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ABSTRACT 

 

Road infrastructure has been considered as one 

of the most expensive and extensive infrastructure assets of 

the built environment globally. This asset also impacts the 

natural environment significantly during different phases of 

life e.g. construction, use, maintenance and end-of-life. The 

growing emphasis for sustainable development to meet the 

needs of future generations requires mitigation of the 

environmental impacts of road infrastructure during all 

phases of life e.g. construction, operation and end-of-life 

disposal (as required).Life-cycle analysis (LCA), a method 

of quantification of all stages of life, has recently been 

studied to explore all the environmental components of 

road projects due to limitations of generic environmental 

assessments. The LCA ensures collection and assessment of 

the inputs and outputs relating to any potential 

environmental factor of any system throughout its life. 

However, absence of a defined system boundary covering 

all potential environmental components restricts the 

findings of the current LCA studies. A review of the 

relevant published LCA studies has identified that 

environmental components such as rolling resistance of 

pavement, effect of solar radiation on pavement (albedo), 

traffic congestion during construction, and roadway 

lighting & signals are not considered by most of the 

studies. These components have potentially higher 

weightings for environment damage than several commonly 

considered components such as materials, transportation 

and equipment. This paper presents the findings of 

literature review, and suggests a system boundary model 

for LCA study of road infrastructure projects covering 

potential environmental components Transport 

infrastructures such as roads are assets for the society as 

they not only ensure mobility but also strengthen society’s 

economy. Considerable amount of energy and materials, 

that include bitumen, aggregates and asphalt, are required 

to build and maintain roads. Improper utilization of energy 

and/or use of materials may lead to more waste and higher 

costs. The impact on the environment cannot be neglected 

either. Life cycle assessment (LCA) as a method can be 

used to assess the environmental impacts of a road system 

over its entire life time. Studying the life cycle perspective  

 

 

 

of roads can help us improve the technology in 

order to achieve a system that has a lower impact on the 

environment. There are number of LCA tools available. 

However, implementation of such tools is still unseen in 

real road projects. This clearly indicates that there are 

gaps which are needed to be filled in order to bring these 

tools into practice. An open road LCA framework was 

developed for the asphalt roads in order to help in decision 

support at the late project planning stage such as that 

related to the green procurement. The framework takes into 

account the construction, maintenance and end of life 

phases and focuses on energy and greenhouse gas (GHG) 

emissions. Threshold values for the production of some 

additives were also determined to show how LCA tools can 

help material suppliers to improve the road materials 

production processes and the road authorities to set limits 

on the use of different materials based on the 

environmental criteria. Additive consideration and 

feedstock energy in road LCAs were also identified as gaps 

that were looked in detail. The attributes that are important 

to consider in an asphalt road LCA that seeks to serve as a 

decision support in a procurement situation are described. 

A brief literature review was carried out that focused on 

project LCAs, and specifically those considering 

pavements, as this level is assumed to be appropriate for 

questions relevant in a procurement situation. Following 

the different standards; road LCAs developed all over the 

world have generated a lot of knowledge and the studies 

have been different from each other such as in terms of 

goals and system boundaries. Hence, the patterns observed 

have been very different from study to study. It was also 

difficult to assess the decision support level for which the 

various LCA frameworks or tools were developed. It is 

important to define system boundaries based on where in 

the system the decision support is needed. For LCA to be 

useful for decision support in a procurement situation, it is 

important to have a clear understanding of the attributes 

that constitute the life cycle phases and how data of high 

quality for them are obtained. The level of consistency and 

transparency of road LCAs becomes increasingly important 

in pre-procurement and procurement situations. The key 

attributes used in a road LCA should mirror the material 
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properties used in a pavement design and therefore be 

closely linked to the performance of the road in its life 

cycle.From the different case studies, it was found that 

asphalt production and transportation of materials are 

usually highest in the energy and GHG emissions chain. It 

is highly favorable to have the quarry site, the asphalt plant 

and the construction site not far from each other and to use 

the electricity that has been produced in an efficient way. 

