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Abstract. Climate change is one of the main nowadays problem in the world. The politics and strategies for climate
change and tools for reduction of greenhouse gas (GHG) emissions and green technologies are created and implemented.
Mainly it is focused on energy, transport and construction sectors, which are related and plays a significant role in the
roads life cycle. Most of the carbon footprint emissions are generated by transport. The remaining emissions are
generated during the road life cycle. Therefore, European and other countries use methods to calculate GHG emissions
and evaluate the impact of road construction methods and technologies on the environment. Software tools for calcula-
tion GHG emissions are complicated, and it is not entirely clear what GHG emission amounts generate during different
stages of road life cycle. Thus, the precision of the obtained results are often dependent on the sources and quantities of
data, assumptions, and hypothesis. The use of more accurate and efficient calculation-evaluation methods could let to
determine in which stages of road life cycle the largest carbon footprint emissions are generated, what advanced road
construction methods and technologies could be used. Also, the road service life could be extended, the consumption of
raw materials, repair, and maintenance costs could be reduced. Therefore the time-savings could be improved, and the
impact on the environment could be reduced using these GHG calculation-evaluation methods.

Keywords: life cycle analysis (LCA), greenhouse gas (GHG), carbon footprint, emission calculator.

Conference topic: Roads and railways.

Introduction

In all civilized world countries, climate change seems like a global problem that needs to be solved immediately in all
human activities. Suitable solutions can be adopted only in cooperation with countries on a global scale. Also, the
efficiency of energy use should be increased, the clean technologies expanded and stimulated and greenhouse gas
(GHG) emissions reduced.

In period 2021-2050 the EU Member States, including Lithuania, has committed itself to reduce GHG emissions
not less than 80% comparing with the level of 1990 (Fig. 1). The reduction of GHG emissions should be based on a
low-carbon economy (EC 2014). In EU countries, about 30% of total GHG emission is generated from the energy
sector, 20% — from transport and 12% — from manufacturing industries and construction according to 2014 data
(Fig. 2). For comparison, in Lithuania energy industries amounted about 55.4% of total GHG emission, agriculture —
23.1%, industry — 15.7% and waste sector — 5.8% during 2014 (EPA 2016). The main sectors of energy consumption
are energy production and transport, which in 2014 accounted 16.0% and 25.7% of the total GHG emissions respec-
tively (Fig. 3).

In 2014 the total GHG emission in Lithuania amounted to 19.690 kt CO» eq. The emission has decreased by
58.8% comparing with 1990. GHG consists predominantly of carbon dioxide (CO,), the amount of which accounted
for 65.1% in 2013, followed by methane (CH4) — 17.6% and nitrous oxide (N.O) — 15.7%. Fluorinated gases (HFCs,
SFs, and NF3) together accounted for only 1.6% of total Lithuania GHG emissions (EPA 2016) (Fig. 4).
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Fig. 1. Targets of EU climate change of 2020, 2030, and 2050 (EC 2014)
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Fig. 2. EU Member States total GHG emissions from different sectors in 2012 (EC 2014)

Industry

Waste
5.8%

Burned fuel
emissions
Manufacture
5.6%
Transport
25.7%
Energy
industries

16.0%

Others|
0.2%

Other sectors
6.4%

Fig. 3. Lithuanian total GHG emissions from various sectors in 2014 (EPA 2016)
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Fig. 4. The composition of Lithuanian GHG in 2013 (EPA 2016)

GHG emissions in road life-cycle

In the road transport sector, the major part of the carbon footprint emissions is generated by vehicles. Road transport
accounts about 20% of the CO; emissions of GHG. These emissions, like carbon dioxide (CO,), methane (CHy), nitrous
oxide (N2O) and other GHG, which contribute directly to climate change, generates during combustion of different
fuel types. Other emissions are generated during various stages of road pavement life-cycle: extraction of raw materials
and transportation to plant, production of materials and asphalt mixtures, and their transportation to the construction
site, construction process, maintenance and repair of the road, demolition and transportation of waste materials, waste
recycling and disposal (Fig. 5).

