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Abstract: In the construction and maintenance of asphalt pavement, reclaimed asphalt pavement
(RAP) is being widely used as a cheaper alternative to the conventional hot mix asphalt (HMA).
HMA incorporated with a high RAP content (e.g., 40%), which is the most commonly used, may
have prominent adverse effects on life cycle, performance properties, and related costs. Thus, before
utilizing RAP, it is essential to investigate whether it is still economical to use under the local climate
by taking into consideration the life cycle performance. Therefore, for this paper, a case study was
conducted using 20% RAP, assessed in terms of materials related to cost analysis. The results of the
analysis showed that, from the total life cycle costing measurement, a total of 14% cost reduction
was reported using RAP as compared to conventional materials. Moreover, the two materials
(conventional HMA and RAP) are manufactured in different types of manufacturing plants. Thus, in
analyzing the cost difference between the two chosen manufacturing plants for virgin materials and
RAP, a total of 57% cost reduction was observed for a RAP manufacturing plant. Besides this, no
cost difference was observed in the rest of the phases, such as manpower, materials transportation,
and construction activities, as the same procedures and types of machinery are used. Furthermore,
assessing the carbon dioxide impact and cost, the transportation and machinery emissions were
considered, while the plant’s operation emission was omitted due to the unavailability of the data.

Keywords: life cycle cost analysis (LCCA); recycling; CO2; reclaimed asphalt pavement; life cycle
performance; mobility; sustainable development; infrastructures; sustainable materials; asphalt

1. Introduction

Asphaltic concrete is extensively used for pavement construction all around the world.
Road networks and transportation infrastructures play a critical role in the development of
countries. The global population growth and the urge for economic development had sig-
nificantly contributed in the expansion of the road networks in particular asphalt roads and
highways. In the United States, Canada, Europe, Mexico, and Asia, more than 3.68, 0.41,
4.68, 0.17 and 3.8 million km of roads are paved with asphaltic concrete [1,2]. Therefore,
new roads’ construction, their maintenance, restoration, rehabilitation and reconstruction,
and aged pavement preservation, require an enormous volume of materials and the con-
sumption of unreproducible energy sources, which have huge cost demands that impact
the economy. Alongside these processes of new road construction and maintenance, toxic
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gaseous emissions enter the environment, and huge landfills are regenerated, which are
risky and life-threatening factors for the environment ecosystem. Categorically, infras-
tructure projects have negative impacts, which create significant concern. To overcome
the negative impacts of infrastructure projects and optimize the cost, various strategies
are adopted by policymakers. Likewise, utilizing recycled materials along with virgin
materials are the best alternatives to optimize the cost and impact of an infrastructure
project [3–8].

Asphalt pavements containing recycled asphalt material have major impacts in terms
of low cost as well as environmental life cycle benefits in comparison to conventional
hot mix asphalt pavements; the use of reclaimed asphalt (RA) is typical because of its
economic benefits in production and the environmental effects of the transportation of the
raw materials [9–13]. Using higher RA contents in pavements results in lower life cycle
costs. The RA material is a milled material obtained as a waste byproduct via the use of any
rehabilitation technique, and it can be used by any recycling alternative in hot mix asphalt
(HMA) [14]. Qiao, et al. [15] carried out a life cycle cost analysis (LCCA) for Interstate 95
(I-95) in New Hampshire (NH), USA, to evaluate and compare the cash flow life cycle of
road structures that were under construction. During this study, a further two parameters
(overlay responsive maintenance and its corresponding efficiency) were also considered.
The study found that the use of 40% recycled asphalt in a mix reduced agency costs by
up to 18% in the predicted 2020–2040 climate perspective, and to reduce capital costs,
national highway agencies should consider this practice in the context of the predicted
future climate. Considering LCCA, utilizing recycled asphalt is typically economic and
has eco-friendly benefits [16]. The cycle of cash flow is not limited to the two phases that
include the production of material and the materials’ transportation, but it includes all life
recycling and rehabilitation phases during the construction of pavements.

