 
Topography 
Available vehicles (Are heavy vehicles allowed?) 
Default vehicles for long-distance/feeder 

Lorry types: 

 Final energy consumption 
 

 

Rail Fuel specifications:  

 Carbon content 

 Share biofuels 
Energy and emission factors of upstream process 
Topography 
Available vehicles (heavy vehicles allowed?) 
Default vehicles for long-distance/feeder 

Train weight and energy carrier 
Final energy consumption (functions) 

Inland ship European and North America fuel specification 
Inland ship classes 
River classification according to European system 

Final energy consumption 
Vessel size classes 
Type of vessels 
Bulk and containerised transport 

Sea ship Differentiation between at-sea and in-port 
emissions. 
Categorisation of major trade lanes. 
Fuel specification differentiated for global trade, 
and for engine activity within ports according to 
legislative requirements. 

Vessel types by: 

 Bulk and container vessels. 

 Size-class 

 Aggregated for trade-lanes. 

 Special locations (SECA) 
Final energy consumption 
Reduced speed adjustment option  

Aircraft  Aircraft type: 

 Final energy consumption 

Table 24 - Parameters for calculation (EcoTransIT, 2011). 

In EcoTransIT (2011), the total energy consumption and emissions for each transport mode are calculated 
following the four steps below: 

1. Final energy consumption per net tonne-km 
2. The combustion related vehicle emission per tonne-km 
3. Energy related vehicle emissions per net tonne-km 
4. The energy consumption and emission factors for upstream process per net tonne-km 
5. Total energy consumption and total emission per transport.  
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The final energy consumption per net tonne-km: 

         
       

(     )
 

ECFtkm, i= The final energy consumption per net tonne-km 

ECFkm, i= Specific energy consumption of vehicle or vessel per kilometre. 

CP= Payload capacity of vehicle or vessel, CU= Capacity utilisation of vehicle or vessel. 

The final energy consumption is the most important key figure for the calculation and the index i notes that the 
final energy consumption must be differentiated for each carrier because of different sets of emission factors 
and upstream energy consumption are needed for each carrier.  

The combustion related emissions per net tonne-km are related to emissions of NOx, NMHC, PM, CH4 and N2O.  

The third step, calculating the energy related emissions per net tonne-km is  

                          

EMVtkm, i= Vehicle emissions per net tonne-km for each energy carrier i. 

ECFkm, i= Specific energy consumption of vehicle or vessel per kilometre. 

EMVEC, i= Energy related vehicle emission factor for each energy carrier i 

The index i defines the energy carrier (e.g. diesel, electricity) 

The formula above is used for all emission components, directly correlated to the final energy consumption 
(CO2 and SO2) and for combustion related emissions of fuel driven trains and ships.  

The fourth step concerns the upstream energy consumption and emissions per net tonne-km and is equal for 
all transport modes. The difference between the two formulas is the units.  

                          

                          

EMUtkm, i= Upstream emissions for each energy carrier i. 

ECUtkm, i= Upstream energy consumption for each energy carrier i. 

ECFtkm, i= Final energy consumption per net tonne-km for each energy carrier i. 

EMUEC, i= Energy related upstream emission factor for each energy carrier i. 

ECUEC, i= Energy related upstream energy consumption for each energy carrier i. 

The fifth and final step concerns the total energy consumption or emissions per transport. 

          (                 ) 
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          (                 ) 

EMTi = Total emissions of transport for energy carrier i 

ECTi = Total energy consumption of transport for energy carrier i 

Di = Distance of transport performed for each energy carrier i 

M= Mass of freight transported 

EMVtkm,i = Vehicle emissions for each energy carrier i 

ECFtkm,i = Final energy consumption for each energy carrier i 

EMUtkm,i = Upstream emissions for each energy carrier i 

ECUtkm,i = Upstream energy consumption for each energy carrier i 

The transport used is a result of the algorithm of EcoTransIT World. The energy consumption and emissions 
depend on routing but this correlation is not shown as a variable index in the formulas due to better readability 
and the mass of freight is either directly given by the client or recalculated from number of TEU, if TEU is 
selected as input parameter in the extend mode of EcoTransIT world.  The EcoTransIT tool is intended to be 
used by shippers, the owner of a freight that is transported, or by carriers, the operators responsible for 
operating vehicles and vessels (EcoTransIT, 2011).  

For the calculation algorithm, it is not relevant if the freight occupies a part of a vehicle or a vessel or one or 
several vessels. The energy consumption and emissions are always calculated based on the capacity utilisation 
of selected freight type and the corresponding specific energy consumption of the vessel. These assumptions 
avoid the need of allocation rules for transports with different freight types in the same vessel or train and 
therefore, no special allocation rules are needed for road and rail transport. It is only necessary for passengers 
ferries and aircrafts that carry freight and passengers simultaneous (EcoTransIT, 2011). 
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Appendix V – Keywords for Stage one 

 Google.com: LiUBSearch: scholar.google.com: Date 

carbon dioxide   146  2011-09-13 

emission  142  2011-09-13 

carbon dioxide equivalent  11 600 000   2011-09-21 

methods of calculating carbon footprint  2 860 000  21 000 2011-09-22 

carbon neutrality  789 000   2011-09-23 

ISO 14064 available to 14001 certificate holders  862   2011-09-23 

Alan McKinnon    20 100 2011-09-26 

Eurostat 9 450 000   2011-09-26 

carbon accounting methodology    131 000 2011-09-27 

emission calculation software  14 300 000   2011-09-27 

ghg programme 5 510 000   2011-09-27 

LCA of transportation  1 460 000  17 000 2011-09-27 

methodology for estimating ghg emission    23 300 2011-09-27 

methodology for estimating ghg emission in transport    17 600  2011-09-27 

COPERT methodology  16 800   2011-09-28 

expert elicitation  488 000   2011-09-28 

emission standards    1 310 000  2011-10-03 

laws regarding carbon dioxide emissions  54 600 000   2011-10-03 

Table 25 – Keywords used when searching for information online for Stage one, number of hits the search engines 
presented for the respective keywords. 

  



 

25 

 

Appendix VI – Interview questions: Stage one 

Purchasing 

 What are the transportation costs for the regions VLC operate in? 
o Are certain regions cheaper/more expensive compared to others? 

 Which are these? 
 What is the price level in each region? 
 How is the price set if it is an interregional transport? 

