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Glossary
1
 

BAU Business as usual, i.e. the projected baseline of a trend assuming that 
there are no interventions to influence the trend.  

BEV Battery electric vehicle, also referred to as a pure electric vehicle, or 
simply a pure EV. 

Biofuels A range of liquid and gaseous fuels that can be used in transport, which 
are produced from biomass. These can be blended with conventional 
fossil fuels or potentially used instead of such fuels. 

Biogas A gaseous biofuel predominantly containing methane which can be used 
with or instead of conventional natural gas.  Biogas used in transport is 
also referred to as biomethane to distinguish it from lower 
grade/unpurified biogas (e.g. from landfill) containing high proportions of 
CO2. 

Biomethane Biomethane is the term often used to refer to/distinguish biogas used in 
transport from lower grade/unpurified biogas (e.g. from landfill) used for 
heat or electricity generation. Biomethane is typically purified from 
regular biogas to remove most of the CO2. 

CNG Compressed Natural Gas. Natural gas can be compressed for use as a 
transport fuel (typically at 200bar pressure). 

CO2 Carbon dioxide, the principal GHG emitted by transport. 

CO2e Carbon dioxide equivalent. There are a range of GHGs whose relative 
strength is compared in terms of their equivalent impact to one tonne of 
CO2. When the total of a range of GHGs is presented, this is done in 
terms of CO2 equivalent or CO2e. 

DG TREN European Commissionôs Directorate-General on Transport and Energy. 
This DG was split in 2009 into DG Mobility and Transport (DG MOVE) 
and DG Energy. 

Diesel The most common fossil fuel, which is used in various forms in a range of 
transport vehicles, e.g. heavy duty road vehicles, inland waterway and 
maritime vessels, as well as some trains.  

EEA European Environment Agency. 

EV Electric vehicle. A vehicle powered solely by electricity stored in on-board 
batteries, which are charged from the electricity grid.  

FCEV Fuel cell electric vehicle. A vehicle powered by a fuel cell, which uses 
hydrogen as an energy carrier. 

GHGs Greenhouse gases. Pollutant emissions from transport and other 
sources, which contribute to the greenhouse gas effect and climate 
change. GHG emissions from transport are largely CO2.  

HEV Hybrid electric vehicle. A vehicle powered by both a conventional engine 
and an electric battery, which is charged when the engine is used. 

ICE Internal combustion engine, as used in conventional vehicles powered by 
petrol, diesel, LPG and CNG. 

Kerosene The principal fossil fuel used by aviation, also referred to as jet fuel or 
aviation turbine fuel in this context. 

                                                
1
 Terms highlighted in bold have a separate entry. 
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Lifecycle 
emissions 

In relation to fuels, these are the total emissions generated in all of the 
various stages of the lifecycle of the fuel, including extraction, production, 
distribution and combustion. Also known as WTW emissions. 

LNG Liquefied Natural Gas. Natural gas can be liquefied for use as a 
transport fuel. 

LPG Liquefied Petroleum Gas. A gaseous fuel, which is used in liquefied form 
as a transport fuel. 

MtCO2e Million tonnes of CO2e. 

Natural gas A gaseous fossil fuel, largely consisting of methane, which is used at low 
levels as a transport fuel in the EU.  

NGV Natural Gas Vehicle. Vehicles using natural gas as a fuel, including in its 
compressed and liquefied forms.  

NOx Oxides of nitrogen. These emissions are one of the principal pollutants 
generated from the burning of fossil and biofuels in transport vehicles.   

Options These deliver GHG emissions reductions in transport and can be 
technical or non-technical. 

Petrol Also known as gasoline and motor spirit. The principal fossil fuel used in 
light duty transport vehicles, such as cars and vans. This fuel is similar to 
aviation spirit also used in some light aircraft in civil aviation. 

PHEV Plug-in hybrid electric vehicle, also known as extended range electric 
vehicle (ER-EV). Vehicles that are powered by both a conventional 
engine and an electric battery, which can be charged from the electricity 
grid. The battery is larger than that in an HEV, but smaller than that in an 
EV.  

PM Particulate matter. These emissions are one of the principal pollutants 
generated from the burning of fossil and biofuels in transport vehicles.   

Policy 
instrument 

These may be implemented to promote the application of the options for 
reducing transportôs GHG emissions. 

TTW emissions Tank to wheel emissions, also referred to as direct or tailpipe emissions. 
The emissions generated from the use of the fuel in the vehicle, i.e. in its 
combustion stage. 

WTT emissions Well to tank emissions, also referred to as fuel cycle emissions. The total 
emissions generated in the various stages of the lifecycle of the fuel prior 
to combustion, i.e. from extraction, production and distribution. 

WTW emissions Well to wheel emissions. Also known as lifecycle emissions.   
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1 Introduction 

1.1 Topic of this paper 

This paper is one of a series of reports drafted under the EU Transport GHG: Routes to 2050 
II project. These papers provide the results from each of the primary eight tasks from the 
project and will form the basis for chapter in the final report. This paper focuses on the role of 
GHG emissions from infrastructure construction, vehicle manufacturing, and ELVs in overall 
transport sector emissions. 
 

 

1.2 The contribution of transport to GHG emissions 

Transport is responsible for around a quarter of EU greenhouse gas emissions making it the 
second biggest greenhouse gas emitting sector after energy (see Figure 1.1). Road transport 
accounts for more than two-thirds of EU transport-related greenhouse gas emissions and 
over one-fifth of the EU's total emissions of carbon dioxide (CO2), the main greenhouse gas. 
However, there are also significant emissions from the aviation and maritime sectors and 
these sectors are experiencing the fastest growth in emissions, meaning that policies to 
reduce greenhouse gas emissions are required for a range of transport modes2.   

Figure 1.1: EU27 greenhouse gas emissions by sector and mode of transport, 2007 
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Source:  EC DG Energy (2010)
3
 

Notes:  International aviation and maritime shipping only include emissions from bunker fuels 

 
While greenhouse gas emissions from other sectors are generally falling, decreasing 15% 
between 1990 and 2007, those from transport have increased by 36% in the same period. 
This increase has happened despite improved vehicle efficiency because the amount of 
personal and freight transport has increased. 
 

                                                
2
 EC DG Climate Action (2010): http://ec.europa.eu/clima/policies/transport/index_en.htm  

3
 Based on historic data from DG Energy (2010) EU energy and transport in figures Statistical Pocketbook 2010 Luxembourg, 

Publications Office of the European Union, 2010. Publication and data available for download at: 
http://ec.europa.eu/energy/publications/statistics/statistics_en.htm  

http://ec.europa.eu/clima/policies/transport/index_en.htm
http://ec.europa.eu/energy/publications/statistics/statistics_en.htm
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In the run-up to the Conference of the Parties of the UN Framework Convention on Climate 
Change in December 2009, the leaders of the EUôs Member States called for significant 
reductions in global greenhouse gas (GHG) emissions: 
 

ñThe European Council calls upon all Parties é to agree to global emission 
reductions of at least 50%, and aggregate developed country emission 
reductions of at least 80-95%... It supports an EU objective, in the context 
of necessary reductions according to the IPCC by developed countries as a 
group, to reduce emissions by 80-95% by 2050 compared to 1990 levels.ò4 

 
The key role that transport has to play in this long-term economy-wide aspiration was 
underlined by European Commission President Barroso in his Political Guidelines for the 
next Commission5 where he emphasised the need to maintain the momentum towards a low 
carbon economy and towards decarbonising the transport sector in particular. In March 2010, 
the Commission, as part of its Europe 2020 strategy6, announced that it would make 
proposals to decarbonise transport, and in doing so linked the need to decarbonise transport 
with the wider sustainable growth agenda.  
 
These high level political statements set the framework within which the original EU 
Transport GHG: Routes to 2050 project was undertaken.  One of the main aims of this 
project was to provide information and analysis to assist the Commission with its early 
thinking on a co-ordinated approach to reducing the GHG emissions of all modes of 
transport.   
 
The increasing political importance that is being attached to decarbonising transport reflects 
the fact that, of all the economyôs sectors, transport has proved to be one of the most 
problematic in terms of reducing its GHG emissions. As mentioned earlier, since 1990, GHG 
emissions from transport, of which 98% are carbon dioxide (CO2), had the highest increase 
in percentage terms of all energy related sectors7. Furthermore, transportôs GHG emissions 
are predicted to continue to increase, without additional measures, to over 2,000 MtCO2e by 
2050.  This increase is shown in Figure 1.2, with a split by mode of transport. The figure is an 
output from an Excel-based illustrative scenarios tool (IST) called SULTAN (SUstainabLe 
TrANsport), which was developed under the previous project in order to identify the GHG 
reductions that transport could potentially deliver by 2050.  
 
An increase of the order projected in Figure 1.2 would leave transportôs GHG emissions 74% 
higher in 2050 than they were in 1990 (when the sectorôs emissions were nearly 1,200 
MtCO2e) and around 25% above 2010 levels. Significant emissions increases between 2010 
and 2050 are projected for road freight (for which an increase of more than 45% is 
projected), aviation (more than 50%) and maritime (more than 65%) without additional policy 
instruments. Whilst GHG emissions from cars are still projected to contribute the most to the 
sectorôs GHG emissions in absolute terms in 2050, their emissions are projected to have 
declined slightly from 2010 levels, as anticipated improvements in the energy efficiency of 
vehicles negate projected increases in demand.  

                                                
4
 Presidency Conclusions, Brussels European Council, 29/30 October 2009; see 

http://register.consilium.europa.eu/pdf/en/09/st15/st15265.en09.pdf 
5
 Barroso, J (2009) Political Guidelines for the next Commission, September 2009, Brussels 

6
 European Commission (2010) Europe 2020: A strategy for smart, sustainable and inclusive growth COM(2010)2020, Brussels 

3.3.2020. 
7
 DG TREN (2000) Energy and transport in figures 2008-2009  
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Figure 1.2: Business as usual projected growth in transportôs GHG emissions by mode 
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Source:  SULTAN Illustrative Scenarios Tool, developed for the EU Transport GHG: Routes to 2050 project 

Notes: International aviation and maritime shipping include estimates for the full emissions resulting from 
journeys to EU countries, rather than current international reporting which only include emissions from 
bunker fuels supplied at a country level (which are lower). 

 
Figure 1.2 shows the baseline, as projected by SULTAN. This is consistent with the range of 
results from other models and tools, although many of these only project to 20308. Clearly, 
the predicted continued growth in the EU-27ôs GHG emissions from transport has the 
potential to prevent the EU meeting the long-term GHG emission reduction targets that the 
European Council supports, if no action is taken to reduce these emissions. 
 
Figure 1.3 demonstrates that on current trends, transport emissions could be around 30% of 
economy-wide 1990 GHG emissions by 20509. Whilst simplistic, in that it assumes linear 
reductions, the figure demonstrates that there is clearly a need for additional policy 
instruments to stimulate the take up of technical and non-technical options that could 
potentially reduce transportôs GHG emissions. The EEA believes that all available policy 
instruments need to be used to achieve the ambitious GHG reduction targets10. 

                                                
8
 See Appendix 19 SULTAN: Development of an Illustrative Scenarios Tool for Assessing Potential Impacts of Measures on EU 

transport GHG for details of the assumptions used and approach taken in the SULTAN Illustrative Scenarios Tool to projecting 
business as usual GHG emissions; also see http://www.eutransportghg2050.eu 
9
 The emissions included in this figure ï for both the economy-wide emissions and those of the transport sector ï include 
emissions from international aviation and maritime transport, in addition to emissions from ñdomesticò EU transport.  
10

 EEA (2009) Towards a resource-efficient transport system ï TERM 2009: indicators tracking transport and environment in the 
European Union, EEA Report No2/2010, Copenhagen.  
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Figure 1.3: EU overall emissions trajectories against transport emissions (indexed) 
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Source:  EC DG Energy (2010) and SULTAN Illustrative Scenarios Tool

11
 

 

1.3 Background to the project and its objectives 

EU Transport GHG: Routes to 2050 II is a 15-month project funded by the European 
Commission's DG Climate Action and started in January 2011.  The context of the project is 
still the Commission's long-term objective for tackling climate change. The scope of the first 
project was very ambitious, and the outputs from the study were very detailed and have 
already proved to be of great value to the European Commission and to industry, 
governmental and NGO stakeholders. However, there were a number of topic areas where it 
was not possible within the time and resources available for the study team to carry out 
completely comprehensive research and analysis. In particular, as the project evolved, both 
the study team and the Commission Services became aware that there were a number of 
themes and topic areas that would benefit from further, more detailed research. This new 
project is a direct follow-on piece of research to the previous EU Transport GHG: Routes to 
2050? study, building on the research and analysis carried out for that study and 
complementing other work carried out for the forthcoming Transport White Paper. In 
particular, the outputs from this new study will help the Commission in prioritising and 
developing the key future policy measures that will be critical in ensuring that GHG emissions 
from the transport sector can be reduced significantly in future years. 
 
Therefore, the key objectives of the EU Transport GHG: Routes to 2050 II are defined as to 
build on the work carried out in the previous project to: 

-  Develop an enhanced understanding of the wider potential impacts of transport GHG 
reduction policies, as well as their possible significance in a critical path to GHG 
reductions to 2050. 

                                                
11

 Projections based on data from the SULTAN Illustrative Scenarios Tool (BAU-a scenario) and historic data from DG Energy 
(2010) EU energy and transport in figures Statistical Pocketbook 2010 Luxembourg, Publications Office of the European Union, 
2010.  

EU-27 all sectors 

EU-27 transport 

EU-27 transport BAU 

projections - SULTAN 60% to 80% 

80% to 95% 
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-  Further develop the SULTAN illustrative scenarios tool to enhance its usefulness as a 
policy scoping tool and carry out further scenario analysis in support of the new project; 

-  Use the new information in the evaluation of a series of alternative pathways to transport 
GHG reduction for 2050, in the context of the 50-70% reduction target for transport from 
the European Commission's Roadmap for moving to a competitive low carbon economy 
in 205012;  

 
As before, given the timescales being considered, the project will take a quantitative 
approach to the analysis where possible, and a qualitative approach where this is not 
feasible. The project has been structured against a number tasks, which are as follows: 

 Task 1: Development of a better understanding of the scale of co-benefits associated 
with transport sector GHG reduction policies; 

 Task 2: The role of GHG emissions from infrastructure construction, vehicle 
manufacturing, and ELVs in overall transport sector emissions;  

 Task 3: Exploration of the knock-on consequences of relevant potential policies;  

 Task 4: Exploration of the potential for less transport-intensive paths to societal goals;  

 Task 5: Identification of the major risks/uncertainties associated with the achievability of 
the policies and measures considered in the illustrative scenarios;  

 Task 6: Further development of the SULTAN tool and illustrative scenarios;  

 Task 7: Exploration of the interaction between the policies that can be put in place prior 
to 2020 and those achievable later in the time period;  

 Task 8: Development of a better understanding of the cost effectiveness of different 
policies and policy packages;  

 Task 9: Stakeholder engagement: organisation of technical level meetings for experts 
and stakeholders;  

 Task 10: Hosting the existing project website and its content;  

 Task 11: Ad-hoc work requests to cover work beyond that covered in the rest of the work 
plan. 

 
As in the previous project, stakeholder engagement is an important element of the project. 
The following meetings are being scheduled: 

 A large stakeholder meeting currently planned for June 2011 at which the new project will 
be introduced to stakeholders and interim results presented. 

 A series of four Technical Focus Group meetings TBC. These are currently scheduled to 
be held at the start of May 2011 and in November 2011. 

 A second large stakeholder meeting at which the draft final findings of the project will be 
presented and discussed, anticipated to be held in February 2012.  

 
As part of the project a number of papers will be produced, all of which will be made 
available on the projectôs website in draft and then final form, as will all of the presentations 
from the projectôs meetings.  

                                                
12

 Communication from the Commission to the European Parliament, the Council, the European Economic and Social 
Committee and the Committee of the Regions, A Roadmap for moving to a competitive low carbon economy in 2050, 
COM(2011) 112 final.  Available from DG Climate Actions website at:  
http://ec.europa.eu/clima/policies/roadmap/index_en.htm  

http://ec.europa.eu/clima/policies/roadmap/index_en.htm
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1.4 Background and purpose of the paper 

The objective of this paper ñThe role of GHG emissions from infrastructure construction, 
vehicle manufacturing, and ELVs in overall transport sector emissionsò is to better 
understand the significance of these emissions and their possible influence on designing 
optimal routes to long-term GHG reductions from transport. 
 
To date, transport sector emissions have been dominated by direct emissions associated 
with the operational use of vehicles. Previous research in the last ten years has shown that 
for passenger cars, GHG emissions from vehicle use account for approximately 80% of total 
life-cycle emissions. Many studies have indicated that the usage phase dominates even 
further for other modes of transport such as trains, aircraft, and ships, all of which have much 
longer lifetimes than road transport vehicles. However, there is a need to understand this in 
more detail and expand the scope of the analysis as some policy options may have 
unintended impacts on total GHG emissions that may not be immediately obvious if the 
emissions analysis solely focuses on in-use emissions. In the following sections, we set out 
our understanding of why analysis of the role of GHG emissions from infrastructure 
construction and maintenance, vehicle manufacturing, and vehicle disposal (end of life 
vehicles) is important in the context of this new study. 

1.5 Structure of the paper 

Following this introduction this paper is structured according to the following further 6 
chapters: 

2. General Information: This section a summary of the general information relevant to 
the analysis, including current and likely future development of GHG emission factors 
for energy carriers and materials. 

3. Infrastructure: This section provides a review and analysis of existing evidence on the 
GHG emissions associated with constructing and maintaining transport infrastructure.  

4. Vehicle Manufacturing: This section provides a review and analysis of existing 
evidence on the GHG emissions associated with the manufacture and maintenance 
of road vehicles, rail rolling stock, aircraft and ships. 

