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Abstract 
 
This thesis introduces a methodology for transport buying companies to quantify the carbon dioxide 
(CO2) emitted as a result of their transport activities, drawing together various information sources. The 
methodology is applied to estimate CO2 emissions in Unilever European Logistics and results are 
presented in this study. In the second part, the current mindset of ‘water and rail transport is greener1’ is 
challenged and it is shown that this is not always the case. Then, the opportunities for Unilever to reduce 
their CO2 emissions are explored and assessed. In the last part, possible scenarios for regulating CO2 
emissions are defined and their impacts on the business are analysed. 
  

                                                      
1 In this context, emitting less CO2  
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Climate Change  
 
Climate change has been attracting more and more interest over the last few years. It has been agreed that 
climate change is one of the most important challenges that human beings will face in the upcoming 
decades. There is consensus that carbon dioxide (
climate change. In line with this, companies are being affected by climate change regardless of their 
business. Consumers are getting more and more interested with the environmental friendliness of the 
companies. Investors consider the ability of the companies to best navigate themselves according to 
environmental changes. Last but not least, emission reduction regulations are expected to become stricter. 
 
Methodology for Transport Buying Companies to Estimate C
 
As a consequence of these changes, companies may 
face a new challenge to consider CO
new decision variable while deciding on critical 
supply chain management decisions. However, the 
companies have no (or limited) visibility of 
their supply chains. Currently, there are standards 
available aimed at quantifying CO
transport. However, these standards are not directly 
applicable for most of the transport service buying companies. Most of the avail
necessary level of detail for a reliable analysis. On the other hand, the standards with a high level of detail 
require data that is not in the reach of transport buying companies, like Unilever. In this project, a 
methodology to estimate CO2 emissions in transport is developed for transport buying companies 
bringing together different sources of information. This methodology allows a simple and robust 
estimation thus provides a solid analysis of 

tonne km shipped).  
 
Assessing the ‘CO2 Friendliness’ of Intermodal Transport
 
After developing the methodology for quantifying 
and water transport are greener in terms of 
intermodal transports are compared to pure road s
Both analyses point the same conclusion: it is not always possible to claim that ‘intermodal transport is 
greener than road’.  The analyses revealed that it is a rather safe statement for road
container ship intermodal transport. However, especially for intermodal shipments with Ro
Ro-Pax ships it is likely that the statement of ‘intermodal transport is greener’ fails to be correct. The key 
insight for decision makers in the industry is that the decisions of moving into intermodal should not be 
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made simply based on the current mindset. Careful analysis of each specific alternative should be done 
instead.  
 
Investigating and Assessing Opportunities for Reduction  

 
Another outcome of this thesis is that opportunities for CO2 emissions reduction are identified and 
assessed. It is estimated that usage of double-deckers will allow UltraLogistik to reduce the CO2 
emissions on a lane by up to 43%. As this is a rather new initiative the impact at company level is 
currently limited. However, the usage of double-deckers is expected to increase leading to a bigger impact 
on company level emissions. Then, the impact of network 
reconfiguration projects on CO2 emission reduction 
initiatives is investigated. It is concluded that considering 
the modal change opportunities (e.g. relocation of a 
warehouse to a location allowing direct rail access) might 
lead to much higher emission reductions compared to the 
current situation where the focus is only on reducing truck 
km. Last but not least, modal change possibilities were 
assessed in terms of their CO2 impacts. This assessment 
revealed the possibility of reducing CO2 emissions by up to 37% on considered lanes (equal to 19% of all 
emissions in the scope) by considering different modes of transport. 
 
Understanding the Impact of Possible Regulation Scenarios 
 
Probably one of the most interesting contributions of this study is identification of possible regulation 
scenarios (each with three different levels of CO2 emission prices) and analysis of the impacts on the 
business. The considered scenarios are: 
 

• Scenario 1: Base case (Today) 
• Scenario 2: Inclusion of air and sea transport into current ETS, implementation of Diesel Tax and 

Euro vignette 
• Scenario 3: Inclusion of all modes of transport into current ETS  
• Scenario 4: Introducing a separate Transport ETS  

 
As can be seen in the figure on the left, in 
Scenario 4 – Upper Bound case 
UltraLogistik will be able to reduce its CO2 
emissions in the scope by 11% (6.5% in the 
base case) along with achieving savings in 
the transport costs. This indicates that 
emission regulations might provide 
significant additional incentives to the 
companies that aim to reduce their CO2 
emissions in transport.  
 
However, this will come at the expense of 
increased cost bases. In this study, the 

current cost base increases (changing from 0.1% to 15.2%) depending very much on the CO2 emission 
price levels. This chapter can provide the necessary insights for companies to align themselves according 
to upcoming regulations. Besides, the findings can serve the decisions of policy makers as the regulation 
process is not finalised yet. 
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1 Introduction 

1.1  Background 

 
Climate change has been identified as one of the greatest challenges facing nations, governments, 
business and citizens over future decades (Pachauri, R.K; Reisinger, A. 2007). Recently, there has been a 
scientific consensus on the role of human activity on the significant changes in the world climate over the 
last decades. Carbon emissions are seen as an important causal factor for the change in world climate 
(IPCC Working Group 1 2007). 

 
In line with this, climate change is affecting companies regardless of the industry sector they are in. More 
and more climate change related risks such as tough emission reduction legislations are encountered by 
companies. Consumers are getting more concerned with the environmental friendliness of both products 
and companies when they are making a purchasing decision. And investors are taking into account the 
positioning of firms related to these environmental changes (Lash and Wellington 2007). 
 
The Stern Review argues that the damages from climate change are large, and that nations should 
undertake sharp and immediate reductions in greenhouse gas (GHG) emissions (Stern 2007)). The Kyoto 
Protocol, which is an international agreement linked to the United Nations Framework Convention on 
Climate Change, is one of the actions taken against climate change. The major feature of the Kyoto 
Protocol is that it sets binding targets for 37 industrialized countries and the European community for 
reducing GHG emissions .These amount to an average of five percent against 1990 levels over the five-
year period 2008-2012 (United Nations 1998).The EU Emission Trading Scheme (EU ETS) was launched 
in 2005 by EU as the first international trading system for CO2 emissions in the world. The aim of the EU 
ETS is to help EU Member States achieve compliance with their commitments under the Kyoto Protocol 
in a cost-effective way (EU 2006).  
 
As a consequence of emissions trading schemes, companies may face a new challenge to consider CO2 
emissions as a new decision variable while deciding on critical supply chain management decisions like 
selecting the right supplier, choosing the appropriate transportation means, or deciding on plant or cross-
docking locations. Even for the industries which are not regulated directly at the moment (e.g. consumer 
goods or retail sector) the network-wide effects stemming from the transportation activities will be 
inevitable. The price of CO2 emission allowances on EU ETS will be the main driver of the magnitude of 
this impact on the companies and their businesses. Preparing for such a challenge in industry from now 
on may provide companies with the necessary competitive advantage in the operations in the next 5 to 10 
years (Tekiner 2008). However, there is an uncertainty regarding the regulations on transportation that 
makes it difficult to estimate the potential impacts on business.  
 

1.2  CRSC Project  

 
cf. (Akker, et al. 2009) 
 
Even though global warming and carbon dioxide emissions are a very hot topic at this moment, limited 
academic research has been done about carbon dioxide emissions during transport. There is limited 
research about how new regulations could influence the supply chains of companies. Because of this lack 
of academic research and because of their expertise on the subject of supply chains, the European Supply 
Chain Forum (eSCF) decided to start up the Carbon Regulated Supply Chains project (CRSC project) at 
the end of the year 2007. The objectives of the project are formulated, as follows: 
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• To understand the impact of the various regulation alternatives on the design and operation of 

supply chains; 
• To assist decision makers in industry by preparing strategies for coping with the upcoming 

regulations; 
• To impact policy makers and the public opinion on the effectiveness and problems of new 

regulations.  
 

The project is initiated with four simultaneous master thesis projects at four different companies. All four 
participating companies are members of the eSCF. The participating companies are Unilever, 
Bausch&Lomb, Cargill and Dow. 
 
This thesis is the result of the individual project at Unilever. 

1.3  Flow of the Report  

 
In the next chapter the project at Unilever is introduced. Then the development of the methodology to 
estimate CO2 emissions is explained. Subsequently the application of the methodology in Unilever is 
presented with the results. Then the current mindset in the industry, “water and rail transport is greener 
than road transport”, is challenged. In the subsequent section CO2 emission reduction opportunities are 
identified and assessed. Next, possible emission regulation scenarios are identified and their impacts are 
investigated. The discussion is closed with conclusions considering the managerial insights. 
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2 Project Definition 
 

2.1  Company 

 
Unilever is one of the world’s largest consumer goods companies with a turnover of €40.5 billion 
employing 174 000 people in around 100 countries worldwide (Unilever Global Home n.d.). 
 
The ‘One Unilever’ organisation structure is designed to create transparent simplified and interdependent 
teams of focussed professionals leveraging wherever possible the economies of Unilever’s scale in 
support of the local brand building and customer development effort. As a part of this programme the 
European supply chain management and processes of all (former) business groups have been brought 
together into a single organisation. 
 
In January 2006, the Unilever Supply Chain Company AG (USCC) has been established as part of the 
new European supply chain organisation, co-locating the supply chain key decision-makers in 
Schaffhausen, Switzerland where it employs ca. 160 staff. USCC became responsible for all key decisions 
in the European Supply Chain including buying, planning, manufacturing network and logistics (primary 
transport & warehousing operations).  
 
Within USCC, Unilever has made a major investment to in-source and centralise its transport 
management capability and UltraLogistik is founded as the brand name of the Unilever Transport & 
Logistics Organization. UltraLogistik is one European Transport Team of USCC operating from two 
locations. The Regional Transport Management Team, composed of a director and 8 managers is located 
in USCC, Switzerland. The Transport Operations Centre, on the other hand, composed of one manager 
and ca. 60 staff, is located in Katowice, Poland. Currently, UltraLogistik: 
 

• delivers service for 68 Unilever factories and 200 Contract Packers. This requires organizing 
approximately 500 trucks per day 

• operates on more than 3000 transport lanes 
• uses 180 transport service providers 

 
Three main areas of focus, named the Three C’s, are identified by USCC: Customer Service, Costs and 
Carbon (Unilever Internal n.d.). Within this project the C that stands for Carbon will be the main focus of 
research. 

2.2  Problem Statement 

 
In 2007, Unilever CEO committed to a 25% reduction of CO2 emission per tonne of product by 2012 
(CO2 emission from energy in Unilever Sourcing Units, with 2004 as a basis). Unilever Logistics in 
Europe has aligned to this target, using 2006 data as the baseline. This will be realised through primary 
transports, secondary transports and warehousing 
 
UltraLogistik, i.e. the European Transport Team of USCC, stated its objectives regarding CO2 emissions 
from transport as follows: 
 

• Absolute visibility of carbon in transport 
• Identification and assessment of emission reduction opportunities 
• Understanding impact of regulation alternatives and navigate themselves according to the 

possible scenarios 



 

 
The current problem of UltraLogistik in the context of this project is formula
 

• Lack of an efficient methodology to quantify the current 
• Need for identification and assessment of 
• Limited insight into potential impact of 

2.3  Scope 

 
The scope of this project is defined as international primary transport under the control of UltraLogistik 
(Figure 1). In the context of UltraLogistik, primary transport is defined as the transport of goods from 
sourcing units to primary distribution centres. There are different modes of transportation under this 
scope: road, water and rail. The scope of the project is limited to finished goods. 
 
CO2 is identified as the only greenhouse gas included in the scope of the project.
 

 

2.4  Approach 

 
Lash & Wellington suggests a 4-
opportunities for competitive advantage 
mainly based on 1st and 2nd Steps as drawn below (
3rd Step, which will be basically based on proposals for adapting the business.
 

FIGURE 2-MANAGING CLIMATE 

2.4.1  Step 1:  Quantifying Carbon Footprint
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The first step for effectively managing the environmental impact of a company is to measure it, like in 
any other business aspect.  
 
An inventory that provides a true and fair account of the company’s carbon footprint will be prepared by 
using available reporting standards. In order to quantify the carbon footprint of the company, a CO2 

emissions estimation methodology will be developed using Network for Transport and Environment 
(NTM)2 as a primary source of information.  

2.4.2  Step 2:  Assessing Carbon Related Risks and Opportunities 

 
After calculating the carbon footprint of the company, it will be possible to see the big picture of the risks 
and opportunities in a carbon-constrained economy. The potential for risks and opportunities for the 
company will be assessed. The focus of this study will be more on the commitment to 25% reduction in 
CO2 emissions and the expected impacts of emissions reduction legislations (such as emissions trading 
schemes).  

2.4.3  Step 3:  Adapting Business 

 
Strategies should be developed and implemented in order to best navigate the company considering the 
risks and opportunities identified in Step 2. The contribution in Step 3 will be through proposals to the 
company based on motivations from 1st and 2nd steps.    

2.4.4  Step 4:  Do It  Better Than the Rivals 

 
As this is a rather new topic there is no public information currently available regarding the performance 
of the competitors. Therefore, this is out of scope of this study. 
  

                                                      
2 www.ntm.a.se/index.asp 
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3 Developing the CO2 Emissions Estimation Methodology 
 

3.1  Definition of a Carbon Footprint  

 
The term carbon footprint has become a widely used term especially in the last years.  However, there is 
still a lack of common understanding regarding its meaning and what actually it measures.  
 
The roots of this term goes back to the book written by Wackernagel and Rees where they first define an 
ecological footprint as the amount of biologically productive land and sea area needed to regenerate the 
resources for a human population (Wackernagel and Rees 1996).  
 
Despite of its increasing popularity there is an apparent lack of academic definitions of what exactly a 
carbon footprint is meant to be. The common baseline on which there is an agreement as a definition for 
carbon footprint is: “A certain amount of gaseous emissions that are relevant to climate change and 
associated with human production or consumption activities”. However, this commonality ends when the 
discussion is carried into more detail. Firstly, it is not yet agreed whether to limit the scope to carbon 
dioxide (CO2) emissions or include all greenhouse gas emissions as well. Secondly, there is no consensus 
on including the indirect emissions (i.e. life cycle emissions) besides the direct, on site emissions. 
Another question that arises in defining a carbon footprint is: should it be a mere indicator expressing the 
amount of carbon emissions (measured e.g. in tons) or indicator of an impact (quantified in tons of CO2 
equivalents) (Wiedmann and Minx 2007). Due to this ambiguity present in the academic literature 
regarding the definition of a carbon footprint, we have decided to use the following definition in this 
study: 
 
“The carbon footprint is a measure of the total amount of carbon dioxide (CO2) emissions that is directly 
caused by an activity through consumption of fuel/energy.” 
 

3.2  Currently Available CO 2  Emissions Estimation Standards 

3.2.1  Overview 

 
A business mantra says “If you can’t measure it, you can’t manage it”. This is also valid when it comes to 
the issue of managing a company’s environmental impact. Companies are discovering that the first step of 
an effective GHG Management Strategy is to quantify the GHG emissions resulting from the operations 
of the company (Kerr, et al. 2006). 
 
Currently, there are two main schools of research regarding the approaches to quantify a carbon footprint. 
The first approach aims to calculate the CO2 emissions arising from the life cycle of a product or a 
service. Carbon footprint in this context defines the total environmental footprint (in terms of CO2 
emissions) of a product or a service. Therefore, the quantification of CO2 emissions is done on a product 
or service level. 
 
The other school of research aims to quantify the carbon footprint of an organisation, rather than a 
product or a service itself. In this context, a carbon footprint defines the climate impact (in terms of CO2 
emissions) of the organisation under consideration. Due to the nature of this project an organisational 
level approach is taken. 
 
In the next sections four different emission estimation standards currently available will be introduced.  
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cf. (Akker, et al. 2009) for sections 3.2.2 – 3.2.5. 

3.2.2  ARTEMIS 

 
ARTEMIS (Assessment and Reliability of Transport Emission Modelling and Inventory Systems) is a 
project aimed at developing a harmonised model for emissions from road, rail, air and water transport. 
The project has been funded by the European Union. 
 
The European Union initiated this project because results of several earlier projects differed quite a lot 
and because the emission of greenhouse gases is one of Europe’s main political concerns. 
 
ARTEMIS has been developed to calculate country-specific emissions. Using a software package with a 
database containing data per country, one can calculate carbon dioxide emissions for road, rail, water and 
air transport. In these calculations, the level of detail that is needed is very high compared to other 
methods of calculating emissions. 

3.2.3  EcoTransIT 

 
The Ecological Transport Information Tool (EcoTransIT) is an internet tool to compare the environmental 
impact of different transport modes. The method was developed by IFEU (Institut für Energie- und 
Umweltforschung) in cooperation with a number of railway companies.  
 
EcoTransIT calculates the carbon dioxide emission by defining a number of types of cargo and types of 
vehicles. For every vehicle it is possible to set the load factor and the empty kilometres factor (transport 
needed to position the transport vehicle). For every type of cargo and type of vehicle, EcoTransIT has 
defined average values which are used in the calculations. The internet tool of EcoTransIT is combined 
with a route planner which means that based on an origin and destination the tool automatically calculates 
the distance. 

3.2.4  GHG Protocol 

 
The Greenhouse Gas (GHG) protocol is an initiative of multiple stakeholders; among others, non-
governmental organizations, governments and the World Business Council for Sustainable Development. 
The aim of the GHG protocol is offering standards and guidelines for organizations preparing a GHG 
emissions inventory and promoting the broad adoption of these standards and guidelines. Six Kyoto 
protocol greenhouse gases are covered: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 
hydrofluorcarbons (HFCs), perfluorcarbons (PFCs), and sulphur hexafluoride (SF6). The protocol is 
designed around three scopes: 
 

Scope 1: Direct GHG emissions 
GHG emissions from sources that are owned or controlled by the company. 
 
Scope 2: Electricity indirect GHG emissions 
GHG emissions from the generation of purchased electricity consumed by the company. 
 
Scope 3: Other indirect GHG emissions 
GHG emissions from all other (indirect) activities, such as transport. 
 

If a company chooses to report GHG emissions according to the GHG Protocol, scope 1 and 2 are 
obligatory and scope 3 is voluntary. 
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For determining the carbon dioxide emissions from transport, the GHG Protocol defines two methods. 
The most precise one is based on the amount of fuel used. If this information is not available, which is the 
case in most situations, the second calculation method is used: the emission is calculated based on the 
distance travelled and the type of vehicle used. More detailed information (such as load factor) is not 
included in the calculation. 

3.2.5  NTM 

 
Network for Transport and Environment (NTM: Nätverket för Transporter och Miljön) is a Swedish non-
profit organization aiming at establishing common values to be used for calculating the environmental 
impact of different transport modes. The common values can be used to estimate parameters that are not 
known within the organization. The more parameters are known the more ‘real’ data can be used and the 
more accurate the calculations will be. For road transport, data of the Handbook Emission Factors for 
Road Transport (HBEFA) and ARTEMIS are used. ARTEMIS is a project of the European Union and is 
described before. Data for rail transport is based on EcoTransIT, discussed in the previous section. For 
water transport, data of several shipping companies at Lighthouse is used and the data for air transport is 
based on computations made by FOI (Totalförsvarets forskningsinstitut). 
 
In calculating the environmental impact of different transport modes, NTM defines three levels of detail. 
Level 1, the smallest level of detail, calculates the average vehicle, engine type, fuel type and load factor 
for the entire company and assumes all transport is performed with this vehicle. Level 2 adds different 
types of vehicles and defines an average engine type, fuel type and load factor for every vehicle type. 
Level 3 adds even more detail and calculates the carbon dioxide emission for every single vehicle of the 
company. This holds for all transport modes. 

3.2.6  Today and the Future 

 
One of the biggest problems for CO2 emissions quantification is the significant differences between the 
factors provided by different standards. These disparities partly reflect underlying assumptions about 
vehicle load factors, fuel efficiency and fleet composition and international differences in power sources, 
network quality and the types of freight carried by particular modes (McKinnon 2008).  
 
Currently there is a clear need for increased standardization with respect to the methodology of 
calculating a carbon footprint, and factors that are used. The current trends indicate that this is an 
evolutionary process potentially leading to convergence. 

3.3  Developing a CO 2  Emissions Estimation Methodology for Transport  

Buying Companies 

 
Currently available standards for estimating CO2 emissions from transport are not directly applicable for 
most of the transport service buying companies. Most of the available standards lack the necessary level 
of detail for a detailed analysis of CO2 in company supply chains. On the other hand, the standards with a 
high level of detail require data that is not in the reach of transport buying companies, like Unilever. In 
this project, a methodology to estimate CO2 emissions in transport is developed for different modes of 
transport. This methodology targets transport buying companies (especially in consumer goods sector) 
and allow a simple and robust estimation of CO2 emissions in transport. 
 
This methodology brings together different sources of information such as currently available CO2 
emission estimation standards, academic literature and private communication with carriers doing 
business for Unilever. The primary source of information is Network for Environment and Transport 
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(NTM). The CO2 emission factors used in the methodologies are derived mainly from the factors 
provided by NTM. 

3.3.1  Definitions 

 
In this section the key terms that are used in the methodology are introduced.  
 
Lane: A lane is defined as a fixed transport route from location A to B.  
 
Distance: This is the exact distance travelled by the vehicle on road, rail or water. Empty running is 
excluded unless Unilever specifically pays. Metric kilometre is used as a unit of measure.  
 
Transport condition: The condition of transport is summarised into two: ambient and refrigerated (with 
no distinction between chilled and frozen).  
 
Type of truck: This defines the type of the truck (Light Truck < 7.5 Tonnes or Semi-trailer > 7.5 Tonnes) 
used in road leg. 
 
Type of traction: This is to identify whether the cargo trains are pulled by diesel or electrical engine on 
rail leg. 
 
Type of ship: Types of ships are summarised into seven categories: Continental, Ocean, Inland 
Waterways-Upstream, Inland Waterways-No Flow, Inland Waterways-Downstream, Roll-on roll-off (Ro-
Ro) Cargo and Ro-Ro Passenger (Please see Table 14 in Appendix 1 Ship Categories). 
 
For continental, ocean and inland ships, types of equipment used are summarised into two categories: 
Twenty-foot container and forty or forty-five-foot containers. No differentiation between 40’ and 45’ 
containers were made and both were considered to be equal to two twenty-foot containers (i.e. two 
twenty-foot-equivalent units, 2 TEUs). 
 

Total number of loads on lane: This number indicates the total number of shipments made on the lane 
during the period of investigation. 
 
Full truck load (FTL): In this context, FTL refers to shipments where there is only Unilever cargo on a 
truck / equipment. 
 
Groupage – Less than truck load (LTL): Groupage (LTL) refers to shipments where vehicle payload is 
shared with goods from other companies. 
 
Unilever load factor: This is the ratio of gross weight (weight of cargo plus palettes) of Unilever cargo to 
the maximum carrying capacity of the truck / equipment (i.e. if gross weight of Unilever cargo is 2.5 
tonnes on a truck with capacity of 5 tonnes, Unilever load factor is 2.5 / 5 = 50%). Physical weight must 
be used to determine this percentage. Load factor should be used in increments of 10% with appropriate 
rounding (i.e.: if utilisation is 55% assume 60%).  
 
Carrier load factor: This is the ratio of gross weight (weight of cargo plus palettes) of total cargo 
(including loads other than Unilever cargo) to the maximum carrying capacity of the truck / equipment 
(i.e. if gross weight of Unilever cargo is 2.5 tonnes but gross weight of total cargo is 4 tonnes on a truck 
with capacity of 5 tonnes, Carrier load factor is 4 / 5 = 80%). Physical weight must be used to determine 
this percentage. Load factor should be used in increments of 10% with appropriate rounding (i.e.: if 
utilisation is 55% assume 60%).  
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Please note that Carrier load factor is equal to the Unilever load factor in FTL shipments but not in 

groupage-(LTL) shipments. 

