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ABSTRACT 

    

This dissertation looks at the synthetic sustainable of Water, Sanitation and Hygiene 

services and its likely impacts on society and the environment. WASH sustainable 

interventions are assessed based on the developments that are sustainable for social, 

environment and economic. These dimensions are fully accessed by looking at the institutional 

performance, management style, financing and appropriate technology. Sustainable WASH 

interventions are crucial to inter-generational equity for all. Sustainable growth caters to the 

current population, keeping in mind opportunities for the future societal perceptions, 

technological and scientific progress. Several papers were reviewed that relate to sustainable 

WASH interventions. The Study identified issues and challenges of WASH and its benefit to 

society and the environment. Accessing adequate and quality WASH services mostly adapted 

to control diseases that cause morbidity among children in countries that are developing. 

Freetown, Sierra Leone’s capital, on the Southern bank of the river’s estuary with 

latitude 8˚ 29’ 2.39’’ and longitude 13˚ 14’ 2.40’’. The population have grown tremendous 

after the 11 years of civil unrest and serves as an economic, cultural, educational and political 

hub of Sierra Leone. It has expanded into delicate zones and broken the catchment for water 

into pieces. The extensions have coursed the city to be congested and unplanned with many 

areas lacking WASH services.   

Sustainable WASH interventions cater to improving water supply, water quality, 

sanitation and hygiene through good policy, political will, adequate investment and sustainable 

environment. The methodology involved developing the assessment tools that are the 

Sustainability Index Tool (SIT), catering for all interventions in Freetown. The study 

synthesised information which was evaluated to give a low sustainability index for WASH 

services in Freetown. 32 indicator questions were developed to access institutional, 

management, financial and technical. Sustainable WASH index on interventions is 46.7% for 

2017, showing a low sustainability as compared with the international H2O (USAID and Rotary 

International). 

   The demand for WASH is on the increase whose measures can improve HDI. WASH 

services are human right related, yet more people are still faced with the challenge of haven 

access to adequate and quality WASH services because of weak policies, inadequate water 
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management laws and institutional framework, and weak public sectors. Improving WASH 

services could enhance the educational sector, health, economy and raise the life expectancy. 

It is, therefore, desired to explore sustainable WASH services to Freetown.  Keeping this in 

mind, the present study has been carried out.  The study identifies and access the issues and 

challenges relating to WASH services and suggests measures for the sustainable WASH 

services which can better human lives and the environment.   
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CHAPTER –1  

INTRODUCTION 

 

1.1  BACKGROUND 

Sustainable interventions in WASH services, improve the health of people and provide 

the ability to fight diseases in communities (Plates 2016). When Governments invest more in 

WASH helps to reduce related illness, children’s death, sexual assaults/rape and encourage girl 

child education. An adequate WASH of acceptable quality globally promote economic gains, 

HDI measures and provide resilience against climatic impacts and rising population on the 

continent (UNICEF 2016b, Caruso et al. 2013).  

Access to quality WASH services has benefit to many people through the reduction of 

diseases and averted health-related costs more especially when services are within reach. 

According to the WHO, it is cost-effective to invest as small as a dollar on WASH components 

and in turn, provide a cost benefit of $3 to $34 (Oates et al. 2014). Extensions in the 

interventions of WASH components, reduce poverty, improve the HDI, girl child education 

and economic growth. 

WASH services in places, like schools, health centres, commercial and other 

institutions (workplaces) can impact the public health, environmental health, education, 

lifestyle, human productivity (income generation) etc. (Prüss-Ustün et al. 2014). Limited 

WASH components create the issue of access as more time is wasted in seeking water or 

sanitation facilities or better hygiene practices which can account for billions of economic lost 

and social impact on the poor (Plates 2016, Hutton and Chase 2016). About 361,000 under five 

children died in 2012, from limited WASH coverage in Africa and Asia (Prüss-Ustün et al. 

2014). Diarrhea disease is common in many African and Asian countries, accounts for 502,000 

deaths from poor quality water and 280,000 deaths from unimproved sanitation, with a total of 

1.50 million reported deaths in 2012 globally. Similarly, hygiene practices caused the death to 

rise by about 842,000 taken 1.5% increase in total (Prüss-Ustün et al. 2014).  

A development is sustainable when it is capable of providing needs of the current 

population, keeping in mind the requirement of the future population. Sustainable WASH 
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services, ensure reliable WASH interventions that meet the current population requirements 

thinking about the future population. WASH services that considered the social, economic and 

environmental criteria is said to be sustainable as seen in figure 1 (Emas 2015).  Sustainable 

WASH development focuses on society (education, health, safety and opportunities), economy 

(in terms of money, jobs trade and business) and environment ( in terms of air, water land, 

plants and animals) seen in figure 2 and can have impact on communities in the world 

(UNICEF 2016b).  

 
                           Figure 1: Sustainable Development 

 

 
                          Figure 2: WASH Sustainability 
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In September of 2015, SDGs with 17 goals and 169 targets were lunched in the United 

Nations’ assembly. The set goals and targets meant to provide sustainable human development 

considered the provision of sanitation and water for all by 2030 seen in figure 3 (Schwemlein, 

Cronk, and Bartram 2016).  

 
   Figure 3: Sustainable Development Goals (www.snrd-asia.org) 

 

Development is said to be sustainable when the challenges associated with society, 

economic and environment are addressed. Measuring the sustainable development progress 

made by individual countries, set of indicators are established to access the goals. Several 

countries have generated tools in monitoring the progress through of the SDGs index. 

Monitoring the SDGs started by considering 150 indicators which have evolved to 230 at 

present (Bizikova and Pinter 2017, Vaughan 2016). The SDGs goal 6 made provision for access 

to sanitation and water to all by 2030. In countries with low and average income levels, access 

to WASH services continues to be a crucial challenge. This is affecting their way of life, health 

and the environment poses a huge challenge, expected to be more severe with the variation in 

climate (UNDP 2015). The goal number 6, is meant to tackle challenges associated with 

sanitation and water availability for the rising populations seen in figure 4. Sustainable WASH 

services can impacts the lives through health care delivery, education and reduction in poverty 

in countries that are developing. About 5.2 billion (71%) of the population in the world get 

water from protected sources and 2.9 billion (39%) can access improved sanitation services. 