At the moment it is not clear what amount of CO, and GHG emission is generated during different stages of road
pavement life-cycle. Therefore, EU countries and other advanced countries of the world develops CO- or carbon foot-
print calculation and evaluation methods/tools. These methods allow evaluating the impact of the different road build-
ing materials and technologies on the environment taking into account CO, and GHG emissions in total road life-cycle.
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Fig. 5. Stages of road life-cycle

GHG emissions calculation methods for road sector

In the modern world, many tools for assessment of road design sustainability are used regarding ecology balance.
According to European standard EN 15804:2012 Sustainability of Construction Works, Environmental Product Dec-
larations, Core Rules for the Product Category of Construction Products the life-cycle of construction product is
divided into stages. However, this distribution is generic and applies to all construction products. Nowadays there are
some doubts about these steps. There are no clear agreements between Europe and other modern world countries, e.g.
in some countries, the life-cycle of concrete pavement is divided into ten stages, while in the others the life-cycle of
asphalt concrete pavement consists of four stages including maintenance. In 2015 National Centre for Sustainable
Transportation (USA) carried out the research “The Role of Life Cycle Assessment in Reducing Greenhouse Gas Emis-
sions from Road Construction and Maintenance”, in which the role of each road life-cycle stages was determined in
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reducing GHG emissions. Therefore, the scheme of different road life-cycle stages was prepared, which has been
divided into four major parts (Harvey et al. 2015):

—material production;

— construction, preservation, maintenance, rehabilitation;

—use phase;

—end-of-life.

Each process and technology used in material production and applied from road construction till end-of-life must
be accurately assessed for calculation of carbon footprint emissions which generates during road life-cycle. Currently,
a lot of carbon footprint calculation tools are being used in the world. In this paper, the analysed carbon footprint
calculation tools are presented in Table 1.

Table 1. Carbon footprint calculation tools selected for analysis

Abbreviation Name Year Developer
ECORCE ECOcomparateur Route Con- 2013 IFSTTAR, France
GHGC GreenHouse Gas Calculator 2012 NAPA, USA
RWS (Dutch Ministry of Infra-
DUBOCALC DUurzaam BOuwen 2014 structure and Environment),
CALCulator
Netherlands

Asphalt Pavement Embodied

asPECT Carbon Tool

2014 TRL, UK

Highway Agency Carbon

HACCT Calculator Tool

2013 UK Highway Agency

Pavement Life-cycle Assessment
PALATE Tool for Environmental and 2011 University of California, USA
economic effects

Life Cycle Considerations in EIA

LICCER of Road Infrastructure

2016 Norway

Each carbon footprint calculation tool is different according to applicability regarding road life-cycle. These tools
differ regarding (Gallivan et al. 2010; Highways England 2015; Hu et al. 2015; De Lange et al. 2016; Miliutenko et al.
2014; Mukherjee, Cass 2011, 2012; Potting et al. 2013; Virtanen 2011):

1. The goal and purpose of the application, e. g.:

—ECORCE, design oriented;
—GHGC, asphalt plant oriented;
—DUBOCALC, construction process oriented;
—asPECT, life cycle oriented.
2. The output data. CO; is one of the GHG components. Commonly all amounts of GHG components emissions
(CO,, CHa4, N>O, HFCs, SFg, and NF5) are assessed, and these GHG emissions are usually expressed in COze, as
CO; equivalent emissions, e. g.:

—HACCT, output COy;
—asPECT, output COx;
—GHGC, output COx.

3. Adaptation options, e. g.:

—DUBOCALC. By using this tool the environmental cost indicator (ECI) is obtained, that shows the impact
of the civil engineering activities on the environment. DUBOCALC program allows to choose the mode of
materials transportation, modify asphalt type, characteristics of materials and energy consumption during
asphalt production. The advantages of DUBOCALC calculation tool are that it allows to quantitatively eval-
uate the different road construction designs and the ecological balance of the project alternatives; allows
objectively, within limits set by the database, to assess the environmental sustainability of the planned pro-
ject. The disadvantages of DUBOCALC calculation tool are that selected materials are restricted to standard
formulas used in the Netherlands. The program is adapted only for the Dutch market. Calculations in the
tool can only be made using the existing materials. The impact of innovative techniques and products cannot
be calculated (Keijzer et al. 2015).

—GHGC. It focuses on energy use in the plant but is not suitable to compare different asphalt mixes along
their lifetime.
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—asPECT. It is limited to asphalt pavements. asPECT customisable approach to recycling/recyclability is also
available. Users can specify an allocation between the recycled method and the recyclability method, or
somewhere in between.

—PALATE. Having a quantitative part within a project sustainability evaluation tool as GreenRoads PALATE
has as drawbacks or inconveniences.

