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Abstract: The civil engineering and construction industry plays a pivotal role in global environmental degradation,
accounting for considerable energy consumption, greenhouse gas emissions, and natural resource depletion. This
study presents a comprehensive review of strategies aimed at mitigating the environmental impact of construction
practices, with a particular focus on Nigeria and other developing economies. Utilizing a mixed-methods approach
and drawing on recent literature from 2022 to 2024, the study critically examines key areas such as the use of
sustainable and alternative construction materials, adoption of energy-efficient technologies, waste minimization
Strategies, water conservation techniques, and the role of effective policy frameworks in driving sustainable
development. Despite increasing global awareness and adoption of green construction practices, implementation
within low- and middle-income countries remains limited. Challenges include high initial costs, lack of technical
expertise, insufficient regulatory enforcement, and fragmented supply chains. These barriers hinder the transition
toward more sustainable construction systems. The study emphasizes the need for context-specific strategies,
recommending the strengthening of policy frameworks, investment in capacity building, promotion of innovation,
and the fostering of collaborative partnerships between government, industry, and academia. Such integrated efforts
are essential to promote sustainability and resilience in the built environment, particularly in regions facing rapid
urbanization and infrastructure expansion.
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1. INTRODUCTION

1.1 Background on Environmental Issues in
Civil Engineering and Construction

The civil engineering and construction industry has
long been recognized as a significant contributor to
global environmental degradation. From the extraction
of raw materials to construction and demolition
activities, the sector accounts for nearly 40% of global
energy consumption and 36% of carbon dioxide (CO-)
emissions [1]. Moreover, it is responsible for vast
quantities of solid waste generation, depletion of non-

renewable resources, and disruption of ecological
systems. In rapidly developing countries like Nigeria,
these environmental burdens are exacerbated by weak
regulatory frameworks, insufficient enforcement, and
limited adoption of sustainable practices [2]. The
situation calls for urgent interventions that promote
environmental sustainability across all stages of civil
engineering—ifrom planning and design to construction,
operation, and demolition.As illustrated in Figure 1,
promoting environmental sustainability in civil
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energy-efficient designs, and waste reduction strategies
throughout project life cycles.

Promoting Environmental Sustainability in Civil Engineering
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Fig. 1: Promoting Environmental Sustainability in Civil Engineering

1.2 Importance of Reducing Environmental Impact

Reducing the environmental footprint of civil
engineering and construction activities is crucial for
meeting global sustainability goals, such as those
outlined in the United Nations Sustainable
Development Goals (SDGs), particularly Goal 11
(Sustainable Cities and Communities) and Goal 13
(Climate Action) [3]. Furthermore, the integration of
green technologies, life-cycle assessment, low-impact
materials, and circular economy principles not only
minimizes environmental harm but also improves cost-
efficiency and enhances long-term asset value [4]. As

climate change becomes more pronounced, the
construction industry faces both a moral and
operational ~ imperative to  transition  toward

environmentally responsible practices.
The primary objective of this study is to conduct a
comprehensive review of strategies, practices, and
technologies aimed at reducing the environmental
impact of civil engineering and construction.
Specifically, the study aims to:
e Evaluate the current state of environmental
performance in the construction industry.
e Identify recent innovations and sustainable
methodologies applied globally and in Nigeria.
e Examine the policy frameworks and
institutional mechanisms that enable or hinder
environmental sustainability.
e Highlight the gaps in research and practice
that require further exploration.
This study focuses on peer-reviewed literature, policy
documents, and technical reports published within the
last three years (2022-2024), ensuring that the findings

reflect the latest developments in sustainable civil
engineering. Emphasis is placed on Nigeria and other
comparable developing economies, with occasional
references to global best practices for contextual
analysis. While the review is broad in its thematic
scope—covering materials, methods, policies, and
technologies—it does not delve into economic
feasibility studies or full-scale life-cycle cost
assessments, which are outside the purview of this

paper.