Lee, et al. [17] studied the subsurface layers (base and subbase) in terms of their
economic benefits by utilizing the recycled asphalt material in these layers, which was
evaluated quantitively by conducting a cost cycle analysis on the pavement by comparing
the conventional material or virgin material and other recycled asphalt materials in the
construction of a highway in Wisconsin. The analysis of results indicated that the utilization
of recycled materials in the subsurface layers (base and subbase) would cause a considerable
reduction in global warming (20%), the consumption of energy (16%), water consumption
(11%), hazardous waste generation (11%) and life cycle costs (21%), and using recycled
materials also extended the serviceable life of the pavement. These savings will be reduced
even further if the cost of landfill avoidance is taken into account for the reclaimed material
used in the asphalt pavement [17].

Santos, et al. [18] conducted LCCA considering the agency and user costs, which
included delays due to the work zone and crash costs. During LCCA, the international
roughness index (IRI) was used as an indicator to measure the performance of the pavement,
which also helps in the estimation of pavement service life. It was concluded that using
reclaimed asphalt pavement (RAP) can be helpful in the reduction of life cycle costs by
approximately 20% as compared to conventional pavements. Similarly, Santos, et al. [18]
conducted a comprehensive cost analysis study wherein the economic advantages and
disadvantages of RAP and conventional hot mix asphalt pavements were compared. The
LCCA includes all the phases, starting from materials procurement, through to design
production, construction, maintenance, restoration, transportation, costs in the work zone,
and ending with the recycling phase. IRI was used in the study, which is frequently
measured via many cost analysis studies, whereby it was concluded that utilizing RAP
impacts the reduction of agency and user costs depending on the rutting and cracking
performance of the pavement [19]. Moreover, Coleri, et al. [20] performed a simulation
based on a mechanistic empirical approach to the life cycle performance and cost analysis
of reclaimed and control asphalt pavement for a wide-ranging life cycle performance
evaluation, intended to investigate ensuing pavement preservation interventions and
related life cycle cost components [20].



Sustainability 2021, 13, 4411 3 of 14

The LCCA considered the costs related to raw materials, machinery, manpower,
traffic management, and costs involved in lane closure. In RAP, the LCCA life cycle is
an important performance parameter because of its impact on the functionality, riding
surface quality, agency costs significantly affected by maintenance costs, and costs on
the user’s end, which include the consumption of fuel in terms of efficiency [21–25].
For the further improvement of the calculation of the life cycle performance of recycled
asphalt usage, a dynamic mechanical performance test must be performed because of
the variations, and the RA’s performance is evaluated based on laboratory tests. There
is normally a consensus that RAP improves the rutting resistance of asphalt roads, and a
negative reduction in thermal cracking resistance occurs because aged material increases
the brittleness of the mixtures [26–31]. These scenarios recommend the use of rejuvenating
agents in a mix design utilizing a RAP percentage of more than 25%. Restoring the aged
binder’s physical and chemical properties are the main objectives of any rejuvenating
agent [32,33]. Performance indicators such as rutting, cracking and roughness are used
for the multiple life cycle analyses, which assess the LCCA and life cycle impact of the
pavement. In designing conventional mixes and LCCAs, a stationary climate is usually
assumed. In infrastructure sensitive to climate, the life cycle performance and costs can
have different impacts when the climate pattern changes in the future. For example,
in cold climates, for asphalt pavements, rutting may not be a damaging concern, but
deterioration because of thermally induced cracking can be an issue. On the other hand,
for hot climatic regions, rutting performance can be a central issue, and thermal cracking
may be critical. Therefore, this should be kept in mind when considering local climate
changes and responses generated by the materials when estimating the performance based
on life cycle analysis and pavement cost [24,34–37].

According to the European Asphalt Pavement Association (EAPA), 2015, the total
asphalt production in the United States, Japan, and 30 European countries from 2008 to
2015 was 5485.3 million tons. Globally, the production of asphalt is higher than the above
stated figures. These data show that the production of asphalt material around the world is
huge, and so analyzing the detrimental impact of manufacturing this amount of asphalt on
the environment is important for the preservation of the natural environment. The financial
benefit is considered the most important standard when selecting any option among
different economic options. In the context of nonconformance, inadequate construction
practices, and the huge funds required for the maintenance and continuous expansion of
road projects, road authorities around the world are investigating innovative methods and
practices for minimizing the expenses of pavement projects. Life cycle cost, economic and
environmental analyses have been gaining attention in the last few years [24,38].