 How are costs from interregional transportation assigned? 
o Is it assigned to the region in which the transportation starts or ends? 

 How are prices for transportation negotiated? 
o How big a portion of the costs are for actual transports and how much is warehousing or 

other handling? 
o How much of the price is pure fuel consumption? 
o Are there specific goals regarding price reduction? 
o Is inflation of currencies taken into consideration? 

 Is there a specific currency for specific regions in which the price is determined? 

 How many carriers are VLC currently buying transportation services from? 

 Are you able to say how many kilometres are invoiced from each carrier? 
o How many are invoiced in each region? 

 How much of the total emissions are VLC accountable for with each carrier? 

 How many of the carriers currently report annual carbon dioxide emission? 

 How many carriers are unable to say how much of the emissions VLC are accountable for? 

 How many of each type of vehicle within each transport mode are used to fulfil VLCs transportation 
needs annually? 

 How many types of vehicles within each transportation mode are used annually? 
o Are there possible groupings within the modes to aggregate types into larger groups with 

similar emission capacity? 

Business system support 

 Are you able to say how many kilometres are invoiced from each carrier? 
o How many are invoiced in each region? 

 What distances does VLCs transports frequent in each region? 

 How many transports frequent these distances annually? 

 What distances does VLCs transport frequent between regions? 

 How many transports frequent these interregional distances annually? 

 Are you able to say how much weight each transport carry on the distances frequented by VLC? 

 Which fuel efficiency is prevalent for each transport mode and type in each region? 

 What fuel type is used for the vehicle fleets in the regions they operate? 

 What is the average speed for each transport? 

 How is the distance travelled by the carriers divided into different road types (urban, rural or 
motorway)? 

 Is it possible to find out how much of the purchased transports that are using hot respective cold 
running? 
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Invoicing 

 What are the transportation costs for the regions VLC operate in? 
o Are certain regions cheaper/more expensive compared to others? 

 Which are these? 
 What is the price level in each region? 
 How is the price set if it is an interregional transport? 

 How are costs from interregional transportation assigned? 
o Is it assigned to the region in which the transportation starts or ends? 

 Are you able to say how many kilometres are invoiced from each carrier? 
o How many are invoiced in each region? 

 What is the filling degree of the transports bought by VLC? 

 How much fuel has been purchased for the various transports? 

 How much fuel is used for the transportation operations? 

Environmental department 

 Which fuel efficiency is prevalent for each transport mode and type in each region? 

 How many of the carriers currently report annual carbon dioxide emission? 

 How much of the total emissions are VLC accountable for with each carrier? 

 How many carriers are unable to say how much of the emissions VLC are accountable for? 

 Are the carriers using a catalyst in their vehicles? 

 What is the average speed for each transport? 

 Is it possible to find out how much of the purchased transports that are using hot respective cold 
running? 

 What fuel type is used for the vehicle fleets in the regions they operate? 

 Is it possible to find out how much of the purchased transports that are using hot respective cold 
running? 

Suppliers 

 What fuel type is used for the vehicle fleets in the regions they operate? 

 Which fuel efficiency is prevalent for each transport mode and type in each region? 

 How much fuel is used for the transportation operations? 

 How much of the total emissions are VLC accountable for with each carrier? 

 How many of the carriers currently report annual carbon dioxide emission? 

 How many carriers are unable to say how much of the emissions VLC are accountable for? 

 What is the filling degree of the transports bought by VLC? 

 What is the average speed for each transport? 

 Is it possible to find out how much of the purchased transports that are using hot respective cold 
running? 

 How many of each type of vehicle within each transport mode are used to fulfil VLCs transportation 
needs annually? 

 How many types of vehicles within each transportation mode are used annually? 
o Are there possible groupings within the modes to aggregate types into larger groups with 

similar emission capacity? 
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Appendix VII - Benchmark questions: Stage one 

Company description 

 What is your business concept? 

 Where in the world are you active? 

 What transportation services do you provide? 
o What modes of transport do you use? 
o Do you own your own transportation fleet or do you hire vehicles/carriers? 

 How many carriers do you employ? 

 What is the amount of transports that you handle each year? (in turnover, in number, and in 
kilograms) 

o How much of the total is VLC responsible for? 

 What requirements do your customers have on you to present your carbon dioxide emissions? 

Calculations 

 Are you calculating your carbon dioxide emissions? 

 How are you calculating the carbon dioxide emissions? 
o Do you use a certain method?  

 What is the method based on? What Factors? Fuel consumption? Filling degree? 
 How is the method developed? 
 How often do you update the method? 

o Do you follow a certain standard? Which one(s)? 
o What tools do you use for your calculations? Excel? Business system? Databases? 
o How does the calculation differ from region to region or transport mode? 
o What input do you have available regarding the vehicle fleet that handle your 

transportations? 
o From where do you get the input or data in order to do the calculation? 

 If there are hired transportations, how do you get the info? 
 How is the input validated? 

 Do you divide your carbon dioxide emission per customer or per region? 
o How is it done?  

 How much resources are put into calculating the carbon dioxide emissions? (in Time, in Money) 

 How do you utilise your calculations? 

 How much fuel is used for the transportation operations? 
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Appendix VIII – AHP Air 

Main-criterion: Credibility     

                

Criterion G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

Validity 0,10 0,05 0,11 0,14 0,23 0,25 0,12 

Reliability 0,09 0,06 0,07 0,16 0,25 0,25 0,12 

Objectivity 0,07 0,25 0,06 0,20 0,14 0,13 0,15 

Total 0,0895 0,100091 0,080739 0,159738 0,220439 0,222022 0,127471 

                

                

Validity G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

G1 1 2  1/3 2      1/3  1/3  1/2 

Cost Based  1/2 1      1/3  1/3  1/3  1/3  1/3 

Carrier Info 3     3     1      1/2  1/3  1/3  1/2 

Nanjing  1/2 3     2     1      1/2  1/2 2     

G3 3     3     3     2     1     1     2     

G4 3     3     3     2     1     1     3     

GHGP 2     3     2      1/2  1/2  1/3 1     

Sum 13 18 11,66667 8,333333 4 3,833333 9,333333 

                

                

                

Reliability G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

G1 1 2 2      1/2  1/3  1/3  1/2 

Cost Based  1/2 1     1      1/3  1/3  1/3  1/3 

Carrier Info  1/2 1     1      1/2  1/3  1/3  1/2 

Nanjing 2     3     2     1      1/2  1/2 2     

G3 3     3     3     2     1     1     3     

G4 3     3     3     2     1     1     3     

GHGP 2     3     2      1/2  1/3  1/3 1     

Sum 12 16 14 6,833333 3,833333 3,833333 10,33333 

                