Similarly, around 2 billion people live in water stress zones like Northern Africa and Asia 

(ONU 2017). 
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  Figure 4: Sustainable Development Goals (Access to WASH) (www.google.com) 

 

Governments in African are investing a huge amount of financial resources to 

strengthen institutions charged with the responsibility to deliver WASH services, yet the 

majority of the population still remain unserved. The lack of WASH services in Africa have 

generated issues around public health, environmental sanitation, access to education, and 

poverty (Schreier and Cohen 2013). It is commonly acknowledged that majority of those that 

are “served,” compared with those “unserved,” is on the decreased and even those that are 

severed experience major operational failure in WASH service delivery. Urban WASH 

infrastructures lag behind population growth due to rising urbanization, informal settlements, 

limited WASH infrastructures, and weak institutions including cost recovery, poor governance, 

and degenerating water sources (AfDB 2015). Similarly, inadequate maintenance, breakdowns, 

poor construction quality with managerial skills have underpinned quality WASH services in 

developing countries. Quality WASH services in communities can promote girl child education 

and economic empowerment. 

West Africa has the lowest WASH coverages as compared in Africa and even in the 

world. The health, education and economic status of the population can be affected by low 

WASH coverages, threatening the human and environment health (Plates 2016). In West 
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Africa, diarrheal diseases continue killing more people, especially under five children (Fewtrell 

and Colford 2005). About 80% of all illnesses around the world are WASH related. West 

African suffers from high infants’ death compared with the other African Regions. In Sierra 

Leone, about 161 death is reported for children in every 1,000 child birth which seem to be 

terrific and worrying due to poor WASH conditions (Babovic and Vukovic 2014). In West 

Africa, only 27% that is 105 million people can boost with improved sanitation and 291 million 

have no access at all. In West Africa, most of the under-five death are attributed to diarrheal 

disease, taken the lives of 760,000 children yearly (WHO, 2013). Diarrheal disease prevalent 

is preventable through the provision of quality WASH services in communities. Inadequate 

WASH components availability in communities cause women particularly girl child to spend 

several hours each day in seeking WASH service, limiting the opportunities for schooling.  

 

Despite the abundant water resources potential of Sierra Leone, many people are yet to 

have access to adequate WASH services, affecting the health, environment and economic status 

seen in plate 1.  

 
  Plate 1: Challenges of WASH services in Freetown 

 

Sierra Leone, the West African country, experience the lowest WASH services leading to high 

under five and maternal death in the world. After the ten-years of war, the government had 
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struggled to implement effective WASH reform policy to improve services and institutions. 

Almost, all the WASH components were destructed or looted leaving the country in poor 

WASH status. Sierra Leone has the highest reported cases of diarrheal in West Africa 

accounting for about 75% death among the under-five children. This is linked to the poor 

quality WASH service delivery in the country. The country experiences a number of the under-

five death due to diarrhea as reported by the Disease Surveillance Unit at the Ministry of Health 

and Sanitation.  

Accessing WASH facilities are crucial to health, development (education, life 

expectancy and income) and wellbeing of children (Caruso et al. 2013). Lacking WASH 

services is crucial to school attendance and performance of girl child, safety and security of 

women and girls, economic growth and the social status of the population (Gender Tool Box 

2015). WASH availability empowers physical, mental, social prosperity, health economic, 

political and environmental conditions of communities. 

 

1.2  DESCRIPTION OF STUDY AREA 

Sierra Leone, the West Africa country, has an area of 73,300 km2 and population of 

7,092,113 (2015 national population census) with an annual growth ratio of 3.2% from 2004 

to 2015 (Statics Sierra Leone 2016). Sierra Leone has Guinea on the north-East and Liberia on 

the south-east seen in figure 6. Geographically, the country has the plains in the west at an 

altitude less than 100m and hills on the east with altitude at between 100m to 1950m. Sierra 

Leone, a tropical region with a maximum annual average temperature of 32o and average 

annual humidity of 80.8% (Leone and Company 2017). Annual rainfall varies from 1800mm 

north to 5,000mm west. The country is exposed to two seasons, the rainy season ranging from 

May to October and the dry season from November to April (Water and Policy 2010). 

Sierra Leone suffered 11 years of civil conflict (1991-2002) and almost all the WASH 

infrastructures were invariably destroyed. The outburst of the war contributed to the poor 

WASH conditions causing much death from the diarrheal disease. Sierra Leone has a national 

water supply coverage at 47% and sanitation at 13% as recorded in the national WASH policy 

(Water and Policy 2010). Currently, the coverage is estimated at 58% and sanitation at 40% 

nationwide showing a reasonable improvement. 
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With the huge water resource potentials contained in over Twenty-Six rivers across the 

country. These include Rokel, Moa, Sewa, Little Scarcies, Pampana, Great Scarcies, and Mano 

etc. with lengths ranging from 40 kms to 290 kms. The Rivers have a total mean annual runoff 

of 160 km3. Four of these rivers namely, Moa, Little Scarcies, Mano, and Great Scarcies are 

coming from neighboring countries of Guinea, Ivory Coast and Liberia (Water and Policy 

2010). Despite the huge availability of water sources in the country, water supply still remains 

a challenge for both urban and rural settlers as demand keeps increasing.  

 
Figure 5: District Map of Sierra Leone 

 
 

Freetown, the major urban, economic, cultural, educational and political hub of the 

country has the deepest natural harbour in Africa. It has experiences large anthropogenic 

activities from the growing population due to urbanization. The natural harbour and torism are 

the major economic activities. Freetown has parallel ranges of highlands of about 30 km in the 

southward and hills having elevations ranging from 200m to 1 000m above mean sea level.  It 

is situated on the River’s estuary and with latitude 8° 20ʹ 0ʺ and longitude 12° 45ʹ 0ʺ seen in 

figure 7.  Administratively, Freetown is divided into 8 zones (Central I and II, East I, II and III, 

and West I, II and III) and a population of approximately 1.1 million. 
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 Figure 6: Map of Freetown  

 

The climatic condition is tropical with two seasons: raining season from May to 

October, and a dry season from November to April.  The average annual rainfall varies between 

2500 mm to 5,000 mm and average monthly temperature varies from 24.6˚C to 27.8˚C with a 

maximum temperature of 32˚C in the month of March seen in figure 8. The average annual 

relative humidity of Freetown is 80.8% and the average monthly relative humidity ranges from 

72% in February to 89% in September.  

