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ABSTRACT 

Road infrastructure will face growing pressures and effects from a range of challenges in the future, including changing climatic 
patterns, restrictions on capacity, population growth, land and capital crises, and rapidly developing techniques that will outweigh 
the pace of development of new infrastructures. The anticipated shift in road user's travel behaviour will also have a significant 
influence on highway and road(H&R) construction projects and its transportation aspects. This paper involves the research gap 
using an objective-oriented approach to create a connection between each cost component of LCC relevant to green highway and 
road (H&R) criteria and risk likelihood in a structured calculation. The purpose is to suit emerging research questions 
aforementioned. Therefore, this paper aims to facilitate developing literature for an integrated calculator of green road criteria 
incurring cost development using the LCC-DSS model. With this aim, the study enables a research gap in line with research questions 
associated with the integrated calculator that useful in examining risk. 
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1. Introduction 

The notion of green technology innovation fosters an enticing green revolution for sustainable 
environmental and economic enhancement impacting developing nations [1] and in this situation, 
building a so-called green road with carbon-neutral equipment, in one way, expected to reduce the 
risk of emissions from fossil fuels and greenhouse gases [2]. For instance, Malaysia took many 
alternative paving materials and techniques into the building sector, intending to attain green roads  
[2]. Alongside the significance of green road and highway, transport is another major contributor to 
the environmental impact, particularly of primary CO2 emissions contributing to the worldwide 
warming effect. 

Various models, frameworks, and sustainable rating systems have been placed forward, mainly 
related to sustainable green road and highway growth. However, the need to assess the 
environmental effects of sustainable green roads has still been undermined [3]. Highways 
infrastructures contribute 25% of the complete energy expense in any developing nation [4] and have 
both business and residential consequences [5]. On the positive side, the appeal for the 
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implementation of green road and highway management technologies grew at the start of the 21st 
century and continued to grow over time [6]. Correspondently, green certification by specific green 
tools certification in regional mechanisms such as in Europe, Asian area, and other developed nations 
has increased by 80% [5]. 

According to [7], many parties in the road and highway industry will get the benefit and courtesy 
by developing sustainable green roads, pathways, and expressways by following developed Green 
Highway certification. Several green rating schemes, protocols, rules, and norms have been created 
to assess how green and sustainable roads and highways are in the past, to meet the need to assess 
the current scenario and address the sustainable aspects for the conservation of the environment in 
the future. 

The effort done are way forward in typical road and highway construction and industry. Similarly, 
investment in installations is long-lived and necessarily involves threats to road and highway 
construction longevity, operational and maintenance costs, as well as many other factors affecting 
the economics of installations. If the cost and time details are substantially risky, an Life Cycle Cost 
(LCC) appraisal can have little benefit for consumers and policymakers. Therefore, if the LCC models 
can incorporate a quantitative approach for determining the risk likelihood, this kind of obstacle can 
be resolved. The most significant improbabilities commonly occur in the earlier stages of a project, 
even when investment decisions have the most significant effect. However, future cost modeling 
risks entail similar risks. Likewise, the uncertainties of future capital investment and LCC projections 
need to be calculated in the post-road or highway variable cost analysis. Therefore, risk assessments 
offer useful insights into situations that explicitly describe the probability density function [8] and 
reduce the risk of loss and optimise road or highway construction opportunities. It is risk assessment 
and final monitoring that is not adequate [9], and formal risk assessment strategies are required to 
ensure that regularity and standardisation of green road measurable variables are accomplished. 
Most of these approaches are, however, generally tricky, complicated, and expensive, and therefore 
the use of these methods is exorbitant for many projects. The lack of understanding and questions 
regarding adequacy within the ecosystem professions was also recognised as reasons for the slow 
approach [10]. 

The present study does so in the context of the green road and highway by developing an 
integrated calculator as an automated decision-making support system model (DSS) for the green 
road cost area using LCC in Malaysia. Although the studies mentioned above provided some evidence 
of evaluating green road and issues related to sustainability in the road construction industry in 
Malaysia, none of them has exclusively investigated the pattern, dimension, and effect of LCC 
application with the DSS model towards Malaysian roads and highways. Thus, focus on the green 
road and highway beneficial and understandable decision-making support systems are necessitated 
in the Malaysian road and highway scenario. Hence, how to implement the life cycle tools in the 
decision-making process becomes more critical. 