5. Vehicle Disposal: This section provides a review and analysis of existing evidence on 
the GHG emissions associated with the end of life disposal of road vehicles, rail 
rolling stock, aircraft and ships. 

6. Reaching Optimal Solutions: In this section there is an overall comparison of different 
transport modes, and an assessment of the possible impacts of including emissions 
from infrastructure and vehicle production and disposal in the relative performance of 
different scenario options for reducing GHG emissions in the long term to 2050. 

7. Summary of Key Findings and Conclusions: This section provides a final summary of 
the key findings from the analysis and the conclusions that may be drawn for the rest 
of the work. 

 



EU Transport GHG: Routes to 2050 II The role of GHG emissions from infrastructure construction, 
Contract 070307/2010/579469/SER/C2 vehicle manufacturing, and ELVs in overall transport emissions 
 

Restricted-Commercial Ref. AEA/ED56293/Task 2 Paper Draft ï Issue No. 1 7 

2 General Information 
 

Objectives:  
The purpose of this section is to provide a summary of the general information relevant to 
the analysis, i.e.: 

 Current and likely future development of the GHG intensity of fuels/energy carriers 
used in the construction and recycling/disposal of infrastructure and vehicles; 

 Current emission factors for the production of materials (/ key components) used in 
the construction of vehicles and infrastructure and indications of potential future 
changes in these;  

 

 

Summary of Main Findings 

 To be completed for draft after focus group meeting on 4th May 2011 
 

 

2.1 General emission factors for energy use 

Life cycle estimates for different activities and components in the LCA literature invariably 
use different assumptions on the carbon intensity of energy consumed as a result of different 
activities or processes.  Where possible it is desirable to normalise literature estimates, or 
utilise consistent assumptions in the development of new estimates for activities.  In addition 
it is expected that the carbon intensity of different energy carriers will change markedly in the 
future in Europe in the process of moving towards the attainment of long-term GHG reduction 
targets.  Emissions factors for a range of fuels (direct and indirect) were developed for the 
SULTAN tool in the previous Routes to 2050 study, presented in Table 2.1. These emission 
factors have been utilised where possible/appropriate in order to provide a unified set of 
assumptions for calculations carried out as part of the analysis for this paper.  

Table 2.1: Fuel GHG emission factors defined in SULTAN (kgCO2e/kWh) 

  Fuel direct GHG emissions factor, kgCO2e/kWh 

  2010 2015 2020 2030 2040 2050 

Electricity 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Hydrogen 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Gas 0.2030 0.2030 0.2030 0.2030 0.2030 0.2030 
 

  Fuel indirect GHG emissions factor, kgCO2e/kWh 

  2010 2015 2020 2030 2040 2050 

Electricity 0.3477 0.3057 0.2636 0.1705 0.0670 0.0250 

Hydrogen 0.3540 0.3541 0.3543 0.2824 0.0943 0.0347 

Gas 0.0301 0.0231 0.0161 0.0161 0.0161 0.0161 
 

  Fuel lifecycle GHG emissions factor, kgCO2e/kWh 

  2010 2015 2020 2030 2040 2050 

Electricity 0.3477 0.3057 0.2636 0.1705 0.0670 0.0250 

Hydrogen 0.3540 0.3541 0.3543 0.2824 0.0943 0.0347 

Gas 0.2331 0.2261 0.2191 0.2191 0.2191 0.2191 
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2.2 General emission factors for raw material production 
and for material recycling / other disposal 

2.2.1 Approaches for accounting for material recycling 

In assessing the embodied energy or emissions (or related environmental lifecycle 
assessment) of transport vehicles and infrastructure it is important to account correctly and 
consistently (as far as possible) for the method/impacts of recycling.  According to 
Hammond, G., and Jones, C (2011), there is no single universally acceptable method which 
is, in part, why the subject is so widely debated and methods regularly contested. The 
subject is also discussed in some detail in Jones (2009).  There are broadly three types of 
methods that can be adopted: 

1. Recycled content approach (100:0 method) 
2. Substitution method (also known as closed loop system expansion, or 0:100 method) 
3. 50:50 method (50:50) 

 
There are advantages and disadvantages of each approach and it is important to consider 
the boundaries of a study (e.g. cradleȤtoȤgate, cradleȤtoȤgrave) to ensure the selection of an 
appropriate method.   
 
Most studies calculate with the use of recycled materials in the production/construction 
phase and therefore apply emissions of recycled materials within the initial calculations. As a 
consequence, these studies allocate recycling energy/emissions benefits to the recycled 
products. Other studies use the substitution method and calculate with virgin materials 
energy/emissions factors and apply a recycling stage in the end, with allocation of recycling 
credits at this point.  In reality the true impacts are likely somewhere in-between and the 
50:50 method is based on a (relatively arbitrary) mid-point between the two extremes. 
 

2.2.2 Current 

This section summarises a set of general emission factors that have been identified for use 
in this Task 2 analysis for selected raw materials that may be used in the production and 
construction and maintenance of vehicles and transportation infrastructure. These emission 
factors may be used in the calculation of embedded emissions of infrastructure, vehicles and 
disposal for each of the transport modes in the subsequent subtasks.  
 
Where data was available, emissions factors have been identified for: 

 Material production: typical average, virgin and recycled values. 

 Material disposal: recycling and landfill.  

 Typical recycling rates: average (global) and automotive (current and future ï 
2030). Recycling rates within the materials summary table have been taken from the 
TREMOVE model.  

 
The following Table 2.2 and Table 2.3 present summaries of current emission factors for 
materials used in road vehicles/trains/aircraft/ships and in the construction and maintenance 
of transport infrastructure the will be used where appropriate in analysis for this project task. 
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Table 2.2: General GHG emission factors for materials used in road vehicles, trains, aircraft and ships 

  Total GHG intensity, kgCO2e/kg material Typical Recycling Primary 

  Material Production Material Disposal Rate, % Source 

  Average Virgin Recycled Recycling Landfill Average Automotive  

           Global Current 2030  

Aluminium 7.911 11.152 1.331 -9.821 0.010 33.0% 63.0% 98.0% (1) 

Composites                  

SMC 8.000 8.000     0.010 n.d. 0.0% 0.0% (1) 

Glass FRP 8.000 8.000     0.010 n.d. 0.0% 0.0% (1) 

Carbon FRP 22.000 22.000     0.010 n.d. 0.0% 0.0% (1) 

Copper 2.711 3.810 0.840 -2.970 0.010 37.0% 41.0% 80.0% (2) 

Glass 1.350 1.350 0.590 -0.760 0.010 n.d. 10.0% 60.0% (2) 

Lead 1.668 3.370 0.580 -2.790 0.010 61.0% 98.0% 100.0% (2) 

Li-ion batteries   30.963   n.d.     n.d. n.d. (3) 

Magnesium 46.050 61.800 30.300 -31.500 0.010 50.0% 63.0% 100.0% (1)) 

NiMH batteries   23.963   n.d.     n.d. n.d. (3) 

Lubricating Oil 1.005 1.005 0.471 -0.534 3.939 n.d. 98.0% 98.0% (4) 

Plastics                 (2) 

ABS 3.760 3.760 2.260 -1.500 0.040 n.d. 12.0% 95.0% (2) 

Polyamide (PA, Nylon) 9.140 9.140 7.640 -1.500 0.040 n.d. 27.0% 100.0% (2) 

Polycarbonate 7.620 7.620 6.120 -1.500 0.040 n.d. - - (2) 

Polyethylene (PE) 2.540 2.540 1.040 -1.500 0.040 n.d. 27.0% 95.0% (2) 

Polyethylene 
terephthalate (PET) 

2.540 2.540 1.040 -1.500 0.040 n.d. 27.0% 95.0% (2) 

Polypropylene (PP) 4.490 4.490 2.795 -1.695 0.040 n.d. 27.0% 95.0% (2) 

Polyurethane (PUR) 4.840 4.840 3.340 -1.500 0.040 n.d. 27.0% 95.0% (2) 

PVC 3.100 3.100 1.980 -1.120 0.040 n.d. 12.0% 95.0% (2) 

Other plastics 3.310 3.310 1.810 -1.500 0.040 n.d. 5.0% 80.0% (2) 

Rubber/ Elastomer 2.850 2.850 0.827 -2.024 0.040 n.d. 82.0% 85.0% (2) 

Steel                  

Flat carbon steel 1.487 2.355 0.884 -1.471 0.010 59.0% 100.0% 100.0% (1) 

Long & special steel 1.292 2.160 0.689 -1.471 0.010 59.0% 61.0% 91.0% (1) 

Cast iron 1.137 2.005 0.534 -1.471 0.010 59.0% 99.0% 99.0% (1) 

Textile 19.294 19.294 15.494 -3.800 0.300 n.d. 45.0% 80.0% (5) 

Wood                  

Plywood   0.410     0.010   - - (2) 

General   0.310     0.010   - - (2) 

Zinc 3.082 4.180 0.520 -3.660 0.010 30.0% 38.0% 90.0% (2) 

Source: (1) WAS (2010);  (2) Hammond, G., and Jones, C (2011);  (3) AEA/CE (2010);  (4) SimaPro (2007);  

(5) DCF (2010). 
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Table 2.3: General GHG emission factors for materials used in the construction and maintenance of 
transport infrastructure 

  Total GHG intensity, kgCO2e/kg material Typical Recycling 

  Material Production Material Disposal Rate, % 

  Average Virgin Recycled Recycling Landfill Average 

           Global 

Aggregate   0.005 0.001 -0.004 0.010   

Aluminium 7.911 11.152 1.331 -9.821 0.010 33.0% 

Asphalt   0.076     0.010   

Bitumen   0.490     0.010   

Bricks   0.240     0.010   

Cement   0.950     0.010   

Concrete   0.107     0.010   

Reinforced structures   0.163     0.010   

Mass foundations   0.104     0.010   

Copper 2.711 3.810 0.840 -2.970 0.010 37.0% 

Glass 1.350 1.350 0.590 -0.760 0.010 0.0% 

Insulation   1.860     0.010   

Iron 1.137 2.005 0.534 -1.471 0.010 59.0% 

Lead 1.668 3.370 0.580 -2.790 0.010 61.0% 

Plastics 3.310 3.310 1.810 -1.500 0.040 0.0% 

Rubber/ Elastomer 2.850 2.850 0.827 -2.024 0.040 0.0% 

Sand   0.005     0.010   

Soil   0.024     0.010   

Steel 1.462 2.890 0.470 -2.420 0.010 59.0% 

Stone   0.079     0.010   

Fibreglass  
(Glass Reinforced Plastic) 

  8.100     0.010   

Wood             

General   0.310     0.010 0.0% 

Plywood   0.410     0.010 0.0% 

Source: Hammond, G., and Jones, C (2011) 

 
The key sources for the emissions factors are described in more detail below.  

Inventory of Carbon and Energy (ICE) Database 

Bath University has developed the Inventory of Carbon and Energy (ICE) database13, which 
presents the embodied energy and carbon of a large number of building materials 
(Hammond and Jones, 2011) brought together from a wide range of sources from the 
literature. In addition to a range of individual raw materials, the database also includes 
estimates for the embodied energy and carbon of roads, including hot and cold asphalt 
construction, concrete construction, maintenance and operation. The ICE database has been 
used as the primary source of emissions factors for the summary tables in this study, mainly 
due to its use of largely European data sources and its recent compilation. A summary of the 
boundary conditions implemented in this database is provided in Box 2.1, which contains a 
direct extract from the database documentation. 

                                                
13

 ICE Database ï available to download: http://www.bath.ac.uk/mech-eng/sert/embodied/ 

http://www.bath.ac.uk/mech-eng/sert/embodied/
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Box 2.1: Boundary Conditions for the Inventory of Carbon and Energy Database (2011) 

ICE Database: Direct Extract on Boundary Conditions 

The boundaries within the ICE database are cradle-to-gate. However even within these 
boundaries there are many possible variations that affect the absolute boundaries of study. 
One of the main problems of utilising secondary data resources is variable boundaries since 
this issue can be responsible for large differences in results. The ICE database has its ideal 
boundaries, which it aspires to conform to in a consistent manner. However, with the 
problems of secondary data resources there may be some instances where modification to 
these boundaries was not possible. The ideal boundaries are listed below: 
 

Item Boundaries treatment 

Delivered energy All delivered energy is converted into primary energy equivalent, 
see below. 

Primary energy Default method, traced back to the ócradleô. 

Primary electricity Included, counted as energy content of the electricity (rather than 
the opportunity cost of energy). 

Renewable energy (inc. 
electricity) 

Included. 

Calorific Value (CV)/Heating 
value of fossil fuel energy 

Default values are Higher Heating Values (HHV) or Gross Calorific 
Values (GCV), both are equivalent metrics. 

Calorific value of organic 
fuels 

Included when used as a fuel, excluded when used as a feedstock, 
e.g. timber offcuts burnt as a fuel include the calorific value of the 
wood, but timber used in a table excludes the calorific value of the 
wooden product. 

Feedstock energy Fossil fuel derived feedstocks are included in the assessment, but 
identified separately. For example, petrochemicals used as 
feedstocks in the manufacture of plastics are included. See above 
category for organic feedstock treatment. 

Carbon sequestration and 
biogenic carbon storage 

Excluded, but ICE users may wish to modify the data themselves to 
include these effects. 

Fuel related carbon dioxide 
emissions 

All fuel related carbon dioxide emissions which are attributable to 
the product are included. 

Process carbon dioxide 
emissions 

Included; for example CO2 emissions from the calcination of 
limestone in cement clinker manufacture are counted. 

Other greenhouse gas 
emissions 

The newest version of the ICE database (2.0) has been expanded 
to include data for GHGs. The main summary table shows the data 
in CO2 only and for the GHGs in CO2e. 

Transport Included within specified boundaries, i.e. typically cradle-to-gate. 
 

 

 

World Auto Steel (WAS) 

Although the ICE database contained emission factors relevant for key vehicle component 
materials, World Auto Steel commissioned the development of a model for vehicle life cycle 
assessment. The GHG Material Comparison Model (WAS, 2010) also contained emissions 
factor information for some of the other key materials. This model has been used to provide 
emissions factors for steel (flat carbon steel, long and special steel, and cast iron) taken from 
the World Steel Associationôs global steel life cycle inventory; and aluminium provided by the 
International Aluminium Institute (IAI). Emission factors were also taken from the database 
for magnesium and composites (SMC, glass FRP and carbon FRP).  
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SimaPro (2007) 

Emission factors for lubricating oil were taken fro the SimaPro Ecoinvent database (2007). 
The database comprises of approximately 4,000 datasets for products, services and 
processes often used in LCA studies.  

AEA/CE (2010) 

The dataset compiled through work carried out by AEA/CE Delft for DG CLIMA has been 
used to provide emission factors for Li-ion batteries and NiMH batteries.  

2.2.3 Future development 

Most lifecycle analysis studies only consider the GHG emission impacts of embedded energy 
and GHG emissions as a result of present day GHG intensities of material production. 
However, in the future it is to be expected that the production of many of the materials used 
today will be decarbonised as part of the general economy-wide drive to significantly reduce 
EU (and indeed global) greenhouse gas emissions through to 2050.  This is expected to be 
particularly significant for those materials that are (a) significant (industrial) sources of GHG 
emissions in the economy, and/or (b) are significantly influenced by the GHG intensity of 
energy supplies (particularly electricity).  Figure 2.1 provides a summary of a set of low GHG 
pathway emission factors that have been developed for selected key materials, based on the 
current emission factors identified in section 2.2.2 between 2010 and 2050. 
 

Figure 2.1:  Assumed low GHG pathway emission factors for selected materials 

Low GHG Pathway % 2010 Total GHG emissions intensity, 
kgCO2e/kg material 

Notes 

  2010 2015 2020 2030 2040 2050  

Aluminum 100.0% 95.5% 88.0% 71.5% 53.4% 44.7%  

Cement/Concrete 100.0% 93.8% 87.5% 75.0% 62.5% 50.0%  

Li-ion batteries* 100.0% 91.7% 83.4% 66.8% 50.2% 33.6%  

Plastics 100.0% 96.3% 92.5% 85.0% 77.5% 70.0% (1) 

Steel 100.0% 93.8% 87.5% 75.0% 62.5% 50.0%  

Other materials 100.0% 96.9% 93.8% 87.5% 81.3% 75.0% (2) 

Notes: * or potentially substituted by an alternative battery technology depending on research developments 

 (1) Assumes 50% substitution with bioplastics, which achieve 60% improvement on conventional plastic 
alternatives by 2050 

 (2) Assumed nominal decrease on the basis of overall economy-wide pressure to reduce GHG 
emissions 

 
A number of assumptions have been made in order to develop these pathways, which are 
described in more detail below.  
 
Aluminium ï Various figures have been provided in the literature with regards to potential 
future efficiencies in the aluminium production process and impacts on emission intensity. 
Based on these studies, we have assumed that there will be future efficiencies of up to 55% 
in production of aluminium by 2050. For example, the use of the Thermical process (a low 
cost sustainable aluminium smelting technology ï Casmelt, 2011) is likely to see reductions 
in CO2 of between 35% and 64% where coal-based electricity is used, 24% to 58% reduction 
if natural gas used and 15 to 54% when hydro-electric or nuclear sources are used. It is 
anticipated that electricity production will almost completely decarbonise in the longer term 
(see Table 2.1).  In addition, it is anticipated that aluminium production could be essentially 
PFC-free by 205014. PFCs are powerful greenhouse gasses and fugitive emissions from 
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 According to ClimateVision (2010): http://www.climatevision.gov/sectors/aluminum/pdfs/tech_economics.pdf  

http://www.climatevision.gov/sectors/aluminum/pdfs/tech_economics.pdf
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aluminium production currently account for around 9-18% of total GHG from aluminium 
production (WAS, 2010). 
 