The Freetown peninsular has high topography and rise to nearly 1000m. A chain of hills 

aligned in a Northwest-Southeast direction (Allen Town Ridge (174m), Spike Hill (324m), 

Charlotte Hill (505m), Porcupine Ridge (492m), Gloucester Hill (539m) and Havlock Plateau 

(364m) form the first main internal watershed. A higher range in the west called Sugar Loaf 

maintains (898m) seen in figure 9. The main Orugu valley lies in between the main ranges and 

sizeable numbers of catchments (Guma and Sussex) that lie on the western side of the higher 

range. Towards the foot of these highlands is isolated small natural hills at Wellington, 

Wellington Knoll and Tower Hill (Leone and Company 2017). 
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Figure 7: Average monthly temperature and rainfall from 1901 – 2015 

 

 

 
  Figure 8: Topographic view of Freetown 



  

Page | 10  
 

1.3  GUMA VALLEY WATER COMPANY LIMITED 

The GVWC was established in 1961 under the GVWC Ordinance which gave it 

responsibility for supply water and sanitation in Freetown covering Allen Town to Hamilton 

in the West. In the act, an operational guide for GVWC are set and these have remained largely 

unchanged to date, whilst the cityscape has changed significantly. The GVWC Ordinance 

covered staff appointments, land purchase, finance (borrowing, tariffs, and taxation), and 

quality of water and level of service. The GVWC is a parastatal organization which is 99% 

ownership of the central government and 1% to the FCC. It is, however, a wholly autonomous 

operated water body that does not receive any support from the government. It is expected to 

financial itself from income generated revenue from tariff (The et al. 2010). The GVWC uses 

the Guma Lake, Charlotte, Kongo, and Takayama sources to supply water to Freetown which 

is currently under tremendous pressure as demand keeps growing seen in figure 10. 

 
Figure 9: Water Supply Network Plan for Freetown 
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Water and sewage management are managed by the GVWC and can only supply about 

18 million gallons per day (mgd) against an average daily demand of 35 mgd. The Guma 

reservoir has a capacity of approximately 22300 million liters (4905.4 mgd) with an area 

approximately 17km2. The treatment capacity of the Guma treatment works is 90Ml/day and 

the current deployable output is 77Ml/d in a drought year and 83.5Ml/d in the drying season 

seen in plate 2 (Water and Policy 2010).   

 
Plate 2: Guma Valley Supply Sources and Treatment Works 

 

Water is rationed for the most parts of Freetown and no customer is able to get 24-hour 

service. In poor urban (kissy, Wellington etc.) areas customers receive supplies once every 

month or no service at all. With the rapid and uncoordinated expansion, the majority of the 

population continues to depend on vendors and tanker services, at a higher cost for water 

services.  

Sanitation is important and critical for economic growth, human health and education 

in Freetown. It needs serious attention if the development is to be sustainable and promoting 

economy, health, education and life expectancy. Sanitation cannot go alone without effective 

water management in Freetown. Improvement sanitation is an imperative intervention for 

promoting good health and reduce poverty which can enhance or boost economic growth for 

the population. An improvement in sanitation requires an integrated developmental strategy on 

water being that the two are inseparable.  
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Freetown is faced with huge sanitation problems, ranging from low level coverage and 

quality to inadequate legislative-institutional framework including low investments. The lack 

of WASH awareness are the root causes of poverty, affecting mostly women and children, who 

suffer from diseases. Hygiene promotion can enhance sanitary practices and provide for good 

health and environment. In Freetown, hygiene awareness is minimal which treating the living 

conditions of the population (Water and Policy 2010).  

Lacking sanitation services had a serious economic impact on household economies, 

causing poverty, poor health, uneducated and income lost. Government and development 

partners including NGOs have implemented and documented pilot sanitation projects model. 

Despite the efforts, the sanitary condition assessed by UNICEF in 2005 showed that the 

coverage of sanitation services still lags behind water supply, meaning more investment is 

required in promoting sanitation interventions. The majority people in Freetown, about 70% 

have no access to sanitation and the city considered to have the poorest sanitary practices as 

compared with other West African cities seen in plate 3 (Water and Policy 2010). The GVWC 

is not doing much in promoting sanitation services and the city’s poor sanitary condition has 

affected the living conditions largely affected. 

 
Plate 3: Sanitation Status in Freetown 
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1.4  STUDY GAPS 

The following are gaps identified for study area: 

1) Data on WASH meant for policymakers to strategic plan and implement are absent. 

2) The challenges of WASH that are connected with public health, environmental 

health, quality water and socio-economic development. 

3) The WASH specialists and technicians’ capacity, weak institutional frameworks, 

weak WASH policy and inadequate financing of WASH services. 

4) The continuous lack of WASH infrastructures in the city. 

5) Weak techniques in wastewate reuse and recycling, pollution and quality water 

surveillance. 

 

1.5  SCOPE AND OBJECTIVES 

 The scope relating to the study is to measure the sustainability index of WASH in 

Freetown, Western Sierra Leone. WASH sustainability is critical to the development of both 

rural and urban communities. WASH sustainability index can be generated from indicator 

questions measuring the progress in sustainability. Indicator questions covering the institutions, 

management, financing, and technical aspect. The four main indicators considered the Social, 

Economy and Environmental aspect which for the bases for sustainable development. This 

study was conducted in communities across Freetown, collecting data on the legislative – 

institutional framework, management, financial and technicalities. Keeping these in mind, the 

objectives have been set. 

1) To evaluate issues and challenges concerning WASH in Freetown and its likely 

impact on the SDGs. 

2) To develop the SIT through indicator questions on WASH for the study area and 

replicate in a similar environment. 

3) To measure the progress of WASH in Freetown considering the contributions from 

the institutional framework, management style, WASH financing and technology 

(Sustainable WASH index) and compare with the HDI. 

4) To evaluate the WASH performance as reliable, resilience and vulnerable to the 

current WASH conditions in Freetown and to measure its performance in future.   
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5) To suggest measures on how to improve WASH service delivery and make them 

sustainable in future. 

 

1.6  APPROACH IN ACHIEVING THE OBJECTIVES 

The flow diagram shows the steps adopted in achieving the objectives seen in figure 

11. 

 
    Figure 10: Approach to achieving the set objectives 
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1.7  ORGANISATION OF THESIS 

The thesis has been organized in the layout as demonstrated below: 

Chapter 1:  

A brief discussion on the general background, WASH conditions and outlines of the 

research gaps and objectives. The approaches and organization are discussed in the work. 

Chapter 2: 

 General idea on WASH as related to works undertaken by other in different areas. 

Conducted brief discussions on sustainable WASH interventions considering the institutions, 

management, financing and technical aspects. There are brief discussions around water, 

sanitation and health, environmental health, climatic impacts on WASH, issues and challenges 

of WASH services and conclusions.  

Chapter 3:  

Describes the general methodology of the thesis, SIT considering target groups like the 

service provider levels, community levels and national levels. It further looks at the multi-

variance analysis considering Cronbach coefficient alpha and weight based principal 

components analysis, the WASH performance criteria, HDI measuring the life expectancy 

index, education index and income index, and conclusions. 

