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Abstract: Minimizing the environmental impacts is a challenging task to achieve sustainability in road
constructions. Although they are only temporary, the environmental burdens of building activities
can have a great impact on the environment and communities, and must be properly assessed and
mitigated. A comprehensive evaluation of the impacts requires the consideration of all construction
activities, construction sites and the type and operation time of off-road machines and plants that will
be used in each site. In this paper, a case study relating to the project of a motorway was carried out
with the following objectives: (i) to estimate the dust and gases arising from the whole construction
process and identify the most critical pollutants in terms of emitted quantity; (ii) to investigate the
worksites, activities and processes with the greatest impact from an emissive standpoint, and (iii) to
propose a rational approach for designing and putting in place effective mitigation measures. Carbon
oxide (CO), nitrogen oxides (NOx), and fine particulate matter (PM10) emissions have been estimated
by applying different models, methodologies and databases, depending on the construction process
under analysis, and an emissive balance sheet has been produced. Results showed that CO is the
pollutant released in the greatest quantity, followed by NOx. The emission of PM10, mainly due to the
movement of trucks on unpaved roads, is one order of magnitude less with respect to CO and NOx,
but produces the most perceived and undesired effects of the construction process in the interested
communities. Tunnels and bridge are the components of a road with the greatest impact in terms of
air emissions.

Keywords: environmental impact; sustainability; road construction; air pollution; emissive
balance sheet

1. Introduction

Road construction activities and processes such as earthmovings, tunnel and bridge works,
concrete production, transportation of materials, and operation of machines and equipment consume
natural and non-renewable resources and generate wastes and pollution. The amount of environmental
impacts depends on the road, its category, length and configuration, and on the peculiarity and
sensitivity of the crossed sites and contexts. Minimizing the environmental burdens is a challenging
task to be addressed, with the aim of contributing to sustainability in road constructions [1–6].

Among the impacts, a significant role is played by direct air emissions, particulate matter and trace
gases, released by the machineries and equipment used during construction and which temporarily
affect the local air quality. Off-road diesel equipment is a relevant font of nitrogen oxides (NOx), carbon
oxide (CO) and particulate matter (PM) emissions [7,8]. According to emissions inventory data of U.S.
Environmental Protection Agency (EPA) [9], off-road diesel equipment is estimated to be the third
largest source for nitrogen oxides (NOx) emissions and the second largest source for particulate matter
(PM) emissions. They represent, respectively, 14.5% and 24.3% of total NOx and PM emissions from
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mobile fonts. The adverse health and environmental effects of PM and trace gases have been confirmed
by several studies [10–12].

Numerous studies have focused on off-road equipment emissions inventories [5,7,8,13–15];
however, the available data for comprehensive evaluations are still considerably more limited
compared to the on-road mobiles sources. Few developed countries have published greenhouse gases
(GHG) and non-GHG emission factor standards for non-road equipment. For instance, emission
standards published by the United States Environmental Protection Agency [16] and the European
Environmental Authority [17] include non-GHG emission factors for stationary equipment and data
for off-road equipment.

The growing interest towards road constructions and their impacts on environment and society
arises from the fact that, globally, more than 25 million kilometers of new roads are expected to be built
by 2050, 90% of which will be in developed countries [18].

According to the World Bank [19], the transport sector accounts for nearly 14% of global GHG
emissions, and approximately 72% of these emissions are caused by road construction, rehabilitation,
maintenance and usage.

Considering this, the careful assessment of building procedures and practices and the estimation
of magnitude of the correlated environmental impacts are of crucial importance in order to make road
constructions more sustainable.

For this purpose, it is fundamental to gather information concerning the various activities and
construction processes and their duration for comprehensive and suitable appraisals [1,2,20]. Activities
and processes can have different emission characteristics, depending on the materials, machines and
plants that are used [4,21,22]. Processes such as transportation and handling of bulk material, drilling,
sawing, milling, compacting and grading of the ground are relevant sources of dust and gas emissions.
A noteworthy amount of PM10, often higher than that produced by other construction operations [21,22]
are also released by the movement of the vehicles on dirty or unpaved and temporary roads in the
worksites [23–25].

