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Abstract - Water resource management has become a 
critical global concern due to increasing water scarcity and its 
influence on infrastructure development and sustainability. 
This paper reviews the major challenges associated with water 
resource management, including historical trends in water 
use, issues arising from water stress, rainwater harvesting 
practices, water quality degradation, and the impacts of 
climate change on water resources. The review emphasizes the 
importance of modernizing water management strategies, 
particularly in regions experiencing rapid population growth 
and climate-related risks, to ensure a reliable and sustainable 
water supply. In addition, the paper discusses practical 
solutions such as adopting innovative water management 
technologies, improving water-use efficiency, promoting water 
reuse, and utilizing alternative water resources. These 
measures can contribute to environmental protection, public 
health improvement, and the effective resolution of conflicts 
among competing water users. 
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1. INTRODUCTION  
 
Water is an essential natural resource that supports human 
health, agriculture, industry, and environmental 
sustainability. Despite its importance, many regions 
worldwide are experiencing increasing pressure on available 
water resources due to rapid urbanization, industrial 
expansion, population growth, and climate change. These 
factors have intensified the demand for both surface water 
and groundwater while contributing to declining water 
quality and environmental degradation. 
 
Reliable access to clean and safe water remains a significant 
challenge in many parts of the world. Water is indispensable 
for drinking, sanitation, agriculture, industrial production, 
and ecosystem maintenance. However, millions of people 
continue to face shortages of safe drinking water or have 
limited access to adequate water supplies. Water scarcity 
occurs when the demand for freshwater exceeds the 
quantity or quality of available resources, limiting its 
sustainable use. 
 
Current global estimates indicate that: 

 More than two billion people live in water-stressed 
regions, and this figure is expected to rise in the 
coming decades.  

 Over one billion individuals still lack reliable access 
to safe drinking water.  

 Approximately 3.4 million deaths each year are 
linked to diseases caused by contaminated water 
and inadequate sanitation.  

 Millions of women and children spend several hours 
each day collecting water, often traveling distances 
of five to six kilometres.  

 A substantial proportion of hospital admissions in 
developing countries are associated with 
waterborne diseases resulting from poor water 
quality and sanitation.  

 
1.1 Ecological impact of construction 
 
The continuous growth of the global population has led to an 
increasing demand for essential resources such as water, 
food, housing, and energy. Consequently, the construction 
sector must address its environmental impacts while 
meeting the infrastructure needs of expanding communities. 
Since construction activities rely heavily on natural 
resources, they significantly influence water availability and 
environmental sustainability. 
 
Water is extensively used throughout construction projects, 
including site preparation, concrete mixing, dust 
suppression, equipment cleaning, and the manufacturing of 
construction materials. With water scarcity becoming a 
growing global concern, the construction industry must 
adopt sustainable practices that reduce water consumption 
and improve resource efficiency. Evaluating and minimizing 
the water footprint of construction projects can help create 
resilient infrastructure while reducing pressure on limited 
freshwater resources. 
 
1.2 Life cycle analysis 
 
Life Cycle Analysis (LCA) is an effective method for assessing 
the total environmental impact associated with a building 
throughout its entire lifespan. It enables the evaluation of 
water consumption, energy use, material extraction, 
construction processes, building operation, maintenance, 
and eventual demolition. 
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In recent years, whole-building LCA has become an essential 
decision-making tool for architects, engineers, 
manufacturers, and policymakers seeking sustainable 
construction solutions. The methodology provides a 
comprehensive assessment of environmental performance 
and supports green building certification programs by 
identifying opportunities to reduce resource consumption 
and environmental impacts. 
 
The primary objective of sustainable building design is to 
decrease the use of water, energy, and construction 
materials while minimizing greenhouse gas emissions and 
environmental degradation. Governments and industry 
professionals are increasingly adopting LCA to evaluate 
climate-related impacts and improve the overall 
sustainability of infrastructure projects. Using life cycle 
assessment as a performance-based approach allows 
informed selection of construction materials and techniques 
that contribute to long-term environmental sustainability. 
 
1.2 The water use in building material production 

 
Estimating water consumption within the construction 
industry is challenging because water requirements differ 
according to the type of material, manufacturing process, 
and construction technique employed. A complete 
assessment should consider water use throughout every 
stage of the construction process. 
 