Based on the laboratory test results, it is shown that the 

effects of chemical warm mix asphalt additives (WMAA)s 

must be evaluated on a case by case basis since WMAA 

interaction with the aggregate surface mineralogy appears 

to play a significant role and thus affects its long term 

structural behavior. Using the material properties obtained 

from the Superpave indirect tensile test (IDT) results, 

pavement thickness design was done in which Arlanda 

aggregate based asphalt mixtures resulted in thinner 

pavements as compared to Skärlunda aggregate based 

asphalt mixtures for the same design life period. Energy 

(feedstock and expended) saving and reduction in GHG 

emissions were also seen with addition of WMAA, for both 

aggregate type cases, based on the data used. Importantly, 

the results presented illustrate the importance of a systems 

based LCA approach for evaluating the sustainability for 

different design and construction options. In this context, 

having actual pavement material properties as the key 

attributes in the LCA enables a pavement focused 

assessment of environmental costs associated with different 

design options. 

In the debate of climate change and mitigation of 

greenhouse gases, the issue of energy use is closely related. 

Several political aims concern the need to reduce the 

overall energy demand in the society, where transportation 

is an important contributor. In the transport sector, major 

efforts have been concentrated on developing more fuel 

efficient engines and vehicles.However, the road 

infrastructure, its operation and maintenance also use 

energy and do havean effect on traffic fuel consumption 

and emissions. It is therefore important to also take the 

infrastructure into consideration when addressing the 

energy issue for traffic and use a broader perspective. The 

objective of this study is to estimate the total energy use in 

a life cycle perspective of a road infrastructure investment 

and the impact of different phases of theroads life time. 

Keywords: Sustainability, Environmental Indicators, Life 

Cycle Analysis (LCA), Global Asphalt roads; life cycle 

assessment; feedstock energy; warm mix asphalt additives; 

green procurement; decision support; laboratory 

investigation; pavement design. Warming Potential (GWP), 

System Boundary ,energy use, road infrastructure and 

traffic. 

 

INTRODUCTION 

 

Life cycle impacts are being used 

increasingly as a selection criterion for products and 

materials both in industry and in other activities. 

Assessment and calculation methods have developed 

since the early days of LCA, and the scope of its 

application has grown enormously. 

 

The present study aims at quantifying the 

environmental impact of motorways. As well as 

pavement construction, the ecological impact of a 

motorway under traffic as well as the effect of 

maintenance over a period of 30 years have been 

analysed systematically using the LCA methodology 

according to ISO 14040. All input and output values 

for the individual processes in the production and use 

of pavement for a motorway section were taken into 

account. this included the production of materials, 

provision of energy, manufacture of the necessary 

products, transport services and the employment and 

disposal of the individual products. 

 

Emissions into air, water and soil were 

determined and, using the Dutch CmL method, 

assigned to the impact categories global warming 

potential (GWP), ozone depletion potential (ODP), 

photochemical ozone creation potential (POCP), 

acidification potential (AP) and eutrophication 

potential (EP). the Swiss database “ecoinvent” was 

used. Processes not available in the database were 

analysed and modelled on the basis of existing 

upstream-processes. the data were evaluated with the 

LCA software “SimaPro”. Possible reductions in 

environmental impact were determined by 

considering various scenarios. 

 

The nation’s roadway system is one part of a 

transportation network that provides mobility and 

access to a range of users (e.g., access to  schools, 

services, and work; leisure 

travel; and general mobility)(FHWA,2015a). The 

roadway system is also vital to the economy because 

it enables the movement of freight and commodities, 

and is a major source of employment. Roads carry 

about 65% of all freight in  nation, in terms of both 
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tons and dollar value (BTS/FHWA, 2014). More than 

300,000 people were employed in the road and bridge 

industry in 2014, and even more were employed 

before recent cuts in transportation infrastructure 

funding. Most of these jobs do not require a college 

degree and typically offer higher  wages than jobs 

requiring similar educational backgrounds (Bureau 

Of Labor Statistics, 2014). 

