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Road construction work has a multitude of impacts on its host environment, and the effect of these impacts varies

according to the areas it crosses. Taking these impacts into account from the earliest stages of project planning is

the ideal approach pursued by planners to ensure that their plans not only take these impacts into account but also

mitigate their effects as much as possible. Drawing up a project schedule that considers the impact of the work

requires an in-depth understanding of its scale, spatial extent, and timing. 

road construction  environmental impact assessment  4D construction simulation

1. Introduction

The construction industry is responsible for 36% of global final energy consumption, 39% of carbon dioxide (CO )

emissions linked to energy and construction processes, 10% of suspended particulate emissions, and 25% of

waste . The environmental impact of the construction process is generally expressed by the supply of materials,

the consumption of 20–50% of natural resources, and the overall impacts on the surrounding environment and

local residents . Taking these impacts into account from the earliest stages of project planning is the ideal

approach pursued by planners to ensure that their plans not only take these impacts into account but also mitigate

their effects as much as possible.

In road projects, the effects of these impacts on the sensitive elements of the receiving environment and on public

health, convenience, and safety are difficult to determine due to the linear nature of these projects . Unlike

buildings, road projects are large and elongated and may cross different areas with different functions, such as

residential areas, natural parks, or lakes. The project team must consider the various issues surrounding the zone

of influence (the road right-of-way and the borrow sites) of the planned road when determining the impact of the

work. However, the difficulty of understanding the spatial extent and timing of these impacts poses a problem for

mitigation planning due to the complex and variable nature of the impacts . Poor planning of construction impacts

can result in significant non-compliance, delays in project planning, and sometimes the environmental and social

non-acceptability of the project .

Over the last three decades, several environmental assessment tools have been developed to better manage the

impact of the construction industry on the environment, including the Environmental Impact Assessment (EIA). EIA

is presented as an original environmental assessment tool that provides a technical response to biophysical and

social impacts while focusing on health, socio-economic issues, and public policies . EIA is a systemic process
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with its own administrative and technical procedures. The idea of integrating environmental issues from the very

first phase of project planning has been unanimously endorsed by decision-makers and implementation

professionals alike. The analysis of project variants appears to be an approach that makes it possible to evaluate

the different possibilities for carrying out the work and to unite the various stakeholders around an optimal variant.

However, the literature has shown that the traditional method of analyzing variants of construction projects does

not resolve the difficulty of understanding the spatio-temporal nature of the impacts of linear facilities on the

environment .

Furthermore, the last decade has seen the automation and digitization of construction sites, which have become

drivers of productivity in the construction sector . Today, digital mock-ups and the collaborative digital approach

are positioned as technological tools for creating, sharing, and managing information on structures/products

throughout the project lifecycle . This working method is known as BIM (Building Information Modeling). BIM 4D

is a level of BIM development that combines the temporal dimension with a 3D digital model of the structure to be

built so as to simulate its construction through time . These tools are gradually proving indispensable for

design and planning in the construction industry. It is therefore legitimate to question their implementation for the

environmental analysis of road projects at the initial decision-making phase.

In the literature, numerous works have shown progress in the use of BIM to define and estimate the public and

environmental impacts of road projects . However, little research  has addressed the issue of using

the BIM approach to support planning for the environmental impacts of road projects from the earliest decision-

making phase, i.e., the links and influences between the design of the structure and the requirements for selecting

an optimal project variant. Indeed, design decisions regarding site selection, optimal project size, type of facility,

technology, and process have a significant impact on the public, sensitive elements of the project’s host

environment, and even the ability of workers to perform their various tasks . It therefore makes sense to assess

the possibilities of deploying BIM 4D to support the process of analyzing and selecting variants for road projects.

Indeed, the use of 4D simulation could provide a highly valuable visual aid to visually characterize and compare

different design variants. It could also simulate various aspects of a variant, including the time evolution of the

impact of construction operations. This can serve as a decision support tool, enabling planners and professionals

to make informed choices. It also allows other project stakeholders, who may not always be construction

specialists, to better understand the project and contribute more effectively to its definition and social acceptance.

However, there is currently no theoretical framework in the scientific literature for using 4D simulation to support

variant analysis in road construction projects.