Chapter 4:  

Generally looks at why is it necessary to have quality WASH services to communities, 

the results, discussions and conclusions. 

Chapter 5:  

Presents the available options to be adopted in improving WASH interventions globally 

but particularly the study area and possible recommendations for quality WASH services. 
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CHAPTER – 2 

LITERATURE REVIEW 

 

2.1 GENERAL  

Services are Sustainable when they are able to cater for the society, economic and 

environment of any nation. An agreeable and precise definition of sustainability is yet to be 

harmonised, however, the concept that established the interconnections of society, economic 

and environmental and how theses can serve the current and future population  (Milman and 

Short 2008). Measuring progress in sustainable development for nations across the world, have 

series of indicator questions to monitor progress made on the economy, environment and social 

dimensions. WASH services are fundamental to human right and dignity, yet many 

communities’ members have daily challenges in securing basic WASH services. Efficient and 

effective WASH services become crucial in the health of under-five children, forced migration, 

disease outbreaks, human health and natural disasters. These interventions are increasingly 

needed to assistance those in great need of WASH to better the lives, environment and economy 

(UNICEF 2016b). 

WASH services in places like health care units and households are crucial for education, 

health, environment and economic growth. Providing WASH at childbirth in developing 

countries stay to be extremely low. WASH diseases can be prevented by improving services 

and access in communities. This can significantly reduce the disease burden thereby preventing 

the over-use of antimicrobial drugs (UNICEF 2016b). Good WASH services can integrate the 

benefit of better policy formulation, proper project appraisal, sound water management laws 

and institutional performance, decision-making processes and freshwater resources extraction 

and diversion. Effective and efficient WASH are crucial to achieving SDGs which caters for 

good health and equity (Mills et al. 2016).  About 80% of those population unserved or have 

limited access to WASH services are found in sub-Saharan Africa, South Asia or East Asia 

(Andersson, Dickin, and Rosemarin 2016).  

Achieving the SDGs mean developing WASH infrastructures in a safe, affordable and 

functional manner. To achieve this, WASH players need a better understanding of the 

disturbances, continuous breakdowns and inequalities in service deliver to communities. 
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Quality WASH services protect and promote human and environmental health, through 

economic viability, socially acceptable, technical, institutional and managerial appropriateness 

(Andersson, Dickin, and Rosemarin 2016). Improving WASH services become vital to lives 

transformations and enhance the health, education and income generation. When the standard 

of WASH services are adequate, the rights are protected, there is peace, equity and reliable 

services are assured, contributing to the SDGs (UNICEF 2017).  

 

2.2  SUSTAINABLE WASH INTERVENTIONS 

SDGs measures can give a clear opportunity on the achievement regarding WASH and 

as well the lesson learnt in making WASH services sustainable. For the MDGs, there has been 

great achieving or successful stories in WASH service delivery. During the period for the 

MDGs, about halve of the population were able to have access to quality WASH services 

(Marshall and Kaminsky 2016). Whether or not systems continue to work overtime to meet 

daily demand and continue reliable output or efficiency in the future, relate to its resilience. 

Considering the social dimensions of sustainable services, a focus on people and processes, 

motivations and appreciable levels of service including over time (Marshall and Kaminsky 

2016). 

Water, hygiene and sanitation-related interventions are beneficial to healthcare delivery 

and promote quality education, economic and environmental sanitation. About 1.8 billion 

people are getting water from contaminated sources which seriously affect their health. 

Similarly, about 2.4 billion people do not have access improved sanitation services globally, 

posing a health risk to the existence of mankind (United Nations 2016). Globally, about 2 

million reported yearly death are linked with the prevalent of diarrheal disease due to poor 

water quality and sanitation services, with most of the death reported are children (United 

Nations 2016). The Economic impact of not financing WASH is 4.3% GDP in sub-Saharan 

Africa which goes into curative measures than preventive measures. Poor WASH 

infrastructures and management styles, have continuously caused the death of many each year 

and affected the biodiversity and ecosystems, the economy, environment, with efforts for 

sustainable services affected as well (United Nations 2016).  

WASH services improvement in communities brings income generation, health, 

environmental sanitation and quality education. Better health of individuals and nutrition 
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particularly of children encourages productive, in school and at workplace enabling their 

earning potential aiding sustainable development. Reducing the time spent in seeking WASH 

services are critical to economic and educational empowerment for women and girls. 

Promoting sanitation services and hygiene awareness are highly cost effective, more especially 

when combined with other health components interventions (Growth and May 2013).  

WASH sustainability progress is measured through indicators, which consider the role 

of institutions, management, a financial and technical aspect which can measure WASH 

conditions in Freetown. In general, they are useful tools for strategic WASH plans and 

management and easier to apply for sustainable WASH interventions, comprehensive and 

globally applicable (Cortés et al. 2012). SIT measures the WASH progress on project 

implemented, showing whether there is the success of failure (Schreier and Cohen 2013).  

 

2.2.1 Wash Institution 

In 2030, WASH facilities, extending beyond households, to cover schools, commercial 

centres, work places and in health centres. With this, the chances of WASH service delivery to 

be made available to people, who may have particular needs or vulnerabilities can be possible. 

Inadequate WASH services can reduce school attendance and affect the educational 

achievement and hinder health care services (UNICEF 2017). People may avoid going to 

schools or health facilities altogether when they realized the institutions do not have quality 

water, sanitary services or hygiene facilities (Thomson and Koehler 2016). Stronger 

institutional sustainability is due, in part, to the well-developed enabling environment, in 

developing the required policies, strategies, guidelines, and protocols involve in implementing 

structural changes at all the levels. The WASH levels of interventions may vary depending on 

the intervention type and country context and can be in the form of community levels, service 

provider levels (i.e. the water committee, utility or school), and national levels (Schreier and 

Cohen 2013). 

 If we are to maximize viability of WASH services, the institutions need to be strong 

and ready to take the lead for effective collaboration and coordination with sector players (Rana 

et al. 2011). WASH professionals need to understand institutional issues and their implications 

for sustainable WASH interventions (Nedjoh 2016). Institutional development is key for 

WASH services, looking at the issues and opportunities relating to poverty-focused approach, 
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constraints, institutional, legal or legislation, regulations and management styles (Nedjoh 

2016). In practices, WASH institutions are appraisals base on the strength of the institutions, 

and the necessary support to strengthen them can be provided.  