1.3 Overview of Environmental Impacts
Associated with the Construction Industry

The civil engineering and construction industry is
globally recognized as a major contributor to
environmental degradation. Its multifaceted
operations—from material extraction and processing to
construction, usage, and eventual demolition—generate
a significant carbon footprint. Globally, the sector
accounts for nearly 38% of total carbon dioxide
emissions, with embodied carbon from construction
materials contributing substantially to climate change
[5]. The extensive reliance on energy-intensive
materials such as Portland cement, steel, and asphalt
exacerbates the problem, with cement alone
responsible for approximately 8% of global greenhouse
gas emissions [6].

In addition to emissions, the construction industry is a
voracious consumer of natural resources. It is estimated
that more than 50% of global resource extraction is
driven by building and infrastructure development,
including aggregates, timber, water, and fossil fuels [7].
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The depletion of finite resources not only poses long-
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term sustainability risks but also contributes to

ecosystem disruption and biodiversity loss.
Table 1: Overview of Environmental Impacts Associated with the Construction Industry

Key Environmental e R Underlying Notable
Aspect Impact Statistical Highlights Cause/Source References
High greenhouse gas Construction sector Energy-mt.enswe
Carbon > ¢ o . 00 processes in cement,
oo emissions contributing to responsible for ~38% of [5], [6]
Emissions . . steel, and asphalt
climate change global CO: emissions .
production
o >50% of global raw Unsustainable demand
Overexploitation of natural . . .
Resource resources (aggregates material extraction for construction (7]
Depletion . sgregates, attributed to building and | materials and rapid
timber, water, fossil fuels) . .
infrastructure urbanization
Large volumes of C&D waste forms >30% | Inefficient recycling
Waste . . . .
Generation construction and of total solid waste in systems, open dumping, | [8], [9]
demolition (C&D) waste many developing nations | and landfilling
Quarrying,
Ecosystem Habitat destruction and Local and regional deforestation, and land- 7], [9]
Disruption biodiversity loss ecological imbalance use change due to ’
construction
Public Exposure to pollutants, Elevated respiratory gnd Poqr waste handling and
. waterborne diseases in emissions from [81, [9]
Health Risks | dust, and unmanaged waste L
urban areas construction sites

Construction and demolition (C&D) waste
another major environmental challenge. In many

presents

frameworks

promoting sustainable building practices [10]. These
emphasize lifecycle assessment,

€COo-

developing countries, C&D waste constitutes over 30%
of total solid waste generation [8]. In Nigeria, for
instance, poor waste management practices, including
open dumping and uncontrolled landfilling, have led to
widespread environmental and public health hazards.
Much of this waste remains unsegregated and
unrecycled, indicating systemic inefficiencies in waste
valorization practices within the construction sector [9].

14 Review of Global and Regional
Policies/Regulations on Environmental
Sustainability

In response to these escalating concerns, several
international and national regulatory frameworks have
been developed to mitigate environmental harm in
construction. The European Union’s Construction
Products Regulation (CPR) and the United States
Green Building Council’s LEED certification program
are prominent examples of policy instruments aimed at

labeling, energy efficiency, and waste minimization.At
the regional level, African nations have begun to adopt
environmental sustainability policies, albeit at a slower
pace. Nigeria’s National Building Code and
Environmental Impact Assessment (EIA) Act offer
guidelines  for  mitigating  construction-related
environmental impacts, yet enforcement remains weak
and inconsistent. A major challenge lies in the limited
integration of sustainability criteria into public
procurement and building permit processes [10].
Moreover, the lack of technical capacity and financial
incentives further impedes policy
implementation.Despite policy progress in some
quarters, there remains a pronounced gap between
regulatory ambition and practical execution.
Regulatory instruments are often reactive rather than
proactive and fail to adequately address the upstream
phases of construction planning and design, where the
greatest potential for impact reduction lies [11].

www.naujcve.com. All Rights Reserved 2025.