2. Environmental Impact Assessment in the Construction
Industry

To understand the term “environmental impact assessment”, we need to analyze the three distinct concepts of

assessment, impact, and environment that represent EIA. The concept of “assessment” in the context of EIA is a

forward-looking, operational practice involving divergent points of view on a given issue. It is a process that

involves discussion, talks, and negotiations. The term “impact” defines the orientation of the assessment to be
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carried out. It indicates the magnitude, extent, and duration of the consequences measured for the environmental

element. Finally, the concept of “environment” delimits the impacts to be considered in the assessment, even

though there is no unanimity on its definition and it does not always encompass the same realities. Nevertheless,

for some time now, in the context of EIA, the environment has referred to all the elements surrounding a living

being, a population, or a community, as well as the natural and artificial factors that affect them .

Based on the three concepts defined above, the term “environmental impact assessment” can be defined as a

systemic process for examining and negotiating all the consequences of a project on the natural and human

elements of its insertion environment. The United Nations Environment Program (UNEP) defines EIA as “a tool for

identifying the environmental impacts of a construction project at the decision-making stage and prior to statutory

approval” .

In the construction industry, EIA can be defined as a two-way process: (1) assessing the impact of construction on

the environment and proposing mitigation measures; and (2) analyzing the evolution of environmental aspects,

such as the climate, in relation to the installation.

EIA practices in the construction industry draw on many environmental aspects to better plan the environmental

quality of construction. The literature shows that there is no clear consensus regarding the classification of the

environmental impacts of construction, which vary in terms of products and construction processes .

Nevertheless, the widely recognized Eco-Management and Audit Scheme (EMAS) identifies the following

environmental aspects: air emissions; water discharges; solid and other wastes; land use and contamination; use

of natural resources and raw materials; local problems (noise, vibration, odors, dust); transport problems; accidents

and potential emergency situations; and effects on biodiversity . The ISO 14001:2015 standard  and the

national standards of the various countries, generally referred to in the environmental management plan report,

provide structure and guidance for the environmental analysis processes of construction projects.

The EIA process begins with the initial information phase and continues as a collaborative effort through the project

validation phase . The process thus depends on the contribution of different disciplines such as basic sciences

(biology, chemistry, etc.) and applied sciences (engineering and management). It should also be noted that the EIA

process follows an administrative procedure based on the regulations and institutions governing impact

assessment in each country.

3. Analysis of Variants

Linear projects (roads, railroads, etc.) spread over large areas of land or regions, crossing various natural and

urban environments, can generate significant negative impacts. These projects must undergo a strategic

environmental assessment, including variant analysis. The analysis of variants is a preliminary step occurring

before the planning of the Environmental Impact Assessment (EIA). It entails the assessment of various potential

methods for executing the project, as indicated in reference . This process of variant analysis entails a

comparison of the pros and cons of each option and aims to pinpoint the option that optimally aligns with a range of
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criteria, including technical, economic, and environmental aspects . At the variant analysis stage, alternative

sites, designs, and timetables for the various project components are evaluated, leading to the selection of an

optimal variant. The national guide to environmental impact assessment in France divides the variant analysis

process into three main stages : the analysis of the likely evolution of the environment in the absence of project

implementation, the generation and analysis of each project variant, and the comparison of variants.

Regarding the first stage, it involves analyzing the likely evolution of the physical environment (hydrology, relief,

and soil), the likely evolution of the natural environment (land use, crops, meadows, and woodlands), the likely

evolution of the human environment (agriculture, urbanization, acoustics, and other projects), and the likely

evolution of the landscape and heritage.

The actual analysis of variants is generally carried out as follows:

Identification of objectives: this stage involves clearly defining the project’s objectives. The identification of

objectives helps guide the variant analysis process.

Variant generation: in this step, different options or variants for the project are generated. This may include

variants in terms of route, design, sizing, materials, technologies, etc. The aim is to explore a wide range of

possibilities to meet the identified objectives.

Evaluation criteria: evaluation criteria are defined according to the project objectives. These criteria may include

environmental, social, economic, technical, and operational considerations. For example, criteria may include

impacts on ecosystems, local connectivity, construction costs, timescales, safety, etc.

Variant analysis: each variant is evaluated quantitatively and qualitatively according to defined criteria. This may

involve the use of models and analysis tools, such as 3D models of the structure, environmental impact

assessments, cost-benefit analyses, risk analyses, and so on. The results of this analysis enable us to compare

the performance of each variant.