In the literature, few studies deal with the real-world emissions from construction sites or
with extensive evaluation on the emissions produced during the whole period of construction [26].
Some studies focused on data of exhaust emissions of the construction machineries [1,5,7,8]. Others
investigated the influence of construction site emissions on local air quality [4,27,28] or calculated
emission factors to assess emission inventories for all construction activities [21].

Comprehensive studies that take into account all these objectives, and that consider various
construction activities and processes and their duration, are scarce [1,6,29]. Therefore, construction site
emissions are poorly quantified and very uncertain [4].

This paper focuses on the consideration of the environmental burdens associated to a motorway
building. The scope of work is the assessment of airborne emissions, gases and dust, during the whole
period of construction.

A case study referring to an Italian motorway project was taken into consideration. Detailed
data on construction sites, type of activities for each worksite, type of machineries and equipment,
quantity of materials moved, and use of paved and unpaved roads were gathered and used for the
performed calculations.

The objectives of this work are as follows:

• to estimate the dust and gases arising from the whole construction process and identify the most
critical pollutants in terms of emitted quantity;

• to investigate the worksites, activities and processes with the greatest impact from an
emissive standpoint;

• to propose a rational approach for designing and putting in place effective mitigation measures,
in terms of type and location, which allow greater environmental sustainability for the
construction process.
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The rest of this paper is organized as follows: The methodology used in this study is introduced
in Section 2. Then, the research findings, including the overall emissive balance sheet for construction
activities, are discussed in Section 3. Finally, conclusions are presented in Section 4, highlighting the
main contributions and future research directions.

2. Materials and Methods

2.1. Scope and System Boundary

In order to evaluate the impacts on air quality arising from road constructions, a motorway project,
A category of Italian road standards [30], has been considered. The motorway is three lanes and dual
carriageways and has a minimum width of 25.10 m and a length of approximately 18 km. It runs for
five tunnels (13.3 km), five bridges (1.4 km) and excavations and embankments (3.2 km). The duration
of construction is estimated at about eight years.

The analysis of the environmental impacts during construction was carried out considering all the
parts of the motorway: road segment (excavation and embankment), bridges and tunnels.

For road segment, the works encompassed topsoil excavations, earthworks, subgrade compaction
and subgrade construction for slope protection. Bridge erection included the realization of foundations,
substructures, superstructures and sidewalks. Tunnel creation involved the activities of excavation,
transportation, concrete ejection and bolting support and lining.

In this paper, the aim of estimating gases and dust emissions during the construction stage is
addressed considering the activities and manufacturing processes listed in the following:

• operation of equipment and machines on worksites;
• transit of trucks on unpaved road;
• transit of trucks on paved road;
• topsoil excavation;
• storage of materials;
• deep excavations and earthworks;
• aggregate crushing and concrete production.

The construction plan has identified 25 work areas, distinguished as:

• construction sites (CS), where the storage of materials and the production of the concrete and the
elements for tunnels lining take place;

• technical areas (TA), where all the plants and machineries needed for construction of bridges,
tunnels and overpasses are located;

• area for general activities (CSGA), where all the offices (supervision, enterprise) and the facilities
for workers (dormitories and canteens) are located, and

• work areas along the route of the future motorway.

Main functions and duration of the activities in all the areas are showed in Table 1.
For each area, the construction project defined the machines and plants installed and the internal

and external roads used for transportation of materials, as shown in Table 2.
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Table 1. Worksites functions and duration.

