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Abstract This paper presents a tool developed to quantify and analyse the envi-
ronmental impact of asphalt mixture projects. It is intended to support green public
procurement practices by aiding road owners in making informed decisions about
the environmental impact of the asphalt mixtures they procure. The tool can assess
19 environmental impact categories, which can be combined into a single score
using the European Union’s recommended Product Environmental Footprint (PEF)
methodology. It covers raw material acquisition, asphalt mix production, material
transportation, construction, deconstruction and end-of-life phases. The tool allows
users to select materials for the asphalt mix, energy sources, transportation modes
and operational machinery configurations variables. Lastly, a sensitivity analysis
provides insights into how the different variables affect the global warming potential
and single score.

1 Introduction

Green Public Procurement (GPP) tools are vital for road stakeholders to quantify the
environmental impacts of asphalt pavements. In the road infrastructure industry, such
tools help assess whether the asphalt works procured are in line with environmental
policy goals, such as the European Green Deal, EU Climate Laws or the Circular
Economy Action Plan (European Commission 2019, 2020; European Parliament
2021; Moins et al. 2025). Tools such as DuboCalc Rijkswaterstaat (2000), AsSPECT
(Ortiz et al. 2009) and the regional Flemish agency for roads and traffic GPP tool (Van
and Wegenbouwkunde 2016) fail to incorporate the complex trade-offs and choices
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available to contractors, such as alternative binder types, varying energy sources in
the asphalt plant, recycled materials options, stockpile moisture and different classes
of construction and deconstruction machines from higher to lower power ratings.
Studies from the Federal Highway Administration (FHWA) have highlighted the
importance of comprehensive LCA frameworks to address these limitations (Harvey
et al. 2016). This paper introduces a decision-support tool for quantifying environ-
mental impacts of asphalt mixture projects to address such challenges. The GPP tool
is intended to support green public procurement practices in the European Union
(EU) by aiding road owners in making informed decisions about the environmental
impact of the asphalt works they procure. In contrast to conventional LCA tools
typically used by LCA experts, the proposed GPP tool is tailored to road author-
ities and contractors. For example, it enables users to input key variables such as
energy mixes and paving machinery types based on power ratings. It further allows
the user to input multiple transportation modes such as trucks, barge, ships, trains
and their respective fuel types. The tool is aligned with ISO 14040/44 and uses EF
3.1 methodology to assess 19 midpoint impact categories. A single score is also
calculated through normalisation and weighting. Whilst the tool follows the Product
Environmental Footprint (PEF) principles, no asphalt-specific PEF Product Category
Rule (PEFPCR) exists yet (Nickel 2024). Nonetheless, this paper presents a GPP tool
which can be adapted to follow the PEF methodology once the final PEFPCR is ready.

2 Tool Concept and Design

This section presents the tool’s system boundaries, assessment method, user input
and results output.

2.1 System Boundaries

The tool covers both cradle-to-gate (declared unit) and cradle-to-grave (functional
unit). The cradle-to-gate analysis is expressed as environmental impacts per tonne
of mixture and covers modules Al, C1, C2’, C3’, A2, A3 and D as shown in Fig. 1.
In addition, the cradle-to-grave analysis is expressed in environmental impacts per
square metre for a given layer thickness and covers modules Al, A2, A3, C1, C2’,
C3’, A4, A5, C1 and D as shown in Fig. 2. Modules B1, B2 and C4 are excluded. The
system boundaries ensure the environmental impacts of the most relevant stages of a
pavement’s life cycle which are evaluated considering the service life of the asphalt
mix and pavement thickness.
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2.2 Environmental Impact Assessment Method

The LCA tool employs the EF 3.1 method to quantify 19 environmental impact
midpoint categories. These categories range from climate change to water use. Whilst
the characterisation models are based on EF 3.1, the midpoint impact categories
are aligned with those defined in EN15804+A2. The life cycle inventory data is
retrieved from eco-invent version 3.11. The standard attributional allocation cut-
off by classification was used. The midpoint impact categories were subsequently
normalised and aggregated into a single score which is expressed in milli point
(mPt). This single score enables the comparison of products and systems based on
the weighted aggregation of all impact categories.
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2.3 User Input

The GPP tool’s input section was organised to reflect real-world road construction
activities. This means that a non LCA experts like contractors and road agencies
can easily input information into the tool. The structure of the GPP tool is described
below.