  

3.3.2  Estimation Model 

 
The model developed for estimating the CO2 emissions in freight transport is shown below (Figure 3). 
This model is designed to be applicable for all different modes of transport: road, water and rail. This 
provides coherence between emission estimations in different modes of transport. 
 

 
FIGURE 3-  CO2  ESTIMATION MODEL FOR FREIGHT TRANSPORT 

  

Emission Factor 

 
The CO2 emission factor is the main driver of the CO2 emissions on a lane and is expressed in Kg / Km 
unit. The emission factor is identified depending on the following variables: 
 

• Type of vehicle (e.g. semi-trailer, electrical train, container ship etc.) 
• Condition of transport  
• Carrier load factor 

 
The CO2 emission factors (See Table 15 in Appendix 2 Emission Factors) are derived by using NTM 
methodologies as a primary source of information. The process of CO2 emission factor generation is 
explained in the upcoming section. 
 
Distance 

 
This is the actual distance (in metric km) travelled by the specified type of vehicle on the investigated 
lane as described above.  
 
Number of Loads 

 
In most of the cases more than one shipment is made on a specific lane. In order to calculate the total CO2 
emission, the number of shipments on a lane is also incorporated into the model. 
 
Unilever Share of CO2 Emissions 

 
The CO2 emitted during a transport has to be allocated to the Unilever freight on the loading equipment 
(trailers, containers, swap bodies etc.). The Unilever share of CO2 emissions is allocated by the basic 
formula below: 

Emission 
Factor

Distance
Number 
of Loads

Unilever 
Share

CO2
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FIGURE 4-  UNILEVER'S SHARE OF EMISSIONS  

 
The 95% of the shipments in the scope of this study are FTL shipments (i.e. no groupage with other 
loads), where Unilever load factor and carrier load factor are the same leading to Unilever share of 
emissions to be 100%. 

3.3.3  Emission Factors 

 
In this section the process of deriving the emission factors that are used in this methodology is explained. 
The processes that are applied to generate the emission factors for road, rail and water transport are not 
the same. Therefore, this section is divided into three subsections in order to present each process of 
deriving the emission factors for transport on road, rail and water separately. The processes of deriving 
emission factors are displayed in Appendix 3 Emission Factor Generation Processes. 

3.3.3.1  For Transport on Road 

 
The primary source of data used to generate CO2 emission factors for freight transport on road is fuel 
consumption values taken from NTM Road methodology (Bäckström 2007).  
 
The process of generating emission factors for freight transport on road is summarised in Figure 31 
Appendix 3 Emission Factor Generation Processes. 
 
Mapping vehicle types 

 
Two emission factors are generated for two types of trucks, which are currently used by Unilever for 
freight transport on road.  
 

NTM Notation ARTEMIS Notation Unilever Methodology 

Small lorry/truck Truck <7,5t Light Truck 
Tractor + semi-trailer TT/AT 28-34 + 34-40t Semi-Trailer 

TABLE 1-  MAPPING OF TRUCK TYPES 
 
Incorporating type of road assumption 

 
In this methodology, the share between roads is assumed to be 85%, 10% and 5% among Motorways, 
Rural and Urban roads, respectively (den Boer, Brouwer and van Essen 2008). (Please see Appendix 4 
CO2 Emission Estimation Methodology for Road Transport for sensitivity of this assumption). The 
emission factors are estimated according to this share of roads. 
 
Generating fuel consumption values at different load factors 

 
The fuel consumption values at different load factors are generated from using the formula below.  

 

LFFCFCFCFC emptyfullemptyLF *)( −+=  

 

Unilever 
Load 

Factor

Carrier 
Load 

Factor

Unilever 
Share
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where, 
 
FCLF: Fuel Consumption at load factor LF 
LF: Load factor defined as utilisation of truck capacity based on physical weight    

 
Generating fuel consumption values for refrigerated transport 

 
Refrigerated transport leads to higher fuel usage. On the road, the source of electricity used by the cooling 
units is the generator, which uses diesel from the truck. In(Tassou 2008), data for 17 refrigerated fleets 
from Cold Storage and Distribution Federation is presented. According to presented data, in average 
refrigeration (do not distinguish between frozen or chilled) leads to 24.2% increase in fuel consumption. 
It was decided to use this information in this study after carefully considering other information sources 
(See the road methodology in appendix). 
 
The fuel consumption values for refrigerated transport are derived simply by using this formula: 
 

ambFCrefFC LFLF *242.1=  

 
where, 
 
FCLFamb: Fuel consumption of ambient transport at load factor level LF   
FCLFref: Fuel consumption of refrigerated transport at load factor level LF 
 

Generating CO2 emission factors 

 
The CO2 emission factors are generated simply by multiplying the fuel consumption values by the factor 
2.64, which is the amount of CO2 (Kg) emitted per litres of fuel consumed (Bäckström 2007). 

3.3.3.2  For Transport on Rail  

 

The primary source of data used to generate CO2 emission factors for freight transport on rail is energy 
and fuel consumption values taken from Tables 4 and 6 in NTM Rail methodology (NTMRail 2008).  
 
The process of generating emission factors for freight transport on rail is summarised in Figure 32 in 
Appendix 3 Emission Factor Generation Processes. 
 
Mapping of trains 

 
In this methodology the gross weight of a train is assumed to be 1000 tonnes (both for electric and diesel), 
which reflects the average European international rail transport today (Please see Appendix 5 CO2 
Emission Estimation Methodology for Rail Transport for sensitivity of this assumption). 
 
Generating the energy consumption per tonne of goods shipped 

 
The cargo factor of the train (defined as: net-weight of cargo / gross weight of train) is important in 
allocating the total CO2 emitted by the train to the per tonne km3 shipped. In this methodology, an average 
cargo factor of 58% is used as it is found to be the best representative of average European rail transport 
today (IFEU 2008) (Please see the rail methodology in appendix for sensitivity of this assumption). 

                                                      
3 One tonne of cargo transported over one kilometre 
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The energy consumption per tonne of goods shipped can be calculated with the formula below: 
 

)*( CFGWECEC trainkmtonne ÷=
−

 

 

where, 
 
ECtonne-km: Energy consumption per net tonne of goods shipped  
ECtrain:  Energy consumption of train 
GW:  Gross weight of train 
CF:   Cargo factor of train (net-weight of cargo / gross weight of train) 
 

Calculating CO2 emission factors per tonne of goods shipped 

 
For diesel trains: the CO2 emission factors are generated by multiplying the fuel consumption values 
(l/km) by the factor, which is the amount of CO2 (Kg) emitted per litres of fuel consumed. 
 
For electric trains: the CO2 emission factors are generated by multiplying the electricity consumption 
values by the factor, which is the amount of CO2 (Kg) emitted per kWh of electricity consumed (IFEU 
2008). 
 
Generating CO2 emission factors for refrigerated transport 

 
Refrigerated transport leads to higher energy usage, thus higher CO2 emissions. On the rail legs of 
intermodal transport, most of the time it is not possible to plug the thermo units into the train’s electricity 
system. Thus, the thermo unit has to rely on the energy coming from the generator that is fed by fuel. In 
this case, a thermo unit emits 16.5 Kg of CO2 per hour (Sandvik 2005).  
 
This is equal to 0.33 Kg of CO2 per Km assuming that a train travels 50 Km per hour in average (Sandvik 
2005). This value is assumed to be valid for almost fully loaded (90%) equipment with an average 
capacity (26 tonnes). The emissions from the thermo unit at other load factor values are estimated on a 
pro rata basis. 
 
Generating CO2 emission factors at different load factors (for loading equipment) 

 
In order to provide coherence with the road methodology the CO2 emission factors at different load 
factors (for loading equipment) are to be developed. 
 
The CO2 emissions at different load factors are calculated with the formula below: 
 

LFCEE kmtonneLF **
−

=  

 

where: 
 
ELF:  CO2 emissions at load factor LF 
Etonne-km:  CO2 emissions per net tonne of goods shipped 
C:  Capacity of loading equipment 
LF:  Load factor of loading equipment 
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3.3.3.3  For Transport on Water 

 
The primary source of data used to generate CO2 emission factors for freight transport on water is fuel 
consumption values taken from NTM Water Methodology (NTMWater 2008). 
 
The process of generating emission factors for freight transport on water is summarised in Figure 33 in 
Appendix 3 Emission Factor Generation Processes.  
 
Mapping of ship types 

 
As a result of differences in efficiency, different sizes of ships generally lead to different emission values 
per unit (tonnes, twenty-foot equivalent unit (TEU) or lane meters (LANEM)) of goods shipped. 
However, gathering data regarding size of a ship for every single shipment is not practical, if at all 
possible. Therefore, different categories of ships are introduced and emission factors are generated for 
average ships. 
 

Generating the fuel consumption per unit of capacity 

 
In ships the allocation of CO2 emissions to the cargo is done based on the unit that is used to express the 
freight capacity. Thus, for container ships the allocation is based on TEU, while the unit of allocation is 
LANEM for Ro-Ro ships.   
 
The load factor of a ship is important in allocating the total emissions of the ship to the cargo. Average 
load factor values for different ship categories are obtained from NTM Water Methodology (NTMWater 
2008). For continental and ocean ships as well as the inland ships load factor is assumed to be 80%. The 
average load factor of Ro-Ro cargo ships is assumed to be 88%, while for Ro Pax category it is assumed 
to be 75%.  
 
In container ships (continental, ocean and inland) and Ro-Ro cargo ships the fuel consumption per unit of 
capacity (TEU or LANEM) shipped is calculated with the formula below: 
 

)*( shipshipunit LFCFCFC ÷=  

 

where, 
 

FCunit:  Fuel consumption per unit of capacity shipped  
FCship:  Fuel consumption of ship 
C:  Capacity of ship (in TEU or LANEM) 
LFship:   Load factor of ship (percentage of capacity utilised) 
 
However, in the RoPax category, the cargo on the ship is heterogeneous: passengers and freight. A big 
challenge is allocating the total fuel consumption of a Ro Pax ship between passengers and freight. There 
are several allocation approaches available resulting in significantly different results in terms of CO2 
allocated to the cargo. In (NTMWater 2008) 8 different allocation methods are introduced including equal 
(50%/50%) allocation between cargo and passengers, weight-based allocation and equal allocation 
between decks. However, the information regarding the share of cargo and passenger decks on a ferry is 
not available to most of the carriers, so average values are used. Therefore, in Ro Pax category equal 
allocation method is used to allocate the total fuel consumption between passengers and cargo. Thus, the 
fuel consumption per unit of capacity (LANEM) of freight is calculated with the following formula: 
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)*()5.0( freightfreightRoPaxLANEM LFCFCFC ÷×=  

 
where: 
 
FCLANEM: Fuel consumption per LANEM shipped  
FCRo Pax: Fuel consumption of the whole Ro Pax 
Cfreight:  Freight Capacity of Ro Pax (in LANEM) 
LFfreight:  Load factor of the freight capacity (percentage of freight capacity utilised) 
 

Calculating the fuel consumption per loading equipment 

 
As stated above, the fuel consumption is allocated for each TEU shipped in container ships. This value is 
used directly for 20’ containers, and multiplied by 2 to be used for 40’ and 45’ containers (both are 
assumed to be equal to 2 TEUs). For Ro-Ro ships, the LANEM occupied by the loading equipment is 
multiplied by the fuel consumption value per LANEM shipped that is estimated above. 
 
Generating the CO2 emission factors per loading equipment 
 
The CO2 emission factors are generated by multiplying the fuel consumption values (tonne/km) by Kg of 
CO2 emitted per tonnes of fuel consumed. 
 
Generating CO2 emission factors for refrigerated transport 

 
Refrigerated transport leads to higher fuel usage, thus higher CO2 emissions. It is assumed that on ships 
thermo units run with their power units plugged into the onboard electricity system of the ship. While 
plugged into onboard electricity system, a thermo unit emits 12.5 Kg of CO2 per hour (Sandvik 2005). 
This per hour value is transformed into per Km values depending on different speeds of each type of ships 
(15 knots for Continental and Ocean ships, 5 knots for Inland-Upstream, 10 knots for Inland-
Downstream, 20 knots for Ro-Ro Cargo and RoPax) as provided by NTM (NTMWater 2008). 
 
This value is assumed to be valid for almost fully loaded (90%) equipment with an average capacity (26 
tonnes). For other load factor values, the CO2 emission from the thermo unit is calculated pro rata 
according to this value. 
 
The developed methodology for transport on water can be found in Appendix 6 CO2 Emission Estimation 
Methodology for Water Transport.  
 

3.3.4  Sensitivity Analysis  

 
In this section the sensitivity of the parameters in the model will be analyzed. Firstly, the sensitivity of the 
generic parameters (distance, number of loads and Unilever share of emissions) will be investigated. Then 
the sensitivity of the emission factors will be analyzed for each mode of transport. Types of vehicle, load 
factor of loading equipment and transport condition are considered as parameters of the model as well (as 
they are the factors for determining the best emission factor to use).  
 

Generic Parameters 
 
Distance, Number of Loads and Unilever’s share of emissions has linear relation with the emission 
estimation on a lane level (shipments from A to B). Thus the impact of any percentage change in the 
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activity data will have the same percentage change in the emissions on a lane level (e.g. 10 % increase in 
the number of loads will lead to 10% increase in CO2 emissions).  
 

Mode Specific Parameters 

 
The estimation model requires use of ‘best fitting emission factor’ for each transport as can be seen 
Appendix 2 Emission Factors. The following analyses show the sensitivity of the chosen emission factor 
to the parameters used for selecting that emission factor. 
 
For road transport, the factors having an impact on the emission factors are listed below: 
 

• Type of truck  
• Load factor of truck 
• Condition of transport (ambient and refrigerated)  

 
The sensitivity of CO2 emission estimations to these factors are listed in Table 2. 
 

Parameter Change in Parameter Average Impact on Emission Result 

Type of Vehicle Light Truck->Trailer +138% 

Load Factor +10% +1% for Light Truck, +5% for Trailer 

Transport Condition Ambient->Refrigerated +24.2% 

TABLE 2-  SENSITIVITY OF ROAD PARAMETERS  

 
The increase in emissions as a result of change in the type of vehicle parameter might seem counter-
intuitive. However, one should note that carrying capacities are assumed to be 5 tonnes for a light truck 
and 26 tonnes for a semi-trailer. Thus at same load factor level semi-trailer carries more goods than a light 
truck. This is the main driver of this increase (138%). 
 
For rail transport, the factors having an impact on the emission factors are listed below: 
 

• Type of traction 
• Load factor of loading equipment 
• Condition of transport (ambient and refrigerated)  

 
The sensitivity of CO2 emission estimations to these factors are listed in the Table 3. 
 

Parameter Change in Parameter Average Impact on Emission Result 

Type of Vehicle Electric->Diesel +57% 

Load Factor +10% +31% 

Transport Condition Ambient->Refrigerated +84% for electric, +53% for diesel 

TABLE 3-  SENSITIVITY OF RAIL PARAMETERS  

 
For water transport, the factors having an impact on the emission factors are listed below: 
 

• Type of ship 
• Load factor of loading equipment 
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• Condition of transport (ambient and refrigerated)  
 
The sensitivity of CO2 emission estimations to these factors are listed in the Table 4. 
 

Parameter Change in Parameter Average Impact on Emission Result 

Type of Vehicle 

Ocean -> Continental 
Continental-> Inland 
Inland->Ro-Ro Cargo 
Ro-Ro Cargo->RoPax 

+18% 
+162% 
+79% 

+127% 

Load Factor +10% 0% for Ambient, +8% for Refrigerated 

Transport Condition 

Ambient->Refrigerated 
Ocean 

Continental 
Inland (No Flow) 

Ro-Ro Cargo 
RoPax 

 
+124% 
+105% 
+80% 
+17% 
+7% 

TABLE 4-  SENSITIVITY OF WATER PARAMETERS 

 
It might seem counterintuitive that the emissions do not change at different load factor levels for ambient 
shipments. The reason is that the emissions are estimated based on TEUs or LANEM. Therefore it is not 
important at what level the loading equipment is loaded (i.e. same emissions independent of the load 
factor). However, for refrigerated transport, load factor affects the emission estimations as the thermo unit 
emissions depend on the load factor of the equipment.  
 
An interesting result is seen in the sensitivity analysis of transport condition (ambient and refrigerated 
shipments). The additional impact of refrigerated transport is +124% for ocean container ships, while it is 
as low as 7% for RoPax ships. The reason for this difference is that the emissions in ambient shipments 
are much lower in ocean container ships compared to RoPax. However, the emissions (per hour) from 
thermo units are similar independent of the type of the ship. This leads to different percentage increases in 
the emissions during refrigerated transport compared to ambient. 

3.4   Reporting of CO2 Emissions 

 
In this section an approach to monitor, track and report the CO2 emissions over time is introduced. For 
this purpose, two performance metrics are identified:  
 

• KPI 1: Absolute amount of carbon emitted as measured in “Kilogrammes of CO2” (Kg CO2) 
 
• KPI 2: Efficiency of carbon emissions as measured in “Grammes of CO2 per Tonne Kilometre” 

(g CO2 / T Km). 
 
The first measure (Kg CO2) gives information on Unilever Europe’s total CO2 impact in transport, and is 
driven by volume as well as efficiency of movement. 
 
The second metric (g CO2 / T Km) indicates the average amount of CO2 to move 1000 Kg of freight a 
distance of 1 Km – therefore it is unaffected by total volume variations.  This metric gives information on 
Unilever Europe’s carbon efficiency in transport. 
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In order to monitor and track the status, CO2 emissions will be reported monthly as measured with these 
metrics.  
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4 Application of CO2 Emissions Estimation Methodology and 

Reporting in Unilever 
 
The CO2 emissions for the first 6 months of year 2009 are estimated for UltraLogistik by using the 
developed methodology and reports. In this chapter, firstly the data collection process is explained.  Then 
the results of the application of the methodology in the UltraLogistik case is presented and analysed. The 
chapter is concluded with a judgemental analysis of the uncertainty in the estimations. 

4.1  Data Collection 

 
Two sources of data have been used to apply the methodologies and estimate CO2 emissions of Unilever’s 
European transport: internal and external. In this section the internal and external data gathering processes 
will be explained separately. 
 

Internal Data Collection 

 
Most of the data is collected internally from Unilever and extracted from the Transport Management 
System directly. The data gathered internally is mainly activity data (data regarding actual shipments). In 
addition, distance data regarding pure road lanes were gathered internally as well. As the CO2 emission 
estimation methodology is developed by considering availability of data hardly any processing is required 
for the data gathered internally. This simplicity makes it possible for Unilever to apply the methodology 
to estimate, track and monitor the CO2 emissions from transport with relatively low level of effort. 
 
External Data Collection 

 
Due to the limited information regarding intermodal lanes a questionnaire was prepared and sent out to all 
carriers running intermodal lanes to specify the required information for CO2 emissions estimation 
(Please see Appendix 7 Intermodal Questionnaire for the letter and MS Excel sheet sent to the carriers). 
 
The questionnaire was sent to 77 carriers running 586 intermodal lanes. In the final stage, information 
regarding 94% of the lanes (551 out of 586) was obtained. No estimation is made regarding the shipments 
on the lanes where no information was available, as this would be looking into a crystal ball. The 
information gathered from the carriers regarding the intermodal lanes (e.g. mode of transport, type of 
ship, distance etc.) were combined with the internal data (e.g. number of shipments, temperature 
condition etc.) to estimate the emissions on these lanes.  
 
Compared to pure road lanes, intermodal lanes require more effort to be included in the analysis as 
external data collection is required. However, once the intermodal lane data is available, it is possible to 
repeat the estimations, thus track and monitor the CO2 emissions with the internally available activity data 
with low level of effort. On the other hand, it is crucial to update the information regarding the intermodal 
lanes with regard to any changes. 

4.2  CO2  Estimation Results 

 
The absolute CO2 emission results (CO2 Kg) are shown in the Table 5. Monthly CO2 reports are designed 
by taking financial reporting as a starting point. The reports are developed to track status of different 
regions as well as the European average.  
 



 

 

TABLE 

 
The results for CO2 emissions efficiency (
 

TABLE 

 
According to the analysis done for the first six months total 
of this study are estimated at around 120 million kg on a yearly basis. The 
estimated to be 59.8 gram of CO2 per tonne km of goods to be shipped.
 

TABLE 7  -  DETAILED KPI  1  (ABSOLUTE CO2)

 
In order to understand the reasons behind the results the main drivers of the estimated performance 
metrics are as well included into the reports. 
shipped during the period are included in the KPI 1 reports as well
results, Central and Eastern Europe (CEE) is the region with the highest emissions. This is mainly driven 

1/2009

CEE 2.303.990,7

DACH & NORDICS 1.359.466,9

FRANCE & IBERIA 1.688.626,7

ITALY,GREECE & TURKEY 1.022.941,7

UK/IE & BENELUX 1.741.785,1

European Grand Total: 8.116.811,0

Total CO2 Emission per Region (CO2 Kg)

1/2009

CEE

DACH & NORDICS

FRANCE & IBERIA

ITALY,GREECE & TURKEY

UK/IE & BENELUX

European Grand Total: 

CO2 Emission Efficiency per Region
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ABLE 5  -  KPI  1  (ABSOLUTE CO2)  RESULTS FOR UNILEVER  

emissions efficiency (CO2 g / tonne km) are shown in the Table 6. 

ABLE 6  -  KPI  2  (CO2  EFFICIENCY)  RESULTS FOR UNILEVER  

According to the analysis done for the first six months total CO2 emissions of UltraLogistik in the scope 
mated at around 120 million kg on a yearly basis. The CO2 emissions intensity is 

per tonne km of goods to be shipped. 

CO2)  RESULTS FOR UNILEVER 

rstand the reasons behind the results the main drivers of the estimated performance 
metrics are as well included into the reports. Besides KPI 1, total tonne km shipped and number of loads 
shipped during the period are included in the KPI 1 reports as well (See Table 7). As can be seen in the 
results, Central and Eastern Europe (CEE) is the region with the highest emissions. This is mainly driven 

1/2009 2/2009 3/2009 4/2009 5/2009

2.303.990,7 2.369.551,3 2.719.027,3 2.336.169,6 2.107.859,7

1.359.466,9 1.909.625,5 2.134.546,3 1.946.153,3 1.502.418,6

1.688.626,7 1.953.745,1 2.385.454,5 2.500.287,3 1.740.604,9

1.022.941,7 1.506.664,1 1.771.066,4 1.663.268,3 1.245.508,2

1.741.785,1 1.996.957,3 2.194.944,1 1.729.341,5 1.336.123,7

8.116.811,0 9.736.543,2 11.205.038,6 10.175.220,0 7.932.515,2 10.605.856,3

1/2009 2/2009 3/2009 4/2009 5/2009

63,7 64,5 64,3 63,7 62,5

59,8 61,7 60,8 60,7 61,8

56,2 56,7 56,8 52,8 56,4

61,5 62,0 58,0 56,3 55,9

60,0 60,5 59,8 62,6 63,1

60,3 61,1 60,1 58,7 60,0
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emissions intensity is 

 

rstand the reasons behind the results the main drivers of the estimated performance 
Besides KPI 1, total tonne km shipped and number of loads 

). As can be seen in the 
results, Central and Eastern Europe (CEE) is the region with the highest emissions. This is mainly driven 

6/2009 YTD*

2.765.975,1 14.602.573,8

1.936.963,4 10.789.173,9

2.473.756,2 12.742.474,5

1.694.289,3 8.903.737,9

1.734.872,3 10.734.024,0

10.605.856,3 57.771.984,1

6/2009 YTD*

63,5 63,7

61,0 61,0

56,7 55,8

53,0 57,3

61,6 61,1

59,2 59,8



 

by the volume of the goods shipped, as CEE is the region with the high
investigated period as well. On the other hand, UK/IE & Benelux is the region with the highest number of 
loads (15008) in the first six months of 2009. However, the ‘Tonne
& Iberia, and DACH (i.e. Germany, Austria, and Switzerland) & Nordics, which can be explained by the 
fact that the average distance of shipments is lower. Thus, the 
are not as high as CEE, DACH & Nordics or France & Iberia.
 

