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Abstract 
The transport sector stands for a significant share of society’s energy consumption and greenhouse 
gas (GHG) emissions. In planning of new road infrastructure it is mainly direct emissions from traffic 
on the road that is taken into account. However, construction, operation and maintenance of the 
road infrastructure can stand for an important part of a road’s environmental load. Life cycle 
assessment (LCA) is a methodology that can be used for quantification of a product’s environmental 
impacts, from extraction of raw materials to waste treatment. An LCA-model for assessment of life 
cycle GHG-emissions and energy use of road infrastructure is under development in the project 
LICCER (Life Cycle Considerations in EIA of Road Infrastructure). The model is for use in early planning 
of road infrastructure, i.e. in choice of road corridor and construction type (road, bridge, and tunnel). 
This thesis is contributing to the LICCER-project by evaluating the possibilities of the LICCER-model to 
show differences between road corridors and by analysing how other road LCA-models can 
complement the LICCER-model. The LICCER-model is applied to a case study for choice of road 
corridors in early planning. Three road corridors are analysed based on data available in the 
feasibility study and compared to the reference alternative. Results show that production of 
bitumen, explosives and aggregates and earthworks in the construction phase contribute most to 
greenhouse gas emissions and energy consumption. A sensitivity analysis is performed in order to 
analyse how quantitative output and ranking of alternative can vary depending on changes in input 
parameters. Big changes are seen for changes in excavated volumes of rock, fuel use for excavation 
work, assumption on mass balance, share of fuels for operation of vehicles, soil stabilisation measure 
and choice of emission factors for aggregates and bitumen. The ranking can change for assumptions 
regarding estimated volumes of rock in the different road corridors. The LICCER-model and EFFEKT 
are relatively similar, but there are big differences between JOULESAVE and the LICCER-model. 
Consequentially, the outcome of studies made with JOULESAVE and the LICCER-model is significantly 
different, even when the same road corridors are analysed. The LICCER-model could be 
complemented with additional construction activities from JOULESAVE but other models may in fact 
complement the LICCER-model better at this stage of the model development, by providing 
background data or methods to account for uncertainties. Results from this thesis contribute with 
additional knowledge on GHG-emissions and energy consumption from road infrastructure. Results 
show that it is possible to use LCA-methodology and LCA-models such as the LICCER-model in early 
planning of road infrastructure for choice of road corridor and/or construction type and that data 
from the road’s feasibility study can be used to evaluate a road corridor from a life cycle perspective. 
Results can be useful also outside of the LICCER-project for planners and for development of LCA-
methodology for early planning of road infrastructure. 
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Sammanfattning 
Transportsektorn står för en betydande del av samhällets energiförbrukning och utsläpp av 
växthusgaser. Vid planering av nya vägar är det främst direkta trafikrelaterade utsläpp som beaktas. 
Det har dock visats att byggande, drift och underhåll av väginfrastruktur kan stå för en viktig del av 
en vägs miljöbelastning. Livscykelanalys (LCA) är en metod för kvantifiering av en produkts 
miljöpåverkan, från utvinning av råvaror till avfallshantering. En LCA-modell för bedömning av 
växthusgasutsläpp och energianvändning under en vägs livscykel är under utveckling i projektet 
LICCER (Life Cycle Considerations in EIA of Road Infrastrucutre - Livscykelbedömning i MKB för 
väginfrastruktur). Modellen är avsedd att användas i tidiga planeringsstadier, i val av vägkorridor och 
konstruktionstyp (väg, bro eller tunnel). Detta examensarbete bidrar till LICCER-projektet genom att 
utvärdera LICCER-modellens möjligheter att visa skillnader mellan vägkorridorer och genom att 
analysera hur andra LCA-modeller för väg kan komplettera LICCER-modellen. LICCER-modellen 
tillämpas på en fallstudie för utvärdering av tre vägkorridorer baserat på data tillgänglig i förstudien. 
Resultatet visar att produktion av bitumen, sprängämnen och aggregat, samt schaktning av jord och 
berg bidrar mest till utsläpp av växthusgaser och energianvändning. En känslighetsanalys utförs för 
att analysera hur resultatet från fallstudien kan komma att ändras då förändringar görs i de indata 
som används. Stora förändringar kan ses för ändringar i volym utgrävt berg, bränsleförbrukning för 
schaktning, antagande om massbalans och framtida andel av bränslen och val av emissionsfaktorer 
för aggregat och bitumen. Rankningen mellan alternativ kan komma att ändras för andra antaganden 
om utgrävda volymer berg i de olika vägkorridorerna. LICCER-modellen och EFFEKT är relativt lika, 
men stora skillnader kan ses mellan JOULESAVE och LICCER-modellen. Det är därför en väsentlig 
skillnad mellan resultat av studier utförda med JOULESAVE och LICCER-modellen, även om samma 
vägkorridorer analyseras. LICCER-modellen kan kompletteras med ytterligare 
konstruktionsaktiviteter från JOULESAVE men andra modeller skulle kunna komplettera LICCER-
modellen bättre under detta stadie av modellutvecklingen, t.ex. genom att tillhandahålla emissions- 
och energifaktorer, eller metoder för att uppskatta osäkerheten i resultatet. Studien visar att det är 
möjligt att använda LCA-metodik och LCA-modeller såsom LICCER-modellen i början av planeringen 
av väginfrastruktur för val av vägkorridor och/eller konstruktionstyp och att data tillgänglig i 
förstudien kan användas för att utvärdera en vägkorridor även ur ett livscykelperspektiv. Studien 
visar möjligheter och begränsningar med att utföra LCA i tidiga planeringsstadier för väginfrastruktur 
och kan som sådan ge användbar information inte bara till LICCER-projektet, utan också för de som 
bygger och planerar väg, och för utvecklandet av LCA-metodologi för väginfrastruktur. 
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1. Introduction 
The transport sector stands for a significant share of society’s energy consumption and greenhouse 
gas (GHG) emissions. Due to the size of the transport sector emission reductions could contribute to 
national and international environmental goals. An analysis made by the European Commission 
(2011) shows that a reduction of GHG-emissions with at least 60% by 20501 is required for the 
transport sector, as a part of the overall goal to reduce the GHG-emissions within EU. Environmental 
impacts from the road transport sector are often associated with the vehicles on the road; however 
construction, operation and maintenance of the road infrastructure should not be neglected. 
Estimations show that the road infrastructure can stand for up to 22% of the total energy use of a 
road transport system (Jonsson, 2007).  

Environmental Assessments (EA) are within EU undertaken for all plans, programs and projects that 
may have a significant impact on the environment. This is done in order to ensure that 
environmental implications of decisions are taken into account in the decision making process 
(European Commission, 2013). Two such EA methods are Strategic Environmental Assessment (SEA) 
for plans and programs, and Environmental Impact Assessment (EIA) for projects. These procedures 
should include quantification of possible environmental impacts, including also GHG-emissions and 
energy use. However, current practice shows that GHG-emissions and energy consumption from 
road infrastructure are often left out from the analysis (Finnveden and Åkerman, 2011; Hilden et al., 
2004). Due to the high inertia of the built environment the decisions made could affect sustainability 
for long periods of time (Åkerman and Höjer, 2006). By including only direct traffic related impacts 
the basis for decision can be misleading, especially for bigger resource demanding road projects 
(Öman et al., 2012).  

Life cycle assessment (LCA) is a method that could be used for quantification of the environmental 
impacts of a product system throughout the whole life cycle, from extraction of raw materials to 
waste treatment (Baumann and Tillman, 2004). LCA has been used to evaluate the environmental 
impacts of road infrastructure since the 1990’s (Carlson, 2011) and has been noted as a tool that 
could complement environmental assessments such as SEA (Stripple and Erlandsson, 2004; 
Björklund, 2012) and EIA (Tukker, 2000; Finnveden and Moberg, 2005). However, so far it has not 
been common to actually include LCA in early planning stages, rather the LCA is performed when 
location of the road has already been chosen (Kluts and Miliutenko, 2012).  

The project LICCER (Life Cycle Considerations in EIA of Road Infrastructure) aims to develop a life 
cycle model (the LICCER-model) for assessment of GHG-emissions and energy use in early planning of 
road infrastructure. Early planning is defined as choice of road corridor and choice of construction 
type – plain road, tunnel or bridge. The LICCER-model is based on the Norwegian model EFFEKT 
which is regularly used for early planning in Norway, and covers material production, construction, 
operation and maintenance and demolition of the road infrastructure. Additionally, also operation of 
traffic on the road is included. The LICCER-model will enable national road agencies and other 
stakeholders to compare different road corridor alternatives in the decision-making process 
(Brattebø et al., 2013).  

Development of the LICCER-model started in January 2012. A draft version of the model was finalised 
in the beginning of 2013 and by June the same year the model was ready for application in a case 

                                                           
1 With respect to the level in 1990 



 

2 
 

study. A final version of the LICCER-model is planned for December 2013 and it will be available for 
the public in the beginning of 2014. As it was decided that the LICCER-model should be based on 
other road LCA-models it has been necessary to identify those LCA-models and evaluate how they 
can complement the LICCER-model. Before finalising the model it is also necessary to test its 
applicability and robustness, in order to evaluate its usability for decision making. The applicability of 
the model can be defined as user friendliness, and relevant content and relevant results for decision 
making in early planning stages. Robustness of the model is related to its possibilities to show 
differences between road corridors and can be evaluated through identification of assumptions and 
parameters to which the model output is the most sensitive and the uncertainty in these parameters 
and assumptions. This thesis is contributing to the LICCER-project in accordance with aim and 
objectives specified below.  

1.1. Aim and objectives 
The aim of this thesis is to contribute to the LICCER-project by evaluating the possibilities of the 
LICCER-model to show differences between road corridors in early planning road LCA and to analyse 
how other road LCA-models can complement the LICCER-model.  

The following objectives are set in order to achieve this aim:  

(i) To apply the LICCER-model to a case study on selection of road corridor in early planning 
and perform a sensitivity analysis of the result in order to identify parameters and 
assumptions to which the model output is most sensitive    
 

(ii) To identify other road LCA-models in order to find additional LCA-models that can be 
used for early planning of road infrastructure, i.e. in choice of road corridor and/or 
construction type 

 
(iii) To compare the identified LCA-models for early planning with the LICCER-model in terms 

of methodological choices related to functional unit, system boundaries and choice of 
background data and discuss the importance of these methodological choices for the 
outcome of studies performed with the models.  

1.2. Scope and limitations 
This thesis is limited to LCA for roads in early stages of infrastructure planning, i.e. at the stage where 
road corridor and construction type is chosen. There is no review or analysis of models and LCA 
studies related to choice of modality (comparison of road and rail infrastructure, or road construction 
with increased public transportation, etc.).  

Even though the LICCER-model can be used together with, or in parallel to, an EIA, this thesis does 
not focus on environmental impacts from an EIA perspective, or discuss possible combinations of EIA 
and LCA. Nor are economic or social impacts assessed. Only life cycle GHG-emissions and energy 
consumption is evaluated, due to the scope of the LICCER-model. Of the road elements included in 
the LICCER-model only roads and bridges are analysed as there are no tunnels on the road in the case 
study. 

A survey of road LCA-models is made in order to identify other road LCA-models for early planning of 
road infrastructure. These tools are presented as a motivation for choice of early planning tools to 
compare with the LICCER-model, even though they are more relevant for later planning stages. The 
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survey is limited to road LCA-models described in other reports, and/or easily found online. No 
efforts are made to identify all possible tools in all countries, companies, organisations etc.   

Results from the case study are analysed with a sensitivity analysis; however this does not say 
anything about the uncertainty in the result. The uncertainty in the outcome of the study is not 
evaluated as the range of uncertainty in each parameter is not known. 

1.3. Structure of the thesis 
Chapter 2 – Methodology: This chapter aims to describe the methodologies used when writing this 
thesis. It gives a background to life cycle assessment (LCA) and provides a description of important 
methodological choices in performance of LCA as a basis for comparison of road LCA-models in 
accordance with Objective (iii). Additionally the chapter contains a description on how the literature 
review was performed, in particular how the different road LCA-models were chosen for Objective 
(ii), and choice of case study for Objective (i).  

Chapter 3 – Life cycle assessment of road infrastructure: This chapter provides first a general 
overview of road LCA to put the rest of the thesis into context. The road LCA-models identified as 
part of Objective (ii) are then described, followed by a description of the LCA-models JOUELSAVE and 
EFFEKT which were the tools identified for early planning road LCA. The description serves as a basis 
for later comparison of these tools with the LICCER-model in relation to Objective (iii). This 
comparison is found in Chapter 6 – Discussion, and does not have a separate results chapter. 
Previous road LCA-studies performed in early planning are described in the end of Chapter 3. 

Chapter 4 – Case study: This chapter is related to Objective (i). The chapter starts with an outline of 
the goal of the study, and description of the chosen case. This is followed by a presentation of the 
LICCER-model as the many methodological choices that are made are limited by the LICCER-model. 
The inventory data gathered for modelling of the road corridors and the reference alternative is 
described in the final part of the chapter.  

Chapter 5 – Results from the case study: This chapter presents the results from the case study. The 
resulting material, energy and fuel consumption calculated by the LICCER-model, and the greenhouse 
gas emissions and energy consumption of the three road corridors are presented both for individual 
road corridors and in relation to the zero-alternative. The most important contributions to impacts 
from the different life cycle stages are described. This is important as a basis for the sensitivity 
analysis which is presented in the end of the chapter.  

Chapter 6 – Discussion: In this chapter results from the case study are discussed first in relation to 
Objective (i). This is followed by a by a comparison of the LICCER-model, EFFEKT and JOULESAVE in 
order to fulfil Objective (iii). 

Chapter 7 – Conclusions: Conclusions from the study are presented by answering the following 
questions related to the aim of the thesis: “What are the possibilities of the LICCER-model to show 
differences between road corridors?” and “How can other road LCA-models complement the LICCER-
model?”.  

Chapter 8 – Future work: This section presents ideas for future work with the LICCER-model and for 
the field of LCA in early planning of roads. 
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2. Methodology  
This chapter describes the methodologies used when writing this thesis. Chapter 2.1 describes the 
methodology of life cycle assessment (LCA). Chapter 2.2 describes how the literature review was 
conducted and Chapter 2.3 the choice of case study. This thesis has been written in close 
collaboration with the LICCER-group. Meetings with the LICCER-group have been attended regularly 
during the course of work.  

2.1. Life cycle assessment  
Life cycle assessment (LCA) is a framework for assessment of resource use and environmental 
impacts throughout the life cycle of a product or a service, from acquisition of raw materials via 
production and use phases to waste management (ISO 14040:2006). LCA can be used in various 
different contexts, such as design and improvement of products or processes, eco-labelling, 
purchasing and benchmarking (Baumann and Tillman, 2004).  

An LCA study usually consists of four stages applied in an iterative process (Baumann and Tillman, 
2004; ISO 14040:2006). Figure 1 below shows an outline of the LCA procedure. 

1. Goal and scope definition. The goal is related to the context of the study, such as why it is done 
and who will use the result. The scope of the study is related to choices made in modelling, such 
as options to model, choice of functional unit, impact categories, system boundaries, data quality 
requirements. These methodological choices are described in more detail below, in section 2.1.1. 

2. The life cycle inventory (LCI) includes description of the resources used throughout the life cycle 
and the resulting emissions.  

3. The emissions and resource use are then related to environmental problems in the life cycle 
impact assessment (LCIA), i.e. environmental loads such as emissions of CO2 and SO2 are 
translated into environmental impacts such as climate change, acidification, etc. 

4. Finally the results are evaluated in relation to the goal and scope, in order to reach conclusions 
and provide recommendations.  

 

Figure 1. Overview of the LCA-procedure. The arrows indicate the order in which the procedural steps are performed. 
The broken arrows indicate possible iterations. (Adapted from Baumann and Tillman, 2004). 
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2.1.1. Methodological choices  
A number of methodological choices have to be taken into account when performing an LCA and the 
choices made could have a significant influence on the final results. According to Bauman and Tillman 
(2004) the four most important methodological issues are choice of functional unit, system 
boundaries, and type of data used. As these choices depend on the scope of the study, i.e. the 
question that should be answered, a first distinction must be made between different types of LCA.  

A first distinction that has to be made is the one between stand-alone and comparative LCA. A 
stand-alone LCA is performed when a single product is analysed, often in a way to describe the “hot-
spots” in the life cycle, i.e. those activities that are causing the biggest environmental impact. If the 
purpose is instead to compare two or more alternatives in order to find the one with the least 
environmental impacts, a comparative LCA can be performed (Baumann and Tillman, 2004). Another 
distinction is that between consequential and attributional LCA. An attributional LCA aim to answer 
questions of the type “What environmental impact can be associated with this product”, while a 
consequential LCA answer questions of the type “What would happen if….” through modelling 
effects of changes made to the system (Baumann and Tillman, 2004).  

LCA relates environmental impacts to a function of the product system. The functional unit is a 
quantitative expression of this function. When conducting a comparative LCA it is important that the 
methodological choices allow fair comparison between alternatives. Especially the choice of 
functional unit is critical, as it corresponds to a reference flow to which all inputs and outputs of the 
system are related. In a comparative LCA the functional unit must represent the function of the 
compared options in a fair way (Baumann and Tillman, 2004).  

Choices and assumptions made regarding system boundaries are often decisive for the results of the 
LCA study (Rebitzer et al., 2004). System boundaries can be specified in several dimensions (Bauman 
and Tillman, 2004): 
• Boundaries in relation to natural systems – where does the life cycle begin and end?   
• Geographical boundaries – where in the world do the different parts of the life cycle take place?  
• Boundaries in time – within what time perspective are the processes studied, what assumptions 

are made with regards to future technologies and within what timeframe are environmental 
impacts analysed?  

• Boundaries within the technical system – how should impacts be allocated between several 
products that share the same processes?   