The impact of traffic on society and 

environment has been the object of extensive 

investigation activity during a relatively long period 

of time. One condition for the development of traffic 

and transport systems has been a wide extension of 

the infrastructure that is being used by vehicles. The 

road system includes a nation-wide system with 

different geo-technical and meteorological 

conditions.  

 

A road network contains many different 

components from direct materials in the road itself to 

peripheral equipment such as lighting, traffic lights, 

game fences, road signs, bridges, tunnels etc. The 

production of materials for the road system represents 

an entire industrial sector in the Swedish economy. 

 

The construction, operation and 

maintenance of the road network have in many cases, 

from an environmental point of view, been regarded 

as less significant compared to the impact of vehicles 

using the road during its lifetime. Any unambiguous 

evidence of this or any quantification of the 

conditions have not been presented, especially not 

seen from a life cycle assessment perspective which 

includes a system of direct road work, materials, 

transportation and peripheral equipment etc. 

 

This work is a preliminary study, where the 

road system has been studied in terms of a 

life cycle assessment methodology. The complete life 

cycle of a road has been studied 

here, including the extraction of raw materials, the 

production of construction products and the 

construction process, the maintenance and operation 

of the road and finally the disposal/reuse of the road 

at the end of the life cycle. The contribution from 

traffic during the same time period is not included in 

the study. However, as a brief comparison, the 

contribution from the traffic has been roughly 

calculated and compared with the road system. 

  

The first phase of the life cycle of a road is 

the projection and construction phase. In this phase, 

the road and any related peripheral equipment is 

constructed. It includes several heavy work elements 

such as excavation in order to obtain the desired 

routing of the road, foundation reinforcement work 

and other efforts. These elements do not normally 

reoccur at a later stage in the lifetime of a road. After 

the construction phase the road moves on to a usage 

phase, which contains the operation and maintenance 

phases. The operation includes elements such as 

winter road maintenance, clearing/mowing of verges, 

maintenance of peripheral equipment, etc. The 

maintenance of the road is related to the wear of the 

carriageway and the road structure, and includes 

replacement of the wearing course on the 

carriageway and replacement of the road structure, 

etc. Both the operation and the maintenance are 

events that reoccur during the lifetime of the road. 

The operation and maintenance periods are 

determined by the desired road standard, the desired 

density of traffic and so on.  

 

A schematic picture of the life cycle of a 

road is presented in figure 1.1. 

 
Main Structure of a Life Cycle for a Road 

 

https://edupediapublications.org/journals
https://edupediapublications.org/journals/index.php/IJR/


   

International Journal of Research 
Available at https://edupediapublications.org/journals 

e-ISSN: 2348-6848  

p-ISSN: 2348-795X  

Volume 04 Issue 10 

September 2017 

 

Available online:  https://edupediapublications.org/journals/index.php/IJR/  P a g e  | 1527    

Normally a road does not have a final end. 

The road is built and thereafter used 

year after year. Through continuous maintenance of 

the road, the materials used in the 

road are successively replaced. Old roads that are 

given a new routing are often left without being 

demolished.  

 
RESULTS  

 

 Model objects and input data 

The study is based on a developed Road Model. The 

computer model calculates the energy use, resource 

use and the emissions from the life cycle of a road. 

The model is written in Excel from Microsoft. The 

model is build up of different worksheets for 

different input and output of data. The data in the 

different worksheets are linked together in the 

calculation formulas for each cell. The main data 

flow in the model is shown in figure 5.1.1. Thus, if 

input values are changed, the entire model is 

recalculated and the new results are shown. There are 

three different types of data in the calculation 

worksheets (Road Model and Processes). These are: 

 

- direct input values written in italic 

- calculated data for the different processes written in 

normal style 

- sum values written in bold 

 
Figure 5.1.1. Main data flow in the LCI Road 

computer model. 