                

                

Objectivity G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

G1 1  1/2 1      1/2  1/3  1/3  1/2 

Cost Based 2     1     2     2     2     3     2     

Carrier Info 1      1/2 1      1/3  1/3  1/3  1/3 

Nanjing 2      1/2 3     1     2     2     2     

G3 3      1/2 3      1/2 1     1     1     

G4 3      1/3 3      1/2 1     1      1/2 

GHGP 2      1/2 3      1/2 1     2     1     

Sum 14 3,833333 16 5,333333 7,666667 9,666667 7,333333 
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Main-criterion: Comparability     

                

Criterion G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

Standardisation 0,08 0,08 0,08 0,08 0,25 0,14 0,27 

Calculation tool 0,10 0,10 0,10 0,10 0,10 0,31 0,19 

Total 0,086331 0,086331 0,086331 0,086331 0,215963 0,186373 0,252339 

                

                

                

Standardisation G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

G1 1     1     1     1      1/3  1/2  1/3 

Cost Based 1     1     1     1      1/3  1/2  1/3 

Carrier Info 1     1     1     1      1/3  1/2  1/3 

Nanjing 1     1     1     1      1/3  1/2  1/3 

G3 3     3     3     3     1     2     1     

G4 2     2     2     2      1/2 1      1/3 

GHGP 3     3     3     3     1     3     1     

Sum 12 12 12 12 3,833333 8 3,666667 

                

                

                

Calculation tool G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

G1 1     1     1     1     1      1/3  1/2 

Cost Based 1     1     1     1     1      1/3  1/2 

Carrier Info 1     1     1     1     1      1/3  1/2 

Nanjing 1     1     1     1     1      1/3  1/2 

G3 1     1     1     1     1      1/3  1/2 

G4 3     3     3     3     3     1     2     

GHGP 2     2     2     2     2      1/2 1     

Sum 10 10 10 10 10 3,166667 5,5 

 

 

 

Main-criterion: Simplicity     

                

Criterion G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

Amount of data 0,19 0,18 0,26 0,12 0,07 0,06 0,11 

Number of steps 0,21 0,13 0,25 0,14 0,08 0,07 0,13 

Amount of sources 0,07 0,27 0,19 0,13 0,12 0,09 0,13 

User friendly 0,26 0,07 0,14 0,13 0,13 0,13 0,13 

Total 0,171468 0,171311 0,200991 0,13103 0,107821 0,091698 0,12568 
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Amount of data G1 Cost Based Carrier Info Nanjing G3 G4 GHGP 

G1 1 1      1/2 2     3     3     2     

Cost Based 1     1      1/2 2     2     3     2     

Carrier Info 2     2     1     2     3     3     2     

Nanjing  1/2  1/2  1/2 1     2     3     1     

G3  1/3  1/2  1/3  1/2 1     1      1/2 

G4  1/3  1/3  1/3  1/3 1     1      1/2 

GHGP  1/2  1/2  1/2 1     2     2     1     

Sum 5,666667 5,833333 3,666667 8,833333 14 16 9 

                

                

                

Number of steps G1 Cost Based Carrier Info Nanjing G2 G3 GHGP 

G1 1 2      1/2 2     2     3     2     

Cost Based  1/2 1      1/2 1     2     2     1     

Carrier Info 2     2     1     2     2     3     2     

Nanjing  1/2 1      1/2 1     2     3     1     

G3  1/2  1/2  1/2  1/2 1     1      1/2 

G4  1/3  1/2  1/3  1/3 1     1      1/2 

GHGP  1/2 1      1/2 1     2     2     1     

Sum 5,333333 8 3,833333 7,833333 12 15 8 

                

                

                

Amount of sources G1 Cost Based Carrier Info Nanjing G2 G3 GHGP 

G1 1  1/3  1/2  1/2  1/2 1      1/3 

Cost Based 3     1     2     2     3     3     2     

Carrier Info 2      1/2 1     2     2     2     2     

Nanjing 2      1/2  1/2 1      1/2 3     1     

G3 2      1/3  1/2 2     1     1     1     

G4 1      1/3  1/2  1/3 1     1     1     

GHGP 3      1/2  1/2 1     1     1     1     

Sum 14 3,5 5,5 8,833333 9 12 8,333333 

                

User friendly G1 Cost Based Carrier Info Nanjing G2 G3 GHGP 

G1 1 3     2     2     2     2     2     

Cost Based  1/3 1      1/3  1/2  1/2  1/2  1/2 

Carrier Info  1/2 3     1     1     1     1     1     

Nanjing  1/2 2     1     1     1     1     1     

G3  1/2 2     1     1     1     1     1     

G4  1/2 2     1     1     1     1     1     

GHGP  1/2 2     1     1     1     1     1     

Sum 3,833333 15 7,333333 7,5 7,5 7,5 7,5 
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Appendix IX – AHP Rail 

Main-criterion: Credibility       

                  

Criterion G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

Validity 0,09 0,04 0,08 0,10 0,22 0,16 0,20 0,10 

Reliability 0,08 0,05 0,06 0,14 0,12 0,22 0,22 0,11 

Objectivity 0,06 0,22 0,05 0,18 0,15 0,11 0,10 0,12 

Total 0,08015 0,086265 0,066386 0,133809 0,161938 0,177615 0,188319 0,105518 

                  

                  

Validity G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 2  1/2 2     1      1/3  1/3  1/2 

Cost Based  1/2 1      1/3  1/3  1/3  1/3  1/3  1/3 

Carrier Info 2     3     1      1/2  1/2  1/3  1/3  1/2 

Nanjing  1/2 3     2     1      1/3  1/2  1/2 2     

G2 1     3     2     3     1     2     2     3     

G3 3     3     3     2      1/2 1      1/2 2     

G4 3     3     3     2      1/2 2     1     3     

GHGP 2     3     2      1/2  1/3  1/2  1/3 1     

Sum 13 21 13,83333 11,33333 4,5 7 5,333333 12,33333 

                  

Reliability G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 2 2      1/2  1/2  1/3  1/3  1/2 