 
Figure 11: Weak institutions and enforcing bodies (www.wsp.org/userfiles/image) 

 

WASH services are disrupted on a regular base because of weaknesses in the human 

capacity, administrative structures, bureaucratic procedures and low motivations. The WASH 

institutions lack the necessary mechanisms for cost recover and plan to handle operational or 

management costs, which has cause majority to failure. Roles and responsibilities for WASH 
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services are not clear with challenges in knowing who does what, when and where. This 

fragmentation and overlapping affect the collaboration and coordination thereby creating 

conflict among WASH sector stakeholders seen in figure 12 above. 

Institutional development has the tendency of improving and creating more transparent 

management practices resulting in the equitable use of WASH and enhancing human health 

and economic activities. This can create the necessary skills, good working environment, with 

self-sustain development in sustainable WASH service delivery. The basic WASH strategic 

plans on sustainability come as a two-way approach for improving institutional performance, 

through the interconnections that exist among WASH stakeholders including policy, regulatory 

laws and availability of components (Framework 2016).  

WASH institutional or organizational autonomy is critical to organizations or 

institution’s ability to manage its customers’ needs and service deliveries. Municipal or local 

authority WASH departments, which are not able to hire staff or raise tariffs for costs recovery, 

are faced with frequent break downs. These actions can make the communities WASH 

conditions unsafe causing a disease outbreak. Effective and efficiency organizational autonomy 

make way for decision making on WASH budgets, tariffs, revenues, hiring staff, paying and 

providing incentives, control personnel, institutional policies and systems, plan projects, and 

institutional or organizational goals. Better regulatory mechanism instituted by the government 

to regulate functions, performance and monitor targets regularly. The regulatory governance, 

legislation and the institutions associated with the regulation and the decision-making 

processes (Framework 2016). 

The WASH institutions can device regulations that are intellectual and technical 

including the economic regulations like tariff review or regulatory accountancy, quality and 

social regulations including social and gender equity. When the regulations are implemented, 

enhances sustainable investment and encourage reliable WASH infrastructures. WASH 

services required both top-down and bottom-up approach if sustainable services are delivered. 

The top‐down approach considers institutional reforms and legislation and bottom‐up 

approach, consider the involvement of individuals, communities members and stakeholders 

with the required energy, vision and creativity. Sustainable WASH contributes to human 

development, improved health and rising wealth in the place of the good institutional 

framework. Strong institutions can enhance service delivery and promote quality health in 

communities (Partners in Population and Development 2013). 
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2.2.2  Wash Management 

The management style for WASH components varies from centralised government 

systems or structures to local community management structures for sustainable services. In 

some countries, they have central state or institutions, district or local authority (Sierra Leone), 

and village administration or management team involved in the day to day management of 

WASH components in communities. With centralised management style often contributes to 

O&M dependence on limited government financial resources (Fulazzaky 2014).  

Urbanisation makes WASH management crucial for developed and developing 

countries. In developed countries, many of the cities are struggling with high O&M costs for 

running WASH services, causing an infrastructural breakdown. When a city extends beyond 

its limited and people are forced to live in slum areas, the extension of WASH services to the 

areas becomes impossible. Conventional urban WASH management is generally characterised 

by an unsustainable utilisation of WASH facilities are non-functional. Managing WASH 

sustainably reduces poverty reduction, environmental stability, social development, and gender 

equality (Aguasan 2017). 

Urban settlers usually have higher consumption rate compared with the rural settlers. 

The water demand increased as urban population grows due to urbanisation and the 

consumption rate will rise. In many developing countries including Sierra, Leone urbanization 

is not the only challenge in WASH service delivery. Creating an informer settlement in urban 

cities poses a huge challenge for extending WASH services to these areas. Around 72% of the 

population in urban cities across Africa live in slums. In Asia about 43%  live in the slum and 

Pacific, 32% for Latin America and 30% live in the Middle East and Northern Africa (Aguasan 

2017). Well-Designed management structures for WASH provide sustainable services in 

communities. About 800 million are not having access to quality water and 2.6 billion people 

have no improved sanitation globally. Inadequate WASH services account for 80% of all 

illnesses in the world because of poor WASH management (Post 2015).  

 

2.2.3 Sustainable Wash Financing 

For the last three decades, government and international development partners have 

invested so much in trying to improve WASH infrastructures in Africa and Asia with little 
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success. With sustainable financial best practice, the trend moves from supply driven that is a 

government-led program to demand-driven approaches that depend on community 

participation and management. However, even though progress has been made, yet many of 

the people in communities cannot boost of adequate access to WASH services (Ellert et al. 

2013). Investment in WASH infrastructures is limited and the initial gains or progress made 

are not sustainable. Consistently, this cab is rated as “high critical importance” in “the issue of 

cost recovery” and “some form of external post construction support” from either governments 

or development partners. Other factors of “critical importance” include the management 

capacity of community teams, user satisfaction for WASH services, motivation, maintenance, 

spare parts availability, continued training and support for hygiene promoters and 

environmental factors (Ellert et al. 2013).   

 In many African communities, a fixed monthly cash payment per household is usually 

charged to sustainable WASH services. In some other cases, the tariff is collected on a seasonal 

or annual basis where consideration is given to volumetric usage (per jerry can or bucket) 

including payment in-kind. The revenues that could be collected likely fall short  (as low as 

25-30%) of the theoretical total, due to poverty-related exemptions and most community 

members not ready to commit payment to WASH services (Ellert et al. 2013). 

 Estimation of the true life cycle costs indicates that the average actual revenue expected 

will only cater for minor repairs and basic Operation & Maintenance costs. When breakdown 

occurs in WASH services, communities can then turn to external support either from their 

governments or development partners. The supports from the government or international 

development partners are limited and not readily available to support WASH infrastructures. 

In Africa, WASH investment has never being a priority whereas the value placed on WASH is 

very high. There is a complete mismatch between peoples’ expressed demand for WASH 

services and the readiness to pay for services. Lacking sustainable WASH financing will leave 

many vulnerable people and public institutions without WASH components by 2030. With 

limited investment, serious implications to successfully achieve viable outcomes that can 

support human health and nutrition, education and reduce poverty are hampered. Making 

appropriate and effective WASH financial plans for service delivery can minimise the gaps in 

access between rich and poor (Shrestha, Murali, and Shrestha 2015).  

WASH services need to be affordable such that the population served can be able to 

pay the required tariffs for Operation & Maintenance of WASH facilities. For communities to 
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consider who WASH is important to their livelihood, demand assessment and awareness 

raising activities should, therefore, be taken into consideration prior to any interventions. This 

will cause the communities to accept and taking ownership. WASH systems rehabilitation and 

extension costs due to population growth or increased demand are often not accounted for in 

cost recovery (Osumanu, Abdul-Rahim, and Songsore, 2010).  