Though many products are using life cycle costing as a decision-making tool, its use is still far from 
being systematic, and the calculation methodologies are based on trial and error methods. Moreover, 
these products are not using life cycle costing to reach the minimum life cycle cost. Achieving high 
"green ratings" also acts as a safeguard to minimise the effects of future energy price increases, the 
impact of which should not be underestimated. It is therefore clear that the current green highway 
model is not delivering the best value regarding green road and highway index scores due to lack of 
relationship with green road and highway criteria. Therefore, this research is concerned with 
identifying the relationship between the LCC component and green road and highway criteria to aid 
the designers and engineers and decision-makers in selecting their right green strategies. 
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Road and highways are considered as the backbone of economic acculturation sustained for 
centuries. To uphold and ascertain the quality of roads, it has evolved toward the green roads 
because of restoring fast resources degradation. The rising need for green road abandoned the 
sustainability factors measuring significant factors of the economic aspect. The green road and 
highway financial aspect provide various opportunities to be considered, and Life Cycle Cost (LCC) is 
one of them. In addition, LCC would be confirmed by risk concepts, so the relationship between LCC 
components and risk could be established. The form established and raised the inevitable research 
questions; firstly, how to correlate measurable criteria of green road and cost components of LCC. 
Secondly, how the calculation model of green road criteria incurring costs and LCC will presage the 
output of cost in LCC functionality. Thirdly, can the Decision Support System (DSS) to be utilised on 
LCC which at the same time designates the risk probability. 

This paper involves the research gap using an objective-oriented approach to create a connection 
between each cost component of LCC relevant to green highway and road (H&R) criteria and risk 
likelihood in a structured calculation. The purpose is to suit emerging research questions 
aforementioned. Therefore, this paper aims to facilitate developing literature for an integrated 
calculator of green road criteria incurring cost development using the LCC-DSS model. With this aim, 
the study enables a research gap in line with research questions associated with the integrated 
calculator that useful in examining risk. 
 
2. Methodology  

 
The initial comprehension of this paper is crucial to answering the research problem, research 

areas, determination of research objectives and scopes. It gives an insight into this paper to avoid 
deviation from this paper scope. In order to help in furthering the comprehension of this paper, a 
selective literature review is essential to be conducted [11]. At this stage, the knowledge related to 
the research topic is critical through reading and discussion of academic resources such as books, 
published journals, articles, and online publications. At this stage, with a thorough literature review, 
the previous work of green highway or road and cost components of LCC in Clarivate Analytics, 
Scopus and Google Scholar were used to synthesised multiple sources of information that were 
reviewed and provided an insight into the facts of this paper. 
 
3. Literature Review Analysis 
3.1 Integrated Matrix Selective Critical Literature Review 

In achieving the objective of this paper, it has begun with utilising a focus literature search 
method for the determination of decision-making criteria in green road and cost components of LCC. 
There are various criteria's have been critically reviewed based on the formulated research problem 
identification. The previous work of green road and cost components of LCC was reviewed by 
addressing literature from primary resources such as books, journals, and conference papers. The 
secondary data has been analysed to gain in-depth knowledge in the subject area and identify gaps 
in using LCC cost components related to the green highway and road criteria. 
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Table 1 
Integrated Matrix Selective Critical Literature Review Analysis (SCLRA). 
References Research Area Reported 

 Green Green H&R Automation Risk analysis H&R Life 
 Highways Sustainability in Green H&R In Green H&R Cycle 
 And Roads Rating and Rating & Rating & Costing/Cost 
 (H&R) Rating Tools Rating Tools Rating Tools Sustainability 

[12] •    • 
[2] • •   • 
[13]     • 
[14]     • 
[15] •  •   
[16]     • 
[17]     • 
[18]     • 
[19];[20]     • 
[21] • • •   
[22] • •    
[23] • • • • • 
[24] • •    
[25] •     
[26] • •    
[27] • •    
[28] • •    
[29] • •    
[30] • •    
[31] • •    
[32] • •    
[33] • •    
[34] • •    

 
4. Discussion 
 

In light of the reported literature, Table 2 summarised the research brief. It illustrates the various 
sustainable green idea of road design is enhanced by investment and maintenance costs [35]. 
Besides, the current cost assessment focuses primarily on investment expenses with little respect for 
future costs. 

The entire cost of various road or highway designs should be assessed based on the life cycle cost 
(LCC), which involves all costs and revenues over the lifetime of the building. In order to achieve total 
costs, all elements should first be identified as the measurable variable at the LCC stage, and the 
correlation between them should be established [35]. This expected outcome and ability able to 
assist and boost the green road Triple Bottom Line (TBL), specifically green technology of green road 
investment area and the correlation amongst its LCC components, can be known. Besides, the LCC 
components error control can be applied using correlation studies, and the green road measurable 
variable inferring can be improved with integrated risk and LCC tools [36]. Nevertheless, the LCC value 
for road and highway projects can be optimised, plus the LCC profile and library can be established 
by aligning the road and green highway cost model with value engineering. 