Cost Based  1/2 1     1      1/3  1/3  1/3  1/3  1/3 

Carrier Info  1/2 1     1      1/2  1/2  1/3  1/3  1/2 

Nanjing 2     3     2     1     1      1/2  1/2 2     

G2 2     3     2     1     1      1/2  1/2 1     

G3 3     3     3     2     2     1     1     3     

G4 3     3     3     2     2     1     1     3     

GHGP 2     3     2      1/2 1      1/3  1/3 1     

Sum 14 19 16 7,833333 8,333333 4,333333 4,333333 11,33333 

                  

Objectivity G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1  1/2 1      1/2  1/2  1/3  1/3  1/2 

Cost Based 2     1     2     2     2     2     3     2     

Carrier Info 1      1/2 1      1/3  1/3  1/3  1/3  1/3 

Nanjing 2      1/2 3     1     2     2     2     2     

G2 2      1/2 3      1/2 1     2     2     2     

G3 3      1/2 3      1/2  1/2 1     1     1     

G4 3      1/3 3      1/2  1/2 1     1      1/2 

GHGP 2      1/2 3      1/2  1/2 1     2     1     

Sum 16 4,333333 19 5,833333 7,333333 9,666667 11,66667 9,333333 
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Main-criterion: Comparability       

                  

Criterion G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

Standardisation 0,07 0,07 0,07 0,07 0,11 0,23 0,13 0,25 

Calculation tool 0,08 0,08 0,08 0,08 0,16 0,08 0,27 0,16 

Total 0,072544 0,072544 0,072544 0,072544 0,12284 0,194591 0,167525 0,224869 

                  

Standardisation G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 1 1     1      1/2  1/3  1/2  1/3 

Cost Based 1     1     1     1      1/2  1/3  1/2  1/3 

Carrier Info 1     1     1     1      1/2  1/3  1/2  1/3 

Nanjing 1     1     1     1      1/2  1/3  1/2  1/3 

G2 2     2     2     2     1      1/3  1/2  1/3 

G3 3     3     3     3     3     1     2     1     

G4 2     2     2     2     2      1/2 1      1/3 

GHGP 3     3     3     3     3     1     3     1     

Sum 14 14 14 14 11 4,166667 8,5 4 

                  

Calculation tool G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 1 1     1      1/2 1      1/3  1/2 

Cost Based 1     1     1     1      1/2 1      1/3  1/2 

Carrier Info 1     1     1     1      1/2 1      1/3  1/2 

Nanjing 1     1     1     1      1/2 1      1/3  1/2 

G2 2     2     2     2     1     2      1/2 1     

G3 1     1     1     1      1/2 1      1/3  1/2 

G4 3     3     3     3     2     3     1     2     

GHGP 2     2     2     2     1     2      1/2 1     

Sum 12 12 12 12 6,5 12 3,666667 6,5 

  

 

 

 

Main-criterion: Simplicity       

                  

Criterion G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

Amount of data 0,16 0,15 0,23 0,10 0,15 0,07 0,05 0,10 

Number of steps 0,17 0,11 0,22 0,11 0,17 0,07 0,05 0,11 

Amount of sources 0,06 0,24 0,16 0,11 0,17 0,10 0,05 0,11 

User friendly 0,21 0,06 0,11 0,11 0,22 0,11 0,06 0,11 

Total 0,141144 0,147371 0,173107 0,107094 0,181623 0,089438 0,052992 0,107232 
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Amount of data G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 1      1/2 2     1     3     3     2     

Cost Based 1     1      1/2 2     1     2     3     2     

Carrier Info 2     2     1     2     2     3     3     2     

Nanjing  1/2  1/2  1/2 1      1/2 2     3     1     

G2 1     1      1/2 2     1     2     3     2     

G3  1/3  1/2  1/3  1/2  1/2 1     2      1/2 

G4  1/3  1/3  1/3  1/3  1/3  1/2 1      1/3 

GHGP  1/2  1/2  1/2 1      1/2 2     3     1     

Sum 6,666667 6,833333 4,166667 10,83333 6,833333 15,5 21 10,83333 

                  

                  

                  

Number of steps G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 2      1/2 2     1     3     3     2     

Cost Based  1/2 1      1/2 1      1/2 2     3     1     

Carrier Info 2     2     1     2     2     2     3     2     

Nanjing  1/2 1      1/2 1      1/2 2     3     1     

G2 1     2      1/2 2     1     3     3     2     

G3  1/3  1/2  1/2  1/2  1/3 1     2      1/2 

G4  1/3  1/3  1/3  1/3  1/3  1/2 1      1/3 

GHGP  1/2 1      1/2 1      1/2 2     3     1     

Sum 6,166667 9,833333 4,333333 9,833333 6,166667 15,5 21 9,833333 

                  

Amount of sources G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1  1/3  1/2  1/2  1/3  1/2 1      1/3 

Cost Based 3     1     2     2     2     3     3     2     

Carrier Info 2      1/2 1     2     1     2     3     2     

Nanjing 2      1/2  1/2 1      1/2 1     3     1     

G2 3      1/2 1     2     1     2     3     2     

G3 2      1/3  1/2 1      1/2 1     2     1     

G4 1      1/3  1/3  1/3  1/3  1/2 1      1/2 

GHGP 3      1/2  1/2 1      1/2 1     2     1     

Sum 17 4 6,333333 9,833333 6,166667 11 18 9,833333 

                  

User friendly G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 3     2     2     1     2     3     2     

Cost Based  1/3 1      1/3  1/2  1/3  1/2 1      1/2 

Carrier Info  1/2 3     1     1      1/3 1     2     1     

Nanjing  1/2 2     1     1      1/2 1     2     1     

G2 1     3     3     2     1     2     3     2     

G3  1/2 2     1     1      1/2 1     2     1     

G4  1/3 1      1/2  1/2  1/3  1/2 1      1/2 

GHGP  1/2 2     1     1      1/2 1     2     1     

Sum 4,666667 17 9,833333 9 4,5 9 16 9 
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Appendix X – AHP Road 

Main-criterion: Credibility           

                      

Criterion G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

Validity 0,06 0,07 0,04 0,06 0,10 0,10 0,18 0,13 0,17 0,08 

Reliability 0,06 0,08 0,04 0,05 0,12 0,11 0,06 0,20 0,20 0,09 

Objectivity 0,05 0,14 0,16 0,04 0,15 0,10 0,11 0,09 0,06 0,09 

Total 0,06 0,09 0,07 0,05 0,12 0,10 0,11 0,15 0,16 0,09 

                      