Sustainable financing in WASH activities considers the approach called Life Cycle 

Cost Analysis (LCCA). Life-cycle cost analysis (LCCA) consider the all the aggregated costs 

for pre and post WASH implementation services. Analysing the financial sustainability of 

WASH, all the costs items are considered when planning WASH interventions. Cost of capital 

(cost of borrowing money or invest in the service instead of another investment opportunity), 

capital expenditure (Initial costs for putting new WASH services into place), expenditure 

indirect support (costs of planning and policy making at governmental level including capacity 

building of professionals and technicians), expenditure direct support (pre and post-

construction support costs not directly related to implementation, e.g. training of community 

members or private sector operators or user groups), capital maintenance (occasional huge 

maintenance costs for the renewal, replacement, and rehabilitation of a system) and operation 

and minor maintenance (routine maintenance and operation costs that are crucial to keep 

WASH services running, e.g. wages, fuel, or any other regular purchases) (Mack 2012). The 

cost and financial plans are integrated as part of the sustainable WASH interventions seen in 

figure 13. 

 
                Figure 12: Life Cycle Cost Analysis 
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Managing WASH services in a proper manner with the right incentives will ensure 

financial sustainability. Currently, government supported schemes do not provide the 

incentives for WASH systems to be run properly causing an early breakdown of facilities in 

low‐income communities. Most of the financial supports are generated from the public coffer 

which is used to deliver WASH services. When financial support from either government or 

international development partners decrease, public finance can improve significantly to 

maintain current expenditure levels and expand future investments. This will ensure both 

quality and equity in services in the sectors. Similarly, when the available resources are 

efficient to such a level, service quality can be of benefits to all incuding the very poor and 

marginalised (UNICEF 2016a). Dalliance or insufficient in financial support can delay the 

installation and maintenance works relating to WASH services. Similarly, poor monitoring and 

limited funds to maintain WASH components cause deterioration and even permanent break 

down (Shrestha, Murali, and Shrestha 2015).  

There are still more WASH services that are underfunded which are haven serious 

consequences for the users, particularly the poor people. In many places around the world, 

people are spending quite a reasonable sum of the income on WASH services through various 

means like contributions in cash/kind for capital expenditures, connection fees, and tariff 

payment or investments in improving their individual WASH services. So much investment is 

regularly lost because the WASH structures are of poor quality and the systems fail shortly 

after commissioning (AGUASAN 2012).  

Sustainable WASH services require sound investment plan to cater for routine 

maintenance and operation of the systems. The major issue is that no attention is given to the 

life – cycle cost analysis, looking at capital maintenance, direct and indirect support costs. 

WASH service providers and stakeholders are required to have some sense of financial 

knowledge of which limited knowledge can affect implementation. The approaches to 

sustainable WASH financing establish good practices with current innovative mechanisms or 

techniques. Improving sustainable financing for WASH systems is crucial to increase the 

revenues mobilisation or decrease operation costs which are helping in creating user perception 

on satisfaction services (AGUASAN 2012). 
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2.2.4 Wash Technology 

 Choose of WASH technology is important to sustainable implementation for creating 

new business opportunities, to attract investments and to generate employment. The use of 

technology is not sufficient for improving WASH implementation. Technology is a central 

component to define sustainable WASH. A technology can be unsustainable if it is 

manufactured away, and the local users, obtain replaceable spear parts. In some cases, the 

simple technologies used for low service level are more vulnerable than the complex systems 

used for service provision. The latter typically have better and more sophisticated management 

systems, greater access to finance and technical supports, and often better construction quality. 

WASH technologies are considered appropriate for many communities when they are; cost-

effective, affordability and easily maintenance, socially acceptable, users friendly, sustainable, 

accepted and supported within the national institutional environment and environmentally 

friendly seen in plate 4 (Baumann et al. 2010). 

 
Plate 4: WASH technologies that are environmentally friendly (www.google.com) 

 

WASH technologies are reliable when they deliver WASH services in an acceptable 

and maintained formed by the community for quality levels of service. During the course of 
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implementation, the WASH sectors need to think about the cultural, behavioral, and social 

factors in choosing of technologies for communities that can be accepted and maintained. Any 

technology selected could be operated and maintained by Community making it economically 

viable and reliable. The provision of low cost technologies that offer social impacts, 

implementation, operation and maintenance, can promote WASH technology in a sustainably  

(Kimera, Okurut, and Bamutaze 2016). 

 

2.3 WATER, SANITATION AND HEALTH 

Providing WASH in communities, with associated sustained behavior patterns or 

changes, is crucial for improving the human health and environmental sanitation. These 

services remain functional for good public and environmental health, the WASH packages 

should be prioritized in the national budget. The evidence on public health consequences 

relating to poor quality water and unimproved sanitation is prevalent in Freetown. There are 

many diseases relating to poor quality water and sanitary infrastructures causing diarrhea 

disease spread which killing an estimated amount of nearly 1,000 or more under five children 

globally (Howard et al. 2016). 

Managing the quality of water with the provision of good sanitation and health care 

services can reduce diarrheal in Freetown. Reliable and sustainable WASH services can 

prevent diseases outbreak in an area, owning to that fact that constant interruption in services 

even for a shorter duration can cause health alarm (Environmental Protection Agency 2016). 

WASH related diseases from contaminated sewage enter into water bodies by the discharge of 

untreated sewage or human excreta. The sewage is extremely contaminated with a high quantity 

of human or animal excreta causing serious health risks. Sewage sludge solids, biological and 

mineral components. Consequently, environmental pollutants in water effluents accumulate in 

to sediments and stay longer as suspended matter there by affecting its quality (Dickin et al. 

2016).  

Water bodies are invariably contaminated from contaminated sewage, stormwater, solid 

waste and other pollutants. The human excreta discharge to water bodies either through runoff 

water, sewage or solid waste extremely affect its quality. The excreta from human or animal 

waste can affect both the public and environmental health. The pollutants from runoff, sewage 

and other environmental generated wastes run into ocean, rivers and lakes, groundwater aquifer 
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and irrigation canal. Human exposure to related diseases occurs through aquatic habitats, 

recreation, water supply, crop and agricultural chemicals. From contaminated waters, crops are 

irrigated and fertilisers are applied through which human get infected with water related 

diseases. Contaminated water bodies are used for recreational purposes which exposes human 

to water-borne diseases. Also, contaminated water from rivers, lakes and groundwater sources 

are the most regularly for users. Disease outbreaks from unsafe, untreated surface water; 

untreated groundwater sources; improper treatment procedures; leakages in the network; and 

many others, have adverse or negative consequences on the public health seen in figure 14.   