Water consumption in construction can be categorized into 
three major components: 
 
1. Direct Water Use 

 
Direct water use refers to the quantity of water consumed at 
construction sites for activities such as concrete preparation, 
equipment cleaning, dust control, irrigation, and domestic 
purposes for workers. 
 
2. Indirect Water Use 
 
Indirect water use includes the water consumed during the 
extraction of raw materials, manufacturing, transportation, 
and assembly of construction materials before they reach the 
project site. 
 
3. Building Life Cycle Water Use 
 
This represents the total amount of water expected to be 
consumed during the building's operational life, including 
potable water supply, maintenance activities, equipment 
operation, and wastewater collection and treatment. 
 
Among commonly used construction materials, steel, 
cement, and glass require considerable amounts of water 
during manufacturing. Their production processes may also 
contribute to water pollution if appropriate treatment 

systems are not implemented. Furthermore, additional 
indirect water consumption is associated with electricity 
generation, industrial cooling, and transportation 
throughout the production chain. 
 
Brick manufacturing is recognized as one of the most water-
intensive construction processes. According to a study 
published in the Journal of Cleaner Production, the total 
water footprint of a single brick was estimated at 2.02 litres, 
comprising 84.8% blue water and 15.2% green water. Blue 
water represents the volume of surface and groundwater 
used during production, whereas green water refers to 
rainwater utilized within the manufacturing process. The 
study also reported a grey water footprint of approximately 
1.3 litres per brick, indicating the freshwater required to 
dilute pollutants generated during production. Researchers 
concluded that implementing sustainable water 
management practices, including water recycling and 
regeneration systems, could significantly reduce overall 
water consumption and improve production efficiency by 
more than 56%. 
 
1.4 The implications of water scarcity for the built 
environment 
 
Growing water scarcity presents significant challenges for 
the construction industry and the long-term sustainability of 
urban infrastructure. As freshwater resources become 
increasingly limited, future building projects must 
incorporate efficient water management strategies to ensure 
resilience against changing environmental conditions. 
 
One important approach is the adoption of water-sensitive 
urban design, particularly in densely populated regions. 
These strategies integrate the natural water cycle into urban 
planning through measures such as storm water harvesting, 
groundwater recharge, wastewater recycling, and permeable 
paving systems that enhance groundwater infiltration while 
reducing surface runoff. 
 
Water shortages also have important economic implications 
for construction projects. Rising water costs and supply 
uncertainties can increase construction and operational 
expenses. Consequently, adopting water-efficient 
technologies, sustainable construction methods, and 
responsible resource management can lower long-term costs 
while improving environmental performance. Such practices 
provide benefits for developers, communities, and 
ecosystems by supporting sustainable infrastructure 
development and conserving valuable water resources. 
 

2. LITERATURE REVIEW 
 
2.1) Sullivan, C. A., et al. (2015). The Water-Energy Nexus: 
The Impact of Water Scarcity on Power Generation in the 
United States. Environmental Science & Technology, 49(5), 
3002-3011. 
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Sullivan et al. (2015) examined the close relationship 
between water availability and energy production, 
emphasizing how water scarcity influences power 
generation systems in the United States. Their research 
demonstrates that power plants requiring large quantities of 
water for cooling, particularly thermal and nuclear facilities, 
are highly vulnerable to limited water supplies. Reduced 
water availability can lower electricity generation capacity, 
increase operational expenses, and threaten the reliability of 
energy systems in water-stressed regions. 
 
The study highlights the strong interdependence between 
water and energy resources and emphasizes the importance 
of integrated resource management. It also recommends 
adopting advanced cooling technologies, improving water-
use efficiency, and promoting alternative energy sources to 
reduce dependence on freshwater resources. These findings 
provide valuable guidance for improving the resilience of 
energy infrastructure under increasing water scarcity. 
 
2.2)  Vörösmarty, C. J., et al. (2010). Global Threats to Human 
Water Security and River Biodiversity. Nature, 467(7315), 
555-561. 
 