 

The sum values are shown above the corresponding 

process. In the Road Model worksheet there are also 

values showing the sum of initial construction of the 

road, the sum of maintenance during the studied time 

period, the sum of operation activities during the 

studied time period and the total sum of the entire 

system, all marked in bold blue. 

 

Only direct input values, written in italic, and 

parameters in the pavement and process 

parameters worksheets can be changed. Other cells 

contain formulas and cannot be changed without 

redesign of the model. However, the model can easily 

be redesigned with the Excel formulas to meet other 

production procedures or the use of other materials. 

 

The computer model gives the possibility to analyse 

and vary a number of different activities within a 

road system. The model simulation that has taken 

place within the framework of this study can be seen 

as an example of the existing possibilities of analysis. 

A central technical question is the decision regarding 

which type of paving to use on the road. The question 

is complex both from a technical and economic point 

of view and has been the subject of previous 

investigations. The direct environmental and energy 

aspects have, however, not been analysed from a life 

cycle assessment perspective. For the present model 

simulation, therefore, we have chosen to analyse 

three different surface materials; asphalt road using 

hot mixed method, asphalt road using cold mixed 

method and a concrete road. 

 

A significant part of the activities that are present 

during road services is made up of processes using 

different types of diesel driven vehicles. The choice 

of engine type, emission factors, etc. can affect the 

final result to a great extent. Two different typesof 

engines have therefore been investigated. These 

represent the so-called low emission diesel engine out 

of the 1994 model programme, and a standard 

engineer presenting today’s (year 1994) machinery 

and maintenance vehicles. Emission factors for 

today’s standard vehicles/maintenance machines 

have been assumed to give a double emission of 

NOx, SO2, CO, dust and hydrocarbons. For the SO2 
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emission, the sulphur content in the fuel is the 

deciding parameter, which is why an increased part 

low sulphur containing fuel has been assumed in the 

operation of the low emission engines, representing a 

halving of the sulphur emission. 

 

The choice of input data to the model is an important 

component in the model work. When analyzing the 

results it is important to notice that all road sites are 

unique even if the processes are similar. Thus, the 

model results are only valid for this particular road 

defined in the model. However, for road sites with 

similar conditions more general conclusion can be 

drawn from the information but the conclusions 

should be handled with great care. A few general 

assumptions regarding length of life times for 

different process alternatives must be made. The 

choice of length of the studied period can also be 

vital and in this case a time period of 40 years has 

been chosen for the study. The section of road 

concerned is 1 km long. The total width of the road is 

13 m. 

 

One part of the road has been assumed to be in a 

cutting, which means it has anexcavation volume of 

100000 m3. A sub-base of a thickness of 1 m and a 

base course of the thickness 0.5 m has also been 

assumed. The road has been assumed to be lit and to 

have certain traffic regulations. In the choice of input 

data there has been a desire to keep the parameters as 

similar as possible between the different alternatives.  

 

In the choice of final functional unit for the analysis 

of the roadwork, it has emergedthat a section of the 

road itself (Road object) is the simplest and the most 

representative functional unit. A further analysis can 

show the more complex application of the 

transportation work as functional unit. The choice of 

amount of transportation work is very sensitive and 

will make a big impact on the total analysis. The total 

life cycle relationships between the transportation 

work and maintenance intervals, construction 

techniques, etc. have not been fully investigated. 

 

5.2 Results  

 

The results here are based on vehicles and 

maintenance vehicles with low emission engines. 

Furthermore, model simulations have been run on 

two different engine alternatives for vehicles 

andmaintenance vehicles: low emission engines and 

today’s standard vehicles with a conventional diesel 

engine.  