No matter which type of LCA that is performed the quality of the analysis will depend on the choice 
of data. However, it is often difficult to find the necessary data and data collection can therefore be 
one of the most work and time consuming stages of the LCA. In order to facilitate the LCI many 
databases have been developed which include inventory data on products and basic services needed 
in every LCA, such as raw materials, transport processes and generation of electricity (Rebitzer et al., 
2004; Finnveden et al., 2009). Sometimes the data collection may be simplified by use of an LCA 
software tool. Some LCA tools are generic and applicable to any product or service, for example the 
widely used software SimaPro (Goedkoop et al., 2008), but there are also LCA-models that have been 
designed for a specific sector, for example tools for waste-management modelling (Finnveden et al., 
2009). Tools designed specifically for the road sector are described in Chapter 3.2 and 3.3.  
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2.1.2. Uncertainty in LCA  
Uncertainty and variability arises in all stages of the LCA, from definition of the system boundaries 
and the functional unit in the goal and scope to collection of inventory data and choosing impact 
categories and LCIA-methods. Uncertainty arises from lack of knowledge on the true value of a 
quantity and can be reduced by more research and efforts to find better data. Variability on the 
other hand is due to the natural heterogeneity of values, for example natural variations between 
places and variations over time, and cannot be reduced (Björklund, 2002).  

Sensitivity is the influence that the independent variables (input parameters, system boundaries etc.) 
have on the dependent variables (the output parameters, or the priorities between alternatives in a 
comparative LCA). The effect on the outcome of the study to changes in the independent variables 
can be assessed with a sensitivity analysis where the variables are subject to small changes in order 
to show the effect on the output, or priorities between alternatives (Björklund, 2002). It should 
however be noted that sensitivity analysis does not say anything about the uncertainty in the system.  

2.2. Literature review 
A literature review was performed in order to identify previous work related to LCA for road 
infrastructure and for identification of other road LCA-models in relation to Objective (ii). Previous 
literature reviews of road LCAs provided an overview of the different types of road LCA that exist and 
issues normally encountered when performing a road LCA, in particular Carlson (2011), Santero et al. 
(2011) and Miliutenko (2010). As this thesis is mainly focused on early planning of road 
infrastructure, the many LCA-studies available on road construction at later stages was not reviewed 
in detail, however the very extensive report by Stripple (2001) served as valuable input on road 
infrastructure from a life cycle perspective. Information on road LCAs in early planning stages was 
mainly found through reviewing road LCA-models. These reports are all written in Europe after 2006 
and are found in final reports from research projects (Kennedy, 2006), a master thesis (Shamoon, 
2012), and from the Swedish Geotechnical Institute (Andersson-Sköld and Bergman, 2012). 

Identification of road LCA-models began from previous information compiled by Sofiia Miliutenko 
who in turn had learnt about the existence of the tools from workshops and contacts with experts in 
the field of road LCA. Identification of one tool has in turn often led to identification of others as 
development of a new tool many times starts with a survey on what other tools that exist. Especially 
the CEREAL-project (CEREAL, 2012) was useful for finding additional tools. More detailed information 
on the tools was then compiled from reports from the project within which the tool was developed 
and from the tools’ user manuals. Also other information sources such as scientific articles, reports 
from road authorities, conference papers, company websites, Ph.D. thesis and other published 
literature have been used as references. 

2.3. Case study  
The case study was performed in accordance with Objective (i). It was performed in later stages of 
the work with this thesis, when the LICCER-model was ready for use in the case study. However, 
work with the LICCER-model was on-going during most of the work process.  

The project chosen for the case study was the on-going reconstruction project between Yxtatorpet 
and Malmköping on road 55 in south-eastern Sweden. This project was chosen as it includes both 
widening of an existing road and construction of new road sections and bridges, which allows for 
testing many of the features in the LICCER-model. The project has also been evaluated previously by 
Shamoon (2012) who used the road LCA-model JOULESAVE to evaluate energy consumption for the 
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road corridors in terms of material production, construction and operation of traffic. As JOULESAVE 
was one of the identified tools for early planning this provides an opportunity to further discuss 
similarities and differences between JOULESAVE and the LICCER-model.  

Input data for the case study was as far as possible gathered from the feasibility study in order to 
reflect the information actually available in the early planning stage. As input data was required 
which was not available in the feasibility study, a meeting was held with Jan Englund from VAP in 
August 2013. Jan Englund was involved in the performance of the feasibility study for the road 
construction project used in the case study. In this way it was possible to make expert assumptions 
for the missing input data. Further methodological issues in relation to the case study are described 
in Chapter 4 where the LICCER-model is described.  
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3. Life cycle assessment of road infrastructure  
This chapter aims to provide an overview of life cycle assessment of road infrastructure in terms of 
different types of road LCA, issues normally encountered when performing road LCAs and how road 
LCAs can be used in different stages of the planning of road infrastructure. Chapter 3.1 describes 
different types of road LCA, the road life cycle and how LCA can be used in different planning stages 
of new road infrastructure. Chapter 3.2 describe LCA models for road design and follow up in relation 
to Objective (ii), followed by a description of two tools for early planning in Chapter 3.3, namely 
JOULESAVE and EFFEKT, as a basis for Objective (iii). Finally other LCA-studies performed in early 
stages are reviewed in Chapter 3.4. Note that the LICCER-model is described in Chapter 4, and that a 
comparison of the LICCER-model with JOULESAVE and EFFEKT is found in Chapter 6 – Discussion.  

3.1. LCA in planning of road infrastructure  
Life cycle assessments have been performed for different aspects of road construction since the 
1990s (Carlson, 2011; Santero et al., 2011). Many of these studies are comparative LCAs performed 
for comparison of different types of construction materials, for example bitumen and concrete 
pavements (Horvath and Hendrickson, 1998) or virgin materials with recycled or secondary materials 
(Birgisdóttir et al., 2006). Many road LCAs are performed for the pavement alone, but there are also 
studies that analyse the whole road infrastructure, from site clearance to installation of road 
equipment (Stripple, 2001). Studies have also been performed to analyse different construction and 
earthworks techniques (Mroueh et al., 2000; Capony et al., 2013).  

There have also been efforts to identify the typical energy consumption and GHG-emissions for 
different types of standard roads (Karlsson and Carlson, 2012; Kennedy, 2006). The studies made are 
either theoretical in the sense that they analyse a fictive road section (Stripple, 2001), or analyse a 
specific road construction project (Capony et al., 2013). Additionally there have been studies made 
for tunnels and bridges, as they are important parts of the road network (Miliutenko et al., 2012; 
Hammervold et al., 2009). Under development is also a Product Category Rule (PCR) for roads in 
order to provide common calculation rules for road LCAs.  

The life cycle of a road is usually divided into three different stages (Stripple, 2001; Birgisdóttir, 2005; 
Miliutenko, 2010): construction, operation and maintenance, and demolition.  

Construction: This phase includes preparation of the road alignment, production and transportation 
of construction materials, construction of the actual road superstructure and production and 
installation of other road equipment, such as traffic signs, safety fences and road lighting.  

Operation and maintenance: This phase constitutes the use phase of the road. Operation of the road 
includes supporting functions that make it possible to use the road, such as winter service and road 
lighting. Maintenance activities are related to wear of the carriageway and the road structure and 
include maintenance and replacement of the road pavement etc.  Both operation and maintenance 
are events that reoccur during the lifetime of the road. In some studies the use phase also includes 
the actual traffic on the road. 

Demolition: This phase includes mechanical dismantling, transportation of waste and waste 
treatment. It is however rare that road infrastructure is completely demolished. Rather materials are 
continually replaced during the maintenance of the road.  
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The road life cycle have many characteristics which make it different from the life cycle of other 
products. First of all roads do not have a definite end in time and are not disposed of in the same way 
as many other products. The road is instead exposed to a constant process of change as its individual 
components are worn out and replaced with new materials in the maintenance phase. There is also a 
great variability in the road construction process between different construction sites, and conditions 
can even vary within the same road section. The terrain can for example be more or less hilly which 
brings differences in the amount of excavation work needed and the soil can be more or less stable, 
which brings differences in construction techniques (Stripple, 2001; Stripple and Erlandsson, 2004).  

Due to the uniqueness of roads, calculations have to be performed for each individual road if the 
result is to be representative. The different road LCAs performed are all using different system 
boundaries, functional units, impact categories, analysis periods etc. The studies are also subject to 
region-specific elements, such as electricity mix, construction practices and sourcing of materials. 
This makes it difficult to compare results from different studies and to translate LCA-results across 
regional boundaries. To perform an LCA of a road can be a complex task and there are often 
constrains such as data availability that makes it difficult to include all elements of the life cycle and 
every road LCAs is therefore forced to simplify its scope (Stripple, 2001; Santero et al., 2011).  

The types of materials, processes and impacts that are included in a road LCA vary depending on the 
goal and scope of the individual LCA study. While production of materials and construction activities 
are analysed in most road LCAs (Miliutenko, 2010; Santero et al., 2011; Carlson, 2011), the operation 
and maintenance phase is often omitted and if this phase is included it is often in a very simplified 
form that does not necessarily reflect the true conditions (Santero et al., 2011). Additionally the end-
of-life stage is often excluded from the road LCAs with the motivation that roads are seldom 
demolished (see for example Birgisdóttir, 2005; Stripple, 2001). It has been noted by Santero et al. 
(2011) that the excluded processes could contribute significantly to the overall impacts of road 
construction.  

One specific limitation to the data availability and complexity of a road LCA is related to in which 
stage of the planning that the LCA is performed. A number of decisions have to be taken in the 
planning processes related to modality, location, design etc. While the planning process varies 
between different countries it can be generalised depending on the main decisions taken in the road 
planning process (Miliutenko et al., 2013), see Table 1. In early planning stages there is not yet any 
detailed information available on material types and quantities, construction activities that will be 
required, etc. Nevertheless a simplified LCA could be performed in order to decide if a more 
extensive LCA will be necessary in later planning stages (Kluts and Miliutenko, 2012).  

Table 1. Main decisions taken during the planning of road infrastructure (adapted from Miliutenko et al., 2013).  

Planning stage Main questions answered  
Modality – national  Why is there need for a new infrastructure?  
Modality – project specific  What are alternative solutions for solving mobility problems? 
Choice of road corridor Where should the new road be constructed?  
Choice of construction type What type of construction (road, bridge, tunnel)? 
Choice of construction design How should the construction be designed (choice of materials 

etc.)? 
Follow-up How did it turn out?  
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3.2. LCA-models for road design and follow-up 
A survey of road LCA-models is made in order to find other tools than JOULESAVE and EFFEKT that 
can be used for choice of road corridor and construction type in early planning of road infrastructure. 
While there are many other road LCA-models available, none of them can be used specifically for 
early planning. The tools found are briefly described in this chapter. They have here been categorised 
as tools for road design and follow-up. It should however be noted that this categorisation is made 
specifically for this thesis, it is not necessarily a categorisation made by the developers of the tools. 
Table A-1 in Appendix A provides an overview of the models described.  

Two of the earliest road LCA-models are the Road Model (Stripple, 2001) which can be used in choice 
of pavement, but also include the whole construction process, and MELI2 for comparison of different 
types of road construction and foundation engineering methods (Mroueh et al., 2000). Since then 
many other tools have been developed, particularly tools for choice of pavement, for example choice 
between concrete and asphalt or virgin and recycled materials depending on scope of the tools. 
Examples are the tools asPECT3 and AggRegain (TRL Limited, 2010; 2011), Carbon Road Map (CEREAL, 
2012), ECORCE4 (Capony et al, 2013) and Carbon Calculator (UK Environmental Agency, 2007). Some 
tools also combine the LCA with assessment of economic aspects, for example Whole Life Cost / 
Carbon Tool (URS, 2012) and PaLATE5 (Horvath, 2004) or factors such as risk, noise and air quality in a 
complete decision making tool such as AMW6 (van Leest et al., 2006). ROAD-RES (Birgisdóttir, 2005) 
can be used both for assessment of road construction and disposal of residues.  

In some countries LCA-models are used in procurement to evaluate companies’ responses to bids, for 
example SEVE7 in France (SEVE, 2010) and DuboCalc in the Netherlands (Kluts and Miliutenko, 2012). 
LCA tools are also used within organisations to follow up on annual emissions from the whole 
organisation, in addition to emissions from individual projects, for example Carbon Management 
System (CMS) by Transport Scotland (Collin and Fox, 2010), the UK Highway Agency’s Carbon 
Calculator (Parsons Brinckerhoff, 2009) and GreenDOT for US state departments (Gallivan et al., 
2010). Klimatkalkyl was developed for The Swedish Transport Administration to assess construction 
related GHG-emissions from planned rail and road projects in Sweden 2014-2025 (Karlsson et al., 
2013). The tool Anavitor (Erlandsson et al., 2007), is an LCA and LCC tool for the Swedish construction 
industry. It can be used in many stages of the planning, such as procurement, production and follow-
up.   

Additionally there are LCA-tools for tunnels and bridges. These could be combined with other road 
LCA tools. For bridges there is the tool BridgeLCA (Hammervold et al., 2009) and for tunnels there is 
TEAM which evaluates the potential environmental impacts of a tunnel by material quantities 
obtained from work contracts (Schwartzentruber and Rabier, 2012). Finally there are also 
certification systems which allow companies to measure their sustainability against well-defined 
targets and indicators. While not specifically LCA-models, they can include LCA as one of many 
assessment categories. For example Greenroads (Anderson et al, 2011) where the LCA tool RoadPrint 

                                                           
2 MELI is short for the finish name Maarakentamisen ELInkaariarviointi, which means life cycle assessments of earthworks 
(Holmvik and Wallin, 2007) 
3 asphalt Pavement Embodied Carbon Tool 
4 ECOcomparateur Routes, Construction et Entretien (ECOcomparator for Roads and their Maintenance)  
5 Pavement Live-cycle Assessment Tool for Environmental and Economic Effects 
6 Afwegingsmodel Wegen 
7 Système d’Evaluation des Variantes Environnementales (System for Assessing Environmental Variants)  
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is recommended for use. The certification system CHANGER8 could be used for comparing road 
laying techniques and materials and to optimise site supply schemes (Huang et al., 2012).  

The described road LCA-models have all been developed for specific purposes and thereby include 
different materials, construction activities and life cycle stages and they have different system 
boundaries, functional units etc. The tools are ranging from simple Excel spread sheets that can be 
downloaded and used by anyone (e.g. Carbon Calculator) to online calculators (e.g. Roadprint) and 
advanced software tools (e.g. asPECT). Depending on the country in which they have been developed 
they will use of different background data and databases to make the tools more geographically 
relevant. However, the road LCA-study by Stripple (2001) is referred to by many, both in Sweden and 
the rest of Europe, as it is to date one of the most extensive datasets for road construction.  

3.3. LCA-models for early planning of road infrastructure  
In this chapter the tools EFFEKT and JOULESAVE are described as a basis for comparison of road LCA-
models with the LICCER-model in accordance with Objective (iii). The LICCER-model is described in 
Chapter 4, and the three models compared in Chapter 6 – Discussion.  

3.3.1. EFFEKT 
EFFEKT is a model developed and used by the Norwegian Public Road Administration. The model was 
originally used for assessment of costs and benefits of road construction projects in a cost-benefit 
analysis (CBA). This type of analysis has been used for a number of decades to assess the economic 
impacts of transportation projects in Norway and is regularly carried out in early planning stages to 
decide which alternative to choose within a project. As transport related GHG-emissions have 
attracted more attention recently it was decided to use LCA-methodology and include life cycle 
energy consumption (measured in cumulative energy demand, i.e. MJ) and GHG-emissions 
(measured in global warming potential, i.e. CO2-equivalents) in the CBA-tool (Sandvik and 
Hammervold, n.d.).  

EFFEKT allows for comparison of different road corridors and different construction alternatives. 
Roads, bridges and tunnels are included, as well as ferries which are considered to be an important 
part of the Norwegian road network. Results are expressed per year of operation and presented for 
each road corridor separately, both for each construction alternative and as an aggregated result for 
each corridor. The life cycle stages material production, construction and operation and maintenance 
are included, as well as operation of traffic. The end-of-life stage has been excluded from EFFEKT, for 
the main reason that tunnels and roads are seldom demolished; they tend instead to be left in the 
terrain. For bridges it has previously been shown that the end-of-life stage does not contribute much 
to the overall life cycle impacts (Sandvik and Hammervold, n.d.; Straume, 2011).  

Efforts have been made to make the environmental module of EFFEKT as simple as possible, to not 
include more input data than already needed for the economic module and only information that is 
known in the early planning stage. The materials that, based on case studies, were assumed to 
contribute the most to the environmental impacts were included in the model, for example steel, 
concrete, asphalt and aggregates (Straume, 2011), see Table B-1, Appendix B. Construction activities 
included are excavation of rock and soil, as well as transportation of excavated masses within the 
project. Operation of the road infrastructure includes the electricity used for road lighting, 
ventilation of tunnels and pumping of water away from tunnels. No maintenance activities are 

                                                           
8 Calculator for Harmonised Assessment and Normalisation of Greenhouse-gas Emissions for Roads 
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included for tunnels and bridges but maintenance of the road is taken into account by production of 
materials for re-paving of the road after a certain time.  

The model is adapted to Norwegian planning and Norwegian construction practices. There is for 
example a choice between Norwegian and Nordic electricity mix, and predicted amounts of 
earthworks are based on average cut-fill height for different Norwegian counties. The impacts are 
analysed over a time period of 25 years, as this is the standard analysis period used in the economic 
part of EFFEKT (Sandvik and Hammervold, n.d.; Hammervold, 2009). It is assumed that the same 
materials, technologies and fuels are used during operation and maintenance as in construction. A 
service life of 40 years is used for all road elements (Straume, 2011) however this could be changed 
by the user. The service life is defined as the economic life time of the road. Yearly material 
consumption and operation activities are calculated by dividing the total material consumption for a 
process by the service life. No allocation is made to other technical systems.  

Background data related to typical material consumption for a certain unit of input data, for example 
quantity of steel and concrete required to construct a bridge of a certain size, and fuel consumption 
for excavation of soil has been gathered based on a case study of a Norwegian road construction 
project, experiences from previous projects, and regression formulas for typical material 
consumption of different types of tunnels and bridges. Emission and energy factors for all materials 
are gathered from the database Ecoinvent 2.2 with change of electricity mix from the original one to 
instead Norwegian and Nordic mix  (Straume, 2011).  