2.3.1 General Information

This section gathers project-specific information, including the mixture identifica-
tion, mixture type, binder content and binder replacement rate (for Recycled Asphalt
Pavement (RAP) mixtures).

2.3.2 Mixture Production

The tool gathers detailed information about the production of asphalt mixtures to
ensure accurate environmental impact calculations. Users input the location of the
asphalt plant and the type of plant, along with the average hourly production rate
(tonne/h). To assess energy consumption, the tool requires the user to provide the
following information:

e Primary and secondary energy sources for heating and drying processes, including
diesel, natural gas and electricity.
e Electrical component utilisation (auxiliary power consumption at the plant).

The operational input parameters for the asphalt plant include the following:

e Mixture production temperature range. It depends on the type of mix; hot mix:
155-185 °C; warm mix: 110-145 °C; or cold mix: 60-95 °C).

e Bulk density of the mix, expressed in kg/m3 (i.e. used in scaling impacts per
declared tonne).

e Average annual daily production temperature.

The thermodynamic energy principle quantifies the energy needed to heat and dry
the raw materials by considering the specific heat capacities, moisture content and
the production temperatures of the asphalt mix composition materials.

2.3.3 Layer Specifications
The user inputs the layer thickness, which is used to calculate the mass per functional

unit by considering the bulk density. This allows the tool to model the cradle-to-grave
impacts.
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2.3.4 Material Composition and Transportation

The user provides the following information on asphalt mix components:

Type and percentage weight of the asphalt mix components.
Stockpile coverage (covered stockpiles have lower moisture content than uncov-
ered ones).
Biogenic origin (for asphalt binder).
Origin of the material, distance to the asphalt plant and transportation of the
asphalt mix to the construction site.

e Detailed transport routes (up to three legs).

2.3.5 Construction and Deconstruction

In construction stage, users specify the key operational parameters related to the
machines. In this stage, the user selects the type of machine (i.e. paver, roller, exca-
vator) used in the project according to its power rating. For the selected machines, the
user must categorise the project as small-, medium- or large-scale, corresponding to
the respective road construction project. Small-scale projects can be related to bicycle
paths, medium-scale projects represent motorways, whilst large-scale projects can
be airport runaways or highways construction. The project classification determines
the energy the machine consumes because each machine within a project class will
have a different power rating. Finally, the user inputs the fuel source (i.e. diesel,
biodiesel or electric) for the respective machine. During the deconstruction stage,
the user selects the type of cold in-place milling machines also according to project
scale (small, medium or large). The user also has the option to choose a sweeper and
specify the fuel source of the deconstruction machinery.

3 GPP Output

The results tab presents quantitative tables and visual dashboards across various life
cycle stages and impact categories. This offers detailed environmental performance,
allowing the user to interpret the results effectively. The results are presented in
declared and functional units. For each system boundary, the tool computes and
shows

(1) Single score (in mPt/tonne for declared unit and mPt/m? for functional unit).

(2) 19 environmental impacts (impacts/tonne and impacts/mz).

(3) Contribution analysis in which GWP and single scores are broken down by life
cycle stage (e.g. Al, A2, A3, D).

(4) GWP and single score results are presented according to activity (e.g. asphalt
production, construction, deconstruction).

(5) Single score contributions by impact category.
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3.1 GPP in Decision-Making

The results computed in the GPP tool are significant because

(1) Procurement authorities can assess asphalt mixtures based on the total PEF and
GWP scores.

(2) Contractors can identify which activity within each life cycle stage contributes
most significantly to the overall environmental impacts.

(3) The tool allows the evaluation of the environmental impact trade-offs in terms
of benefits and burdens of using different asphalt mixture components (e.g.
aggregates, types of binders, additives).

