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Abstract— This commentary explores the integration of green technology into civil engineering, with a focus on sustainable
infrastructure development in urban areas. Drawing on a wide range of documentary evidence, the article critically examines various
innovative approaches that have emerged in recent years, aimed at reducing the environmental impact of urban infrastructure. The
analysis considers how these green technologies are being adopted and the extent to which they are contributing to sustainable
development goals. The commentary also evaluates the challenges that civil engineers face in implementing these technologies, including
financial constraints, regulatory hurdles, and the need for interdisciplinary collaboration. Evidence suggests that while green technology
offers significant potential for enhancing the sustainability of urban infrastructure, its adoption is often hindered by traditional
engineering practices and a lack of institutional support. Furthermore, the article discusses the implications of these findings for
policymakers, industry stakeholders, and urban planners, offering recommendations on how to overcome the identified barriers. The
paper concludes by highlighting the need for a paradigm shift in civil engineering practices to fully realize the benefits of green
technology in building resilient and sustainable urban environments.

Keywords— Green technology; civil engineering; sustainable infrastructure; urban development; environmental resilience.

Manuscript received 15 Jun. 2024, revised 9 Aug. 2024, accepted 17 Oct. 2024. Date of publication 31 Dec. 2024.
International Journal on Computational Engineering is licensed under a Creative Commons Attribution-Share Alike 4.0 International License.

Historically, civil engineering has been the backbone of urban
I. INTRODUCTION infrastructure, responsible for the creation of roads, bridges,
buildings, water supply systems, and other critical
infrastructure [4]. However, the traditional practices of civil
engineering have often been criticized for their environmental
impact. The construction industry, for example, is one of the
largest consumers of natural resources and a significant
contributor to greenhouse gas emissions [5]. The World
Green Building Council estimates that buildings alone are
responsible for nearly 40% of global energy-related carbon

The integration of green technology into civil engineering
represents a significant paradigm shift in how urban
infrastructure is developed and maintained. As cities
worldwide grapple with the dual challenges of rapid
urbanization and climate change, the need for sustainable
infrastructure has become more pressing than ever [1].
Urbanization is at an all-time high, with over 56% of the
world’s population now living in cities, a figure projected to e . -
rise to 68% by 2050, according to the United Nations. This CIMISSIONS. Thl,s Statistic u.nderscolres the urgent .need to
unprecedented urban expansion has placed immense strain on rethink hoW civil engineering projects are f:gncelved and
existing infrastructure, necessitating innovative solutions that executed, with a partmglar focus on sustaln'flblhty [6]. Green
not only meet the demands of growing urban populations but Fechnol(.)gy offerg a viable sqlutlop to this challenge. .B.y
also align with environmental sustainability goals [2]. Civil 1ntegratlpg sustainable practices into the core of civil
engineering, traditionally focused on the design, construction, engiheering, green technlollog.y enables.the development of
and maintenance of physical infrastructure, now faces the infrastructure  that minimizes env1r0nmenta1. ) impact,
challenge of incorporating green technology to create conserves natural resources, and enhances resilience to
infrastructure that is not only durable and efficient but also climate change [71' The concept. of green tef:hnolqu
environmentally friendly and resource-efficient [3]. encompasses a Wide range of innovations, including
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renewable energy systems, sustainable materials, energy-
efficient designs, and waste reduction techniques. For
instance, the use of solar panels in building designs,
permeable pavements in road construction, and green roofs in
urban planning are all examples of how green technology can
be applied in civil engineering to create more sustainable
urban environments [8]. The integration of green technology
into civil engineering is not without its challenges. One of the
primary obstacles is the cost associated with adopting new
technologies and materials. While green technologies often
promise long-term savings through reduced energy
consumption and lower maintenance costs, the initial
investment can be prohibitively high [9]. This is particularly
true in developing countries, where financial resources are
limited, and the priority is often on meeting immediate
infrastructure needs rather than investing in sustainable
solutions. However, it is important to note that the cost of
inaction—continuing ~ with  traditional, = unsustainable
practices—could be far greater in the long run, both in terms
of environmental degradation and economic losses due to
climate-related impacts [10]. Another challenge is the need
for a shift in mindset among civil engineers, policymakers,
and stakeholders. The integration of green technology
requires a holistic approach to infrastructure development,
where environmental considerations are embedded into every
stage of the project lifecycle—from planning and design to
construction and maintenance [11]. This requires a departure
from the traditional focus on cost and efficiency alone and an
embrace of a broader set of metrics that include
environmental sustainability, social impact, and long-term
resilience [12]. Education and training will play a crucial role
in equipping the next generation of civil engineers with the
skills and knowledge needed to implement green technologies
effectively. Despite these challenges, there are already
numerous examples of successful integration of green
technology into civil engineering projects worldwide [13]. In
Copenhagen, Denmark, the city’s ambitious climate plan
includes the construction of green roofs, the installation of
permeable pavements, and the development of smart water
management systems to reduce flooding risk [14]. In
Singapore, the Marina Bay Sands resort complex features a
massive green roof and a rainwater harvesting system,
showcasing how sustainable design can be seamlessly
integrated into large-scale infrastructure projects [14]. These
examples demonstrate that with the right combination of
innovation, investment, and commitment, it is possible to
create urban infrastructure that meets the needs of growing
populations while also protecting the environment.