 

An overview of the total energy consumption divided 

between construction, operation 

and maintenance from a life cycle assessment 

perspective, is shown in figure 5.2.1. In addition, the 

inherent energy bonded in the asphalt layer is also 

shown in the same figure. The inherent energy is 

however not a direct energy use due to the fact that 

the bitumen material is not combusted and the energy 

is thus not released. The inherent energy use can be 

treated as a resource use of bitumen. The figure 

shows the situation without asphalt recycling. An 

asphalt recycling process can reduce the resource use 

of bitumen. 

 

The total energy consumption in construction, 

operation and maintenance for a 1 kmlong road 

during a period of 40 years of operation has been 

calculated as around 23 TJ for asphalt surface, and 

around 27 TJ for a concrete surface. The energy 

differences are very small between the cold and the 

hot methods for asphalt. The operation of the road 

makes up a large part of the total energy 

consumption. The energy consumption of the 

operation in the model mainly comes from the 

consumption of electrical energy for street lighting 

and traffic lights. An equal intensity of illumination 

has been assumed for asphalt roads and concrete 

roads. A brighter road surface can however require 

less illumination intensity and thus a reduced use of 

electric power. This electrical energy makes up 

around 12 TJ in this case, i.e. almost the whole 

energy consumption of the operation component. The 

differences in energy consumption for the different 

engine alternatives are small and have not been taken 

into account in the model, which is why no energy 

differences exist between the different engine 

alternatives in the model calculations. The 

distribution between different sources of energy for 
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the system in operation using low emission engines is 

shown in figure 5.2.2. The most prominent energy 

sources are oil, coal, uranium and hydropower.  

 

The consumption of uranium and hydropower canbe 

linked to the production of electrical energy for 

primarily lighting and traffic regulation. The 

consumption of biomass fuel and peat can also be 

related to the Swedish average electricity production. 

The consumption of oil is relatively similar for the 

different paving alternatives. The consumption of 

coal, however, is significantly higher for the concrete 

road than for the asphalt alternatives. This is 

connected with the fact that the production of asphalt 

is oil based, whereas the production of cement is coal 

based, as the cement kilns are driven by coal powder. 

Almost the whole difference in total energy 

consumption (4 TJ) between asphalt paving and 

concrete paving can be related to road concrete 

(cement) for around 3 TJ of coal. The main part of 

the coal consumption can be related to the operation 

of the cement kilns in the production of cement. 

 

A rough estimate of the energy consumption for 

traffic on the section of road during a 

corresponding 40-year period, shows a total 

consumption of 229.2 TJ with the assumption of 

5000 cars/24hours and with a total energy 

consumption including precombustion addition of 0.1 

litre petrol/km and vehicle. In table 5.2.1 the 

calculations of the contribution of the road to energy 

consumption, in relation to the energy consumption 

of the traffic, is presented. A vehicle intensity of 

5000 cars/24 hours has been assumed and 

calculations have been done both with and without 

the electricity consumption for lighting and traffic 

regulation as these elements make up a significant 

part of the total energy consumption. Most Swedish 

rural roads are not lit and lack this energy 

consumption. 

 

Table 5.2.1 The energy use of the road as a 

percentage of the energy used from traffic with a 

traffic intensity of 5000 vehicles/day with and 

without road lights and traffic control. 

 
 

The emissions of NOx, SO2 and CO2 for the system 

divided between construction,operation and 

maintenance are shown in figures 5.2.3 - 5.2.5. The 

calculations of the emissions for the different engine 

alternatives; low emission engine and today’s 

conventional engine respectively is based on the 

assumption that the NOxemission increases by a 

factor of 2 for today’s standard engine compared to a 

low emission engine. The SO2 emission has also 

been assumed to increase by a factor of 2 even if this 

increase is more related to a decrease in the sulphur 

content in the types of fuelused, than changes in the 

construction of the engine. The CO2 emission has 

been assumed to be constant for both engine 

alternatives because of the unchanged energy 

consumption. Figure 5.2.5.shows the situation 

without the slow long-term processes such as uptake 

of CO2 in concrete (carbonation, see chapter 4.2.15 

to 4.2.17) and inair 

Oxidation of bitumen. These processes are very slow 

and can occur during several hundreds or thousands 

of years usually as waste processes and have not been 

covered in the study. If these processes are included 

the CO2 emission from concrete roads can be 

reduced and the CO2 emission from asphalt roads 

can be increased. 