TABLE 8  -

 
In KPI 2 reports, percentage of refrigerated shipments and intermodal transport is included in 
However, one should be careful with drawing conclusions with the intermodal transport percentage as the 
type of the intermodal is very important. For instance, high percentage of intermodal in the UK/IE region 
is not enough to lead to better CO2 
due to the reason that Ro-Ro ships emit more 
transport. As can be seen in Table 9
in intermodal transport due to usage of different modes of transport. The 
a region is expected to vary as well. For instance, although being classified in the same region, the UK/IE 
and the Benelux countries might have a big difference in terms of the types of intermodal transport used. 
The Benelux region would have better 
from UK/IE where most of the intermodal is on Ro
different modes of transports will be investigated in more detail).  
 

TABLE 9-  KPI

 
These reports can provide the management with necessary insi
terms of CO2 emissions. The KPI 1 (Absolute 
significant portion of emissions is coming from, thus where the big amount of savings can be achieved. 
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by the volume of the goods shipped, as CEE is the region with the highest ‘Tonne Km’ shipped in the 
investigated period as well. On the other hand, UK/IE & Benelux is the region with the highest number of 

hs of 2009. However, the ‘Tonne Km’ shipped is less than CEE, France 
H (i.e. Germany, Austria, and Switzerland) & Nordics, which can be explained by the 

fact that the average distance of shipments is lower. Thus, the CO2 emissions in UK/IE & Benelux region 
are not as high as CEE, DACH & Nordics or France & Iberia. 

-  DETAILED KPI  2  (CO2  EFFICIENCY)  RESULTS FOR UNILEVER  

In KPI 2 reports, percentage of refrigerated shipments and intermodal transport is included in 
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type of the intermodal is very important. For instance, high percentage of intermodal in the UK/IE region 
 efficiency as most of the intermodal is on Ro-Ro Cargo ships. This is 

Ro ships emit more CO2 per tonne km of goods compared to pure road 
9 the regions differ significantly in terms of CO2 emi

in intermodal transport due to usage of different modes of transport. The CO2 emissions efficiency inside 
a region is expected to vary as well. For instance, although being classified in the same region, the UK/IE 

s might have a big difference in terms of the types of intermodal transport used. 
The Benelux region would have better CO2 efficiency results if it would have been considered separate 
from UK/IE where most of the intermodal is on Ro-Ro ships (In the next section, the CO
different modes of transports will be investigated in more detail).   

KPI  2  (CO2  EFFICIENCY)  RESULTS FOR INTERMODAL TRANSPORT 

These reports can provide the management with necessary insights to identify areas of improvement in 
emissions. The KPI 1 (Absolute CO2) results per region might indicate the areas where the 

significant portion of emissions is coming from, thus where the big amount of savings can be achieved. 
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The KPI 2 (CO2 Efficiency) results per region can guide the management through better monitoring of the 
current supply chain in terms of CO2 efficiency of transport across regions.  

4.3  Uncertainty of  CO 2  Estimation Results 

 
Assessment of the CO2 estimation results is important in terms of judging the quality of the current input 
to the model (thus the estimations) and identifying areas of improvement. Main aim is to understand the 
sources of uncertainty in the estimations and provide the necessary feedback for the companies (in this 
specific case to Unilever) to improve the quality of the data, and thereby the accuracy of emission 
estimations.   
 
Mainly two sources of uncertainty are inherent to the emission estimations. One is arising from the 
uncertainty in the fuel / energy consumption data provided by the published sources of information (e.g. 
fuel consumption values taken from NTM). One should note that the assessment of the uncertainty of the 
data from the published sources is beyond the scope of this study. A second source of uncertainty is the 
activity data that is used in estimating the CO2 emissions. This is exactly the focus of the assessment of 
the uncertainty in the CO2 estimations made. 
 
For this purpose firstly uncertainty in the generic parameters (distance, number of loads, and Unilever’s 
share of emissions) will be investigated. Then uncertainty in the data specific to emission factors will be 
analysed for each mode of transport. 
 
Uncertainty in Generic Parameters 
 
Distance, Number of Loads and Unilever’s share of emissions have a multiplicative affect on the CO2 
emissions in a lane level estimation. Thus any percentage change in one of these parameters leads to the 
same percentage change in CO2 estimation result in lane level.  
 
Distance data used in the estimations is actual metric km travelled by the vehicle for every mode of 
shipment. Thus ideally there should not be any uncertainty related to this data. However, due to possible 
human errors in obtaining or maintaining this data, a low level of uncertainty is inherent to the distances. 
This is higher in rail and water distances, as the information is gathered from the questionnaires sent out 
to carriers. Data regarding number of loads is extracted from the Transport Management System, and this 
data has important operational usage (used in payments, reporting etc.). Thus no uncertainty related to this 
parameter is expected. Unilever’s share of emissions is crucial in less than truck load shipments, but has 
no impact (equal to 1) in full truck loads. In Unilever case 95% of the shipments are full truck loads 
where Unilever load factor is equal to carrier load factor. In less than truck load shipments (5% of the all 
shipments) carrier load factor is not known internally and very hard to get from carriers as this is most of 
the time considered as confidential business information, thus an estimation has to be made.  
 
The condition of transport will be considered in the generic parameters, because this information (whether 
the shipment is ambient or refrigerated) is regardless of the mode of transport. This data is available for 
each shipment and is extracted from the Transport Management System. This data is important in terms 
of its operational usage, thus no significant uncertainty related to this parameter is expected. 
 
The load factor parameter will as well be considered as a generic parameter as the assessment of the 
uncertainty in this parameter is regardless of the mode of transport. The average load factor of shipments 
is an internally available data (60%) and is considered to have a very low level of uncertainty. However, 
load factor of each shipment is unknown / or unreliable. Thus the average load factor was assumed to be 
valid for every shipment. Although not important in company level estimations, this assumption might 
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lead to significant deviations in lane level estimations. Therefore, this should be taken as an improvement 
step for improving the quality of emission estimations. 
 
Uncertainty in Mode Specific Parameters 
 
Type of truck data is extracted from transport management system. This data is important in terms of its 
operational usage. Thus no significant uncertainty related to this parameter is expected. 
 
Mode of transport data is obtained from questionnaires sent to the carriers. As almost all of the 
international freight transport on rail is done with electric trains today no differentiation between electric 
and diesel trains is made and all rail transport is assumed to be on electric trains. The information 
regarding the rail transport is gathered externally from the carriers, thus a considerable level of 
uncertainty can be expected.  
 
Types of ship data is obtained from questionnaires sent to the carriers. The carriers were given the 
categories of ships in the CO2 estimation model and asked to specify the corresponding type of ship in 
each lane. There is a considerable level of uncertainty inherent to this information. The level of 
uncertainty is higher if the carrier is not the operator/owner of the ship.  
 
Expected Level of Uncertainty in the Results 

 
The impact of the above discussed sources of uncertainty on the results is summarised in Table 10 below. 
The level of uncertainty in the distance of shipments is relatively lower for road transport, as the actual 
distance data is available internally and used for operational purposes. A higher level of uncertainty (less 
than 10%) is expected in the distance data for rail and water transport as the data is gathered externally. It 
should be noted that 80% of the shipments are on road, thus overall impact of the uncertainty in the 
distance data would be much less than 10% (expected maximum deviation for water and rail shipments). 
 

Expected Level of Uncertainty  

Parameter Level of Uncertainty Impact on a single shipment 

Expected 
Impact on 

Overall 
Results 

 Road Rail Water Road Rail Water  

Distance <5% <10% <10% <5% <10% <10% Low 

Number of Loads 0 0 0 - - - - 

Unilever Share of 
Emissions 

<5% <3% <3% <5% <3% <3% Negligible 

Condition of 
Transport 

0 0 0 - - - - 

Load Factor <50% <50% <50% <18%
4
 <50% 

<0% for 
ambient, 
<13% for 

refrigerated
5
 

Low 

Type of Vehicle 0 
<10% of the 

time 
<10% of 
the time 

0 <57% <Factor of 5 Low 

Emission Factors <20% <30% <30% <20% <30% <30% Low 
TABLE 10-  IMPACT OF UNCERTAINTY ON EMISSION ESTIMATIONS  

 
                                                      
4 Estimated for semi-trailer category 
5 Estimated as an average for continental container, Ro-Ro cargo and RoPax categories 
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The number of loads, condition of transport and type of truck are internally available data for all modes of 
transport and crucially important for operational purposes, thus no uncertainty is expected regarding this 
data. The impact on overall emission estimations will be 0 as well. 

 
Unilever share of emissions is only a factor in less than truck load (groupage) shipments. As most of the 
intermodal shipments do not employ groupage shipments relatively low level of deviation (less than 3%) 
is expected for rail and water transport compared to road transport (less than 5%). Considering that 95% 
of all shipments are full truck loads (no groupage) in Unilever, the impact of this deviation would be 
much lower than 5% (expected maximum deviation for road shipments) on the overall estimations. 

 
Significant level of uncertainty is inherent to the assumption of 60% made regarding the load factor of 
loading equipments. In line with this high level of uncertainty in the assumption made, significant level of 
uncertainty (e.g. up to 50% for transport on rail) can be expected while estimating emissions from a single 
shipment. However, this assumption of 60% would result in low level of uncertainty while estimating the 
emissions at company level due to the fact that this is very well-known average load factor of Unilever 
shipments in the scope. 

 
The data regarding the type of vehicle on rail and water relies very much on external data gathered from 
carriers, thus the level of uncertainty expected is higher than the type of truck. It can be expected that up 
to 10% of the time the carriers fail to indicate the correct type of train or ship used in the shipment. This 
might lead to significant deviations (up to a factor of 5) in estimating emissions from a single shipment. 
However, considering that most of the shipments (c.a. 80%) are purely on road and only 10% of the time 
an error is expected in this data for rail and water intermodal shipments, the impact on the overall 
company level estimations would be low. 

 
Last but not least, there is a considerable level of uncertainty in the emission factors. The fuel/energy 
consumption data compiled from published sources (e.g. NTM methodologies) includes significant level 
of uncertainty due to several factors (e.g. driving behaviour, traffic etc). After all, these published sources 
indicate only an estimation of the emissions. For exact emission results actual fuel/energy consumption 
data regarding each shipment must be gathered, which is impossible in the scope of this study. The 
possible deviations in the emission factors are adapted from NTM methodologies and indicate expert 
judgements of uncertainty. Lower level of uncertainty is expected in emission factors for road compared 
to rail and water as there are less factors contributing to the level of uncertainty. This level of uncertainty 
would be significant while estimating emissions from a single shipment. However, while estimating 
emissions at company level extremely high number of shipments (more than 60000) is considered, thus 
one can expect the impact to be much less than the possible deviations at single shipments (20% for road, 
30% for water and rail transport). This is mainly due to the reason that the shipments are done on a wide 
geography (covering all Europe) in a relatively long time span (six months) potentially clearing out the 
impact of big deviations in the individual shipments. 

 



 

5 Are Water and Rail Transport Always ‘Greener’?
 
Today, both in the literature and in the industr
‘greener’ ways of shipping goods. Moving shipments from road to water or rail is directly associated with 
reducing CO2 emissions. In this section a closer look will reveal that rail and water transport 
‘greener’ than the road transport. In short, the companies moving goods from road to water and rail with 
decisions simply based on the common belief of ‘rail and water transport are greener’ are indeed facing a 
risk of increasing CO2 emissions. 
 
Along with others, modality is an important factor in 
transport lead to different CO2 emissions. In 
shipping goods on different modalities are shown for both ambient (bars) and refrigerated (dots) transport. 
(Please see methodologies for road, rail and water in the appendix for the assumptions and data sources). 
This figure shows how great the difference between t
This also indicates how great the opportunities for reduction are.

FIGURE 5  -  AVERAGE 

 
The CO2 emissions are very much dependent on 
modality which is favourable in one situation (e.g. road
worse in another situation (e.g. road
the above table by comparing the CO
would be a mistake.  

5.1  Definition of Intermodal Transport

 
Shipments including a rail or water leg usually require a road leg as well if the origin 
locations are not directly connected via terminals or ports. Therefore, moving the shipments from road to 
water and rail generally means moving the shipments from road to a combined mode (e.g. road 
These combined mode shipments are
being widely used, there is no single accepted definition of intermodal transport currently available. The 
most common practice is to classify a shipment as intermodal if more transport t
mode. This widely used definition of intermodal is reformulated for this study in the following terms: 
 

“A shipment is defined as intermodal if the shipment is done on more than one mode of transport 
(i.e. road, rail, water).” 
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Are Water and Rail Transport Always ‘Greener’? 

Today, both in the literature and in the industry it is very common to characterize water and rail as 
‘greener’ ways of shipping goods. Moving shipments from road to water or rail is directly associated with 

emissions. In this section a closer look will reveal that rail and water transport 
‘greener’ than the road transport. In short, the companies moving goods from road to water and rail with 
decisions simply based on the common belief of ‘rail and water transport are greener’ are indeed facing a 

Along with others, modality is an important factor in CO2 emissions estimation. Different modes of 
emissions. In Figure 5, the average CO2 emission factors (Kg/Km) for 

oods on different modalities are shown for both ambient (bars) and refrigerated (dots) transport. 
(Please see methodologies for road, rail and water in the appendix for the assumptions and data sources). 
This figure shows how great the difference between the modes of transport is in terms of 
This also indicates how great the opportunities for reduction are. 

VERAGE CO2  EMISSIONS (KG /  KM)  PER VEHICLE CATEGORY 

emissions are very much dependent on the characteristics of a situation. In other words, a 
modality which is favourable in one situation (e.g. road-rail intermodal shipment from A to B) might be 
worse in another situation (e.g. road-rail shipment from C to D). Therefore, jumping to a conclusi

CO2 friendliness of the modes simply based on ‘Kg CO

Definition of Intermodal Transport  

Shipments including a rail or water leg usually require a road leg as well if the origin 
locations are not directly connected via terminals or ports. Therefore, moving the shipments from road to 
water and rail generally means moving the shipments from road to a combined mode (e.g. road 
These combined mode shipments are generally associated with the term ‘intermodal transport’.
being widely used, there is no single accepted definition of intermodal transport currently available. The 
most common practice is to classify a shipment as intermodal if more transport takes over more than one 
mode. This widely used definition of intermodal is reformulated for this study in the following terms: 

“A shipment is defined as intermodal if the shipment is done on more than one mode of transport 

y it is very common to characterize water and rail as 
‘greener’ ways of shipping goods. Moving shipments from road to water or rail is directly associated with 

emissions. In this section a closer look will reveal that rail and water transport is not always 
‘greener’ than the road transport. In short, the companies moving goods from road to water and rail with 
decisions simply based on the common belief of ‘rail and water transport are greener’ are indeed facing a 

emissions estimation. Different modes of 
emission factors (Kg/Km) for 

oods on different modalities are shown for both ambient (bars) and refrigerated (dots) transport. 
(Please see methodologies for road, rail and water in the appendix for the assumptions and data sources). 

he modes of transport is in terms of CO2 emissions. 

 

the characteristics of a situation. In other words, a 
rail intermodal shipment from A to B) might be 

rail shipment from C to D). Therefore, jumping to a conclusion from 
CO2 per Km’ values 

Shipments including a rail or water leg usually require a road leg as well if the origin and destination 
locations are not directly connected via terminals or ports. Therefore, moving the shipments from road to 
water and rail generally means moving the shipments from road to a combined mode (e.g. road – rail). 

generally associated with the term ‘intermodal transport’. Although 
being widely used, there is no single accepted definition of intermodal transport currently available. The 

akes over more than one 
mode. This widely used definition of intermodal is reformulated for this study in the following terms:  

“A shipment is defined as intermodal if the shipment is done on more than one mode of transport 
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5.2  Features of  Intermodal Transport  

 
Intermodal transport differs from pure road transport on several aspects that have an impact on CO2 
emissions.  First of all, changing a shipment lane from road to intermodal transport often comes with a 
different total distance to be travelled. Most of the time, this total distance is larger than the initial pure 
road case. This is especially the case with road-rail combined shipments. However, for road-water 
transport the total distance might decrease as well (e.g. switching from pure road to road-water intermodal 
on a lane from Greece to Italy). Distance is a key driver of CO2 emissions, thus it will be considered in 
the analysis. 
 
Rail and water, generally speaking, are slower means of shipping goods compared to road. During a 
refrigerated transport, the thermal units emit CO2 while they are running. The slower the vehicle the more 
time the thermal unit runs (i.e. consumes more energy and thus emits more CO2) during a shipment. Thus, 
from a CO2 point of view, different speeds of different modes of transport have an impact on CO2 
emissions in refrigerated transport. This is already incorporated into the emission factors.  
 
During a modal change, the loading equipment has to be transferred from one mode to another (e.g. from 
road to train). This most of the time requires vertical handling of the loading equipment by a crane. This 
also consumes energy and emits CO2. However, vertical handling is ignored in this study as the impact is 
negligible (Schers 2009).  

5.3  Theoretical  Assessment of ‘CO 2  Friendliness’  of Intermodal Transport  

 
In this section the common saying ‘intermodal transport is greener than road’ will be questioned by 
ceteris paribus analyses. Road-rail and road-water intermodal shipments will be analysed in detail. On 
rail, electric and diesel trains of short and average sizes will be considered (long trains will not be 
considered as they are already much safer in terms of being ‘greener’ than the pure road transport). On 
water continental container ships, Ro-Ro cargo ships and RoPax ships will be considered (barges will not 
be investigated as currently they are not used very often in Unilever). The ‘CO2 friendliness’ of 
intermodal transport will be assessed by comparing it with the pure road transport. The pure road 
transport will be defined as base scenario and alternative intermodal transports will be compared with this 
base case scenario.  
 
Base Scenario:  Ambient/Refrigerated (depending on the case that will be compared with, ambient with 
ambient, refrigerated with refrigerated) shipment from A to B purely on road with distance Dbasecase. 
 
Intermodal Alternative: 
 
Dintermodal  : Distance of intermodal transport 
Dchange   : Distance change in intermodal transport compared to pure road transport 
Snon-road : Percentage share of non-road (rail or water depending on the type of 

intermodal) distance  
Droad   : Road distance of intermodal transport 
Dnon-road   : Non-road (rail or water) distance of intermodal transport 
 
Therefore, 
 
Dintermodal = Dbasecase * (1+Dchange) 
Dintermodal = Droad + Dnon-road 
Dnon-road = Snon-road * Dintermodal 
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Droad = (1- Snon-road) * Dintermodal 

  

5.3.1  Road-Rail  Intermodal 

 
Road-Rail transport implies that the shipment is a combined road and rail transport. Most of the time, the 
goods are transported on road to a loading terminal first, where they are put on a train and shipped to the 
next terminal. Then, the goods are shipped to the final destination on road (See Figure 6). It is also 
possible that there are direct rail accesses at some locations, which means 1st or 2nd road leg (even both if 
there are direct rail accesses to both locations) might not take place. 

 
FIGURE 6  -  ROAD -  RAIL TRANSPORT 

5.3.1.1  Increase in  Distance 

 
In this section, the CO2 emissions in a base case scenario (pure road transport) will be compared by 
alternative scenarios (road – rail intermodal transport) under changing total distances of shipments.  
 
Road – Rail Intermodal Alternative: 
 
In this alternative scenario shipment is moved to road-rail intermodal. The distance on rail is assumed to 
be 93 percent (according to the data from Unilever) of the initial pure road distance (Dbasecase). The 
distance on road leg is gradually increased and the CO2 savings are tracked.  
 
CO2 savings are the percentage reduction in the emissions in the alternative scenario based on the 
emissions in the base scenario. 
 
Dchange  : Increasing  

Dnon-road  : 93% *Dbasecase (kept constant) 
Droad  : Increasing  

 
In Figure 7, the change in the CO2 emission savings can be seen for road-rail intermodal shipments on 
electrical and diesel trains of 500 (short) and 1000 tons (average). The breakeven point for the short diesel 
train is 31%.  This indicates that the alternative scenario will stay ‘greener’ in terms of CO2 compared to 
the base scenario until the distance in intermodal transport increases more than 31% (breakeven point, 
Dchange=31%). The intermodal transport becomes less ‘greener’ than the pure road transport if the distance 
of intermodal increases more than 31% of the initial pure road distance. This is still not very likely to 
happen, although the risk is higher than other trains.  
 



 

FIGURE 7-CHANGE IN CO2

  
The key learning from this analysis is that smaller trains are less efficient than larger trains. Thus the 
road-rail intermodal transports with small trains are more risky in terms of being le
road transport. However, it should be noted that short diesel trains are not expected to be used very often 
in international freight transport today.
 
In Figure 8, the change in the CO
shipments on electrical and diesel trains of 500 (short) and 1000 tons (average). The breakeven point for 
the short diesel train is 16%, while it is 35% for the short electrical train. Especiall
diesel train is not very high and one can expect this to happen. 
 

FIGURE 8-CHANGE IN CO2

 
The important learning is that the CO
ambient transport. This is mainly due to the reason that rail transport is slower than road transport. Thus, 
more CO2 is emitted from the thermal unit per km on rail than per km on road.
road-rail intermodal is not always greener than pure road transport. If the train on the rail leg is a short 
diesel train, an increase of 16% in the initial distance means that moving to road
actually increasing the CO2 emission
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CO2  SAVINGS IN A ROAD-RAIL INTERMODAL TRANSPORT -  AMBIENT

The key learning from this analysis is that smaller trains are less efficient than larger trains. Thus the 
rail intermodal transports with small trains are more risky in terms of being less ‘greener’ than pure 

road transport. However, it should be noted that short diesel trains are not expected to be used very often 
in international freight transport today. 

, the change in the CO2 emission savings can be seen for refrigerated road
shipments on electrical and diesel trains of 500 (short) and 1000 tons (average). The breakeven point for 
the short diesel train is 16%, while it is 35% for the short electrical train. Especially the breakeven for the 
diesel train is not very high and one can expect this to happen.  

 
CO2  SAVINGS IN A ROAD-RAIL INTERMODAL TRANSPORT -  REFRIGERATED

The important learning is that the CO2 savings in a refrigerated transport are less (in percentage) than in 
ambient transport. This is mainly due to the reason that rail transport is slower than road transport. Thus, 

is emitted from the thermal unit per km on rail than per km on road. Another insight
rail intermodal is not always greener than pure road transport. If the train on the rail leg is a short 

diesel train, an increase of 16% in the initial distance means that moving to road-
emissions.  

MBIENT 
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frigerated transport are less (in percentage) than in 
ambient transport. This is mainly due to the reason that rail transport is slower than road transport. Thus, 

Another insight is that 
rail intermodal is not always greener than pure road transport. If the train on the rail leg is a short 

-rail intermodal is 



 

5.3.1.2  Length & Cargo Factor of  a  train

 
In this section, the CO2 emissions in a base case scenario (pure road transport) will be compared by 
alternative scenarios (road – rail intermodal transport) under changing cargo factor levels for trains. 
 
Road – Rail Intermodal Alternative:

 
In this alternative scenario shipment is moved to road
be 93 percent (Dnon-road: 93% * Dbasecase

on road is assumed to be 23% (Droad

(These values are averages taken from road
sizes (short and average), the CO2 savings are tracked 
of cargo / gross weight of train). 
alternative scenario based on the emissions in the base scenario.
 