Page 74




NAU Journal of Civil Engineering (NAUJCVE)

September/October 2025

Table 2: Review of Global and Regional Policies and Regulations on Environmental Sustainability in

Construction
. . Implementation
Policy/Framework Region/Country Core Focus Areas Status / Challenges References
Eslsfz(s:zrfllgn t eco- Strong enforcement
Construction Products . . ’ mechanisms but high
Regulation (CPR) European Union labeling, product compliance costs for [10]
g safety, resource P
7’ small firms
efficiency
Green building Widely adopted
LEED (Leadership in certification, energy | globally; cost and
Energy and United States / Global efﬁcwncy, water techmcal ... | [10]
Environmental Design) conservation, requirements can limit
sustainable participation in
materials developing regions
Sustainable
building design, Implementation
National Building Code Nigeria material selection, remains limited; weak [10]
(NBCO) & structural safety, institutional oversight
and environmental | and enforcement gaps
protection
Assessment and
mitigation of Poor compliance
Environmental Impact Nigeria environmental monitoring; lack of [10]. [11]
Assessment (EIA) Act & impacts from major | integration into early ’
construction design stages
projects
Promotion of Slow adoption;
Re-g.l m.lal Sustainability Selected African .sustamable limited technical
Initiatives (e.g., Green Nations infrastructure and expertise and [11]
Africa Initiative) renewable energy eXp .
. . inadequate funding
integration
1.5 Existing Strategies for Environmental waste, have shown promising results in reducing

Impact Reduction

Efforts to mitigate the environmental footprint of
construction activities have led to the development and
implementation of various strategies:

1.5.1 Low-Carbon Materials

One of the most impactful interventions involves the
substitution of traditional construction materials with
low-carbon alternatives. Innovations in geopolymer
concrete, fly ash-blended cement, and recycled
aggregates have demonstrated substantial reductions in
embodied carbon [12]. Furthermore, the use of bio-
based materials such as bamboo, hempcrete, and timber
from certified forests is gaining traction for both
structural and non-structural applications [13]. These
materials offer lower lifecycle emissions and, in many
cases, improved thermal and acoustic performance.

1.5.2  Waste Recycling and Reuse
Effective waste management strategies, particularly the
recycling and reuse of construction and demolition

landfill burden and conserving natural resources.
Reclaimed asphalt pavement (RAP), recycled concrete
aggregates (RCA), and salvaged wood are increasingly
being incorporated into new projects with acceptable
structural performance [14]. However, adoption in
developing countries like Nigeria remains limited due
to inadequate regulatory enforcement, poor public
awareness, and technological constraints[15].

1.5.3  Energy-Efficient Construction

The integration of passive design strategies, high-
performance insulation, energy-efficient mechanical
systems, and smart technologies has revolutionized the
operational energy performance of buildings. Net-zero
energy buildings and nearly zero-energy buildings
(nZEB) have emerged as benchmarks for
environmentally responsible construction [16]. Despite
the progress, mainstream adoption is hindered by high
upfront costs, lack of skilled workforce, and low levels
of stakeholder engagement in many regions[17].
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1.5.4  Water Conservation Practices

Water use in construction, both for material production
and site operations, also contributes significantly to
environmental degradation.  Strategies such as
rainwater harvesting, greywater recycling, and the use
of water-efficient fixtures can substantially reduce the

II. MATERIALS AND METHODS

This study employed a systematic literature review
supported by thematic content analysis to explore
innovations, challenges, and sustainability practices in
civil engineering. Data were sourced from reputable
databases, focusing on peer-reviewed English-language
publications between 2012 and 2025. Inclusion criteria
targeted studies on sustainable construction, circular
economy, and technological integration, while

III. RESULTS AND DISCUSSION

3.1. Energy Use and Emissions from Material
Production

The construction industry is a major contributor to
global greenhouse gas emissions, primarily due to the
energy-intensive nature of material production [20].
Cement manufacturing alone is responsible for about
8% of global CO: emissions, mainly from calcination
and the burning of fossil fuels in kilns. Steel and
aggregate  production  further  contribute  to
environmental degradation through high thermal
energy demands, resulting in significant carbon
footprints [[21]. The reliance on non-renewable energy
sources exacerbates climate change and undermines
efforts toward decarbonization in the built environment.

3.2. Waste Generation from Construction and
Demolition Activities

Construction and demolition waste (CDW) constitutes
a substantial portion—estimated at 30—40%—of global
solid waste generation [22]. These materials, often
including concrete, wood, glass, and metal, are
frequently landfilled due to inadequate waste
segregation, recycling infrastructure, or enforcement of
waste reduction policies. Improper disposal leads to
land degradation, leaching of harmful substances, and
the loss of potentially recyclable materials. Although
technologies like recycled concrete aggregate (RCA)
exist, their integration into mainstream construction
remains limited due to performance variability and
economic constraints [23].

