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Abstract 
 

 In order to establish green logistic systems, life cycle assessment (LCA) is an important 
tool for evaluating and comparing overall environmental impacts from various options. Most 
LCA studies rely on readily available secondary databases on transport services such as 
Ecoinvent database and scientific publications. The most widely applied Ecoinvent database on 
transport services is aggregated with specific transport variables and statistics based on 
European and Swiss average data. To modify the life cycle inventory (LCI) database with 
specific variables (e.g. load factors, driving speed, etc.) is very complicated and may not be 
possible. Such studies are still lacking due to complexity and resource limitations. This study 
aims to provide a framework for LCI modelling to conduct LCAs of European freight transport 
with up-to-date LCI data in terms of emissions and transport variables. The framework 
comprises of a conceptual transport model, important transport variables and data sources for 
freight transport by road and by rail in Europe. The data collection was carried out by literature 
studies and interviews with relevant experts. The framework is useful for LCA practitioners, 
researchers and industries to include specific transport variables and to adequately assess the 
environmental impacts from transport activities by road and by rail.  
 
Key words: Green logistics/ LCI modelling framework/ Emission model/ European freight 

transport.  
 
1. Introduction 
  

Global trading and logistics of 
goods have been developed and 
intensified to fulfil rapidly increased 
demand for food, energy and materials. 
Transport operations consume 
considerable amount of fuels and 
significantly emit various pollutants 
resulting in adverse impacts on climate, 
resource, human health and ecosystem 
(based on IPCC, 2007; Heinrich et al., 
2005; Wash, 2011). In order to design 
green logistic systems with less 
environmental impacts, life cycle 
assessment (LCA) has been widely used 
as a tool for impact assessment and 
comparison (Facanha and Horvath, 2006;  
González-García et al., 2009). Moreover, 
LCA aims to evaluate the overall 
environmental impacts of a product from 
a whole life cycle including raw material 

extraction to final disposal. Hence, 
transport is generally included in LCA 
studies. Most LCA studies in Europe rely 
on the readily available secondary 
database on transport services such as 
Ecoinvent database and scientific 
publications (González-García et al., 
2011; Prapaspongsa et al., 2010). The 
most widely applied Ecoinvent database 
on transport services (Spielmann et al., 
2007) is aggregated with specific 
transport variables and statistics based on 
European and Swiss average data. 
Modification with specific variables is 
very complicated and may not be possible. 
Furthermore, primary data collection 
requires a lot of resources, which are 
rather used for the main production 
processes of the products. In the 
meanwhile, research on transport in 
Europe has been carried out at individual, 
national and European level. There are 
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several existing emission models or 
guidebooks which are updated periodically 
such as EMEP/EEA air pollutant emission 
inventory guidebook 2009 (EEA, 2009a), 
Handbuch (Hausberger et al., 2009), 
TREMOVE (De Ceuster et al., 2007), and 
COPERT (Ntziachristos et al., 2009a). The 
application of European transport emission 
models in combination with existing LCI 
databases on LCA studies can improve the 
data quality. Such studies are still lacking 
due to the complexity and resource 
limitations. Therefore, this study aims to a 
provide framework for LCI modelling to 
conduct LCAs of European freight transport 
with up-to-date LCI data in terms of 
emissions and transport variables by utilising 
the integrated European models and 
databases. The framework includes a 
simplified conceptual transport model, 
important transport variables and data 
sources for freight transport by road and by 
rail in Europe.  

 
2. Methodology for LCI Modelling 
 
2.1 Goal and scope of the LCI 
 

The goal of the LCI modelling is to 
provide a tool for researchers, industries 
and practitioners to carry out LCAs with the 
most up to date and relevant LCI data on 
European freight transport services. Sources 
of data on fuel and material consumption 
and related emissions from freight transport 
are identified. The functional unit (FU) of 
the complete LCI modelling is one tonne-
kilometre (tkm) referring to the weight of 
goods transported by a certain mean over 
one kilometre. The system boundary 
considers only inland freight transport in 
EU-27. The transport modes included in 
this study are only road and rail 
contributing to 74% and 16% of total inland 
freight transport in EU-27 in 2009, 
respectively (European Union, 2011). This 
conceptual framework is only part of LCI 
analysis phase. The complete LCI data with 
the specified FU are not included. Only 

framework to support how to model/gather 
data is presented.  The actual application of 
this framework is recommended to consider 
all requirements in the ISO 14040 and 
14044 standards (ISO 14040, 2006; ISO 
14044, 2006). 
 