3.3.2. JOULESAVE 
JOULESAVE was developed in the research project Integration of Energy into Road Design (IERD) 
which was completed in 2006. The model can be used for assessment of energy consumption during 
construction of the road, and for operation of vehicles. The construction phase includes also 
production of materials. JOULSAVE was developed in joint collaboration between project partners in 
Czech Republic, France, Ireland, Portugal and Sweden and is said to be useful in all Europe (Kennedy, 
2006). The model can be used at the route selection stage and for comparison of construction 
alternatives such as roads, bridges and tunnels, but also in the preliminary design stage to optimise 
the design of an alignment in order to achieve a reduction in energy. For example the vertical 
alignment can be modified and JOULESAVE will evaluate the impact of different gradients on vehicles 
energy (Kennedy, 2006).  

JOULESAVE is designed to operate in conjunction with the road design software Bentley’s MXROAD, 
which is an advanced modelling tool for creating design alternatives for roads (Kennedy, 2006; 
Bentley, 2013). The Swedish programme VETO developed in the 1980’s by the Swedish National Road 
and Transport Research Institute (VTI) was incorporated into Bentley MXROAD in order to analyse 
the traffic related energy consumption (Hammarström, 2005). Once the IERD-project was completed 
it was decided to update the software with maintenance activities as well. This was done in the 
project Energy Conservation in Road Pavement Design, Maintenance and Utilisation (ECRPD) which 
was completed in 2010 and resulted in the software JOULESAVE2. At the same time the VETO-
program was updated to include also road deterioration and rolling resistance (ECRPD, 2010). 

Results are presented per km of each road corridor, as well as for the whole road corridor, and both 
as the aggregated sum of traffic and infrastructure related impacts and for each life cycle phase 
separately. JOULESAVE only include construction of the road (including materials production), while 
JOULESAVE2 include also maintenance in form of repaving. The only materials taken into account are 
aggregates and bitumen, and the user will insert the volume of these materials into the model 
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(Kennedy, 2006). A number of construction activities are included; see Table B-2 in Appendix B. With 
regards to earthworks the model take into account three different types of rock and soil depending 
on type of excavation work needed: simple excavated soil; ripped soil and blasted rock. The 
maintenance phase in JOUELSAVE2 includes production of pavement material and construction of 
the pavement. Both commonly used pavement materials and new low energy materials are included. 
Detailed estimations on traffic related energy is taken into account by inclusion of the VETO model 
which base the energy consumption on descriptions of the vehicles, the road geometry, road surface 
and road surface conditions (e.g. wet or snowy road), meteorological conditions and driving 
behaviour. 

It is stated that the analysis period should be the economic lifetime of the road, and this is set to 20 
years, regardless of country in which the road is constructed. No specific service life of road elements 
are taken into account, rather all impacts are directly allocated to the analysis period. No allocation is 
made to other technical systems. The model can be used in all European countries but it is not 
possible to change electricity mix, construction activities, background data etc. depending on 
country. Fuel consumption for construction activities was based specifically on Caterpillar machinery 
and the heating value of diesel was gathered from Stripple (2001). The embodied energy of 
aggregates was based on a case study from an Irish quarry and bitumen is assumed to be produced 
from oil extracted in Middle East and Venezuela then transported to Ireland (Kennedy, 2006).  

3.4. LCA in early planning of roads – studies and practical examples  
A few LCA studies performed in early planning of road infrastructure have been identified. While 
EFFEKT is commonly used in Norway no studies have been found where results are presented from 
the environmental module of EFFEKT. The tool JOULESAVE has been used in many of the studies, but 
also SimaPro and the Road Model from Stripple (2001).  

A practical example of using LCA in early planning is the inclusion of LCA in EIA of the design plan of 
the project Stockholm Bypass in Sweden9. The project includes construction of a 21km long new 
road, whereof 16-17km is located in a tunnel. The LCA was performed to calculate the energy use, 
diesel consumption and CO2-emissions during construction, operation and maintenance of the 
infrastructure (Stripple, 2009) and the results were presented in a separate chapter in the project’s 
environmental impact statement (Swedish Transport Administration, 2011).  

Another Swedish study was performed by Andersson-Sköld and Bergman (2012) who used SimaPro 
to conduct an LCA of the planned reconstruction of road 161, between Bäcken and Rotvik. The 
project was a first step to develop a guide or a checklist that can be used at early planning stages to 
optimise energy efficiency throughout the road life cycle (Andersson-Sköld and Bergman, 2012). An 
analysis was made of different alternatives for construction, operation and maintenance of the road, 
in order to find those aspects which have a possibility to influence the projects energy efficiency, but 
also other impacts were analysed such as eutrophication, particle emissions, land use change, etc.  

During the IERD-project and development of JOUELSAVE (see section 3.3.2) several case study roads 
were analysed in the Czech Republic, France, Ireland, Portugal and Sweden in order to find the best 
route or construction alternative. Energy for construction and production of bitumen and aggregates 
was analysed, as well as operation of traffic on the roads. The structure of JOULESAVE was also used 

                                                           
9 It should be noted that an EIA was performed both in the feasibility study and in the design plan for 
Stockholm Bypass. When the design plan is performed road corridor has already been chosen, hence the LCA 
did not serve as input in choice of location or construction type.  
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by Shamoon (2012) who evaluated the life cycle energy use for a section of the Swedish road 55 
based on data available in different stages of the planning process.  

The studies mentioned all have different system boundaries, functional units, analysis time periods 
etc., and they all include different materials and construction activities. While the quantitative results 
from the studies cannot be directly compared with each other the relative contribution of different 
life cycle phases, materials and processes are largely the same. First of all it can be seen that traffic 
related impacts are by far bigger than infrastructure related impacts. For example Shamoon (2012) 
states that operation of traffic stands for 96% of the total energy consumption.  

When it comes to the infrastructure it is, for roads, mainly the construction phase that contributes to 
the environmental impacts, while operation and maintenance stand for a smaller share. For tunnels 
on the other hand it is the energy consumption from operation of the tunnels that is dominating due 
to the need for ventilation, lighting and pumping of water, while construction and maintenance 
stand for a significantly smaller share of the energy use. However, as Swedish electricity mix was 
used, the operation phase stands for a small share of CO2-emissions. Instead it is the construction 
phase that contributes with the highest share of CO2-emissions due to the consumption of diesel in 
the construction machinery (Stripple, 2009). 

Of the materials included for construction it is bitumen that stands for the biggest share of energy 
consumption and greenhouse gas emissions (Kennedy, 2006; Shamoon, 2012; Andersson-Sköld and 
Bergman, 2012), however aggregates can have a higher contribution to other impact categories such 
as natural land transformation10 and formation of particulate matter (Andersson-Sköld and Bergman, 
2012). Andersson-Sköld and Bergman (2012) also note that production of materials for soil 
stabilisation can be an important factor.  

Regarding activities related to construction itself it is usually earthworks that contribute the most to 
the energy consumption, especially the excavation and the transportation of masses are important 
(Kennedy, 2006; Shamoon, 2012). Additionally construction of the road superstructure and bridges 
and tunnels are activities that could have a high contribution to the share of impacts. Less important 
from an energy perspective are installation of drainage, services and road markings, traffic signs, side 
and centre guardrails (Kennedy, 2006; Shamoon, 2012).  

  

                                                           
10 In the background data it is only the external transformation that is included, e.g. land needed to produce 
aggregates or bitumen. The land needed to construct the road is not included and will have to be assessed with 
other methods. Local land use aspects are often included in the EIA.  
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4. Case study  
In accordance with Objective (i) the LICCER-model is applied to a case study for choice of road 
corridors in early planning of road infrastructure. This chapter aims to present the LICCER-model and 
methodological choices made and inventory data used in the case study. Chapter 4.1 describes the 
goal and scope of the case study. As the LCA related methodological choices made in the case study 
depend on the LICCER-model, these choices are outlined in Chapter 4.2 in relation to the description 
of the LICCER-model. Chapter 4.3 provides a description of the input data gathered to the model. 

Note that the description of the LICCER-model and the required input data is based on the model 
version 2.7 available in June 2013. At the time of writing this thesis the model is still under 
development and it will be modified based on results from this thesis. All information about the 
model has been gathered from the technical report (Brattebø et al., 2013), from discussions and 
meetings with the LICCER-team, and from the model itself (version 2.7). 

4.1. Goal and scope 
The aim of the case study is to identify the parameters and assumptions to which the model is most 
sensitive, in order to evaluate the LICCER-model’s ability to show differences between road corridors. 
In order to provide a realistic scenario of applying the LICCER-model in early planning of road 
infrastructure the case study is performed with data from the road’s feasibility study.  

The feasibility study is performed as a basis for decision making when it comes to choice of road 
corridor and road technical standard. Several road corridors are analysed and compared with each 
other and a zero-alternative which corresponds to a scenario where no changes are made to the 
system. An EIA is performed as part of the feasibility study in order to evaluate environmental 
consequences of the project.  

4.1.1. Description of the case  
Road 55 is located in the south-east of Sweden, between Norrköping and Uppsala. The part of the 
road that is analysed in this case study is an approximately 7 km long road section located between 
Yxtatorpet and Malmköping, see Figure 2. Road 55 has a strategic role in the transport system in 
Mälardalen but its low standard has had a negative impact on its usability. To meet the demands on 
technical standard it was decided to widen the road from 9 to 14m and adjust its plan and profile 
geometry. Once the reconstruction is finished the whole road section will have a reference speed of 
100 km/h and the standard of a 2+1 road (Swedish Road Administration, 2006). A 2+1-road is a 
specific category of roads with three driving lanes. The road has two lanes in one direction, and one 
lane in the other direction, alternating every few kilometres. The lanes are separated with a centre 
guardrail located in the central reserve.  
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Figure 2. Location of road 55 between Norrköping and Uppsala (Swedish Road Administration, 2006) 

The feasibility study was performed in 2004-2005 (Swedish Road Administration, 2006). Construction 
started in spring 2012 and the road is planned to open for use in the end of 2014.  Three different 
road corridors were analysed in the feasibility study, as well as the zero-alternative. The zero-
alternative is a reference alternative to which the other alternatives are compared. It includes those 
changes to the transport system which are predicted to take place if no bigger investments or 
reconstruction projects are taking place (Swedish Road Administration, 2006). 

Below follows a brief description of the road corridors that were assessed in the feasibility study. A 
more detailed description is provided in relation to the inventory data in Chapter 4.3. Figure 3 below 
shows the location of the road corridors.  

Alternative 1, Improvement (Förbättringsalternativet): Involves reconstruction of the existing road 
by widening and straightening the road and making adjustments to the road profile. The length of 
the road is approximately 7.5 km.  

Alternative 2, Middle (Alternativ Mitt): The beginning and the end of the road section follows the 
original road and involves extending the road in the same way as in Alternative Improvement. In 
between the extended road sections a new road is constructed with length 2.6 km. A bridge is 
constructed over the valley at Ålkärr, 3.0km from Yxtatorpet. The total length of the planned road 
within the road corridor is approximately 6.9 km.  

Alternative 3, West (Alternativ Väst): This is the road corridor that was chosen after the feasibility 
study and where the new road is now constructed. It was chosen mainly because it is shorter than 
the other alternatives as it was concluded that there is no big difference in environmental impacts 
between the road corridors (Swedish Road Administration, 2006). Construction involves a 3.0 km 
long new road section with a bridge over the valley at Ålkärr, just as in Alternative Middle. The 
beginning and the end of the road is reconstructed in the same way as described for Alternative 
Improvement. The total length of the road will be around 6.6 km.  
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Figure 3. Map showing the location of the different road corridors analysed in the case study (Swedish Road 

Administration, 2006). 

4.2. The LICCER-model  
The LICCER-model is specifically designed for use in early stages of road infrastructure planning, in 
the choice of route selection and choice between construction types (e.g. road, bridge or tunnel). It is 
developed as an MS-Excel tool that should be easy to use and transparent in terms of background 
data and calculations. Once finished the model will be available for everyone to use, free of charge. 
With the LICCER-model it is possible to quantify energy use (cumulative energy demand) and GHG-
emissions (CO2-equivalents) in all life cycle stages of the road, from material production to 
demolition. Additionally also impacts from traffic on the road are taken into account. Different types 
of roads, bridges and tunnels are included in the model, as well as supporting road furniture such as 
guardrails and road lighting. It was decided to construct the model based on other models for early 
planning. The main source of inspiration has been the Norwegian model EFFEKT, described in section 
3.3.1. The two models are similar, but the LICCER-model has been extended so that it is also suitable 
for use in Sweden, Denmark and the Netherlands.  

With the LICCER-model it is possible to analyse up to three different road corridors for a given project 
and to compare each alternative to the zero-alternative which represents the continued use of 
today’s road system. Results can be presented in three different ways which signifies that the LICCER-
model can be used for both stand-alone and comparative LCA.  

(i) An individual presentation of results for each alternative separately 
(ii) In comparison with the reference alternative. This means that the difference (Δ) between GHG-

emissions and energy consumption of each of the new alternatives (1, 2 and 3) and the reference 
alternative (0) is calculated. The alternative with lowest emissions of GHG and energy 
consumption is the one with the lowest Δ-value. 

(iii) As the sum of a series of new alternatives which are in turn compared with the reference 
alternative. This means that instead of providing information on three different road corridors 
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the user can provide information on three different parts of one road corridor and compare the 
aggregated results to the reference alternative. 

4.2.1. Functional unit 
In all three ways of presenting results described above the results are expressed in the functional 
unit “road infrastructure enabling annual transport from “A” to “B” over an analysis time horizon 
of a defined number of years” (Brattebø et al., 2013). The LICCER-model calculates the annual GHG-
emissions and energy consumption as the average values per year for the analysis time horizon. As 
the yearly traffic on the road is increasing with time it was decided to use the average annual impacts 
in the LICCER-model and not the value over the whole analysis period. All calculations are adjusted to 
the service life of the road elements. The concept of analysis period and service life is further 
described in section 4.2.2, under the heading “Temporal boundaries”. 

4.2.2. System boundaries  
Figure 4 below provides an overview of the LICCER-model’s system boundaries. It can be seen that 
production is treated as a separate life cycle stage, while this is not the case in many other studies 
(see Chapter 3.1). 

 

Figure 4: Simplified system boundaries in the LICCER model (Brattebø et al., 2013). 
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Included materials and activities  
Production includes production of bitumen and aggregates, as well as other materials needed for 
road construction. Table B-1 in Appendix B provides an overview of the different materials that are 
included in the LICCER-model for the different road elements. The inventory data for the production 
phase includes excavation of raw material, transportation of materials and processing of these 
materials to construction components. This constitutes background data in the model and is 
gathered from databases and the LCA-literature.  

Construction is in the LICCER-model taken into account by transportation of materials to the 
construction site, in addition to earthworks and construction of tunnels. Different types of rock and 
soil has been categorised depending on the work needed to excavate the materials: (i) simple 
excavated soil, (ii) ripped soil and (iii) blasted rock. The environmental impacts are calculated based 
on the fuel consumption required for excavation of a specified volume of a specific type of rock or 
soil.  

Operation of the road infrastructure includes maintenance of the road surface by reasphaltation 
(including production of materials and transportation of these materials to the construction site), and 
operational activities such as road lighting and ventilation of tunnels.    

The end-of-life stage includes material removal and deconstruction of the road (including bridges 
and guardrails), transportation of materials to landfill and depots, and earthworks necessary to 
restore the land area back to natural conditions. It is assumed that lining materials inside tunnels are 
left behind and that there will be no GHG-emissions from the deposit or landfill. Recycling and reuse 
of materials in the end-of-life stage is left outside the system boundary of the analysis.  

Traffic on the road is accounted for by the average AADT on the road over the analysis period, share 
of different types of fuels (diesel, gasoline, biofuel, electricity) and share of different types of vehicles 
(light vehicles, heavy vehicles with trailer, heavy vehicles without trailer).  

Geographical boundaries 
The LICCER-model is constructed for use in Norway, Sweden, Denmark and the Netherlands, but 
could be extended also to other countries. The model is adapted to specific construction conditions 
in each country by including default background data for material consumption, fuel consumption, 
emission and energy factors etc., and choice of electricity mix (Swedish, Danish, Norwegian, Dutch, 
European and Nordic). It also includes specific road elements that are common in the Netherlands, 
such as roads below ground water and aqueducts. If the user has data that is better suited to the 
actual project at hand it is possible to include this case specific data to the model. 

Temporal boundaries 
Temporal boundaries are taken into account in the LICCER-model by choice of analysis period and 
service life for each road element. Choice of analysis period will influence how many years into the 
future that impacts from traffic operation is accounted for. Traffic on the road is normally increasing 
with time, hence AADT in the end of the analysis period will be higher than in the start year of 
analysis, and it is likely that other types of fuel is used in the end year, for example a higher share of 
electric vehicles. The LICCER-model calculates yearly GHG-emissions and energy consumption from 
traffic by calculating the average AADT and share of fuels in the analysis period by taking into 
account the traffic scenario both in the end and the start year of analysis. In the LICCER-model the 
length of the analysis period is specified by the user, for example 20 years. 
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In the LICCER-model the various road elements are assumed to have a service life which can be 
shorter or longer than the analysis period. The service life can for example be the number of years 
that the investment is economically viable (economic service life) or the number of years that the 
road element maintains its intended function with normal maintenance measures (technical service 
life) (Swedish Transport Administration, 2012). Default values for service life are provided for each 
country in the LICCER-model based on recommendations from the national road administrations. For 
Sweden the recommended service life is 60 years for roads and 100 years for bridges and tunnels. In 
order to calculate the annual GHG-emissions and energy consumption, all material, fuel and 
electricity consumption connected to a road element is divided by the road element’s service life. 

Regarding future operation and maintenance activities it is assumed that the same type of electricity 
is used throughout the whole analysis period and that the same type of materials are used in the 
repaving as in the original construction. It is however possible to account for more energy efficient 
materials in the reasphaltation stage by adding case specific data. A possible future increase in 
biofuels and electric vehicles is taken into account, as it is possible to specify the share of different 
types of fuel in the end-year of analysis. Traffic related impacts are then calculated based on an 
average share of different types of fuels over the analysis period.  