3.3. Water Usage and Pollution

The construction sector also demands large volumes of
water, particularly for concrete mixing, curing, dust
suppression, and equipment cleaning [24]. This high
water use not only stresses local freshwater supplies
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water footprint of construction projects [18]. Moreover,
innovations in low-water concrete mixtures and dust
suppression techniques further minimize water
consumption on construction sites[19].

exclusions applied to non-English, opinion-based, or
unrelated works. A total of 80 references were initially
sourced, but only 45 met the criteria and were used in
this review. Relevant data were analyzed thematically
to extract key insights, with validation achieved
through cross-comparison and triangulation to ensure
consistency and credibility across diverse sources.

but also contributes to pollution. Runoff from
construction sites often carries suspended solids, heavy
metals, oils, and other pollutants into nearby waterways,
leading to surface and groundwater contamination.
This runoff can disrupt aquatic ecosystems, contribute
to eutrophication, and affect human water sources,
especially in regions with weak environmental
oversight [25].

3.4. Land Degradation and Biodiversity Loss

Site preparation activities—such as vegetation clearing,
grading, and excavation—result in soil compaction,
erosion, and loss of topsoil, all of which degrade land
quality. Habitat destruction and fragmentation
significantly affect local flora and fauna, leading to
decreased biodiversity. In many developing regions,
insufficient enforcement of Environmental Impact
Assessments (EIAs) and lack of ecological restoration
exacerbate these issues. Once disrupted, ecosystems
often require years or decades to recover—if at all—
making land management during construction a critical
sustainability concern [26].

3.5. Noise and Air Pollution

Construction processes generate airborne pollutants
such as particulate matter (PMio and PM-.s), nitrogen
oxides (NOy), and volatile organic compounds (VOCs),
which pose serious health risks to workers and nearby
populations. These emissions are mainly from diesel-
powered machinery, cutting and grinding operations,
and dust from materials handling. Prolonged exposure
contributes to respiratory and cardiovascular illnesses.
Concurrently, construction noise from equipment,
transport, and demolition activities causes auditory
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damage, psychological stress, and sleep disturbances,
particularly in dense urban environments[27].

3.6. Strategies for Environmental Impact Reduction
3.6.1 Use of Sustainable and Recycled Materials

The adoption of sustainable and recycled materials has
become a central strategy in mitigating the
environmental footprint of the construction industry.
Geopolymer concrete, synthesized from industrial by-
products such as fly ash and ground granulated blast
furnace slag, presents a viable alternative to Portland
cement, significantly reducing carbon emissions
associated with clinker production. Studies have
demonstrated that geopolymer concrete can cut carbon
dioxide emissions by up to 80% compared to ordinary
Portland cement concrete [28]. Moreover, the
incorporation of silica fume, a high-reactivity pozzolan,
not only enhances mechanical properties but also
diverts hazardous industrial waste from landfills.
Recycled aggregates and reclaimed asphalt pavement
(RAP) are increasingly utilized in road and building
construction, aligning with circular economy
principles[29]. These materials reduce dependency on
virgin resources while lowering embodied energy and
minimizing construction waste. However, performance
variability, lack of standardized testing protocols, and
limited stakeholder confidence continue to hinder
large-scale adoption[30].

3.6.2 Energy Efficiency and Low-Carbon
Technologies

Energy-intensive construction processes necessitate a
shift towards low-carbon and energy-efficient
technologies. The integration of renewable energy
sources such as photovoltaic panels for temporary site
power and solar thermal systems for water heating has
shown promising reductions in operational carbon
footprints. Additionally, energy-efficient construction
machinery—powered by biofuels or electricity—and
advanced telemetry systems for fuel monitoring
significantly cut down greenhouse gas emissions on-
site. Research indicates that smart energy management
systems can reduce energy consumption in site
operations by up to 30% [31]. Nonetheless, high capital
costs, technical complexity, and insufficient policy
enforcement  remain  barriers to  widespread
implementation in developing economies.