2.2. Framework development and data 
collection 
 

The conceptual framework is 
developed on the basis of the transport 
model structure in Ecoinvent database 
(Spielmann and Scholz, 2005; Spielmann et 
al., 2007). The transport emission model 
analysis and data collection were carried 
out by various methods including literature 
studies and interviews with experts from 
European Environmental Agency, and 
Volvo Truck Corporation.  
 
3. Framework for LCI Modelling of 
Freight Transport by Road and by Rail 
 
3.1 European transport emission models 
 

Transport emission models such as 
COPERT, ARTEMIS, Handbuch, VERSIT+, 
etc. have been developed for application at 
regional, national, city and street levels 
(Hausberger et al., 2009; Ntziachristos et al., 
2009a; Smit et al., 2007; Ntziachristos et al., 
2009b). Selection of the emission models 
depends on data availability and purposes of 
the model application. If the transport 
activity data are available at disaggregated 
level, the detailed emission models for 
application at street or city level such as 
VERSIT+ are preferable (Jensen, P. and 
Adam, M., personal communication,  
November 18, 2010). In this study, 
COPERT–a European road transport 
emission inventory model - is chosen as a 
part of the LCI modelling framework since 
the goal of LCI modelling defined in this 
work focuses at European level applying 
easily accessible data. Moreover, COPERT 
has been used to calculate emissions (GHG 
and other air pollutants) reported in national  
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Figure 1 Conceptual framework for LCI modelling of European freight transport  
(Developed from Ntziachristos et al., 2009a; Ong et al., 2011; Spielmann and Scholz, 2005). 
 
inventories of 22 EU member states 
(Ntziachristos et al., 2009a). 

This model is also applicable 
worldwide and updated on a yearly basis. 
The COPERT methodology has been 
applied as the algorithm in (EEA, 2009a) 
to calculate emissions from road transport 
(Ntziachristos et al., 2009a). The 
methodology provided in the EMEP/EEA 
guidebook 2009 is also selected as part of 
the emission model for freight train 
transport as it has also been widely used 
in Europe (Uherek et al., 2010).  
 
3.2 Framework for LCI modelling 
 

The conceptual framework/model 
for LCI modelling is illustrated in Figure 
1. The figure illustrates the three transport 
modules for the European freight 
transport by road and by rail with an 
indication for transport models, main 
input variables and intermediate 
calculations. Detailed components of this 

framework including general description, 
intermediate calculations, and input 
variables with some examples are also 
presented below. 

Firstly, The conceptual transport 
model (framework) is mainly based on the 
Ecoinvent database categorising road and 
rail transport services into three modules 
of vehicle operations, transport equipment 
and transport infrastructure (Spielmann et 
al., 2007; Spielmann and Scholz, 2005). 
Secondly, Vehicle operations include 
exhausted and non-exhausted emissions 
while transporting goods by road or by 
rail over one kilometre. The main input 
variables, intermediate calculations and 
overall emission calculations from this 
module are based on methodology in 
COPERT 4 software, EMEP/EEA 
guidebook 2009 and the ecoinvent 
database. Thirdly, Transport equipment 
covers road vehicles, locomotives and 
goods wagons.  
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The data for this transport module 
were gathered based on different 
reference units and were linked to the 
reference flow of “tkm” by specific 
demand factors. 