Boundaries to other technical systems   
An allocation problem faced in the LICCER-model is the allocation at end-of-life waste treatment. As 
noted earlier the LICCER-model accounts for the removal and transportation of waste to landfill or 
depot, but possible material recycling is left outside the system boundaries. Impacts related to 
recycling and reuse of materials is thereby allocated to the system in which they are used, the so 
called cut-off method (Baumann and Tillman, 2004). It can be noted that the cut-off method also 
implies that upstream activities are cut-off. In case recycled materials are used in the construction no 
impacts from original material extraction and production will be accounted for. No such case is 
included in the LICCER-model, but if the user wishes to enter case-specific data for use of recycled 
materials this should be kept in mind.  

An allocation problem faced specifically in relation to road LCA is allocation of impacts to traffic from 
the outside. Some parts of a road project may serve traffic from the outside in addition to the traffic 
within the project; hence in the LICCER-model it is possible to allocate a share of the impacts to other 
traffic systems. The situation can be illustrated with an example where a road is constructed 
between A and B and the yearly traffic is expected to be 8000 vehicles. However, a shorter distance 
of the road, from C to D serves 5000 additional vehicles entering at C and leaving at D (or vice versa) 
so that there is a total of 13 000 vehicles on the road from C to D.  In this situation 8/13 parts of the 
burdens associated with construction will be allocated to the project, while 5/13 of the impacts are 
allocated to the outside system (Brattebø et al., 2013). 

4.2.3. Background data  
Background data is available for specific material and fuel consumption during construction, for 
operational activities such as electricity use for road lighting and ventilation and pumping water in 
tunnels, for transportation distances of construction materials and for emission and energy factors. 
For example: the user of the LICCER-model specifies the length and the width of a bridge. In the  
model there is background data available for consumption of concrete per m2 of bridge surface; on 
typical transportation distance from the site of concrete production to the construction site; and for 
typical GHG-emissions and energy consumption for production of concrete (kg CO2-eq. and MJ per 
tonne concrete) and for transportation work (kg CO2-eq. and MJ per tonnekm).  
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For the Norwegian case in the LICCER-model much of this background data could be gathered from 
EFFEKT, for the other countries included in the model there is still need to find relevant data. At the 
time of writing this thesis there was only specific Swedish data available for fuel consumption in the 
traffic use phase (based on information supplied from Swedish Transport Administration), concrete 
and rebar for concrete bridges (based on bridges analysed by Olofsson et al (2010) in the project 
“Bygginovationen”) and soil stabilisation (based on data from Klimatkalkyl (Karlsson et al., 2013) and 
other LCA-studies by Stripple (2001) and Rydberg and Andersson (2003).)  

Regarding emission and energy factors it has still not been decided which databases to use. If data 
from Ecoinvent is included in the model the user of the model must have a license for the database. 
Efforts will therefore be made to include data from other datasets, to avoid the licence issue. 
Emission and energy factors for Sweden will be chosen so that they comply with the emission factors 
in Klimatkalkyl (see Chapter 3.2). Some of these emission factors are from Ecoinvent, but also other 
sources have been used, such as the ICE database. It has not yet been decided which database to use 
for the materials that are not included in Klimatkalkyl. Data from Ecoinvent were therefore included 
in the LICCER-model (version 2.7). 

4.2.4. Summary of methodological requirements for the case study 
The methodological choices in the case study are limited by the choices already made in the 
development of the LICCER-model. This implies that the functional unit, system boundaries and 
background data and the environmental impacts assessed are the same as in the LICCER-model. 
However, a few choices must still be made by the user. In this case study the following choices are 
made: 

Electricity mix: Swedish electricity mix is used. 

Analysis period: The analysis period is set to 20 years, as this is the common dimensioning period for 
roads in Sweden (Swedish Transport Administration, 2012). This means that the road should be 
dimensioned for the predicted amount of traffic on the road 20 years into the future. The year 2014 
is used as the start year of analysis, as this is the year that the road will open for traffic. 

Foreground data: Foreground data is gathered mainly from the feasibility study and estimations are 
based on expert assumptions as described in the methodology (see Chapter 2.3). While uncertain it is 
assumed that data from the feasibility study and expert assumptions reflect the data quality that can 
be achieved at this planning stage. 

Background data: Swedish background data on material and fuel consumption is only available for 
soil stabilisation, bridges, excavation of soil and fuel consumption for operation of vehicles (in version 
2.7 of the model). Norwegian background data is used for other aspects as this data is available in 
the model.  

Emission and energy factors: The emission and energy factors used in the case study are those 
included in the LICCER-model for Sweden in version 2.7 of the LICCER-model.  
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4.3. Data inventory  
This section describes the data used as input to the LICCER-model for the road corridors and 
reference alternatives, i.e. the foreground data. Only data that is gathered for the case study are 
presented. Default background data included in the LICCER-model was used; this data is presented in 
Appendix C. The chapter has been divided into three different sections: earthworks and soil 
stabilisation; material consumption for roads and bridges; and traffic and fuels. This is done in order 
to reflect choices made in relation to the pre-construction of the road; material consumption for 
actually constructing the road and bridges, and aspects related to operation of vehicles on the road.  

4.3.1. Earthworks and soil stabilisation 
The LICCER-model (version 2.7) requires input data on the excavated volume of different types of 
rock and soil (see section 4.2.2). For the case study it has been assumed that soil corresponds to 
“simple excavated soil” and rock to “blasted rock”. This assumption is also made by Shamoon (2012). 
Predicted quantities of excavated rock and soil for the three road corridors are presented in the 
project’s feasibility study (Swedish Road Administration, 2006) and this data is used as input to the 
LICCER-model, see Table 2 below. Figure 5 below provides an illustration of size of the rock cuts 
made at Ålkärr in Alternative West.  

 

Figure 5. Illustration of the size of rock cuts needed south of Ålkärr in Alternative West. The height difference between 
the road and the surrounding terrain can be up to 20 meters (Swedish Road Administration, 2006). 

 

For soil stabilisation the LICCER-model (version 2.7) requires input on type of soil stabilisation used 
and the area of stabilised soil. In early planning stages there are still no details on areas of stabilised 
soil or type of soil stabilisation that will be required if a road is constructed in a specific corridor 
(Englund, 2013). However, soil stabilisation is an important aspect when it comes to decision making 
and choice of road corridor for technical and economic reasons. In the road’s feasibility study there is 
a qualitative description of areas where there are less good conditions for construction work 
(Swedish Road Administration, 2006).  
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In the feasibility study there are also scenarios presented for what type of soil stabilisation would be 
required in a specific area for a certain height of the embankment that has to be stabilised. Different 
types of soil stabilisation measures are needed depending on the height of embankment and on the 
type of soil on which the embankment is constructed. According to Englund (2013) a good method to 
estimate the stabilised area would be to estimate the length of embankment based on descriptions 
in the feasibility study and the width based on the height of embankment. Soil stabilisation measures 
were not taken into account by Shamoon (2012).  

The length of embankments was estimated based on the qualitative descriptions in the feasibility 
study. The height of embankments was assumed to be of the lowest height that would require LC-
columns according to descriptions by Swedish Road Administration (2006). According to Englund 
(2013) it is likely that concrete piles would be required for stabilisation of the bridge, due to the bad 
conditions for construction at Ålkärr. The areas of stabilised soil for the three road corridors are 
presented in Table 2.  

Table 2. Input data to the LICCER-model: Volume of excavated rock and soil and area of stabilised soil. 

 Improvement Middle West 
Volume of excavated rock and soil  (m3) 
Simple excavated soil 184 000 430 000 207 000 
Blasted rock 50 000 219 000 535 000 
Area with stabilised soil (m2) 
New road n/a  5 600 3 340  
Extended road 1 740  3 300 9 040 
Bridge n/a  1 740  1 740 
 

4.3.2. Material consumption for roads and bridges 
Material consumption for roads and bridges is calculated based on the length and width of roads and 
bridges, on the height of different materials in the road superstructure, and on the amount of 
guardrails required.  

Length of road elements  
The lengths of the different road corridors are presented in the feasibility study, see Table 3. At the 
stage of the feasibility study it had not yet been decided what type of bridge that would be 
constructed at Ålkärr, and the length of the bridge. Three different scenarios are provided in the 
feasibility study (Swedish Road Administration, 2006): (1) construction of a bridge 200m long, (2) 
construction of a shorter bridge and a stabilised embankment, (3) construction of a small “drum 
bridge” over the river and a longer non-stabilised embankment. The same alternatives were 
presented for both Alternative Middle and West. According to Englund (2013) the predicted amounts 
of excavated material (see 4.3.1) is estimated based on scenario 2, hence this alternative was chosen 
for the case study. The bridge is modelled as a concrete bridge of length 20m. This corresponds well 
with the type of bridge which was later presented in the design plan (Swedish Road Administration, 
2009). 
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Table 3. Input data to the LICCER-model: Length of road elements.  

Length of road elements (m) Improvement Middle West 
New road n/a 2580 2980 
Extended road 7500 4330 3620 
Bridge n/a 20 20 
 

Width of lanes  
Regarding the width of lanes the user will enter the width of driving lanes, central reserves, hard 
shoulders and soft shoulders separately. As the width of the road is related to its technical standard 
this information is presented in the feasibility study. The width of the road will in total be 14m 
excluding soft shoulders. Soft shoulders are constructed along the road sections where side 
guardrails are located, i.e. at sections with big cuts or high embankments; hence the road will be 
slightly wider in areas where soft shoulders are used. For the new road sections the width of lanes 
has been modelled according to information provided in the feasibility study (Swedish Road 
Administration, 2006), see Figure 6 and Figure 7.  

The original road was 9m wide, hence the extended sections of the road has to be widened with a 
total of 5m. In the economic assessments by Swedish Road Administration (2006) it was assumed 
that the current pavement is removed 1.5m  from the edge on both sides of the road and that a new 
pavement is applied over the whole width of the road. In the case study this is modelled as 
construction of two new lanes, each with a width of 3m, in addition to hard and soft shoulders of the 
same width as for the new road sections. For the bridge it is assumed that the driving lane and the 
central reserve are of the same width as on the road. No other lanes are specified for the bridge.  

 

 

Figure 6. The road analysed in the case study, cross section with side guardrails (adapted from Swedish Road 
Administration, 2006). 
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Figure 7. The road analysed in the case study, cross section without side guardrails (adapted from Swedish Road 
Administration, 2006). 

Height and type of material layers in the road superstructure 
Three different material layers for the road superstructure are included in the LICCER-model (version 
2.7): sub-base, base-course and pavement. In early planning stages there is not yet any information 
on quantity and type of materials in the road superstructure. According to Englund (2013) a good 
approximation could be to estimate the thickness of layers based on information on another road of 
similar type. Thickness of layers in the road superstructure is therefore modelled according to the 
2+1-road presented in Karlsson and Carlson (2010). Figure 8 below show the height of different 
layers. 

 

Figure 8. Height of layers in the road superstructure. The sub-grade is the material on which the road is constructed. 
(Adapted from Birgisdóttir, 2005) 

The height of layers used in this case study corresponds to the height that can be re-calculated from 
Shamoon (2012) (who presents the m3 of material needed for construction of roads in the same road 
corridors as presented in this thesis), based on length and width of the road. It is assumed that the 
material thickness is uniform along the whole length and width of the road. The only material layer 
relevant for the bridge is pavement and it has been assumed to be of the same thickness as on the 
road. It is assumed that the type and thickness of material layers are the same in the reference 
alternative as in the other alternatives. 

The sub-base consists of 100% rock, while the base layer and the pavement consist of a mixture of 
bitumen and aggregates (Shamoon, 2012), see Table 4. The LICCER-model (version 2.7) determines 
the reasphaltation frequency based on the volume of traffic on the road. For this case the 
reasphaltation frequency is 10 years. It has been assumed that the same type of asphalt and 
transportation distance is used for the reasphaltation as in the original construction. Around 65% of 
the asphalt is replaced in the reasphaltation. 
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Table 4. Input data to the LICCER-model: type of material in different layers of the road superstructure (adapted from 
Shamoon, 2012). 

Material layer  Description  Input to the LICCER-model 
Sub-base  100% rock Sub-base: default material, 100% 

aggregate  
Base-layer, unbound 100% rock Base layer: User defined material: 97.9% 

aggregate and 2.1% bitumen Base-layer, bound 4.5% bitumen and 95.5% rock 
Adhesive layer 5.4% bitumen and 94.6% rock Pavement: User defined material: 94.1% 

aggregate and 5.9% bitumen. Wearing course 6.4% bitumen and 93.6% rock  
 

Guardrails  
Centre guardrails are placed along the whole road, which is normal for 2+1 roads (Swedish Road 
Administration, 2006). It is assumed that this also apply to the bridge. Side guardrails are used in 
areas of bigger cuts and on embankments (Swedish Road Administration, 2006). The share length 
with side guardrails is not decided in the feasibility study, but the approximate location of cuts and 
embankments. According to Englund (2013) it is possible to estimate the length with side guardrails 
already in early planning stages based on these descriptions in the feasibility study. Further it can be 
assumed that steel guardrails will be used, both as side and centre guardrails as concrete guardrails 
are mainly used in bigger urban areas (Englund, 2013). It is assumed that the share of side guardrails 
in the reference alternative is the same as for Alternative Improvement. Table 5 below shows the 
share length with side guardrails.  

Table 5. Input data to the LICCER-model: share length with side guardrails.  

Share length with guardrails (%) Improvement Middle West  
New road n/a 41 64 
Extended road 16 12 11 
 

4.3.3. Traffic and fuels 
The LICCER-model (version 2.7) requires input on amount of traffic on the road, predicted increase in 
traffic share of different types of vehicles and share of fuels in start and end year of analysis. The 
same traffic scenario is used for all alternatives in the LICCER-model (version 2.7) including the zero-
alternative. While this may not always be the case in reality it has been assumed that this is a 
relatively accurate estimation in this case study. The three new road corridors are similar to each 
other and located close to each other. It is therefore realistic to assume that they will have the same 
amount of traffic, the same increase in traffic and the same share of vehicles and fuels. It is possible 
that the zero-alternative would have another amount of traffic on the road and another traffic 
increase, due to lower standard of the road. However, other reconstruction projects are on-going on 
road 55 (Swedish Road Administration, 2006), which may counteract a lower traffic volume on the 
road section analysed in the case study.  

According to Shamoon (2012) there is a predicted annual average daily traffic (AADT) of 4894 
vehicles in 2014. It was decided to use traffic predictions from Shamoon (2012) and not from the 
feasibility study as this data is more recent. The predicted traffic increase is 1% for light vehicles, and 
2.2% for heavy vehicles (Shamoon, 2012). The LICCER-model (version 2.7) does not take into account 
different traffic increase for different types vehicles; hence a 1% yearly increase in traffic is used. The 
share of heavy vehicles is 12%, whereof 45% are trucks with trailer. The LICCER-model (version 2.7) 
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does contain default data for share of fuels in the start year of analysis, and for share of different 
types of vehicles. However, in the version of the model used for this case study only Norwegian 
default data was included. It was therefore decided to use data from Shamoon (2012) as this data 
would correspond better to the actual case.  

In the start year of analysis there is a share of 7% cars on biofuel and 0.05% electric vehicles. The 
share of fuels in the end year of analysis is based on scenarios for 2030. The chosen scenario is from 
Swedish transport administration 2012, as presented by Hansson and Grahn (2013). According to this 
scenario the road transports will use around 43% biofuels and 12% electricity in 2030. The scenario is 
based on the assumptions that high oil prices and demands to reduce climate impacts from the road 
sector has guided the development to more renewable fuels in the transport sector. Table 6 below 
shows the traffic related input data to the LICCER-model.  

Table 6. Input data to the LICCER-model: Data related to traffic and fuels for operation of vehicles. The same information 
applies to all road corridors including the zero-alternative. 

Parameter  Value  
AADT in start year (2014)    4894 vehicles 
Annual increase in traffic 1.0% 
Share of light vehicle traffic 88% 
Share of truck traffic, no trailer  6.6% 
Share of truck traffic, with trailer 5.4% 
Share of biofuel in start year 7% 
Share of electric vehicles in start year 0.05% 
Share of light vehicles on diesel fuel 17% 
Share of biofuel in end year  43% 
Share of electric vehicles in end year 12%  
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5. Results from the case study  
This chapter presents results from the case study. The calculated material, electricity and fuel 
consumption is presented in Chapter 5.1. The annual GHG-emissions and energy consumption for the 
road corridors is presented in Chapter 5.2, first for individual road corridors, then for the road 
corridors in comparison with the reference alternative. The most important contributions to the 
impacts of different life cycle phases are described in Chapter 5.3, and results from the sensitivity 
analysis are presented in Chapter 5.4. 

5.1. Resulting material, electricity and fuel consumption  
The LICCER-model quantifies material, electricity and fuel consumption based on the foreground 
data presented in Chapter 4.3 and default values included in the LICCER-model. This default data 
includes transportation distances of materials, fuel and material consumption for construction, fuel 
consumption for operation of vehicles, and energy and emission factors. The default values used for 
the case study are presented in Appendix C. Note that these default values are not necessarily the 
same as the default data that will be included in the final version of the model. The resulting 
consumption of materials, fuel and electricity calculated by the LICCER-model based on the inventory 
data presented in Chapter 4.3 is presented in Table 7.  

Table 7. Resulting material, electricity and fuel consumption for the different life cycle phases and road corridors.  