Construction
Site Main Function Activities Duration

[Days]

CS 1 Storage 2889
CS 1 bis Storage 2889

TA 1 Bridge 1 construction/Storage 264
TA 2 Storage 294
TA 3 Overpass construction/Storage 235

CSGA 1 General activities/Storage 2889
TA 4 Tunnel 1 construction/Storage 550
TA 5 Secondary road and tunnel 2 construction/Storage 2299
TA 6 Secondary road and tunnel 2 construction/Storage 2299
CS 2 Crushing plant/concrete plant/prefabrication of tunnel elements 2889
CS 3 Storage 2889
TA 7 Tunnel construction using tunnel boring machine 267
CS 4 Storage 2889
CS 5 Storage 2889
CS 6 Storage 2889
TA 8 Bridge 2 construction/Storage 283

TA 8 bis Bridge 2 construction/Storage 1459
CS 7 Storage 2889
CS 8 Crushing plant/concrete plant/Storage 2889
TA 9 Bridge 2 and tunnel 3 construction/Storage 1710
TA 10 Bridge 2 and tunnel 4 construction/Storage 1750
TA 11 Tunnel 4 and bridge 3 construction/Storage 1716
TA 12 Intersection construction/Storage 990
TA 13 Tunnel 5 construction 837
TA 14 Tunnel 6 construction 1036

Symbols. CS: construction site; TA technical area; CSGA construction site general activities.

Table 2. Machineries and plants in work sites.

CS 1, CS 1 bis,
CSGA 1, CS 3, CS 4,
CS 5, CS 6, TA 8 bis,

CS 7, TA 13

TA 1,
TA 2,
TA 8

TA 3, TA 4, TA 5,
TA 6, TA 9, TA 10,

TA 11, TA 12

CS 2,
CS 8 TA 7 TA 14

Drilling machine 4
Excavator 2 2

Rubber-tired loader 2 2 2 2 1
Cement mixer 2

Grader 2
Roller compactor 2

Concrete plant 1
Crushing plant 1

Crane 1 1
Conveyor belt 1

Truck 2 2 2 2 2 2

The type and the number of vehicles varied according to the activities to be executed, and complied
with the following general lines:

• for operating sites and general activities camp, two rubber-tired loaders and two trucks;
• for work sites with crushing and concrete mixing, two rubber-tired loaders and two trucks, with

the addition of a crushing plant and a concrete mixing plant;
• for technical areas used for the construction of viaducts, four drills, two excavators, two rubber-tired

loaders, two cement mixers and two trucks;
• for technical areas used for the construction of embankments and trenches, two excavators, two

rubber-tired loaders, two graders, two roller compactors and two trucks.
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2.2. Models and Calculations

Different models, methodologies and databases, depending on the construction process under
analysis, were applied for the estimation of gas and dust emissions. Main references were:

• US EPA Quality Analysis Guidance Handbook. Off-Roads Mobile Source Emission Factors AP 42
Fifth Edition, Volume I eds 2006 [16];

• COPERT v.5.2.2 (EMISIA SA, 2019) [31],
• ISPRA-INA-net, 2017 Database emission factors [32];
• Tuscany Region, 2018. Regional plan for ambient air quality. Annex 2: Technical document with

determination of emission limit values and prescription for productive activities [33].

2.2.1. Dust and Gas Emissions for Machines and Plants Operations

The estimation of dust and gas emissions for vehicles and plants operation was carried out
separately for the machineries and equipment operating in the worksite and for the trucks.

As regards to exhaust gas emissions released by heavy machines (excavators and other
earth-moving vehicles), reference was made to the emission factors estimated for the year 2022
according to the American method defined in [16]. For the operating machines included in this project,
Table 3 shows the emission factors of CO, NOx, PM10 expressed in kg/h. The level of detail of the
model allows selection of the type of vehicle and the power, while diesel is the only fuel considered in
this case.

Table 3. Emission factor for equipment, year 2022 [16].

