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Abstract  

The paper reviewed sustainable implementation of water and wastewater infrastructures in developing countries. 

According to sources, sustainable implementation of water and wastewater infrastructure can only be achieved 

when there is good governance and political interest on the water infrastructural development. Despite the effort 

of various governments and international organisations to meet the demand gap of adequate freshwater 

resources, the implementation failed in most of developing countries due to rapid population growth, 

urbanisation, climate change, poor sustainable skills and strategies for proper implementation of sustainable 

water and wastewater infrastructure and environmental management. Furthermore, the condition might be worse 

around sub-Saharan region, because of their fast population growth. In the region, the proportion of people who 

enjoyed piped water on their buildings, which is the preferred option for urban areas, really reduced from 42% 

to 34% (WHO and UNICEF, 2014a). This is obviously shows that access to „safe‟ drinking water sources 

continues to be a main problem in cities of developing world. Similarly, the trends are the same in good sanitary 

services. Urban inhabitants without access to better hygiene increased by 40%, from 541 to 754 million, 

between 1990 and 2012 (WHO and UNICEF, 2014a). 

__________________________________________________________________________________________ 
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INTRODUCTION 

Urbanization generates freshwater sustainability 

problems, which increases freshwater usage. For 

instance, in the Asia–Pacific areas, water 

consumption per day per person ranges from 250–

300 litres, whereas in developing countries it has 

projected to range from 60–200 litres person per day 

(IWA 2002). The increasing urbanization, which 

leads to higher water consumption and the related 

demand for sanitation, services dwelling large strain 

on water resources and infrastructure. Setting up 

water and wastewater industries is high capital 

intensive and maintenance costs for collecting of 

sewage, transport and treatment, whereas at the same 

while providing a low return on assets (less than 5 

percent per year) (Wilderer 2004).  

 

This is partially because sewage systems are locally 

designed to act only as a channel to convey 

wastewater to its destination, treatment plant. The 

polluted disinfection plant is also compromised as 

cities enlarge since the infrastructure becomes unable 

to deal with the growing load of polluted water 

generated. Moreover, disposal of untreated sewage to 

water bodies is not acceptable and even transport 

over long distances through aging infrastructure 

taking the danger of leakage and contaminate 

groundwater due to leachate (Burn et al. 2003; 1998; 

Eiswirth et al. 2000).Urban communities depend on a 

complexity of the system of buried assets to relate 

them to the freshwater resources used as both 

supplies of freshwater and sinks for treated polluted 

water. Usually, provision of this infrastructure mainly 

laid more emphasis on freshwater resources and 

quality (Erbe et al., 2002), however more recently 

freshwater has been treated as a limited resource that 

needs management of supply and demand concerns 

(Rauch, Seggelke, Brown, and Krebs, 2005). In the 

USA, renovation and extension of existing 

infrastructure to meet the requirements of a rising 

population is estimated to cost more than US$1 

Trillion over the next 25 years.  

 

Furthermore, it is presently projected that 1.1 billion 

persons around the world lack quality water resources 

also 2.6 billion persons faced absence to acceptable 

hygiene (UNICEF et al. 2004). The international 

health burden related projected that about 4000 – 

6000 kids are losing their lives every day due to 

consumption contaminated water, improper hygiene 

and poor sanitation (WSSCC 2004). UN MDG‟s 

aimed to minimise the percentage of persons lacking 

access to sustainable freshwater and sanitation by 

half in 2015. Though, some countries around hopeful 
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on what to meet these goals. Access to freshwater is 

still a severe issue in greater percentages of Asia 

where about 675 million persons are deprived from 

freshwater resources (UNICEF et al. 2004). In Sub-

Saharan Africa, only about 36% of the populace has 

access to rudimentary hygiene (UNICEF et al. 2004). 

The MDG estimated that hygiene must be delivered 

for about 2.1 billion persons range from 2002 - 2015 

when adjusting for population growth. To provision 

of toilets for about 13 years for 2.1 billion persons 

requires at least 44,300 installations for every day for 

the next 13 years (assuming 1 toilet per 10 people). 