 Unit  Improvement Middle West 0-alternative 
PRODUCTION 
Asphalt membrane tonne/year - 0.1 0.1 - 
Aggregate tonne/year 1573.7 2111.8 2151.4 - 
Bitumen tonne /year 37.2 35.2 33.7 - 
Concrete, bridge tonne /year - 5.2 5.2 - 
Concrete, concrete piles   tonne /year - 1.2 1.2 - 
Cement, LC-columns tonne /year 2.4 14.5 19.4 - 
Lime, LC-columns tonne /year 2.4 14.5 19.4 - 
Explosives tonne /year 0.6 2.6 6.4 - 
Rebar, bridge tonne /year -  0.4 0.4 - 
Steel, guardrails tonne /year 3.5 3.5 3.9 - 
Steel, concrete piles tonne /year - 0.1 0.1 - 
CONSTRUCTION  
Diesel for excavation m3/year 1.1 4.1 8.5 - 
Diesel for transport of masses  m3/year 0.5 1.4 1.6 - 
OPERATION  
Aggregate, resurfacing tonne/year 691.6 638.2 609.5 444.6 
Bitumen, resurfacing tonne/year 31.0 28.6 27.3 19.9 
END-OF-LIFE  
Diesel, removal of road 
superstructure 

m3/year 0.7 1.1 1.1 0.7 

Diesel, demolition of concrete 
structures  

m3/year - 0.01 0.01 - 

Diesel, earthworks  m3/year 4.5 4.1 3.9 2.3 
Diesel, transportation to depot  m3/year 16143.9 21508.3 21893.7 14081.6 
TRAFFIC ON ROAD DURING OPERATION PHASE 
Electricity, transport by light 
vehicle 

kWh/year 35264794 32584669 31127058 35264794 

Total diesel, traffic use phase m3/year 520.0 480.5 459.0 520.0 
Total biofuel, traffic use phase m3/year 390.6 360.9 344.8 390.6 
Total gasoline, traffic use phase m3/year 651.9 602.3 575.4 651.9 
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5.2. Annual GHG-emissions and energy consumption 
Results from the case study shows that the total GHG-emissions amounts to around 3 500-4 000 
tonne CO2-eq./year and the energy consumption to 250 000-274 000 GJ/year, depending on road 
corridor. Figure 9 below presents a comparison of the total annual impacts from infrastructure and 
traffic for the three different road corridors. Alternative West is the road corridor with the lowest 
GHG-emissions and energy consumption, and Alternative Improvement has the highest GHG-
emissions and energy consumption. Infrastructure stands for a small share of the total impacts, only 
2-3% of the total GHG-emissions and energy consumption depending on alternative.  

When the infrastructure related impacts are analysed separately, see Figure 10, it can be seen that 
Alternative West stands for the highest emissions of GHG, and the highest energy consumption. The 
life cycle phase that contributes the most to GHG-emissions and energy consumption from 
infrastructure is the production phase. Construction has a significant contribution to emissions of 
GHG, especially for alternative Middle and West. Operation and end-of-life contributes to an about 
equal share of emissions. It is however seen that the operation phase contributes more to the energy 
consumption. The contribution of different materials and activities to the total impacts is further 
described in Chapter 5.3. 

 

Figure 9. Annual GHG-emissions and energy consumption from traffic and infrastrucutre for the three road corridors.  
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Figure 10. Annual GHG-emissions and energy consumption from infrastructure life cycle phases for the three road 
corridors.  

Figure 9 and 10 present impacts for the individual road corridors, but this does not take into account 
their difference in relation to the zero-alternative. One of the features with the LICCER-model is the 
comparison of alternatives with the reference, where the alternative with the lowest GHG-emissions 
and energy consumption is the alternative with the smallest ∆, where ∆=Alt.X-Alt.0. Figure 11 and 
Figure 12 below shows the annual GHG-emissions and energy consumption relative to the reference 
alternative.  

 

Figure 11. Annual GHG-emissions and energy consumption for the three road corridors relative to the reference 
alternative (infrastructure and traffic).  

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

Alt. 1 Alt. 2 Alt. 3

To
nn

e 
CO

2-
eq

./
ye

ar
 

 

Annual GHG-emissions 
(infrastrucutre life cycle phases) 

Production Construction

Operation End-of-Life

0,00

1000,00

2000,00

3000,00

4000,00

5000,00

Alt. 1 Alt. 2 Alt. 3

G
J/

ye
ar

 

Annual energy consumption  
(infrastrucutre life cycle phases) 

Production Construction

Operation End-of-Life

-500,00

-400,00

-300,00

-200,00

-100,00

0,00

100,00

200,00

Δ Alt. 1 Δ Alt. 2 Δ Alt. 3 

To
nn

e 
CO

2-
eq

./
ye

ar
 

Annual GHG-emissions 
 Relative to Reference:  Δ = Alt.X - Alt.0  

(infrastructure and traffic) 

Infrastructure Traffic

-35000,00

-30000,00

-25000,00

-20000,00

-15000,00

-10000,00

-5000,00

0,00

5000,00

10000,00

Δ Alt. 1 Δ Alt. 2 Δ Alt. 3 

G
J/

ye
ar

 

Annual energy consumption 
 Relative to Reference:  Δ = Alt.X - Alt.0  

(infrastructure and traffic) 

Infrastructure Traffic



 

31 
 

 

Figure 12. Annual GHG-emissions and energy consumption for the three road corridors relative to the reference 
alternative (infrastructure components).  

A few things can be especially noted. First, Alternative Improvement does not show any impacts from 
traffic in Figure 11, as the length of the road and the traffic scenario is the same as in the zero-
alternative, hence Δ=0. Secondly, the energy consumption and GHG-emissions are not negative for 
Alternative Middle and West. The traffic related impacts are smaller as the roads are shorter than in 
the zero-alternative. This causes a negative net total result, i.e. ∆<0. Comparing the infrastructure 
related impacts as presented in Figure 10 and Figure 12 it is seen that the graphs show the same 
contribution to production and operation related impacts in both figures. This is because there are 
no activities related to production and construction in the reference alternative. However, the 
impacts from operation and end-of-life appear to have a lower share of impacts, as these phases are 
also related to the zero-alternative. 

5.3. Contributions of different life cycle phases  
Before the sensitivity analysis is performed it is necessary to know which materials and activities that 
are contributing the most to GHG-emissions and energy consumption in the different life cycle 
phases. This help to evaluate which parameters are the most important to include in the sensitivity 
analysis, and to discuss the uncertainty in the result. Below follows a description of the contributions 
to impacts from each life cycle phase - material production, construction, operation, end-of-life and 
traffic. 

5.3.1. Material production   
The material production stands for a big share of GHG-emissions and energy consumption in all three 
alternatives. Approximately 44% of the GHG-emissions and 52% of the energy consumption is related 
to production of materials. For all alternatives it is the phase with the biggest share of GHG-emissions 
and energy use. Figure 13 below shows the contribution of the different materials to the overall 
impacts of the production phase.  

Production of bitumen has the highest contribution to energy consumption in all three alternatives. 
Bitumen also contributes significantly to overall GHG-emissions, but not as much as to energy 
consumption. While aggregate is the material used in biggest quantities (see Table 6) it contributes 
less to the overall energy use and GHG-emissions than bitumen. Notably for Alternative Middle and 
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West is the emissions related to production of explosives used in earthworks. Even though explosives 
were not produced in great quantities compared to some other materials, the GHG-emissions from 
production of explosives are bigger than emissions related to production of bitumen in Alternative 
West where big amounts of rock are excavated. Steel guardrails contribute relatively much to 
emissions of GHG; in Alternative Improvement for example they have about the same contribution as 
that of aggregates. Material production for bridges and soil stabilisation stands for a very low share 
of impacts in comparison with the other materials. 

 

Figure 13. Contribution of different materials to GHG-emissions and energy consumption from the production stage. 

 

5.3.2. Construction  
The construction phase stands for about 10% of the GHG-emissions for Alternative Improvement and 
30% for Alternative West. For energy consumption however, the share is only between 2-11%. Figure 
14 below shows the contribution of different construction activities to the overall impacts from the 
construction phase. 

Impacts in the construction stage are mainly related to use of construction machinery for excavation 
and transportation of excavated material. Transportation of materials to the production site only 
constitutes a small share of the impacts, especially for Alternative Middle and West. Even for 
materials that are used in large quantities such as bitumen and aggregates the impacts are small due 
to short transportation distances for these materials. Impacts from the construction phase is 
therefore mainly related to the amount of earthworks needed during construction, and especially to 
the amounts of rock excavated as this consumes more fuel than excavation of soil. The GHG-
emissions and energy use from earthworks are in fact 4-18 times bigger than for transportation 
depending on alternative.  
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Figure 14. Contribution of different construction related activities to GHG-emissions and energy consumption from the 
construction phase. 

5.3.3. Operation  
The operation phase contributes quite a lot to the overall impacts despite the few number of 
activities included. It stands for 12-25% of the GHG-emissions and 32-40% of the energy consumption 
depending on alternative. Figure 15 shows the contribution of operation activities to the overall 
impacts from the operation phase. Mainly it is production of materials needed for resurfacing that 
has a big impact, while transportation again has low impacts in comparison.  

 

Figure 15. Contribution of operation activities to GHG-emissions and energy consumption from the operation phase. 
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5.3.4. End-of-life 
The end-of-life stage stands for 13-20% of the GHG-emissions depending on alternative and about 
5% of the energy consumption for all alternatives. Figure 16 shows the contribution of end-of-life 
activities to the overall impacts of the end-of-life stage. It is not surprising that the impacts from the 
end-of-life stage are significant. With the calculation methods used in the LICCER-model (version 2.7) 
the end-of-life includes removal of basically all materials that were once brought into the system. 
Additionally it also takes fuel to break down the pavement, upload the material to trucks before 
disposal and restore the whole road area back to its natural conditions. GHG-emissions and energy 
consumption at this stage are mainly related to diesel consumption for end-of-life earthworks. But 
also removal and transportation of materials in the road superstructure is of importance. 

 

Figure 16. Contribution of end-of-life activities to GHG-emissions and energy consumption from the end-of-life phase. 
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for longer roads, and is therefore smallest for Alternative West. Figure 17 shows the contribution of 
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GHG-emissions. The major contributor to energy consumption is the operation of light electric 
vehicles. 
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Figure 17. Contribution of different share of fuels to GHG-emissions and energy consumption from operation of vehicles.  

  

5.4. Sensitivity analysis  
A sensitivity analysis is performed as a part of Objective (i), in order to identify those parameters and 
assumptions to which the model output is most sensitive. Due to the many assumptions made in the 
case study, and because of the methodological choices made when constructing the LICCER-model, 
the results presented in the previous section are subject to high uncertainty. It is therefore necessary 
to evaluate how changes made in foreground and background data will influence the output, both 
the quantitative result and the ranking of alternatives. 

Uncertainty and variability arises in all stages of the LCA (see section 2.1.2). Different categorisations 
of types and sources of uncertainty in LCA can be found in the literature. Lloyd and Ries (2007) for 
example have made a distinction between parameter, scenario and model uncertainty. The type of 
uncertainty and variability that is the most important depends on the specific case study (Huijbregts 
et al., 2003). 

Parameter uncertainty is related to the inherent uncertainty and variability in each specific input 
parameter. It is due to, for example, measurement errors, data gaps, use of unrepresentative data 
and choice of methods to estimate missing data (Lloyd and Ries, 2007). Parameter uncertainty arise 
in this case study due to missing data in the feasibility study, use of qualitative descriptions to make 
quantitative estimations of soil stabilisation measures, variability between road locations within a 
road corridor, use of Norwegian default data for many of the materials and activities included in the 
model, etc. 

Scenario uncertainty is related to normative choices made in the construction of scenarios, for 
example choice of functional unit and system boundaries, and the variability in scenario 
characteristics due to different geographical locations and situations (Lloyd and Ries, 2007). Many of 
these uncertainties are inherent in the LICCER-model itself and cannot be controlled by the user. 
Scenario uncertainty in the case study is related to choice of soil stabilisation method and type of 
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bridge, and to future predictions related to the share of fuels, and type of materials and electricity in 
operation. Scenario uncertainty has also been introduced by the developers of the LICCER-model, in 
their choice of aspects to include in the model, and choice of databases for emission and energy 
factors. Emission factors are in themselves also subject to parameter uncertainty. 

Model uncertainty arises due to the mathematical models that are underlying LCA calculations, e.g. 
uncertainty in modelling the real world (Lloyd and Ries, 2007).  

There are a number of different parameters in the LICCER-model, and they can be combined in 
numerous different ways. It is therefore not possible to analyse all parameters and scenarios in the 
sensitivity analysis, and all possible combinations of these. Efforts have therefore been made to 
analyse a few well defined scenarios related to uncertainties identified during the data inventory and 
to the materials and activities that contribute most to energy consumption and GHG-emissions. The 
uncertainty in each parameter has not been assessed as a basis for how to vary the parameters. 
However, an idea of possible realistic ranges is gathered from Shamoon (2012), from other road LCA 
literature, through comparison with background data in JOULESAVE and from information provided 
by the Swedish Transport Administration.  

This chapter is divided into four sub-chapters: earthworks and soil stabilisation; material 
consumption for roads and bridges; traffic and fuels; energy and emission factors. All emission and 
energy factors are analysed in section 5.4.4, even though they can have an influence also in each of 
the other sections. For each section there is a more detailed description of sources of uncertainty 
and variability. 

5.4.1. Earthworks and soil stabilisation  

Earthworks  
Earthworks were one of the biggest contributors to GHG-emissions and energy consumption for the 
three road corridors. In Chapter 5.3 it could be seen that explosives had a big share of impacts from 
material production, especially for Alternative 3. Further, excavation and uploading of rock and soil 
had big share of impacts from construction. This depends both on fuel consumption for excavation 
and the volume of excavated materials. Additionally, transportation of the excavated materials 
contributed a lot to impacts from construction. It is therefore interesting to further analyse these 
parameters in a sensitivity analysis.  

Uncertainty in fuel consumption for earthworks is due to the natural variability between 
construction sites. There are many factors that influence the fuel consumption for excavation and 
transportation of masses and it may be difficult to make an estimation of this fuel consumption in 
the planning process and provide average data based on previous experiences (Englund, 2013). How 
predicted fuel consumption for earthworks can vary between different road LCAs and models is seen 
by comparing the background data in JOULESAVE and the LICCER-model. There is a big difference in 
stated fuel consumption for earthworks, both for transportation of excavated materials and for 
excavation of rock and soil, even though both datasets are based on information from manufacturers 
of machinery, see Table B-2 in Appendix B and Table C-3 in Appendix C. It is assumed that 
transportation of masses in the LICCER-model corresponds to “Deposition of acceptable material in 
embankments and other areas of Fill” in JOULESAVE.  

Uncertainty in background data for consumption of explosives is due to variability between 
construction sites, different types of rock etc. Different types and amounts of explosives are needed 
depending on the type of rock blasted. To categorise all possible types of rock and soil into only three 
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categories as in the LICCER-model (version 2.7) adds to this uncertainty. In examples provided by the 
Swedish Road Administration (2003) the consumption of explosives varies around 0.3kg/m3 - 
1.2kg/m3. In the sensitivity analysis the consumption is halved (from 1kg/m3 to 0.5kg/m3). 

Excavated materials are transported within the construction site, from areas of cuts to areas of fills 
(Capony et al., 2013). The transportation distance will thus depend on where the material is 
excavated and where on the construction site it will be used. Shamoon (2012) use a transportation 
distance of 1km for excavated materials in the same road corridors as analysed in this case study.  
Capony et al. (2013) surveyed the overall activity for an earthworks project site in order to present 
the contributions of materials, machinery and construction techniques to the environmental impacts 
of road earthwork. On average the distances crossed per m3 of moved earth was 940 ± 560 m. The 
transportation distance is halved in the sensitivity analysis (from 2km to 1km). 

Uncertainty and variability in volumes of excavated materials is related to the quality of the 
geological assessments performed during the feasibility study (Englund, 2013). Even though the 
uncertainty in estimated volumes of excavated material is not very big, perhaps ± 5cm in depth this 
can add up to big volumes due to the size of the road corridor (Englund, 2013). Further, the 
estimated volumes of excavated materials are based on a specific location of the road within the 
road corridor. In more detailed planning stages the road can be planned for another part of the 
corridor. This will naturally cause different need for excavation work. The accuracy in estimations of 
required excavation work is therefore higher in later planning stages. How estimations of excavated 
rock and soil volumes can vary in different planning stages can be seen by analysing inventory data 
from Shamoon (2012). Predicted volumes of excavated soil are 9% bigger and the volumes of rock 
28% smaller with data from the design plan than with data from the feasibility study. This shows that 
the differences can be quite large between data in different planning stages. In the sensitivity 
analysis a change of 30% is applied.  

Figure 18 below shows the changes for total infrastructure related impacts when the following 
changes are applied:  

1. Fuel consumption for excavation and transportation of masses is the same as in JOULESAVE 
2. Half the consumption of explosives per m3 rock in situ 
3. Half the transportation distance of materials within the construction site 
4. Increase in excavated volumes of rock with 30% 
5. Increase in excavated volumes of soil with 30% 
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Figure 18. Sensitivity analysis for earthworks: Relative change (Alt.Xi / Alt.Xbase case) in infrastructure related GHG-
emissions and energy consumption. Alt.Xi is the GHG-emissions or energy consumption for scenario i, where i = 1-5 
corresponds to the scenarios on page 37, and Alt.Xbase case is the GHG-emissions or the energy consumption in the base 
case scenario.  

The biggest change in output of GHG-emissions occurs for increased fuel consumption in excavation 
and transportation of excavated material. Reducing the actual transportation distance had a much 
lower impact. Changes in excavated rock volume also increase the emissions of GHG and energy 
consumption, while the output did not change much for changes in volumes of excavated soil. The 
changes are more significant for Alternative Middle and West, as the amount of earthwork is higher 
than in Alternative Improvement. Changes are in general smaller for the energy consumption. 

The biggest change occurs in the individual life cycle phases. For example changes made in fuel 
consumption has a major impact in the construction stage, while changes in excavated volumes also 
have an impact in the production phase due to the consumption of explosives. It can also be noted 
that changes in the result behave linearly to the changes made. For example there is a 17% increase 
in GHG-emissions for Alternative West when the excavated volumes of rock increase with 30% and a 
17% decrease when the volumes decrease with 30%. The same applies also to the other scenarios 
analysed.  

Even though the changes made above had a significant influence on the quantitative outcome of the 
study, they did not change the ranking of alternatives. The amount of excavation work needed is one 
of the major differences between the road corridors. Hence it can be assumed that changes made in 
excavated volumes could have the possibility to do so, for example if it would be possible to reduce 
the amount of excavated material in one road corridor but not the others. As there are a numerous 
different scenarios for increase/decrease in excavated volumes and for combinations between 
excavated rock and soil, only changes in excavation of rock are analysed as the final result is more 
sensitive to changes in relation to rock, than to soil (see Figure 18).  