 
Figure 13: Mode of WASH related disease transmissions to human 

 

Untreated wastewater may often contain high contaminants from municipal, 

agricultural, industrial, and domestic (community) sources. The availability of human excreta-

related pathogens from different organisms and chemicals from improper agricultural practices 

cause risks to the public health particularly the farming communities and associate including 

users of contaminated products (Dickin et al. 2016). The use of wastewater for increased food 

production, improved nutrition and livelihoods and the likelihood of preventing disease spread 
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from wastewater becomes a critical issue. Untreated wastewater carries micro-organisms like 

bacteria, viral and protozoan and its reuse in food production cause diseases like salmonellosis, 

shigellosis, cholera, giardiasis, amoebiasis, hepatitis A, viral enteritis and other diarrheal 

related diseases (Dickin et al. 2016). A disease that is associated with the exposure to 

wastewater can cause anaemia (ascariasis) and physical impairment affecting cognitive 

development (Mara 2017). Aquatic habitats feeding on this pollutant can transfer the diseases 

to human by eating them  

Frequent exposure to untreated waste water by agricultural workers can cause 

dermatitis, rashes, arsenic, cadmium, lead poisoning and mercury. The continuous exposure 

trigger inhalation of irrigated soil and occupational ingestion with chronic health defects. 

Cadmium accumulation, particularly in the kidneys can cause the kidney to fail and 

osteoporosis, leading to death (Mara 2017).  

 

2.4  ENVIRONMENTAL HEALTH 

The environmental factor is classed as traditional and modern hazards (figure 15 below) 

which are haven risks to human health in general. Traditional hazards are related to poverty 

and under developed societies and vulnerable groups. The poor who suffer getting access to 

WASH services is normally affected by indoor air pollution, malaria and poor waste disposal 

of more risks to human health and the environment. Modern hazards are related to urban air 

pollution, problems arising from agro industrial chemicals, solid waste and waste water. 

Environmental health factors are challenging to the public health and environmental sanitation 

when poorly managed. These factors are connected with poor quality water, unimproved 

sanitation, water pollution, effluent discharge from industrial and agriculture to water bodies, 

food contamination through pathogens, indoor air pollution  from coal and biomass fuel, air 

pollution from motor vehicles, thermal power and industry, poor waste disposal and pesticides 

and chemical runoff (Trtanj et al. 2016). 



  

Page | 29  
 

 
Figure 14: Environmental and Climate related hazards (WHO 2016 (109)) 

 

Environmental health issues are crucial to sanitary conditions in any societal setting and 

poor management can hinder the health of the environment and its members. In protecting 

sanitation is a concern for urban decision-makers and planners so that waste components can 

be recycled and reused thereby creating market and job for many. Good idea of keeping cities 

and other communities clean and free from health challenges. Agricultural practices impact the 

environmental sustainability of food production become the focus. The agricultural activities 

have greater impacts on health, animals, food security and the environment (Mie et al. 2017).  

 

2.5  CLIMATIC IMPACTS ON WATER AND SANITATION 

Variability in climate has got international focus in the recent century. Processes of 

climate changes have been confirmed changes that are unavoidable, meaning has to leave with 
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them. Climatic variability impacts like droughts, floods, and less predictability of rainfall and 

stream or surface water flows or runoff become visible. There are visible changes in water 

surface levels, affecting quality WASH services. In the events of heavy rainfall, much attention 

is not given to water storage which can likely smoothen climate variability for rainfall and river 

flows. Changing climate has already resulted in changes in water flows and water availability 

in the world. With climate variability, much focus on investment in water storage techniques 

is taken the centre stage for community WASH management. Insufficient water storage 

capacity from rain water can hamper economic development, water security and creating 

vulnerability to the impacts of climatic variation (Rahman and Rahman 2015, Howard et al. 

2016).  

Climate variability has little effect on groundwater source and can serve as an 

alternative option in cases of unpredictable rainfall. Though groundwater source has of recent 

increasing demand leading to salt intrusion more especially around the coaster zone of 

Freetown. In coastal Freetown, groundwater source is affected by saline intrusion as sea levels 

rise, the situation becomes even worse. Sanity in ground water source around coaster Freetown 

is not only due to over abstraction but as well pollution from agrochemicals. In mountain areas 

of Freetown, shallow wells in fractured rock or small aquifers coupled with spring source are 

the only reliable water source. When there are changes in rainfall patterns or length seasons, 

place more pressure on the water sources affecting WASH services in communities (Charles et 

al. 2010).  

Climatic variability has limited on sanitation components and is extremely small as 

compared with water sources. The simple on-site sanitation infrastructure may be positive, as 

groundwater pollution risks can reduce base on the distance between the bottom of the pits and 

groundwater rise. On the contrary, when there are a decline water and rise in flood allows 

sewerage and septic systems to interface with water sources. In cases where the rainfall 

intensity becomes high, sanitation components become seriously affected by climate 

variability. On-site sanitation primarily relates to flood with serious consequences by spreading 

disease in society. The on-site sanitation is vulnerable to flood, causing excreta to spread in the 

environment and water pollution.  Climate change creates WASH scarcity, from variations in 

precipitation, the rise in temperature, the rise in demand, and reduced water quality through 

pollution. In an event of serious climate change impacts, rising population, economic 

expansion, and urbanization subject WASH to great pressures (Howard et al. 2016). 
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When WASH components are not properly designed to be resilience in cases of climatic 

variability then the services can be disrupted. Extreme flooding or droughts can adversely 

impact the WASH components causing severe risks to the health and environment. Both 

biological pollutants that are from micro-organisms and chemical pollutants from nitrates, 

phosphates, organic matters, and oil enter water bodies through flood events. Climate 

variability is likely to be severe in the world when human activities continue to temper with 

the environment. The Vision 2030 indicates changes anticipation in the climate for long term 

affecting the drinking-water and sanitation. Climate variability requires WASH systems 

optimization to ensure quality service delivery. A resilience technology that can resist the 

variation in climate around the world. What should be done differently to ensure WASH 

services meet the required needs as the climate keep changing (Oates et al. 2014).  

 

2.6 ISSUES AND CHALLENGES OF WASH INTERVENTIONS  

The global WASH crisis is from poverty, politics and inequality but not in the physical 

availability of components. This can be because of poor resources management, corruption, 

poor institutional frameworks, bureaucratic procedures within institutional setups, inadequate 

capacity of officials and limited investments and lack creativity in the WASH sector. WASH 

institution anywhere without adequate investment in WASH cannot be sustained (Johnston, 

Teague, and Graham 2015). 