In Figure 9 CO2 emission savings with changing cargo factor of the trains can be seen for ambient 
shipments in intermodal transport with electrical and diesel trains. This figure indicates that alternative 
scenario will stay ‘greener’ in terms of CO
drops below 47% for diesel train and 30% for electric train. Intermodal shipments on trains with lower 
load factors would result in higher CO
 

FIGURE 9-CHANGE IN CO2

 
In Figure 10 CO2 emission savings with changing cargo factor of the trains can be seen for refrigerated 
shipments in intermodal transport with electrical and diesel trains. The breakeven point for the diesel train 
is 57.8%, while it is 44% for the electrical train. The average load factors of trains are estimated to be 
58% (19). This means moving refrigerated shipments
diesel train with an average load factor is used does not bring any CO
possible to increase CO2 emissions if the train is loaded less than the average of 58%. One should
that the size and load factor information of a train is very difficult to get. Therefore, it is impractical to 
assess different routes by taking into account the size and load factor of trains.  
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Length & Cargo Factor of  a  train  

emissions in a base case scenario (pure road transport) will be compared by 
rail intermodal transport) under changing cargo factor levels for trains. 

ail Intermodal Alternative: 

In this alternative scenario shipment is moved to road-rail intermodal. The distance on rail is assumed to 
basecase and kept constant) of the initial pure road distance and the distance 

road: 23% * Dbasecase and kept constant) of the initial pure road distance 
(These values are averages taken from road-rail intermodal lanes in Unilever). For two different train 

savings are tracked for different cargo factors of train (i.e. net weight 
 CO2 savings are the percentage reduction in the emissions in the 

alternative scenario based on the emissions in the base scenario. 

emission savings with changing cargo factor of the trains can be seen for ambient 
shipments in intermodal transport with electrical and diesel trains. This figure indicates that alternative 
scenario will stay ‘greener’ in terms of CO2 compared to the base scenario until the load factor of the train 
drops below 47% for diesel train and 30% for electric train. Intermodal shipments on trains with lower 
load factors would result in higher CO2 emissions than pure road (base case). 

 
CO2  SAVINGS IN A ROAD RAIL INTERMODAL TRANSPORT –  AMBIENT

emission savings with changing cargo factor of the trains can be seen for refrigerated 
n intermodal transport with electrical and diesel trains. The breakeven point for the diesel train 

is 57.8%, while it is 44% for the electrical train. The average load factors of trains are estimated to be 
. This means moving refrigerated shipments from pure road to road-rail intermodal where a short 

diesel train with an average load factor is used does not bring any CO2 improvements at all. It is even 
emissions if the train is loaded less than the average of 58%. One should

that the size and load factor information of a train is very difficult to get. Therefore, it is impractical to 
assess different routes by taking into account the size and load factor of trains.   

Average Load 
Factor (58%) 

emissions in a base case scenario (pure road transport) will be compared by 
rail intermodal transport) under changing cargo factor levels for trains.  

rail intermodal. The distance on rail is assumed to 
of the initial pure road distance and the distance 

of the initial pure road distance 
rail intermodal lanes in Unilever). For two different train 

for different cargo factors of train (i.e. net weight 
savings are the percentage reduction in the emissions in the 

emission savings with changing cargo factor of the trains can be seen for ambient 
shipments in intermodal transport with electrical and diesel trains. This figure indicates that alternative 

compared to the base scenario until the load factor of the train 
drops below 47% for diesel train and 30% for electric train. Intermodal shipments on trains with lower 

MBIENT 

emission savings with changing cargo factor of the trains can be seen for refrigerated 
n intermodal transport with electrical and diesel trains. The breakeven point for the diesel train 

is 57.8%, while it is 44% for the electrical train. The average load factors of trains are estimated to be 
rail intermodal where a short 

improvements at all. It is even 
emissions if the train is loaded less than the average of 58%. One should note 

that the size and load factor information of a train is very difficult to get. Therefore, it is impractical to 



 

FIGURE 10-CO2  S

5.3.1.3  Electricity  Mix 

 
In this section, the CO2 emissions in a base case scenario (pure road transport) will be compared by 
alternative scenarios (road – rail intermodal transport) where the emission factors of the elect
is varied.  
 
Road – Rail Intermodal Alternative:
 
In this alternative scenario shipment is moved to road
be 93% (Dnon-road: 93% * Dbasecase and kept constant) 
road is assumed to be 23% of the initial pure road distance
two different train sizes (short and average), the CO
the electricity supply (i.e. Kg of CO
reduction in the emissions in the alternative scenario based on the emissions in the base scenario.
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In Figure 11 the change in the CO2
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SAVINGS IN A ROAD-RAIL INTERMODAL TRANSPORT –  AMBIENT 

emissions in a base case scenario (pure road transport) will be compared by 
rail intermodal transport) where the emission factors of the elect

Rail Intermodal Alternative: 

In this alternative scenario shipment is moved to road-rail intermodal. The distance on rail is assumed to 
and kept constant) of the initial pure road distance and the distance on 

road is assumed to be 23% of the initial pure road distance (Droad: 23% * Dbasecase and kept constant)
two different train sizes (short and average), the CO2 savings are tracked for different emission factors of 

supply (i.e. Kg of CO2 per kWh of electricity consumed). CO2 savings are the percentage 
reduction in the emissions in the alternative scenario based on the emissions in the base scenario.

 
IGURE 11-CO2  SAVINGS FOR ELECTRIC TRAIN INTERMODAL 

2 emission savings can be seen for ambient and refrigerated shipments 
This figure indicates that for refrigerated transports, the alterna

will stay ‘greener’ in terms of CO2 compared to the base scenario until the emission factors of the 
electricity supply is 0.76 for average trains and 0.54 for short trains. For ambient shipments the breakeven 
points are 1.13 and 0.80 for average and short trains, respectively. As can be seen in 

Factors of Electricity Supply, Czech Republic, Germany, Italy, Luxembourg, 

Average Load 
Factor (58%) 

emissions in a base case scenario (pure road transport) will be compared by 
rail intermodal transport) where the emission factors of the electricity supply 

rail intermodal. The distance on rail is assumed to 
ce and the distance on 

and kept constant). For 
savings are tracked for different emission factors of 

savings are the percentage 
reduction in the emissions in the alternative scenario based on the emissions in the base scenario. 

emission savings can be seen for ambient and refrigerated shipments 
This figure indicates that for refrigerated transports, the alternative scenario 

compared to the base scenario until the emission factors of the 
electricity supply is 0.76 for average trains and 0.54 for short trains. For ambient shipments the breakeven 

age and short trains, respectively. As can be seen in Figure 34 in 
, Czech Republic, Germany, Italy, Luxembourg, 



31 
 

Poland, Portugal, Slovenia and UK are the countries with an emission factor higher than 0.54. It is very 
likely that in these countries moving shipments from pure road transport to road-rail intermodal (with a 
short train) is a wrong decision indeed. 

5.3.2  Road-Water Intermodal 

 
Road - Water transport implies that the shipment is a combined road and water transport. Most of the 
time, the goods are transported on road to a loading port first, where they are put on a ship and shipped to 
the next port. Then, the goods are transported to the final destination on road (Figure 12). 

 
FIGURE 12  -  ROAD -  WATER TRANSPORT 

 
There is a huge difference between different types of ships when it comes to CO2 emissions efficiency. 
Therefore, it is impossible to aggregate all different types of ships and talk about one single ‘water 
transport’. Figure 5 shows the different CO2 emission factors (Kg / Km) between different modes of water 
transport. What is very interesting with this figure is that the amount of CO2 emitted by moving the same 
amount of goods on different types of ships differs very much. Shipping the same goods on a Ro-Pax 
(Ro-Ro ship with significant passenger capacity) ship is 12 times more CO2 emitting than an ocean 
container ship and 10 times more than a continental container ship.   
 
Probably the most surprising outcome is that shipping goods on a semi-trailer is emitting less CO2 than 
shipping the semi-trailer on a Ro-Ro Cargo (without significant passenger capacity) ship or a Ro-Pax. 
However, one should be careful in interpreting these values as these are only indicators of CO2 emissions 
per km. Therefore, the distance of different modes of transport must be taken into account for a fair 
comparison of alternatives on a lane (e.g. the road distance from Italy to Greece is much longer than the 
water distance and per km values would not tell too much in such a case). 

5.3.2.1   Change in Distance 

 
In this section, the CO2 emissions in a base case scenario (pure road transport) will be compared with 
alternative scenarios (road – water intermodal transport) where total distances of shipments are changed.  
 
Road – Water Intermodal Alternative: 
 
In this alternative scenario shipment is moved to road-water intermodal. The water distance is assumed to 
be a changing percentage of total intermodal distance.  
 
Dintermodal  = Droad + Dnon-road = Dbasecase * (1+Dchange) 
Dnon-road  = Snon-road * Dintermodal 
Droad  = (1- Snon-road) * Dintermodal 
 



 

For each different share of water distance (S
a ‘greener’ transport (compared to pure road base case) is shown in 
distance is 50% (Snon-road = 50%) of the total intermodal distance (road and water distances are equal), the
breakeven values are 58%, -10% and 
intermodal transports, respectively. This means that if the intermodal transport distance is more than 58% 
higher than the pure road transport, the road
pure road option. 
 

FIGURE 13-  BREAKEVEN 

 
So, for a road-container ship intermodal shipment where the distance on road is equa
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For Ro-Ro Cargo ships the breakeven values are always negative and very close to 0%. This means, the 
total intermodal distances should be less than pure road distances for road
shipments to be greener than pure road transport. So, for a road
where the distance on road is equal to distance on water (S
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In other words, if the total shipment dis
‘greener’, in any other case pure road shipment would be ‘greener’ (e.g. between Greece and Italy the 
road-Ro-Ro cargo intermodal shipment distance can be significantly lower than pure road dis
road-RoPax ship intermodal shipment where the distance on road is equal to distance on water (S
road=50%): 
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For each different share of water distance (Snon-road changing from 10% to 90%), the breakeven values for 
a ‘greener’ transport (compared to pure road base case) is shown in Figure 13. For instance, if the water 

= 50%) of the total intermodal distance (road and water distances are equal), the
10% and -47% for road-container ship, road-RoRo cargo and road

intermodal transports, respectively. This means that if the intermodal transport distance is more than 58% 
higher than the pure road transport, the road-container ship intermodal option emits more CO
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total intermodal distances should be less than pure road distances for road-Ro-Ro cargo sh
shipments to be greener than pure road transport. So, for a road-Ro-Ro cargo ship intermodal shipment 
where the distance on road is equal to distance on water (Snon-road=50%): 
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In other words, if the total shipment distance is reducing more than by 10% then intermodal shipment is 
‘greener’, in any other case pure road shipment would be ‘greener’ (e.g. between Greece and Italy the 
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The key managerial insight of these results are: it is much safer (in terms of reducing CO2 emissions) to 
ship on container ships rather than Ro-Ro ship combined transports.  
 
For refrigerated shipments there is no major change in Ro-Ro Cargo and RoPax ships. However, there is a 
significant change considering the road-container ship intermodal shipments: the breakeven values much 
lower for refrigerated shipments. For example assuming an equal share (Snon-road=50%) between road and 
water distances in a road-container ship intermodal shipment: 
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This breakeven value of 32% is lower than the value in ambient shipment (58%). Thus, key learning from 
this is: road-container ship intermodal shipments become less ‘greener’ in case of refrigerated shipments. 
This finding is in line with expectations. The container ships are slower than road transport, thus a 
container ship transport takes more time than a road transport over the same distance. Thus, in the same 
distance a thermal unit emits more CO2 in a container ship transport compared to a road transport.  

5.4  Case Study: Intermodal Transport in  Unilever 

Current intermodal lanes of Unilever are analyzed in terms of their CO2 impact. In order to draw general 
conclusions and gain insights, the intermodal lanes are classified according to the mode of transport (e.g. 
rail, water) and type of ships (container, Ro-Ro etc.).  
 
The data regarding the intermodal lanes is obtained from carriers. The source of the data is the intermodal 
questionnaire as mentioned above that was sent out to carriers doing intermodal business on Unilever 
lanes. Analyses were made for 529 lanes currently being run on intermodal lanes. Assumptions had to be 
made due to the lack of data. On rail legs average electric trains (1000 metric tonnes of gross weight) with 
an average cargo factor (58%) is assumed. On water legs, average ship sizes and load factors representing 
each category of ships are assumed (Please see methodologies in appendix for assumptions) 

5.4.1  Road – Rail  Intermodal  

 
86 out of 529 lanes (16%) are road-rail intermodal lanes. 58 of these lanes are ambient lanes while the 
remaining 28 lanes are refrigerated. Figure 14 shows the distribution of CO2 emissions efficiency (g / 
tonne km) of lanes, summarised as ambient and refrigerated lanes. The average CO2 emissions efficiency 
for ambient road-rail intermodal lanes is 24.9 g of CO2 per tonne km shipped, while this is 39.2 for 
refrigerated lanes. For pure road lanes CO2 emissions efficiency is 55.8 for ambient shipments and 69.4 
for refrigerated shipments. In light of this information, the savings (in CO2 g / tonne km) amounts to 55% 
for ambient lanes and 43% for refrigerated lanes, in average. However, the total distance travelled 
changes by moving from pure road transport to road-rail intermodal transport. Therefore, a fair 
comparison would be based on absolute amount of CO2 emitted per lane.  
 



 

FIGURE 

 
In Figure 15, the percentage of savings obtained per lane by changing the lane fro
intermodal is demonstrated. Two things are very important with the above figure. Firstly, on refrigerated 
shipments the savings are lower on average. Secondly, it is not possible to talk about a single value (e.g. 
moving goods from road to rail saves x% CO
intermodal road-rail, which is a very common practice in the industry today.
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5.4.2  Road – Water Intermodal 
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IGURE 14-  ROAD RAIL INTERMODAL CO2  EFFICIENCY 

, the percentage of savings obtained per lane by changing the lane from pure road to road
intermodal is demonstrated. Two things are very important with the above figure. Firstly, on refrigerated 
shipments the savings are lower on average. Secondly, it is not possible to talk about a single value (e.g. 

road to rail saves x% CO2) about the savings that can be obtained by going on 
rail, which is a very common practice in the industry today. 

 
IGURE 15-ROAD RAIL INTERMODAL CO2  SAVINGS  

Water Intermodal  

53 out of 529 lanes (67%) are road-water intermodal lanes. 176 of these lanes are ambient lanes while 
the remaining 177 lanes are refrigerated. Figure 16 shows the distribution of CO2 emissions efficiency (g / 

e km) of ambient lanes, summarised as road-container ship, road-Ro-Ro cargo ship and road
 emissions efficiencies (g CO2 / tonne km) are 27, 65.5 and 105. 4 for 

Ro Cargo ship and road-RoPax intermodal lanes, respectively. For pure road 
emissions efficiency is 55.8 for ambient shipments. In average, the savings (in CO

89% for road-container ship, road-Ro-Ro Cargo ship and road
lanes, respectively. (A negative saving indicates an increase in CO2 g / tonne km). However, 

the total distance travelled changes by moving from pure road transport to road
transport. Therefore, a fair comparison would be based on absolute amount of CO2 emitted per lane, as 

rail intermodal analysis.  
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FIGURE 16-  AMBIENT ROAD-WATER INTERMODAL CO2  EFFICIENCY 

 
In Figure 17, the percentage of savings obtained per lane by changing the lane from pure road to road-
water intermodal is demonstrated (based on Unilever data). The insight gained from this chart is that the 
type of the ship has a huge impact on the CO2 emissions of intermodal. Therefore, it is impossible to 
generalize water transport and claim that it is ‘greener’ than road transport. It is quite safe to move the 
goods on to road-container ships with the motivation of CO2 emissions reduction. However, Ro-Ro cargo 
or RoPax intermodal lanes are very rarely greener than pure road lanes.  
 

 
FIGURE 17-  AMBIENT ROAD-WATER INTERMODAL CO2  SAVINGS  

 
Figure 18 shows the distribution of CO2 emissions efficiency (g / tonne km) of refrigerated lanes, 
summarised as road-container ship, road-Ro-Ro cargo ship and road-RoPax intermodal lanes. The 
average CO2 emissions efficiencies (g CO2 / tonne km) are 43.2, 75.1 and 79.7 for road-container ship, 
road-Ro-Ro Cargo ship and road-RoPax intermodal lanes, respectively. For pure road lanes CO2 
emissions efficiency is 69.4 for refrigerated shipments. In average, the savings (in CO2 g / tonne km) 
amounts to 18%, -28%, -34% for road-container ship, road-Ro-Ro Cargo ship and road-RoPax intermodal 
lanes, respectively. (A negative saving indicates an increase in CO2 g / tonne km). In Figure 19, the 
percentage of savings obtained per lane by changing the lane from pure road to road-water intermodal is 
demonstrated (based on Unilever data). In average, the savings (in absolute amount of CO2) amounts to 
28%, -12%, -14% for road-container ship, road-Ro-Ro Cargo ship and road-RoPax intermodal lanes, 
respectively. The most important insight derived by comparing this with the results in ambient shipments 
is that the savings that can be obtained by moving to container ships are less. A managerial insight can be 
derived saying that companies should consider moving ambient transport lanes into container ship 
intermodal, rather than the refrigerated transport lanes. 
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FIGURE 18-REFRIGERATED ROAD-WATER INTERMODAL CO2  

EFFICIENCY 

 

 
FIGURE 19-  REFRIGERATED ROAD-WATER INTERMODAL CO2  

SAVINGS 

5.5  Conclusions 

 
Both the theoretical analyses and real-life case (data from Unilever) point out a single conclusion: it is not 
possible to say that ‘intermodal transport is greener than road’. This might be a rather safe statement for 
electric trains (operating on countries with low CO2 emission factor) or container ships. However, this is 
absolutely not safe for Ro-Ro cargo and Ro-Pax ships. Another interesting outcome was to see that the 
opportunities for savings are, generally speaking, higher for ambient compared to refrigerated transports 
(especially for container ships and trains).  
 
In the light of these findings, the suggestions for decision makers looking for opportunities for reduction 
by changing modes can be as follows:  
 

• The statement ‘going on water and rail saves CO2’ is not always correct 
• Changing from road to rail or water without further consideration might end up with increased 

CO2 emissions 
• The potential savings that can be achieved by moving goods from road to intermodal is higher in 

ambient transport lanes compared to refrigerated ones. 
• Opting for container ships (rather than Ro-Ro ships) on the water legs will definitely lead to CO2 

reduction at the end of the day 
• Moving to electrical trains (especially on countries with low CO2 emission factor), generally 

speaking, would end up in CO2 savings (at a level depending on the increased distance of 
intermodal lane compared to pure road transport) 

 
 
 
 

Road-Water Intermodal CO2 Efficiency (Refrigerated)

0

20

40

60

80

100

120

container ship ro-ro cargo ropax

#
 o

f 
L

a
n

e
s

0

20

40

60

80

100

120

140

160

180

C
O

2
 g

 /
 t

o
n

n
e

 k
m

Number of lanes

Max

Min

Average

Road - Water Intermodal - CO2 Savings (refrigerated)

-140%

-120%

-100%

-80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

container ship ro-ro cargo ropax

%
 C

O
2

 s
a

v
in

g
s

 p
e

r 
la

n
e

Max

Min

Average



37 
 

6 Emission Reduction Opportunities 
 
This chapter aims to create insights for transport buying companies with CO2 emission reduction 
initiatives. The focus of this chapter will be on better utilisation of trucks, changes in the supply chain 
network and modal change. 

6.1  Better Utilisation of  Trucks 

 
Better utilisation of trucks leads to reduced number of loads considering that a fixed volume has to be 
shipped on a lane. In Unilever case, the efforts of better utilising the trucks can be grouped into two: load 
factor increase and usage of double-deckers. These two classifications might seem to be the same at the 
first glance, however there is a difference in terms of the way of application and as well in terms of 
impact on CO2 emissions reduction. The first classification is used for cases where the efforts are to be 
able to increase the amount of goods (most of the time same or similar) shipped on a truck. The latter, 
however, is basically combining two truck loads into one by using trucks that allow double stacking of 
palettes. These two have different impacts in terms of CO2 reduction which will be discussed in the next 
sections.   

6.1.1  Load Factor Increase 

 
The Figure 20 shows the decrease in total CO2 emissions on a lane while the load factor of a semi-trailer 
is increased. This is a result of the trade-off between the increasing emissions per load and decreasing 
total number of loads. The emissions at 60% load factor level (average of Unilever) are standardized at 
100 and the emissions at other load factors are estimated according to this level. This graph is a clear 
indicator of the opportunities of CO2 emissions reduction by better utilisation of trucks.   
 

 
FIGURE 20-CO2  EMISSIONS AT DIFFERENT LOAD FACTORS  

 
The Table 11 demonstrates CO2 savings in different scenarios (changing current and increased load factor 
levels). It is important to see that increasing load factors will lead to reduced amount of CO2 emissions 
(e.g. 34% of CO2 emissions can be saved by increasing load factor from 40% to 70%) at lane level. 
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Scenario Analysis – Load Factor Increase 

Current Load Factor New Load Factor % Savings in CO2 

40% 

50% 16% 

60% 27% 

70% 34% 

50% 

60% 13% 

70% 22% 

80% 29% 

60% 

70% 10% 

80% 18% 

90% 24% 

TABLE 11-  LOAD FACTOR INCREASE SCENARIOS  

6.1.2  Double-Deckers  

 
Double-deckers allow stacking of palettes on top of each other, thus enables the loads of two trucks to be 
combined into a single truck (Please see Figure 35, Figure 36 and Figure 37 in Appendix 9 Double-
Deckers). This reduces the total number of shipments by half. However, one should be careful that this 
does not imply a 50% reduction in CO2 emissions. This is due to the reason that the double-decker has a 
higher load factor level, thus lead to higher CO2 emissions compared to each individual truck in the base 
case.  As a result of this trade-off (decrease in number of loads, increase in emissions per load) the 
savings in CO2 emissions on a lane can be up to 43% as can be seen in Table 12. This means that the 
savings in double-decker applications can lead to higher CO2 savings compared to load factor increase of 
a single truck.  
 

Scenario Analysis – Double-Deckers 

Current New  

1st Truck 2nd Truck Double-Decker % Savings 

20% 30% 50% 43% 

20% 40% 60% 42% 

20% 50% 70% 41% 

20% 60% 80% 40% 

30% 30% 60% 42% 

30% 40% 70% 41% 

30% 50% 80% 40% 

40% 40% 80% 40% 
TABLE 12-SCENARIO ANALYSIS -  DOUBLE DECKERS  

 
The impact of double-deckers in terms of CO2 emissions reduction at company level is dependent on their 
level of usage. At the moment of the study this is a rather new practice in Unilever, but expected to 
increase in the future. Thus the impact of double-deckers in CO2 emissions reduction at company level is 
expected to increase in the future as well. 
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6.2  Network Optimisation 

 
Optimisation of supply chain networks of companies can lead to a reduction in the total tonne km of 
goods to be shipped. The situation might as well be the other way around, where a network optimisation 
project might lead to an increase in the total tonne km of goods to be shipped. This will have an impact on 
the CO2 emissions of a company. Table 13 demonstrates a set of example network optimisation projects 
with truck km estimations in the base cases and scenarios. The projects are summarised into two 
categories: category consolidation and network reconsideration. The former is introduced to describe 
projects where warehouses dedicated to different product categories are combined into a single location. 
The latter covers a wide variety of projects aimed for reconfiguration of the current supply chain 
networks. 
 

Network Optimisation Projects 

   Truck Km 

 
Country Category Base Case Scenario % Reduction Decrease 

1 Belgium Category Consolidation 4823218 4705132 -2,4% -118086 

2 France Category Consolidation 32200853 29287847 -9,0% -2913007 

3 Italy Network Reconsideration 12804613 11732240 -8,4% -1072373 

4 Nordic Category Consolidation 17382179 17010245 -2,1% -371934 

5 Nordic Network Reconsideration 4996053 4549463 -8,9% -446590 

6 Poland Network Reconsideration 1565222 1400015 -10,6% -165207 

7 Portugal Category Consolidation 6522327 6427938 -1,4% -94389 

8 Spain Network Reconsideration 15562728 15256365 -2,0% -306363 

   95857193 90369245 -5,73% -5487949 
TABLE 13  -  SCENARIO ANALYSIS -  NETWORK OPTIMISATION 

 
These 8 projects lead to 5.7% reduction in the total truck km. However, this level of information is not 
sufficient for an accurate CO2 emission estimation as the only information available is distance. Thus, for 
a more accurate estimate of CO2 impact of these projects one should take into account these factors as 
well: mode of transport, type of vehicle (truck, ship, train), load factor of loading equipment, condition of 
transport (ambient / refrigerated). Although not enough for an accurate estimate of CO2 emissions 
reduction, these projects provide insight about the potential of reduction that can be achieved with 
reconsidering supply chain networks. In this dataset, the projects lead to 5.7 % reduction in the truck kms 
to be travelled. This would not lead to a substantial amount of savings in CO2 emissions without doing 
any other change (e.g. in modality).  