Cement/concrete ï Reductions in GHG from cement production have been assumed to 
reach 50% of 2010 levels by 2050. Best available technology is currently used in cement 
production, so any future savings are going to have to be achieved through the use of new 
technologies. The IEA (2009) developed a Cement Technology Roadmap detailing the 
potential developments in the technology and production process and carbon emissions 
reduction to 2050. The roadmap found that four key levers available to the cement industry 
that would enable emissions reductions in the production process, which included thermal 
and electric efficiency; alternative fuel use; clinker substitution; and carbon capture and 
storage. Roadmap indicators suggest up to a 56% reduction in emissions by 2050 might be 
achieved.   
 
Li-ion batteries ï Figures for the potential for reduction in GHG emissions from the 
production of lithium ion batteries have been estimated based upon the difference between 
the average and the lowest figures from the literature, as summarised in Table 2.4 below. 

Table 2.4: Estimates of GHG intensity NiMH and Li-ion batteries based on sources from the literature 

Reference Battery Type 
Battery 
kgCO2e/kg 

Samaras (2008)
15

 NiMH 23.1 

  Li-ion 24.0 

Zackrissona (2010)
16

 Li-ion (water as solvent) 53.2 

  Li-ion (NMP as solvent) 33.2 

AEA (2007)
17

 NiMH 24.8 

  Li-ion 39.9 

Helms (2010)
18

 Li-ion 25.0 

Notter (2010)
19

 Li-ion 10.4 

Average NiMH 24.0 

  Li-ion 31.0 

Lowest Li-ion 10.4 

Notes: Estimates have been derived from information provided in the different reference sources. 
 
Plastics ï An overall 30% improvement in emissions efficiency has been assumed for 
plastics compared to 2010. This is based on the assumptions that 50% of existing plastics 
can be substituted by bioplastic alternatives by 2050, and these bioplastics achieve on 
average 60% reduction in GHG compared to conventional plastics. 30% is a conservative 
estimate, but takes into account the uncertainties relating to the feasibility of reductions to 
conventional plastics and the availability of/substitution with bioplastic alternatives. 
 
Steel ï GHG intensity improvements on 2010 of up to 50% by 2050 have been assumed for 
steel, which includes the use of a range of breakthrough technologies and processes. Some 
of the largest global steel producers are committed to reducing carbon emissions from their 
processes. For example, Corus/Tata Steel Group (6th largest global steel producer and 2nd 
largest steel producer in Europe) is committed to reducing carbon emissions from the steel 
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 Life Cycle Assessment of Greenhouse Gas Emissions, from Plug-in Hybrid Vehicles: Implications for Policy, Constantine 
Samaras, and Kyle Meisterling, Environ. Sci. Technol., 2008, 42 (9), 3170-3176 Å DOI: 10.1021/es702178s Å Publication Date 
(Web): 05 April 2008 
16

 Zackrissona, 2010. Mats Zackrissona, Lars Avellána, and Jessica Orleniusb, Life cycle assessment of lithium-ion batteries for 
plug-in hybrid electric vehicles ï Critical issues. 2010. 
17

 Hybrid Electric and Battery Electric Vehicles, Technology, Costs and benefits, work carried out by AEA for Sustainable Energy 
Ireland, November 2007 
18

 "Helms et al, 2010. Electric vehicle and plug-in hybrid energy efficiency and life cycle emissions, H. Helms, M. Pehnt, U. 
Lambrecht and A. Liebich, Ifeu ï Institut für Energie- und Umweltforschung, Wilckensstr. 3, D-69120 Heidelberg. 18th 
International Symposium Transport and Air Pollution Session 3: Electro and Hybrid Vehicles, page 113 from 274. 2010." 
19

 Domenic A. Notter et al., Contribution of Li-Ion Batteries to the Environmental Impact of Electric Vehicles, EMPA, Switzerland, 
in Environ. Sci. Technol. 2010, 44, 6550ï6556 
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production process by 20% compared to 1990 levels by 2020. A number of new technologies 
are also being explored within the steel industry which will also achieve savings in carbon 
emissions. These include top gas recycling blast furnaces, Hisarna, ULCORED and 
electrolysis (Brookes, 2008; ULCOS, 2010). The first three of these options should be 
combined with carbon capture and storage (CCS) to achieve the 50% savings. Allwood and 
Cullen (2009) also discuss a range of technologies and strategies that could reduce carbon 
emissions from the steel making process by 2050. These options include CCS (-27%), non-
destructive recycling (-48%), reduced demand (-50%) and radical efficiency (-50%). 
 
Other materials ï The information for other materials varies greatly, with some very large 
and some very small efficiencies to be gained over time. Therefore, a nominal decrease in 
emissions intensity has been assumed for the GHG pathway of up to 25% by 2050.   
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3 Infrastructure 
 

Objectives:  
The purpose of this sub-task was to understand the scale of the impacts of GHG emissions 
associated with the creation of new transport infrastructure in the context of total transport 
sector emissions. This will include review and analysis of existing evidence on the GHG 
emissions associated with constructing: 

 New roads; 

 New conventional and high-speed railway lines; 

 New airports; 

 New port infrastructure for ships; and 

 New fuel/energy carrier infrastructure. 
 

 

Summary of Main Findings 

 To be completed for draft after focus group meeting on 4th May 2011  
 

3.1 Road Transport  

3.1.1 Summary of information from the literature 

Current status 
 
Road infrastructure typically consists of the roads themselves, but can also include other 
elements such as bridges and lighting. Although the GHG emissions attributed to the road 
infrastructure itself are currently not the main contributor to the total GHG emissions from the 
total system of road transport they are not negligible. The evidence shows that emissions 
related to road construction, maintenance, operation and end-of-life may range from just a 
few per cent to over 10% of total road lifecycle emissions (e.g. Spielmann et al (2007), 
Stripple (2001)). However, there are also sources that state that 35% to over 40% of the 
GHG emissions for the full road infrastructure system including vehicle production and use 
can be attributed to the road construction, maintenance and operation (Chester and Horvath, 
2009; CEPAL, 2010). It is likely that in the future the indirect GHG emissions associated with 
road infrastructure will become increasingly important and significant as direct GHG 
emissions from road transport decrease as a result of advances in technology, fuel and 
vehicle manufacturing.  
 
In terms of the main methods associated with road infrastructure construction in Europe, the 
vast majority (95%) of roads are constructed by applying compacted layers of aggregates on 
top of the subsoil. The aggregates are mainly natural aggregates like gravel and crushed 
rock (COURAGE, 1999). The aggregate layers are then covered with a top layer which is 
often made from asphalt and otherwise made from concrete (COURAGE, 1999; COURAGE, 
2009). 
 
GHG emissions associated with the construction of road infrastructure have been estimated 
at 9 to 27 kg CO2e.m-1.y-1. This seems to be in the same order as the combined 
maintenance and operation of the road are (see Table 3.1). In these figures the production, 
transport and application of pavement materials are included. For concrete pavements, the 
GHG emissions are mainly related to the use of clinker in the cement, while for asphalt 
concrete pavements the GHG emissions mainly stem from the production of bitumen and of 
the asphalt mixture Kellenberger et al (2007). The road construction itself can be attributed to 
approximately to 50% of the total of construction, maintenance and operation.  
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Figure 3.1 GHG emissions during 40 years of service life of a 13 m wide road in Sweden (adapted from 
Stripple, 2001). 
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Maintenance is of particular concern in relation to asphalt concrete pavements; the road 
surface of asphalt concrete pavements is regularly removed and a new layer is subsequently 
applied. Maintenance actions related to road surfaces includes, in principle, all preventive 
and corrective maintenance. For highways and motorways, the maintenance of the road 
surface has a shorter cycle i.e. 10 years than the lifecycle of the total road (30-50 
years).GHG emissions related to road maintenance are attributed to the use of materials like 
bitumen, asphalt mixture and concrete. The GHG emissions are in the order of 1 to 5 kg 
CO2e.m-1.y-1 (see Table 3.1) and so approximately 20% of those of the initial construction 
and 10% of the total including construction, maintenance and operation.  
 
Higher traffic loads on roads, especially more frequent and higher axle loads, determine the 
design of the road in terms of the foundation layers, intermediate layers and road surface 
layers required. Higher traffic loads will in general require more and stronger materials which 
in their turn will generally lead to higher GHG emissions. There will also be an increased 
need for maintenance, leading to GHG emissions associated with higher traffic loads (see 
e.g. Satahaye et al, 2010). It has been estimated by Zhang et al (2008) that the GHG 
emissions related to congestion due to road surface maintenance activities and the impact of 
the road surface on vehicle emissions is in the same order of magnitude as the GHG 
emissions for the maintenance materials and operations (see Figure 3.2). 
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Figure 3.2 GHG emissions from road surface construction and maintenance for different road surface 
materials. Congestion includes all construction and maintenance related traffic congestion. 
Usage includes overlay roughness effects on vehicular travel and fuel consumption during 
normal traffic flow (after Zhang et al (2008)).  
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Another stage that can be distinguished is the operation stage. It includes the lighting of the 
road, the use of traffic lights and other traffic systems and cleaning and keeping the road ice-
free (see e.g. Stripple, 2001). The operation stage contributes about 6-18 kg CO2e.m-1.y-1 
(see Table 3.1). This is in the same order as the road construction itself. The contribution to 
the total of construction, maintenance and operation is approximately 40%.  
 
Road lighting significantly contributes to the GHG emissions of the operation stage. 
According to Stripple (2001), road lighting may consume 95% of the energy for the operation 
stages and hence may be responsible for the majority of the GHG emissions. However, 
lighting schemes may differ between countries (see i.e. Figure 3.3), as well as the need for 
illuminating roads across Europe due to differences in hours of daylight and traffic intensity. 
As the GHG emissions from lighting are from the use of electricity, the differing electricity mix 
in European countries will also influence the resulting GHG emissions.  
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Figure 3.3 Image of artificial light at night time in Europe (NASA). 

 
 
Alternatives to reduce GHG emissions 
 
There are a number of methods and processes that could be employed in the road transport 
sector to reduce the GHG emissions at the road construction stage, including the use of 
alternative materials. For example, using alternative binders, such as slag cement, is a way 
to reduce the GHG emissions in concrete pavement. Slag cement has approximately 50% of 
the GHG emissions of conventional Portland cement. Naturally based pozzolanas occur in 
volcanic ash or even in treated plant residues may also replace clinker based cements. 
Pozzolanas contain reactive silica and/or alumina which, when mixed with lime in the 
presence of water, will set and harden like a cement. Ash from rice husks is an example of 
such a pozzolana and may be used in road construction (Lennox and McKenzie, 2008). 
 
For asphalt concrete pavements the use of recycled asphalt pavement avoids, among others 
things, the use of primary aggregates and primary bitumen and so reduces GHG emissions. 
The replacement of primary bitumen may be more important in terms of GHG emissions 
reduction than the replacement of primary aggregates. Secondary materials that replace 
natural aggregates in road construction may reduce the GHG emissions related to these 
aggregates (Chowdhury et al, 2010; Huang et al, 2009). However, some secondary materials 
like crushed concrete may have higher GHG emissions associated with than natural 
aggregates do (Chowdhury et al, 2010; Huang et al, 2009). So although certain secondary 
aggregates do not have a great potential to reduce GHG emissions for road infrastructure, 
they may have other benefits, such as the reduction of final waste and reduced land use 
impacts. 
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The use of bio-fuels in the production of hot asphalt mixtures has been estimated to reduce 
the GHG emissions with 35% (Head et al, 2010). Another option to reduce the GHG 
emissions of asphalt concrete is the development of so called ócold asphaltô. This often takes 
the form of an asphalt emulsion which can be produced at much lower temperatures and 
hence lower fuel use than in the production of conventional asphalt concrete. However, in 
some cases cement is added to these emulsions, which can subsequently increase GHG 
emissions. The use of bio-based oils and resins in these asphalt emulsions will reduce the 
GHG emission potential. Some companies are already using bio-based binders that 
(partially) replace bitumen in the road surface. This may reduce GHG emissions to 50-70% 
(Colas France, 2009; Colas Switzerland, 2009; and Head et al, 2010). 
 
The condition of the road surface can directly influence traffic safety, noise generation and 
vehicle fuel consumption (Penant, 2008; and Morgan, 2006). Road surface maintenance can 
therefore be optimised to fulfil GHG emission reductions and other sustainable transport and 
safety objectives. A promising option for porous asphalt road surfaces seems to be the use 
of other maintenance schemes based on rejuvenating the road surface instead of removal 
and reconstruction of the road surface (Head et al, 2010). The amount of emission reduction 
is not well known but is estimated to be in the range of 5-10%. 
 
As lighting contributes greatly to the GHG emissions related to the operation of the road, 
energy-efficient lighting scenarios (see Figure 3.4) may be a key option for reducing these 
emissions (Fox, 2007). Optimised lighting may reduce the GHG emissions to roughly 60% of 
the operation stages emissions. The use of intelligent lighting combined with LED illumination 
may substantially reduce the energy need with 70% (see LITES, 2010) and will so reduce the 
GHG emissions related to road lighting. Another development is the decarbonisation of the 
electricity production in Europe through an increase in the share of renewable sources like 
wind and hydro power and use of biomass as a fuel for power plants. This may lead to a 
reduction of the GHG emissions to around 5% of fossil based electricity. 
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Figure 3.4 Impact on lighting scheme on electricity use related GHG emissions. Option 1 is óblanket 
lightingô; option 2A lighting only meets British standards (Fox 2007). 
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Status of current road infrastructure in Europe 

In 2009, there were over 56,000 kilometres of motorways and nearly 3.5 million kilometres of 
other roads in Europe (Eurostat, 2011). The actual totals As some countries as Italy and 
Greece lack data these numbers will be higher. 

3.1.2 Development of emission factors for the analysis 

Based on several literature sources GHG emission factors for road construction and road 
maintenance and operation have been established, and are displayed in Table 3.1.  For 
roads made from asphalt concrete the emission factors identified per meter per year are of 
similar magnitudes; 8.9 to 10.1 kg CO2e (see Table 3.1). Concrete based roads appear to 
have an almost twice as high emission factor, but figures for the road surface give an 
opposite direction. The emission factors for road maintenance and operation show a larger 
variation. This is most likely related to differences in energy use for lighting.  
 

Table 3.1:  Current emission factors for road infrastructure. 

Life cycle stage Detail Kg CO2e.m
-1

.y
-1

 Source 

Construction Asphalt concrete and 
concrete

20
 10.1 0 

Hot asphalt concrete
21

 10.7 0, 0 

Cold asphalt concrete
2 

9.2 0, 0 

Concrete
2 

26.7 0, 0 

Hot asphalt, incl. end-of-life
22

 8.9 0 

                                                
20

 For total width of average road. 
21

 For road width of 13 m. 
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Life cycle stage Detail Kg CO2e.m
-1

.y
-1

 Source 

Average road 16.8 0 

Overlay only, hot asphalt 0.51 0 

Overlay only, cement 
composite 0.39 

0 

Overlay only, concrete  0.74 0 

 Average construction 14.7  

Maintenance  Asphalt and concrete
 
average 

Swiss road 0.8 0 

Hot asphalt concrete
2 

4.0 0, 0 

Cold asphalt concrete
2 

4.8 0, 0 

Concrete
2 

5.1 0, 0 

Porous asphalt concrete, 
conventional

3 
8.0 

0 

Porous asphalt concrete, 
PenTack

3 
2.9 

0 

Maintenance preventive 
  1.2 

0 

Maintenance corrective 3.9 0 

 Average maintenance 3.3  

Operation Operation average Swiss road 5.8 0 

 Hot, cold asphalt concrete 
and concrete

2
 17.6 

0, 0 

 Lighting and traffic systems
23

 14.0 0, 0 

 Average operation 12.4  

Total Average sum of construction, 
maintenance and operation 30 

 

 
The combination of emission reduction measures in all three life cycle stages may lead to a 
reduction to around 20% of the current emissions (see Table 3.2). This is the case when the 
construction materials use bio-based materials; bio-fuels are used in producing the pavement 
material (asphalt mixing) and green electricity is used for intelligent LED lighting. 
 

Table 3.2: Emission reduction potential for measures in road infrastructure. 