Assuming cost per installation is $100 USD for 

rudimentary dry hygiene, then the venture requires 

just to construct rudimentary level of hygiene in the 

subsequent 13 years cost $4.4 million USD daily (UN 

Millennium Project 2005). In 1991, survey revealed 

that rich countries, water loss as a proportion ranged 

from 8 - 24%. However, in intermediate income or 

newly industrialized countries, water loss ranged 

from 15 - 24%, and in developing countries, water 

loss ranged from 25 - 45% (WHO 2001). Several 

biggest documented waterborne epidemics in the last 

two decades have been related with cross-

contamination in the water conveyance system due to 

leakages (Renkevich et al. 1998). 

 

In addition to the effect on human being health and 

food production, freshwater shortage leads to deep 

political burdens and instability. In global freshwater 

day message on March 22, 2002, UN Secretary 

General Kofi Annan warned that global security 

depends on resolving the water crisis and stated that 

“Fierce national competition over water resources has 

prompted fears that water issues contain the seeds of 

violent conflict” (ENS 2002). How we manage with 

cumulative water scarcities and yet preserve adequate 

water for health, sanitation, agriculture and industry 

is a serious challenge for the close future. Different 

policies will be required for the variety of climatic, 

economic and cultural settings affected by water 

shortage. Some development has been made in that 

total international water extractions began to be 

steady in the 1970s and 1980s, and in some 

developed countries, water extractions have 

weakened due to variations in irrigation practices, 

water recycle and water management (Gleick 2003; 

Postel 2000). 

 

 
Figure 1: Water availability in 2000 (Measured in 

terms of 1000m3 per capita/year) 

（Source: UNEP, 2002a） 

 

Key Drivers/Issues/Challenges/Implementation of 

Water and Wastewater Infrastructure 

In depleting water resources situation, 

underdeveloped countries, where more than half of 

the world population are living, are the most 

vulnerable for poor access to proper portable water 

supply and sanitary services, since the growth rates of 

industrialization, urbanization and population are 

increasing at higher than the average global growth 

rates. The condition would be far worse for countries 

with a lower level of technological know-how and 

financial capabilities. The situation will also become 

particularly critical in urban areas as already many 

cities in developing countries are lacking in both 

potable water supply and sanitation services (Ujang 

and Buckley,2002). The figure 1 below present the 

key drivers leading to challenges for proper 

implementation of sustainable water and wastewater 

infrastructure in developing countries.  

 
Fig. 1: Key drivers leading to difficulties in 

sustainable implementation of water infrastructure 

 

Climate Change 

Various counties encountered crises associated to 

growing effects of climate change drivers, mostly on 

water supply. The magnitude of these effects is 

aquifer weakening and water contamination, 

increased water shortage and its impacts of climate 

excesses, food security, access to quality drinking 

water, as well as environmental and socio-economic 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 10(5):273-281 (ISSN: 2141-7016)  

275 

 

vulnerability. Increase extreme rainfall and flooding, 

which will increase erosion level and wash soil base 

contaminants and toxins into water bodies. Pollute 

coastal surface and subsurface water resources due to 

sea level rise, causing saline intrusion into rivers, 

deltas, and aquifers. Increase water temperatures, 

leading to additional bacterial and other 

microorganism‟s blooms that supplementary pollute 

water supplies.  Contribute to ecological health 

dangers related with water. For example, changes in 

rainfall patterns probably increase flooding, and 

consequently mobilize more pathogens and 

contaminants (Gunther et al, 2007).  

 

It is projected that by 2030 the risk of diarrhoea will 

be up to 10 percent higher in some countries due to 

climate change (McMichael. 2003). Most prevailing 

water treatment plants and distribution systems were 

not constructed to resist foreseeable marine level 

increase and increased occurrence of severe weather 

due to weather change (Corinne. 2008). 

 

Population Growth 

Over the earlier century, the expansion of water 

supply has been mainly driven by the demands of 

rising populaces for foodstuff, fiber and energy. 