 

Regarding the emissions of NOx, SO2 and CO2, 

these are dominated by the emissions 

from the construction of the road. This is perhaps 

most relevant for the emission of CO2. The 

maintenance of the road constitutes one of the largest 

sources of emissions and for the NOx emission, it 

constitutes a significant part. The operation of the 
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road stands for only a small part of the emissions. 

This is because electricity production in Sweden 

mainly us hydro and nuclear energy, which have low 

emission levels of the traditional substances. 

 

 
 

Figure 5.2.1 Total energy consumed for three 

different road surface materials and two different 

engine alternatives for construction vehicles divided 

into road construction, road maintenance and road 

operation for a 1 km long road during 40 years of 

operation. Dotted lines show inherent energy bonded 

in the road materials but not released as energy. Of 

the energy used for operation, approximately 12 TJ is 

consumed by road lights and traffic control. 

 

In connection with the analysis of the results it should 

be pointed out that theconditions are very complex 

and that this study only reflects one type of case, 

namely those which are described by the input data 

that has been used. The analysis is also a first 

application of a complex model which should be 

regarded as a first research model of the conditions 

which are present in a road system seen from a life 

cycle assessment perspective. 

 

 
 

Fig 5.2.2 Total energy distribution for three different 

paving alternatives using vehicles/maintenance 

machines with low emission engines for 1 km road 

during 40 years of operation. Inherent energy is not 

shown. 

 
 

 Figure 5.2.3 Total NOX emission for three 

different road surface materials and two different 

engine alternatives for construction vehicles divided 

into road construction, road maintenance and road 

operation for a 1 km long road during 40 years of 

operation. 
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Figure 5.2.4 Total SO2 emission for three different 

road surface materials and two different engine 

alternatives for construction vehicles divided into 

road construction, road maintenance and road 

operation for a 1 km long road during 40 years of 

operation. 

 
 

Figure 5.2.5 Total CO2 emission for three different 

road surface materials and two different engine 

alternatives for construction vehicles divided into 

road construction, road maintenance and road 

operation for a 1 km long road during 40 years of 

operation. The figure shows the situation without the 

slow long term processes such as uptake of CO2 in 

concrete and in-air oxidation of bitumen. 

 

CONCLUSIONS 

 

The Excel-based life cycle inventory analysis 

program for road constructions which has been 

developed on the basis of the study’s results covers 

all the work stages from material production to road 

maintenance as well as the materials most commonly 

used in the structural courses of road constructions. 

The environmental loadings of the constructions and 

structural components made from the materials 

within the scope of the program can becalculated 

simply using only the dimensions of the construction 

and thicknesses of the structural courses as input 

data. The simplicity of the inventory analysis 

program makes it suitable for use by structural 

designers and other groups not isfamiliar with LCIA 

methodology. In the interests of simplicity of use it 

has been necessary to place some limits on the 

amount of input data and the selection possibilities. 

For this reason structural materials that may not be 

included in the program’s data program cannot be 

directly integrated into it at the touch of a button.  

 

However, the program has an extensive basis 

database and the addition of missing elements is 

possible by linking a worksheet containing the 

functions required by the material to the main work 

file. The handling of individual materials and the 

work stages of construction must both be analysed 

separately because they vary depending on the 

material and structural course concerned. Special 

alternatives can also be calculated using the 

program's data as separate entities without adding 

them to the program.  