Two approaches are generally classified as cost analysis: the first is to reduce the
asphalt pavement price, and the second is to reduce the cost related to materials [39–41].
The various designed and studied mixture proportions did not take into account the mix
operation because of the practicability of making these mixes with conventional equipment.
This study’s aim was to inspect an approach based on the reduction of the cost of materials;
however, another approach was also investigated for comparison. International articles
were used to compare the unit costs of different asphalt mixtures. A results analysis showed
that the price of production for green asphalt pavement is considerably lower than that of
conventional HMA. The lowest cost was for the mix incorporating 100% RAP, then waste
engine oil (WEO), followed by crumb rubber (CRM); the per unit price of asphalt for this
mixture reduced from USD 66.4 to USD 17. Similarly, the 100% RAP-CRM-WEO displayed
a 74% reduction in cost, and the cost of materials used was also reduced.

Virgin asphalt pavement contributes to a higher range of materials consumption,
which increases the construction cost and causes distress among stakeholders, whereas
recycled asphalt is one of the more viable and highly recommended options for the main-
tenance of high traffic-loaded gravel roads, in addition to the usage of recycled material,
which has been discussed already [41]. Thus, the following study was conducted to weigh
up the costs and benefits of utilizing RAP. Therefore, this study aims to perform a cost
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analysis evaluation of flexible pavements constructed with 20% RAP, in comparison to
virgin asphalt pavement, so as to provide objective guidance to road agencies aimed at
evaluating the benefits and risks of using recycled asphalt materials in their pavements.
Additionally, the potential impacts of utilizing RAP in HMA on materials, manpower,
and transport and plant operation costs was assessed. Moreover, this study identifies
and quantifies various factors that should be included in a cost–benefit analysis of the
different applications of RAP. Besides this, a case study has been performed that considers
the utilization of RAP and conventional materials in a highway project, which provides
examples and descriptions of how to perform the cost–benefit analysis.

2. Methodology

The processes of extraction, production, transportation, and finally road construction
are included in the life cycle analysis of road pavements. The remaining steps are skipped
due to the difficulties of collecting such appropriate data for the chosen materials. The
methodology adopted for the case study is shown in Figure 1.
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For the current study, the Lahore–Islamabad Motorway (M-2), a six-lane (three lanes
in each direction) expressway connecting two major cities in Pakistan was considered.
The motorway was completed and opened to traffic in 1997. The length of the Lahore–
Islamabad (M-2) is 354 km [41]. The originally designed life of M-2 was 10 years, while the
pavement structure with a good design exceeded the design life by more than 15 years, and
the serviceability level was still acceptable, with very minor maintenance and rehabilitation
(M&R) work done. Currently, the motorway requires major modernization through the
application of potentially major restoration and rehabilitation techniques. A complete struc-
tural and functional evaluation of all existing lanes must be considered to determine the
cost-effectiveness of pavement, involving pavement preservation treatment, rehabilitation,
and life-cycle cost analyses (LCCA) to extend the service life for another 10 years or more.
The functional conditions and structural stresses along the motorway must be thoroughly
analyzed in order to select the proper and most cost-effective pavement rehabilitation
and preservation options for improving its structural capacity and serviceability. To fulfil
the objective of this study, the research team utilized cost information from the National
Highway Authority (NHA). For life cycle evaluation, certain tools exist, such as Real cost
2.5, SimaPro and OneClickLCA [6], which were reviewed. After a detailed assessment of
the tools, an Excel tool sheet was developed in which LCA and LCCA were integrated,
with the incorporation of carbon costs to analyze different alternative materials. Moreover,
a cost comparison was conducted between virgin and RAP materials for the rehabilitation
of the highways in order to enhance the project’s performance for the next 10 years.