The comparison of variants involves:

the selection of the best variant: based on the results of the analysis, the best variant is selected, considering

relative performance against objectives and criteria. This step may involve weighting the criteria according to

their respective importance. The variant selected is the one that offers the best balance between the various

criteria.

validation and decision-making: the selected variant is then validated and refined, if necessary, according to

technical, regulatory, budgetary, and feasibility constraints. Once the variant is considered viable, a final

decision is taken to implement the project.
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It should be noted that the specific stages and details of variant analysis may vary according to the project and

context.

It should also be noted that understanding each environmental impact, its potential impact, and its significance in

relation to construction activities is a complex and challenging process.

4. Environmental Planning Challenges in the Construction
Industry

In the construction industry, as in other sectors, the challenges of the environmental analysis process are generally

related to process and information for stakeholders. Julie Jupp’s work  has identified six main challenges related

to the environmental planning and management process. These challenges can be applied to the variant analysis

process:

Communication gaps and poor information flow: Compartmentalized practices in the EIA process result in poor

information flows between project participants and inconsistencies in information transfer, storage, accessibility,

and redundancy. Environmental planning is a complex process involving several actors, such as the multilateral

development banks, the government concerned, the consulting firm (with a range of expertise in multiple

disciplines), and the project host community. The constraints associated with gaps in communication and poor

information flow are mentioned by Tam et al. as the two main challenges in the environmental planning and

management process .

Delineating the project’s zones of influence: Construction projects generally generate environmental impacts

over a relatively short period, but with a high density of potential impacts on many aspects of the environment

. These impacts can be divided into two zones of influence: the project’s direct zone of influence, where the

installation site is located and varies from 0–5 km in radius, and the indirect zone of influence, which

encompasses borrow sites, supply routes, etc. . The scope of environmental impacts is often very wide,

which makes it difficult to assess project impacts on a human scale.

Using the traditional 2D paper approach: 2D representations are presented as obstacles to improving the

environmental analysis process. The literature has shown that they are inadequate to facilitate the identification

of environmental impacts associated with construction activities, including an understanding of the nature of the

structure and associated workspaces and of the site. In addition, mitigation and control measures depicted in 2D

may overlook or minimize environmental risks . Strategies for controlling and managing environmental

impacts are generally drawn using different colors on the drawings. However, these drawings do not show the

link between environmental controls and the construction schedule.

Interdependencies between environmental control and management plans: Identifying and planning the impacts

of construction on the various environmental aspects in a well-developed plan is a major challenge. This

challenge is due to the usual changes in construction schedules (weather conditions, delays in the delivery of
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materials). The dynamic nature of construction projects can distort the planning of mitigation measures, which

can lead to changes in the control plans for identified impacts. It is also difficult to identify certain impacts, for

example, those that will be caused by contaminated construction waste. On-site communication using paper

plans of environmental impact interdependencies may therefore not be managed appropriately .

Methods for assessing the significance of environmental impacts: Impact assessment criteria (scale, severity,

impact duration, type, size, and frequency), applicable legal requirements (emission and discharge limits in

regulations), and the concerns of internal and external stakeholders are elements to consider when specifying

the environmental analysis method for construction projects . Liu et al. mention that some designed EIA

methods are not conducive as a pre-construction assessment tool to support the decision but rather as a tool

that aims to facilitate the acceptance of predefined works . It should also be noted that some methods are

based on qualitative and subjective scores, making them difficult to interpret and integrate into project planning.

5. Use of 4D Simulation for Environmental Impact Analysis

4D simulation combines the schedule with the 3D digital model of the structure so as to simulate its construction

over time . It is an approach that provides a 3D model for each selected unit of time, i.e., a view of the possible

state of construction at each selected moment . 4D simulation techniques can therefore facilitate the integration

of spatial data visualization with construction planning information in 3D models and enable efficient visualization of

the spatial and temporal attributes of different impacts.

The literature has shown that the functionalities of BIM 4D can be divided into two parts: (i) construction planning

and (ii) site planning. BIM 4D applications for construction planning include work allocation at the tender stage,

construction method planning, schedule communication, conceptual analysis, resource management, workspace

planning, risk identification, and safety planning . 4D applications for site planning consider site logistics,

pedestrian and traffic flows, material delivery and storage, major plant activities, temporary works, welfare facilities,

and site safety. Jupp’s recent work has identified five functional prerequisites for the use of 4D in environmental

assessment: (i) scheduling and simulation; (ii) environmental equipment modeling; (iii) site layout modeling; (iv)

environmental impact significance modeling and visualization; and (v) rule verification capability . Despite

several algorithmic methods used to define and estimate the environmental impacts of roadworks , the issue of

supporting spatio-temporal environmental performance indicators remains.