II. MATERIAL AND METHOD

The argument for integrating green technology into civil
engineering is grounded in compelling evidence and logical
reasoning [15]. A growing body of research underscores the
undeniable impact of urban development on the environment,
from increased greenhouse gas emissions to the depletion of
natural resources. According to a report by the United
Nations, cities are responsible for over 70% of global carbon
emissions, with buildings accounting for nearly 40% of this
total [16]. This staggering figure alone justifies the urgent
need for green engineering practices that mitigate
environmental degradation. Green technologies such as
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energy-efficient building materials, renewable energy
systems, and sustainable water management solutions are not
just innovations; they are necessities [17]. For instance, the
use of green concrete, which incorporates recycled materials
and reduces the carbon footprint, has been shown to cut
emissions by up to 30%. Moreover, solar-powered
infrastructures and rainwater harvesting systems are
increasingly being implemented in urban designs, providing
practical, sustainable solutions to energy and water scarcity
challenges [18]. Logical reasoning dictates that the
incorporation of these technologies not only addresses
environmental concerns but also enhances the long-term
resilience of infrastructure [19]. For example, buildings
designed with green technologies are often more resilient to
climate-related risks such as floods and heatwaves. The
economic benefits of this resilience are substantial, reducing
the need for costly repairs and increasing the longevity of
urban infrastructure [20]. Moreover, cities that adopt these
practices often see a boost in their global competitiveness,
attracting  businesses and residents who prioritize
sustainability.

III. RESULT AND DISCUSSION

Despite the clear benefits, there are counterarguments and
alternative views that warrant careful consideration [21]. One
of the most common criticisms is the perceived high cost of
integrating green technology into civil engineering projects.
Critics argue that the initial investment required for
sustainable materials and systems is prohibitively expensive,
particularly for developing countries and municipalities with
limited budgets [21]. This perspective, however, is
shortsighted. While it is true that the upfront costs can be
higher, studies have consistently shown that the long-term
savings far outweigh these initial expenses. For instance, a
report by the World Green Building Council highlights that
green buildings can achieve energy savings of up to 25%, with
areturn on investment within five to ten years [22]. Moreover,
governments and financial institutions are increasingly
offering incentives, grants, and favorable financing options to
offset these costs, making green technology more accessible
than ever [23]. Another counterargument revolves around the
technological readiness and scalability of green solutions.
Some skeptics question whether these technologies are
sufficiently advanced to be implemented on a large scale in
urban settings. However, numerous case studies demonstrate
that scalable green technologies are already being
successfully deployed [24]. For example, Singapore’s Marina
Bay Sands development incorporates cutting-edge green
technologies, including an extensive solar panel network and
a rainwater harvesting system, proving that sustainable urban
development is not just a theoretical concept but a practical
reality [25]. Addressing these counterarguments strengthens
the position that integrating green technology into civil
engineering is not only feasible but also essential. The focus
must shift from short-term financial considerations to the
long-term benefits of sustainability, both for the environment
and the economy [26]. By refuting these alternative views
with evidence and reasoned analysis, it becomes clear that the
real barrier is not technological or financial but a lack of
political will and public awareness.