3. Results and Discussion
3.1. Life Cycle Cost Analysis

The cost analysis functional unit is the total capital cost expressed in million US dollars,
considering the road per mile (1.6 km) extending the pavement service life of 10 years. The
cost life cycle cost analysis mainly focuses on the parts of the cost involved in pavement
construction that have a direct impact payable by stakeholders, i.e., highway agencies,
construction firms, etc. The phases which are involved are life cycle cash flows and costs in
the whole process of asphalt pavement, as well as the total production cost, which includes
raw materials involved in the asphalt mix, recycled asphalt, and different types of graded
aggregates needed for the construction of a 1 mile unit length of road. The transportation
cost involves fuel consumption for the transportation of asphalt mixtures, recycled asphalt
and aggregates to the construction site, the transfer of equipment to the construction site
and the transport of material to the recycling plant. The construction cost includes the
machinery, which includes the different types of rollers and pavers for the laying of asphalt
material. The maintenance cost includes the overlay during the maintenance of the road
and the equipment involved in the maintenance period.

3.1.1. Materials Cost

The purpose of the assessment is to evaluate a cost-effective material alternative with a
minimal environmental impact. In the study, two main alternative materials are considered
for the rehabilitation of the highway project, and these are virgin bitumen and RAP. The
first alternative materials considered consist of virgin bitumen (4.3%) and the necessary
aggregates, as shown in Table 1.
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Table 1. Cost breakdown of virgin materials.

S. No Material Unit Cost (USD)

1 Bitumen (4.3%) Ton 27,904
2 Crush 10–20 mm (38%) Ton 4630
3 Crush 05–10 mm (20% Ton 2325
4 Crush 00–05 mm (42%) Ton 2112
5 Light Diesel Oil (LDO) Ltr 5216

Total cost 42,187

The second alternative consists of 20% RAP and 80% virgin asphalt, as shown in
Table 2. The aggregate for both the virgin alternative and the RAP is the same. Moreover,
the RAP material purchase cost was zero, as the same materials extracted from the old
pavement were utilized for remanufacturing. However, the costs of energy, i.e., the fuel
utilized for the extraction of RAP by machines and dumps trucks, are considered along
with materials transportation and rehabilitation activities.

Table 2. Cost breakdown of recycled materials.

S. No Material Unit Cost (USD)

1 Bitumen (4.3%)
Virgin (80%) Ton 22,323
RAP (20%) Ton -

2 Crush 10–20 mm (38%) Ton 4630
3 Crush 05–10 mm (20% Ton 2325
4 Crush 00–05 mm (42%) Ton 2112
5 LDO Ltr 5216

Total cost 36,606

3.1.2. Production Cost

Material production is an important phase wherein the materials are generated, or
old materials are recycled, in order to substitute the virgin materials depleted during their
consumption. In the current study, two types of plants are utilized for the manufacturing
of virgin asphalt and recycled asphalt. In the manufacturing of the virgin alternative, two
asphalt plants for the manufacturing of virgin materials were used, whereas one double-
barrel asphalt plant was used for the recycled materials [42]. The cost breakdown of the
plants’ operation and activities is shown in Table 3, wherein the costs of plant operation
are the same for both materials.

3.1.3. Materials Transportation and Construction Activities

In this phase, the costs of material transportation and construction, as well as machin-
ery costs, are considered as shown in Table 4 [43]. The transportation phase includes the
transport of asphalt mixture, RAP, gravel, and sand to the construction site, along with the
transportation of end-of-life materials from the site to the recycling plant [44,45].
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Table 3. Cost breakdown of plant activities and operation.