4 Sensitivity Analysis of Asphalt Mix Scenarios

A one-at-a-time sensitivity analysis was conducted for a reference mix to demonstrate
how GPP tool users can make environmentally sustainable asphalt work choices
whilst keeping another parameters constant.

4.1 Reference Mix Design and Transport Summary

The reference mix used for the analysis was a standard AC20 base layer with a
thickness of 80 mm and a mix service life of 25 years. An overview of the asphalt
mix components and their transportation summary are illustrated in Table 1.

Other parameters used include

e Production temperature: 155-185 °C.
e Asphalt plant energy source: Natural gas.
e Distance from plant to site: 43 km.

Table 1 Reference mix design per tonne asphalt mix and transportation summary

Component Mode of transport | Source distance (km) | % Weight (%)
Virgin binder Euro 5 truck 61 1.75

Virgin crushed coarse aggregate 1 | Euro 5 truck 128 3291

(>2 mm)

Virgin crushed coarse aggregate 2 | Euro 5 truck 128 10.10

(>2 mm)

Virgin natural fine aggregate 1 Euro 5 truck 95 5.30

(<2 mm)

Filler limestone residue Euro 5 truck 124 0.09
Recycled asphalt pavement Euro 5 truck 43 49.85
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e Construction site machinery: Conventional diesel (one paver and two rollers).
e Deconstruction site machinery: Conventional diesel (one cold milling machine
and one truck sweeper).

4.2 Sensitivity Scenarios

The one-at-a-time sensitivity analysis was conducted by changing five parameters
of the GPP tool to assess the environmental impacts (GWP and Single score). The
scenarios retained the same AC20 mix design, transportation distance and project
layout to isolate the effects of the operational variables. Table 2 outlines the scenarios.

Table 2 Sensitivity analysis scenarios

Scenario | Variable adjusted Alternative option

S1 Stockpile coverage All stockpiles are covered before production

S2 Heating and drying energy source | Asphalt plant energy source changed from
natural gas to heavy fuel oil

S3 Heating and drying energy source | Asphalt plant energy source changed from
natural gas to hydrogen grey

S4 Heating and drying energy source | Asphalt plant energy source changed from
natural gas to propane

S5 Heating and drying energy source | Asphalt plant energy source changed from
natural gas to electricity (Belgian grid)

S6 Heating and drying energy source | Energy source changed from natural gas to
electricity (green renewable)

S7 Transportation fuel Truck fuel source changed from diesel to
100% biodiesel

S8 Transportation fuel Truck fuel source changed from diesel to
100% electricity (Belgian grid)

S9 Transportation fuel Truck fuel source changed from diesel to
100% electricity (green renewable)

S10 Machinery equipment Machinery fuel source changed from diesel
to 100% biodiesel

S11 Machinery equipment Machinery fuel source changed from diesel
to fully electric machinery (Belgian grid)

S12 Machinery equipment Machinery fuel source changed from diesel

to fully electric machinery (green grid)

405
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4.3 Sensitivity Analysis Results Summary

The GPP tool calculated each scenario’s GWP (in kgCO, eq/m?) and the aggregated
single score. Figures 3 and 4 illustrate the percentage change in impact (AGWP
[%] and ASingle score [%]) resulting from one-at-a-time changes of key operational
variables such as transport fuels, plant energy sources and stockpile management
practices. All the scenarios results are expressed in functional unit of 1 m? of an
80 mm thick layer. It is important to note that the environmental impacts associated
with the manufacturing of the paving and compaction machines and trucks (including
conventional and electric) were not included in this assessment. Only the fuel and
electrical consumption was considered.