IV. CONCLUSION

Integrating green technology into civil engineering
represents a critical pathway towards sustainable
infrastructure development in urban areas. The evidence is
overwhelming: green technologies can reduce carbon
emissions, conserve resources, and create resilient
infrastructures that stand the test of time. These benefits
extend beyond environmental sustainability to include
economic gains, enhanced urban livability, and increased
global competitiveness. This commentary has presented a
clear and compelling case for why the integration of green
technology is not just an option but a necessity. By addressing
the key counterarguments—such as cost concerns and
questions of technological readiness—it has been
demonstrated that these barriers are surmountable. The real
challenge lies in shifting mindsets, aligning policies, and
fostering a culture of innovation within the civil engineering
sector. As urbanization continues to expand, the decisions
made today will shape the cities of tomorrow. It is incumbent
upon engineers, policymakers, and stakeholders to embrace
sustainable practices that safeguard our environment and
ensure the well-being of future generations. The integration
of green technology into civil engineering is a powerful tool
in this endeavor, offering a vision of urban development that
is not only sustainable but also resilient and economically
viable. Future research should focus on refining these
technologies, improving cost-efficiency, and developing
scalable models that can be applied across diverse urban
contexts. Additionally, there is a need for more
comprehensive policies that incentivize green engineering
practices and make them the standard rather than the
exception. By taking these steps, we can ensure that the future
of urban development is as sustainable as it is innovative,
paving the way for cities that thrive in harmony with the
environment.

REFERENCES

J. M. Barrionuevo, P. Berrone, and J. E. Ricart, "Smart cities,
sustainable progress," [ESE Insight, vol. 14, no. 14, pp. 50-57,2012.
D. M. Kammen and D. A. Sunter, "City-integrated renewable energy
for urban sustainability," Science, vol. 352, no. 6288, pp. 922-928,
2016.

D. F. Eluyela, U. Uwuigbe, and F. O. Iyoha, "ICT, financial
development and carbon emissions in Sub-Saharan African countries,"
in Digital Economy, Business Analytics, and Big Data Analytics
Applications, Cham: Springer International Publishing, 2022, pp. 537—
545.

W. Van Oijjstaeijen, S. Van Passel, and J. Cools, "Urban green
infrastructure: A review on valuation toolkits from an urban planning
perspective,”" Journal of Environmental Management, vol. 267, p.
110603, 2020.

L. Liu and M. B. Jensen, "Green infrastructure for sustainable urban
water management: Practices of five forerunner cities," Cities, vol. 74,
pp. 126-133,2018.

M. De Jong, S. Joss, D. Schraven, C. Zhan, and M. Weijnen,
"Sustainable—smart-resilient-low  carbon-eco—knowledge cities;
making sense of a multitude of concepts promoting sustainable
urbanization," Journal of Cleaner Production, vol. 109, pp. 25-38,
2015.

(1]

128

[10]

[11]

[12]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

C. O. Omodero and P. O. Alege, "Mathematical modelling of public
health expenditure and carbon footprint in Nigeria," Mathematical
Modelling of Engineering Problems, vol. 9, no. 5, 2022.

H. Suzuki, R. Cervero, and K. Tuchi, Transforming Cities with Transit:
Transit and Land-Use Integration for Sustainable Urban
Development. World Bank Publications, 2013.