Validity G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

G1 1  1/2 2      1/2  1/2  1/2 1      1/3  1/3  1/2 

Nat. GHG 2     1     2     2      1/2  1/2  1/2  1/3  1/3  1/2 

Cost Based  1/2  1/2 1      1/3  1/3  1/3  1/3  1/3  1/3  1/3 

Carrier Info 2      1/2 3     1      1/2  1/2  1/2  1/3  1/3  1/2 

Nanjing 2     2     3     2     1     1      1/3  1/2  1/2 2     

MABA 2     2     3     2     1     1      1/2 1      1/2 1     

G2 1     2     3     2     3     2     1     2     2     3     

G3 3     3     3     3     2     1      1/2 1      1/2 2     

G4 3     3     3     3     2     2      1/2 2     1     3     

GHGP 2     2     3     2      1/2 1      1/3  1/2  1/3 1     

Sum 18,5 16,5 26 17,83333 11,33333 9,833333 5,5 8,333333 6 1/6 13 5/6 

                      

Reliability G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

G1 1  1/3 2     2      1/2  1/2 1      1/3  1/3  1/2 

Nat. GHG 3     1     3     3      1/2  1/2 1      1/3  1/3  1/2 

Cost Based  1/2  1/3 1     1      1/3  1/3  1/3  1/3  1/3  1/3 

Carrier Info  1/2  1/3 1     1      1/2  1/2 1      1/3  1/3  1/2 

Nanjing 2     2     3     2     1     1     2      1/2  1/2 2     

MABA 2     2     3     2     1     1     3      1/3  1/3 1     

G2 1     1     3     1      1/2  1/3 1      1/3  1/3  1/2 

G3 3     3     3     3     2     3     3     1     1     3     

G4 3     3     3     3     2     3     3     1     1     3     

GHGP 2     2     3     2      1/2 1     2      1/3  1/3 1     

Sum 18     15     25     20     8 5/6 11 1/6 17 1/3 4 5/6 4 5/6 12 1/3 
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Objectivity G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

G1 1  1/2  1/2 1      1/2  1/2 1      1/3  1/3  1/2 

Nat. GHG 2     1     1     2     1     1     2     2     3     2     

Cost Based 2     1     1     2     2     2     2     2     3     2     

Carrier Info 1      1/2  1/2 1      1/3  1/3  1/3  1/3  1/3  1/3 

Nanjing 2     1      1/2 3     1     2     2     2     3     2     

MABA 2     1      1/2 3      1/2 1     1     1     2     1     

G2 1      1/2  1/2 3      1/2 1     1     2     3     2     

G3 3      1/2  1/2 3      1/2 1      1/2 1     2     1     

G4 3      1/3  1/3 3      1/3  1/2  1/3  1/2 1      1/3 

GHGP 2      1/2  1/2 3      1/2 1      1/2 1     3     1     

Sum 19     6 5/6 5 5/6 24     7 1/6 10 1/3 10 2/3 12 1/6 20 2/3 12 1/6 
 

Main-criterion: Comparability           

                      

Criterion G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

Standardisation 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,20 0,12 0,21 

Calculation tool 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,08 0,24 0,15 

Total 0,07 0,07 0,07 0,07 0,07 0,07 0,07 0,17 0,15 0,20 

                      

Standardisation G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

G1 1     1     1     1     1     1     1      1/3  1/2  1/3 

Nat. GHG 1     1     1     1     1     1     1      1/3  1/2  1/3 

Cost Based 1     1     1     1     1     1     1      1/3  1/2  1/3 

Carrier Info 1     1     1     1     1     1     1      1/3  1/2  1/3 

Nanjing 1     1     1     1     1     1     1      1/3  1/2  1/3 

MABA 1     1     1     1     1     1     1      1/3  1/2  1/3 

G2 1     1     1     1     1     1     1      1/3  1/2  1/3 

G3 3     3     3     3     3     3     3     1     2     1     

G4 2     2     2     2     2     2     2      1/2 1      1/3 

GHGP 3     3     3     3     3     3     3     1     3     1     

Sum 15     15     15     15     15     15     15     4 5/6 9 1/2 4 2/3 

                      

Calculation tool G1 Nat. GHG Cost Based Carrier Info Nanjing MABA G2 G3 G4 GHGP 

G1 1     1     1     1     1     1     1     1      1/3  1/2 

Nat. GHG 1     1     1     1     1     1     1     1      1/3  1/2 

Cost Based 1     1     1     1     1     1     1     1      1/3  1/2 

Carrier Info 1     1     1     1     1     1     1     1      1/3  1/2 

Nanjing 1     1     1     1     1     1     1     1      1/3  1/2 

MABA 1     1     1     1     1     1     1     1      1/3  1/2 

G2 1     1     1     1     1     1     1     1      1/3  1/2 

G3 1     1     1     1     1     1     1     1      1/3  1/2 

G4 3     3     3     3     3     3     3     3     1     2     

GHGP 2     2     2     2     2     2     2     2      1/2 1     

Sum 13     13     13     13     13     13     13     13     4 1/6 7     
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Main-criterion: Simplicity           

                      

Criterion G1 Nat. GHG 
Cost 
Based 

Carrier 
Info Nanjing MABA G2 G3 G4 GHGP 

Amount of data 0,12 0,14 0,12 0,19 0,08 0,05 0,13 0,06 0,08 0,00 

Number of steps 0,14 0,13 0,09 0,18 0,09 0,05 0,14 0,06 0,04 0,09 

Amount of sources 0,05 0,10 0,18 0,15 0,09 0,05 0,15 0,09 0,05 0,09 

User friendly 0,18 0,10 0,05 0,10 0,10 0,05 0,19 0,00 0,00 0,00 

Total 0,12 0,11 0,12 0,15 0,09 0,05 0,15 0,05 0,04 0,04 

                      