GWP and AGWP by Scenario
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4.3.1 Impact on Global Warming Potential (GWP)

As shown in Fig. 3, the electrification of transport (especially to green electricity in
S9) shows significant GWP reductions of approximately 37%, followed by electri-
fication using the Belgian electricity grid mix, which results in approximately 35%
reduction in GWP as seen in S8. Considering operations in the asphalt plant, in
S2, an asphalt plant powered by heavy fuel oil showed a GWP increase of approx-
imately 11%, whilst replacing the plant energy source from natural gas to electric
(S6) (powered by green renewables) results in a 29.8% reduction in GWP. The sensi-
tivity results showed that covering aggregate stockpiles results in a 10% reduction in
GWP, as seen in S1. This indicates that the energy required for drying and heating the
aggregates is reduced by covering the stockpiles. Regarding the machinery equip-
ment, using biodiesel (S10) results in a slight GWP reduction of —1.6%, whilst
switching to Belgian grid electricity (S11) and green electricity (S12) resulted in
slightly greater reductions of —2.7% and —3.1%, respectively.

4.3.2 Impact on Product Environmental Footprint (PEF) Score

A similar trend can be observed in the single score results (Fig. 4). Once again, the
electrification of transport (especially to green electricity) demonstrates reductions
of approximately 29%, with trucks powered by the Belgian grid following closely
at a 27.1% reduction. Interestingly, trucks powered by 100% biodiesel exhibit a
26.4% increase in single score. This suggests that although biodiesels may reduce
CO; emissions, the higher impacts are likely due to acidification, eutrophication,
particulate matter and land use, due to agricultural and processing burdens in its
lifecycle as shown in Fig. 5. This highlights the need of reporting all indicators
alongside the aggregated single score to ensure all trade-offs are interpreted. Consid-
ering asphalt plant operations, switching the energy source from natural gas to heavy
fuel oil (S2) increases the single score by 22%. This is likely due to high carbon
content and sulphur impurities leading to higher impacts in climate change, acidi-
fication, particulate matter and ecotoxicity. Conversely, switching to electric power
(from green renewables) in S6 results in an 11.9% reduction in single score although
fresh water eutrophication, human toxicity (carcinogenic), particulate matter forma-
tion and water use greatly influenced the single score (see Fig. 6). The results show
the importance of considering multiple impact categories beyond the climate change
impact category. The electrification of construction machinery using the Belgian grid
to green electricity leads to approximately a —1.0% and 1.7% reduction in single
score. Lastly, the impact of covering stockpiles (S1) shows a 6.3% reduction in single
score.



408 S. Juma et al.

Environmental Impact Transport by Fuel Type (Single Score Method)
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Fig. 5 Single score for each impact category for transportation fuels

Environmental Impacts of Asphalt Production by Energy Source (Single Method)

04 Il Natural Gas

) B Electricity (BE)

.g o Electricity (Green)

o Heavy Fuel Oil

E

o

5 0.2 1

O

w

[}

S 0.1 1

£

Z Lm .
0.0 -

Acidification
Climate change
Ecotoxicity
Energy (non-renew)
Eutrophication (fw)
Eutrophication (terr)
Human tox (carc)
Human tox (non-carc) 1
lonising radiation -L
Land use
Metal resources -
Ozone depletion
Particulate matter
Photochemical ox
Water use

Eutrophication (marine)
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5 Conclusion

This paper has presented a GPP tool which has been designed to quantify the environ-
mental impacts of asphalt mixture projects. The tool’s use of the EU’s EF 3.1 model
and ISO 14040/44 standards enables stakeholders to make well-informed decisions
regarding environmental sustainability on the asphalt works they procure. The tool
is simply designed for the use of contractors and non LCA experts and models real-
world variables of road construction activities such as energy sources, transportation
modes, transportation distances and machineries. The sensitivity analysis shows that
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implementing renewable electricity in asphalt production and transportation lowers
the GWP, whilst the use of biodiesels may increase the aggregated single score.
Whilst the tool applies the EU PEF 3.1 method, it does not fully comply with an
official PEFCR specific to asphalt, as such PEFCR is not yet available. In addition,
the tool was developed from Belgian contexts, using region-specific energy mixes
and construction practices which affects the comparability of results. The accuracy
of the results depends on the quality of input data (e.g. emission factors, transporta-
tion distances, energy consumption). In some cases, general information from the
eco-invent database was used. The tool assumes static conditions over time and does
not consider degradation rates of the machines, maintenance cycles or service life
predictions of the asphalt mixture. Future research aims to incorporate such temporal
dynamics.
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