6.3  Modal Change 

 
As discussed before, different modes of transport lead to different CO2 emissions. This indicates the 
existence of opportunities of CO2 emission reductions by considering alternative transport modes and 
vehicles. In order to investigate opportunities linked to alternative modes of transport 75 intermodal 
carriers were invited by Unilever to quote on existing lanes. For this purpose 550 lanes with big volumes 
(more than 50 loads p.a.) and long distances (greater than 500 km) were chosen. 1375 bids for 285 lanes 
were obtained from 52 carriers. Three scenarios are identified for assessing the CO2 impact of the bids. 
Base case scenario will represent the situation today, thus the pre-nominated lanes and their CO2 impact 
will be assessed. In Scenario 1 only the pre-nominations that lead to positive CO2 emission savings will 
be considered. In Scenario 2 all bids will be re-considered again to assess the potential CO2 savings that 
can be achieved in this modal change initiative. 
 



 

6.3.1  Base Case Scenario  

 
Out of 1375 bids, 187 were pre-nominated (over 169 lanes) by Regional Transport Managers in Unilever,
considering service and cost. Out of 187 pre
analysed in terms of their impact on CO
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Figure 21 demonstrates the annual CO
graph, some of the pre-nominations actually lead to negative savings (increase in CO
lanes compared to current situation.
tonnes of CO2 per year. With the pre
of CO2 per year. This is equal to 3500 tonnes of CO
Assuming the same percentage of s
that were not analysed due to lack of data, the annual savings are estimated to be 4900 tonnes of CO
the total 169 pre-nominated lanes. This amounts to 4% of the estimated annual em
in the scope of this study.  

6.3.2  Scenario 1  

 
In this scenario, it is assumed that the pre
be accepted. Pre-nominations on 74 lanes lead to CO
on 47 lanes) lead to either increase or no change in CO
pre-74 lanes (out of 121) will be changed and the remaining lanes will stay as they are today. This leads 
to 6200 tonnes of CO2 emissions (28% of 121 lanes) to be saved. 
 
Assuming the same percentage (28%) for the remaining 48 lanes that were not analysed due to lack of 
data, the annual savings are estimated to be 8600 tonnes of CO
This amounts to 8% of the estimated annual emissions of UltraLogistik in the scope of this study. 
Considering that UltraLogistik is committed to a 25% reduction in CO
8% of reduction is already a substantial amount of saving.

6.3.3  Scenario 2 

 
In this scenario, the pre-nominations are not taken into account and all the bids are assessed according to 
their CO2 benefits. 937 bids (for 239 lanes) out of 1375 (for 285 lanes) were analysed due to missing or 
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nominated (over 169 lanes) by Regional Transport Managers in Unilever,
Out of 187 pre-nominations 127 (67%) of them (on 121 lanes) were 

analysed in terms of their impact on CO2 either due to missing or unreliable data.  

 
IGURE 21-CO2  EMISSION SAVINGS PER NOMINATION 

annual CO2 emission savings per pre-nominated bid. As can be seen in the 
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However, this result demonstrates only the potential. Considering the cost aspect as well leads to 
22 that demonstrates the trade-off between CO
savings in both CO2 and in costs up to a certain level of emission savings.  This situation is a typical 
example of a win-win (win in CO2, win in costs) situation and will be shortly named as ‘win
in the rest of the report. In this case, win
is equal to a 6% saving of the estimated annual company emissions. 
 

 
Further decreasing CO2 emissions would lead to reducing the savings in costs. It is possible to achieve 
72% of the possible savings by keeping the costs at today’s level, without increasing costs (this kind of 
situations will be named as ‘no cost increase savin
company emissions can be reduced without increasing the current cost level of the company. Considering 
the 25% emission reduction target of UltraLogistik it is very important to achieve 14% of CO
with a single activity. The attempts to further decrease the CO
increasing costs. In order to achieve all possible emission savings identified (19% for the company) the 
cost base has to be increased significan

6.4  Conclusions 

 
The managerial insights regarding the opportunities for CO
following: 
 

• Better utilisation of trucks, especially the double
to 43% at lane level).  

• Network optimisation projects can lead to reductions in truck km to be travelled (amounting up to 
5.7% of the base case). In order to achieve higher CO
modal change might be considered as an additional pa
would result in a network where opportunities for changing mode of transport are higher, thus 
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erroneous data. Out of 239 lanes it was possible to find a better bid for 208 lanes in terms of CO
emissions saving. On these lanes an absolute amount of 19525 tonnes of CO2 savings are estimated per 
year. This is 37% of total annual emissions on these lanes which is 52990 tonnes of CO
same percentage (37%) for the remaining 46 (285-239) lanes that were not analysed due to lack of data, 
the annual savings are estimated to be 23283 tonnes of CO2 for the total 285 lanes that were quoted. This 
amounts to 19% of the estimated annual emissions of UltraLogistik in the scope of this study.

However, this result demonstrates only the potential. Considering the cost aspect as well leads to 
off between CO2 and cost savings. As can be seen, it is possible to achieve 

and in costs up to a certain level of emission savings.  This situation is a typical 
, win in costs) situation and will be shortly named as ‘win

in the rest of the report. In this case, win-win savings are 33% of the all possible savings identified. This 
is equal to a 6% saving of the estimated annual company emissions.  

FIGURE 22-CO2  VS COST SAVINGS  
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72% of the possible savings by keeping the costs at today’s level, without increasing costs (this kind of 
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substantial emission savings can be achieved. For instance, a network reconfiguration in which a 
warehouse is located closer to a terminal allowing direct rail access might lead to much more 
substantial reductions in emissions compared to the current situation focused on only reducing 
truck km.  

• There is a great potential of savings that can be achieved by (up to 37% in analysed lanes) 
considering other modes of transport. However, changing mode from road to water or rail does 
not lead to savings in CO2 all the time. Thus, it is very important to make well-informed decisions 
regarding modal change.  

• Companies might need to reconsider their service terms (especially required transport times) in 
order to achieve significant reductions in CO2 emissions. 

• CO2 emissions that can be achieved in win-win cases are estimated to be 33% of all possible 
savings in this case study. Win-win cases might be a good starting point for the companies.  In 
Unilever this would be equal to 6% of all estimated annual company emissions. There is a 
potential of achieving 72% of the all possible savings without increasing the current cost base. 
This means 14% of all estimated annual company emissions in the scope can be reduced. This is 
an important portion of the 25% target to be achieved by the end of year 2012. 
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7 European Union Emission Regulation Scenarios 
 
Currently, the companies have little (or no) insight into the CO2 emission regulations expected in the 
future. There is very little research done on this topic, and there is a clear need to understand the 
upcoming regulations and their potential impacts on the business decisions. Mainly being studied by the 
economists, the expected effects of the regulations on the operations has attracted very little interest. This 
section is an effort to bridge this gap and create insights into potential impacts of regulations on the 
businesses and on companies, in this specific case on Unilever. It is also aimed at providing assistance to 
the policy makers by comparing the effectiveness of these scenarios in terms of mitigating CO2 emissions.   
 
Firstly, different possible regulation scenarios for the future are identified with expected increased costs 
on different modes of transport. Then the potential impacts of these scenarios on business decisions of 
Unilever towards mitigating CO2 emissions are analysed. For this purpose, the data regarding the different 
bids made by carriers for current lanes of Unilever is used (as done in previous chapter). These bids differ 
in terms of their costs and CO2 emissions along with other aspects and provided a great opportunity for 
analysing the impacts of regulation scenarios on the business decisions.  

7.1  Scenarios  

 
Please see the four different emission regulation scenarios in Appendix 10 EU Regulation Scenarios (cf. 
(Akker, et al. 2009). In this section each scenario is analysed in terms of their impacts on the business 
decisions in UltraLogistik.  

7.1.1  Scenario 1 

 
The results of the analysis of this scenario with lower bound price assumption (€ 15) reflect the situation 
today. Therefore, Scenario 1 with lower bound price assumption is used as a base case. The horizontal 
axis (CO2 savings) indicates the percentage of reductions in the total company emissions in the scope (See 
Figure 23). The vertical axis (Transport Costs) indicates the transport costs on the lanes included in this 
analysis. Base case costs are standardised at 100 and the other levels of costs are calculated according to 
that.  
 
Scenario 1 – Lower Bound is very important in the sense that it shows the actual situation today and in 
the future if no intervention occurs. In this current scenario, total CO2 emissions can be reduced by 6.5 % 
along with cost savings (win-win situation, win in CO2 win in costs).  Moreover, 14% of total CO2 
emissions can be reduced without bringing any additional costs. It is possible to reduce emissions by 
19.4%, but the cost base would increase by 19.2% in that case. The Expected and Upper Bound CO2 
prices lead to small changes, mainly reducing the win-win cases. The Expected case leads to 5.5% of the 
emissions to be saved by winning in the costs as well, while it is 5.2% in the Upper Bound case. 
Similarly, the percentage of emissions that can be saved without increasing the costs reduces to 13.7% 
and 13 % for Expected and Lower Bound cases, respectively. 
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FIGURE 23-ANALYSIS:  SCENARIO 1 

 
The main insight coming out of this analysis is that, up to a level (6.5% for base case) CO2 emission 
reduction and cost reduction is simply a win-win situation. Then, the company has to sacrifice from its 
gains to reduce CO2 emissions, but still the costs will stay lower than the initial (until 14% for base case). 
After this point, if the company wants to reduce the emissions even more then the costs will be exceeding 
the initial level. It is also seen that regulating electric trains with higher prices (expected or upper bound) 
leads to lower percentage of emissions that can be reduced without increasing the costs. This is mainly 
driven by the fact that, generally speaking, electric trains are relatively ‘greener’ ways of doing freight 
transport.  

7.1.2  Scenario 2 

 
The regulations in Scenario 2 is tougher than the base case. This is reflected in Figure 24 as well. 10.8% 
of the emissions can be saved as a win-win situation (Lower Bound case), where in the base scenario it is 
6.5%. Similarly, the percentage of emissions that can be reduced without increasing costs has increased to 
18% from 14% (base case).  
 

 
FIGURE 24-ANALYSIS:  SCENARIO 2 
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This basically shows that the Euro vignette and carbon tax regulations can have great impact in reducing 
CO2 emissions. This is mainly driven by the fact that road transport is now heavily regulated and it is 
most of the time not very CO2 friendly. Expected and Upper Bound cases result in an increase in the costs 
compared to the Lower Bound case. However, the percentages of ‘win-win savings’ and ‘no cost increase 
savings’ decrease. This is basically driven by the fact that the electric trains and water transport are 
regulated more heavily in these cases. Generally speaking electric trains and water transport (except Ro-
Ro ships) are more CO2 friendlier than other modes of transport. This explains why regulating these 
modes of transport more heavily did not lead to significant reductions in the emissions.  

7.1.3  Scenario 3 

 
The Lower Bound case results in win-win savings of 6.7% and no-cost increase savings of 14.7% (See 
Figure 25). In the Upper Bound win-win savings are equal to 8.7% and no-cost increase savings are 
16.5%. Compared to base case scenario, including all transport modes into current ETS increases the 
percentage of total emissions that can be saved. However, this increase is still not as high as the one in 
Scenario 2. 
 

 
FIGURE 25-ANALYSIS:  SCENARIO 3 

 
Key learnings one should take from this analysis is that incorporating all transport modes into EU ETS 
will have an impact on reducing CO2 emissions. However, this impact is not as high as regulating road 
transport more heavily compared to the other modes of transport (Scenario 2).  

7.1.4  Scenario 4 

 
For Scenario 4 - Upper Bound case the no cost increase savings are 17.8%, which is less than Scenario 2 
– Lower Bound case. Thus in terms of win-win savings Scenario 4 – Upper Bound case provides the most 
favourable regulations, while in terms of no cost increase savings Scenario 2 – Lower Bound case 
provides the most incentives for the companies. On the other hand, the transport costs are at the highest 
level as well. This is mainly driven by the fact that high pricing of CO2 leads to increased transport costs.  
 

Scenario 3

90,0

95,0

100,0

105,0

110,0

115,0

120,0

125,0

130,0

0,0% 2,0% 4,0% 6,0% 8,0% 10,0% 12,0% 14,0% 16,0% 18,0% 20,0%

CO2 savings (100%: Total emissions)

T
ra

n
s
p
o
rt

 C
o
s
ts

 (
1
0
0
=
B

a
s
e
 C

a
s
e
 )

Upper Bound Lower Bound Expected



46 
 

 
FIGURE 26-ANALYSIS:  SCENARIO 4 

7.2  Conclusions 

 
The analyses of the scenarios point to a key conclusion: the percentages of win-win and no cost increase 
savings rise with tougher emission reduction regulations (i.e. higher CO2 prices). The win-win savings in 
different scenarios are summarised in Figure 27. It is interesting to see that in Upper Bound case of 
Scenario 4 win-win CO2 savings increase up to 11% of all emissions compared to 6.5% of base case 
(today). Looking at Scenario 2 one can conclude that win-win cases are more sensitive to regulations on 
road (i.e. road CO2 price) rather than the other modes of transport as there is no big change (10.8%, 
10.6%, 10.4%) despite significant change in water and rail CO2 prices).  
 

 
FIGURE 27-WIN-W IN SAVINGS IN DIFFERENT SCENARIOS  

 
In Figure 28 the percentages of no cost increase savings at different scenarios are displayed. As can be 
seen in the figure, Scenario 2 – Lower Bound leads to 18% of the company emissions to be saved. 
Considering the target of 25% reduction in emissions, this regulation alternative will provide a great 
incentive through achieving this aim. 
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FIGURE 28  

 
As was shown above the regulations will provide incentives for companies to reduce emissions (win
saving percentages will increase). However, everything will come
shown in Figure 29. In Scenario 4, Upper Bound case (where the maximum percentage of emission 
savings can be achieved in win-win), the costs on the investigated lanes is ex
The level of increase differs very much across different cases, varying from 0.1% to 15.2%. 
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On the other hand, the In Figure 30
scenario is demonstrated. The cost savings in base case (Scenario 1, Lower Bound) is standardized at 100 
and the scenarios are aligned according to that. Key learning for co
likely to increase in a CO2 constrained economy, the business opportunities will increase as well. In 
Scenario 2, Lower Bound case, the cost savings in win
case.  
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 -  NO COST INCREASE SAVINGS IN DIFFERENT SCENARIOS 

As was shown above the regulations will provide incentives for companies to reduce emissions (win
saving percentages will increase). However, everything will come at increased costs for the companies, as 

In Scenario 4, Upper Bound case (where the maximum percentage of emission 
win), the costs on the investigated lanes is expected to increase by 15.2%. 

The level of increase differs very much across different cases, varying from 0.1% to 15.2%. 

 
IGURE 29  -  PERCENTAGE INCREASE IN COST BASE 

30, the maximum cost savings possible at win-win situation for each 
scenario is demonstrated. The cost savings in base case (Scenario 1, Lower Bound) is standardized at 100 
and the scenarios are aligned according to that. Key learning for companies is that, although the costs are 

constrained economy, the business opportunities will increase as well. In 
Scenario 2, Lower Bound case, the cost savings in win-win situations will be 136% higher than the base 
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48 
 

All in all, the key insights coming out of this analysis can be summarised as follows: 
 

• The impact of regulations on CO2 emission mitigation initiatives will be significant (potentially 
leading win-win savings to increase from 6.5% to 11% and no cost increase savings to increase 
from 14% to 18%) depending very much on how tough the regulations are. 

• New regulations mean increased cost base for the companies. The increase in costs base will 
depend very much on the resulting CO2 prices (was up to 15.2% in investigated scenarios). 

• Besides increasing costs, the potential cost savings will increase (was up to 136%) as well. This 
indicates how important it is for companies to navigate themselves according to the new 
regulations. Companies who are able to adapt quickly to the regulations can achieve significant 
emission reductions along with increased cost savings. 
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8 Discussion and Managerial Insights 
 
In response to the need in the industry, this study has introduced a methodology for transport buying 
companies to quantify the CO2 emissions from their transport activities.  The methodology has been 
applied to UltraLogistik, which is a transport buying company in the fast moving consumer goods sector. 
The simplicity of the methodology has allowed the company to monitor and track the company 
performance (through absolute and efficiency metrics of CO2) on a regular basis. All in all, UltraLogistik, 
which has a commitment to cut down its CO2 emissions by 25%6, has been able to acquire the required 
visibility of CO2 emissions in transport. Three C’s (Cost, Customer and Carbon) had been identified as 
the three main areas of focus in Unilever Supply Chain Company. Now with this study UltraLogistik has 
developed the capability of focusing on the third C, Carbon, as well.  
 
A probably surprising outcome of this study was to see that the current mindset in the industry that 
directly describes intermodal transport as a ‘green’ way of shipping goods is not always correct. The 
analyses in this study has revealed that in some cases it is very likely that intermodal transport would emit 
more CO2 compared to pure road transport from the same origin to same destination. It has been shown 
that the change in the overall distance by moving from road to intermodal plays a significant role in the 
resulting savings (either positive or negative) in CO2 emissions compared to a pure road transport. 
Especially the intermodal shipments incorporating Ro-Ro Cargo or RoPax ships have been identified to 
come with a high risk of emitting more CO2 compared to a pure road alternative. On the other hand, it is 
found out that the potential savings that can be achieved by changing an ambient transport lane into 
intermodal is likely to be higher compared to a refrigerated transport lane. The main key learning of this 
analysis is that moving shipments from road to rail or water should not be directly associated with CO2 
emissions savings. Each case should be considered in itself and decisions should be taken accordingly. 

 
In line with the commitment of UltraLogistik to reduce CO2 emissions by 25%, possible opportunities of 
reduction were identified and assessed in this study.  Increasing the payload of trucks, network 
optimisation and modal change have been identified as three main opportunities for UltraLogistik to 
reduce its CO2 emissions in transport. It has been found out that up to 43% of reduction can be achieved 
on a lane simply by using double-deckers. Currently being a rather new initiative, the usage of double-
deckers is expected to increase in the future. Looking at 8 different network reconfiguration projects 
revealed that the savings in CO2 might not be very substantial if the only focus will be on reducing truck 
km to be travelled. However, considering other factors that can lead to reductions in emissions (e.g. 
modal change) while optimising the networks would bring in much more substantial savings. Last but not 
least, reduction of CO2 emissions through consideration of alternative modes of transport was 
investigated. For this purpose, 1375 bids (on 285 lanes) from 52 carriers were analysed. The analysis 
revealed the great potential of savings (up to 14% of the company emissions in the scope) that can be 
achieved without increasing current costs of the company. 
 
In the last chapter, as an attempt to provide insights both for the companies and policy makers, four 
different regulation scenarios have been introduced and their impacts on business were investigated. It 
was interesting to see that CO2 emission regulations might impact the business significantly. Firstly, the 
regulations might provide significant incentives to the companies that aim to reduce their emissions. The 
win-win savings that are 6.5% of total emissions could increase up to 11% in case of introduction of a 
Transport ETS, and to 10.8% in case of a scenario where water transport is included into current ETS and 
Diesel Tax and Euro vignette are applied. However, these regulations might also result in increased costs 

                                                      
6 By the end of year 2012, taking year 2006 as the baseline 
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for the companies. The transport costs in the scope of the analysis increased at varying rates (changing 
from 0.1% to 15.2%) depending very much on the CO2 emission prices at different regulation scenarios.  
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Glossary 
 
Carrier    Transport service provider 

CO2    Carbon dioxide 
 
CEE    Central and Eastern Europe 

DACH    Germany, Austria and Switzerland 
 
eSCF    The European Supply Chain Forum 
 
ETS    Emission Trading Scheme 
 
EU    European Union 
 
GHG    Greenhouse Gases 
 
Intermodal Transport  Shipment done on more than one mode of transport 
 
KPI 1    Key performance indicator of absolute amount of CO2 emissions 
  
KPI 2    Key performance indicator of CO2 emission efficiency 
 
Lane    Fixed transport route from location A to B 
 
LANEM   Lane meters 
 
Ro-Ro    Roll-on/Roll-off, ships designed to carry wheeled cargo 
 
TEU    Twenty foot equivalent unit 

tkm     tonne km, one tonne of cargo transported over one kilometre 
 
truck km   A truck travelling over one kilometre 
 
Win-win savings  Reducing emissions while saving costs  

No cost increase savings Reducing emissions without increasing costs 
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Appendix 1 Ship Categories 
 

 
Continental ships represent average European continental freight transport with ships 
carrying cargo in containers.  

 

 
Ocean ships represent average intercontinental ocean freight transport with ships carrying 
cargo in containers. 

 

 
Inland Waterways – Upstream category is defined for inland ships operating on rivers and 
moving against the flow.  

 

 
Inland Waterways – Downstream category is defined for inland ships operating on rivers 
and moving with the flow. 

 

 
Inland Waterways – No Flow is introduced to account for situations where there is hardly 
any flow (neither upstream nor downstream, i.e. canals). This category should also be used if 
the ship travels both upstream and downstream (i.e. by changing rivers) on a single lane. 

 

 
Ro-Ro Cargo ships are loaded by vehicles that are driven on and off the ship on their own 
wheels. They have no significant passenger capacity (limited capacity for truck drivers).   

 

 
Ro-Pax ships are loaded by vehicles that are driven on and off the ship on their own wheels. 
Unlike Ro-Ro Cargo ships they have significant passenger capacity on board.   

 
 

TABLE 14  -  CATEGORIES OF SHIPS  
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Appendix 2 Emission Factors 
 

 
 

TABLE 15-  EMISSION FACTORS FOR TRANSPORT ON DIFFERENT MODES  
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Appendix 3 Emission Factor Generation Processes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fuel 
Consumption 
(Lt/Km) Data 
from NTM 

2. Incorporating 
type of road 
assumption 

85% Motorway, 
10% Urban, 5% 
Rural 

1. Mapping 
vehicle types 

Light Truck, 
Semi-Trailer 

3. Generating fuel 
consumption 
values for 
different load 
factors 

4. Generating fuel 
consumption 
values for 
refrigerated 
transport 

+24.2% for 
refrigerated 
transport 

5. Generating 
CO2 emission 
factors (Kg / Km) 

2.64 Kg CO2 per 
Lt Diesel 

FIGURE 31  -  FOR ROAD 



57 
 

  
 
 
 
 
 
 
 
 
 

FIGURE 32  -  FOR RAIL 

Energy 
Consumption 
Data from NTM 

2. Generating the 
energy 
consumption per 
tonne of goods 
shipped 

Cargo Factor 
(for train): 58% 

1. Mapping of 
trains 

Gross Weight 
(1000 tonnes) 

4. Generating 
CO2 emission 
factors for 
refrigerated 
transport 

+16.5 Kg CO2 
per hour 

5. Generating 
CO2 emission 
factors (Kg/Km) 
at different load 
factors (for 

2.64 Kg/Lt 
(diesel), 0.41 
Kg/kWh 
(electric) 

3. Calculating 
CO2 emission 
factors per tonne 
of goods shipped 
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FIGURE 33-  FOR WATER 

Fuel 
Consumption 
Data from NTM 

2. Generating the 
fuel consumption 
per unit of 
capacity 

Load factor 
values (for 

ships) 

1. Mapping of 
ship types 

Typical ship 
categories 

5. Generating 
CO2 emission 
factors for 
refrigerated 
transport 

+12.5 Kg CO2 
per hour 

Kg CO2 per 
tonne fuel 

4. Generating 
CO2 emission 
factors per 
loading 
equipment 

3. Calculating the 
fuel consumption 
per loading 
equipment 
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Appendix 4 CO2 Emission Estimation Methodology for Road 

Transport 
 

 
 
 
 

 
 
 
 
 
 
Unilever Europe – Carbon Dioxide Emissions Estimation in Road Transport 
 
Version: 1.1 
Date:     31

st
 July 2009 

 
1. Introduction 

 
Over  the  last  few  years  there  has  been  growing  public  and  political  awareness  of climate 
 change.  In  general,  there  is  consensus  that  climate  change  is  caused  by increasing 
 atmospheric  concentrations  of  carbon  dioxide  (CO2)  (from  fossil  fuels)  and other  Greenhouse 
 gases  (GHG).  Thus,  in  response  to  the  heightened  importance placed  on  the  issue  of  climate 
 change,  interest  in  assessing  and  communicating  the GHG  contributions  of individuals, 
organisational  activities  and  products  has  escalated (1). 
 