Amount of data G1 Nat. GHG 
Cost 
Based 

Carrier 
Info Nanjing MABA G2 G3 G4 GHGP 

G1 1      1/2 1      1/2 2     3     1     3     3     2     

Nat. GHG 2     1     1      1/2 2     3     1     2     3     2     

Cost Based 1     1     1      1/2 2     2     1     2     3     2     

Carrier Info 2     2     2     1     2     3     2     3     3     2     

Nanjing  1/2  1/2  1/2  1/2 1     2      1/2 2     3     1     

MABA  1/3  1/3  1/2  1/3  1/2 1      1/3 1     2     1     

G2 1     1     1      1/2 2     3     1     2     3     2     

G3  1/3  1/2  1/2  1/3  1/2 1      1/2 1     3      1/2 

G4  1/3  1/3  1/3  1/3  1/3  1/2  1/3  1/3 1      1/3 

GHGP  1/2  1/2  1/2  1/2 1     1      1/2 2     3     1     

Sum 9     7 2/3 8 1/3 5     13 1/3 19 1/2 8 1/6 18 1/3 27     
13 

5/6 

                      

                      

                      

Number of steps G1 Nat. GHG 
Cost 
Based 

Carrier 
Info Nanjing MABA G2 G3 G4 GHGP 

G1 1     1     2      1/2 2     2     1     3     3     2     

Nat. GHG 1     1     2      1/2 2     2     1     2     3     2     

Cost Based  1/2  1/2 1      1/2 1     2      1/2 2     3     1     

Carrier Info 2     2     2     1     2     3     2     2     3     2     

Nanjing  1/2  1/2 1      1/2 1     3      1/2 2     3     1     

MABA  1/2  1/2  1/2  1/3  1/3 1      1/3 1     2      1/2 

G2 1     1     2      1/2 2     3     1     3     3     2     

G3  1/3  1/2  1/2  1/2  1/2 1      1/3 1     2      1/2 

G4  1/3  1/3  1/3  1/3  1/3  1/2  1/3  1/2 1      1/3 

GHGP  1/2  1/2 1      1/2 1     2      1/2 2     3     1     

Sum 7 2/3 7 5/6 
12 

1/3 5 1/6 12 1/6 19 1/2 7 1/2 18 1/2 26     
12 

1/3 
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Amount of sources G1 Nat. GHG 
Cost 
Based 

Carrier 
Info Nanjing MABA G2 G3 G4 GHGP 

G1 1      1/3  1/3  1/2  1/2 1      1/2  1/2 1      1/3 

Nat. GHG 3     1     1      1/2 1     2      1/2 1     2     1     

Cost Based 3     1     1     2     2     2     2     3     3     2     

Carrier Info 2     2      1/2 1     2     3     1     2     3     2     

Nanjing 2     1      1/2  1/2 1     2      1/2 1     3     1     

MABA 1      1/2  1/2  1/3  1/2 1      1/3  1/2 1      1/2 

G2 2     2      1/2 1     2     3     1     2     3     2     

G3 2     1      1/3  1/2 1     2      1/2 1     2     1     

G4 1      1/2  1/3  1/3  1/3 1      1/3  1/2 1      1/2 

GHGP 3     1      1/2  1/2 1     2      1/2 1     2     1     

Sum 20     10 1/3 5 1/2 7 1/6 11 1/3 19     7 1/6 12 1/2 21     
11 

1/3 

                      

User friendly G1 Nat. GHG 
Cost 
Based 

Carrier 
Info Nanjing MABA G2 G3 G4 GHGP 

G1 1     2     3     2     2     3     1     2     3     2     

Nat. GHG  1/2 1     2     1     1     2      1/2 1     2     1     

Cost Based  1/3  1/2 1      1/3  1/2 1      1/3  1/2 1      1/2 

Carrier Info  1/2 1     3     1     1     2      1/3 1     2     1     

Nanjing  1/2 1     2     1     1     2      1/2 1     2     1     

MABA  1/3  1/2 1      1/2  1/2 1      1/3  1/2 1      1/2 

G2 1     2     3     3     2     3     1     2     3     2     

G3  1/2 1     2     1     1     2      1/2 1     2     1     

G4  1/3  1/2 1      1/2  1/2 1      1/3  1/2 1      1/2 

GHGP  1/2 1     2     1     1     2      1/2 1     2     1     

Sum 5 1/2 10 1/2 20     11 1/3 10 1/2 19     5 1/3 10 1/2 19     
10 

1/2 
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Appendix XI – AHP Sea 

Main-criterion: Credibility       

                  

Criterion G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

Validity 0,10 0,04 0,09 0,10 0,22 0,16 0,20 0,10 

Reliability 0,08 0,05 0,06 0,14 0,12 0,22 0,22 0,11 

Objectivity 0,06 0,22 0,05 0,18 0,15 0,11 0,10 0,12 

Total 0,08 0,09 0,07 0,13 0,16 0,18 0,19 0,10 

                  

Validity G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 3  1/3 2     1      1/3  1/3  1/2 

Cost Based  1/3 1      1/3  1/3  1/3  1/3  1/3  1/3 

Carrier Info 3     3     1      1/2  1/2  1/3  1/3  1/2 

Nanjing  1/2 3     2     1      1/3  1/2  1/2 2     

G2 1     3     2     3     1     2     2     3     

G3 3     3     3     2      1/2 1      1/2 2     

G4 3     3     3     2      1/2 2     1     3     

GHGP 2     3     2      1/2  1/3  1/2  1/3 1     

Sum 13,83333 22 13,66667 11,33333 4,5 7 5,333333 12,33333 

                  

Reliability G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 2 2      1/2  1/2  1/3  1/3  1/2 

Cost Based  1/2 1     1      1/3  1/3  1/3  1/3  1/3 

Carrier Info  1/2 1     1      1/2  1/2  1/3  1/3  1/2 

Nanjing 2     3     2     1     1      1/2  1/2 2     

G2 2     3     2     1     1      1/2  1/2 1     

G3 3     3     3     2     2     1     1     3     

G4 3     3     3     2     2     1     1     3     

GHGP 2     3     2      1/2 1      1/3  1/3 1     

Sum 14 19 16 7,833333 8,333333 4,333333 4,333333 11,33333 

                  

Objectivity G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1  1/2 1      1/2  1/2  1/3  1/3  1/2 

Cost Based 2     1     2     2     2     2     3     2     

Carrier Info 1      1/2 1      1/3  1/3  1/3  1/3  1/3 

Nanjing 2      1/2 3     1     2     2     2     2     

G2 2      1/2 3      1/2 1     2     2     2     

G3 3      1/2 3      1/2  1/2 1     1     1     

G4 3      1/3 3      1/2  1/2 1     1      1/2 

GHGP 2      1/2 3      1/2  1/2 1     2     1     

Sum 16 4,333333 19 5,833333 7,333333 9,666667 11,66667 9,333333 
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Main-criterion: Comparability       