The demand factor can be 
calculated from vehicle stocks, goods 
transport performance and vehicle life 
time. When multiplying the demand 
factors (with a unit of vehicle-km/tkm 
with the environmental interventions from 
transport equipment for manufacturing, 
maintenance, and disposal (with a unit of kg 
emissions/vkm), emissions from transport 
equipment per tkm can be achieved. 
Transport infrastructure include road and 
railway track. Similar to transport 
equipment module, the infrastructure per 
tkm can be estimated from the demand 
factor and the environmental interventions 
from transport infrastructure for 
manufacturing, operation, maintenance and 
disposal. Since the transport equipment and 
infrastructure modules are mainly based on 
the ecoinvent database (Spielmann et al., 
2007; Spielmann and Scholz, 2005), this 
paper only describes the vehicle operation 
module in which the improvement is 
specifically recommended. 
 
3.2.1 Emissions from the vehicle 
operations  

Emissions from vehicle operations 
comprise of emissions from fuel 
production (or well-to-wheel emissions), 
and exhausted and non-exhausted 
emissions. To calculate total emissions 
from transport services, it requires 
specific activity data, emission factors and 
environmental interventions from fuel 
production. In case of electric road and 
rail vehicles, fuel emissions depend on the 
electricity production for each 
country/region. It is recommended to use 
the ecoinvent database as a background 
data for environmental interventions from 
fuel production.  

Exhausted emissions can be 
categorised into fuel-dependent, regulated 

and other emissions (Spielmann et al., 
2007). Fuel-dependent emissions (CO2, 
SO2, and trace elements in fuel - heavy 
metals) are derived from fuel composition, 
fuel consumption (litre/tkm) and emission 
factors (kg pollutant/litre). CO, NOx, PM 
and HC emissions from road vehicles are 
controlled under European Emission 
Standards (European Commission, 2012). 
In some European countries, emission 
standards for road vehicles are applied for 
rail transport as well. Other exhausted 
emissions are NH3, N2O and PAHs.  

The emissions for road transport can 
be directly estimated by using the 
COPERT model when all relevant 
variables are known (e.g. vehicle 
populations, annual transport performance, 
driving conditions, climate conditions and 
topography, etc.). Alternatively, transport 
emissions can be calculated specifically 
from load factors, fuel consumption and 
emission factors. Both emission factors 
for road and rail transport are published in 
(EEA, 2009a). As mentioned earlier these 
numbers are widely used and regularly 
updated.  

In addition, emission factors and 
fuel consumption from rail transport are 
also available in statistics/publications 
from International Union of Railways, e.g. 
International Union of Railways (2010). 
The intermediate calculations and 
suggested data sources for load factors 
and fuel consumption will be listed in the 
following sections. 

For road non-exhausted emissions, 
it comprises of emissions from gasoline 
evaporation, road vehicle tyre and brake 
wear and road surface wear caused by 
vehicles’ motion. For rail non-exhausted 
emissions, source includes abrasion from 
rail tracks, wheels, brakes, overhead 
contacted line (for specific rail types). It is 
recommended to use data and calculation 
methods in EEA (2009a) for road non-
exhausted emissions and those in 
Spielmann et al., (2007) for rail non-
exhausted emissions. 
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3.2.2 Intermediate calculations for the 
vehicle operations 

Intermediate calculations are needed 
in case that the input variables cannot be 
directly used for estimating emissions 
from transport operations. For example, 
fuel consumption with specific load factor 
requires various input variables. The 
values can be estimated by various 
methods depending on available input 
variables. If specific variables (i.e. driving 
conditions, climate conditions and 
topography) are known, the more specific 
emission factors can be achieved by using 
the COPERT software considering both 
hot and cold emissions (Ntziachristos et 
al., 2009a). For rail transport, top-down 
calculations are more practicable since 
this mode of transport often includes both 
freight and passenger transport and 
requires additional allocation factors. 
 
3.2.3 Input variables for the vehicle 
operations 

Firstly, fuel consumption (with full 
and empty loads) and specific load factors 
for road transport are required for 
calculating the fuel consumption for 
specific load factors. If the actual 
measurements are not available for the 
LCA studies being conducted, the values 
for different road freight transport 
systems are available at Volvo Truck 
(Volvo Truck Corporations, 2010) 
derived from Volvo Truck’s test driving 
cycles representing typical driving 
behaviours in 2009 (Kloo, H., personal 
communication, December 14, 2011) as 
shown in Table 1.  
 