Life cycle stage Measure Reduction1 Potential2 

Construction (50%) secondary materials 40% 20% 
 bio-based materials 50% 25% 
 Bio-fuels 35% 18% 

Maintenance 
(10%) 

Optimisation 10% 1% 

Operation (40%) Optimised lighting scheme 38% 15% 
 Intelligent & LED 67% 27% 
 Green electricity (95% of 

operation) 
90% 36% 

 Intelligent, LED, green 
electricity 

94% 37% 

Total (100%) Bio-based materials, fuels & 
energy 

- 80% 

1
Expressed as reduction compared to the original value. 

2
Potential is contribution of life cycle stage to 

total times reduction of measure 

                                                                                                                                                   
22

 For a highway with a width of 12 m. 
23

 Based on a electricity use of 85 MJ.m
-1
.y

-1
 and Frischknecht et al (2007) 



The role of GHG emissions from infrastructure construction, EU Transport GHG: Routes to 2050 II 
vehicle manufacturing, and ELVs in overall transport emissions Contract 070307/2010/579469/SER/C2 
 

Restricted-Commercial Ref. AEA/ED56293/Task 2 Paper Draft ï Issue No. 1 22 

3.1.3 References 

CEPAL (2010) Towards low-carbon transportation infrastructures. FAL Bulletin Issue No. 2 8 
6 - Numb er 0 6 / 2 0 1 0 
 
Chester M.V., Horvarth M., (2009) Supporting Information For: Environmental Assessment of 
Passenger Transportation Should Include Infrastructure and Supply Chains. 
http://iopscience.iop.org/1748-9326/4/2/024008/media/erl9_2_024008suppdata.pdf. Date of 
last access 13-04-2011 
 
Chowdhury R., Apul D., Fry T. (2010) A life cycle based environmental impacts assessment 
of construction materials used in road construction. Resources, Conservation and Recycling 
54 (2010) 250ï255 
 
Colas France,  (2009) Developing Silent, Natural, Low Temperature, Recycled Road 
Products and Techniques. In: Innovative Practices for Greener Roads. IRF.  
http://www.irfnet.org/files-upload/pdf-files/IRF_BP_Environment_Web.pdf Date of last access 
06/04/2011 
 
Colas Switzerland, (2009) Promoting the Widespread Use of VALORCOL. In: Innovative 
Practices for Greener Roads. IRF.  http://www.irfnet.org/files-upload/pdf-
files/IRF_BP_Environment_Web.pdf Date of last access 06/04/2011 
 
COURAGE (1999) Final Report COnstruction with Unbound Road Aggregates in Europe. 4th 
Framework Programme, Contract No.: RO-97-SC.2056. http://www.transport-
research.info/Upload/Documents/200310/couragefrep.pdf Date of last access 13-04-2011 
 
COURAGE (2009) Construction with Unbound Road Aggregates in Europe. Transport 
Research Knowledge Centre - COURAGE - Construction with Unbound Road Aggregates in 
Europe. Date of last access 13-04-2011 
 
Eurostat (2011) Road, rail and navigable inland waterways networks at regional level. 
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tran_r_net&lang=en 
 
Fox P., (2007)  Invest to save ï sustainable street lighting, CSS Street Lighting Project 
SL2/2007. Available at: http://www.theilp.org.uk/uploads/File/Technical/SL2_secure.pdf Date 
of last access 06/04/2011 
 
Frischknecht, R., Tuchschmid, M., Faist Emmenegger, M.,Bauer, C., Dones, R., (2007) 
Strommix und Stromnetz. Sachbilanzen von Energiesystemen. Final report No. 6 ecoinvent 
data v2.0. Editors: Dones R.. Volume: 6. Swiss Centre for LCI, PSI. Dübendorf and Villigen, 
CH. 
 
Gosse C., Smith B., Clarens A., (2010) Greenhouse Gas Emissions in Pavement 
Management Systems Civil and Environmental Engineering, University of Virginia. Poster 
http://www.lcacenter.org/LCAX/presentations/118.pdf Date of last Access 18-04-2011 
 
Hammond G., Jones C., (2011) Inventory of Carbon and Energy (ICE). 
http://people.bath.ac.uk/cj219 Date of last access 06/04/2011 
 
Head M.E., Ligthart T.N., Ansems A.M.M., (2010) LCA of porous with PenTack maintenance 
system and a comparison with traditional maintenance. TNO report TNO-034-UT-2010-
01240_RPT-ML (in Dutch). 
 

http://iopscience.iop.org/1748-9326/4/2/024008/media/erl9_2_024008suppdata.pdf
http://www.irfnet.org/files-upload/pdf-files/IRF_BP_Environment_Web.pdf
http://www.irfnet.org/files-upload/pdf-files/IRF_BP_Environment_Web.pdf
http://www.irfnet.org/files-upload/pdf-files/IRF_BP_Environment_Web.pdf
http://www.transport-research.info/Upload/Documents/200310/couragefrep.pdf
http://www.transport-research.info/Upload/Documents/200310/couragefrep.pdf
http://www.transport-research.info/web/projects/project_details.cfm?ID=34
http://www.transport-research.info/web/projects/project_details.cfm?ID=34
http://www.transport-research.info/web/projects/project_details.cfm?ID=34
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tran_r_net&lang=en
http://www.theilp.org.uk/uploads/File/Technical/SL2_secure.pdf
http://www.lcacenter.org/LCAX/presentations/118.pdf
http://people.bath.ac.uk/cj219


EU Transport GHG: Routes to 2050 II The role of GHG emissions from infrastructure construction, 
Contract 070307/2010/579469/SER/C2 vehicle manufacturing, and ELVs in overall transport emissions 
 

Restricted-Commercial Ref. AEA/ED56293/Task 2 Paper Draft ï Issue No. 1 23 

Huang Y., Bird R., Heidrich O., (2009) Development of a life cycle assessment tool for 
construction and maintenance of asphalt pavements. Journal of Cleaner Production 17 
(2009) 283ï296 
 
Kellenberger D., Althaus H.-J., Jungbluth N., Künniger T., (2007) Life Cycle Inventories of 
Building Products. Final report ecoinvent data v2.0. Volume: 7. Swiss Centre for LCI, Empa - 
TSL. Dübendorf, CH. 
 
Lennox R.,  MacKenzie M., (2008) Eco-Road Building for Emerging Economies: An Initial 
Scan for Promising Alternative Technologies. Global Transport Knowledge Partnership.  
 
LITES (2010) Led-based intelligent street lighting for energy saving. http://www.lites-
project.eu/ Date of last access 08/04/2011 
 
Morgan P., (2006) Guidance manual for the implementation of low-noise road surfaces. 
FEHRL Report 2006/02 http://www.trl.co.uk/silvia/Silvia/pdf/silvia_guidance_manual.pdf 
 
NASA, Visible Earth: Earthôs city lights. Data courtesy Marc Imhoff of NASA GSFC and 
Christopher Elvidge of NOAA NGDC. Image by Craig Mayhew and Robert Simmon, NASA 
GSFC. http://visibleearth.nasa.gov/view_rec.php?id=1438 
 
Penant C., (2008) A brief review of tyre-pavement interaction and an insight on new 
regulation on tyre rolling resistance in Europe. Group Michelin. http://www.road-transport-
technology.org/HVTT10/Proceeding/Papers/Papers_HVTT/paper_84.pdf 
 
Sathaye N., Horvath A., Madanat S., (2010) Unintended impacts of increased truck loads on 
pavement supply-chain emissions. Transportation Research Part A 44 (2010) 1ï15 
 
Spielmann M., Dones R; Bauer C., (2007) Life Cycle Inventories of Transport Services. Final 
report ecoinvent Data v2.0. Volume: 14. Issue: 0. Swiss Centre for LCI, PSI. Dübendorf and 
Villigen, CH. 
 
Stripple H., (2001) Life Cycle Assessment of Road - A pilot study for inventory analysis. IVL 
Swedish Environmental Research Institute. www3.ivl.se/rapporter/pdf/B1210E.pdf Date of 
last access 06/04/2011 
 
Zhang H., Keoleian G.A. , Lepech M.D., (2008) An integrated life cycle assessment and life 
cycle analysis model for pavement overlay systems, In: Life-Cycle Civil Engineering ï 
Biondini & Frangopol (eds), ISBN 978-0-415-46857-2, 2008 pp 908-912. Available at: 
http://www.stanford.edu/~mlepech/pubs/ialcce.lcamodel.08.pdf. Date of last access 
06/04/2011 
 

3.2 Rail  

3.2.1 Summary of information from the literature 

Overview of key rail infrastructure components 

Rail-related infrastructure is typically made up of a number of elements, including stations, 
ballast, track, tunnels, bridges, Overhead Line Equipment, signalling and 
telecommunications, electrified third rail, and road crossings and culverts. These elements 
are discussed in more detail below.  
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Stations range from simple platforms perhaps without even a bridge or under pass through to 
international, airport style terminuses with integrated commercial shopping centres. 
 
Ballast is the support for the rail track, and could be composed of gravel ballast or concrete. 
Gravel ballast requires regular maintenance as pieces fall away under the vibrations, and the 
support for the track needs substantiating. 
 
More ballast may be required for banking of curves on high speed lines. Depending on the 
required curvature, in some cases high speed lines may require banked curves or super-
elevation, potentially adding to the embedded emissions. Conventional rail would not require 
banked curves if tilting train technology is used.  
 
Dual gauge rails are a solution to trains being set up for different gauges and incorporate a 
third rail to allow trains to share lines. This has the advantage of giving both lines wider 
geographical coverage, but requires more raw material. 
 
Narrow gauge consists mainly of yard gauge (914mm), meter gauge (1000mm), while 
isolated 950mm- and 1050mm track gauges also exist. The International Union of Railways 
(UIC) classifies this group as meter gauge. Meter gauge is narrower than standard gauge 
(1435mm), and certain handicaps are inherent in its narrowness (RRA, 2010). The 
Shinkansen high speed rail in Japan shows the benefits of wider gauge, allowing for wider 
trains and therefore more passengers (Dinha, 2009). The worldôs existing railway track 
comprises of 16.6% meter gauge (914-1067mm), 60.2% standard gauge (1435mm), and 
23.2% broad gauge (1520-1676mm) (RRA, 2010). 
 
Tunnels tend to follow a standard horseshoe shape design, ensuring enough space is 
provided that air pressure build up is not dangerous if trains pass. For a twin track tunnel the 
width of the main section will be around 11m, with a height of around 9m. This creates a 
typical cross section of around 130m2 in which the trains may pass. Two emergency 
walkways are fitted, one either side of the railway lines. To avoid the likely effect of 
groundwater on excavation, the level of the tunnel is typically designed to be above the 
groundwater table by several meters (Lin, 2005). 
 
Bridges for rail can be two-span continuous bridges, long suspension bridges, lattice bridges 
or arch bridges (Dinha, 2009). It is not uncommon that rail bridges are combined with 
pedestrian or road bridges. Some may even carry both rail and road on two decks, such as 
the 2.2km Tsing Ma suspension bridge connecting Hong Kong mainland with Chek Lap Kok 
international airport on Lantau Island (Discover Hong Kong, 2007) 
 
Road crossings and culverts in a rural environment tend to be less obstructive and less 
frequent than those in urban environments. Recent analysis by the Network Rail in the UK 
assumes minor roads cross approximately every 2km in rural environments. In urban 
environments the roads are more likely to be major, and the same study assumes their 
frequency to be every kilometre (Network Rail, 2009a). Road crossings are a necessary 
application of ballestless track explained above. The smooth concrete allows vehicle 
crossing (Network Rail, 2009b). Major culverts (water pipes) require consideration every 
kilometer (RRA, 2010). 
 
Overhead Line Equipment (OLE), or catenaries, is used to deliver electricity to the train in an 
electrified rail system (Network Rail, 2009b). Construction requires steel (71%), aluminium 
(10%) and copper (19%) which have respective embedded emissions per rail track km of 
40.9, 15.3 and 11.8 tCO2 equivalent (Network Rail, 2009b). 
 
Electrified third rail is an alternative to OLE and requires a wheel, brush or sliding shoe to 
draw direct current from it, which can then be returned through the wheels to the standard 
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rails. Although primarily used in metro/inner-city type networks due to tunnelling and no direct 
emissions, it can also be used for conventional and high speed rail, such as sections of the 
Eurostar connecting London, Paris and Brussels. However, the capacity of the shoe to pick 
up electricity from the third rail is less than that of an OLE system, which, along with the 
tighter curves, limits the Eurostar speed to 161 kph in Britain (Rail Fan Europe, 2011). 
 
Signalling and telecommunications spans traffic management, automatic train protection 
systems and driver advice systems. Signalling train detection is the established technology 
used by signallers and automatic route setting systems to predict and manage conflicts 
between trains (RSSB, 2009). 
 
Telecommunications systems at a basic level provide the train driver with timetable 
information and other generic advice on paper or on a screen. The French paper-based 
system, and the German and Swiss electronic timetables are examples. These are the only 
systems that are in widespread use today (Rail Fan Europe, 2011). 
 
The greenhouse gas intensity of both the energy used in the construction of new 
infrastructure (e.g. electricity for tunnel boring machines) and in the production and transport 
of materials used in construction, is expected to reduce in the future. It will therefore be 
necessary to attempt to develop estimates of the likely projection in greenhouse gas intensity 
in order to assess the scale of potential impacts of new infrastructure construction being 
carried out at different time horizons up to 2050. It is also important to take into account as 
far as possible the lead time for the development of new infrastructure before it becomes 
available. 
 
The construction of rail infrastructure has different requirements in urban and rural 
environments, which can have large effects on both cost and greenhouse gas emissions. 
Retained cut or trench cutting often accompanies urban routing, and involves building a 
walled trench for trains to pass through beneath street level. The extent to which it is required 
depends on the topography of the route. Rural plain line development in the UK would 
typically involve just 2% retained cut. In an urban environment this is more likely to be around 
50% because of the large amount of passing under roads and to reduce street level 
disturbance (WF-Ingbau, 2011). If situated below the groundwater table, a retained cut has to 
be made waterproof. This may be achieved using water resistant concrete. The structure 
then needs to be protected from buoyancy by means of the structure's own weight and/or by 
anchoring to the subsoil. Driven piles made from reinforced concrete or steel or reinforced 
concrete bored piles are used for anchorage (WF-Ingbau, 2011). Land take in rural 
environments is typically a 50m wide strip of land, allowing enough room for trains to safely 
pass at high speeds. For speeds above 250 kph, a greater distance between tracks (1-2 
metres) is required to alleviate the pressure caused by trains passing in opposite directions 
(Network Rail, 2009). Land-take is significantly reduced in urban routes to a typical width of 
25m because of the higher land values and likelihood of lower speed limits. 
 
It is also important to consider the demand for new rail infrastructure. It is consistently the 
case that high speed lines draw greater numbers of passengers in comparison with 
conventional rail services, increasing occupancy levels (Network Rail, 2009). This means 
that whilst infrastructure related greenhouse gas emissions from high speed lines and 
conventional lines are broadly similar, when looked at in terms of per passenger kilometre 
high speed lines perform better (Network Rail, 2009b). 
 

GHG Emissions from the construction, maintenance and operation of rail 

infrastructure 

Data on rail infrastructure and associated GHG emissions has been collected from two 
different types of sources: 
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 Life cycle analyses; and  

 Pre-project research papers. 
 
Four main life-cycle analyses were used; Heiberg (1992), Jonsson (2005), Schlaupitz (2008), 
Chester & Horvath (2008). Whilst Heiberg was published in 1992, the processes for which it 
has data, such as track substructure construction, were already well established. This means 
the information is still relevant, and is supported by similar estimates from more recent 
studies. 
 
Jonsson (2005) conducts a thorough decomposition of the energy used for rail and road 
infrastructure. This was primarily used for providing information on energy use from the 
construction phase of rail track, stations and related structures. It was also used to check 
data on embedded emissions. 
 
The figures below, created using data from Jonsson (2005), provide context for this section. 
 

Figure 3.5: Life-cycle analysis of rail as a whole 

 

 
 

Figure 3.6: Life-cycle analysis of rail 
infrastructure 

 

These figures are based on all data of Swedish track from between 1997 and 2002. The 
composition of the infrastructure studied is: 

 244 km tramways; 

 216 km metro (50% above ground, 25% trenched and 25% tunnelled); 

 9365 km electrified track; and 

 5881 km non-electrified track. 
 
The metro has around 100 stations, and rail around 175 stations with 32 workshops. The 
estimated lifetimes of rail and stations is 50 years, whilst for tunnels it is 100 years. 
 
The majority of the emissions due to construction of rail infrastructure (or at least for those 
relatively easily accountable) are due to the production and transport of materials. This is 
illustrated in Figure 3.13. The majority of the Construction emissions come from steel 
manufacture, see Figure 3.10 and Figure 3.10 below for a full breakdown (Network Rail, 
2009b). 
 
Further important information was provided by the sources explained below. Data from these 
sources is presented in Table 3.10 through to Table 3.11. 
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Schlaupitz (2008) provides high-end estimates for stations, tunnels and bridges in the 
context of new electrified rail infrastructure.  Tunnel proportions and earthworks vary widely 
from route to route, depending on factors such topography and soil conditions. They assume 
that an average tunnel proportion of 37% is a reasonable average to use for new lines, in 
comparison to 10% used in the UK (Network Rail, 2009). A summary of the rail route 
assumptions used is provided below: 
 

Figure 3.7:  Schalupitz assumptions for cross-regional high speed track 

 
 
Chester & Horvath (2008) look in detail at different station designs and calculate in-use 
emissions and more detailed categories such as station cleaning and maintenance energy 
requirements. This study was also used to provide a total figure on all rail infrastructure 
energy consumption for comparison with others. Five rail transit systems are considered: the 
San Franciscoôs Bay Area Rapid Transit System (BART), Municipal Railway (Muni), Caltrain, 
Bostonôs Green Line, and the proposed California High Speed Rail (CAHSR). The BART and 
Caltrain systems are considered Heavy Rail Transit (HRT) while the Muni and Green Line 
are considered Light Rail Transit (LRT). The CAHSR is a high speed heavy real system 
which is expected to compete with air modes in the Sacramento to San Diego corridor. 
 
Of these five systems, only Caltrain trains are powered directly by diesel fuel while the others 
are powered by electricity. These four systems encompass the short and long range distance 
heavy and light rail systems.  
 
Figures on different average station types for various networks are provided in the table 
below. 
 

Figure3.8:  Material requirements for various station types 

Rail system Units BART Caltrain Muni 
Green 
Line CAHSR Mean 

Concrete Million cubic feet      26.0          0.6          6.8          5.9          1.1          8.1  

Ballast Million cubic feet           -            0.3            -              -            0.5          0.2  

Steel Thousand lbs    810.0       18.0     210.0     180.0       32.0     250.0  

 
The range can be seen more clearly below: 
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Figure 3.9:  Material requirements for various station types 

 
The five systems show vastly different infrastructure configurations because of the 
differences in vehicle types, passengers served, and geography covered.  
 
Pre-project research papers from Network Rail in the UK were used to provide an 
understanding of likely practices if rail infrastructure were developed today. This gave 
quantities of material needed for various components of rail infrastructure and their 
associated embedded emissions, as well as in-use water, heating and electricity energy 
consumption from stations. 
 