Figure 19 below shows the relative changes in excavated rock volume that would reduce the 
difference in infrastructure related energy consumption and GHG-emissions between Alternative 
West and Middle to zero, i.e. Δ3-Δ2=0. The x-axis shows relative changes in excavated rock volumes 
in Alternative Middle, while the y-axis shows the relative change for Alternative West. When x=1.1 it 
corresponds to an increase of excavated rock volumes with 10% in Alternative Middle. Similarly, 
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y=1.1 implies an increase in excavated rock volumes with 10% in Alternative West. There is one graph 
for when the ranking change in relation to energy consumption and one for change in GHG-
emissions. The graphs show the scenarios for which the difference between the two alternatives is 
zero. For example, x=1 and y=0.7 cause the difference between Alternative Middle and West to be 
zero for infrastructure related energy consumption, i.e. the two alternatives have the same 
infrastructure related energy consumption. Above the graphs are scenarios for which Alternative 
Middle has lower energy consumption or emissions of GHG, and under the graphs are scenarios for 
which Alternative West has lower impacts.  

For an assumption that the excavated rock volumes could vary ±30% (as in the previous sensitivity 
analysis) it is seen that the ranking of Alternative Middle and West could change. For example a 
decrease of excavated rock volumes in Alternative West with 30%, no other changes made, reverse 
the ranking for energy consumption. Or a 30% increase in Alternative Middle and a 20% decrease in 
Alternative West. Bigger changes will have to be made for reversing the ranking also for GHG-
emissions.  

 

Figure 19. Chart showing the changes in excavated rock volumes for which Alternative West and Alternative Middle has 
the lowest infrastructure related GHG-emissions and energy consumption. The graphs represent the scenarios for which 
the difference between infrastructure related impacts is zero. 
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Soil stabilisation  
The materials needed for soil stabilisation did not have a very big contribution to impacts. 
Nevertheless it is interesting to analyse the different scenarios for soil stabilisation that were 
presented in the feasibility study (see section 4.3.2) in order to see how results would change if 
another scenario had been chosen. In the sensitivity analysis the scenarios are analysed in terms of 
embankment height (which in turn influences the area of stabilised soil) and type of soil stabilisation 
measures. Background data for material consumption is not analysed in more detail in this sensitivity 
analysis as the material input naturally changes with changes in height of embankment.  

Just as for earthworks the uncertainty and variability in estimated areas of stabilised soil and type of 
soil stabilisation depend on the quality of the geological assessment. However, as there is no 
quantification of the area of soil stabilisation in the feasibility study the uncertainty also depend on 
the method chosen for calculating the stabilised areas, and on the scenario chosen for soil 
stabilisation method and height of embankment. As noted by Lloyd and Ries (2007) there is always a 
big uncertainty when quantitative estimations are based on qualitative descriptions, as was done 
when the area of stabilised soil was estimated based on descriptions in the feasibility study. 

Figure 20 below shows the changes for total infrastructure related impacts when the following 
changes are applied:  

1. It is possible to construct an embankment so low that soil stabilisation is not needed  
2. LC-columns are used and the embankments are constructed with the maximum height that is 

possible for this type of stabilisation method  
3. The embankment is constructed so high that concrete piles are necessary 

 

 
Figure 20. Sensitivity analysis for soil stabilisation: Relative change (Alt.Xi / Alt.Xbase case.)  in infrastructure related GHG-
emissions and energy consumption. Alt.Xi is the GHG-emissions or energy consumption for scenario i, where i = 1-3 
corresponds to the scenarios on page 40 and Alt.Xbase case is the GHG-emissions or the energy consumption in the base 
case scenario. 
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There are only small changes in the outcome of the study for changes made in area of stabilised soil 
with LC-columns and when soil stabilisation is excluded. However, there is a significant increase in 
impacts when the embankment is constructed with concrete piles. Just as previously seen for 
earthworks output for GHG-emissions is more sensitive. The biggest changes in output occur in the 
production stage due to changes in material consumption.  

5.4.2. Material consumption for roads and bridges 

Roads 
Bitumen and aggregate production had a big share of impacts in the construction and operation 
phases. There are many factors that influence the consumption of these materials, for example the 
length and width of the road and it is therefore of interest to analyse these parameters further. It 
was also noted that the data for transportation distance of these materials in the LICCER-model 
(version 2.7) are different than from other studies and mass balance has been pointed out as an 
important aspect to consider in planning of road infrastructure; hence these scenarios will also be 
investigated in the sensitivity analysis.  

It can be assumed that there is variability and uncertainty in data for length and width of the road. 
The road length varies depending on the final location of the road within the road corridor which is 
not exactly known until later planning stages. How the stated road length can vary between 
feasibility study and later planning stages can be seen in Shamoon (2012). For Alternative West the 
road is predicted to be 2.5% longer in the design plan than in the feasibility study (recalculated from 
Shamoon, 2012).  How road width can vary between planning stages is seen by comparing the road 
technical standard given in the road’s design plan (Swedish Road Administration, 2009) with that in 
the feasibility study (Swedish Road Administration, 2006). The dimensions for the road presented in 
the design plan are smaller than in the feasibility study; 12.75m compared to 14m (excluding soft 
shoulders). In the sensitivity analysis the length of the road is increased with 2.5% and the road width 
decreased to 12.75m. 

Transportation distance of materials to the construction site varies between different road LCAs. 
This could be due to natural variations between construction sites and their proximity to the sourced 
materials. Aggregates and asphalt are the two materials used in biggest quantities, and the materials 
that had the highest impact in the base case scenario, hence the transportation distance is further 
investigated for these two materials. Changing the transportation distance for materials used only in 
small quantities does not have a big influence on the final results. The transportation distance of 
asphalt and aggregates in the LICCER-model (version 2.7) are 5km. In other LCAs for Swedish roads 
the distance is around 30km for aggregates and 10-30km for asphalt (Andersson-Sköld and Bergman, 
2012; Miliutenko et al., 2012; Stripple, 2001). In the sensitivity analysis a transportation distance of 
30km is applied to both asphalt and aggregates. 

The possibility of mass balance within a construction project is not taken into account in the LICCER-
model (version 2.7). It has however been pointed out as an important aspect to consider in the 
planning of road infrastructure (e.g. Englund, 2013; Andersson-Sköld and Bergman, 2012). In fact big 
rock and earth cuts can be motivated in case the excavated masses can be used within the project or 
sold for use in other projects (Englund, 2013). It can be assumed that aggregates needed for the sub-
base and the soft shoulders can be taken from excavated material on-site, thereby reducing material 
consumption and need for transportation (Englund, 2013). A scenario of mass balance is therefore 
included in the sensitivity analysis.  
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Figure 21 below shows the changes for total infrastructure related impacts when the following 
changes are applied:  

1. Increasing the road length with 2.5%11  
2. Decreasing the width of the road to 12.75m12  
3. Transportation distance 30km for aggregates  
4. Transportation distance 30km for asphalt  
5. Mass balance – assuming that all aggregate for soft shoulders and base layer can be taken 

from the excavated material on site13 

 

Figure 21. Sensitivity analysis for roads: Relative change (Alt.Xi / Alt.Xbase case) in infrastructure related GHG-emissions and 
energy consumption. Alt.Xi is the GHG-emissions or energy consumption for scenario i, where i = 1-5 corresponding to 
the scenarios on page 42, and Alt.Xbase case is the GHG-emissions or the energy consumption in the base case scenario. 

The biggest change in GHG-emissions occurs for a scenario where aggregates can be taken from 
within the project as aggregate production was relatively important for GHG-emissions from the 
production phase. For energy the biggest change occurs for decreased road width or increased road 
length, as this increase/decrease the consumption of bitumen which was more important from an 
energy point of view. Changes in transportation distance are also of importance for GHG-emissions, 
almost equal to changes in length and width of the road. Changes are proportionate to the 
consumption of materials in the first place. Notably is that the scenarios above affect most life cycle 
phases and some of the biggest changes do in fact occur in the end-of-life stage.  

Bridges  
Three different bridge scenarios were presented in the feasibility study. In addition to the scenario 
previously analysed (see section 4.3.2), it is of interest to evaluate how the result could change for 
the other scenarios, especially as the different scenarios are associated with increased/decreased 
cuts in the area surrounding the bridge, and changes in soil stabilisation needed.  

                                                           
11 Corresponding to a 5-7% increase in aggregate consumption and a 5-11% increase in bitumen consumption 
12 Corresponding to a 10% decrease in bitumen consumption and 12% in aggregate consumption 
13 Corresponding to a 40% decrease in aggregate consumption for Alternative Improvement and 60% for 
Alternative Middle and West 
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Based on the different scenarios for bridge construction that were presented in the feasibility study 
the following is applied in the sensitivity analysis. First, a longer bridge of 200m is analysed. No 
length of the shorter bridge is specified, but it is assumed that it can be 2m long, as drum bridges per 
definition have a span width of 2.0 m or smaller (Swedish Transport Administration, 2010). For the 
longer bridge a scenario is also analysed where the embankment at Ålkärr is 200m shorter (as no 
embankment is needed when the bridge is constructed) and the excavated volumes of rock can be 
decreased with 30% (just as in the sensitivity analysis for earthworks). For the bridge of 2m the 
embankment is instead 200m longer, and the cuts increased with 30%.  

It is particularly difficult to assess a default material consumption for bridges as bridges are not 
easily classified into a single or few well-defined design schemes (Brattebø et al., 2013). The 
background data in the LICCER-model (version 2.7) is therefore an estimated average. As the material 
consumption for bridges can be assumed to be of bigger importance for a longer bridge a scenario is 
also created for an increased quantity of steel and concrete in accordance with the Norwegian data 
in the model. Hence the concrete consumption will be 1.31m3/m2 surface area, and the steel 
consumption 0.22tonne/m2 surface area.  

Figure 22 below shows the changes for total infrastructure related impacts when the following 
changes are applied:  

1. Bridge 200 m long, no other changes made  
2. Bridge 2 m long, no other changes made  
3. Bridge 200m long, Norwegian default data for material consumption in bridges 
4. Bridge 200m long, reduced cuts with 30%, embankment 200m shorter 
5. Bridge 2m long, increased cuts with 30%, embankment 200m longer, no soil stabilization 

measures  

 

Figure 22. Sensitivity analysis for bridges: Relative change (Alt.Xi / Alt.Xbase case) in infrastructure related GHG-emissions 
and energy consumption. Alt.Xi is the GHG-emissions or energy consumption for scenario i, where i = 1-5 corresponding 
to the scenarios on page 43, and Alt.Xbase case is the GHG-emissions or the energy consumption in the base case scenario. 
(Alternative Improvement is not shown as there is no bridge in that alternative). 
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The biggest change is related to a scenario that involves constructing a bridge 200m long and 
increasing the material consumption relative to the base case scenario. However, when taking 
reduced rock cuts into account, Alternative West does in fact show a decrease in amount of GHG-
emissions and energy consumption, even for a longer bridge. In the same way, construction of a 
shorter bridge while the amount of excavation work increases, does naturally increase the total 
impacts. However, it should be remembered that fuel for machineries in bridge construction is not 
accounted for in the LICCER-model (version 2.7).  

5.4.3. Traffic and fuels 
Operation of vehicles on the road contributes most to the life cycle impacts for all road corridors in 
the case study. There are many uncertain parameters related to operation of traffic, such as stated 
amount of traffic in the start year of analysis, predicted increase in traffic and share of different types 
of vehicles and fuels. Especially parameters related to prediction of future events are uncertain 
(Stripple, 2009; Kendall et al., 2009), in this case share of fuels in the end-year of analysis and 
predicted increase in traffic. Share of fuels and vehicles in the start year of analysis is not further 
investigated in this sensitivity analysis. It can however be noted that even though this background 
data has been gathered from statistical databases, there can be a variability between different parts 
of the country and the fuel consumption for operation of vehicles will depend on the technical 
standard of each particular road.  

The estimated AADT on the road is based on sample measurements. Hence there will always be a 
certain degree of uncertainty in the data. According to Olofsson et al. (2003) there is a higher 
uncertainty in the estimated AADT for roads with low AADT than for roads with high AADT. For roads 
with AADT<350 the uncertainty interval may be ±38-72% and for roads with AADT>8000 it may be 
±7-13% (Olofsson et al., 2003). A change of 10% is applied in the sensitivity analysis. 

Many assumptions have to be made in order to estimate the future increase in traffic. It include 
assumption on how the road network will be maintained and operated, construction of new roads 
and the performance of other transport systems such as railway, etc. The Swedish Transport 
Administration (2013b) has estimated that the yearly increase in traffic on Swedish roads will be 1.5% 
between 2010 and 2030. A yearly traffic increase of 1.5% is therefore used in the sensitivity analysis.  

There are many different scenarios for future share of fuels in the road sector. Hansson and Grahn 
(2013) present an overview of fuel scenarios for 2030. The predictions vary significantly between 
sources. The predicted share of biofuels varies from 6-65% of the fuel consumption, and the share of 
electric vehicles from 0-100% of the vehicles. Three different fuel scenarios are chosen for the 
sensitivity analysis. They are all gathered from Hansson and Grahn (2013) and include different 
predictions for the share of biofuel and electric vehicles in 2030.  

Figure 23 below shows the changes for total impacts (infrastructure and traffic) when the following 
changes are applied:  

1. 10% higher AADT in start year of analysis 
2. 1.5% yearly traffic increase  
3. Fuel scenario 1: 7.5% biofuel and 4.4% electric vehicles 
4. Fuel scenario 2: 48% biofuel and 7% electric vehicles  
5. Fuel scenario 3: 23% biofuel and 17% electric vehicles 

 



 

45 
 

 

Figure 23. Sensitivity analysis for traffic and fuels: Relative change (Alt.Xi / Alt.Xbase case) in total annual GHG-emissions 
and energy consumption. Alt.Xi is the GHG-emissions or energy consumption for scenario i, where i = 1-5 corresponding 
to the scenarios on page 44, and Alt.Xbase case is the GHG-emissions or the energy consumption in the base case scenario. 

Parameters related to the amount of traffic on the road and share of different types of fuels have a 
big influence on the outcome of the study, particularly on the energy consumption. It can be noted 
that changes in AADT are more or less proportionate to the outcome of the result, i.e. a 20% increase 
in traffic will change results for Alternative West with 20% and similarly a 20% decrease will decrease 
results with 20%. Fuel scenarios 1 and 2 both have a lower share of electric vehicles than in the base 
case and do therefore cause lower energy consumption while it is the other way around for fuel 
scenario 3. The share of biofuel does not influence the results as much. As the electricity used has 
relatively low emissions of GHG, the energy consumption from electric vehicles is not directly related 
to emissions of GHG.  

It can also be noted that parameters that are related to the amount of traffic on the road, such as 
AADT and predicted increase in traffic, do not only influence the traffic related impacts, but also 
impacts related to the infrastructure. This is due to the relationship between AADT and 
reasphaltation frequency in the LICCER-model (version 2.7). A road with higher AADT will be repaved 
more often, causing higher impacts from production of asphalt. For that reason it is only these 
parameters that have an impact on Alternative Improvement as the traffic scenarios are the same as 
in the reference alternative hence no changes are seen for the fuel scenarios. 

While scenarios and parameters related to traffic and fuels can have a high impact on the individual 
results for each road corridor, changes made does not have a possibility to reverse the ranking 
between alternatives due to assumption of the same traffic scenarios in the road corridors.  
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5.4.4. Emission and energy factors  
There is a notable difference between emission and energy factors for materials and fuels in different 
databases. The choice of emission and energy factors in the LICCER-model could therefore have a 
significant influence on the results from the case study. Kendall et al. (2009) note that differences in 
LCI datasets can arise from either uncertainty or variability. Variability can arise from regional and 
technological differences. This type of variability can be reduced by finding a data source which is 
appropriate in terms of geography and technology. Uncertainty in datasets can be more difficult to 
address as uncertainty or statistical information in the data is often not reported in the datasets 
(Kendall et al., 2009).  

In this sensitivity analysis different datasets are analysed for bitumen and aggregates as it is the 
materials that are found in the largest quantities and for diesel fuel due to its importance for 
earthwork related impacts. A significant difference in emission and energy factors for lime could be 
seen when the final set of emission and energy factors in Klimatkalkyl (Swedish Transport 
Administration, 2013c) were compared with the set that was used in the case study (Swedish 
Transport Administration, 2013a). For that reason also lime was included in the sensitivity analysis 
even though it did not originally contribute much to the impacts. The reason for the difference is that 
the latest data in Klimatkalkyl (Swedish Transport Administration, 2013c) represents quicklime, while 
the first dataset represents limestone (Swedish Transport Administration, 2013a).  

It can also be assumed that other types of electricity mix than Swedish electricity mix can be used in 
the operation stage. In the present case study road there is no electricity use related to operation of 
the road, as there are no tunnels and no road lighting. However, choice of electricity mix will have an 
influence on the operation of vehicles. The electricity mix NORDEL is therefore chosen for the 
operation stage. Table 8 below provides an overview of the scenarios analysed and the GHG-
emissions and cumulative energy demand per unit of electricity, fuel and material. Figure 24 shows 
the changes in output when the changes in Table 8 are applied.  

Table 8. GHG-emissions and energy consumption for scenarios applied in sensitivity analysis for emission and energy 
factors.  

 New scenario  GHG-emissions Cumulative energy demand 
1 Electricity mix NORDEL is chosen for the 

operation phase  
0.205 kg/kWh 8.56 MJ/kWh 

2 Database Ökobau.dat is chosen for bitumen 67.7 kg/tonne  3565.1 MJ/tonne  
3 Database IDEMAT2012 is chosen for 

aggregates 
16 kg/tonne  200 MJ/tonne 

4 Database Ecoinvent is chosen for diesel 3535.8 kg/m3 53349.0 MJ/m3 
5 Lime is modelled as quicklime instead of 

limestone (Ecoinvent data)  
980 kg/tonne  5 630 MJ/kg 
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Figure 24. Sensitivity analysis for emission factors: Relative change (Alt.Xi / Alt.Xbase case) in GHG-emissions and energy 
consumption. Alt.Xi is the GHG-emissions or energy consumption for scenario i, where i = 1-5 corresponding to the 
scenarios in Table 8, and Alt.Xbase case is the GHG-emissions or the energy consumption in the base case scenario.  Changes 
are shown for net total impacts in scenario 1, but for infrastructure related impacts for scenario 2-5 as traffic is not 
affected by changes in those scenarios.  