Robust revenue growth and rising living standards of 

a growing middle class have led to sharp increases in 

water usage, which can be unsustainable, particularly 

where supplies are susceptible or scarce and where its 

use, delivery, price, consumption and management 

are poorly accomplished or controlled. Need for 

water is assessed to escalate in all segments of 

produce (WWAP, 2012). By the year 2030, the world 

assessed to face a 40% worldwide water shortage 

under the business as usual climate situation (2030 

WRG, 2009).Due to inadequate fresh surface water 

resources in most of the developing countries where 

population growth is in high percentage, load on 

groundwater extraction has become intolerable for 

aquifers.    

 

Population growing is additional reason, but the 

association is not direct: over the last decades, the 

proportion of need for water has multiply the 

percentage of populace growing (Shiklomanov, 1999; 

USCB, 2012). The global populace is rising by 

almost 80 million every year (USCB, 2012). It is 

projected to reach 9.1 billion by 2050, with 2.4 

billion people living in sub-Saharan Africa, the 

region with the greatest heterogeneously distributed 

water resources (UNDESA, 2013a). More than 50% 

of people on the planet today live in cities, with 30% 

of all city inhabitants residing in slums. City 

inhabitants are estimated to rise up to 6.3 billion by 

the year 2050 (WWAP, 2012). Emerging countries 

estimated as 93% of expansion globally, 40% of 

which is the growth of slums. By 2030, the municipal 

populace in Africa and Asia will be twice (UN-

Habitat, 2010). 

 
Global population and water scarcity. (UNEP 2002) 

 

Water Pollution 

Over the earlier century, the expansion of water 

supply has been mainly driven by the demands of 

rising populaces for foodstuff, fiber and energy. 

Robust revenue growth and rising living standards of 

a growing middle class have led to sharp increases in 

water usage, which can be unsustainable, particularly 

where supplies are susceptible or scarce and where its 

use, delivery, price, consumption and management 

are poorly accomplished or controlled. Need for 

water is assessed to escalate in all segments of 

produce (WWAP, 2012). Under usual climate it was 

estimated that by 2030 there will be water shortage 

globally at nearly 40% (2030 WRG, 2009).Populace 

growing is additional reason, but the association is 

not direct: over the last decades, the proportion of 

need for water has multiply the percentage of 

populace growing (Shiklomanov, 1999; USCB, 

2012). The global populace is rising by nearly by 80 

million yearly (USCB, 2012). It is projected to reach 

9.1 billion by 2050, with 2.4 billion people living in 

sub-Saharan Africa, the region with the greatest 

heterogeneously distributed water resources 

(UNDESA, 2013a). Over 50% of individuals on the 

planet today live in urban, with 30% of all city 

inhabitants residing in shantytowns. City inhabitants 

are estimated to rise up to 6.3 billion by the year 2050 

(WWAP, 2012). Estimation revealed that 93% of 

expansion globally is around the under developed 

countries, 40% of which is the growing of slums. By 

2030, the municipal populace in Africa and Asia will 

be twice (UN-Habitat, 2010).  

 

Dirty water is a key factor in the rise of de-

oxygenated dead zones that have been emerging in 
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the seas and oceans across the globe. This is 

becoming increasingly a global problem as urban 

populations are projected to nearly double in 40 

years, from current 3.4 billion to over six billion 

people – but already most cities lack adequate 

wastewater management due to aging, absent or 

inadequate sewage infrastructure” (World Water 

Council, 2012). According to the fourth World Water 

Development Report, presently only 20% of globally 

produced wastewater receives proper treatment 

(UNESCO, 2012). Treatment capacity typically 

depends on the income level of the country; 

consequently, treatment capacity is 70% of the 

generated wastewater in high-income countries, 

compared to only 8% in low-income countries (Sato, 

et al., 2013). Table 2.1 shows global distribution of 

available freshwater resources. 

 

Table 2.1 Distribution of available freshwater 

resource 

Continents River water 

(km3/yr) 

River water (100 

m3/capita..year) 

Europe 2,900 4.2 

North America 7,700 17 

Africa 4,040 5.7 

Asia 13,508 4 

South America 12,030 38 

Australia and 

Oceania 

2,400 84 

Global 42,650 7.6 

Ujang and Buckley, 2002 

 

Rapid Urbanization 

In 2014, 3.9 billion people, or 54% of the global 

populace, lived in cities, and by 2050, two-thirds of 

the global populace will be residing in cities 

(UNDESA, 2014). Moreover, most of this growing is 

happening in developing countries, which have 

inadequate capacity to deal with this rapid change. 