However, the work of Zanen et al. on the use of 4D BIM to visualize the public impacts of highway construction

comes closest to the present research question . Despite the limitations encountered in their work, analysis of the

results of practitioner surveys showed that the 4D modeling method offers practitioners an easier tool for

visualizing and assessing impacts on the public than traditional methods based on 2D construction stage drawings.

The objective of the research is to contribute to the improvement of the EIA process by proposing a structured

framework for the deployment of 4D simulation to support the process of variant analysis for a road project. The

specific objectives can be formulated as follows:

Characterize environmental impact assessment practices in the construction industry;
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Develop a conceptual framework for the use of 4D technologies to support the variant analysis process;

Develop a proof of concept through case studies.

References

1. IEA; GABC; UNEP. Global Status Report for Buildings and Construction 2019—Analysis; Global
Alliance for Buildings and Construction, International Energy Agency and the United Nations
Environment Programme; International Energy Agency: Paris, France, 2019; p. 41. Available
online: https://www.iea.org/reports/global-status-report-for-buildings-and-construction-2019
(accessed on 6 December 2022).

2. Vasilca, I.-S.; Nen, M.; Chivu, O.; Radu, V.; Simion, C.-P.; Marinescu, N. The Management of
Environmental Resources in the Construction Sector: An Empirical Model. Energies 2021, 14,
2489.

3. Shah, R.K.; Dawood, N. An Innovative Approach for Generation of a Time Location Plan in Road
Construction Projects. Constr. Manag. Econ. 2011, 29, 435–448.

4. Zanen, P.P.A.; Hartmann, T.; Al-Jibouri, S.H.S.; Heijmans, H.W.N. Using 4D CAD to Visualize the
Impacts of Highway Construction on the Public. Autom. Constr. 2013, 32, 136–144.

5. Banihashemi, S.A.; Khalilzadeh, M. Time-Cost-Quality-Environmental Impact Trade-off Resource-
Constrained Project Scheduling Problem with DEA Approach. Eng. Constr. Archit. Manag. 2020,
28, 1979–2004.

6. Dumarcher, A. L’évaluation des Impacts Environnementaux. Revue de Littérature Critique;
Université du Québec à Rimouski: Rimouski, QC, Canada, 2018.

7. Boton, C.; Forgues, D. Comprendre l’impact Du Numérique Sur La Gestion de Projet En
Construction. Lien Soc. Polit. 2018, 81, 41–61.

8. Inyim, P.; Rivera, J.; Zhu, Y. Integration of Building Information Modeling and Economic and
Environmental Impact Analysis to Support Sustainable Building Design. J. Manag. Eng. 2015, 31,
A4014002.

9. Hartmann, T.; Gao, J.; Fischer, M. Areas of application for 3D and 4D models on construction
projects. J. Constr. Eng. Manag. 2008, 134, 776–785.

10. Boton, C. Supporting Constructability Analysis Meetings with Immersive Virtual Reality-Based
Collaborative BIM 4D Simulation. Autom. Constr. 2018, 96, 1–15.

11. Golparvar-Fard, M.; Savarese, S.; Peña-Mora, F. Interactive Visual Construction Progress
Monitoring with D4 AR—4D Augmented Reality—Models. In Proceedings of the Construction



4D-Based Environmental Impact Analysis of Road Project Variants | Encyclopedia.pub

https://encyclopedia.pub/entry/51148 8/9

Research Congress 2009: Building a Sustainable Future, Seattle, WA, USA, 4 May 2009; ASCE
Press: Reston, VA, USA, 2012; pp. 41–50.

12. Li, D.; Lu, M. Integrating Geometric Models, Site Images and GIS Based on Google Earth and
Keyhole Markup Language. Autom. Constr. 2018, 89, 317–331.

13. Zavari, M.; Shahhosseini, V.; Ardeshir, A.; Sebt, M.H. Multi-Objective Optimization of Dynamic
Construction Site Layout Using BIM and GIS. J. Build. Eng. 2022, 52, 104518.