Equipment Emission Factor kg/h

CO NOx PM10

Drilling machine 0.16 0.05 0.01
Excavator 0.30 0.13 0.01

Rubber-tired loaders 0.28 0.17 0.01
Cement mixer 0.34 0.21 0.01

Grader 0.33 0.20 0.01
Roller compactor 0.28 0.20 0.01

Concrete plant 0.03 0.06 0.01
Crushing plant 0.43 0.25 0.01

Crane 0.17 0.26 0.01
Conveyor belt 0.17 0.23 0.01

Based on the hourly emissions of the different machines and considering the equipment of
each worksite, the emissions were calculated under the hypothesis that in a typical construction day
machines and plants work simultaneously for 10 h. Figure 1 shows the hourly emissions of CO, NOx

and PM10 for each type of worksite.
It is possible to observe the dominance of CO and NOx emissions with respect to the PM10

ones. It is noteworthy that in some worksites (specifically bridge and earthworks) the emissions of
NOx are half of those of CO. The quantity of PM10 is negligible for all types of worksite. In more
detail, the construction of bridges is the most emissive process, followed by the earthworks connected
to the construction of embankments and trenches and the production of concrete. The worksite of
tunnels seems to produce a lower amount of gases and particulate. This is partially true because the
work takes place inside the bore, and ventilation systems allow minor discharges in the atmosphere.
However, it needs to be considered that a greater part of earthmoving in this project is due to the tunnel
constructions, which cover 74% of the motorway alignment; consequently a large amount of emissions
assigned to the earthworks are intended as movement of materials deriving from tunnel excavations.
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Figure 1. Hourly emissions of CO, NOx and PM10 for type of work site (WS).

Given the hourly emission for each type of worksite and considering the daily activities, Figure 2
illustrates the distribution of the daily emissions along the worksites of the future motorway. In
addition to what was already observed, it is remarkable that emissions are up to five times higher in
some worksites than others, and this is true for all the pollutants.

Figure 2. Daily emissions of CO, NOx, PM10.

Figure 3 reports the quantity of the emissions, referring to the whole construction process of the
motorway, caused by the operations of machines and plants.

The quantitative estimate of exhaust gas and particulate emissions from the exhaust pipes of
the trucks used for materials transporting was carried out using the emission factors in g/vehicle-km
(rural area) (see Table 4), obtained from the COPERT model [31] and reported in the ISPRA-SINAnet
emission factor database 2017, [32]. In this case, in addition to CO, NOx, PM10, the emission of volatile
organic components (VOC), nitrogen dioxide (NO2) and benzene (C6H6) were estimated.
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Figure 3. Total emissions of CO, NOx, PM10.

Table 4. Emissions for truck.

Emission Factors [g/km*vehicle]

CO VOC NO2 NOx Benzene PM10

Truck 1.15 0.22 0.57 4.72 0.0001 0.17

The calculation of the emissions in the worksites was performed under the hypothesis that in a
typical day the trucks travel an average distance of 2 km. The total transits of trucks for transportation
of earths, concrete, and other construction materials have been also considered (see Table 7). The
quantities of emissions, expressed in kg, released into the atmosphere during the construction period
are summarized in Table 5.

Table 5. Emissions from trucks and vehicles circulating in worksite paths.

Emissions [kg]

CO VOC NO2 NOx Benzene PM10

1814 348 896 7420 0.23 261

This table displays the predominance of the emission of NOx, which was about four times higher
than that of CO. Quantities for VOC, PM10 and NO2 were lesser, but appreciable, especially for NO2.
The emission of benzene was insignificant.

2.2.2. Particulate Emission for Truck Transit on Unpaved Roads

The transportation of excavations and other construction materials as well as other works
involve the transit of vehicles on unpaved roads, where the friction of the wheels on the road surface
determines the pulverization of the surface material and the subsequent volatilization and dispersion
in the atmosphere.

The emission of dust for the circulation of vehicles on unpaved roads was estimated by applying
Equation (1) provided by [16]:

E = k ·
( s

12

)a
·

(W
3

)b
(1)

where:

E = specific emission factor for the different particle size values equal to 1.85 pounds per miles travelled
or 522.44 g per kilometers;
K = 1.5, multiplier factor for different particulate size values;



Sustainability 2019, 11, 7218 8 of 14

s = 4.80, content of silt (%);
W = average vehicle weight (tons), assumed equal to 30;
a = 0.90 coefficient function of the particulate size;
b = 0.45 coefficient function of the particulate size.