                  

Criterion G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

Standardisation 0,07 0,07 0,07 0,07 0,11 0,23 0,13 0,25 

Calculation tool 0,08 0,08 0,08 0,08 0,16 0,08 0,27 0,16 

Total 0,07 0,07 0,07 0,07 0,12 0,20 0,17 0,22 

                  

                  

                  

Standardisation G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 1 1     1      1/2  1/3  1/2  1/3 

Cost Based 1     1     1     1      1/2  1/3  1/2  1/3 

Carrier Info 1     1     1     1      1/2  1/3  1/2  1/3 

Nanjing 1     1     1     1      1/2  1/3  1/2  1/3 

G2 2     2     2     2     1      1/3  1/2  1/3 

G3 3     3     3     3     3     1     2     1     

G4 2     2     2     2     2      1/2 1      1/3 

GHGP 3     3     3     3     3     1     3     1     

Sum 14 14 14 14 11 4,166667 8,5 4 

                  

                  

                  

Calculation tool G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 1 1     1      1/2 1      1/3  1/2 

Cost Based 1     1     1     1      1/2 1      1/3  1/2 

Carrier Info 1     1     1     1      1/2 1      1/3  1/2 

Nanjing 1     1     1     1      1/2 1      1/3  1/2 

G2 2     2     2     2     1     2      1/2 1     

G3 1     1     1     1      1/2 1      1/3  1/2 

G4 3     3     3     3     2     3     1     2     

GHGP 2     2     2     2     1     2      1/2 1     

Sum 12 12 12 12 6,5 12 3,666667 6,5 

 

Main-criterion: Simplicity       

                  

Criterion G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

Amount of data 0,16 0,15 0,23 0,10 0,15 0,07 0,05 0,09 

Number of steps 0,17 0,11 0,22 0,11 0,17 0,07 0,05 0,11 

Amount of sources 0,06 0,24 0,16 0,11 0,16 0,08 0,08 0,10 

User friendly 0,20 0,05 0,11 0,10 0,22 0,10 0,10 0,10 

Total 0,14 0,15 0,17 0,11 0,18 0,08 0,08 0,10 
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Amount of data G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 1      1/2 2     1     3     3     2     

Cost Based 1     1      1/2 2     1     2     3     2     

Carrier Info 2     2     1     2     2     3     3     2     

Nanjing  1/2  1/2  1/2 1      1/2 2     3     1     

G2 1     1      1/2 2     1     2     3     2     

G3  1/3  1/2  1/3  1/2  1/2 1     2      1/2 

G4  1/3  1/3  1/3  1/3  1/3  1/2 1      1/2 

GHGP  1/2  1/2  1/2 1      1/2 2     2     1     

Sum 6,666667 6,833333 4,166667 10,83333 6,833333 15,5 20 11 

                  

Number of steps G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 2      1/2 2     1     2     3     2     

Cost Based  1/2 1      1/2 1      1/2 2     3     1     

Carrier Info 2     2     1     2     2     2     3     2     

Nanjing  1/2 1      1/2 1      1/2 2     3     1     

G2 1     2      1/2 2     1     3     3     2     

G3  1/2  1/2  1/2  1/2  1/3 1     2      1/2 

G4  1/3  1/3  1/3  1/3  1/3  1/2 1      1/3 

GHGP  1/2 1      1/2 1      1/2 2     3     1     

Sum 6,333333 9,833333 4,333333 9,833333 6,166667 14,5 21 9,833333 

                  

Amount of sources G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1  1/3  1/2  1/2  1/2  1/2 1      1/3 

Cost Based 3     1     2     2     2     3     3     2     

Carrier Info 2      1/2 1     2     1     2     2     2     

Nanjing 2      1/2  1/2 1      1/2 1     3     1     

G2 2      1/2 1     2     1     2     2     2     

G3 2      1/3  1/2 1      1/2 1      1/2 1     

G4 1      1/3  1/2  1/3  1/2 2     1     1     

GHGP 3      1/2  1/2 1      1/2 1     1     1     

Sum 16 4 6,5 9,833333 6,5 12,5 13,5 10,33333 

                  

User friendly G1 Cost Based Carrier Info Nanjing G2 G3 G4 GHGP 

G1 1 3     2     2     1     2     2     2     

Cost Based  1/3 1      1/3  1/2  1/3  1/2  1/2  1/2 

Carrier Info  1/2 3     1     1      1/3 1     1     1     

Nanjing  1/2 2     1     1      1/2 1     1     1     

G2 1     3     3     2     1     2     2     2     

G3  1/2 2     1     1      1/2 1     1     1     

G4  1/2 2     1     1      1/2 1     1     1     

GHGP  1/2 2     1     1      1/2 1     1     1     

Sum 4,833333 18 10,33333 9,5 4,666667 9,5 9,5 9,5 
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Appendix XII – Keywords for Stage two  

  Google.com LiUBSearch Scholar.google.com Date 

air freight standard payload carbon 
dioxide 

238 000   2011-12-06 

akademiskt underlag för upskalning  292   2011-11-16 
average velocity aviation  5 200 000   2011-11-29 
avgas fuel 990 000   2011-11-22 
Aviation fleet  30 900 000   2011-11-23 
Biodiesel 21 100 000   2011-11-22 
biodiesel  bränsleförbrukning 78 000   2011-12-05 
Biodiesel CO2 emissions  92  2011-12-06 
Biodiesel target 15 400 000   2011-11-22 
Biofuels Asia 5 690 000   2011-11-23 
car carrier ship 4 060 000   2011-12-01 
carbon dioxide emissions when burning 
LNG 

16 100 000   2011-11-30 

cargo aircraft 10 700 000   2011-11-29 
cold starting carbon dioxide 7 690 000   2011-11-29 
container ship fuel consumption 120 000   2011-12-01 
credibility   144  2011-11-15 
Credibility in modeling   126  2011-11-24 
deep short sea emissions  1 600 000   2011-11-29 
difference between short sea and deep 
sea 

2 780 000   2011-12-01 

difference between short sea and deep 
sea emission 

1 380 000 51  2011-12-01 

emission factor biodiesel 56 100   2011-12-06 
emission factor vessel fuel 20 100 000   2011-12-06 
estimate based on limited sample  137 000 000  2 880 000 2011-11-16 
euro class engine regulates carbon 
dioxide emissions 