Furthermore, it is essential to remember that green road and highway technology is presently at 
the most advanced stage than ever before, and as the world's supply of non-renewable resources 
becomes scarce and costly, green technology remains to increase its importance. For road and 
highway users, the cost of using this infrastructure is a consequence of the accumulated cost during 
the lifetime of the road and highway. Initiatives reducing future cost (e.g., power efficiency, increased 
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road component durability) often lead to higher investment costs (e.g., adding heat insulation, more 
resilient paving materials). If future costs are not included in the assessment, these projects are not 
endorsed accordingly. 
 

Table 2  
Summarised Research Brief outline. 
References Research Addressed 

A Quantitative Analysis of 
Sustainability and Green 
Transportation Initiatives in 
Highway Design and 
Maintenance [12] 

The research explained modified maintenance cost analysis to be considered in 
highway design and maintenance to incorporate green highway and sustainability 
concepts. Initial cost without maintenance and maintenance of a life cycle cost 
was calculated using a genetic algorithm to optimise highway alignments design 
cost. The results portrayed that the Initial cost with maintenance perspectives 
was lower than without maintenance consideration. Hence, new green highways 
and roads can be formulated to integrate both cost and sustainability aspects in 
order to achieve cost sustainability. 

A review on green economy 
and development of green 
roads and highways using 
carbon neutral materials [2] 

This research reviewed green economy insight for highways and road 
sustainability development. Detail criteria of green highways and roads on 
carbon-neutral credit ratings are also discussed constructively. However, 
improvement can be suggested with an actual application through automation—
for instance, the development of web-based applications. 

Evaluation of pavement life 
cycle cost analysis: Review and 
analysis [13] 

The author recognised the needs of life cycle costing been considered during 
highways and roads project throughout all phases involved, such as planning and 
design. Economic attributes in life cycle costing were discussed in detail. This 
research also showed that improvement could be made by making life cycle 
applications more user-friendly and easier-to-use features available. 

Life-Cycle Cost Analyses for 
Road Barriers [14] 

The research clarified the use of activity-based life cycle costing as a new 
approach in calculating road barriers life cycle costing. The author briefed cost-
efficiency can be achieved during road project planning and design process by 
applying the method. Nevertheless, it was still insufficient to just relying on the 
current offered manual method. 

'Rage against the machine'? The 
opportunities and risks 
concerning the automation of 
urban green infrastructure [15] 

This research studied the gap in the automation of urban green infrastructures 
(UGI), such as exploration of the digital application of highway verges and GPS-
tagged site identification in green highways and roads (H&R). Nevertheless, these 
uptrends in automation can be applied in green highway rating and green 
highway rating tools. 

Life cycle costing as a bottom 
line for the life cycle 
sustainability assessment in the 
solar energy sector: A review 
[16] 

This research assesses and reviews life cycle cost importance and relationship in 
many fields, including highways, where solar energy has a significant impact on 
cost sustainability. The impact can be justified using life cycle cost integration in 
sustainability valuation. 

Critical review and 
methodological issues in 
integrated life-cycle analysis on 
road networks [17] 

The research demonstrated state of the art on life cycle cost and life cycle 
assessment integration that can improve the real-world application of life-cycle 
analysis in H&R network projects. 

Automated Sequence Selection 
and Cost Calculation for 
Maintenance and Rehabilitation 
in Highway Life-Cycle Cost 
Analysis (LCCA) [18] 

This research showed reinforced Realcost software used in the California 
Department of Transportation (Caltrans). The software has been retrofitted with 
analytical capability for cost assessment, refining work zone traffic analysis, and 
creating an automation module for maintenance and rehabilitation (M&R) 
sequencing. 

Integration Model of Fuzzy AHP 
and Life-Cycle Cost Analysis for 
Evaluating Highway 
Infrastructure Investments 
[19];[20] 

The author studied an integration model of Fuzzy AHP and life cycle cost that can 
aid decision making in cost sustainability related to highway construction projects. 
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Sustainability assessment of 
roadway projects under 
uncertainty using Green 
Proforma: An index-based 
approach [21] 

This research has examined the uncertainty of highway projects' best 
management practice (BMP) sustainability indicators in GreenroadTM using Fuzzy 
Synthetic Evaluation to enable an expert opinion to be incorporated in the rating 
tools. Hence, improvement has been proposed using an Excel-based tool that 
enables the integration of expert opinion with sustainability rating tools. 

Sustainability rating tools for 
highway projects: the nature 
and outcomes of use [22] 

The author reviewed all projects that undergo rating processes, drawing from 
third party-verified rating tools Ceequal, Envision, Greenroads, and IS. Significant 
gaps and future studies requirements were highlighted in order to improve the 
practicality of these rating tools while assessing the sustainability level of valued 
infrastructure assets. 