S. I. Kehinde et al., "Evolution and innovation of hedge fund
strategies: A systematic review of literature and framework for future
research," Acta Innovations, 2023.

R. A. Ojelabi, T. A. Mohammed, and O. J. Oladiran, "Awareness and
implementation challenges of the green retrofitting in building
enclosure in the Nigerian construction industry," in IOP Conference
Series: Earth and Environmental Science, vol. 1342, no. 1, p. 012023,
May 2024.

A. P. Opoko, C. J. Obiakor, A. A. Odutayo, and O. A. James,
"Investigation of architects’ awareness of green building technologies
in Lagos metropolis," in [IOP Conference Series: Earth and
Environmental Science, vol. 1054, no. 1, p. 012021, Sept. 2022.

K. P. Dhakal and L. R. Chevalier, "Managing urban stormwater for
urban sustainability: Barriers and policy solutions for green
infrastructure application," Journal of Environmental Management,
vol. 203, pp. 171-181, 2017.

S. Thacker et al., "Infrastructure for sustainable development," Nature
Sustainability, vol. 2, no. 4, pp. 324-331, 2019.

E.Z.Berglund et al., "Smart infrastructure: A vision for the role of the
civil engineering profession in smart cities," Journal of Infrastructure
Systems, vol. 26, no. 2, p. 03120001, 2020.

S. Kehinde et al., "Impact of leadership styles on organizational
productivity: A case study of Zenith Bank Nigeria PLC,"
Contemporary Research Analysis Journal, vol. 3,no. 1, pp. 1-7,2024.
J. Foster, A. Lowe, and S. Winkelman, The Value of Green
Infrastructure for Urban Climate Adaptation. Center for Clean Air
Policy, 2011.

P. Bocchini, D. M. Frangopol, T. Ummenhofer, and T. Zinke,
"Resilience and sustainability of civil infrastructure: Toward a unified
approach," Journal of Infrastructure Systems, vol. 20, no. 2, p.
04014004, 2014.

M. Khan and C. McNally, "A holistic review on the contribution of
civil engineers for driving sustainable concrete construction in the
built environment," Developments in the Built Environment, p.
100273, 2023.

O. C. Onyinyechi and A. P. Olasupo, "Government expenditure fiscal
delegation and environmental quality: A study of Nigeria,"
International Journal of Sustainable Development & Planning, vol.
17,no. 3,2022.

M. Angelidou et al., "Enhancing sustainable urban development
through smart city applications," Journal of Science and Technology
Policy Management, vol. 9, no. 2, pp. 146-169, 2018.

S. Kehinde, O. Bankole, C. Moses, T. Borishade, O. Kehinde, B.
Simon-Ilogho, and K. Kehinde, "Effective sales promotion: A
necessary catalyst for elongating the product life cycle in a developing
economy," International Journal of Advances in Social Sciences and
Humanities, vol. 3, no. 1, pp. 1-7,2024.

T. Yigitcanlar, R. Mehmood, and J. M. Corchado, "Green artificial
intelligence: Towards an efficient, sustainable and equitable
technology for smart cities and futures," Sustainability, vol. 13, no. 16,
p- 8952,2021.

B. Becerik-Gerber, D. J. Gerber, and K. Ku, "The pace of
technological innovation in architecture, engineering, and construction
education: Integrating recent trends into the curricula,”" 2011.

O. Merk et al., Financing Green Urban Infrastructure. 2012.

A. L. Alves et al., "Assessing the co-benefits of green-blue-grey
infrastructure for sustainable urban flood risk management," Journal
of Environmental Management, vol. 239, pp. 244-255, 2019.

S. Segun, I. Simon, and T. Kehinde, "Exploring the impact of job
security and recognition on worker stability and output quality in the
manufacturing sector," Contemporary Research Analysis Journal, vol.
1, no. 2, pp. 54-60, 2024.