Table 6 shows the quantity of PM10 calculated for each worksite.

Table 6. PM10 emissions for trucks transit on unpaved roads.

Truck
Weight

Emission
Factor

Length of
Road

Number of
Trucks Duration PM10

Emissions

ton g/km*vehicle km/day - day kg

CS 1 30 522.44 0.2 4 2889 1207.47
CS1 bis 30 522.44 0.1 4 2889 603.74

TA 1 30 522.44 0.2 12 264 331.02
TA 2 30 522.44 0.15 12 294 276.48
TA 3 30 522.44 0.1 10 235 122.77

CSGA 1 30 522.44 0.32 4 2889 1931.96
TA 4 30 522.44 0.25 10 550 718.36
TA5 30 522.44 0.12 10 2299 1441.32
TA 6 30 522.44 0.2 10 2299 2402.20
CS 2 30 522.44 0.3 4 2889 1811.21
CS 3 30 522.44 0.2 4 2889 1207.47
TA 7 30 522.44 0.3 5 267 209.24
CS 4 30 522.44 0.22 4 2889 1328.22
CS 5 30 522.44 0.2 4 2889 1207.47
CS 6 30 522.44 0.2 4 2889 1207.47
TA 8 30 522.44 0.3 12 283 532.27

TA 8 bis 30 522.44 0.15 12 1459 1372.04
CS 7 30 522.44 0.3 4 2889 1811.21
CS 8 30 522.44 0.45 4 2889 2716.82
TA 9 30 522.44 0.3 12 1710 3216.17

TA 10 30 522.44 0.27 12 1750 2962.26
TA 11 30 522.44 0.35 12 1716 3765.36
TA 12 30 522.44 0.22 10 990 1137.88
TA 13 30 522.44 0.15 4 837 262.37
TA 14 30 522.44 0.1 3 1036 162.38
Total 33,945.19

2.2.3. Particulate Emissions for Truck Transit on Paved Roads

The amount of particulate emitted during the transit of heavy vehicles on paved road depends on
the characteristics of the road, the type of vehicle and the traffic flow.

The total number of transits was estimated considering that the total excavation volume would be
transported by trucks with a capacity of 13 mc with a round trip. It was assumed that every truck
traveled round-trip 30% of the length of the roads. The number of transits is reported in Table 7.

Table 7. Trucks transit on paved roads.

Number of Trips

Earth and Rock Concrete Aggregate Earth and Rock
to Landfill

309,723 120,414 28,941 225,019
Total one-way trips 684,097

Total round trips 1,368,194
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The AP-42 methodology [16] proposes the following empirical expression (2) for estimating the
quantity of particulate emissions from resuspension of loose material on the road surface due to vehicle
travel on a dry paved road:

E = k · SL0.91
·W1.2 (2)

where:

E = particle size multiplier for particle size range and units of interest. In this case (g/VKT), it is equal
to 12.51 (from calculation);
k = particle size multiplier for particle size range and units of interest. For PM10 and g/VKT it is equal
to 0.62;
SL = content of powdery material (sandy/silty) on the road (g/m2), assumed equal to 0.3;
W = average vehicle weight (tons), equal to 30.

The total emissions of PM10 was calculated under the hypothesis that the average length travelled
by trucks was about 1 km, and it is equal to 17,432 kg.

2.2.4. Particulate Emissions for Topsoil Excavation

Topsoil excavations (removal of the surface layers of the soil) are generally carried out with a
scraper or excavator along the total construction site area. As indicated in paragraph 13.2.3 “Heavy
construction operations” of the AP-42 [16], this phase produces Total Suspended Particles (PTS)
emissions with a rate of 5.7 kg/km. In order to consider the emission factor of the PM10 component, it
must be supposed that the emissions are completely constituted by the PM10 fraction, or partially. In
this case, by observing the relationships between the PM10 and PTS emission factors relating to the
other activities covered by this project, it was considered precautionary that the PM10 component is
60% of the PTS.