S. No Description Nos
Dep/Hiring Amount

Total Amount (USD)
Per Day (USD) Total (USD) (1×2) No of Days

1 Asphalt Plant 2 1064 2128 26 55,328

2 Double-Barrel Asphalt
Plant 1 1175 1175 26 30,556

Exp based on the ratio of asphalt concrete wearing course (ACWC) with total work done (W.D) (58.35% ≥ 60%)

S. No Description Per Day (USD) No of Days % Amount Total Amount (USD)

2 Ration 753 26 60% 71,830 11,742
3 Lub 432 26 60% 41,185 6733
4 Utilities 12,069 26 60% 7241 188,274

5 Repair and
Maintenancee 101 26 60% 9639 1576

6 Aluminum Frame 1743 26 60% 166,380 27,198
7 Containers 133 26 60% 12,690 2074
8 NJ Barrier 1202 26 60% 114,750 18,758
9 Project Store 579 26 60% 55,256 9033

10

Establishment of
Material Testing Lab,

Asphalt Plant and
Construction Party

2431 26 60% 270,685 37,928

11 Other—Expenditure
(Miscellaneous) 71 26 60% 6813 1114

Total 304,429
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Table 4. Cost breakdown of material transportation and construction activities.

S. No Make and Type Nos

Dep/Hiring Amount Petroleum Oil Lubricants
(POL)

Consumed per Day (11 h)

POL Rate
(USD)

Total POL
Amount
(USD)

Total Amount
(Dep/Hiring + POL)

(USD)
per Month (26 days)

USD
Total

(USD)

1 Pneumatic Tire Rollers
(PTR) 6 1163 6979 55 0.69 228 7207

2 Tandem Roller 3 1415 4244 66 0.69 137 4381
3 Paver 2 4715 9431 220 0.69 304 9735
4 Loader 2 1572 3144 209 0.69 288 3432
5 Fuel Bowzer 1 1100 1100 15 0.69 10 1111
6 Generator (400 KVA) 2 2672 5344 550 0.69 759 6103

7 Material Transfer
Vehicles (MTV) 2 8865 17,730 88 0.69 121 17,852

8 Dumper 32 2201 70,418 180 0.69 3974 74,393
9 Air Compressor 4 1006 4024 154 0.69 425 4449

10 Tractor (With Boomer) 5 346 1729 55 0.69 190 1919
11 Water Bowzer 2 817 1635 80 0.69 110 1745
12 S/Cabin 5 409 2043 30 0.69 104 2147
13 D/C 5 472 2358 40 0.69 138 2496

Total 130,179 6788 136,967
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3.1.4. Pavement Maintenance and Rehabilitation

RAP increases the resistance of asphalt pavements to rutting, but it reduces the
resistance to thermal cracking, because old material makes the mixtures more brittle.
As a result, water infiltration through cracks during seasonal changes can accelerate
pavement degradation, resulting in major issues such as moisture damage, base failure,
and potholes. Thus, to overcome this problem, the maintenance cost for deterioration of
RAP was calculated for the timely treatment of pavement quality throughout its service life.
The rehabilitation of the highways was considered after 10 years; thus, routine maintenance
after 3 years was scheduled as shown in Table 5, in order to increase the pavement life
and to enhance the performance of the pavement. Moreover, the virgin asphalt materials
in pavements face less damage, and thus the maintenance cost for virgin materials was
assessed after 6 years. As such, the overall M&R cost for RAP rises compared to the virgin
materials.

Table 5. Maintenance and rehabilitation cost breakdown.

Component Activity Year
Cost (USD)

RAP Virgin

M&R # 1 3 2000 -
M&R # 2 6 2000 3000
M&R # 3 9 2000 -

Total M&R Cost 6000 3000

3.1.5. Manpower Cost

The manpower cost is the cost related to the operators of the plant, the contractors,
the machinery operators and the supervisor [46–48], as shown in Table 6.

Table 6. Manpower cost breakdown.