An AEA study for Network Rail (Network Rail, 2009b) compared the environmental impact of 
conventional and high speed rail. As part of this study, the energy consumption and 
emissions resulting from rail infrastructure were also identified. Estimates for the embedded 
emissions from new rail infrastructure in the study were developed based on material use, 
materials transport (construction materials and excavated soil) and energy used for boring 
tunnels.  
 
Illustrative breakdowns of the materials use and greenhouse net gas emissions are provided 
in Figure 3.10. The analyses show that tunnelling and bridges contribute significantly to the 
totals, and therefore the assumptions made associated with these are therefore very 
important. The results also show that the type of track laid has a significant impact on the 
total embedded emissions, in the order of 30-40 tonnes CO2 eq per rail track km. 75% of the 
total embedded GHG emissions (from less than 50% of the raw materials used in the 
construction) can be attributed to the use of concrete and steel. 
 
According to Network Rail (2009b), the most carbon intensive aspect of rail infrastructure is 
Overhead Line Equipment, driven by the high embedded emissions in steel production. A 
breakdown of all components is provided in the figure below, split by the type of supporting 
structure. 
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Figure 3.10: Emissions from rail construction by supporting structure, split by component 

 
 
For high speed trains, greater quantities of ballast are normally required with larger stone 
sizes. This provides greater support and less falling away as the stones are more substantial 
(Network Rail, 2009a). High speed trains may also require banked curves or superelevation 
due to their maximum required curvature. Conventional trains however already employ tilting 
technology (e.g. Pendolino rolling stock in the UK) so banking would be avoided. 
 
Given the quantities of materials required for rail infrastructure, steel contributes around 50% 
of emissions from all materials, whilst concrete contributes 11% for a traditional ballasted 
track and 17% for a concrete ballastless track. See Figure 3.10 and Figure 3.10 for further 
breakdown taken from Network Rail (2009b). 
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Figure 3.11:  Material breakdown for conventional 
ballasted track 

Total tonnes of material: 42,521 
 

 

Figure 3.12:  Material breakdown for ballastless 
track 

Total tonnes of material: 38,174 
 
 

 

Figure 3.13:  Breakdown of embedded greenhouse 
gas emissions of conventional 
ballasted track, for production and 
disposal based on 50% recycling rate 

Tonnes of CO2 per rail track km per year: 
150 

 

Figure 3.14:  Breakdown of embedded greenhouse 
gas emissions for ballastless track, 
for production and disposal based on 
50% recycling rate 

Tonnes of CO2 per rail track km per year: 
146 

 
 
The embedded emissions resulting from the construction and eventual decommissioning of 
rail infrastructure are expected to be very significant primarily due to the very large quantities 
of steel and concrete used, which are both highly energy intensive in their production. 
 
Steel manufacture is highly intensive because of the reduction process which involves 
temperatures of around 1600OC. This can lead to considerable indirect emissions from power 
generation depending on the fuel source used to supply the energy.  
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Concrete is a combination of cement and aggregate. Cement, like steel, is energy intensive 
and requires temperatures of around 1450OC, which could lead to high indirect emissions. 
Further, the chemical process of calcination, where CO2 is liberated from calcium carbonate 
to form quicklime, adds to its emissions intensity. 
 
The overwhelmingly dominant track form worldwide is the conventional ballasted track, which 
consists of flat-bottom steel rails supported on timber or pre-stressed concrete sleepers with 
gravel ballast. Assumptions on the amount of tunnelling and bridging were taken from IJLCA 
(2003). Data which supports this information is provided in Table 3.6. 
 
A study for UIC (2009) developed a carbon footprint of High-Speed rail infrastructure. As part 
of this study, the energy used and emissions associated with infrastructure were analysed in 
the context of emissions from the operation of High-Speed rail, the construction of the rolling 
stock, and the construction of the infrastructure itself. Three scenarios were considered:  

 Scenario 1: Electricity mix with low carbon footprint, average share of tunnels and 
bridges, high traffic on rail network, high load factor. 

 Scenario 2: Electricity mix with high carbon footprint, average share of tunnels and 
bridges, high traffic on rail network, high load factor.  

 Scenario 3: Electricity mix with high carbon footprint, high share of tunnels and 
bridges, low traffic on rail network, low load factor.  

 
The results of these studies are provided below, and give a range of results which adds to 
those presented above. 
 

Table 3.3: Emissions of CO2 from rail lifecycle scenarios (UIC, 2009) 

Scenario Operation Rolling Stock Track System 

 gCO2 % gCO2 % gCO2 % 

1 3.75 61 0.49 8 1.95 31 

2 19.62 89 0.50 2 1.95 9 

3 10.44 13 1.47 2 66.59 85 
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Figure 3.15:  Carbon footprint of High-Speed Rail ï CO2 emissions for three scenarios (adapted from UIC, 
2009) 

 
 

Figure 3.16:  Carbon footprint of High-Speed Rail ï % of CO2 emissions for track system, rolling stock 
and operation for three scenarios (adapted from UIC, 2009) 
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The study results demonstrated that the share of emissions attributed to rail infrastructure 
are not negligible, as scenarios 1 (31%) and scenario 3 (85%) showed. However, the specific 
share that is attributed to infrastructure depends on a range of different factors, including the 
electricity mix, the traffic on the rail network and the share of bridges and tunnels (UIC, 
2009).  
 
Claro (2010) identifies the emissions associated with transport infrastructure, in particular 
road and rail, and makes a comparison between the two, taking into consideration the full life 
cycle emissions of each mode. The key emissions figures related to rail and rail infrastructure 
are presented below.  

Table 3.4:  Rail infrastructure life cycle emissions 

Stage Total Emissions (kg CO2) Relative emissions (%) 

Manufacture of materials 6,469,524 15.24 

Construction 25,321,412 59.65 

Operation 9,631,600 22.69 

End of life 1,026,865 2.42 

Total 42,449,402 100 

 

Figure 3.17:  Total CO2 emissions for rail infrastructire (kg CO2) (adapted from Claro, 2010) 
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Figure 3.18:  Total CO2 emissions for rail infrastructure (%) (Adapted from Claro, 2010) 

 
 
Comparing this to other studies, the proportion of emissions attributed to construction seems 
quite high, i.e. in comparison to those presented in the Jonsson (2005) study (59.65%, or 
74.89% when including manufacture of materials, compared to 48%). However, it appears 
that maintenance of the rail infrastructure has not been factored into these figures. Further, 
the study by Jonsson (2005) includes metro and tram systems in its calculations which may 
require high maintenance per track km due to the frequency of such services and convoluted 
urban routings with many points and crossovers. 
 

Table 3.5:  Emissions for rail infrastructure (kg CO2) 

Source Emissions (kg CO2) Emissions (%) 

Infrastructure life cycle 42,449,402 87.56 

Vehicle propulsion 0 0 

Vehicle life cycle 5,283,090 10.90 

Fuel life cycle 745,505 1.54 

Total emissions 48,477,997 -   

Emissions per passenger transported 1.77  -   
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Ademe, RFF, SNCF (2009) commissioned a thorough assessment of all elements of high 
speed rail transport, including greenhouse gas emissions from various infrastructure 
components. 
 
The three-stage case study starts by making an inventory of all the projectôs directly or 
indirectly-generated GHG emissions. This means that the whole production and construction 
chain, from the extraction of raw materials to operating and infrastructure end-of-life, via 
equipment manufacturing, implementation, servicing and maintenance work are all taken 
into consideration. 
 
The second stage involves calculating the footprint by phase using emission factors provided 
by ADEME, or purpose-developed factors, so that the ñactivity dataò can be converted into 
emissions equivalent to one tonne of CO2 (tCO2e). 
 
The third stage entails identifying those items that emit highest GHG levels and drawing up 
an action plan committing manufacturers, designers and operators to devise and implement 
measures to reduce these emissions. 
 
Overall, greenhouse gas emissions from rail infrastructure are attributed below: 
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Figure 3.19: Overview of greenhouse gas emissions from rail infrastructure 

 
Civil engineering works comprise the largest proportion of the construction phase rail 
infrastructure. This is broken down into the components shown below. 
 

Figure 3.20: Greenhouse gas emissions from rail infrastructure civil engineering works 

 
 
Embedded emissions from input materials comprise nearly ¾ of total construction phase 
emissions, or 53% of total infrastructure construction emissions. 
 
Of railway equipment (11% of total) 91% of emissions are from tracks, catenaries and work 
bases. 
 
Full details of this study are provided below. 
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Figure 3.21: Rail infrastructure construction phase: Ademe, RFF, SNCF (2009) data 

Construction phase Component tCO2eq 

Civil engineering works Accumulated depreciation: 
          

2,750  

  Ancillary work: 
          

9,200  

  Input materials: 
     

550,000  

  Internal energy of specific LGV buildings 
          

1,100  

  
Materials excavation 
and placement (internal processes): 

        
41,000  

  Personnel transport: 
        

47,300  

  
Transport of materials by lorry 
(freight):  

     
107,400  

Connections to the existing rail network Connections to the existing rail network 
        

55,000  

Construction of TGV 
train sets 

Construction of TGV 
train sets 

        
95,000  

Railway equipment SEI/CAI technical buildings: 
             

730  

  Signalling equipment and hot box detector (SEI DBC): 
          

2,200  

  Signalling, energy, cable routes: 
          

5,500  

  Telecommunications :  
             

730  

  Tracks, catenaries, work bases: 
     

106,300  

  Traction supply:  
          

1,100  

Stations and other 
railway buildings Alteration work to existing stations 

          
1,800  

  Alterations to the Technicentres:  
          

4,000  

  Construction of maintenance bases:  
          

4,500  

  Construction of two TGV stations:  
        

20,000  

Grand Total   
  

1,055,610  

 
Alternatives to reduce greenhouse gas emissions 
 
Kato et al (2005) conduct a lifecycle assessment of MAGLEV, including its infrastructure. The 
idea of the study is to look at the possibility that MAGLEV could compete with Shinkansen or 
Air travel in Japanôs future transport strategy. 
 
A summary of the emissions from infrastructure are provided below: 
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Figure 3.22: MAGLEV construction, maintenance and repair CO2 emissions 

 
Maintenance and repair of various components are a fraction of the emissions of the initial 
construction, 4% on average. This is confirmed by RTRI (2002) who state that the 
maintenance phase accounts for 3 to 7 % of that at the construction phase. 
 
Maglev does not however offer overall carbon savings compared to conventional high speed 
trains however, according to the life-cycle study of a Tokyo ï Osaka route by Kato et al 
(2005). Lifecycle emissions per passenger kilometre are lower compared with air travel, but 
higher compared with Shinkansen. 
 

Figure 3.23: Comparison of lifecycle emissions for Osaka ï Tokyo route, Kato et al (2005) 
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3.2.2 Development of emissions factors for the analysis 

Data on infrastructure construction emissions factors 

 

Table 3.6: Rail infrastructure embedded emissions from components and materials 

Embedded Emissions Material Tonnes of 
material 
needed 
per track 
km 

kgCO2 / 
tonne 
material 

Average 
Lifetime 

Units Medium 
Value 

Stations Concrete 0.7  176.0  100   kgCO2 / 
track km  

114  

Bricks 1.3  192.0  100  kgCO2 / 
track km  

250  

Rail Steel 282.0  3,100.0  30  kgCO2 / 
track km  

874,200  

Ballast Gravel 7,950.0  8.0  15  kgCO2 / 
track km  

63,600  

Concrete 990.0  176.0  30  kgCO2 / 
track km  

174,240  

Ballastless track Concrete 4,500.0  176.0  60  kgCO2 / 
track km  

792,000  

Steel 132.0  3,100.0  60  kgCO2 / 
track km  

409,200  

Tunnel Soil 27,000.0  4.0  100  kgCO2 / 
track km  

108,000  

Concrete 4,400.0  176.0   kgCO2 / 
track km  

774,400  

Steel 210.0  3,100.0   kgCO2 / 
track km  

651,000  

Bridge Concrete 890.0  176.0  50  kgCO2 / 
track km  

156,640  

Steel 49.0  3,100.0   kgCO2 / 
track km  

151,900  

Retained cut Concrete  176.0   kgCO2 / 
track km  

-    

Road crossings and 
culverts 

Concrete  176.0   kgCO2 / 
track km  

-    

Distance and curves     kgCO2 / 
track km  

-    

Overhead Line Equipment Steel 500.0  3,100.0  30  kgCO2 / 
track km  

1,550,000  

Aluminium 70.5  11,000.0  30  kgCO2 / 
track km  

775,086  

Copper 138.1  1,701.0  30  kgCO2 / 
track km  

234,919  

Electrified third rail Steel 141.0  3,100.0   kgCO2 / 
track km  

437,100  

Insulator     -    

Points Steel     GJ / 
track km  

237  

 

Data on construction energy consumption 

Other than building a station which incorporates rail, road, metro rail and air travel, tunnelling 
has the highest potential for energy consumption in the construction phase. This is heavily 
influenced by the geology of the land being tunnelled; hard rock is energy intensive to mine 
and also time consuming. Bridges also have a high potential for energy consumption 
requirements, particularly if built over water and at great heights. 
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Table 3.7: Rail infrastructure construction energy consumption 

  
Construction 

Units  Construction 
period  

Energy Low Medium High 

Low High Units 

Stations Total -    5.0   GJ / track 
km / single 
track  

784 3,761  42,409 

Track Substructure 
(including embedded 
emissions) 

    GJ / track 
km / single 
track  

2,161  4,642  9,436  

Track Base (Including 
embedded emissions) 

    GJ / track 
km / single 
track  

5,150  6,300  6,779  

Track Substructure 
(excluding embedded 
emissions) 

    GJ / track 
km / single 
track  

 3,085   

Blasting     GJ / track 
km / single 
track  

 1,300   

Movement of earth, stones, 
incl. Drilling 

    GJ / track 
km / single 
track  

 1,785   

Track Base (excluding 
embedded emissions) 

    GJ / track 
km / single 
track  

 1,341   

Welding     GJ / track 
km / single 
track  

 9   

Rail Fastening     GJ / track 
km / single 
track  

 575   

Installation     GJ / track 
km / single 
track  

 757   

Tunnel     GJ / track 
km / single 
track  

1,169  4,365  17,429  

Bridge Years / 
track km 

0.5  2.5   GJ / track 
km / single 
track  

1,169  10,502   

Materials for contact wires, 
transformers, signal 
system, stations, platforms, 
lighting, service roads  

    GJ / track 
km / single 
track  

 9,168   

Material transport     Litres of 
diesel  

 3   

 

Data on construction emissions 

For some of the elements above, readily converted information has been obtained for 
greenhouse gas emissions. This is presented in the table below. 

Table 3.8: Rail infrastructure construction emissions 

  
Construction 

Emissions   
Medium 
value 

  
Notes Units 

Tunnel tCO2e / 
track km  

5.0  10% of route assumed to be tunnelled, 
emission factor of 0.411 used 

Bridge   1% of route assumed to be bridged 

Material transport kgCO2 / 100 
tonne km  

8.4    
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Data on maintenance 

Station maintenance is high because of the staff costs. Focussing on the track itself, 
maintenance of lines, such as ballast replacement to ensure a secure substructure dominate 
energy consumption. In fact, figures produced to advocate the benefits of ballastless track 
state the track maintenance means lines are not operational for 20% of the time on average 
(Balfour Beatty, 2006). 

Table 3.9: Rail infrastructure maintenance energy consumption 

Maintenance Material Energy Low Medium High 

Units 

Stations Concrete  mg / passenger   70  

Bricks  mg / passenger   160  

Station cleaning    GJ / track km   2   

Diesel commuter rail   GJ / track km   139   

Electrified railway   GJ / track km   157   

Demolition   GJ / track km   1   

Single track 
substructure 

  GJ / track km   152   

Single track support 
system 

  GJ / track km   30   

Track maintenance   GJ / track km   68   

Station maintenance   GJ / track km   1,087   

Total   GJ / track km  57  427  1,157  

 

Data on In-Use phase 

In use phase emissions here are just for infrastructure, not rolling stock energy consumption. 
This is in contrast to the pie charts provided at the start of this section which are included to 
provide an idea of proportionality of infrastructure emissions and include fuel use for traction 
emissions. 
 
It follows that this table simply shows energy consumption from infrastructureôs usage phase, 
which is limited to a few sources and generally a small component relative to construction 
and embedded energy consumption. Examples are heating of points in winter and energy 
used in stations. 

Table 3.10: Rail infrastructure energy consumption from in use phase 

In-Use Draw on energy Energy Low Medium High 

Units 

Stations Electricity  kWh / 
passenger  

 0.0097   

Heating  kWh / 
passenger  

 0.0353   

Drinking water  m3 / passenger   0.0002   

Station lighting  GJ / track km / 
year  

 58  69  

Station escalators  GJ / track km / 
year  

1  15   

Train control  GJ / track km / 
year  

 25  126  

Parking lot lighting  GJ / track km / 43  342   
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In-Use Draw on energy Energy Low Medium High 

Units 

year  

Stations and workshops  GJ / track km / 
year  

 27   

Operations excl. stations 
and workshops 

 GJ / track km / 
year  

 86   

Materials, fuel and heating 
(thermal energy) , incl. 
tunnells and bridges 
(primary energy) 

 GJ / track km / 
year  

 -     

Train control and station 
lighting 

 GJ / track km / 
year  

 7   

Points Electricity  kWh / track km   840   

Tunnel Lights     

Fans     

Overhead Line Equipment Transmission losses     

Signalling and 
telecommunications 

Electricity     

 
Emissions from these sources are provided in the table below. For electricity, these are 
based on an EU average emission factor, for water a UK conversion factor is applied twice to 
cover both the energy required for the supply of water and wastewater treatment. 