Choice of electricity mix and emission factors could significantly alter the outcome of the study. 
However, as the same change is made for all three alternatives the ranking between alternatives 
does not change. The biggest change is naturally seen for change of electricity mix as it influences the 
traffic on the road which contributes the most to the overall impacts. Also choice of the German 
database for bitumen has a big influence as bitumen is used in big quantities and the difference 
between the database values and the original data in the LICCER-model is very significant.  
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6. Discussion 
The aim of this thesis is to evaluate the possibilities of the LICCER-model to show differences 
between road corridors in early planning road LCA and to analyse how other road LCA-models can 
complement the LICCER-model. This was achieved by applying the model to a case study where three 
road corridors were analysed based on data available in the feasibility study, and by identifying other 
road LCA-models for early planning of road infrastructure. The discussion is therefore divided into 
two sections. Results from the case study are discussed in Chapter 6.1, and the LICCER-model is 
compared with the LCA-models EFFEKT and JOULESAVE in Chapter 6.2. 

6.1. Case study results  
Results from the case study show that Alternative West is the alternative with the lowest amount of 
GHG-emissions and energy consumption, when the total impacts from infrastructure and operation 
of vehicles are analysed, as it is the shortest alternative. However, when the infrastructure is 
analysed separately it is seen that Alternative West cause the highest GHG-emissions and has the 
highest energy consumption, mainly due to the need for excavation work. Shamoon (2012) 
performed a case study for the same road corridors but with the tool JOULESAVE. The ranking of 
alternatives is the same in the two case studies, both for total results and for infrastructure related 
energy consumption, despite the many differences between JOULESAVE and the LICCER-model.   

The results from the case study comply well with results from previous road LCAs. Just as in the other 
studies it is traffic that contributes the most to GHG-emissions and energy consumption. The share 
between traffic related and infrastructure related impacts are in line with results from Shamoon 
(2012) where 96% of the impacts were related to operation of traffic. Infrastructure related impacts 
in this case study are mainly caused by production of bitumen and aggregates, which are also the 
materials used in the biggest quantities. Explosives have in the case study a very high share of 
impacts; production of explosives stand for 10% of the total infrastructure related GHG-emissions for 
Alternative West. This is likely due to the large amount of excavated rock, even though the 
background data used in the model could have an influence as well. Just as in many other studies, 
including the one made by Shamoon (2012), it was the excavation work that caused the highest 
impacts from the construction phase. 

Surprisingly it was seen that the end-of-life stage contribute much to the total GHG-emissions. The 
end-of-life phase has often been excluded from other studies with the motivation that it only has a 
low contribution to the life cycle GHG-emissions and energy use. This is likely a reference to the 
actual waste treatment. It can for example be assumed that landfilling has low use of energy and 
GHG-emissions. The LICCER-model takes into account the actual deconstruction of the road and the 
transportation of waste. These activities could have a high impact depending on assumptions related 
to fuel consumption for transportation and transportation distance to depots. However, it can be 
noted that impacts from the end-of-life stage has been calculated based on the same type of fuels 
etc. as in the construction phase, and are therefore likely subject to high uncertainty. 

The previous road LCAs reviewed in Chapter 3.4 were all made with other methodological choices 
than the ones in the LICCER-model. Despite this, they largely report the same relative importance of 
materials, activities and life cycle phases. However, the quantified result can be very different. When 
the infrastructure related energy consumption for Alternative West is normalised so that it is not 
presented per year it amounts to 97 174 GJ. In the case study with JOULESAVE on the other hand the 
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result is 50 190 GJ. This is a very substantial difference. Similarities and differences between 
JOULESAVE and the LICCER-model are further discussed in Chapter 6.2.  

The results from the sensitivity analysis show that the model output is very sensitive to changes in 
input parameters and scenarios. The infrastructure related emissions of GHG could vary with a factor 
0.7-1.6 for Alternative West and Middle depending on choice of background data and future 
scenarios. The traffic related GHG-emissions increase with up to a factor 3 when NORDEL is chosen 
for electricity mix during operation. In general there is a smaller variation in energy consumption, but 
changes in future share of fuels have a big influence on energy consumption, due to its influence on 
the traffic related impacts.  

Changes are biggest for the alternative that required most of a material, fuel or construction activity. 
For example, changes in earthwork parameters mainly affect Alternative West, while change in 
transportation distance of asphalt or emission factors for bitumen are mainly influencing Alternative 
Improvement that make use of a higher quantity of asphalt than the other alternatives. It can be 
seen however that there was no change in Alternative Improvement for the alternative fuel scenarios 
(see Figure 24). This is due to the reason that the same traffic scenarios are used in all alternatives 
including the zero-alternative. The result would be different if the traffic scenario in the zero-
alternative is different than in the other alternatives.  

Based on the case study it can be said that the quantitative GHG-emissions is most sensitive to fuel 
consumption for excavation, choice of soil stabilisation method, changes that affects bitumen and 
aggregate consumption, and choice of background data for bitumen and aggregates. The biggest 
change in energy consumption is seen for assumptions on future share of fuels and on aspects 
influencing the impacts from bitumen, such as bitumen consumption and energy and emission 
factors for bitumen. Many of the input parameters are the same for all alternatives. All alternatives 
have for example the same height of layers in the road superstructure, the same emission and 
energy factors, the same traffic scenario, etc. Consequentially, changes in these parameters and 
scenarios will likely not affect the ranking between alternatives, even though the quantity of GHG-
emissions and energy can vary significantly. 

As the ranking of alternatives may be more important for decision making purposes than the 
quantity of energy use and GHG-emission, it is necessary to also analyse whether there are any 
scenarios for which the ranking between alternatives can change. In this case study it is excavation 
work and the soil stabilisation measures that are the biggest differences between road corridors. 
Hence the uncertainty in terms of ranking of alternatives depends on the uncertainty in excavated 
volumes, area of stabilised soil, and type of soil stabilisation measure. From the scenarios analysed in 
the sensitivity analysis it was seen that it is particularly assumptions in relation to excavated volumes 
of rock that has a possibility to change the ranking between Alternative Middle and West. If it is 
possible to reduce the volumes of excavated rock in Alternative West, but the volumes increase or 
are the same for a road constructed in Alternative Middle, Alternative West could in fact have lower 
infrastructure related impacts than Alternative Middle.  

However, before conclusions are drawn from this case study it should be noted that the uncertainty 
in parameters and scenarios has not been assessed. It is therefore not known whether the changes 
applied in the sensitivity analysis are actually feasible for the case study road, and what could be the 
total uncertainty in the output (i.e. what is the likelihood that Alternative West have the highest 
infrastructure related impact). Additionally, not all possible combinations of parameters and 
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scenarios have been analysed. It could for example be assumed that a combination of 
increase/decrease in rock with excavation of soil, changed fuel consumption, etc. could have an 
influence on conclusions regarding ranking of alternatives.  

Care should also be taken if conclusions from this case study are transferred to other road 
construction projects. This project should essentially be seen as a special case where the three road 
corridors are relatively similar in terms of length and type of construction, and where the alternatives 
are relatively similar to the reference alternative. It should also be noted that many of the 
conclusions from this study are related to the big rock cuts made, especially in Alternative West. 
Before general conclusions on the robustness of the LICCER-model are drawn it is necessary to 
perform additional case studies for other types of road construction projects, including projects with 
tunnels, and to evaluate the uncertainty in the input parameters.  

It should also be noted that there are some activities excluded from the LICCER-model which could 
have an influence on the ranking and comparison of alternatives. The fuel consumption for putting 
down piles can be up to 0.5litres/meter columns and the energy 17.55MJ/meter column (Stripple, 
2001). Columns can be very long and many (especially in areas with bad conditions for construction) 
hence this could add up to quite a lot of fuel/energy. This could be of importance in comparison of 
road corridors with different demands for soil stabilisation.  

It has also been noted in previous studies that the fuel consumption for construction of the base and 
the sub-base can contribute a lot to the energy consumption for construction. For example, the 
construction of the superstructure in Alternative Improvement stands for 25% of the total energy 
consumption in the study by Shamoon (2012). To include this activity would probably not alter the 
ranking of alternatives in the case study, but it can be seen as a methodological issue that not all life 
cycle aspects of a material is included. For example materials in the superstructure are taken into 
account by production, transportation to the construction site and removal at the end-of-life, but the 
energy required for actually putting the materials into place has been excluded.  

Construction of bridges has also been excluded from the LICCER-model. While this may not have a 
very big impact on the total results it could be important when comparing impacts from constructing 
a longer bridge, while reducing the need for excavation. Other methodological choices made will also 
have an outcome on the study, such as assumption of allocation to traffic from the outside, choice of 
service life and analysis period etc.  

6.2. Comparison of the LICCER-model, EFFEKT and JOULESAVE 
Several road LCA-models were assessed as part of Objective (ii). Of the assessed tools it is only 
EFFEKT and JOULESAVE that are considered suitable for choice of road corridor and/or construction 
type, apart from the LICCER-model. In accordance with Objective (iii), the LICCER-model is to be 
compared with the other models in terms of methodological choices in order to evaluate the 
importance of these methodological choices for the outcome of studies performed with these tools, 
and to evaluate how these models can complement the LICCER-model.  

Here the LICCER-model is first compared briefly with EFFEKT as the two models are similar. This is 
followed by a more detailed comparison of JOUELSAVE and the LICCER-model. This comparison will 
also enable discussion on likely reasons for different results in the case studies performed with 
JOULESAVE and the LICCER-model for road 55, section Yxtatorpet to Malmköping. It should be noted 
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that the discussion is related to the current version of the LICCER-model (version 2.7, June 2013), and 
that the model will be modified based on results from the case study. 

6.2.1. LICCER and EFFEKT   
The main source of inspiration for the LICCER-model has been the Norwegian model EFFEKT, and it is 
therefore not surprising that there are many similarities between the two models. First of all the 
models have the same functional unit and they assessed the same types of impacts, global warming 
potential and cumulative energy demand. In terms of system boundaries EFFEKT could almost be 
seen as a special case of the LICCER-model for Norwegian conditions, as the models also include 
largely the same life cycle phases, materials and construction and operation activities. However, as 
the LICCER-model has been extended to other countries than Norway, the model had to be slightly 
adapted to reflect construction practices in other countries. It was for example not possible to 
predict excavated volumes based on county as in Norway; hence other methods were needed for 
calculation of earthwork related impacts. Also other construction types had to be added to the 
LICCER-model, such as aqueducts which are relevant for construction in the Netherlands, while 
ferries could be excluded. It was also necessary to add some other construction materials that are 
more common in other countries than Norway, for example sand as a base layer material, and 
concrete pavement. Finally the LICCER-model includes also soil stabilisation and the end-of-life stage, 
two aspects that are not found in EFFEKT. 

There are also some methodological choices in EFFEKT that depend on its relation to the economic 
analysis. For example the service life of road infrastructure has to be the same as in the economic 
module; hence the service life is specified as the economic life length. In the LICCER-model it is 
possible for the user to choose a service life, as there are (at the moment) no other assessments 
directly connected to the model. It is the relation to the economic analysis in EFFEKT that is most 
interesting for further development and implementation of the LICCER-model. Many features from 
EFFEKT are already included in the LICCER-model and there are not much more that could be learnt 
from EFFEKT in terms of materials and processes, calculation methods, etc. It could however be 
interesting to analyse how environmental and economic assessments can be combined, how the 
environmental module of EFFEKT has been used in decision making process and the influence it has 
had on the outcome of the decision making process. 

6.2.2. LICCER and JOULESAVE  
While EFFEKT and the LICCER-model are relatively similar, there are big differences between 
JOULESAVE and the LICCER-model. A first difference between the models is the chosen functional 
unit. Both models presents results for the whole road infrastructure, but the LICCER-model expresses 
yearly emissions and energy consumption, while results in JOULESAVE are aggregated over the whole 
analysis period. Secondly, there is a difference in terms of included life cycle phases, construction 
materials and activities. The LICCER-model takes into account all life cycle phases, while JOULESAVE 
excludes operation and end-of-life. The consequences of excluding a life cycle phase for the outcome 
of the study will of course depend on the individual project. Previous studies have shown that the 
operation phase is of particular importance for tunnels. Hence by excluding the operation phase 
JOULESAVE may not allow for a fair comparison of the life cycle performance of construction 
alternatives if tunnels are included in the analysis.  

The energy consumption from material production was higher in the case study with the LICCER-
model than in the case study with JOULESAVE. One reason for this can be that the LICCER-model 
includes more types of materials. While not all included materials are necessarily used within the 
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same road construction project it can be assumed that most road construction projects will make use 
of at least some other materials than asphalt. On the other hand, the construction activities had 
higher energy consumption in the study with JOULESAVE, probably due to the many construction 
activities that are taken into account. It can however be noted that the materials and construction 
activities that in many cases have shown to contribute the most to energy use throughout the 
lifetime of a road are included in both models, namely production of bitumen and aggregates, 
excavation and transportation of excavated masses. 

Another reason for differences in production and construction related energy consumption in the 
two case studies is the choice of background data in the models. In the sensitivity analysis it was 
seen that fuel consumption for excavation and emission and energy factors for aggregates and 
bitumen could have a significant influence on the outcome of the study. The energy factors for 
bitumen and aggregates appear to be much lower in JOULESAVE than in the LICCER-model. The 
energy factor for aggregates is 28.4 MJ/tonne in JOULESAVE while it is 103 MJ/tonne in the LICCER-
model (version 2.7). For bitumen the energy factor is 4883 MJ/tonne in JOULESAVE compared to 
51900 MJ/tonne in the LICCER-model (version 2.7). One major reason for these differences is the 
type of energy assessed in the models. In JOULESAVE the energy for producing bitumen and 
aggregates were analysed based on the required fuel consumption in the machineries used during 
production of these materials, i.e. secondary energy use. In the LICCER-model on the other hand it is 
the primary energy that is assessed. The primary energy includes also feedstock energy and accounts 
for network losses.  

When it comes to geographical boundaries the LICCER-model includes default data for different 
countries, and the user also have the opportunity to add case specific data. While this will make 
comparison of studies performed in different countries more difficult it allows for performing LCAs 
which are more geographically relevant. When the LICCER-model is used it is therefore likely that the 
results vary a great deal, not only between construction sites, but also depending on in which 
country the road is constructed. In JOULESAVE, on the other hand, the final energy consumption 
depends on the case specific data in terms of material quantity and construction work, as the same 
fuel consumption per unit of activity and the same energy factors are used in all projects. This will 
allow for comparison of different types of roads in a way that is not possible with studies in the 
LICCER-model. 

Also choice of temporal boundaries will have importance for the comparability between studies. 
Having a specified analysis period as in JOULESAVE has benefits such as increased comparability 
between projects. At the same time, the aim in the LICCER-project has been to construct a model 
that can be adapted to different construction practices and the service life and analysis periods used 
in economic assessments of roads are varying between countries. Comparability between 
assumptions in the economic and environmental assessments should be seen as an important 
aspect, especially if the two types of assessment are weighted against each other in the decision 
making process. 

With regards to future activities one drawback with the version of the LICCER-model used in this 
thesis (version 2.7) is the lack of accounting for other types of fuel in future construction and 
transportation work, and for other types of electricity in the future. JOULESAVE does not have this 
issue, as operational activities are not taken into account. Uncertainty in future predictions has 
previously been mentioned as one of the biggest uncertainties in road LCA (Stripple, 2009; Kendall et 
al., 2009). An assumption that the same materials, fuels and electricity mix are used throughout the 
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whole analysis period can therefore be seen as a worst case scenario. In case the compared road 
corridors only contain bridges and roads it may not affect the comparison of alternatives. However, 
choice of future electricity mix may be of bigger importance in case one or more of the alternatives 
includes tunnels, as the operation phase of tunnels is so significant (see Chapter 3.4).  

It was previously noted that JOULESAVE only account for the secondary energy use, while the LICCER-
model includes the primary energy use. Another difference related to the impact assessment is that 
the LICCER-model also calculates the global warming potential. Energy consumption is not always a 
good indicator of the actual environmental impacts of using a certain amount of energy. It was also 
seen in the case study that different life cycle phases, materials and construction activities 
contributes more to one or the other of the impact categories. In the sensitivity analysis changes 
were often seen more clearly in one of the categories than the other. Results from JOULESAVE do not 
really say anything about the actual environmental impacts of the road during its lifetime. However, 
it should be noted that the same applies to the LICCER-model. There are many impact categories that 
are not connected to energy use and GHG-emissions, for example noise and dust. 

The LICCER-model could be updated with construction activities from JOULESAVE as the fuel 
consumption for these activities are readily available. This data is perhaps not relevant for the 
construction machines and construction conditions actually used in the countries in the LICCER-
model. However, due to the big uncertainties in fuel consumption related to construction activities, 
these values may be as good an approximation as any other. As it is important to not construct a 
model that is too complicated it is necessary to consider the information available in the early 
planning stage in each country before taking further decisions regarding extending the content of the 
model.  

The LICCER-model is already extensive and covers much of the information available in early 
planning, at least in Sweden (as was seen in the case study). At the same time it is important to not 
exclude aspects that could potentially have a high influence on the outcome of the study, especially 
on the comparison of alternatives. Other issues must be solved in the LICCER-model such as finding 
relevant emission and energy factors, specific material consumption etc. and evaluating uncertainty 
in the result. JOULESAVE cannot be used for complementing the LICCER-model in these areas. There 
may on the other hand be other models available that could be used for this purpose, even if they 
are not “early planning tools” per se. These types of tools have not been assessed in detail in this 
thesis.   
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7. Conclusions 
The aim of this thesis was to evaluate the possibilities of the LICCER-model to show differences 
between road corridors and how other road LCA-models can complement the LICCER-model. This 
was achieved by performing a case study where the LICCER-model was applied to a road construction 
project during the stage of the feasibility study; and by identification of other road LCA-models for 
early planning and comparison of these models with the LICCER-model in terms of LCA-related 
methodological choices.  