S. No Description Amount (USD)

1 Manpower Civil 877

2 Manpower army (60% of
Held/Posted Strength) 1571

3.1.6. Environmental Impact and Costing

The purpose of this phase was to assess the environmental impacts, such as CO2
emissions, and measure the environmental cost that should be utilized or imposed by the
legislation in order to counter the harmful impact caused by the pavement project. In
assessing the total impact, a life cycle inventory is generated, as shown in Table 7. The
main phases impacting the environment are found in the material production, such as the
emissions from the plants, whereas in road construction and maintenance, the machinery
is responsible for gaseous emissions [37,38,41,49,50]. The plant utilizes fossil fuels in
manufacturing, and the machinery utilizes the same. The petroleum oil lubricants (POL)
data were collected from the plant operator and NHA department supervising the project,
and were used to evaluate the CO2 emission. The total POL measurements were then
converted into CO2 emissions, whereby 1 L of petrol is equal to 2.19 Equivalent (Eq) CO2
Kg. Moreover, to integrate the environmental cost, the Eq CO2 kg is converted into tons,
where a carbon price was assigned, such as USD 35 per ton of emission.
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Table 7. Life cycle inventory and impact assessment.

S. No Main
Tasks

Daily
Hours

Number of
Days

POL Consumed
per Hour (L)

Total POL
Consumed (L) Eq CO2 kg Tons CO2 Cost

(USD)

1
Pneumatic
Tire Rollers

(PTR)
11 26 5 1430 3132 3.13 109.61

2 Tandem
Roller 11 26 6 1716 3758 3.76 131.53

3 Paver 11 26 20 5720 12,527 12.53 438.44
5 Loader 11 26 19 5434 11,900 11.90 416.52

6 Fuel
Bowzer - 26 15 390 854 0.85 29.89

7 Generator
(400 KVA) 11 26 40 11,440 25,054 25.05 876.88

9

Material
Transfer
Vehicles
(MTV)

11 26 9 2574 5637 5.64 197.30

10 Dumper - 26 180 4680 10,249 10.25 358.72

11 Air Com-
pressor 11 26 14 4004 8769 8.77 306.91

13
Tractor
(With

Boomer)
11 26 5 1430 3132 3.13 109.61

14 Water
Bowzer - 26 80 2080 4555 4.56 159.43

15 S/Cabin - 26 30 780 1708 1.71 59.79
16 D/C - 26 40 1040 2278 2.28 79.72

Total 42,718 93,552 94 3274

3.1.7. Total Life Cycle Costing

At the end of the study, a detailed comparison was conducted among the various
phases of the two chosen alternative materials, as shown in Figure 2. From the conducted
total life cycle costing measurement, a 14% total cost reduction was reported using RAP as
compared to conventional materials. The reason for the reduction in the RAP materials’
cost was that the materials from the existing pavement were utilized, hence the materials’
purchasing cost was zero. RAP materials still involve some costs related to energy used
during RAP extraction. Moreover, the two alternative materials are manufactured via
different techniques in different types of manufacturing plants. Thus, when analyzing
the cost difference between the two chosen manufacturing plants for virgin materials
and RAP, a 57% total cost reduction can observed for a RAP manufacturing plant. The
RAP materials extracted from existing pavements are usually already graded and refined,
and thus less energy is utilized for their further material processing. Besides this, a 66%
increase was noticed in the costs of the RAP related to R&M activities as compared to
virgin materials. The increase in the M&R occurred due to the presence of old materials,
which make the pavement brittle and cause earlier degradation. Thus, to overcome the
degradation in the RAP, more scheduled M&R activities are required than for the virgin
materials. Moreover, no cost difference was observed in the rest of the phases, such as
manpower, material transportation, and construction activities, as the same procedures
and types of machinery are used. Furthermore, in assessing the CO2 impacts and costs,
transportation and machinery emissions were considered, whereas the plant operation
emission is omitted due to the unavailability of the data.



Sustainability 2021, 13, 4411 11 of 14

Sustainability 2021, 13, x FOR PEER REVIEW 9 of 12 
 

 

different techniques in different types of manufacturing plants. Thus, when analyzing the 
cost difference between the two chosen manufacturing plants for virgin materials and 
RAP, a 57% total cost reduction can observed for a RAP manufacturing plant. The RAP 
materials extracted from existing pavements are usually already graded and refined, and 
thus less energy is utilized for their further material processing. Besides this, a 66% in-
crease was noticed in the costs of the RAP related to R&M activities as compared to virgin 
materials. The increase in the M&R occurred due to the presence of old materials, which 
make the pavement brittle and cause earlier degradation. Thus, to overcome the degrada-
tion in the RAP, more scheduled M&R activities are required than for the virgin materials. 
Moreover, no cost difference was observed in the rest of the phases, such as manpower, 
material transportation, and construction activities, as the same procedures and types of 
machinery are used. Furthermore, in assessing the CO2 impacts and costs, transportation 
and machinery emissions were considered, whereas the plant operation emission is omit-
ted due to the unavailability of the data. 