Vörösmarty et al. (2010) investigated the worldwide 
challenges affecting freshwater security and river 
ecosystems. Their study identifies water scarcity, pollution, 
climate change, and excessive exploitation of water 
resources as major factors threatening both human 
populations and aquatic biodiversity. The authors 
demonstrate that declining freshwater availability has 
significant implications for infrastructure systems that 
depend on reliable water resources, including drinking 
water supply, irrigation, flood management, and sanitation. 
The research emphasizes that effective water management 
should balance the requirements of human development 
with the protection of ecological systems. By integrating 
environmental conservation into water resource planning, 
infrastructure can become more sustainable and resilient. 
The study also highlights the importance of safeguarding 
river ecosystems, which play a critical role in maintaining 
long-term water security and supporting economic 
development. 
 
2.3) Seckler, D., Amarasinghe, U., Molden, D., De Silva, R., & 
Barker, R. (1998). World water demand and supply, 1990 to 
2025: Scenarios and issues. Water Management, 19, 50. 
https://doi.org/10.3910/2009.019 
 
Seckler et al. (1998) presented a comprehensive assessment 
of global water demand and supply projections for the 
period between 1990 and 2025. Their work analyzes future 
scenarios of freshwater availability and identifies the 
growing gap between water demand and accessible 
resources. The study demonstrates that increasing 
population, economic development, and agricultural 
expansion are expected to intensify pressure on available 
water supplies. 

The authors discuss how these trends may affect water-
dependent infrastructure, including municipal water supply 
systems, irrigation networks, sanitation facilities, and energy 
production. Their findings underline the necessity of 
adopting sustainable water management strategies, 
improving water-use efficiency, and implementing long-term 
planning to address future water shortages. The projected 
scenarios presented in the study provide valuable insights 
for policymakers and engineers responsible for designing 
resilient infrastructure in regions vulnerable to water stress. 
 

3. CONCLUSIONS 
 
Freshwater availability is steadily declining across many 
parts of the world, making water scarcity one of the most 
significant global challenges of the twenty-first century. 
Despite technological and economic progress, billions of 
people still lack reliable access to safe drinking water, and 
this situation is expected to worsen because of climate 
change, rapid urbanization, population growth, poor water 
governance, and increasing occurrences of extreme weather 
events. 
 
The world's population has expanded considerably over the 
past several decades and is projected to reach approximately 
9.7 billion by 2050. Population growth, longer life 
expectancy, urban migration, and changing demographic 
patterns are placing unprecedented pressure on freshwater 
resources. As demand for domestic, agricultural, industrial, 
and environmental water continues to rise, many regions are 
shifting from conditions of adequate supply to severe water 
stress. Without effective planning and equitable allocation, 
competition for limited water resources is likely to intensify. 
This review indicates that sustainable water management 
plays a crucial role in reducing the impacts of water scarcity. 
Regions where water resources are managed efficiently have 
demonstrated that limited supplies can be distributed fairly 
among users. Community-managed irrigation systems in 
Nepal provide a successful example of equitable water 
allocation under constrained conditions. In contrast, many 
irrigation networks across Asia continue to experience 
operational inefficiencies, where upstream users receive 
disproportionate amounts of water while downstream 
communities face persistent shortages. Similar inequalities 
are evident in areas such as the Kathmandu Valley, where 
access to water remains uneven despite the availability of 
local resources. 
 
Addressing future water challenges requires a 
comprehensive and integrated approach that extends 
beyond short-term solutions. Effective water governance 
depends on the active participation of governments, local 
communities, researchers, industries, and policymakers. 
Since water is closely linked with sectors such as agriculture, 
energy, public health, and environmental conservation, 
coordinated planning across these sectors is essential for 
sustainable resource management. 

https://doi.org/10.3910/2009.019
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Furthermore, strengthening institutional capacity and 
investing in water infrastructure, advanced technologies, 
and skilled professionals are critical for improving water 
security. Future water managers should possess 
interdisciplinary knowledge that combines hydrological 
science with social, economic, and policy perspectives to 
develop effective and inclusive management strategies. 
 
Ultimately, ensuring universal access to safe and sufficient 
water requires sustained investment, responsible 
governance, and a strong commitment to protecting 
vulnerable populations. By adopting innovative water 
management practices, improving water-use efficiency, 
encouraging water reuse, and implementing integrated 
resource planning, societies can enhance resilience against 
future water scarcity while supporting sustainable 
development and environmental protection. 
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