Unilever is committed to reducing its emission of greenhouse gases. In 2007, Unilever CEO 
committed to a 25% reduction of CO2 emission per tonne of product by 2012 (CO2 emission from 
energy in Unilever Sourcing Units, with 2004 as a basis). Unilever Logistics in Europe has aligned to 
this target, using 2006 data as the baseline. 
 
This  document  offers  a  simple  approach  to  estimate  the  greenhouse  gas  emissions 
(specifically  CO2)  from  Unilever’s European Road Freight in  Unilever, drawing  together various 
 information  sources. 
 
Data from Network for Transport & Environment (NTM) are used as the primary data source for 
European transport. NTM has a focus on quantifying emissions from transportation activities at 
company level. The associated high level of detail enables a reliable estimation of CO2 emissions in 
the company supply chains to be calculated. NTM is committed to use both the most credible and 
publicly available sources of data (2). 
 
This  guidance  document  contains  the  most  up  to  date  information  regarding  CO2 emissions 
 factors  for road transportation,  providing  best  practice  for  internal  use.  As such, this guide has 
been endorsed by Unilever Safety & Environment Assurance Centre (SEAC) as best practice for use 
in Europe

7
. 

 
2. Performance Metrics 

                                                      
7
 This guide is not suitable for use outside Europe due to different characteristics of road freight and hence assumptions 

required.  The guidelines for water and rail transport will also be issued. Please contact SEAC for guidance on estimating non-
European road transport emissions or water and rail transport emissions until they are issued (email enquiry-
service.seac@unilever.com). 
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Reporting of carbon emissions from European road transport is based on two ‘core’ metrics: 
 

• KPI 1: Absolute amount of carbon emitted as measured in “Kilogrammes of CO2” (Kg CO2) 
 

• KPI 2: Efficiency of carbon emissions as measured in “Grammes of CO2 per Tonne Kilometre” (g 
CO2 / T Km). 

 
The first measure (Kg CO2) gives information on Unilever Europe’s total CO2 impact in road freight, 
and is driven by volume as well as efficiency of movement. 
 
The second metric (g CO2 / T Km) indicates the average amount of CO2 to move 1000Kg of freight a 
distance of 1 kilometre – therefore it is unaffected by total volume variations.  This metric gives 
information on Unilever Europe’s carbon efficiency in road freight. 
 
KPI 1: Total Carbon Emissions (Kg CO2) - Basis of calculations 
 
The  calculation  of absolute CO2  emissions  from road  transport  is  based  on  the  following formula: 
 
Distance travelled (Km) x Emission factor (Kg CO2 / Km) = CO2 emissions (Kg) 
 

• The distance travelled data must be in the format of “kilometres”. 
 
• The emission factor is dependent on the load factor (payload utilisation), size/type of vehicle and 
temperature conditions. 
 
 

KPI 2: Carbon Emission Efficiency (g CO2 / T Km) - Basis of calculations 
 
The calculation of carbon emission efficiency from road transport is based on calculating a weighted 
average of the emission factor (g CO2 / T Km) of individual loads or lanes

8
. 

 
3. Calculation Methodology - Commentary 

 
Given Unilever’s inexperience in calculation of carbon emissions from road transport, the simplified 
calculation methodology proposed leads to an estimate of carbon emissions and carbon efficiency. 
 
In common with all methods where actual fuel consumption data per trip is not available, the 
approach involves simplification assumptions which will be generally applicable (on average in 
Europe) – but will not be accurate to all conditions / situations. 
 
For the initial estimation of carbon emissions and carbon efficiency, it is important that the 
same general assumptions are used across Unilever Supply Chain (for primary & secondary 
transports) in order that data is comparable. 
 
Where there are significant local differences versus the general assumptions given, these should be 
noted, with proposed alternative values.  By collecting this feedback while the first calculation is 
made, the impact of these variables can be assessed and then adjusted ahead of the second 
calculation where the differences are both justified and the effect is material to the overall 
result. 
 
The main simplification assumptions used to derive the emissions factors are given in Appendix 1. 
 

4. Calculation Methodology – Practical Guidance 

                                                      
8
 A ‘lane’ is defined as a fixed transport route – either A to B directly or a regular route involving multi-stops. 
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In order to undertake the calculation of both carbon emissions (KPI 1) and carbon emissions 
efficiency (KPI 2), the assumption is made that the following data can be obtained for each transport 
lane (where a ‘lane’ includes regular delivery routings, not only A to B deliveries): 
 
a) Distance travelled in Kms (excluding empty running unless Unilever specifically pays) 
 
b) Transport conditions used (summarised as ambient or refrigerated) 
 
c) Type of vehicle used (summarised into two categories: Rigid truck up to 7.5T or Articulated truck 

of more than 28T) 
 
d) Total volume of freight moved per lane (in number of loads). 
 
e) Unilever load factor in percentage (specifically gross

9
 weight of Unilever cargo carried as a 

percentage of maximum payload) 
 
f) Carrier load factor in percentage (specifically gross

3
 weight of all cargo carried as a percentage of 

maximum payload) 
 
Note on Groupage (LTL): Unilever load factor is equal to carrier load factor in FTL shipments. In 
groupage-LTL shipments, however, Unilever load factor and carrier load factor are different and both 
need to be gathered or estimated. 

 
KPI 1: Calculation of total carbon emissions 
 
Step 1: 

• Gather or calculate data (a) to (f) per lane for January to June 2009 (Q1 + Q2 2009 data). 

• Divide into ambient or refrigerated data. 

• During data collection, note down any assumptions made at overall or lane level 
 
Step 2: 

• Per lane, identify the ‘best fit’ emissions factor from Table 1 below – considering temperature 
condition and carrier load factor (payload utilisation). 

• NOTE: Use load factor in increments of 10% with appropriate rounding (i.e.: if utilisation is 55% 
assume 60%). 

 
Step 3: 

• Calculate total carbon emissions per lane in Kg using: 
 
Lane distance (Km) x Emissions factor (Kg CO2/Km) x Number of loads x (Unilever Load 
Factor/Carrier Load Factor) = Total Lane Kg CO2 
 

• Add results from all lanes to generate Total Kg CO2 
 
Table 1: Carbon Emissions per Truck Km

10
 

 
 
 
 
 
 

                                                      
9 weight of the palettes to be included   
10

 These factors are derived from NTM data (3) with the assumptions stated in Appendix 1. 
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CO2 (Kg / 
Truck Km 

TT/AT >28-34 + >34-40 RT 3,5 <=7,5t 

Ambient Refrigerated Ambient Refrigerated 

C
A

R
R

IE
R

 L
O

A
D

 F
A

C
T

O
R

 

10% 0.675 0.839 0.337 0.418 

20% 0.715 0.887 0.341 0.424 

30% 0.754 0.936 0.346 0.429 

40% 0.793 0.985 0.350 0.435 

50% 0.832 1.033 0.354 0.440 

60% 0.871 1.082 0.359 0.446 

70% 0.910 1.131 0.363 0.451 

80% 0.950 1.179 0.368 0.456 

90% 0.989 1.228 0.372 0.462 

100% 1.028 1.277 0.376 0.467 

 
KPI 2: Calculation of carbon emissions efficiency 
 
Step 1: 

• Calculate Total Kg CO2 (KPI 1) as described above 
 

Step 2: 

• Calculate the overall carbon emission efficiency (Kg CO2 / T Km) using the following weighted 
average method: 

 
1000 x Total CO2 (KPI 1) / [Lane A_Number of Loads x Lane A_Unilever Load Factor x Lane 
A_Capacity of Truck

11
 (Tonnes) x Lane A_Distance (Km) + Lane B_Number of Loads x Lane 

B_Unilever Load Factor x Lane B_Capacity of Truck (Tonnes) x Lane B_Distance (Km) +etc.] 
 
There will clearly be situations where the data elements (a) to (f) are either incomplete or unavailable.  
In these cases, the following assumptions should be made: 
 
Data Availability & Accuracy 
 
It is clear that the availability & consistency of data – particularly for secondary transport movements 
– will vary.  The source of data – and its accuracy – should be noted when calculations are made. 
 
Where lane level data is simply unobtainable, high level estimates can be made based on overall 
(average) load factors & distances.  However, this fact should be noted and these figures should not 
be used externally to Unilever. 
 
Groupage / LTL (sharing truck payload) 
 
Obtaining reliable data from carriers who provide groupage service to Unilever may be difficult or 
impossible to gather.  In this case, clear assumptions should be made for the overall load utilisation of 
the carrier and hence resulting proportion of Unilever carbon responsibility per load. 
 
 
 
 

  

                                                      
11

 If no specific data is available assume the capacity to be 26 Tonnes for ‘Tilt/Articulated Trailer > 28T’ and 5 Tonnes for ‘Rigid 
Truck 3.5 <= 7.5 T’ 
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Appendix 1: Assumptions used in Generating Emissions Factors 
 
The emissions factors presented are based on a number of assumptions made. 
 
Fuel Combustion 
 
In general, approximately 99% of the carbon content of fuel burned is transformed into CO2. In this 
methodology it is assumed that all carbon content is transformed into CO2. This method neglects the 
fact that remaining small amount of carbon (approximately 1%) leaves the engine as CO, 
hydrocarbons and particles (3). 
 
Relation between Load Factor and Fuel Consumption 
 
The fuel consumption increases with heavier load. The increase is due to increased rolling resistance 
and dynamic weight (3). In this methodology, the increase is approximated to be linear. This is a safe 
assumption unless the cargo capacity of the truck is exceeded, where the relationship might deviate 
from linearity. 
 
Type of Road 
 
In road transport, the type of road on which the transportation is realized is also important in CO2 
emissions calculation. This impact is linked to the different average speed and traffic situations on 
different types of roads that lead to different fuel consumption values. NTM suggests different values 
to be used for Motorways, Rural and Urban roads. 
 
In this methodology, the share between these roads is assumed to be 85%, 10% and 5% 
among Motorways, Rural and Urban roads, respectively (4). 
 
It should be noted that changing these ratios to 60%, 30% and 10% respectively causes overall 
carbon emissions to change by just 5% (well within the factor of error of this calculation 
methodology).  Hence the assumption made is safe for most primary transport, although it might be 
reconsidered in a very different transport environment (e.g. short distance transportation where urban 
roads are used much more as a percentage). 
 
Condition of Transportation 
 
Refrigerated transportation leads to higher fuel usage, thus higher CO2 emissions. On the road, the 
source of electricity used by the cooling units is the generator, which uses diesel from the truck. In 
(5), data for 17 refrigerated fleets from Cold Storage and Distribution Federation is presented. 
According to presented data, refrigeration (do not distinguish between frozen or chilled) leads to 
24.2% increase in fuel consumption for 32 ton articulated trucks. This value compares reasonably 
well with the SEAC value for frozen transport (26% excluding refrigerant leakage) (1). The CO2 
emissions value suggested in (6) corresponds to 27% increase in refrigerated transport, which is still 
in the acceptable area. On the other hand, private communications with carriers resulted in relatively 
lower values; Bring Frigoscandia: 9%, Coolboxx: 7%, Catone: 18% (7). 
 
To sum up, no differentiation will be made between frozen and chilled transport, and 24.2% will be 
used to account for increased CO2 emissions in refrigerated transport as it is the most reliable field 
fuel consumption data currently available. As no data is available for light lorries of less than 7.5 
Tons, it is decided to use the same factor for light lorries as well. 
 
Traffic Situation 
 
The default fuel consumption figures that are provided by NTM and are used in this methodology are 
suggested to be applied in calculations for normal European traffic. The data is extracted from the 



64 
 

ARTEMIS model and represents average values for a large number of road types within each road 
category (8). 
 
Therefore, this assumption may not be representative where the traffic condition varies from the 
European average. The impact on fuel consumption of a change in the values of these parameters is 
hard to predict. Therefore the impact of this assumption cannot be predicted as well. 
 
Exhaust Gas Abatement Techniques 
 
Exhaust gas abatement techniques are not considered as the effect of abatement techniques on CO2 
emissions are marginal (if any). This is a rather safe assumption as the maximum impact of an 
exhaust gas abatement technique is 2% increase in CO2 emissions (3). 
 
EU Exhaust Emission Standards (EU 1 to 6) 
 
EU exhaust emission standards are not regulating the exhaust of CO2 emissions. Nevertheless 
modern engines compliant with better EU specifications usually burn less fuel. This fact is reflected in 
the underlying NTM data (3) 
 
Idling of the Truck 
 
The extra fuel consumption resulting from idling of the truck is not taken into account in the CO2 
emissions calculation from road transport due to a lack of data. 
 
The amount of CO2 emitted as estimated by NTM for a typical Swedish truck can range from 2.64 to 
5.28 Kg per hour. This is equal to the amount of CO2 emitted when a ‘Tilt / Articulated Trailer > 28T’ 
runs with 60% load factor for 3.2 to 6.4 Km (3). 
 
Speed and Driver Characteristics 
 
Speed and driver characteristics (e.g. shifting behaviour) are also known to be effective in fuel 
consumption, thus CO2 emissions

12
 (9). However, these factors are not considered as a parameter in 

this methodology for calculating the CO2 emissions from road transport. This is due to the great 
difficulty in getting reliable data required for calculation. 
 
Based on the data provided by NTM that is valid for the larger truck + trailer combination (max 60 
Tonne): 

• Increase from 70 to 80 km/h � 9% increase in CO2 emissions per km 

• Increase from 80 to 90 km/h � 13% increase in CO2 emissions per km 
 
Topography 
 
The type of terrain (flat, hilly or mountainous) on which road transportation is done has an impact on 
the CO2 emissions. This derives from the increased fuel consumption on hilly or mountainous areas. 
This methodology assumes an average European hilly terrain. According to NTM, the CO2 emissions 
in hilly roads can lead to 5% increase in CO2 emissions, while this can be up to 10% on alpine routes 
compared to flat countries(3). 
 
Empty Runs 
 
Several CO2 emission calculation standards suggest inclusion of empty runs that are caused by 
shipments. These empty runs may occur due to the positioning of the trucks to realize the shipment 
or the empty returns made by the trucks. 
 

                                                      
12

 Please consult http://www.ecrnet.org/ in case of engagement with a specific logistics provider on driver training. 
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In this methodology – and in-line with ECR Europe ‘Sustainable Transport’ methodology - these 
empty runs are not considered unless Unilever specifically pays for empty running transport legs. 
 
Appendix 2: Worked Example 
 
You are operating on five different lanes: A, B, C, D and E. The shipments on lanes A, B and C are 
FTL, while the shipments on lanes D and E are groupage (LTL). 
 
On FTL lane A, a light truck with capacity of 5 Tonnes is used with an average Unilever load of 2.5 
Tonnes, thus has a 50%

13
 Unilever load factor (equal to carrier load factor as this is an FTL 

shipment). A total number of 22 ambient shipments over 250 km were made during the period of 
investigation on Lane A. 
 
On LTL Lane D, a light truck with capacity of 5 Tonnes is used with an average total load (including 
non Unilever load) of 3.5 Tonnes, thus has a 70% Carrier load factor. Average Unilever load on this 
lane is 1 Tonne, thus Unilever load factor is 20%. A total number of 14 ambient shipments over 300 
Km were made during the period of investigation on Lane D. 
 
The relevant information on each lane is summarized below: 
 

Lane 
ID 

Distance 
(Km) 

Type of Truck 
Capacity 
of Truck 
(T) 

FTL 
/ 
LTL 

Unilever 
Load 
Factor 

Carrier 
Load 
Factor 

Number 
of 
Loads 

Condition 

A 250 Light Truck 5 FTL 50% 50% 22 Ambient 

B 800 13.6M Curtain Side 26 FTL 60% 60% 15 Ambient 

C 1200 13.6M Box Trailer 26 FTL 70% 70% 28 Refrigerated 

D 300 Light Truck 5 LTL 20% 70% 14 Ambient 

E 500 13.6M Box Trailer 26 LTL 30% 80% 12 Refrigerated 

 
Calculation of KPI 1: 
 
Step 1: With the above tables Step 1 is already completed 
 
Step 2: The ‘best fit’ emission factors (from Table 1) and the data used to identify them are below: 
 

Lane 
ID 

Type of Truck 
Carrier 
Load 
Factor 

Condition 

Emission 
Factor 
(Kg CO2 
/ Truck 
Km) 

A Light Truck 50% Ambient 0.354 

B 13.6M Curtain Side 60% Ambient 0.871 

C 13.6M Box Trailer 70% Refrigerated 1.131 

D Light Truck 70% Ambient 0.363 

E 13.6M Box Trailer 80% Refrigerated 1.179 

 
Step 3: In this step, total CO2 emissions is calculated. 
 
Lane Emissions (Kg CO2) = Distance (Km) x Emissions factor (Kg CO2/Km) x Number of loads x 
(Unilever load factor / Carrier load factor) 

                                                      
13

 Average weight of shipment / Capacity of truck = 2.5/5 = 50% 
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For Lane A: 
 
CO2 (Kg)  = 250 x 0.354 x 22 x (50% / 50%) 

 
= 1948.8 Kg 

The results for each lane as well as the Total CO2 Emissions (KPI 1) are shown in the table below. 
 

Lane ID CO2 Emissions (Kg) 

A 1948.8 

B 10454.2 

C 37990.1 

D 1525.1 

E 7075.8 

Total CO2 (KPI 1) 58994.1 

 
Total CO2 Emissions (Kg), KPI 1, as can be seen from above table, is generated by adding results 
from all lanes. 
 
Calculation of KPI 2: 
 
Step 1: Total Kg CO2 (KPI 1) is calculated as 58994.1 Kg as described above. 
 
Step 2: The overall carbon emission efficiency is calculated with the following weighted average 
method: 
 

KPI 2 = 1000 x Total CO2 (KPI 1) / [Lane A_Number of Loads x Lane A_Unilever Load Factor x Lane 
A_Capacity of Truck (Tonnes) x Lane A_Distance (Km) + Lane B_Number of Loads x Lane 
B_Unilever Load Factor x Lane B_Capacity of Truck (Tonnes) x Lane B_Distance (Km) + etc. ] 

 
= 1000 x 58994.1 / [22 x 50% x 5 x 250 + 15 x 60% x 26 x 800 + 28 x 70% x 26 x 1200 + 14x 
20% x 5 x 300 + 12 x 30% x 26 x 500] 

 
= 68.3 g CO2 / Tonne Km 
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Appendix 5 CO2 Emission Estimation Methodology for Rail 

Transport 
 

 
 

 
 
 
 
 
 
Unilever Europe – Carbon Dioxide Emissions Estimation in Rail Transport 
 
Version: 1.0 
Date:     31

st
 July 2009   

 
5. Introduction 

 
Over  the  last  few  years  there  has  been  growing  public  and  political  awareness  of climate 
 change.  In  general,  there  is  consensus  that  climate  change  is  caused  by increasing 
 atmospheric  concentrations  of  carbon  dioxide  (CO2)  (from  fossil  fuels)  and other  Greenhouse 
 gases  (GHG). Thus,  in  response  to  the  heightened  importance placed  on  the  issue  of  climate 
 change,  interest  in  assessing  and  communicating  the GHG  contributions  of  individuals, 
 organisational  activities and products has escalated (1).    
Unilever is committed to reducing its emission of greenhouse gases. In 2007, Unilever CEO 
committed to a 25% reduction of CO2 emission per tonne of product by 2012 (CO2 emission from 
energy in Unilever Sourcing Units, with 2004 as a basis). Unilever Logistics in Europe has aligned to 
this target, using 2006 data as the baseline. 
 
This  document  offers  a  simple  approach  to  estimate  the  greenhouse  gas  emissions 
(specifically  CO2)  from  Unilever’s European rail freight, drawing together various information 
sources.  
 
Data from Network for Transport & Environment (NTM) are used as the primary data source for 
European transport. NTM has a focus on quantifying emissions from transport activities at company 
level. The associated high level of detail enables a reliable estimation of CO2 emissions in the 
company supply chains to be calculated. NTM is committed to use both the most credible and publicly 
available sources of data (2).   
  
This  guidance  document  contains  the  most  up  to  date  information  regarding  CO2 emission 
 factors for rail transport,  providing  best  practice  for  internal  use.  As such, this guide has been 
endorsed by Unilever Safety & Environment Assurance Centre (SEAC) as best practice for use in 
Europe

14
.  

 
6. Performance Metrics 
 
Reporting of carbon emissions from European rail transport is based on two ‘core’ metrics: 
 

                                                      
14

 This guideline might not be suitable for use outside Europe due to different characteristics of rail freight and 
hence assumptions required. Please contact SEAC for guidance on estimating non-European rail transport 
emissions (email enquiry-service.seac@unilever.com). 
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• KPI 1: Absolute amount of carbon emitted as measured in “Kilogrammes of CO2” (Kg CO2) 
 

• KPI 2: Efficiency of carbon emissions as measured in “Grammes of CO2 per Tonne Kilometre” (g 
CO2 / T Km). 

 
The first measure (Kg CO2) gives information on Unilever Europe’s total CO2 impact in rail freight, and 
is driven by volume as well as efficiency of movement. 
 
The second metric (g CO2 / T Km) indicates the average amount of CO2  to move 1000 Kg of freight a 
distance of 1 Km – therefore it is unaffected by total volume variations.  This metric gives information on 
Unilever Europe’s carbon efficiency in rail freight. 
 
KPI 1: Total Carbon Emissions (Kg CO2) - Basis of calculations  
   
The calculation of absolute CO2   emissions from rail transport is based on the following formula:   
   

Distance travelled on rail (Km) x Emission factor (Kg CO2 / Km) = CO2 emissions (Kg)   
  

• The distance travelled data must be in the format of “kilometres”.   
 
• The emission factor is dependent on the traction type (diesel or electric), weight of goods shipped 
(load factor of the equipment) and temperature conditions. 
 
 

KPI 2: Carbon Emission Efficiency (g CO2 / T Km) - Basis of calculations  
 
The calculation of carbon emission efficiency from rail transport is based on calculating a weighted 
average of the emission factor (g CO2 / T Km) of individual loads or lanes

15
. 

 
 

7. Calculation Methodology - Commentary 
 
Given Unilever’s inexperience in calculation of carbon emissions from rail transport, the simplified 
calculation methodology proposed leads to an estimate of carbon emissions and carbon efficiency. 
 
In common with all methods where actual fuel/electricity consumption data per trip is not available, 
the approach involves simplification assumptions which will be generally applicable (on average in 
Europe) – but will not be accurate to all conditions / situations. 
 
For the initial estimation of carbon emissions and carbon efficiency, it is important that the 
same general assumptions are used across Unilever Supply Chain in order that data is 
comparable.   
 
Where there are significant local differences versus the general assumptions given, these should be 
noted, with proposed alternative values.  By collecting this feedback while the first calculation is 
made, the impact of these variables can be assessed and then adjusted ahead of the second 
calculation where the differences are both justified and the effect is material to the overall 
result. 
 
The main simplification assumptions used to derive the emissions factors are given in Appendix 1. 
 

8. Definition of Parameters 
 

                                                      
15

 A ‘lane’ is defined as a fixed transport route – either A to B directly or a regular route involving multi-stops. 
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Distance; This is the exact distance travelled on rail. Empty running should be excluded unless 
Unilever specifically pays. Metric kilometre should be used as a unit of measure.  
 