Table 3.11: Rail infrastructure emissions from in use phase 

In-Use Draw on energy Emissions Medium 

Units 

Stations Electricity  kgCO2 / passenger  0.004  

Heating  kgCO2 / passenger  0.014  

Drinking water  kgCO2 / passenger  0.0002  

Points Electricity  kgCO2 / track km  330  
 

3.2.3 Identification of gaps ï focus group 

The information below covers the current embedded and construction emissions of rail 
infrastructure. Topics which are scarcely covered or may require further research are listed 
below:  

 Proportion of new rail lines likely to be diesel vs electrified 

 Importance of split between embedded emissions and those from the machinery 

and transport required to assemble the infrastructure. 

 Any future technology improvements not given appropriate coverage. 

 Information on likely recycle rates of raw materials such as steel. 

 Information on likely percentage improvements in steel manufacture over coming 

years. 

 Location of steel manufacture in coming years and associated transport 

requirements. 

 Construction energy consumption for overhead line equipment and related 

transmission losses 

 Construction energy consumption for electrified third rail if different from normal 

rail. 

 Information on time taken to construct various components. 

 In use energy consumption from signalling. 
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3.3 Aviation  

3.3.1 Summary of information from the literature 

Aviation infrastructure consists primarily of airport terminals, runways/tarmacs and ground 
support equipment (GSE). These aspects of aviation infrastructure are found at airport sites 
but their use depends on both the size and function of the airport. Aviation infrastructures are 
complex and different infrastructure systems are generally owned or operated by different 
organisations or companies, resulting in different impacts on energy and GHG emissions.  

The Intergovernmental Panel on Climate Change (IPCC) estimated in 1999 that there was 
12% inefficiency in air transport infrastructure. Since then, the International Air Transport 
Association (IATA) estimated that 4% efficiencies have been achieved in aviation 
infrastructure but there is still scope for significant improvement (IATA, 2009).  

In 2008, IATAôs work with industry partners resulted in 214 en route and 103 airport domain 
improvements for annual fuel savings that equated to 4 million tonnes of CO2. Using a 
Continuous Descent Arrival (CDA) rather than the traditional stepped approach to landing 
can save up to 630 kg of CO2 per landing. The number of airports by passenger carried in 
the EU27, EU15 and EU12 in 2010 is shown in Table 3.12. The CDA Action Plan initiated by 
IATA and other partners is estimated to save 500,000 tonnes of CO2 through implementing 
CDA at 100 airports across Europe by the end of 2013 (IATA, 2009). 
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Table 3.12  EU Number of Airport by number of passengers carried per year (2010) (EU, 2010) 

 More 
than 10 
million 

5 to 10  
million 

1 to 5 
million 

500,000 
to 1 

million 

100,000 to 
500,000 

15,000 to 
100,000 

 
TOTAL 

EU27 30 31 94 39 116 90 400 

EU15 29 27 78 35 106 81 356 

EU12 1 4 16 4 10 9 44 

Source: Eurostat, national sources   

 
Accordingly to latest Eurostat figures, in 2009, more than 10% of the intra-EU transport took 
place between Spain and the United Kingdom (Eurostat, 2011a). Eight out of the top ten 
country pairs in terms of aviation passenger flow were either to or from Spain or the UK, as 
shown in Table 3.13. The influence of the economic crisis on the share in total international 
intra-EU transport of these top country-to-country flows was relatively limited according to the 
European Environment Agency (EEA).  
 

Table 3.13:  Top Intra-EU country pairs by passengers carried in 2009 (Eurostat, 2011b) 

Rank Country Pairs Passengers 
carried (in 

1000) 

Share in 
total intra-

EU 

1 Spain United Kingdom 30,551 10.1% 

2 Germany Spain 20,391 6.7% 

3 France United Kingdom 10,965 3.6% 

4 Ireland United Kingdom 10,914 3.6% 

5 Germany United Kingdom 10,709 3.5% 

6 Germany Italy 10,414 3.4% 

7 Italy United Kingdom 9,936 3.3% 

8 Spain Italy 9,695 3.2% 

9 Italy France 7,893 2.6% 

10 France Spain 7,608 2.5% 

 

The construction of terminals at airports contributes to the lifecycle GHG emissions of the 
aviation sector. Terminal construction can be likened to office buildings and shopping 
centres. The types of flights and airlines served at an airport will determine many of the 
design features of a terminal, including airport-wide services, baggage handling, areas for 
loading and unloading passengers and cargo, gate design and retail spaces. The top airports 
in the EU-27 in terms of passenger and freight carried in 2009 are shown in Table 3.14. 

Table 3.14:  Top airports in the EU-27 in terms of total passengers carried in 2009 (Eurostat, 2011c) 

Rank Country Airport Total air transport (in 
1000 passengers) 

Total number 
of passenger 

flights (in 1000) 

1 UK London Heathrow 65,904 458 

2 FR Paris Charles De Gaulle 57,689 497 

3 DE Frankfurt Main 50,573 434 

4 ES Madrid Barajas 47,944 418 

5 NL Amsterdam Schiphol 43,532 383 
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Table 3.15:  Top airports in the EU-27 in terms of total freight and mail carried in 2009 (Eurostat, 2011c)  

Rank Country Airport Total air transport (in 
tons of freight/mail) 

Total number 
of freight 
flights (in 

1000) 

1 DE Frankfurt Main 1,882,662 21 

2 UK London Heathrow 1,348,914 3 

3 NL Amsterdam Schiphol 1,316,848 13 

4 FR Paris Charles De 
Gaulle 

1,202,300 
44 

5 LU Luxembourg 627,261 10 

 
The figures in Table 3.16 and Table 3.17 have been calculated from a UC Berkley study of 
lifecycle GHG emissions from aircrafts and their infrastructure (Eurostat 2011a; Eurostat, 
2011b; Cester and Horvarth, 2007 & 2009). To evaluate airport impacts, the study took an 
average airport to make energy and GHG impacts. The top 50 US airports are responsible 
for 610 million of the 730 million passenger enplanements. From this, an average airport 
passenger enplanement of 12 million per year led Dulles Airport to be chosen as the median 
base line for calculations at an average airport. In all instances where ranges from this 
source are given, this represents the variation in impacts per vehicle type based on three 
typical aircrafts: Embraer 145, Boeing 737 and Boeing 747. 
 
GHG emissions from aviation infrastructure can come from the construction, operation or 
maintenance stages. When considering the construction of aviation infrastructure, the largest 
proportion of GHG emissions can be attributed to terminals, runways and tarmacs.  

As shown in Table 3.16, the energy used to construct airport buildings is estimated at 549 
MJ/ft2. Per aircraft-life, vehicle mile travelled and passenger mile travelled, the construction of 
airports uses 500-1,800 GJ, 37-210 kJ and 1.1kJ respectively (Chester and Horvarth, 2007). 

 
When considering this construction process in terms of emissions, a range of 39-480 metric 
tonnes of GHG are accounted for per aircraft-life. 2.9-16g per vehicle mile and 0.089g per 
passenger mile travelled are the emissions calculated from the construction of airport 
terminals. As shown in Table 3.17, this equates to 43kg of GHG emissions for every ft2 
constructed (Chester and Horvarth, 2007). 

Quality and reliability characteristics influence the materials which are chosen to construct 
runways and the design specifications. The top 50 US airports average 3 to 4 runways which 
are all designed for the most demanding aircraft which will land at that airport (Chester and 
Horvarth, 2007). 

The two primary materials commonly used to construct runways are concrete and asphalt. 
Asphalt has more flexibility making it less likely to crack under pressure but is not able to 
withstand as high temperatures as concrete. A combination of the two materials may be used 
at different parts of an airport based on the differences in their properties.  

The energy associated with the construction of aviation infrastructure is dominated by the 
construction of runways and tarmacs. The energy intensive process of constructing a runway 
requires 136 MJ/ft2 of energy. Per vehicle mile travelled and per passenger mile travelled 
energy consumption associated with the runway construction process is 180-860 kJ and 4.7-
5.7 kJ respectively (Chester and Horvarth, 2007).  

When attributing emissions to the construction of runways, per aircraft-life emissions range 
from 180-2,100 metric tonnes whilst per-vehicle and per-mile emissions are 13-40g and 0.34-
0.41g respectively. These calculations are based on a UC Berkley study which takes a range 
of life-cycle emissions from three aircrafts: Embraer 145, Boeing 737 and Boeing 747 
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(Chester and Horvarth, 2007). When calculating the emissions associated with constructing a 
runway by area, an average of 10kg/ft2 is used. 

In addition to the construction of terminals and runways at airports, taxiways and tarmacs are 
part of aviation infrastructures. Taxiways are the non-runway paths at an airport used by 
aircraft and tarmacs are considered the parking and staging areas near terminals, end of 
runways, and support facilities. 

The construction of taxiways and tarmacs is estimated by UC Berkley to consume 6,400 ï 
77,000 GJ of energy per aircraft-life, 480-2,200 kJ of energy per vehicle-mile-travelled and 
12-25 kJ of energy per passenger-mile-travelled (Eurostat, 2011b). These figures are based 
on a US study which uses the 6.1M ft2 of taxiway and 14M ft2 of tarmacs at Dulles airport as 
a typical airport which is then extrapolated. The ranges are dependent on the size and life-
span of the aircraft, however this produces an estimated energy consumption for the 
construction of tarmacs of 95 MJ/ft2 (Eurostat, 2011a).  

Table 3.16 : Energy Usage for Aviation Infrastructure Components (ranges of the parameters are given 
based on different aircraft sizes) (Adapted from Chester and Horvarth, 2009; 2007) 

Life-Cycle Component Per Aircraft-
life 
(GJ) 

Per VMT 
(kJ) 

Per PMT 
(kJ) 

Per unit 

Construction ï Airports 500 ï 1,800 
GJ 

37 ï 210 kJ 
1.1 kJ 549 MJ/ft2 

Construction ï Runways 2,500 ï 
30,000 GJ 

180 ï 860 kJ 
4.7 ï 5.7 kJ 136 MJ/ft2 

Construction - Tarmacs 6,400 ï 
77,000 GJ 

480 ï 2,200 
kJ 

12 ï 15 kJ 95 MJ/ft2 

Infrastructure Operation 
ï Runway lighting 

1,200 ï 3,400 
GJ 

86 ï 400 kJ 2.2 ï 2.7 kJ 471 
GWH/yr* 

Infrastructure Operation 
ï Deicing Fluid 
Production 

1,800 ï 
22,000 GJ 

140 ï 640 kJ 3.5 ï 4.2 kJ 
76 MJ/gal 

Infrastructure Operation 
ï Ground Support 
Equipment 

15,000 ï 
170,000 GJ 

1,100 ï 5,100 
kJ 

28 ï 34 kJ 
47 MJ/LTO 

Infrastructure 
Maintenance - Airports 

25 ï 310 GJ 1.8 ï 10 kJ 0.057 kJ 
28 MJ/ft2 

* Total for all US airports 

 

Table 3.17:  Key GHG equivalent emissions from Aviation Infrastructure Components (ranges of the 
parameters are given based on different aircraft sizes) (adapted from Chester and Horvarth, 
2009; 2007)  

Life-Cycle Component Per Aircraft-
life 
(Metric 
tonnes) 

Per VMT 
(grams) 

Per PMT 
(grams) 

Per unit 

Construction ï Airports 39 ï 480  2.9 ï 16 g 0.089 g 43 kg/ft2 

Construction ï Runways 
180 ï 2,100 13 ï 40 g 

0.34 ï 0.41 
g 

10 kg/ft2 

Construction - Tarmacs 460 ï 5,500 34 ï 160 g 0.88 ï 1.1 g 6.8 kg/ft2 

Infrastructure Operation 
ï Runway lighting 

240 ï 2,900 18 ï 85 g 
0.47 ï 0.56 
g 

758 g/kWh 

Infrastructure Operation 
ï Deicing Fluid 
Production 

140 ï 1,600 10 ï 47 g 
0.26 ï 0.31 
g 

6 kg/gal 

Infrastructure Operation 
ï Ground Support 

1,100 ï 
13,000 

82 ï 390 g 2.1 ï 2.6 g 4 kg/LTO 
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Life-Cycle Component Per Aircraft-
life 
(Metric 
tonnes) 

Per VMT 
(grams) 

Per PMT 
(grams) 

Per unit 

Equipment 

Infrastructure 
Maintenance - Airports 

1.9 ï 24 0.14 ï 0.81 g 0.0045 g 2 mt/ft2 

 
Following the construction of aviation infrastructure, there are significant emissions 
associated with the operational lifecycle of that equipment. The operation of runway lighting, 
terminal buildings, ground support equipment and the production of de-icing fluid are the 
largest contributors to these operational emissions from aviation infrastructure. 
 
The production of de-icing fluid for use at airports is a technology which produces GHG 
emissions. In the US, 35 million gallons of de-icing fluid are used each year during low 
temperatures (Chester and Horvarth, 2007). The large majority of airports use an ethylene or 
propylene glycol-based fluid. The fluid can impact water quality by reducing dissolved oxygen 
levels and therefore investment in appropriate precautions to manage this process is 
essential. 
 
Per aircraft-life (typically around 30 years), 1,800-22,000 GJ of energy and 140-1,600 metric 
tonnes of GHG emissions are produced as a result of de-icing fluid production technology. 
Per vehicle-mile-travelled this equates to 140-640 kJ or energy and 10-47g of emissions 
whist for passenger-miles travelled, 3.5-4.2 kJ and 0.26-0.31g of energy and emissions are 
associated respectively.  
 
There are case studies of where de-icing fluid can be recycled to reduce primary 
consumption, save energy and reduce GHG emissions. Munich Airport in Germany produces 
between 60-70% of its annual de-icing fluid requirements through recycling. Aircraft are de-
iced on specially designated, remote areas at the airport, which are provided with a recovery 
system for de-icing fluids. Sprayed fluids are then stored before being trucked to a recycling 
facility, refined and distilled, enabling the glycol-based de-icing agent to be recovered. The 
process in Munich also generates ówaste heatô as a by-product which covers a substantial 
share of the airport's heating requirements (ACI, 2008). Similar de-icing recovery takes place 
at Hamburg Airport, Germany and Zurich Airport, Switzerland.  
 
Per gallon, the production of de-icing fluid consumes 76 MJ of energy and produces 6kg of 
GHG emissions. From the US alone, the 35 million gallons of de-icing fluid produced 
annually therefore produces around 210 million kg of GHG emissions (ACI, 2008).   

Runway lighting typically consists of four different types of systems; approach systems, 
centreline lights, touchdown lights and edge lights. The lighting systems are a necessary part 
of the aviation infrastructure but their use will vary seasonally and according to the daily 
hours of darkness of the runway location. 

A US study of runway lighting inventoried the electricity consumption of airport lighting 
systems in 2002 (EERE, 2002). It estimated that the approach, centreline, touchdown and 
edge light systems consume 57, 120, 160, and 140 GWh annually across all U.S airports 
(EERE, 2002). 

A UC Berkley study estimates that the energy consumption associated with the operation of 
runway lighting infrastructure is 1,200 ï 3,400 GJ per aircraft-life, 86 ï 400 kJ per vehicle-
mile-travelled and 2.2 ï 2.7 kJ per passenger-mile-travelled. Emissions from the construction 
of tarmacs/taxiways is lower than for runways per square foot (6.8 kg/ft2 compared to 
10kg/ft2). However, per aircraft-life, vehicle-mile and passenger-mile travelled, the emissions 
are higher when constructing tarmacs compared to runways. Constructing tarmacs produces 
460-5,500 metric tonnes of GHG emissions per aircraft-life, 34-160g per vehicle-mile-
travelled and 0.88-1.1g per passenger-mile-travelled. These figures are based on a range of 
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aircrafts at an airport in the US which has an average enplanement of 12 million passenger 
per year.  

Ground Support Equipment used at airports uses significant amounts of energy and is mainly 
fuelled by either gasoline or diesel. The FAA estimated about 72,000 pieces of ground 
support equipment are in operation in the US alone. Although a comprehensive global 
inventory of GSE in operation does not exist, a study estimates that 30-40% operate on 
diesel fuel, 50-60% on gasoline and around 10% on alternative fuels. 

The energy consumption and GHG emissions from the infrastructure operation of GSE can 
be estimated per aircraft-life, per vehicle mile travelled and per passenger mile travelled as 
shown in Table 3.16 and Table 3.17. When looking at energy consumption, the operation of 
GSE is attributed 15,000-170,000 GJ per aircraft life. This range is associated with the 
difference in both typical aircraft life and size, taking figures from three aircraft types: 
Embraer 145, Boeing 737 and Boeing 747. The range in energy consumption attributed to 
the operation of GSE per vehicle mile travelled is 1,100-5,100 kJ. Per passenger mile 
travelled, the energy consumption range is 28-34 kJ (Chester and Horvarth, 2007).  

When looking at GHG emissions associated with the GSE infrastructure of aviation, per 
aircraft-life emissions range between 1,100-13,000 metric tonnes, depending on the type of 
aircraft and its typical lifespan. Per vehicle miles travelled emissions attributed to GSE 
operation is 82-390g whilst 2.1-2.6g of GHG emissions are attributed per passenger mile 
travelled. Per landing take-off cycle (LTO), 4 kg of GHG emissions are attributed to the 
operation of GSE infrastructure (Chester and Horvarth, 2007). 
 