Building Environmentally and 
Economically Sustainable 
Transportation Infrastructure: 
Green Highway Rating System 
[23] 

This research provided a comprehensive explanation about how a green highway 
rating named BE2ST-in-Highways with the integration of triple bottom line (TBL) 
consists of economic, environmental and social aspects. The methodology used by 
authors could enable many sustainable and green highway initiatives to be used 
by practitioners, especially for industry players. 

Energy efficiency criteria for 
green highways in Malaysia [24] 

The study revealed the chosen energy efficiency criteria in Green Highway studies 
selected from the literature. Factor analysis was carried out to finalise the list of 
the elements. There are included in the Green Highway Index manual developed 
for Malaysian Green Highway Index. Other Green Highway Index or Rating tools 
were reviewed to ensure the criteria used are relevant. 

Green Road Design Concept 
[25] 

The author conveys a unique definition of the green road where all ecological 

aspects were taken into consideration in every phase of road projects. 

Sustainability and green technology become clear objectives or treated as need 

statements for every decision taken. In order to make road or highway projects 

green, every single engineering aspect will be set as a "low-input, low energy 

consumption, low pollution, high production" mode. 

Assessment index tool for green 
highway in Malaysia [26] 

The research reported the green highway rating system developed for the 
Malaysian highway environment. It consists of five categories, which are 
Sustainable Design and Construction Activities, Energy Efficiency, Environmental 
and Water Management, Material and Technology, Social and Safety. 

Fundamental Elements of 
Malaysia Green Highway [27] 

The research highlighted fundamental elements of green highway sustainable 
measures available from the past research conducted by various scholars. Then, 
confirmatory studies had been conducted to verify the significance level of every 
measure. 

Sustainable design and 
construction elements in green 
highway [28] 

The research depicted the sustainable design and construction elements in green 
highway studies chosen from reviewed literature. Then, factor analysis was 
applied to selected elements to determine the screened list. The elements 
included in the Green Highway Index manual developed for Malaysian Green 
Highway Index. Other Green Highway Index or Rating tools were reviewed to 
ensure the criteria used are relevant. 

Weightage Factor for Criteria of 
Design and Construction for 
Green Highway [29] 

The authors described the sustainable design and construction elements in green 
highway studies chosen from reviewed literature. After that, factor analysis was 
applied to selected elements to determine the filtered list. Finally, points are 
given for each element based on weightage determined. The elements included in 
the Green Highway Index manual developed for Malaysian Green Highway Index. 
Other Green Highway Index or Rating tools were reviewed to ensure the criteria 
used are relevant.  

Relative importance index of 
sustainable design and 
construction activities criteria 
for green highway [30] 

This section of the research illustrated the ranking of sustainable design and 
construction based on their relative importance. Relative index analysis was 
conducted to rank the criteria. At the end of the study, the importance level 
among criteria was stated. 

Sustainable Waste  
 
Management for Green 
Highway Initiatives [31] 

This research presented a sustainable waste management plan derived from past 
researches. Listed indicators were ranked based on the average index and relative 
importance analysis. Then, the correlation between indicators was determined, 
and this research was expected to contribute a direction for Malaysia Highway 
Authority for Malaysia green highway index establishment and implementation. 
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Pavement Material and 
Technology Elements in Green 
Highway Rating Systems-A 
Conspectus [32] 

In order to choose suitable elements for material and technology elements in 
Green Highway Index, the research has used a comparative approach by 
considering all elements of pavement material and technology practices in 
existing green highway rating systems. Those are GreenLITES, Greenroads, I-LAST, 
GreenPave. Envision and INVEST. Finally, the author reported recycled materials 
and pavement reuse were the most practical elements used while WMA and 
Bioengineering techniques were the least popular elements used. 

Assessment framework for 
pavement material and 
technology elements in green 
highway index [33] 

The authors have identified essential factors while assessing pavement material 
and technology elements in Malaysia green highway index. Two pilot tests 
conducted found that there was still a lack of efforts to practice green highway 
measures in pavement material and technology, especially in Malaysia. The 
measures were grouped into four categories, which are ecological protection, 
industrial properties, innovation and erosion reduction. 

Pavement Technology Elements 
in Green Highway [34] 

The study examined weighted analysis on developing relevance elements of 
pavement technology to achieve the aims of the green highway design. Erosion 
protection was the most weighted elements agreed to conclude in the study. It is 
followed by cool and permeable pavement. 

 
5. Conclusions 
 

The issues, as mentioned earlier, show the construction of this paper. In summary, the 
significance of the green road and highway criteria and life cycle cost components is critical to 
quantify in order to desirably assess the cost-effectiveness of green road or highway across separate 
variables when assessing alternatives between two options. The alternative can assist and analyse 
the trade-offs between different variables, such as environmental effects, geographical 
characteristics, and unique energy efficiency characteristics. This matter leads to the choice and 
design of instruments and a framework to conduct a future study on life cycle cost in the green road 
and highway fields. 
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