Transport condition: The condition of transport is summarised into two: ambient and refrigerated 
(chilled or frozen).  
 
Type of traction: This is to identify whether the cargo trains are pulled by diesel or electrical

16
 engine 

on rail leg. 
Total number of loads on lane: This number indicates the total number of shipments made on the 
lane during the period of investigation. 
 

Unilever load factor: This is the ratio of gross weight (cargo plus palettes) of Unilever cargo to the 
maximum carrying capacity of the loading equipment

17
 (i.e. if gross weight of Unilever cargo is 13 tonnes 

on a trailer with capacity of 26 tonnes, Unilever load factor is 13 / 26 = 50%). Physical weight must be 
used to determine this percentage. Load factor should be used in increments of 10% with appropriate 
rounding (i.e.: if utilisation is 55% assume 60%).  
 
Carrier load factor: This is the ratio of gross weight (cargo plus palettes) of total cargo (including loads 
other than Unilever cargo) to the maximum carrying capacity of the loading equipment (i.e. if gross weight 
of Unilever cargo is 13 tonnes but gross weight of total cargo is 15.6 tonnes on a trailer with capacity of 
26 tonnes, Carrier load factor is 15.6 / 26 = 60%). Physical weight must be used to determine this 
percentage. Load factor should be used in increments of 10% with appropriate rounding (i.e.: if utilisation 
is 55% assume 60%).  

 
9. Calculation Methodology – Practical Guidance 

 
In order to undertake the calculation of both carbon emissions (KPI 1) and carbon emissions 
efficiency (KPI 2), the assumption is made that the following data can be obtained for each transport 
lane (where a ‘lane’ includes regular delivery routings, not only A to B deliveries): 
 
g) Distance travelled on rail 
 
h) Transport condition used 
 
i) Type of traction used  
 
j) Total number of loads on lane 
 
k) Unilever load factor 
 
l) Carrier load factor  
 

Note on Groupage (LTL): Unilever load factor is equal to carrier load factor in FTL shipments. In 
groupage-LTL shipments, however, Unilever load factor and carrier load factor are different and both 
need to be gathered or estimated.  
 

KPI 1: Calculation of total carbon emissions 
 
Step 1:  

• Gather or calculate data (a) to (f) per lane for January to June 2009 (Q1 + Q2 2009 data) 

• Divide into ambient and refrigerated data 

• During data collection, note down any assumptions made at overall or lane level 
 

                                                      
16

 Assume electric traction in case no specific information is available 
17 Assume capacity of loading equipment to be 26 tonnes. 
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Step 2: 

• Per lane, identify the ‘best fit’ emissions factor from Table 1 below – considering temperature 
condition, type of traction and carrier load factor 

 
Step 3: 

• Calculate total carbon emissions per rail lane in Kg using: 
 
Lane Emissions (Kg CO2) = Distance on rail (Km) x Emissions factor (Kg CO2/Km) x Number of loads 
x (Unilever load factor / Carrier load factor) 
 

• Add results from all lanes to generate Total Kg CO2 
 
Table 1: Carbon Emissions per Km

18
 

 

CO2 (Kg / 
Km) 

Electrical Train Diesel Train 

Ambient Refrigerated Ambient Refrigerated 

C
a

rr
ie

r 
L

o
a

d
 F

a
c

to
r 

10% 0.044 0.080 0.069 0.105 

20% 0.087 0.160 0.137 0.210 

30% 0.131 0.241 0.206 0.316 

40% 0.174 0.321 0.275 0.421 

50% 0.218 0.401 0.343 0.526 

60% 0.262 0.481 0.412 0.631 

70% 0.305 0.561 0.480 0.737 

80% 0.349 0.641 0.549 0.842 

90% 0.392 0.722 0.618 0.947 

100% 0.436 0.802 0.686 1.052 

 
KPI 2: Calculation of carbon emissions efficiency 
 
Step 1:  

• Calculate Total Kg CO2 (KPI 1) as described above 
 

Step 2: 

• Calculate the overall carbon emission efficiency (g CO2 / T Km) using the following weighted 
average method: 

 
1000 x Total CO2 (KPI 1) / [Lane A_Number of Loads x Lane A_Unilever Load Factor x Lane 
A_Capacity of Loading Equipment (Tonnes) x Lane A_Distance (Km) + Lane B_Number of Loads x 
Lane B_Unilever Load Factor x Lane B_Capacity of Loading Equipment (Tonnes) x Lane B_Distance 
(Km) +etc.] 
 
There will clearly be situations where the data elements (a) to (f) are either incomplete or unavailable.  
In these cases, the following assumptions should be made: 
 
Data Availability & Accuracy 
 
It is clear that the availability & consistency of data will vary.  The source of data – and its accuracy – 
should be noted when calculations are made. 
 

                                                      
18

 These factors are derived based on NTM data (3) with the assumptions stated in Appendix 1 
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Where lane level data is simply unobtainable, high level estimates can be made based on overall 
(average) load factors & distances.  However, this fact should be noted and these figures should not 
be used externally to Unilever. 
 
 
Appendix 1: Assumptions 
 
Fuel Combustion 
 
In general, approximately 99% of the carbon content of fuel burned is transformed into CO2. In this 
methodology, it is assumed that all carbon content is transformed into CO2 in diesel trains. This 
method neglects the fact that remaining small amount of carbon (approximately 1%) leaves the 
engine as CO, hydrocarbons and particles (3).  
 
Type of Traction 
 
The engine type of the locomotive (diesel / electric) is one of the most influential parameters for the 
carbon dioxide emissions (4). In this methodology, situation specific data regarding the traction type 
(diesel or electric) is suggested to be used. Almost all of the international rail freight in Central and 
Western Europe relies on electricity (5). In Poland, it is estimated that more than 80% of the time 
electrical trains are used in international freight transport (5). Therefore, in case it is not known 
whether the traction is electric or diesel, electric traction can be assumed. 
 
Gross Weight of the Train 
 
One of the parameters important in CO2 emission estimation in rail transport is the gross weight of the 
train, which is the weight of the train and cargo in total. In this methodology the gross weight of train is 
assumed to be 1000 tonnes, which reflects the average European international rail transport today 
(6).  
 
Shipments in relatively shorter or longer trains (different gross weights) would result in different CO2 
emissions per tonne km. For instance: a train with 500 tonnes of gross weight would result in 41% 
higher CO2 per tonne km. On the other hand, a train with 1500 tonnes of gross weight would result in 
18% lower CO2 emissions per tonne km. 
 
Cargo Factor of the Train 
 
The cargo factor of the train (defined as net-weight of cargo / gross weight of train) is important in 
allocating the total CO2 emitted by the train to the per tonne km shipped. In this methodology, an 
average cargo factor of 58%

19
 is used as it is found to be the best representative of average 

European rail transport today (6). This is also in line with the cargo factor value calculated with figures 
provided by Kombiverkehr: on average there are 825 tons of goods on a train with gross weight of 
1325 tons (Cargo Factor= 825/1325= 62%) (5).  
 
For an average train of 1000 tonnes of gross-weight and 50% cargo factor, CO2 emissions per tonne 
of goods shipped over 1 km: 
 

• increases 25% if the cargo factor of the train decreases to 40% 

• decreases 17% if the cargo factor of the train increases to 60%. 
 
Thus, different cargo factor assumptions for trains would result in different CO2 emissions per tonne 
km. 
 

                                                      
19

 This value is arithmetic average of load factor values for trains loaded with bulk (72%) and volume (30%) 
goods 
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Type of Equipment 
 
Currently, there are various types of equipment (with different carrying capacities and tare weights) 
being used in rail transport. In Unilever’s rail transport, most of the time swap bodies, containers, rail 
cars and trailers are used and goods are not handled (except for the rail cars) during a modal change 
(e.g. from road to rail). It is also possible to ship the whole truck and the trailer on rail; however this 
does not happen very often (7).  
 
This methodology does not differentiate between different equipment types. This is mainly due to the 
reason that data regarding the equipment type used in a shipment is most of the time hard to get, and 
often unreliable.  
 
Electricity Generation 
 
For electric trains the emissions during transport depend on the way the electricity is generated. The 
method of electricity generation varies per country and can lead to significant differences in 
emissions. In Europe for example the carbon dioxide emission factors vary from 0.005 kg/kWh (for 
Switzerland) up to 0.986 kg/kWh (for Poland) for electricity generation (6). In this guideline, an energy 
mix value that represents a European average (0.41 Kg CO2/kWh) is used due to practical reasons.  

 
Terrain Factor 
 
Energy usage (thus CO2 emissions) changes according to the topography of the route of the train. The 
emission factors in this guideline are calculated assuming a hilly terrain, which would represent the 
average European topography. As suggested by NTM CO2 emissions on a flat terrain would be 20% 
lower while on a mountainous terrain CO2 emissions would increase by 20% (3).  
 
Return of Empty Containers 
 
Transport volumes usually differ between directions of travel. Several CO2 emission calculation 
standards suggest that the emissions from transporting empty containers (or other packaging 
material) need to be allocated to the cargo that was originally transported using the container. 
 
In this methodology – and in-line with ECR Europe ‘Sustainable Transport’ methodology – the return 
of empty containers or any empty runs are not considered unless Unilever specifically pays for empty 
return of containers or empty running transport legs. 
 
Condition of Transport 
 
Refrigerated transport leads to higher energy usage, thus higher CO2 emissions. On the rail legs of 
intermodal transport, most of the time it is not possible to plug the thermo units into the train’s 
electricity system. Thus, the thermo unit has to rely on the energy coming from the generator that is 
fed by fuel (5). In this case, a thermo unit emits 16.464 Kg of CO2 per hour (8). This per hour value is 
transformed into per km according to the average speed of trains, which is assumed to be 50 Km/h 
(8). 
 
It should be noted that this methodology accounts for the CO2 emitted by the thermo units only during 
transport (not e.g. while waiting in terminals).   
 
Driving Behaviour & Traffic Situations 

 
The model used in this guideline does not distinguish between different driving behaviours, 
aerodynamic profiles or traffic situations (speeds, number of starts or stops) although these factors 
might lead to different CO2 emissions. As gathering this data is impractical (if possible) these factors 
are put out of the scope of this guideline (4).  
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Appendix 2: Worked Example -  
 
You are operating on four different intermodal lanes: A, B, C and D. The shipments on lanes A and B 
are FTL, while the shipments on lanes C and D are groupage (LTL). 
 
On FTL Lane A, 13.6M curtain side trailer with a capacity of 26 tonnes is used on the road part of 
intermodal transport with an average Unilever load of 15.6 tonnes, thus has a 60%

20
 Unilever load 

factor (equal to carrier load factor as this is an FTL shipment). On rail phase of intermodal transport, 
the cargo is transported by a diesel powered train over 800 Km. A total number of 14 ambient 
shipments were made during the period of investigation. 
 
On LTL Lane C, a 13.6M box trailer with a capacity of 26 tonnes is used on the road part of 
intermodal transport. Average Unilever load on this lane is 5.2 tonnes, thus Unilever load factor is 
20%. Carrier load factor is estimated to be 80%. On rail phase of intermodal transport, the cargo is 
transported by an electric powered train over 1200 Km. A total number of 10 refrigerated shipments 
were made during the period of investigation.  
 
The relevant information on each lane is summarized below: 
 

 
 
Calculation of KPI 1: 
 
Step 1: With the above table Step 1 is already completed 
 
Step 2: The ‘best fit’ emission factors (from Table 1) and the data used to identify them are below: 
 
 

Lane 
ID 

Traction 
Type 

Carrier 
Load 

Factor 
Condition 

Emission 
Factor (Kg 
CO2 / Km) 

A Diesel 60% Ambient 0.412 

B Electric 70% Refrigerated 0.561 

C Electric 80% Refrigerated 0.641 

D Diesel 60% Ambient 0.412 

 
 
Step 3: In this step, total CO2 emissions is calculated. 
 
Lane Emissions (Kg CO2) = Distance on rail (Km) x Emissions factor (Kg CO2/Km) x Number of loads 
x (Unilever load factor / Carrier load factor) 
 

For Lane A:  
 
CO2 (Kg)  = 800 x 0.412 x 14 x (60% / 60%) 

                                                      
20

 Unilever load factor = Average weight of Unilever cargo/ Capacity of equipment = 15.6 / 26 = 60% 

Lane ID

Distance 

on Rail 

(Km)

Traction 

Type Type of Equipment

Capacity 

of 

Equipment 

(T) FTL / LTL

Unilever 

Load 

Factor

Carrier 

Load 

Factor

Number of 

Loads Condition

A 800 Diesel 13.6M Curtain Side 26 FTL 60% 60% 14 Ambient

B 1000 Electric 13.6M Box Trailer 26 FTL 70% 70% 8 Refrigerated

C 1200 Electric 13.6M Box Trailer 26 LTL 20% 80% 10 Refrigerated

D 600 Diesel 45' CTR 26 LTL 30% 60% 8 Ambient



75 
 

 
= 4614.4 Kg 

 
The results for each lane as well as the Total CO2 Emissions (KPI 1) are shown in the table below. 
 

Lane ID 
CO2 Emissions 

(Kg) 

A 4614.4 

B 4488.0 

C 1923.0 

D 988.8 

Total (KPI 
1) 

12014.2 

 
 
Total CO2 Emissions (Kg), KPI 1, as can be seen from above table, is generated by adding results 
from all lanes. 
 
 
Calculation of KPI 2: 
 
Step 1: Total Kg CO2 (KPI 1) is calculated as 12014.2 Kg as described above. 
 
Step 2: The overall carbon emission efficiency on rail is calculated with the following weighted 
average method: 
 

KPI 2 = 1000 x Total CO2 (KPI 1) / [Lane A_Number of Loads x Lane A_Unilever Load Factor x Lane 
A_Capacity of Loading Equipment (Tonnes) x Lane A_Distance on Rail (Km) + Lane B_Number 
of Loads x Lane B_Unilever Load Factor x Lane B_Capacity of Loading Equipment (Tonnes) x 
Lane B_Distance on Rail (Km) + etc.] 

   
= 1000 x 12014.2/ [ 14 x 60% x 26 x 800 + 8 x 70% x 26 x 1000 + 10 x 20% x 26 x 1200 + 8x 
30% x 26 x 600 ] 

 
KPI 2  = 28.6 g CO2 / Tonne Km 
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Appendix 6 CO2 Emission Estimation Methodology for Water 

Transport 
 
 
 
 
 
 
 
 
Unilever Europe – Carbon Dioxide Emissions Estimation in Water Transport 
 
Version: 1.0 
Date:     31

st
 July 2009   

 
1. Introduction 
 
Over  the  last few years  there  has  been  growing  public  and  political  awareness  of climate  change. 
 In  general,  there  is  consensus  that  climate  change  is  caused  by increasing  atmospheric 
 concentrations  of  carbon  dioxide  (CO2)  (from  fossil  fuels)  and other  Greenhouse  gases  (GHG). 
 Thus,  in  response  to  the  heightened  importance placed  on  the  issue  of  climate  change,  interest 
 in  assessing and  communicating  the GHG  contributions  of  individuals,  organisational  activities and 
products  has  escalated (1).   
Unilever is committed to reducing its emission of greenhouse gases. In 2007, Unilever CEO committed to 
a 25% reduction of CO2 emission per tonne of product by 2012 (CO2 emission from energy in Unilever 
Sourcing Units, with 2004 as a basis). Unilever Logistics in Europe has aligned to this target, using 2006 
data as the baseline. 
 
This  document  offers  a  simple  approach  to  estimate  the  greenhouse  gas  emissions (specifically 
 CO2)  from  Unilever’s European Water Freight

21
, drawing  together various information  sources.  Each 

ship is unique in its fuel consumption, but since specific ship information is hard to obtain, several ship 
classifications have been used. These types of ships were taken from the NTM methodology. The CO2 

emission calculated by the methodology described in this chapter, is based on the main engine and only 
when operating at cruise speed. Neither the additional fuel consumption in ports nor the fuel consumption 
from auxiliary engines is taken into account (2). 
 
Data from Network for Transport & Environment (NTM) are used as the primary data source for European 
transport. NTM has a focus on quantifying emissions from transport activities at company level. The 
associated high level of detail enables a reliable estimation of CO2 emissions in the company supply 
chains to be calculated. NTM is committed to use both the most credible and publicly available sources of 
data (3).   
  
This  guidance  document  contains  the  most  up  to  date  information  regarding  CO2 emission  factors 
 for water transport,  providing  best  practice  for  internal  use.  As such, this guide has been endorsed 
by Unilever Safety & Environment Assurance Centre (SEAC) as best practice for use in Europe

22
.  

 
2. Performance Metrics 

                                                      
21

 Including intercontinental ocean shipping 
22

 This guideline might not be suitable for use outside Europe due to different characteristics of water freight and 
hence assumptions required. Please contact SEAC for guidance on estimating non-European water transport 
emissions (email enquiry-service.seac@unilever.com). 
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Reporting of carbon emissions from European water transport is based on two ‘core’ metrics: 
 

• KPI 1: Absolute amount of carbon emitted as measured in “Kilogrammes of  CO2” (Kg CO2) 
 

• KPI 2: Efficiency of carbon emissions as measured in “Grammes of CO2 per Tonne Kilometre” (g 
CO2 / T Km). 

 
The first measure (Kg CO2) gives information on Unilever Europe’s total CO2 impact in water freight, 
and is driven by volume as well as efficiency of movement. 
 
The second metric (g CO2 / T Km) indicates the average amount of CO2  to move 1000kg of freight a 
distance of 1 kilometre – therefore it is unaffected by total volume variations.  This metric gives 
information on Unilever Europe’s carbon efficiency in water freight. 
 
KPI 1: Total Carbon Emissions (Kg CO2) - Basis of calculations  
   
The calculation of absolute CO2   emissions from water transport is based on the following formula:   
   

Distance travelled (Km) x Emission factor (Kg CO2 / Km) = CO2 emissions (Kg)   
  
• The distance travelled data must be in the format of “kilometres”.   
 
• The emission factor is dependent on the type of ship and temperature conditions. 
 
KPI 2: Carbon Emission Efficiency (g CO2 / T Km) - Basis of calculations  
 
The calculation of carbon emission efficiency from water transport is based on calculating a weighted 
average of the emission factor (g CO2 / T Km) of individual loads or lanes

23
. 

 
3. Calculation Methodology - Commentary 
 
Given Unilever’s inexperience in calculation of carbon emissions from water transport, the simplified 
calculation methodology proposed leads to an estimate of carbon emissions and carbon efficiency. 
 
In common with all methods where actual fuel consumption data per trip is not available, the approach 
involves simplification assumptions which will be generally applicable (on average in Europe) – but will 
not be accurate to all conditions / situations. 
 
For the initial estimation of carbon emissions and carbon efficiency, it is important that the same 
general assumptions are used across Unilever Supply Chain in order that data is comparable.   
 
Where there are significant local differences versus the general assumptions given, these should be 
noted, with proposed alternative values.  By collecting this feedback while the first calculation is made, 
the impact of these variables can be assessed and then adjusted ahead of the second calculation where 
the differences are both justified and the effect is material to the overall result. 
 
The main simplification assumptions used to derive the emissions factors are given in Appendix 1. 
 
4. Definition of Parameters 
 
Distance; This is the exact distance travelled on water. Empty running should be excluded unless 
Unilever specifically pays. Metric kilometre should be used as a unit of measure.  
 

                                                      
23

 A ‘lane’ is defined as a fixed transport route – either A to B directly or a regular route involving multi-stops. 
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Transport condition: The condition of transport is summarised into two: ambient and refrigerated (chilled 
or frozen).  
 
Type of ship: Types of ships are summarised into seven categories: Continental, Ocean, Inland 
Waterways-Upstream, Inland Waterways-No Flow, Inland Waterways-Downstream, Ro-Ro without 
Passengers and Ro-Ro with Passengers. 
 
Type of equipment: For continental, ocean and inland ships, types of equipment used are summarised 
into two categories: Twenty-foot container and forty or forty-five-foot containers. No differentiation 
between 40’ and 45’ containers were made and both were considered to be equal to two twenty-foot 
containers (i.e. two twenty-foot-equivalent units, 2 TEUs). 
 
Total number of loads on lane: This number indicates the total number of shipments made on the lane 
during the period of investigation. 
 
Unilever load factor: This is the ratio of gross weight (cargo plus palettes) of Unilever cargo to the 
maximum carrying capacity of the loading equipment

24
 (i.e. if gross weight of Unilever cargo is 13 tonnes 

on a trailer with capacity of 26 tonnes, Unilever load factor is 13 / 26 = 50%). Physical weight must be 
used to determine this percentage. Load factor should be used in increments of 10% with appropriate 
rounding (i.e.: if utilisation is 55% assume 60%).  
 
Carrier load factor: This is the ratio of gross weight (cargo plus palettes) of total cargo (including loads 
other than Unilever cargo) to the maximum carrying capacity of the loading equipment (i.e. if gross weight 
of Unilever cargo is 13 tonnes but gross weight of total cargo is 15.6 tonnes on a trailer with capacity of 
26 tonnes, Carrier load factor is 15.6 / 26 = 60%). Physical weight must be used to determine this 
percentage. Load factor should be used in increments of 10% with appropriate rounding (i.e.: if utilisation 
is 55% assume 60%). 
 
5. Calculation Methodology – Practical Guidance 
 
In order to undertake the calculation of both carbon emissions (KPI 1) and carbon emissions efficiency 
(KPI 2), the assumption is made that the following data can be obtained for each transport lane (where 
a ‘lane’ includes regular delivery routings, not only A to B deliveries): 
 

m) Distance travelled on water  
 

n) Transport conditions used  
 

o) Type of ship  
 

p) Type of equipment  
 

q) Total number of loads on lane  
 

r) Unilever load factor  
 

s) Carrier load factor 
 
Note on Groupage (LTL): Unilever load factor is equal to carrier load factor in FTL shipments. In 
groupage-LTL shipments, however, Unilever load factor and carrier load factor are different and both 
need to be gathered or estimated.  
 
KPI 1: Calculation of total carbon emissions 
 

                                                      
24 Assume capacity of loading equipment to be 26 tonnes. 
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Step 1:  

• Gather or calculate data (a) to (g) per lane for January to June 2009 (Q1 + Q2 2009 data). 

• Divide into ambient and refrigerated data. 

• During data collection, note down any assumptions made at overall or lane level 
 
Step 2: 

• Per lane, identify the ‘best fit’ emissions factor from Table 1 below – considering temperature 
condition, type of ship, type of equipment and carrier load factor. 