In this case, for each worksite, the length travelled by the scrapers was estimated to determine the
emissions of PTS and PM10. The quantity of PM10 emitted by the topsoil excavations was 395 kg.

2.2.5. Particulate Emissions for Materials Storage

The amount of fine particulate matter (PM10) produced by the storage process was estimated by
means of the empirical Equation (3) [16]:

E = k · (0.0016) ·

(
U
2.2

)1.3(
M
2

)1.4
(3)

where:

E = PM10 emission factor (kg powders/ton removed material);
U = average wind speed, assumed equal to 1.0 m/s, based on the meteorological data gathered at five
monitoring points representative of the area of study;
M = soil moisture content in %, assumed equal to 3.4;
k = multiplicative factor for the different particulate size values; for PM10 (diameter less than 10 m) the
value is 0.35.

Emissive factors have therefore been estimated for each construction site, starting from the
planned earth volumes and duration. The contributions of the loading and unloading phases were
also considered, according to following emission factors [16]:

• for the loading phase, 6.8 g/ton of loaded material;
• for the discharge phase, 0.45 g/ton of discharged material.
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These factors are conservative as they refer to a surface material characterized by a low humidity
and therefore very dusty. Table 8 displays the obtained results.

Table 8. PM10 emitted in storage phase.

Storage Phase PM10 [kg]

Heap formation 122
Upload 9608

Download 636
Total 10,366

Uploading is the process of storage that produces 93% of the total PM10, while downloading
produces 6% and the heap formation only 1%.

2.2.6. Particulate Emissions for Earthworks

As regards the assessment of emissions produced by excavations and earthworks, the same
methodology used for storage was applied [16].

The areas where excavations take place were located along the entire alignment of the
motorway, and the amount of the total excavation volume was derived from the project documents,
particularly from the bill of quantities (BOQ). Table 9 shows the estimates of PM10 produced during
excavation activities.

Table 9. PM10 emitted during excavation and earth movement.

Parameters

K 0.35
U 1.00
M 3.4

Total excavation volume (mc) 6,951,647
Terrain density (kg/mc) 1500
Weight of terrain (tonn) 10,427,471

E (kg/tonn) 9.6 × 10−5

PM10 (kg) 997

2.2.7. Particulate Emissions for Aggregate Crushing

Two crushing plants were placed in the CS 2 and CS 8 worksites. These plants, when in operation,
involved the emission of dusts. The Tuscany Guidelines [33] report the emission factors of PM10

for various crushing activities, in the presence or absence of mitigation measures, according to the
AP-42 method [16]. In the project, periodic wettings are foreseen and consequently the emission
factors in presence of mitigation measures have been applied. Table 10 shows the results obtained
starting from the cumulative expected volumes entering into the two crushing plants and the size of
the outgoing aggregates.

Among the crushing phases, the secondary phase is the most relevant from an emissive standpoint.
In fact, it contributed 52% of the total emissions of PM10, while screening and tertiary crushing were
27% and 20%, respectively. The contribution of the truck download was very low and negligible.
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Table 10. PM10 emissions for crushing.

Emission Factor in
Case of Mitigation

Specific
Gravity Volume Quantity of

Materials
Emissions

of PM10

kg/Mg tons/m3 m3 Mg kg

Truck download 0.000008 2 6,400,000 12,800,000 102
Secondary crushing

25–100 mm 0.000370 2 6,400,000 12,800,000 4736

Tertiary crushing
5–25 mm 0.000270 2 3,400,000 6,800,000 1836

Screening 0.000370 2 3,400,000 6,800,000 2516
Total 9190

3. Results and Discussion

Based on the previous estimates, the overall emissive balance sheet for construction activities of
the motorway has been produced and reported in Table 11. The main pollutants considered in the
study are the non-GHG emissions such as carbon monoxide (CO) and nitrogen oxides (NOx) and
particulate matters (PM10), which are the major particle-based emissions that especially affect the
air quality in urban areas. Volatile organic compounds (VOC), nitrogen dioxide (NO2) and benzene
(C6H6) were calculated only for truck operation.