Based on the case study it is concluded that the parameters and assumptions to which the model 
output is most sensitive are the parameters and scenarios that are related to consumption of 
aggregates and bitumen, emission factors for aggregates and bitumen, excavated volumes of rock, 
fuel consumption for excavation, soil stabilisation and future share of fuels. It was also concluded 
that the estimated volumes of rock has the biggest possibility to change the ranking between 
alternatives. 

However, this result does not say anything about the uncertainty in the result, or the likelihood that 
one alternative is better than the others. No tunnels were included in the analysed road corridors. 
Based on previous research it can be assumed that analysis of road projects that include tunnels will 
lead to specific methodological difficulties and challenges in early planning.  This was not possible to 
assess in this case study. Due to these issues it is not possible to draw general conclusions on the 
model’s ability to show differences between road corridors.  

From the review of other road LCA-models it was concluded that JOULESAVE and EFFEKT are the only 
road LCA-models that, apart from the LICCER-model, can be used for LCA in choice of road corridor 
and/or construction type in early planning. By comparing results from the case study that was 
performed with JOULESAVE with results from the case study in this thesis, it is seen that 
methodological choices made in the models have a very big influence on the outcome of the studies. 

JOULESAVE and the LICCER-model were compared and it was seen that the models can be used in 
different contexts and for different purposes. The LICCER-model has many advantages compared to 
JOULESAVE. For example, the LICCER-model includes all life cycle phases, and assessment of both 
GWP and primary energy use, while JOULESAVE only assesses secondary energy and does not allow 
for a good comparison of construction alternatives that includes tunnels. JOULESAVE can on the 
other hand facilitate comparison of results from various case studies. 

The comparison reveals that JOULESAVE can complement the LICCER-model with additional 
construction activities, as the fuel consumption for these activities are readily available. However, 
further investigations have to be made for applicability and robustness of the LICCER-model before 
more construction activities are included.  

Based on the limitations in the case study it can be seen that there are other methodological issues 
to solve, such as compliance with the economic assessment, uncertainty assessment and choice of 
background data. It is possible that other models than JOULESAVE can help in this. For example 
EFFEKT could be used for further inspiration if future users of the model wish to combine the LCA 
with CBA. 

The results from this thesis contribute with additional knowledge on GHG-emissions and energy 
consumption from road infrastructure. They show the main hotspots of a road from a life cycle 
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perspective and what factors are the most important to consider in early stage planning. Results 
show that it is possible to use LCA-methodology and LCA-models such as the LICCER-model in early 
planning of road infrastructure for choice of road corridor and/or construction type. It further shows 
that data from the road’s feasibility study can be used to evaluate a road corridor also from a life 
cycle perspective. Results can be useful also outside of the LICCER-project for planners and for 
development of LCA-methodology for early planning of road infrastructure. 
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8. Future work  
There are many areas for further work and research, both for improvement of the LICCER-model and 
for development and implementation of LCA-methodology in early planning of road construction.  

For further development of the LICCER-model it is necessary to perform case studies which include 
tunnels, as this was not included in the present case study. It is also necessary to perform more case 
studies in general, both in Sweden and in other countries. Only when results from several case 
studies are analysed together is it possible to see patterns in the performance of the LICCER-model.  

There is also a need to improve data quality and fill data gaps in the LICCER-model's background 
data.  This case study was performed with Norwegian data for most materials and it is important to 
find also representative data for Sweden and other countries. This would require more case- and 
literature studies, in order to find general average data.  

Similarly there is need for deeper analysis of the reasons for differences between emission- and 
energy factors in different databases. This is necessary in order to find emission factors that are 
technologically and temporally relevant for each country and for construction of a transparent model 
where the user is aware of the methodological issues in the model.  

Case studies should also be performed with the LICCER-model during the actual feasibility study. This 
allows further identification of possibilities and limitations of the LICCER-model and how the model 
can be applied in planning of road infrastructure.  

Further research has to be done on uncertainties in the LICCER-model and in early planning of road 
infrastructure, by for example analysing how uncertainties are handled in the economic assessment. 
This could give an idea of the predicted size of the uncertainties encountered in the planning. 
Additionally there is a need to follow road construction projects throughout several planning stages. 
This can further show likely changes that can be expected in parameters and scenarios.  

It is necessary to analyse the methodology and system boundaries commonly used in economic and 
environmental assessment (other than LCA) in the early planning stages. To ensure fair comparison 
of impacts analysed in the different assessments it is important that they are analysed based on the 
same assumptions.  

It should also be analysed how uncertainty and sensitivity analysis can be performed in the LICCER-
model, in order to help the user analyse the outcome of the study. This would also help to improve 
the road LCA-models in general, as uncertainty in the result is not generally discussed today. A 
general framework could be developed for data quality, sensitivity and uncertainty could be handled.   

The LICCER-model has to be adjusted to the needs of the users of the model. Presentation of results 
needs to reflect issues that are relevant for decision-making. Further research has to be made on 
how different environmental assessment tools can be combined and implemented in practice.  

Only two environmental impact categories have been taken into account, in this thesis and in the 
LICCER-model as a whole. Other environmental impacts such as eutrophication, acidification, and 
land use, etc. are equally important to assess. The system boundaries in LCA and EIA are different, 
hence even though some of these impacts are analysed in an EIA, the results cannot be seen as a 
substitute for analysis of life cycle impacts.  
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The road LCA-models described in this thesis are often not specifically stated to be applicable for a 
certain planning stage, or it is claimed that they are useful for early planning but early planning is 
defined differently than in the LICCER-model. Further analysis of these models is necessary in order 
to gain deeper understanding on how they are used in planning of road infrastructure and how they 
have influenced the outcome of decision making processes.   
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APPENDIX A – Road LCA models  
This appendix presents an overview of the road LCA-models described in 3.2 and 3.3. Table A-1 below describes the models in terms of country in which 
they have been developed, decision stage in which the models can be used, road elements included and sustainability issues that can be evaluated with the 
model. It should be noted that the division of models according to decision stages is made for the purpose of this thesis based on description of the models. 
The decision stage in which the model is to be used is not always explicitly stated by the tool developer.  

Table A-1: Overview of road LCA-models described in this thesis. 

Tool Reference Country 

Decision stage Elements considered 
Sustainability issues 

Environmental Economic Social 
Early 
planning 
(modality, 
localization) 

Design Construction & 
maintenance 

Follow-
up Road Tunnel Bridge Traffic GHG Energy Other 

  

LICCER Brattebø et al. 
(2013) 

SE, NO, 
DK, NL 

                          

EFFEKT Straume (2011) NO                           
JOULESAVE Kennedy (2006) EU                           
AggRegain TRL Limited (2010) UK                           

AMW van Leest et al. 
(2006) NL                           

Anavitor Erlandsson et al. 
(2007) SE                           

asPECT 
TRL Limited 
(2011) UK 

                          

Carbon Road 
Map CEREAL (2012) NL, DK                           

CMS (Carbon 
Management 
System) 

Collin and Fox 
(2010) Scotland 

                          

DuboCalc Kluts and 
Miliutenko (2012) NL                           

ECORCE Capony et al. FR                           
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(2013) 
ETSI 
BridgeLCA 

Hammervold et al. 
(2009) 

NO, SE & 
FIN 

                          

GreenDOT Gallivan et al. 
(2010) US                           

Meli Mroueh et al. 
(2000) FI                           

PALATE Horvath et al. 
(2004) US                           

Road Model Stripple (2001) SE                           
ROAD RES Birgisdóttir (2005) DK                           
SEVE SEVE (2010) FR                           

TEAM Schwartzentruber  
and Rabier (2012) FR                           

UK 
Environmental 
Agency 
Carbon 
Calculator 

UK Environmental 
Agency (2007) UK                           

UK Highway 
Agency 
Carbon 
Calculator 

Parsons 
Brinckerhoff 
(2009) 

UK 

                          

WLCO2ST URS (2012) World 
wide 

                          

CHANGER Huang et al. (2012) IRF                           

Greenroads Andersen et al. 
(2011) US                           
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APPENDIX B – Materials and construction activities in EFFEKT, the 
LICCER-model and JOULESAVE  

This appendix presents tables for the materials included in the LICCER-model, EFFEKT and 
JOULESAVE, and for the construction activities included in JOULESAVE and the fuel and energy 
consumption for these activities. 

Table B-1. Materials included in the LICCER-model (version 2.7), EFFEKT and JOULESAVE for construction of roads, bridges 
and tunnels.  

 LICCER-model  EFFEKT JOULESAVE 
Roads  Aggregate/gravel 

Sand/soil 
Bitumen 
Concrete 
Cement 
Lime 
Explosives 
Steel 

Aggregate/gravel 
Asphalt 
Hot mix 
Explosives 
Steel  
 

Aggregates  
Bitumen  

Tunnels 
 

Aggregate/gravel 
Sand/soil 
Bitumen 
Concrete 
Cement 
Lime 
Explosives 
PE-foam 
Rebar 
Shotcrete 
Steel 

Asphalt 
Concrete 
Explosives 
PE-foam 
Rebar 
Steel  
 
 
 

N/a  

Bridges14  Asphalt membrane  
Concrete 
Cement 
Lime 
Explosives 
Rebar 
Steel 

Asphalt membrane 
Asphalt 
Concrete 
Rebar  
Steel 
 

N/a 
 

 

  

                                                           
14 For the LICCER-model (version 2.7) this data is also valid for steel and concrete overpasses  
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Table B-2. Construction activities included in JOULESAVE and the fuel and energy consumption per unit of activity 
(adapted from Kennedy, 2006).  

Construction activity Unit Fuel consumption 
per unit (litre) 

Secondary energy consumption per 
unit (MJ) 

Drainage    
Culverts including headwalls m 164 63.38 
Retaining watercourses m3 3.15 121.77 
Ditches including outfalls m 0.82 31.66 
Piped Drains incl manholes m 2.73 105.53 
Services     
Install ducting for Utilities m 1.64 63.32 
Earthworks    
Strip Topsoil incl site clearance m2 0.24 9.45 
Tree Felling no 5.88 226.92 
Break up any redundant pavement m3 4.03 155.73 
Excavation Type C material m3 1.22 47.16 
Excavation of Type B material m3 0.40 15.53 
Excavation of Type A material m3 0.18 7.09 
Disposal of contaminated material m3km 0.85 32.64 
Disposal of Unacceptable material m3km 0.85 32.64 
Deposition of acceptable material in 
embankments and 
other areas of Fill 

m3km 0.28 10.65 

Deposition of acceptable material in 
Landscape Areas 

m3km 0.16 5.98 

Import acceptable material in and 
under embankments 
and other areas of fill 

m3km 0.50 19.25 

Compaction in layers of acceptable 
material under 
embankments and other areas of fill, 
in capping areas and 

m3 0.10 3.97 

Vertical Drains m3 22.13 854.47 
Geosynthetics m2 0.33 12.55 
Topsoiling m2 0.91 35.00 
Landscaping m2 0.45 17.50 
Pavement     
Sub - base in carriageway, 
hardshoulder and hardstrip 

m3 177 68.47 

Soil Stabilisation m3 0.68 26.25 
Put Down Road Base m3 3.92 151.19 
Put down Base Course m3 3.92 151.19 
Put down Wearing Course m3 4.95 191.27 
Put down concrete kerbs where 
required 

m 2.21 85.26 

Put down concrete footpaths where 
required 

m2 2.55 98.38 

Road Markings and Traffic signs     
Road Lining m 0.04 1.51 
Road Signing (each junction) no 41.67 1608.75 
Structures    
Bridges up to 10m span m2 705.00 27220.05 
Bridges 10 - 50 span m2 103.75 4005.79 
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Bridges > 50 span m2 90.88 3508.68 
Concrete median barriers m 1.56 60.23 
Retaining Walls m2 31.04 1198.52 
Tunnel m traffic 

lanes  
Not specified Not specified  
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APPENDIX C – Background data in the LICCER-model  
 

This appendix includes tables presenting the background data included in the LICCER-model (version 
2.7) and that were used for the case study in this thesis. 

Table C-1. Emission factors used in the case study, data included in LICCER-model version 2.7.  

Material GHG-emissions Unit  Reference 
Aggregate 3.76 kg/tonne EFFEKT 
Bitumen 430.00 kg/tonne Swedish Transport 

Administration (2013a) 
Asphalt membrane 209.00 kg/tonne Ecoinvent 2.2 
Aggregate in reasphaltation 3.76 kg/tonne EFFEKT 
Bitumen in reasphaltation 430.00 kg/tonne Ecoinvent 2.2 
Concrete 367 kg/m3 Swedish Transport 

Administration (2013a) 
Diesel 2 540 kg/m3 Swedish Transport 

Administration (2013a) 
Biofuel 825 kg/m3 Assumption: 30% of the value 

for gasoline in Ecoinvent 2.2  
Electricity 0.020 kg/kWh Swedish Transport 

Administration (2013a) 
Explosives 2 520 kg/tonne Ecoinvent 2.2 
Gasoline 2 530 kg/m3 Ecoinvent 2.2 
Rebar (reinforcement steel) 1 200 kg/tonne Swedish Transport 

Administration (2013a) 
Steel 1 500 kg/tonne Swedish Transport 

Administration (2013a) 
Lime 2 kg/tonne Swedish Transport 

Administration (2013a) 
Cement 715 kg/tonne Swedish Transport 

Administration (2013a) 
Transport work 0.120 kg/tonnekm Ecoinvent 2.2 

 

Table C-2. Energy factors used in the case study, data included in the LICCER-model version 2.7. 

Material Energy  Unit    
Aggregate 103.0 MJ/tonne EFFEKT 
Bitumen 51 900 MJ/tonne Swedish Transport Administration (2013a) 
Asphalt membrane 7 040 MJ/tonne Ecoinvent 2.2 
Aggregate in reasphaltation  103.0 MJ/tonne EFFEKT 
Bitumen in reasphaltation 51 900 MJ/tonne Ecoinvent 2.2 
Concrete 2 472 MJ/m3 Swedish Transport Administration (2013a) 
Diesel 35 280 MJ/m3 Swedish Transport Administration (2013a) 
Biofuel 4785 MJ/m3 Assumption: 30% of the value for gasoline in 

Ecoinvent 2.2 
Electricity 6,44 MJ/kWh Swedish Transport Administration (2013a) 
Explosives 29 465 MJ/tonne Ecoinvent 2.2 
Gasoline 41 528 MJ/m3 Ecoinvent 2.2 



 

70 
 

Rebar (reinforcement steel) 19 300 MJ/tonne Swedish Transport Administration (2013a) 
Steel 20 100 MJ/tonne Swedish Transport Administration (2013a) 
Lime in soil stabilization 28 MJ/tonne Swedish Transport Administration (2013a) 
Cement 4 135 MJ/tonne Swedish Transport Administration (2013a) 
Transport work 1.80 MJ/tonnekm Ecoinvent 2.2 

 

Table C-3. Specific material consumption used in the case study, data included in the LICCER-model version 2.7. 

Material Material 
consumption Unit  Reference 

Bitumen Consumption of these materials is calculated based on cross section 
geometry data. Asphalt  

Asphalt, replaced in repaving 0.050 m thickness  EFFEKT 
Asphalt membrane, bridge 26.04 kg/m2 surface area EFFEKT 
Concrete, bridge 0.78 m3/m2 surface area Olofsson et al. (2010) 

Concrete, concrete piles 1.17 tonne/m2 stabilised soil 

Swedish Transport 
Administration (2013a);  
Rydberg and Andersson 
(2003) 

Cement, LC-columns 0.08 tonne/m2 stabilised soil 
Rydberg and Andersson 
(2003) 

Lime, LC-columns 0.08 tonne/m2 stabilised soil 
Rydberg and Andersson 
(2003) 

Diesel, transportation of masses 
in earthwork 

0.035 litre/tonnekm mass transport EFFEKT 

Diesel, machinery for earthwork 
in road construction 

0.80 litre/m3 loose materials EFFEKT 

Diesel, earthworks, blasted rock 0.80 litre/m3 loose materials EFFEKT 
Diesel, earthworks, simple soil 
excavation 

0.09 litre/m3 loose materials Stripple (2001) 

Diesel, end-of-life pavement 
removal 

0.80 litre/m3 loose materials EFFEKT 

Diesel, end-of-life base & sub-
base removal 

0.80 litre/m3 loose materials EFFEKT 

Diesel, end-of-life concrete 
structures demolition 

5.00 litre/m3 concrete structure EFFEKT 

Diesel, end-of-life earthworks 2.00 litre/m2 total road area EFFEKT 
Explosives 1.00 kg/m3 rock in situ EFFEKT 
Rebar, bridge 0.13 tonne/m2 surface area Olofsson et al. (2010) 
Steel, guardrails 0.021 tonne/m guardrail EFFEKT 

Steel, concrete piles 0.047 tonne/m2 stabilized soil 

Swedish Transport 
Administration (2013a); 
Rydberg and Andersson 
(2003) 
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Table C-4. Fuel consumption of vehicles, data included in LICCER-model version 2.7. 

Type of fuel Fuel consumption  Unit  Reference  
Diesel fuel, trucks, no trailer 2.32 litre/10km Swedish Transport Administration  
Diesel fuel, trucks, with trailer 4.09 litre/10km Swedish Transport Administration 
Diesel fuel, light vehicles 0.67 litre/10km Swedish Transport Administration 
Gasoline fuel, light vehicles 0.87 litre/10km Swedish Transport Administration 
Electricity, light vehicles 1.61 MJ/km Norwegian Transport Administration 

 

Table C-5. Transport distance of materials to the construction site, data included in LICCER-model version 2.7. 

Material Transport distance (km) 
Aggregate/gravel, all usage except pavement asphalt 5 
Asphalt membrane 500 
Asphalt, pavement (incl. bitumen and aggregate) 5 
Concrete, bridges 300 
Concrete piles  50 
Cement, soil stabilization 100 
Lime from lime pillars, soil stabilization 300 
Explosives 100 
Rebar, bridges 500 
Steel, guardrails 500 
Internal transportation masses from earthwork 2 
Pavement materials to depot at end-of-life 10 
Base & subbase materials to depot at end-of-life 10 
Concrete materials to depot at end-of-life 10 
Rebar materials to depot at end-of-life 10 
Steel materials to depot at end-of-life 10 
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