Cities influence the hydrological cycle in numerous 

ways by removing substantial amounts of water from 

surface and subsurface water sources; extending 

impermeable surfaces therefore stopping recharge of 

subsurface water and worsening flood risks; and 

contaminating water bodies through the release of 

untreated wastewater. Cities also import substantial 

amounts of food, consumer goods and energy from 

outside the city, which needs huge amounts of water 

at the point of production, transportation and sale, 

this demand significantly exceeds water usage 

(Hoekstra and Chapagain, 2006). As simply available 

surface water and subsurface water sources have been 

depleted in several urbanized regions, cities will have 

to go further or dig deeper to access water, or will 

have to depend on innovative solutions or additional 

progressive technologies such as reverse osmosis for 

desalination, or reclaimed water to meet their water 

hassles (WWAP, 2015). 

Condition might be worse around sub-Saharan 

region, because of their fast expansion. In this area, 

the proportion of people who enjoyed piped water on 

their buildings, which is the preferred option for 

urban areas, really reduced from 42% to 34% (WHO 

and UNICEF, 2014a). This obviously shows that 

access to „safe‟ drinking water sources continues to 

be a main problem in cities in the developing world. 

similar to trends in drinking water, the numeral of 

urban inhabitants without access to better hygiene 

increased by 40%, from 541 to 754 million, between 

1990 and 2012 (WHO and UNICEF, 2014a).  

 

Successful Implementation of sustainable Water 

and Wastewater Infrastructures 

Water conservation 

The major area where water conservation needs to be 

implemented is renovation or replacement of water 

delivery network leakages. Some capitals in poor 

countries lose is between 40 and 70 percent in the 

process conveyance (Hinrichsen et al. 1997). The 

usage of low flush, double flush and vacuum flush 

toilets can deliver great water savings related to 

conventional flush toilets, which account for 20 to 

40% per capita water use in developed countries. 

However, in some developed countries, industrial 

water use is falling as new production processes find 

ways to decrease water usage by reusing water and 

improving water production (Gleick 2003; 

Hinrichsen et al. 1997). 

 

Capacity Building In Water Resources Sector 

It is necessary to create unified approach to water 

supply expansion and management to support the 

programme (Barmawi and Amirwandi, 1999). 

Framework 21 of the United Nation Agenda Chapter 

18 additionally reinforces this for Sustainable 

Development, which states “capacity building is a 

prerequisite to integrated water resources 

management”. Framework 21 has 4 basic essentials 

relating to capacity building - which is thought to be 

a long term on-going process. Three of them; the 

formation of an allowing environment that has 

suitable strategy and lawful framework; official 

partnership and progression, comprising indigenous 

contribution and human resources development, 

comprising the consolidation of managerial scheme 

and water users interest. 

 

Sustainable and Comprehensive Water and 

Wastewater Management Plan 

To ensure effective and successful implementation of 

proper implementation of water and wastewater 

infrastructure in developing countries; the following 

strategies in table 3.1 is important for a more 

comprehensive plan it is necessary for various 

governments to adopt them in an appropriately 

scheduled and programmed manner (Jideonwo, 

2014). 
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Table 3.1: Strategies for proper implementation of water and wastewater infrastructures 
GOVERNANCE  

STRATEGIES  ACTION  
WATER GOVERNANCE  

RESTRUCTURING  

Establishment of Water Planning Committee  

 Water Governance Assessment  

 Water Governance Scorecard  

 Establishment of Sovereign Water Agency  

 Establishment of Required Legislations:  

For groundwater; privatization  

 Establishment of Communication Mechanisms including  
Monthly Meetings  

 Establishment of an Efficient Water Tariff System  

STRONGER ENFORCEMENTS & 

REQUIREMENTS  

Establishment of Legislation & Mechanisms to Increase  
Implementation & Enforcement Capacity  