Table 3.18  Average Energy Consumption and Costs for GSE (adapted from ATAA, 1994; FFA and EPA, 
1995; 

24
) 

 
Energy consumption 

(MJ per year) 
Conventional 
replacement 

Electric replacement 

Ground 
Support 

Equipment 

Economic 
Life 

(years) 

Use 
per 
year 

(hours) 

Diesel Gasoline 
Capital 
Cost 
US$ 

Maintenance 
Cost 

Capital 
Cost 
US$ 

Maintenance 
Cost 

GPU 8 2,240 2,177,229 2,955,113 $32,000 $10.44/hr - $7.83/hr 

Van 8 1,987 - 1,046,574 $22,000 $10.09/hr - $10.09/hr 

Pickup 8 1,722 - 906,996 $18,000 $9.65/hr $27,000 $7.24/hr 

Aircraft 
Tug (Wide 

Body) 
10 1,721 6,152,726 8,072,619 $190,00 $26.41/hr $250,000 $19.71/hr 

Bus 8 1,678 1,051,054 883,820 $110,000 $9.58/hr - $9.58/hr 

Lift 8 1,357 - 795,653 $45,000 $13.73/hr $54,000 $10.30/hr 

Cargo 
Loader 

10 1,250 445,421 513,041 $150,000 $9.84/hr $180,000 $7.38/hr 

Fuel Truck 8 1,117 699,659 588,336 $65,000 $16.83/hr - $16.83/hr 

Air Start 
Unit 

8 181 759,006 248,335 $80,000 £33.76/hr - $25.32/hr 

 

According to a US study of four airports, seven ground access vehicles were the most 
significant source of mobile emissions, responsible for 45-68% of the airportsô volatile organic 
compounds and 27-63% of the nitrogen oxides emitted from mobile sources (Energy and 
Environment Analysis, 1997)25. 
 

                                                
24

 Calculations of average operational fuel consumption calculated from [Error! Bookmark not defined.] (Load factor % x BHP 
x Gallons fuel per BHP/hour x Hourly use per year x MJ conversion ratio ï 1 MJ = 0.007589 gallons gasoline or 0.006825 
gallons diesel) 
25

 The four airports included in this study for the US EPA, were Baltimore-Washington International, Boston Logan International, 
Los Angeles International, and Phoenix Sky Harbor International. 
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Replacing GSE with alternative fuels, such as electricity, liquefied petroleum gas, and 
compressed natural gas could result in reduced greenhouse gas emissions. The energy use 
of GSE will also vary between diesel and gasoline options. Annually, an aircraft tug (for a 
wide body aircraft) is the piece of GSE which will typically consume the most energy. If 
diesel, the tug will consume 6,153 GJ whereas a gasoline alternative carrying out the same 
role will typically consume 31% more, 8,073 GJ (FFA and EPA, 1995). Data for other GSE 
which uses a large amount of energy are shown in Table 3.18. 
 
Ground Power Units are vehicles which supply power to an aircraft when it is on the ground. 
They can be a fixed source of power but will typically be remote to easily move between 
different aircrafts. In terms of ground support equipment, the GPU is the most used piece of 
equipment, typically being operational for 2,240 hours per year. The equipment has an 
economic life of 8 years and is typically either a diesel or gasoline vehicle. Annual 
operational energy consumption of GPUs varies depending on the vehicle fuel used; 
2,177,229 MJ/year for diesel and 2,955,113 MJ/year for gasoline (FFA and EPA, 1995).  
 
Fixed gate power supply is an alternative aviation infrastructure technology to GPUs which 
supply aircrafts with power when they are on the ground. A fixed power supply can permit a 
reduction in the use of aircraft auxiliary power units and thereby reduce emissions. Airports 
are not required to install boarding gates that provide electricity to parked aircraft, but the 
Federation of Aviation Administration (FAA) report that some airports have been proactive in 
reducing emissions and have invested in these electric gates. 
 
The emissions attributable to the generation of electricity for fixed systems are going to be 
generated from an off-airport power source. These sources have greater control over 
emissions and a higher efficiency than on-board Alternative Power Units (APU). The EPA 
also acknowledges that the cost of the fuel saved is greater than the cost of electricity (FFA 
and EPA, 1995). 
 
When looking at the GHG emissions from infrastructure in the context of aircraft lifecycle 
emissions, the total emissions from infrastructure account for approximately 2.9% of lifecycle 
emissions from aviation. This is very small compared to the 78.6% of GHG emissions which 
come from the direct operation of aircrafts. This is outlined in more detail in Figure 3.24. 
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Figure 3.24:  Life-cycle emissions in aviation (Simonsen, 2011) 

 

Table 3.19:  Life-cycle emissions in aviation (Simonsen, 2011) 

Life-Cycle Component (Average GHG Emissions) Per PMT (grams) % 

Aircraft direct emissions 113.16 78.32 

Fuel cycle emissions 20.82 14.41 

Aircraft production/disposal emisisons 5.9 4.08 

Construction ï Airport Buildings 0.089 0.06 

Construction ï Runways 0.375 0.26 

Construction - Tarmacs 0.99 0.69 

Infrastructure Operation ï Runway Lighting 0.515 0.36 

Infrastructure Operation ï Deicing Fluid Production 0.285 0.20 

Infrastructure Operation ï Ground Support Equipment 2.35 1.63 

Infrastructure Maintenance - Airports 0.0045 0.00 
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3.3.2 Development of emission factors for the analysis 

 

Grams of CO2-eq per 
passenger-km 

Tank-to-
Wheel 

Infrastructure Vehicle 
construction 

Well-to-
Tank 

Sum 

Boeing Norge 737 (400 km) 191.0 3.1 5.9 30.7 230.6 

Boeing  737 Norge (950 km) 158.0 3.1 5.9 25.5 192.5 

Dash 8-100 248.0 3.1 5.9 39.9 296.9 

 

Grams of CO2-eq per seat-
km 

Tank-to-
Wheel 

Infrastructure Vehicle 
construction 

Well-to-
Tank 

Sum 

Boeing Norge 737 (400 km) 133.7 2.2 4.1 21.5 161.4 

Boeing  737 Norge (950 km) 110.6 2.2 4.1 17.8 134.7 

Dash 8-100 143.8 1.8 3.4 23.2 172.2 

 

Kg CO2e per aircraft-km Tank-to-
Wheel 

Infrastructure Vehicle 
construction 

Well-to-
Tank 

Sum 

Boeing Norge 737 (400 km) 19.4 0.3 0.6 3.1 23.5 

Boeing  737 Norge (950 km) 16.1 0.3 0.6 2.6 19.6 

Dash 8-100 5.5 0.1 0.1 0.9 6.5 

 
Energy and GHG emissions from Infrastructure 
 

 Energy Unit GHG (CO2e) Unit 

Construction Airports 549 MJ/ft2 43 kg/ft2 

Runway 136 MJ/ft2 10 kg/ft2 

Taxiway/Tarmac 95 MJ/ft2 6.80 kg/ft2 

 

3.3.3 Identification of gaps ï focus group 

Gaps in the literature which the focus group may be able to help with: 

 Operational emissions of different types of airport terminal buildings ï e.g. freight vs 

passenger and domestic vs international 
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3.4 Shipping 

3.4.1 Summary of information from the literature 

Port Infrastructure ï An Overview 

Ports provide essential connections between seaborne and land-based modes of transport.  
The main functions of a port are to supply services to freight (for example, storage or 
transhipment) and to vessels (refuelling, repairs etc).  Maritime ports handle more freight 
than all of the other types of terminal combined (Rodrigue et al, 2009).  Port facilities are 
determined by the type of cargo they must handle:  
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 Liquid bulk cargoes, such as crude oil, are moved using pumps and pipelines; they 
require only limited handling equipment but may need significant storage capacity.   

 Dry bulk products are unpackaged goods such as ore, cereals and coal.  Handling 
these materials requires more sophisticated equipment such as cranes, specialized 
grabs and conveyor belts.  Some terminals have specialized storage structures such 
as grain silos and refrigerated warehouses.   

 General cargo requires a lot of labour to handle where dimensions and weights are 
not uniform.  Containerisation of cargo has allowed handling to become mechanized 
and it is progressively more common for bulk products to be containerised.    

 Container terminals have minimal labour requirements, but generally require large 
amounts of space for moving and stacking containers.   

 Intermediate or transhipment ports are used for ship-to-ship operations.  Their 
importance is growing, as they increase connectivity between global ports.  
Containers must be stored in the port temporarily, rather than being transferred 
directly.   

 
The increase in containerised cargo was more than fivefold between 1990 and 2010 
(UNCTAD, 2010).  This has manifested a change in the configuration of port terminals, which 
have shifted from conventional bulk to containers since the 1960s.  Generally, the larger the 
containerships handled by a port, the larger the required container storage area.   
 
The main elements required of a port include the docking areas for ships and refuelling 
infrastructure. Docking areas can be quite substantial in size, with typical 5,000-10,000 TEU 
post-PanaMax vessel ranging from 275-340m in length, 38-45m beam and 13-15m draught 
(Mayrick, 2007). Ships powered using alternative fuels such as nuclear power or hydrogen 
require ports that are able to store and handle these fuels. Ships can be docked for times 
ranging from one hour to three days. Shore-side power for ships while at dock, also known 
as cold-ironing, allows ships to turn off their diesel-powered auxiliary engines.  A transformer 
is often needed for ships to be able to use shore-side electricity, and the local grid 
connection to the port must be upgraded.  Another alternative is to use natural gas power 
generation.  The Wittmar cold-ironing system can burn either compressed or liquefied natural 
gas (LNG).   
 
Infrastructure links, including rail and road, will also be of great significance when terms of 
port infrastructure, enabling the movement of freight to and from the ports (although dealt 
with under the rail and road sections above).  
 

Construction of port infrastructure and GHG emissions 

Whilst the range of infrastructure that makes up ports can be quite extensive, little literature 
currently exists that considers the embedded CO2 emissions associated with its production. 
This section considers studies where elements of port infrastructure have been considered in 
terms of embedded emissions or life cycle analysis.  
 
Luijten et al (2010) undertook research into the carbon footprint and CO2 emissions from port 
infrastructure at the Port of Rotterdam.  The study considered two types of port infrastructure 
ï road construction and quay wall construction. The individual components of these 
structures were categorised to assess each element of the contribution to the carbon 
footprint, which covered the whole process of design, construction and demolition.  
 
A number of quay wall types are used within the Port of Rotterdam. Three types of quay wall 
were selected for the study, which are:  

 Quay wall Antarticaweg ï Sheetpile with concrete coping; 

 Quay wall Amazonehaven ï Combi wall quay wall; and  

 Quay wall Euromax ï Diaphragm quay wall with relieving floor.  
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The key overview results of the carbon footprint for the quay wall types are shown in Figure 
3.25.  

Figure 3.25:  Overview carbon footprint quay walls investigated (Luijten et al, 2010).  

 
 
Figure 3.26 shows the CO2 emissions in more detail for the Antarticaweg quay wall. As the 
graph shows, CO2 emissions are dominated by the material component steel.  
 

Figure 3.26:  Carbon footprint for Antarticaweg quay wall in more detail (Luijten et al, 2010) 

 
 
A Master thesis (Maas, 2011) also compares various quay wall designs with regards to CO2 
emissions and LCA, including those made from concrete, steel, wood and composites. 
Emissions from the production of the materials, transportation and construction were all 
considered in the study. When comparing the carbon footprints of the four types of retaining 
walls, the wooden wall resulted in having the smallest carbon footprint, followed by steel and 
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concrete. The carbon footprint of the FRP panel is considerably larger. The CO2 emissions 
per 1 meter of each wall type were as follows:  

 Wood ï 16 ton/kg CO2 

 Steel ï 16.6 ton/kg CO2 

 Concrete ï 20 ton/kg CO2 

 FRP ï 115 ton/kg CO2.  
 

Figure 3.27:  CO2 emissions for 1m of quay wall (Maas, 2011) 

 

 

Figure 3.28:  CO2 emissions for 1m of quay retaining wall (Maas, 2011) 

 

A study by Walnum (2011) considers both the direct and indirect emissions from cruise 
ships. The indirect emissions ideally considered would include the energy used and 
emissions produced during the construction, maintenance and operation of the cruise ship 
infrastructure, the harbours and the ship itself. The study uses the Ecoinvent database to 
determine such energy use and emissions. For example, a transoceanic tankerôs life cycle 
CO2 emissions can be broken down as follows:  

 Operation of ship - 83%; 

 Port Operation ï 15.07%; 
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 Ship Production ï 2%; 

 Maintenance ï 0.01; and  

 Construction of port facilities ï 0.01% 
 
 

Figure 3.29:  Transoceanic lifecycle emissions of CO2 (adapted from Walnum 2011) 

 
 
Other studies that were reviewed (Simonsen, 2010) also revealed that port infrastructure and 
the building of ships played a minor role in total lifecycle CO2 emissions. The combined total 
of emissions from these two processes varied from 2.7% for a Liquefied Natural Gas (LNG) 
tanker with a deadweight of 200,000 tonnes to 11.3% for a Liquefied Petroleum gas (LPG) 
tanker with a deadweight of 200,000 tonnes. For emissions from infrastructure alone, this 
ranged from >0.01% to 0.05% (see Table 4.16).  
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Figure 3.30:  Ship production and construction of port infrastructure CO2 emissions as a percentage of 
total vessel lifecycle emissions (adapted from Walnum, 2011 and Simonsen 2010).  

 
 

Port maintenance and operations and GHG emissions 

A number of carbon footprint assessments have been undertaken of major ports using a 
methodology developed by the World Ports Climate Initiative (WPCI), which include an 
assessment of operational emissions. These assessments included the following emissions:  

 Direct emissions: Fuel usage for heating port buildings; by company owned cars; by 
operational vessels; and by operational machines and cranes.  

 Energy Indirect emissions: Electricity usage by cranes owned by port; for the purpose 
of harbour lighting; for buildings owned by port (e.g. heating, lighting); by lighthouses 
owned by port; and from other sources in port.  

 Other indirect emissions: car fuel usage by commuting employees (petrol and diesel); 
km driven by commuting employees (train, public transport, motorcycle, boat, walking 
and cycling), domestic business travel by plane, short-haul business travel by plane, 
long-haul business travel by train, business travel by taxi, business travel in non-
company owned vehicles.  
 

Available assessments include those for Oslo and Rotterdam, and a third has been 
undertaken for the Port of Jurong, partly using the WPCI methodology, but also drawing 
upon other carbon foot printing methodologies (so may not be directly comparable) (Ecofys, 
2007; WPCC, 2008; Jurong Port Pte Ld, 2011).  
 
Figure 3.31 provides a detailed breakdown of CO2 emissions for the Port of Oslo for the year 
2008. A large proportion of the CO2 emissions generated from port operations can be 
attributed to fuel for port vehicles (34% - direct emissions), electricity usage for buildings 
(20% - energy indirect emissions), commuting by car (17% - other indirect emissions), and 
harbour lighting (12% - energy indirect).   
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Figure 3.31:  Lifecycle emissions of CO2 for the Port of Oslo (Ecofys, 2007).  

 
 
Table 3.20 and Figure 3.32 provide an overview of the life cycle CO2 emissions for the three 
ports. The differences in the methodologies used become evident here when considering the 
results of the LCA for Jurong Port. 88% of emissions are attributed to óother indirect 
emissionsô, mainly due to the inclusion of emissions from shipping vessels and tugboat 
operations. The proportion of óother indirect emissionsô for Oslo and Rotterdam are 22% and 
55% respectively, significantly lower. When these emissions are removed from the Jurong 
LCA, the proportion of óother indirect emissionsô is reduced to 33%. Due to the differences 
between the ports considered in terms of size, location, port activity, cargo movements etc, it 
is expected that there will be variations in both the volume of emissions and proportion 
between types of emissions.  

Table 3.20:  Life cycle CO2 emissions of selected ports 

Port Year Direct Emissions Energy Indirect 
Emissions 

Other Indirect 
Emissions 

  No.  % No.  % No.  % 

Oslo 2008 594 44 463 34 289 22 

Rotterdam 2007 8,960 25 7,230 20 20,100 55 

Jurong* 2009 7,020 6 8,314 6 115,266 88 

Jurong** 2009 7,020 31 8,314 36 7,426 33 

*Other Indirect Emissionsô in this LCA study includes shipping and tugboat operational emissions.  
** Emissions for shipping and tugboat operations have been removed.  
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Figure 3.32:  Life cycle emissions of selected ports 

 

*ôOther indirect emissionsô for this LCA includes shipping (vessels) and tugboats  

 
No information was identified regarding the GHG emissions associated with maintenance 
operations that are carried out at ports. However, the Walnum (2011) study identified that the 
proportion of a tankers lifetime emissions attributed to maintenance were just 0.01%.  
 
Reducing future emissions from the construction, maintenance and operation of ports 
 
A Scandinavian consortium has developed a new process which blends contaminated 
sediment (extracted through dredging processes) with a special mix of binders. The resulting 
product is a safe construction material that can be used in ports and harbours. Contaminated 
sediments are usually required to be removed and treated for landfill. However, this 
óstabilisation and solidificationô method takes the contaminated sediments, mixes them on 
site with products that bind it to create a solid material that contains the hazardous 
substances. A number of benefits can be achieved, including reducing the need to add to 
landfill, reducing treatment costs, reduces the demand for natural resources (such as blasted 
rock)m, and reducing the need for transport to remove the sediment/bring in new 
construction materials. Testing has been undertaken to assess various options for the 
stabilisation and solidification process, and to identify the best binder. Binders used in the 
tests included a mixture of cement and a Merox product (Merit 5000 ï a derivative from the 
steel-making process). Slag can bind the heavy metals chemically at the same time as it 
cures. The process has been tested in the Port of Oxelosund, Sweden, where a new harbour 
area was being constructed. 500 cubic meters of soft sediment were dredged and 
strengthened with a mix of cement and Merit 5000. The composition was placed on gravel 
and sand whilst its properties were studied and testes undertaken for leakage etc. Results 
showed that there was no degradation from a chemical point of view, and no physical 
damage. The research also resulted in the development of guidance and design principles 
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for using the treated sediments in harbour structures, such as paved areas, loading zones 
and buildings (Stabcon, 2008).  
 