 
Figure 2. Total life cycle costing of virgin and RAP. 

4. Conclusions 
Given the available funds within road agencies and the high costs involved in 

maintenance, to further increase the road infrastructure, the optimization of the economic 
aspect is one of the most important parts of pavement maintenance. Therefore, consider-
ing this aspect, this study investigated the life cycle costs of two asphalt concrete options 
on the Lahore–Islamabad motorway (M-2), a six-lane (three lanes in each direction) ex-
pressway connecting two major cities in Pakistan. The unit of analysis is considered in 
million US dollar, and it assessed a 1 mile stretch of roadway over the span of 10 years of 
pavement life. The two mix alternatives are control/virgin HMA and HMA containing 
20% reclaimed asphalt. A life cycle cost analysis was conducted by taking into considera-
tion the processes of extraction, production, transportation, and finally road construction. 
The following conclusions can be drawn: 
• From the conducted total life cycle costing measurement, a 14% total cost reduction 

was reported using 20% RAP, which can be a more economical practice than using 
100% new HMA; 

42,187 55,328 

304,429 

136,967 

3000
877 1571 327436,606 30,556 

304,429 

136,967 

6000
877 1571

3274

 400

 50,400

 100,400

 150,400

 200,400

 250,400

 300,400

 350,400

Materials cost Asphalt plant ACWC and
total W.D

(58.35 % = 60
% Approx)

Material
transportation

and
construction

activities

M&R activites Manpower Civ Manpower
army (60% of
Held / Posted

Str)

CO2

Virgin Material (USD) RAP (20%) USD

Figure 2. Total life cycle costing of virgin and RAP.

4. Conclusions

Given the available funds within road agencies and the high costs involved in mainte-
nance, to further increase the road infrastructure, the optimization of the economic aspect
is one of the most important parts of pavement maintenance. Therefore, considering this
aspect, this study investigated the life cycle costs of two asphalt concrete options on the
Lahore–Islamabad motorway (M-2), a six-lane (three lanes in each direction) expressway
connecting two major cities in Pakistan. The unit of analysis is considered in million US
dollar, and it assessed a 1 mile stretch of roadway over the span of 10 years of pavement
life. The two mix alternatives are control/virgin HMA and HMA containing 20% reclaimed
asphalt. A life cycle cost analysis was conducted by taking into consideration the processes
of extraction, production, transportation, and finally road construction. The following
conclusions can be drawn:

• From the conducted total life cycle costing measurement, a 14% total cost reduction
was reported using 20% RAP, which can be a more economical practice than using
100% new HMA;

• When analyzing the cost difference between the two chosen manufacturing plants
for virgin materials and RAP, a 57% total cost reduction can be observed in the RAP
manufacturing plant;

• Besides this, no cost difference was observed in the rest of the phases, such as man-
power, materials transportation, and construction activities, as the same procedures
and types of machinery are used;

• The maintenance and rehabilitation costs of the RAP-containing pavements increased
as compared to conventional asphalt pavement roads. Three maintenance and rehabil-
itation programs were used for RAP-containing roads. Therefore, this increased the
maintenance cost by 50% as compared to the HMA road, but still the capital cost for
both alternatives, RAP-containing road is more economical;

• For the assessment of the CO2 impact and cost, the transportation and machinery
emissions were considered, and the total Petroleum Oil Lubricant (POL) measured
were then converted into CO2 emissions, whereby 1 L of petrol is equal to 2.19 Eq CO2
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Kg. Moreover, to integrate the environmental cost, the Eq CO2 kg is converted into
tons, and then a carbon price was assigned, such as USD 35 per ton of emission.
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