 

The environmental loadings dealt with in the program 

have been limited tothose assessed as being the most 

important. However, the loading factors in question 

described the total environmental loadings quite well 

as long as the life cycle inventory pertains to 

complete constructions. The environmental loadings 

regarded as being the most important for road 

construction in the expert assessment made when 

creating the inventory analysis procedure were the 

use of natural materials, energy and fuel 

consumption, the leaching of heavy metals into the 

soil, and atmospheric emissions of NOx and CO2. 

Perhaps the most important factors absent from the 

inventory analysis program are COD emissions to 

water and land use, for which the development of 

applicable calculation methods requires more 

extensive research. The development of a land use 
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assessment method suitable for road construction 

could be continued, for example, as a wider 

international co-operation project. 

 

So far energy has not been an important decision 

factor concerning decision aboutinfrastructure 

investments, which is also implied in this study. Our 

results shows that building the bypass increases the 

total energy use with approximately 60 % (1 550 TJ), 

mainly because of increased fuel use of traffic where 

higher speed and longer travel distance are the crucial 

factors. Thus the infrastructure investment is in 

opposition of the energy efficiency goal and, as long 

as fossil fuels are used, also the objective to reduce 

emission of greenhouse gases.  

 

The main objective for the bypass was to relieve the 

thoroughfare of traffic, to increase accessibility and 

traffic safety, which also are goals in the transport 

sector. The results furthersuggests that there are 

conflicts between the different transport political 

goals where solutions promoting accessibility, 

shortening of travel time and reduced impact of 

traffic in populated areas are sometimes, as this case 

indicates, seen as more important than energy 

efficiency. Also regarding the common knowledge 

that new roads leads to more traffic, one may 

question how long it will take before the 

thoroughfare has the same traffic volume again, 

which thereby would lead to a similar situation as the 

one the aim was to avoid. 

 

The absence of some environmental data and 

uncertainties associated withthe available data 

complicated some aspects of the inventory 

calculation. For example, this applies to the 

utilisation of the by-products in road construction, 

which is not yet well established. Similarly, of the 

environmental loadings, data on dust emissions in 

particular is only available in the case of some 

materials and work stages. The choice of average 

emission factors, construction methods and other 

basic data will always limit the accuracy of the 

calculations. However, the effects when comparing 

constructions are not particularly great because the 

assumptions made in the calculations are largely the 

same. 

 

The inventory analysis program is limited at this 

stage to calculating andcomparing the environmental 

loadings of constructions only. Activities associated 

with the construction, use and maintenance of roads 

that are presently beyond the scope of the program 

include bridge construction, land clearance works, 

road-marking work, the construction and 

maintenance of equipment necessary for traffic 

control, road lighting, and regular or seasonal road 

maintenance work (salting, sanding, snow ploughing, 

etc.). The creation of procedures for calculating the 

environmental loadings of such factors would be 

important for assessing the impacts of material 

selections and the total loadings of road usage. 

 

Road LCA is a research field that is expanding. 

However, the methodology has not been integrated 

into practice yet. To date, LCA tools have generally 

been used more as knowledge generating studies 

either as standalone quantification tools or for 

comparisons of different alternatives. It is often 

difficult to see in the literature, at what decision 

support level in a project stage the system boundaries 

have been defined for the different road LCA tools. 

There are components/attributes that may not be 

helpful in decision support in the late project 

planning stages of a road but may be important to be 

considered in the early project planning stages. Thus, 

the system boundaries that should be considered in a 

LCA largely depend on the hierarchy of the decision 

level (network or specific project), as well as the 

stage in the planning process (early planning or late 

planning/design). A transparent LCA framework is 

suggested for quantifying energy and GHG emissions 

during the construction, maintenance and end-of-life 

phases of a given asphalt road. To enable the 

quantification of GHG emissions and energy related 

to the suggested attributes used in a LCA at the late 

project planning stage in a consistent and transparent 

way, the technical features for the attributes are 

outlined. The key attributes used in a road LCA 

should mirror the material properties used in a 
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pavement design and therefore be closely linked to 

the performance of the road in its life cycle. 
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