In terms of potential for reducing emissions from port operations,  there may be opportunities 
in terms of fuel used/type of vehicles used (direct emissions), use of greener electricity 
sources and energy efficiency improvements in terms of port building design and lighting 
(energy indirect emissions), and travel to/from the port by employees/users of the port (other 
indirect emissions). However, these emission savings may be limited when considering the 
full life cycle impacts of shipping, where it has been estimated that port operations may be 
responsible for just 15.07% of a vessels lifetime emissions (Walnum, 2011).  

3.4.2 Identification of gaps ï focus group 

 GHG emissions associated with the construction of port ï more detailed emissions 
data required for port construction in its entirety, or more details on the materials used 
to make up the various components of the port.  

 

 Port maintenance ï what does this consist of and what are the likely GHG emissions 
associated with maintenance activities?  
 

 Port operations ï more detailed information on proportion of operational emissions in 
the context of vessel life cycle emissions. Can reductions made in efficiency in port 
operation energy use impact significantly on emissions? Lots of information on 
efficient building design and lighting (in other contexts) etc (considering that a large 
proportion of a portôs operational emissions seem to come from these processes).  

 

3.4.3 References 

Ecofys (2007) Port of Oslo: CO2 emissions for the calendar year 2008, City of Oslo Port 
Authority. http://www.oslohavn.no/sfiles/52/50/5/file/CO2-footprint-port-of-oslo-2008-1.pdf 
 
Jurong Port Pte Ltd (2011) Jurong Port Carbon Footprint Report 2010. 
http://www.jp.com.sg/JurongPort/wp-content/themes/Jurong%20Port/pdf/JP-carbon-footprint-
report-2011.pdf 
 
Luijten. C (2010) Carbon Footprint Port Infrastructure: The Emissions of CO2 During the Life 
Cycle of Port Infrastructure, Gemeente Rotterdam. TU Delft Port Seminar 2010. 
[Presentation] http://www.citg.tudelft.nl/live/pagina.jsp?id=5083b014-a321-4a75-a7a9-
8201a9624b7f&lang=en 
 
Luijten, C., Andriessen, C., de Gijt, J., Broos, E., Zwakhals, J., and van Ewijk, H. (2010) 
Preliminary Results of a Research into Carbon Footprint of Port Infrastructure, TU Delft Port 
Seminar 2010.  http://www.citg.tudelft.nl/live/pagina.jsp?id=5083b014-a321-4a75-a7a9-
8201a9624b7f&lang=en 
 
Maas, T (2011) Comparison of quay wall designs in concrete, steel, wood and composites 
with regard to the CO2 emissions and the Life Cycle Analysis, Master Thesis, TU Delft and 
Gemeentewerken. http://repository.tudelft.nl/view/ir/uuid%3A11a2ea26-54ad-44e5-8186-
d63d80d9014c/ 
 
Meyrick, S. (2007) International and Domestic Shipping and Ports Study. Australian Maritime 
Group. 
 

http://www.oslohavn.no/sfiles/52/50/5/file/co2-footprint-port-of-oslo-2008-1.pdf
http://www.jp.com.sg/JurongPort/wp-content/themes/Jurong%20Port/pdf/JP-carbon-footprint-report-2011.pdf
http://www.jp.com.sg/JurongPort/wp-content/themes/Jurong%20Port/pdf/JP-carbon-footprint-report-2011.pdf
http://www.citg.tudelft.nl/live/pagina.jsp?id=5083b014-a321-4a75-a7a9-8201a9624b7f&lang=en
http://www.citg.tudelft.nl/live/pagina.jsp?id=5083b014-a321-4a75-a7a9-8201a9624b7f&lang=en
http://www.citg.tudelft.nl/live/pagina.jsp?id=5083b014-a321-4a75-a7a9-8201a9624b7f&lang=en
http://www.citg.tudelft.nl/live/pagina.jsp?id=5083b014-a321-4a75-a7a9-8201a9624b7f&lang=en
http://repository.tudelft.nl/view/ir/uuid%3A11a2ea26-54ad-44e5-8186-d63d80d9014c/
http://repository.tudelft.nl/view/ir/uuid%3A11a2ea26-54ad-44e5-8186-d63d80d9014c/


The role of GHG emissions from infrastructure construction, EU Transport GHG: Routes to 2050 II 
vehicle manufacturing, and ELVs in overall transport emissions Contract 070307/2010/579469/SER/C2 
 

Restricted-Commercial Ref. AEA/ED56293/Task 2 Paper Draft ï Issue No. 1 62 

Rodrigue, J; Comtois, C; Slack, B. (2009) The Geography of Transport Systems. Routledge: 
http://www.routledge.com/books/details/9780415483247/ 
 
STABCON (2008) The Recycled Port. 
http://www.eurekanetwork.org/showsuccessstory?p_r_p_564233524_articleId=753071&p_r_
p_564233524_groupId=10137 
http://www.stabcon.com/web/page.aspx?refid=12&newsid=90575&page=1 
 
UNCTAD (2010) United Nations Conference on Trade and Development. Review of Maritime 
Transport. UNCTAD. 
http://www.unctad.org/Templates/WebFlyer.asp?intItemID=5746&lang=1 
 
Walnum, H. J. (2011) Energy Use and CO2 Emissions from Cruise Ships ï A Discussion of 
Methodological Issues, Vestlandsforsking Note, Norway. 
http://www.vestforsk.no/filearchive/vf-notat-2-2011-cruise.pdf 
 
WPCC (2008) Developing a carbon footprint: Port of Oslo, Port of Rotterdam, WPCC 9-11th 
July 2008, Rotterdam.  
http://www.wpci.nl/docs/presentations/CF_Anne%20Sigrid%20Hamran.pdf  
 

3.5 Energy Carriers 

This chapter has already discussed the infrastructure required for a range of transport 
modes, the GHG emissions associated with the construction and maintenance of this 
infrastructure, and possible impacts on emissions from future infrastructure. Energy carriers 
are likely to utilise some of this infrastructure (e.g. roads, refuelling stations etc). However, 
there is additional infrastructure specific to the use of energy carriers, which is considered 
further in this section.  
 
In particular, this section focuses on the infrastructure related to hydrogen and biofuel as 
transportation fuels and electric vehicles. Each carrier will be considered in turn, including the 
key infrastructure components that are required, a breakdown of the infrastructure by 
material type (where possible/available), existing EU infrastructure, and an overview of how 
increased activity may relate to the building of new infrastructure of energy carriers over time. 

3.5.1 Hydrogen (H2) as a transportation fuel and its infrastructure 

Hydrogen fuel infrastructure 

Hydrogen is often transported from point of production to point of use by pipeline, over road 
(cryogenic liquid trucks or gaseous tube trailers) or by rail or barge. Transportation by 
pipeline is likely to be the lowest cost option. The pipes are linked to stations for the 
distribution and sale of hydrogen fuel. Pipelines are used to connect the point of hydrogen 
production or delivery of hydrogen to the point of demand. The transportation of hydrogen is 
usually by: 

 Compressed gas tube trailer trucks preferred form of distribution for low demands and 
close distances (below 200km) 

 Liquid trucks more suitable for intermediate and medium to long distances 

 Pipelines economic for higher demands at whatever distance (investment required for 
pipeline construction a key barrier. Reduced partially through the introduction of 
polyethylene (PE) pipes in the distribution network.  

 
Hydrogen pipes often have to be made from stainless steel due to the requirement to resist 
corrosion from transporting the fuel. However, the initial capital costs are high associated 
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with pipeline construction, one of the barriers that may have to be overcome if the network 
was to be expanded. Another technical barrier is the issues related to pipeline transmission, 
including the potential for hydrogen to embrittle the steel and welds used to fabricate the 
pipelines; need to control hydrogen permeation and leaks, and the need for lower cost, more 
reliable and more durable hydrogen compression technology. Infrastructure required for the 
storage and distribution of hydrogen is largely the use of pipelines, many of which are 
currently in existence.  
 
The roads2Hy project (2009) investigated the current hydrogen production and transportation 
infrastructure and concluded that there were 1,600km of hydrogen pipelines in Europe in 
2009, largely in the form of 15 larger pipeline networks owned by Air Liquide, Linde (BOC), 
Air Products (Sapio) and some smaller network operators. Pipelines tend to be located in 
areas of high production density. These high density production locations were also identified 
and mapped by the project (see Figure 3.33).  
 

Figure 3.33:  Geographic distribution of industrial Hydrogen production (roads2HyCom, 2009) 

 
 

Hydrogen Infrastructure GHG Emissions 

As mentioned earlier, the majority of pipelines for transporting hydrogen are made from 
stainless steel, or where costs are trying to be minimised, polyethylene (PE) is used also. 
Using emission factors from the ógeneral informationô section, it is obvious that where 
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polyethylene is used in pipeline construction instead of stainless steel, it is not only cheaper, 
but CO2 emissions intensity is significantly less (by 59%) ï see Table 3.21.  
 

Table 3.21:  GHG emission intensity of key pipeline raw materials 

 GHG emissions intensity, kgCO2e/kg 

 Average Virgin Recycled 

Polyethylene (PE) 2.540 2.540 1.040 

Stainless steel 6.15 

Notes: EFs taken from ICE (2011) database 

 
However, the production, installation and maintenance of pipelines extends much further 
than just the key pipeline materials. NACAP (a European-based company that realises large-
scale pipeline systems) undertook a carbon footprint analysis of pipelines (five diameters ï 
16, 20, 24, 36 and 48 inch, commonly used in projects). The production process of pipes can 
be considered by far the largest emitter of carbon dioxide in the carbon footprint of the 
pipeline projects, due to the significant energy required to convert raw material into steel 
pipes. Equipment used in pipeline construction is also an important emitter of CO2, and is 
grouped into five separate equipment sections ï earth moving equipment, heavy lifting 
equipment, typical pipeline equipment, transportation equipment and others (compressors, 
pumps etc), welding consumables and coating material during pipeline construction and 
other overheads (e.g. staff business travel etc). The CO2 emissions for each stage of this 
process are displayed in Figure 3.34 and Table 3.22.  

Figure 3.34:  Total CO2 emissions from laying 1km of steel pipeline (Nacap, 2010) 
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Table 3.22:  Total CO2 emissions from laying 1km of steel pipeline (Nacap, 2010) 

 CO2 emissions (t/km pipe) 

Diameter 
(inch) 

Steel 
production 
and pipe 
rolling 

Transport 
(1,000 km) 

Equipment 
fuel useage 

Coating and 
welding 

Overhead total 

16 133.7 9.85 49.2 6.9 40.7 240.4 

20 206.4 15.96 53.4 8.6 40.7 325.1 

24 258.6 22.28 84.0 10.4 40.7 415.9 

36 543.0 48.75 119.7 15.8 40.7 768.0 

47 973.7 85.59 138.6 21.5 40.7 1,260.1 

 
Steel production for each of the pipeline diameters is responsible for a significant proportion 
of CO2 emissions. For some of the larger diameter pipelines, a large proportion of emissions 
are also attributable to transport and equipment fuel usage.  

Future Infrastructure build up required 

Depending on the level of demand for hydrogen as a transportation fuel in the future, there 
may be varying requirements for the new infrastructure that is needed. There are a number 
of uncertainties, including how much of the existing pipeline network would be available, and 
suitable, in the future to deliver hydrogen fuel.  
 
The HyWays (2007) project developed a European Hydrogen Energy Roadmap which 
explored a range of scenarios for the uptake of hydrogen and identified the required 
associated transportation/delivery infrastructure.  
 
In the initial stages hydrogen is supplied by the road network. Due to the fact that the 
transport and logistics of hydrogen for use as a chemical is a common and widely spread 
business which has been in place for some decades most of the populated areas as well as 
main transit roads can already be reached by some kind of hydrogen supply network. 
Through the use of the road network, the total initial investment in infrastructure is kept to a 
minimum, whilst appearing to be an attractive fuel among the users.  
 
Four hydrogen supply networks are considered within the HyWays project in terms of future 
infrastructure build up. These are as follows:  

 Trailers with compressed gaseous hydrogen (bundle or tube, carrying between 3,700 
Nm³ and 7,000 Nm³ of H2). CGH2 trailers are used for a flexible supply of small and 
medium CGH2 demand. 

 Trailer/container with liquefied hydrogen (carrying between 40,000 l (equivalent to 
31,500 Nm³) and 50,000l (equivalent to 39,000 Nm³) of H2. LH2 trailers/containers 
are used for a flexible supply of a medium and large CGH2 and LH2 demand. 

 Pipelines with gaseous hydrogen (either hydrogen enriched gas or pure hydrogen). 
Pipelines are used for the supply of a high and continuous demand of H2. 

 Onsite supply/onsite hydrogen production (either by reforming or electrolysis). Onsite 
production methods are used in areas with a lacking centralised production and 
supply scheme (HyWays, 2007). 

 
It was assumed that 20% of all hydrogen demand will be in liquid form. Initially, hydrogen 
delivered by LH2 trucks has the highest share (more than 40%). In the later phases, the 
supply of gaseous hydrogen will gradually be dominated by pipeline transport and 
distribution. Pipelines that are used for medium and large fuelling stations may become 
relevant once a significant market penetration of hydrogen vehicles has been achieved, but 
these are mostly used for local distribution in highly populated areas and for large-scale 
interregional energy transport.  
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The use of CGH2 trucks for distribution is a solution for the transition phase towards the use 
of pipelines, as well as the appearance of decentralized regional production. Onsite supply 
methods at the fuelling station from natural gas/biogas or electricity are considered over the 
whole period studied in areas where there is too little demand for more centralised schemes 
(HyWays, 2007). 
 

 Estimated that for all sectors, between 1 and 4 million km of distribution pipelines will 
be required by 2050.  

 15-35,000km of high pressure transmission pipelines and up to 400,000km medium 
pressure sub-transmission pipelines will be required.  

 Truck fleet necessary to supply the refuelling stations with liquefied hydrogen may 
reach the size of 9,000 vehicles (Castello et al, 2005).  

 
The Castello et al (2005) study estimated the average length of hydrogen transmission and 
distribution networks required per customer using data obtained on the average lengths of 
electricity grid and natural gas transmission and distribution data (see Table 3.23). It was 
thought that the length of required hydrogen transmission and distribution networks should 
be somewhere between the averages for electricity and gas. However, it was assumed that 
for transmission, hydrogen would be closer to the electricity figure (as both systems 
interconnect production sites that are dispersed in each country), and for distribution 
hydrogen would be closer to the natural gas figure (as remote users will produce hydrogen 
on site or have it delivered in liquefied form by trucks).  
 

Table 3.23:  Calculated average length of electricity, natural gas and hydrogen transmission and 
distribution networks per customer (Castello et al, 2005) 

 Electricity Natural Gas Hydrogen 

Transmission 2.6m 2.2m 2.5m 

Distribution 37.7m 15.1m 20m 

A study by Wietschel et al (2006) assessed the implications of developing hydrogen 
infrastructure in Europe against two different scenarios. The study presents the two 
scenarios with modelling estimates of the refuelling station infrastructure investment and 
capacity required across Europe.  The total investment costs range from $14.7 billion 
(hydrogen is a 5% share of energy consumption by 2030) to $30.2 billion (20% share by 
2030).  This corresponds to approximately 20,887 and  53,710 hydrogen refuelling stations, 
equivalent to a station on average every 16.3km and 6.4km respectively based on the 
341,145 km of major roads in Europe at the end of 2007 (DG Move, 2010). 

3.5.2 Biofuels for transportation and related infrastructure 

Biofuel infrastructure 

Key elements of the required biofuel infrastructure include: 

 the origination of fuel (import terminals, oil refineries and biofuel production plant); 

 the intermediate storage (both coastal and inland); 

 the wholesale and fleet end use supply infrastructure (where the fleet use is for all 
rail, airports, marine and road use); and 

 the retail fuel supply infrastructure. 
 
Connecting these different elements is the transportation of fuel by pipeline, sea, road and 
rail.  The main elements that make up this infrastructure are as follows: 

 Refineries and production facilities (split into bioethanol refineries and biodiesel 
refineries, and biomethane production facilities) 

 Import facilities 

 Pipelines 
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 Tank storage 

 Tankers for transport of products (using road, rail and coasters) 

 Retail forecourts 

 On-site fuel depots (road freight, bus/coach operators, aviation, rail and shipping) 
 
Figure 3.35 below provides an overview of the fossil fuel and biofuel production and supply 
infrastructure.  

Figure 3.35:  Outline flow diagram of fossil fuel and biofuels production and supply infrastructure 

 

  
 
The primary distribution routes of biofuels are via road, rail and pipeline (although currently 
less so Europe). Both road and rail modes have the flexibility to transport a mixture of blends 
and to meet any increase in overall fuel capacity demanded.  The only limitations were the 
need to modify the seals and linings of tankers. It is unlikely that these modifications would 
be a barrier to increasing biofuel distribution provided there was a customer driven economic 
case for this investment. 
 
With respect to future utilisation there are concerns over the technical ability of the pipeline 
networks to carry biofuels.  For higher ethanol blends their corrosive nature, and propensity 
to absorb water and impurities means pipeline transportation is problematic.  There is some 
experience in the US that is could be drawn on.  For higher blend biodiesel fuels a key 
concern is the potential contamination of jet fuel.  Evidence is provided on some worst case 
scenario testing, and its implications for the transporting of biofuels by pipelines. 
 
Retail forecourts are an important link in the chain because this sector supplies fuel to a large 
proportion of the end user market.  This includes private individuals and increasingly haulage 
companies and public service organisations which are moving towards refuelling their 
vehicles at retail forecourts with payments charged to company/organisation fuel cards.   
 
Dispensing higher percentage biofuel blends within the standard pump fuel is also not 
without financial outlay but is feasible within the current infrastructure. 
 
























































































