3.6.3 Waste Minimization and Circular Economy
Practices

Waste minimization is fundamental to environmental
sustainability in construction, particularly given the
sector's significant contribution to global solid waste
volumes[32]. Design for deconstruction (DfD)
facilitates material recovery at the end of a building's
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lifecycle, allowing components to be reused or recycled
rather than landfilled. On-site waste segregation—
supported by appropriate logistics and digital
tracking—enhances recycling rates and reduces
contamination. Modular and prefabricated construction
methods, characterized by off-site manufacturing, not
only accelerate project timelines but also significantly
curtail material wastage[33]. A study by the Waste and
Resources Action Programme (WRAP) found that
prefabrication can reduce site waste by up to 90% [33].
Yet, successful deployment of these strategies hinges
on early-stage planning, integrated design approaches,
and stakeholder coordination across the supply chain.

3.6.4 Water and Resource Conservation

Water scarcity and resource depletion have spurred
innovations in  conservation strategies  within
construction projects. Rainwater harvesting systems are
increasingly incorporated into building designs, serving
non-potable demands and reducing reliance on
municipal ~ water  supplies[34].  Water-efficient
plumbing fixtures—such as low-flow toilets and
aerated faucets—significantly reduce building water
consumption. In construction activities, innovative
curing methods like membrane curing and misting
systems minimize water use without compromising
concrete quality. Furthermore, eco-friendly site
management practices—including erosion control, silt
fencing, and controlled vehicular movement—help
preserve soil quality and surrounding biodiversity.
While the technical feasibility of these measures is
well-documented, their effectiveness depends heavily
on site-specific conditions and the rigor of
environmental management plans[35].

3.6.5 Policy, Regulations, and Incentives

An enabling regulatory environment is crucial for
mainstreaming  sustainable construction practices.
International certification systems such as Leadership
in Energy and Environmental Design (LEED) and the
Building Research Establishment Environmental
Assessment Method (BREEAM) provide frameworks
for evaluating and rewarding environmental
performance[36]. These tools not only encourage best
practices but also enhance market competitiveness and
stakeholder transparency. Government regulations—
ranging from mandatory energy performance standards
to tax incentives for green materials—have proven
effective in jurisdictions with strong enforcement
mechanisms[37]. However, in many low- and middle-
income countries, regulatory frameworks remain
fragmented or poorly enforced. Industry-wide
standards, coupled with compliance tools such as
Environmental Product Declarations (EPDs) and
Building  Information = Modeling  (BIM) for

www.naujcve.com. All Rights Reserved 2025.

Page 77




NAU Journal of Civil Engineering (NAUJCVE)

sustainability analytics, are instrumental in closing this
implementation gap.

3.7. Challenges and Barriers to Implementation

Despite the growing emphasis on environmental
sustainability in civil engineering and construction, the
sector continues to face a range of formidable
challenges that impede the widespread adoption of
green practices [38]. One of the most significant
barriers is the high initial cost associated with
environmentally friendly technologies and materials.
While long-term operational savings are often
documented, the upfront investment remains a critical
deterrent for stakeholders, particularly in developing
countries where cost efficiency is prioritized over long-
term sustainability [39]. Furthermore, there exists a
limited technical knowledge base and low awareness
among practitioners about sustainable materials, green
design principles, and low-carbon technologies [40].
This knowledge gap is exacerbated by the resistance to
change and adherence to traditional construction
practices, which are often perceived as more reliable,
better understood, and less risky[41].Regulatory and
institutional constraints further hinder progress. In
many jurisdictions, building codes, procurement
policies, and standards have not been updated to reflect
environmental performance metrics, resulting in a lack

IV. CONCLUSION

This study has highlighted the urgent need for
environmentally sustainable practices in the civil
engineering and construction sector, particularly in
developing countries like Nigeria. Key findings reveal
that the industry significantly contributes to carbon
emissions, resource depletion, and waste generation,
yet promising strategies—such as the use of low-
carbon materials, energy-efficient systems, and circular
economy models—can mitigate these impacts.
However, implementation is hindered by financial,
technical, and institutional barriers. Reducing the
environmental footprint of construction requires not
only innovative technologies but also strong policy
frameworks, stakeholder education, and collaborative
funding models. Future research should focus on
context-specific ~ solutions,  long-term  material
performance, and the integration of digital tools such as
BIM and LCA to support sustainable design and
construction practices.
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