14. Jupp, J. 4D BIM for Environmental Planning and Management. Proc. Procedia Eng. 2017, 180,
190–201.

15. Bouchard, M.; Dossou Guedegbe, O.; Hébert, J.; Lanmafankpotin, G.; Samoura, K. Évaluations
Environnementales des Politiques et Projets de Développement; Institut de la Francophonie pour
le Développement Durable: Québec, QC, Canada, 2019; Volume 1, Available online:
https://www.ifdd.francophonie.org/publications/evaluations-environnementales-des-politiques-et-
projets-de-developpement/ (accessed on 18 February 2023).

16. Pierre André Environmental Impact Assessment: Practice and Participation. Ecoscience 2006, 13,
561–562.

17. UNEP. UNEP—UN Environment Programme. Available online: http://www.unep.org/fr/node
(accessed on 10 March 2023).

18. Araújo, A.G.; Pereira Carneiro, A.M.; Palha, R.P. Sustainable Construction Management: A
Systematic Review of the Literature with Meta-Analysis. J. Clean. Prod. 2020, 256, 120350.

19. EMAS Regulation (EC) No 761/2001 of the European Parliament and of the Council of 19 March
2001 Allowing Voluntary Participation by Organisations in a Community Eco-Management and
Audit Scheme (EMAS); Publications Office of the European Union: Luxembourg, 2001; Volume
114, Available online: http://data.europa.eu/eli/reg/2001/761/oj/eng (accessed on 7 March 2023).

20. Da Fonseca, L.M.C.M. ISO 14001:2015: An Improved Tool for Sustainability. J. Ind. Eng. Manag.
2015, 8, 37–50.

21. Mansour Salamé, J.; Leroy, Y.; Saidani, M.; Nicolai, I. Understanding and Monitoring
Environmental Performance of Infrastructure Design Projects. Proc. Des. Soc. 2021, 1, 3269–
3278.

22. Patrick, M. Guide D’étude D’impact sur L’environnement, France 2001. Available online:
http://www.environnement.gouv.fr (accessed on 11 July 2023).

23. Tam, V.W.Y.; Tam, C.M.; Zeng, S.X.; Chan, K.K. Environmental Performance Measurement
Indicators in Construction. Build. Environ. 2006, 41, 164–173.

24. Cao, M.-L. Les vrais Enjeux d’un Projet de Construction Durable 2009. Available online:
http://liseuse.harmattan.fr/index.asp?isbn=9782296101425 (accessed on 20 January 2023).



4D-Based Environmental Impact Analysis of Road Project Variants | Encyclopedia.pub

https://encyclopedia.pub/entry/51148 9/9

25. Rezai, S.H. Méthode D’évaluation de L’impact des Composants de Construction sur la
Performance Globale (Énergétique & Environnementale, Économique et Sociale) d’un Bâtiment
tout au Long de son Cycle de vie. Ph.D Thesis, Université de La Rochelle, La Rochelle, France,
2017.

26. Gangolells, M.; Casals, M.; Forcada, N.; Fuertes, A.; Roca, X. Model for Enhancing Integrated
Identification, Assessment, and Operational Control of On-Site Environmental Impacts and Health
and Safety Risks in Construction Firms. J. Constr. Eng. Manag. 2013, 139, 138–147.

27. Mehrabanigolzar, M.R.; Chery, O.; Boly, V. Evaluation du potentiel de durabilité d’un projet de
rénovation urbaine en phase de préconception grâce a la conception a objectif désigné (COD).
Marché Organ. 2013, 17, 101–121.

28. Liu, Y.; Prasad, D.; Li, J.; Fu, Y.; Liu, J. Developing Regionally Specific Environmental Building
Tools for China. Build. Res. Inf. 2006, 34, 372–386.

29. Mackinlay, J.D.; Robertson, G.G.; DeLine, R. Developing Calendar Visualizers for the Information
Visualizer. In Proceedings of the 7th Annual ACM Symposium on User Interface Software and
Technology, New York, NY, USA, 2 November 1994; pp. 109–118.

30. Boton, C.; Kubicki, S.; Halin, G. Designing adapted visualization for collaborative 4D applications.
Autom. Constr. 2013, 36, 152–167.

31. Albertini, F.; Gomes, L.P.; Grondona, A.E.B.; Caetano, M.O. Assessment of Environmental
Performance in Building Construction Sites: Data Envelopment Analysis and Tobit Model
Approach. J. Build. Eng. 2021, 44, 102994.

Retrieved from https://encyclopedia.pub/entry/history/show/115645