 
Step 3: 

• Calculate total carbon emissions per lane in Kg using: 
 
Lane Emissions (Kg CO2) = Distance on water (Km) x Emissions factor (Kg CO2/Km) x Number of loads x 
(Unilever load factor / Carrier load factor) 
 

• Add results from all lanes to generate Total Kg CO2 
 
 
Table 1: Carbon Emissions per Km

25
 

 

CO2 (Kg / 

Km) 

Container Ships Inland Ships Ro-Ro Ships 

Container 
Continental 

Container 
Ocean 

Inland-
Upstream  

Inland - No 
Flow 

Inland-
Downstream 

Ro-Ro 

Cargo 

Ro 

Pax 
20' 40'-

45' 

20' 40'-

45' 

20' 40'-

45' 

20' 40'-

45' 

20' 40'-45' 

A
m

b
ie

n
t 

10% 0.119 0.24 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

20% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

30% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

40% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

50% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

60% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

70% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

80% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

90% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

100% 0.119 0.238 0.101 0.201 0.482 0.964 0.312 0.624 0.142 0.284 1.114 2.533 

R
e

fr
ig

e
ra

te
d

 

10% 0.144 0.288 0.126 0.251 0.557 1.114 0.362 0.724 0.179 0.358 1.152 2.570 

20% 0.169 0.338 0.151 0.301 0.632 1.263 0.412 0.823 0.217 0.433 1.189 2.607 

30% 0.194 0.388 0.176 0.351 0.706 1.413 0.461 0.923 0.254 0.508 1.226 2.645 

40% 0.219 0.438 0.200 0.401 0.781 1.562 0.511 1.023 0.291 0.583 1.264 2.682 

50% 0.244 0.488 0.225 0.451 0.856 1.712 0.561 1.122 0.329 0.657 1.301 2.720 

60% 0.269 0.538 0.250 0.501 0.931 1.861 0.611 1.222 0.366 0.732 1.339 2.757 

70% 0.294 0.587 0.275 0.550 1.006 2.011 0.661 1.322 0.404 0.807 1.376 2.794 

80% 0.319 0.637 0.300 0.600 1.080 2.161 0.711 1.421 0.441 0.882 1.413 2.832 

90% 0.344 0.687 0.325 0.650 1.155 2.310 0.761 1.521 0.478 0.957 1.451 2.869 

100% 0.368 0.737 0.350 0.700 1.230 2.460 0.810 1.621 0.516 1.031 1.488 2.907 

 

                                                      
25

 These factors are derived based on NTM data (3) with the assumptions stated in Appendix 1. 
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KPI 2: Calculation of carbon emissions efficiency 
 
Step 1:  

• Calculate Total Kg  CO2 (KPI 1) as described above 
 
Step 2: 

• Calculate the overall carbon emission efficiency (g  CO2 / T Km) using the following weighted 
average method: 

 
1000 x Total  CO2 (KPI 1) / [Lane A_Number of Loads x Lane A_Unilever Load Factor x Lane A_Capacity 
of Loading Equipment

26
 (Tonnes) x Lane A_Distance (Km) + Lane B_Number of Loads x Lane 

B_Unilever Load Factor x Lane B_Capacity of Loading Equipment (Tonnes) x Lane B_Distance (Km) 
+etc.] 
 
There will clearly be situations where the data elements (a) to (g) are either incomplete or unavailable.  In 
these cases, the following assumptions should be made: 
 
Data Availability & Accuracy 
 
It is clear that the availability & consistency of data will vary.  The source of data – and its accuracy – 
should be noted when calculations are made. 
 
Where lane level data is simply unobtainable, high level estimates can be made based on overall 
(average) load factors & distances. However, this fact should be noted and these figures should not be 
used externally to Unilever. 
 
Groupage / LTL (sharing equipment payload) 
 
Obtaining reliable data from carriers who provide groupage service to Unilever may be difficult or 
impossible to gather.  In this case, clear assumptions should be made for the overall load utilisation of the 
carrier and hence resulting proportion of Unilever carbon responsibility per load. 
 
 

                                                      
26

 If no specific data is available assume the capacity of the equipment to be 26 Tonnes for 40’-45’ containers and 
13.6 m trailers, and 21 Tonnes for a 20’ container. 
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Appendix 1: Assumptions 
 
The emissions factors presented are based on a number of assumptions made. 
 
Fuel Combustion 
 
In general, approximately 99% of the carbon content of fuel burned is transformed into CO2. In this 
methodology it is assumed that all carbon content is transformed into CO2. This method neglects the fact 
that remaining small amount of carbon (approximately 1%) leaves the engine as CO, hydrocarbons and 
particles (2).  
 
Main and Auxiliary Engines 
 
The main engine is the engine that generates power to move the ship. This engine consumes most of the 
fuel of the ship. The fuel consumed by the auxiliary engines depends on the ship size and type. A 
passenger ferry that offers entertainment to its passengers will consume a lot more energy than a cargo 
ship with only a small crew. Taking the auxiliary engines into account will increase the carbon dioxide 
emission of the ship. In this methodology only the main engine is considered in calculating CO2 emissions 
(2). 
 
The fuel consumption (thus CO2 emissions) of the auxiliary engines can have values up to one fifth of the 
fuel consumption of the main engine (4). 
 
Sizes and Load Factors of Ships & Type of Equipment 
 
As a result of differences in efficiency, different sizes of ships generally lead to different emission values 
per unit (tonnes, TEU or lane meters) of goods shipped. However, gathering data regarding size of a ship 
for every single shipment is not practical. Therefore, average sizes of ships that would best represent 
Unilever’s European water freight are selected for every type of ship.  
 
For the category of continental ships used in this guideline, emission factors are derived for a container 
ship of 1100 TEU capacity provided in NTM (4). The average load factor for the container ships is 
assumed to be 80% (4). This is in line with data provided by two shipping companies (5). The average 
capacity of continental container ships of these two companies are declared to be 803 and 900 TEU and 
average load factors to be 70% and 89%. For ocean ships the factors are derived for a ship of 4300 TEU 
carrying capacity (4). The emission factors are derived both for a 20’ container and for 40’/45’ containers. 
 
For inland waterways, the factors are derived with an assumption of a barge with a capacity of 1046 
tonnes (4). Load factor of the barge is assumed to be 80% in line with a container ship. In line with 
container ships, the emission factors are derived both for 20’ and 40’/45’ containers.  
 
For Ro-Ro cargo ship, the emission factors are derived for a Ro-Ro ship with 3831 lane meters carrying 
capacity. The average load factor of this ship is assumed to be 88% (4). The emission factors are derived 
for a 13.6 m trailer, which is typical for Unilever Intermodal transport on Ro-Ro ships (6). 
 
For Ro Pax category, two different ships are considered initially: one with a capacity of 810 lane meters 
and 2000 passengers (load factor of cargo deck to be 70%), and second with a capacity of 1750 lane 
meters and 500 passengers (load factor of cargo deck to be 80%). As the available data is not as detailed 
as to differentiate between these two classes of ships these two ships are aggregated into a single 
category named Ro Pax and defined as Ro-Ro ships with significant passenger capacity. The emission 
factors are derived for a 13.6 m trailer, which is typical for Unilever Intermodal transport on Ro-Ro ships 
(6).  
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Fixed Load Factor and Speed 
 
For each ship type the fuel consumption is given for a fixed load factor and a fixed average speed. In 
reality, an increase in load factor or speed will result in an increase in the fuel consumption. However, 
gathering this data is impractical (if possible) and the impact on fuel consumption of a change in the 
values of these parameters is hard to predict. Therefore the impact of this assumption cannot be 
predicted as well (2).  
 
Allocation of Emissions in a Passenger Ferry 
 
A big challenge is allocating the total CO2 emissions of a ship between passengers and cargo. There are 
several allocation approaches available in the literature resulting in significantly different results in terms 
of CO2 allocated to the cargo. In this methodology, in Ro-Ro Ships with passenger capacity, total CO2 
emissions are equally allocated between passengers and cargo.  
 
Condition of Transport 
 
Refrigerated transport leads to higher fuel usage, thus higher CO2 emissions. It is assumed that in 
Continental, Ocean and Inland ships thermo units run with their power units plugged into the onboard 
system. In Ro-Ro ships, it is possible that the thermo units are not plugged into onboard electricity 
system. However, this does not happen very often and only possible on open decks (5). Thus, it will be 
assumed that the thermo units are plugged into the onboard electricity system in Ro-Ro ships as well. 
While plugged into onboard electricity system, a thermo unit emits 12.464 Kg of CO2 per hour (7). This 
value is assumed to be valid for 90% loaded equipment. This per hour value is transformed into CO2 Kg / 
Km unit depending on different speeds of each type of ships (15 knots for Continental and Ocean ships, 5 
knots for Inland-Upstream, 7.5 knots for Inland – No Flow, 10 knots for Inland-Downstream, 20 knots for 
Ro-Ro Cargo and Ro Pax) as provided by NTM (4). 
 
It should be noted that this methodology accounts for the CO2 emitted by the thermo units only during 
transport (not e.g. while waiting in ports).   
 
Return of Empty Containers 

 
Transport volumes usually differ between directions of travel. Several CO2 emission calculation standards 
suggest that the emissions from transporting empty containers (or other packaging material) need to be 
allocated to the cargo that was originally transported using the container. 
 
In this methodology – and in-line with ECR Europe ‘Sustainable Transport’ methodology – the return of 
empty containers or any empty runs are not considered unless Unilever specifically pays for empty 
running transport legs or containers. 
 
Inland Waterways 
 
Water transport via inland waterways depends on more parameters than used in the calculation. Besides 
load factor, speed and auxiliary engines, the flow of the inland waterway also influences the fuel 
consumption. 
 
The flow of an inland waterway, in turn, depends on the season, the depth of the inland waterway, the 
location in the inland waterway (the flow will be stronger more upstream), the direction of travel (upstream 
or downstream) and the waterway itself. In this methodology, only the direction of travel is taken into 
account in the value for CO2 emission (2).  
 
The category of Inland – No Flow is not a different category of ships, but introduced to account for 
situations where there is hardly any flow (neither upstream nor downstream, i.e. canals). This category 
should also be used if the ship travels both upstream and downstream (i.e. by changing rivers) on a 
single lane.  
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Appendix 2: Worked Example 
 
You are operating on five different intermodal lanes: A, B, C and D. The shipments on lanes A, B and C 
are FTL, while the shipments on lanes C and D are groupage (LTL). 
 
On FTL Lane A, an average of 18.2 tonnes of goods (Unilever and carrier load factor

27
 of 70%) is shipped 

on a container ship using a 45-foot container. A total number of 8 ambient shipments over 1200 Km (on 
water leg) were made during the period of investigation. 
 
On LTL Lane D, an average of 5.2 tonnes of Unilever goods (Unilever load factor of 20%) is shipped on a 
ferry with passenger capacity using 13.6 M Box trailer. Average carrier load factor is estimated to be 90% 
(equal to around 23.4 tonnes of goods). A total number of 5 chilled shipments over 100 Km (on water leg) 
were made during the period of investigation. 
 
The relevant information on each lane is summarized below: 
 

Lane 
ID 

Distance 
on Water 

(Km) 
Type of Ship 

Capacity of 
Equipment 

(T) 

FTL 
/ 

LTL 

Unilever 
Load 

Factor 

Carrier 
Load 

Factor 

Number 
of 

Loads 
Condition 

A 1200 Continental - (45’ CTR) 26 FTL 70% 70% 16 Refrigerated 

B 200 Ro-Ro Cargo 26 FTL 80% 80% 12 Ambient 

C 5860 Ocean - (20’ CTR) 21 FTL 50% 50% 8 Ambient 

D 100 Ro Pax 26 LTL 20% 90% 14 Refrigerated 

E 800 Inland - Downstream (40’ CTR) 26 LTL 25% 80% 10 Ambient 

 
Calculation of KPI 1: 
 
Step 1: With the above table Step 1 is already completed 
 
Step 2: The ‘best fit’ emission factors (from Table 1) and the data used to identify them are below: 
 

Lane 
ID 

Type of Ship 
Carrier 
Load 

Factor 
Condition 

Emission Factor 
(Kg CO2 / Km) 

A Continental - (45’ CTR) 70% Refrigerated 0.587 

B Ro-Ro Cargo 80% Ambient 1.114 

C Ocean - (20’ CTR) 50% Ambient 0.101 

D Ro Pax 90% Refrigerated 2.869 

E Inland - Downstream (40’ CTR) 80% Ambient 0.284 

 
 
Step 3: In this step, total CO2 emissions is calculated. 
 
Lane Emissions (Kg CO2) = Distance on water (Km) x Emissions factor (Kg CO2/Km) x Number of loads x 
(Unilever load factor / Carrier load factor) 
 
For Lane A:  

                                                      
27

 Load Factor = Average weight of shipment / Capacity of Equipment = 15.6 / 26 = 60% 
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CO2 (Kg)  = 1200 x 0.587 x 16 x (70% / 70%) = 11270.4 Kg 
 
 
The results for each lane as well as the Total CO2 Emissions (KPI 1) are shown in the table below. 
 

Lane ID CO2 Emissions (Kg) 

A 11270.4 

B 2673.6 

C 4734.88 

D 892.5778 

E 710 

Total (KPI 1) 20281.5 

 
Total CO2 Emissions (Kg), KPI 1, as can be seen from above table, is generated by adding results from 
all lanes. 
 
Calculation of KPI 2: 
 
Step 1: Total Kg CO2 (KPI 1) is calculated as 20281.5 Kg as described above. 
 
Step 2: The overall carbon emission efficiency on rail is calculated with the following weighted average 
method: 
 
KPI 2 = 1000 x Total CO2 (KPI 1) / [Lane A_Number of Loads x Lane A_Unilever Load Factor x Lane 
A_Capacity of Loading Equipment (Tonnes) x Lane A_Distance on Water (Km) + Lane B_Number of 
Loads x Lane B_Unilever Load Factor x Lane B_Capacity of Loading Equipment (Tonnes) x Lane 
B_Distance on Water (Km) + etc.] 
   
= 1000 x 20281.5 / [16 x 70% x 26 x 1200 + 12 x 80% x 26 x 200 + 8 x 50% x 21 x 5860 + 14 x 20% x 26 
x 100 + 10 x 25% x 26 x 800] 
 
KPI 2 = 21.3 g CO2 / Tonne Km 
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Appendix 7 Intermodal Questionnaire 
 
 

 
 

 
 
 

UltraLogistik request to specify current intermodal transport lanes
 

Dear Sir / Madam, 
 

Unilever has a publicly stated corporate objective to reduce the environmental impact on its operations 
around the world - reflected in the target of making a 25% cut in carb
UltraLogistik is setting up a KPI system to calculate carbon emissions of our transports, which requires 
your input.  

 
You will find attached an excel sheet listing all intermodal transport lanes, you are operating in 2
You are now asked to specify on an individual lane basis the exact transport routes including:
-> non-road legs (rail and water) listing from / to locations and km distance
-> additional km distances driven on road

 

We would like to highlight that it is absolutely crucial that the data you provide is up
the reality - meaning more than 90% of the loads are transported via the intermodal route specified all 
year long. We also expect you to inform us immediately in case you requir

 
The information about your exact transport routes will be used internally, we will not share them with 
your competitors. 

 
Instructions to fill out the questionnaire

 
Lane Details 

 
In the table "Questionnaire" you wil
an intermodal service. The lane details include our point of collection and delivery, the temperature 
condition, equipment type and transport mode.
 
You are asked to specify per individ
loads): 
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Intermodal Questionnaire  

tik request to specify current intermodal transport lanes 

Unilever has a publicly stated corporate objective to reduce the environmental impact on its operations 
reflected in the target of making a 25% cut in carbon emissions by 2012. As a premise 

system to calculate carbon emissions of our transports, which requires 

You will find attached an excel sheet listing all intermodal transport lanes, you are operating in 2
You are now asked to specify on an individual lane basis the exact transport routes including:

road legs (rail and water) listing from / to locations and km distance 
additional km distances driven on road 

it is absolutely crucial that the data you provide is up-to
meaning more than 90% of the loads are transported via the intermodal route specified all 

year long. We also expect you to inform us immediately in case you require any changes during the year.

The information about your exact transport routes will be used internally, we will not share them with 

Instructions to fill out the questionnaire 

In the table "Questionnaire" you will all transport lanes, which have been assigned to your company 
. The lane details include our point of collection and delivery, the temperature 

condition, equipment type and transport mode. 

You are asked to specify per individual lane the actual transport route you take (in more than 90% of the 

Unilever has a publicly stated corporate objective to reduce the environmental impact on its operations 
on emissions by 2012. As a premise 

system to calculate carbon emissions of our transports, which requires 

You will find attached an excel sheet listing all intermodal transport lanes, you are operating in 2009. 
You are now asked to specify on an individual lane basis the exact transport routes including: 

to-date and reflects 
meaning more than 90% of the loads are transported via the intermodal route specified all 

e any changes during the year. 

The information about your exact transport routes will be used internally, we will not share them with 

l all transport lanes, which have been assigned to your company with 
. The lane details include our point of collection and delivery, the temperature 

ual lane the actual transport route you take (in more than 90% of the 
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Road Distance 
 

We assume that usually only the first and the final part of the transport journey is operated via road. For 
the sake of simplification you do not have to repeat the from / to locations once more, but are asked to 
specify the km distance of the road legs. 
In case of additional road legs, please add the km to the total road distance and explain in the final 
column "Comments from Carrier". 

 
TOTAL Distance on RAIL, WATER (km): 
This refers to the total distance of non-road km travelled by rail and water, it equals the sum of the 
specified non-road leg distances. 

 
 

Non Road Legs 
 

We consider a transport distance via rail, short sea or inland waterways as non-road leg. 
Please specify for each non-road leg the following information: 

 
RAIL: OPEN / PARTNER TRAIN 
This refers to a rail train, which is not operated by yourself as transport company / capacities are open for 
different transport companies. 
RAIL: COMPANY TRAIN 
This refers to a train, which is operated by yourself as transport company. 
SEA: CONTAINER VESSEL 
This refers to a boat, transporting cargo containers and not RORO trucks or passengers. 
SEA: RORO CARGO (no Passenger) 
This refers to a boat, transporting complete trucks (roll-on-roll-off) without any significant passenger 
capacities. 
SEA: ROPAX (with Passenger) 
This refers to a boat, transporting complete trucks (roll-on-roll-off) and also significant passenger 
capacities. 
BARGE (INLAND WATERWAY) 
This refers to a boat, transporting cargo on inland waterways, e.g. rivers, channels etc. 

 
From Country:  
Country of the rail terminal or port, where the goods are put on the specified intermodal transport mode. 
From City:  
City (location) of the rail terminal or port, where the goods are put on the specified intermodal transport 
mode. 
From Area Code:  
Area code (postal code) specifying the city (location) of the rail terminal or port, where the goods are put 
on the specified intermodal transport mode. 

 
To Country:  
Country of the rail terminal or port, where the goods are dropped off on the specified intermodal 
transport mode. 
To City:  
City (location) of the rail terminal or port, where the goods are dropped off on the specified intermodal 
transport mode. 
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To Area Code:  
Area code (postal code) specifying the city (location) of the rail terminal or port, where the goods are 
dropped off on the specified intermodal transport mode. 

 
Distance km:  
Distance in km, it takes to go via the intermodal transport mode from the specified city to the specified 
city. 

 
For the first non road leg all columns are already displayed.  
In case of more non-road legs (e.g. for a transport via ROAD-RAIL-SEA) you need to expand the 
columns by clicking on the + (e.g. on column Y for Non Road Leg 2). 

 
COMMENTS from Carrier (only if required):  
Please add additional information about the transport lane or in case of data discrepancies (e.g. wrong 
equipment type). 
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Appendix 8 Emission Factors of Electricity Supply 
 

 
 

FIGURE 34  -  EMISSION FACTORS OF THE ELECTRICITY SUPPLY FOR RAILWAY TRANSPORT IN EUROPEAN COUNTRIES  
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Appendix 9 Double-Deckers 
 

 
FIGURE 35  -  BASE CASE:  UNDER UTILISATION OF CAPACITY 

 
 
 
 

 
FIGURE 36  –  LOADING A DOUBLE-DECKER -  1 
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FIGURE 37-  LOADING A DOUBLE DECKER W-  2 

 
 
\ 
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Appendix 10 EU Regulation Scenarios 
 
cf. (Akker, et al. 2009) 
 
Scenario 1 

 
This scenario represents the current situation with only the current ETS. This means that no carbon 
dioxide emissions resulting from transport, except for the emissions resulting from electrical transport, are 
regulated. The plans of the EU make this scenario not very likely to occur, but it can be used as a base-
level to compare the impact of the other scenarios. Furthermore, the result of this scenario is not in line 
with the intention of the EU. The EU wants to reduce the carbon dioxide emissions, while, for transport, 
this scenario only regulates the emission from electrical (rail) transport. 
 
The price levels set for this scenario are shown in the table below. The current emission allowance price 
is 15 Euros, which is used as a lower bound. The expected value and the upper bound are based on 
multiple sources (CE Delft and Carbon Trust). For all price levels it is assumed that an amount of 15 
Euros for electrical rail transport is already included in the current transport price. 
 

Transport 
modality 

Lower 
bound 

Expected Upper 
bound 

Rail – electrical €   15 €   50 € 100 
Rail – diesel €     0 €     0 €     0 
Road €     0 €     0 €     0 
Water €     0 €     0 €     0 

 

Scenario 2 

 
The current ETS only includes emissions from electrical transport, but not from other types of transport. 
The EU is planning to include emissions from air and sea transport in the current ETS. Other plans of the 
EU are the implementation of the Euro vignette and the implementation of the carbon tax. This scenario 
represents the situation where all of these initiatives are implemented in parallel. This means that 
emissions resulting from electrical transport, air transport and sea transport are included in the current 
ETS and that the emissions resulting from diesel road transport and diesel rail transport are covered by the 
Diesel Tax. The emissions from road transport are also included in the Euro vignette meaning that road 
transport is charged twice. The prices for the ETS will increase slightly due to the extra emission sources 
that are added. The lower bound is set to the same price as in the first scenario (the current ETS allowance 
price), but the expected and upper bound prices are assumed to increase by 10 percent. 
 
The general idea of the Diesel Tax is that the tax on diesel has to be at least equal to the tax on petrol. The 
assumption is made that the diesel tax is set at the same level as the petrol tax. Based on the current EU-
27 taxes and diesel/petrol prices the average increase per litre of diesel is determined. The diesel price 
would increase with around 30 eurocents per litre in that case. This is equal to a price of 110 Euros per 
tonne carbon dioxide; this is based on an emission of 2.642 kilograms carbon dioxide per litre diesel.  
 
Minimum prices for the Euro vignette are set by the European Union. The price is fixed per country and 
each country can decide how much they ask (however, in this analysis a European wide value is 
assumed). Only part of this price can be allocated to carbon dioxide emissions. This means that only the 
part of the Euro vignette price for carbon dioxide emissions are taken into account in the scenario. For the 
Euro vignette the price is derived as the total social costs of carbon dioxide emissions as determined in the 
IMPACT study. In this study the cost of emitting one tonne of carbon dioxide is based on damage cost 
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resulting from that emission. An estimate of 70 Euros is given for emitting one tonne of carbon dioxide in 
2006. The assumption is made that the EU will set the cost of the Euro vignette such that the cost covers 
all social costs of the emission. This means that the cost of the Euro vignette becomes 70 Euros per tonne 
carbon dioxide. 
 

Transport 
modality 

Lower 
bound 

Expected Upper 
bound 

Rail – electrical €   15 €   55 € 110 
Rail – diesel € 110 € 110 € 110 
Road € 180 € 180 € 180 
Water €   15 €   55 € 110 

 

Scenario 3 

 

In this scenario all modes of transport will be included in the current ETS. At this moment electrical 
transport is already included in the ETS, because the generation of electricity is already included. This 
means that the emissions resulting from transport are in the same ETS as the emissions resulting from the 
production. The prices per tonne of carbon dioxide emitted that are expected if transport is included in the 
ETS are based on a report of CE Delft and set as follows: 
 

Transport 
modality 

Lower 
bound 

Expected Upper 
bound 

Rail – electrical €   15 €   65 € 130 
Rail – diesel €   15 €   65 € 130 
Road €   15 €   65 € 130 
Water €   15 €   65 € 130 

 

 

 

 

Scenario 4 

 
In addition to the current ETS that already includes emissions from electrical (rail) transport, a separate 
transport ETS is created in this scenario. All modes of transport, except electrical (rail), are included in 
the transport ETS. Based on a report by CE Delft it is expected that prices for emissions from transport 
will be considerably higher than the prices in the current ETS, because there are fewer transport emissions 
and a higher price is needed in order to realise a certain reduction. The price levels are as follows: 
 

Transport 
modality 

Lower 
bound 

Expected Upper 
bound 

Rail – electrical €   15 €   50 € 100 
Rail – diesel €   30 €   90 € 180 
Road €   30 €   90 € 180 
Water €   30 €   90 € 180 

 
The most interesting outcome of this analysis is that in the Upper Bound case of transport ETS, the largest 
percentage of savings (11%) of win-win situations in all cases is achieved (See Figure 26). This is mainly 
due to the reason that CO2 emissions are priced higher than in any other scenario. This leads to ‘greener’ 
bids that were not very feasible in terms of costs to become feasible with additional incentives for CO2 



95 
 

emissions reduction. Thus, higher CO2 emission costs become an important factor in decision making and 
lead to changes in decisions, indeed. 
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