—LICCER. The tool is based on standard ISO 14040, Figure 6. The life-cycle of the road in LICCER includes
GHG emissions and environmental impact from raw materials stage to its demolition (waste disposal) stage
(Huang ef al. 2015). LICCER model is specifically designed for use from the road planning stage. In this
stage, planning decisions can be changed according to the model results. The LICCER model can be used
to calculate the choice of route selection and the choice between different construction types (e. g. bridges,
road, tunnel) (Huang et al. 2015). The model is developed on Excel basis. Using LICCER model it is possible
to calculate GHG emissions (COx».) in all life cycle stages of the road. The model includes the contribution
of the vehicles and road engineering facilities to GHG emissions. The model evaluates the chosen length of
road section within a specified number of years. LICCER model can calculate annual generation of GHG
emissions. The model can assess the impact of the traffic flow not through the entire user-specified period
(for example, 30 years), but through smaller one-year periods, and the impact of the final result can be
summed up. Default values of greenhouse gas emissions are taken directly from EFFEKT database. Accord-
ing to the obtained calculations using LICCER model, it is possible to make necessary decisions on possible
construction alternatives in the planning stage. The model provides the opportunity to look how the different
types of raw materials will result in some emissions and to evaluate what alternative would be more friendly
to the environment (Miliutenko et al. 2014). The advantages of this calculation tool are that LICCER model
is complex and quite simple to use, easily adapted to different types of roads, provides the opportunity to
compare GHG emissions and energy consumptions of various alternatives. The disadvantage of the tool is
that LICCER model does not include emissions due to waste recycling and waste disposal. The model is
more adapted for the Scandinavian market (Potting ez al. 2013).
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Fig. 6. LICCER model structure (Potting et al. 2013)
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Many GHG calculation tools used for the calculation of emissions during life-cycle of the road are based on Excel
spreadsheet. In this way, it is possible to introduce a large amount of data, which will help to calculate GHG emissions
in the whole road life-cycle or at individual stages.

The precision of obtained results depends on the amount of uploaded data, their accuracy and made assumptions.
When analyzing selected different software tools, it is necessary to evaluate data sources used in calculation tools and
chosen default values. It is important because even if same data were entered to the calculation tools, obtained results
would be different. It can be partly explained by the fact, that in the carbon footprint calculation tools different carbon
factors are used. Also, the stages of road life cycle and relation between them are not the same. Carbon footprint
calculation tools provide different output results because different methodologies, as well as parameters of used
materials and with them related carbon factors, are used.

Although the quantity of GHG emission estimation methodologies of all road life-cycle stages is large enough,
the simplified method is most commonly used: to assess the overall emissions of the greenhouse gases accurately; it is
necessary to evaluate these factors: fuel used, materials, transportation distance, and waste treatment. Conversion fac-
tors (carbon factors) are used adding these factors to the overall calculations. Carbon factors are determined by various
institutions (DEFRA, BATH, ECOINVENT), which help to estimate the amount of GHG and at the same enables to
assess an impact to the environment by knowing which type of the activities have the biggest contribution to the overall
carbon footprint.

The general formula applied in the calculation tools and used to estimate CO»e emissions:

CO,e =the _quantity _of _the _activity x EF, @)

where CO.e — carbon dioxide equivalent for the type of the activity, tCO»e/the given period; EF — emission factor.
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Calculation tools include CO,e emissions from different type of sources: 1) materials (the units depend on the
type of used material — t, kg, m, m?), 2) fuel used (I; kg) in the construction process, 3) electricity used (kWh),
4) transportation of the materials and waste (tkm). The unit of emission factors depend on the type of activity: tCO2e/t —
for the use of materials, kgCO»e/km — for personal travel, kgCO»e/kg — for the use of the fuel, kgCO,e/kWh — for the
use of electricity, tCO,e/tkm — for the transportation of materials.

Conclusions

1. Analysis of the GHG calculation tools and methods that evaluate carbon footprint during the road life-cycle sug-
gests that carbon calculation tools are sophisticated. The precision of the obtained results depends on the range
of data uploaded into the tool, their values, made assumptions and hypotheses.

2. When selecting and evaluating the GHG calculation tools, it is necessary to compare the sources of data used in
the tool, the possibility to change them and for which country the tool is adapted.

3. GHG calculation tools differ regarding the goal and purpose of the application, the output data, their adaptation
options, and procedures.

4. All GHG calculation tools have deficiencies, like:

—none of the analysed tools does connect the use of road phase with transport impact on road pavement;

—it is known that road parameters, pavement condition or driving speed limits impacts on the generation of
GHG emission, but it is not accounted in GHG calculation tools.

—only one of analysed GHG calculation tools (asPECT) allows assessing the benefits or losses during all road
life-cycle or outside of it.

5. Sustainable road pavements, innovative road construction technologies, high-quality materials and their pro-
cessing for reuse, and efficient GHG calculation tools are the main issues which would allow significantly reduce
amounts of GHG emissions.
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