Table 11. Overall emissive balance sheet.

Activity/Machinery CO VOC NO2 NOX C6H6 PM10

kg kg kg kg kg kg

Operation of machinery 505,389.00 291,445.00 14,600.00
Truck movement 1814.00 348.00 896.00 7420.00 0.23 261.00
Top excavation 395.00
Material storage 10,379.00
Excavations 997.00
Operation of crushing plant 9190.00
Truck movement on unpaved roads 33,945.00
Truck movement on paved roads 17,432.00
Total 507,202.00 348.00 896.00 298,865.00 0.23 87,186.00

CO is the pollutant emitted in the highest quantity mainly by the machineries and plants. Results
show that during the construction stage of the motorway, about 500,000 kg of CO will be produced. An
important contribution of about 300,000 kg is also provided by the nitrogen oxides (NOx). Significantly
lesser quantities are the result of VOC, NO2 and C6H6. The emission of PM10 is one order of magnitude
less with respect to CO and NOx, but it produces the most perceived and undesired effects of the
construction process in the interested communities [34,35].

More in-depth assessment on PM10 emissions, as illustrated in Figure 4, shows that the main
contribution (about 50%) to the total amount of particle emissions arises from the truck transits on
unpaved roads, under the hypothesis that all the roads inside the worksite are unpaved. Transits
on paved roads contribute about 25%. Aggregate crushing and concrete production and storage
share a similar contribution of about 15%, while earthworks and topsoil excavation have a negligible
contribution. Dust emissions are strongly dependent on soil moisture and can successfully be reduced
by wetting the ground (for PM10 up to 95 ± 34%), showing the importance of potential mitigation
strategies [1].
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Figure 4. Share of particulate emissions for type of construction activities.

The results, albeit derived from a conservative hypothesis, provide useful information about
the environmental burdens associated with the construction of an important road, not only in terms
of magnitude, but mainly referring to the activities and process that must be careful planned and
organized in order to reduce and mitigate the negative effects.

4. Conclusions

The expected growth of the road constructions around the world calls for careful and reliable
evaluations of environmental impacts arising from the main activities in the realization process. Annual
emissions from construction activities reveal that the construction sector contributes significantly to
the total emissions of particles and trace gases in many countries. A great amount of materials and
equipment, with different work time are involved in construction activities, depending on the part of
motorway under construction (road segment, bridge, tunnel).

The key contribution of this study is the detailed analysis of the relevant processes in road-building,
the assessment of their potential emissions, and the most critical conditions referring to both quantities
emitted and location. The analysis of a case-study made it possible to derive general considerations
and indications for practitioners to be applied in road construction projects.

The study demonstrates that in the worksites of bridges, earthworks and tunnels, due to the
operating equipment, the emissions are 2.5 to 5 times higher than the emission of storage and concrete
production worksites. Consequently, in some worksites the daily emissions can reach a value 5 times
higher than others.

Among the total gases and dust released from motorway construction, the share of carbon
monoxide (CO) is 57%, nitrogen oxides (NOx) comprises 33% and particulate matter (PM10) is 10%.

These outcomes can assist project managers in adopting targeted effective mitigation measures,
both activity-specific and site-specific, at the project stage and address a feasible monitoring system,
which controls and supervises on-site emissions in a timely manner. For example, by knowing the main
sources of dust generation, the construction managers and controllers of an earthwork activity can
pay intensive attention to materials transportation and storage and adopt proper mitigation measures
tailored to them for better outcomes of the monitoring system. The abatement of CO and NOx can be
pursued by enforcing a greener construction policy addressed, for example, towards the restricted use
of older machines and equipment, the replacing or repowering of older engines, or the installation of
exhaust retrofits. These emission control measures are of the utmost importance in order to reduce the
damage of the pollutant emissions, to meet emission standards and requirements, and to prevent the
harmful effects of pollutant emissions on the environment and human health.
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