 
 
 
 
 
 
 
 
 

Table 1 Typical fuel consumption for road freight 
transport (Volvo Truck Corporations, 2010). A = 
Truck, distribution traffic, B = Truck, regional 
traffic, C = Tractor and semi-trailer, long-haul 
traffic, D = Truck with trailer, long-haul traffic. 

 Type of road freight transport 
A B C D 

Payload 
(tonnes) 8.5 14 26 40 

Total weight  
(tonnes) 14 24 40 60 

Fuel 
consumption, 
empty load  
(litres/100 km) 

20-25 25-30 21-26 27-32 

Fuel 
consumption, 
full load  
(litres/100 km) 

25-30 30-40 29-35 43-53 

 
Furthermore, the fuel consumption 

with full and empty loads can be directly 
calculated by the excel files for heavy 
duty vehicles available at (EEA, 2009b). 
Based on these data, it allows us to 
estimate the amount of fuel consumption 
per tkm. 

For rail transport, the data are often 
available at aggregated level with typical 
load factors. For example, Norris et al. 
(2010) provides the amount of fuel 
consumption for typical railway transport 
per hour as shown in Table 2. 
Additionally, the fuel consumption per 
tkm of rail transport are published in 
International Union of Railways (2010) 
and Andersson et al. (2011). 
 
Table 2 Fuel consumption for different 
locomotive types (Norris et al., 2010).  

Category Fuel consumption 
(kg/h) 

Line-haul 
locomotives 219 

Shunting 
locomotives 90.9 

Railcars 53.5 
 

 
 
 
 
 
 
 



Environment and Natural Resources J. Vol 10, No.2, December 2012:58-65 63 
 

 

Secondly, load factors are important 
variables to estimate specific fuel 
consumption and efficiency of the freight 
transport. Despite the available load 
factors in many studies including the 
European statistical database, the numbers 
expressed in the unit of tonnes per vehicle 
lead to erratic interpretations (EEA, 2010). 
The higher load factors in tonnes can be 
the results from the higher load capacity 
(maximum allowable laden weight) 
and/or from the increased efficiency in the 
utilization of the available capacity. The 
disaggregation cannot be done with the 
available data in the European statistical 
database which integrated all vehicle 
classes in road freight transport from 
different EU countries. Consequently, the 
load factors used in LCA studies should 
be estimated in a unit representing the 
utilization of load capacity (%) for laden 
trip. The factors derived from dividing the 
numbers of tkm by the numbers of vkm 
should be disregarded (EEA, 2010). The 
load factors (only for laden trips) in 
utilization of the available capacity and 
the percentage of empty trips for road 
freight transport are available at (EEA, 
2010). Moreover, the overall load factors 
(including empty trips) can be achieved 
from the modelling results of TREMOVE 
model (TREMOVE, 2012). For rail 
freight transport, load factors in literature 
often showed the wide span of numbers in 
term of gross weight, load capacity and 
load factors (Andersson et al., 2011; Janic, 
2008).  Load factors for goods transport 
by rail for eight European countries were 
documented in (EEA, 2010) and clearly 
showed the variations from country to 
country.  

Thirdly, topography significantly 
affects the amount of fuel consumption. 
Hilly conditions require higher fuel for 
road and rail transport. Driving conditions 
including driving speeds, acceleration 
rates, and stops influence on the fuel 
consumption as well. For climate 
conditions, it directly affects the emission 

rates from the road transport. These 
variables should be specifically identified 
to improve data quality in emission 
inventory establishment. 
 
4. Conclusion 
 

All in all, this paper presents 
framework for LCI modelling by using 
simplified conceptual transport model 
based on the ecoinvent database, the 
COPERT model, and/or EMEP/EEA 
guidebook. In order to apply the most up-
to-date data on emissions from transport 
operations in LCA studies, important data 
sources for input variables and emission 
calculations are recommended. Furthermore, 
the applications of this framework as a part 
of LCA studies will support industries for 
better design during product development 
by including green transport systems with 
less negative impacts on the environment 
and society. 
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