PUBLIC EDUCATION & 

PARTICIPATION  

Public Consultation  

 Public Awareness Campaign  

 INFRASTRUCTURE & PLANNING 

DEVELOPMENT OF  

COMPREHENSIVE WATER  

MANAGEMENT PLAN  

Taking of Inventory; Performance of Analysis; Establishment of Goals & 
Objectives; Creation of Strategies, Zoning & Subdivision Regulations & 

Capital Improvements Program  

LAND USE PLANNING  Establishment of Land Use Regulations & Mechanisms  

 Implementation of Land Use Mechanisms  

REDUCTION OF  

UNACCOUNTED-FOR-WATER  

LOSSES  

Water Audit of Water System  

 Update of Customer Records  

 Leakage Detection & Control Program  

 Replacement of Old Pipe Systems  

 Installation of Water Meters  

DEVELOPMENT OF WATER  

PROTECTIONS PLANS & 

INITIATIVES  

Performance of Source Water Assessment  

 Creation of Source Water Assessment Plan  

 

  

 Development and Application of Watershed & Wellhead  
Protection Measures  

 Development of Contingency Planning Strategies  

 Development & Enforcement of Water Quality Standards  

 Clean-up of Pollution Sources  

 Regulation for Draining & Filling of Wetlands  

 Regulation for Proposal Disposal of Wastewater, Sludge & 

Sewage  

 Regulation Prohibiting/Regulating the Discharge of All  

Pollutants  

ADOPTION OF STORM WATER 

MANAGEMENT MEASURES  

Creation of storm water Management Plan & Long-term  

Overflow Control Plans  

 Construction of storm water Drainage Channels  

 Creation of storm water Ordinances  

 Building & Incorporating Green Infrastructure Projects  
SUSTAINABILITY 

COASTAL ZONE & FLOOD  

MANAGEMENT   

Creation of Coastal Zone & Flood Management Plan  

 Creation of Concrete Flood Channel Redesign Projects  

 Development of Flooding Insurance  

WATER CONSERVATION  Metering of Users  

 Maintenance & Repair of Water Pipes & Pumping Systems  

 Installation of Control Volumes Systems  

 Water Retrofit Program  

 Public Education Program  

GROUNDWATER RESOURCE  

MANAGEMENT   

Development of Groundwater Information System   

 Aquifer Classification & Management   
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 Critical Areas Identification  

 Groundwater Quality Management & Pollution Control  

Program  

 Regulation to Prohibit Groundwater Pollution  

 Legislation to Control Groundwater Abstraction  

 Installation of Hydrometers for Private Boreholes  

 Establishment of Groundwater Resource Charges   

 Establishment of Licensing & Permitting Process  

WASTEWATER MANAGEMENT  Integrated Wastewater Planning & Management   

 Creation of Wastewater Plan & Strategies  

 Establishment of Planning Procedures & Construction Grants for New & Upgraded 

Sewage Treatment Plants  

 Wastewater Reclamation Project  

PRIVATIZATION OF WATER  Creation of Privatization Committee  

 Creation of Water Privatization Contract & Plan  

 Amendment of Water Privatization Regulation  

 Structural Reform Programs  

WATER PRICING & AUDITING   Update of Water Tariff System  

 Performance of Water Audit  

 Improvement of Water Supply Database  

TARGETS & PERFORMANCE  

MEASUREMENT  

Utilization of Performance Indicators & Balanced Scorecard  

 Measurement & Evaluation of Results  

 Revise Plan with Improvement  

Source: (Jideonwo, 2014). 

 

CONCLUSION 

Providing high quality water and wastewater 

infrastructure in developing countries requires a huge 

outlay of funds. However, the sustainable water and 

wastewater infrastructural problems, which lead to 

several issues and challenges of environmental 

problems, freshwater scarcity and wastewater 

management in developing countries, are at various 

angles. Most of the developing countries facing 

economic crises in that they cannot be able to meet 

the demand gap of fresh water required. Despite the 

effort of various governments and international 

organisations to meet the demand gap of adequate 

freshwater resources, the implementation failed in 

most of developing countries due to rapid population 

growth, urbanisation, climate change, poor 

sustainable skills and strategies for proper 

implementation of sustainable water and wastewater 

infrastructure and environmental management. 
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