31 300 000   2011-11-22 

Falsifiability  135  2011-11-23 
fuel economy aviation industry 23 800 000   2011-11-29 
fuel efficiency roro 771 000   2011-11-30 
fuel efficiency trucks  6 150 000   2011-11-24 
fuel efficiency vessels 5 490 000   2011-11-30 
generalization   1 970 000 2011-11-16 
IMO GHG study 168 000   2011-12-02 
industry average fuel consumption 
vessel 

14 400 000   2011-11-30 

lane meter unit 125 000 000   2011-12-14 
lng carbon footprint 127 000   2011-11-30 
lowering falsifiability   29  2011-11-23 
maintaining credibility   132 185 000 2011-11-24 
Pure Car Carrier 2 410 000   2011-12-02 
ship fuel economy 10 500 000   2011-12-01 
speed limits 32 600 000   2011-11-29 
vessel fuel consumption 2 080 000   2011-12-01 

Table 26 – Keywords used when searching for information online for Stage two, number of hits the search engines 
presented for the respective keywords.  
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Appendix XIII – Interview questions: Stage two  

Purchasing department 

 How much is each respective transport mode accountable for out of the total transportation? 

 How much of VLC sea transportation consists of containers respective RoRo and of short sea 
respective deep sea transportation? 

 How much of the rail transportations of VLC is Green Cargo responsible for? 

 Is VLC a key client of Maersk Line and receive a monthly score card regarding carbon dioxide 

emissions? 

 What input factors can VLC influence when signing a deal with a carrier? 
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Appendix XIV – Abbreviations 

A4D 
Application for Distribution, the business system of 
Outbound  

MDO Marine Diesel Oil 

APAC Asia and the Pacific 
 

MDV Medium Duty Vehicles 

Atlas 
Advanced Transport Logistics for Automotive Supply, 
the new business system for Inbound.  

MFO Marine Fuel Oil 

B20, B30 20% biodiesel, 30% biodiesel 
 

MK1 
Environmental classification 1 
diesel in Sweden 

BAF Bunker Adjustment Factor 
 

NOx Nitrogen oxide (NO and NO2) 

Bhp-h 
Break Horsepower per hour; a unit of work equal to 
the work done by one horsepower in one hour.  

NTM 
Network for Transport and 
Environment, a Swedish 
organisation. 

BSR Business for Social Responsibility 
 

PCC Pure Car Carrier 

CCWG Clean Cargo Working Group 
 

PCTC Pure Car Truck Carrier 

CEN European Committee for Standardization 
 

PDCA 
Plan-Do-Check-Act. A process 
for continuous improvements. 

CEU Car Equivalent Unit 
 

PM Particle Matter 

CNG Compressed Natural Gas 
 

PPM Parts per million 

CO2 Carbon dioxide 
 

RME Rapeseed Oil Methyl Ester 

Dwt Deadweight  
 

SOx Sulphur oxide 

EEIO Energy Efficiency Operational Indicator  
 

t CO2e 
Tonnes of carbon dioxide 
equivalent. 

ELU Environmental Load Unit 
 

tkm 
Tonne kilometre, transporting 
one tonne of gods one 
kilometre.  

EnvCalc Environmental Calculations 
 

TEU Twenty-foot Equivalent Unit 

FAME Fatty Acid Methyl Ester  
 

TIR 
Transport Information Rutiner, 
business system of Inbound 

GBO 
Global Business Organisation of VLC (Emballage, 
Inbound, Outbound)  

ULSD 
Ultra-Low Sulphur Diesel fuel, 
used in U.S 

GHG Green House Gases 
 

VCE Volvo Construction Equipment 

HDV Heavy Duty Vehicle 
 

V-
EMS 

Volvo Emballage Management 
Systems, business system of 
Emballage. 

HFO Heavy Fuel Oil 
 

VLC Volvo Logistics Corporation 

1 Knot 1.852 km/h 
 

VoLTA 
Volvo Logistics Transport 
Agreement, the contract 
database for purchasing. 

LNG Liquid Natural Gas 
 

WWL Wallenius Wilhelmsen Logistics 

LDV Light Duty Vehicles 
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Appendix XV – Terms and Definitions 

Capacity utilisation A filling degree that include both the load factor and the empty trip factor, used by 
EcoTransIT (2011). 

Carrier A transportation supplier of VLC. 

Car carrier RoRo ships that are designed to carry wheeled cargo such as automobiles, trucks etc. 

Cube out For cargo that reaches the volume limit before the weight limit and therefore the 
volumetric filling degree is a more suitable parameter. 

Deadweight A ship’s carrying capacity with crew and supplies. 

Deep Sea  Within VLC, deep sea is considered as transportations between different regions; i.e. 

between Europe and Asia. 

Euro1- Euro6 Different Engine standards (Euro1, 2, 3, 4, 5, 6) within the European Union. 

Empty trip factor The additional distance that the vehicle/vessel runs empty related to loaded distance 
allocated to the transport. 

Filling degree The mass of weight/payload capacity or volume of the weight/volume capacity 
(EcoTransIT, 2011). 

Gross Tonnage (GT) A unit less index related to a ship’s overall internal volume. 

Groupage In road freight this is the name for consolidation, the practice of combining diverse 
cargoes into single shipments. 

Intermodal transport Transportation of freight in an intermodal container, standardised reusable steel box. 
The container can be moved from one mode of transport to another without 
unloading and reloading the cargo itself. 

NTM documents The instructions, default values and tables supported by NTM for each transport 
mode. 

Panamax The ships that carry 4 500- 5 000 TEU and are allowed, by size, to pass through the 
Panama Canal. 

Payload The carrying capacity of a vehicle. 

Postpanamax Container ships that are too big to travel through the Panama Canal. 

Ro-Ro ferries Ferries that are designed to carry wheeled cargo which are driven on and off the ship 
on their own wheels. 

Short Sea Within VLC, short sea is defined as transportation within the same region; i.e. between 

two European countries. 

Stowage Factor Is the ratio of weight to storage space required. It indicates how many cubic metres 
one metric tonne of a particular cargo occupies in a hold. For example cotton has a 
higher stowage factor than iron. 

Thermal efficiency The amount of work produced by the engine divided by the amount of chemical 
energy in the fuel that can be released through combustion. 

Transport leg A part of a transportation that is using one type of transport mode or one carrier. 

Weigh out Cargo that reaches the weight limit before the volume limit and therefore the weight 
based filling degree is a more suitable parameter. 

 