Many communities are yet to have access to adequate WASH infrastructures. About 

1.7 million death is reported for under-five children yearly due to poor WASH services (Butt 

2014). WASH services have several challenges which are; private sector partnership, 

inadequate data, unrealistic WASH plans, weak policy, weak implementation strategies, poor 

instructional framework and performance, inadequate capacity and limited financial including 

equipment and capacity development.   

Access to WASH services is a global challenge affecting nearly 800 million people. 

About one third of the population living in Africa, have piped water in the homes. Millions rely 

on poor quality water sources, facing great economic and health consequences. 2.4 million, 

reported a death, annually the developing countries mainly from diarrhea disease from which 

1.8 million are children between the ages of 1 – 5 years. WASH services for urban settlement 
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is hampered by multiple factors like insecure and uncertain land tenure systems, limited 

infrastructures, and population rise subjecting them to poverty (Adams and Zulu 2015).  

Cholera, caused by bacteria is a diarrheal disease, transmitted through poor quality 

water. In cases of earthquakes or natural disasters, WASH components are normally 

contaminated with bacteria causing cholera. The WHO, estimates of about 3 - 5 million deaths 

are reported yearly because of cholera disease with 100,000–120,000 official deaths (Taylor et 

al. 2015). Adequate WASH caters for good health and environment, quality education, dignity 

and equality. Poor and vulnerable communities have low WASH coverage. When the WASH 

services are improved, the population will benefit poverty reduction, and socioeconomic 

growth (Hutton and Chase 2016).  

 

2.7  CONCLUSIONS 

Sustainable services are hindered due to limited funding, weak policies, poor 

institutional framework, and low technical capacity of WASH professionals, limited 

awareness, and limited support and follow up actions, lack the necessary management skills, 

and low political will. These are seriously affecting WASH services. Poor WASH conditions 

are related to life expectancy, health risks, low educational standard and low economic growth 

and productivity. Adequate WASH services can reduce cases of the diarrheal disease, raise the 

life expectancy rate, improve education and enhance the economy and productivity. Well-

structured policies, good institutions, better management style, more investment and better 

allocation and quality construction services can enhance sustainable WASH services. Improved 

WASH services in Africa and Asia, minimised poverty thereby promoting a healthier life. 
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CHAPTER – 3 

METHODOLOGY 

 

3.1 GENERAL 

The Methodology adopted for analysis involves Sustainability Index Tool (SIT), 

multivariate analysis (Cronbach Coefficient Alpha and Principal Components Analysis – PCA 

and WASH performance criteria) and the HDI dimensions. The entire process consists of 

sustainability index tool development, data and weights generation using SPSS tool, determine 

the HDI and validation. 

 

 

3.2  SUSTAINABILITY INDEX TOOL 

 SIT, measure the progress achieved in WASH services through a set of indicator 

questions to determine the index on sustainable services. The indicator questions where 

developed, considering institutions, management styles, financing, and technical. The tool was 

developed globally, necessary to customize indicators and the associated questions specific to 

the WASH interventions.  

There are series of indicator questions developed to determine the progress at the 

institutions, management, financial and technical aspect. The indicator questions targeted 

stakeholders, institutional levels, relevant legislator bodies, decision-makers, service providers 

(e.g. WASH committee, school or utility) and community members. At the household levels, 

information was collected through household surveys on communities WASH interventions. 

Indicator questions for each intervention in 2017 and linking economic, social and 

environmental aspect to institutional, management, financial and technical indicators seen in 

figure 16 & 17. These questionnaires are available in Annex 1. The names and contacts of 

experts and response seen in Annex 2. The questionnaire was developed on “google form 

platform” and distributed electronically, responses were generated through the same electronics 

means. The answers from the indicator questions measure indicator scores and aggregated to 

show sustainability scores by a factor. 
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Figure 15: SDGs dimensions on WASH 

 

 
 Figure 16: Indicator questions 
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3.2.1  Service Provider Level 

This level looks at the individual or named organization responsible for managing and 

operating specific service either at individual household (latrines or water treatment), 

community entity, private operator or services in institutions. Investigation at this level assesses 

the physical infrastructure like functioning borehole or latrine. 

 

3.2.2  Community Level 

 Considered conditions, capacities, and roles, spare parts, and other needed goods and 

services. Community leaders or organisations normally play the central role and assesses the 

performance of non-governmental organizations, local private sector, or public bodies or 

education. 

 

3.2.3  National Level 

 Considered the policies connected to WASH, institutions, and functions. Critical issues 

that impact the sustainable service nationwide like monitoring, financing flows (including 

subsidies), technical standards, and good coordination and collaboration. Here, the assessment 

looks at the ministries responsible for WASH services and finance including legislations. 

 

3.3  MULTIVARIATE ANALYSIS 

 Multivariate analysis analyses numbers of composite indicators. The selected arbitrarily 

give a little indication of the interrelationships among indicators. This can generate indices that 

are confusing and misleading for decision-makers and the general populace. The indicator 

questions need careful analyses before getting the composite indicator. Data set are accessed 

by considering their suitability, methodology in generating weight and aggregating composite 

indicator. The decision from the indicators based on expert opinion for analysis. The data 

generated can be checked whether the dimensions of the phenomenon are statistically well-

balanced in with the principal component analysis. Cronbach Coefficient Alpha measure the 

internal consistency considering items. The multivariate analysis techniques provide an insight 
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into a data set and the composite indicator (Guide 2008). For the purposes of this study, the 

PCA and Cronbach Alpha are considered for data analyses. 

 

3.3.1  Cronbach Coefficient Alpha 

Cronbach Coefficient Alpha (Cronbach, 1951), commonly used to determine the 

internal consistency of survey items (reliability test). The manner, data set of individual 

indicators measure a single unidimensional object. Cronbach’s Alpha is defined as in equation 

1: 

 

 

where 

M number of items considered,  

Q number of individual indicators available, 

                                               the sum of all individual indicators 

 

C-alpha measures the total variability of individual indicators base on the correlation 

coefficient of indicators. The individual indicators can increase with covariance in each pair. 

When it is realised that there no correlation exists, individual indicators become independent 

and C-alpha becomes zero. When item indicators become perfectly correlated, C-alpha 

becomes one. C-alpha is considered as a non-statistical test, but otherwise a coefficient of 

reliability. Correlation is high, showing the items are measuring the same the correct survey 

intent. Similarly, a high reliability, indicates items are correctly measuring the survey intent. 

According to Nunnally (1978), a suggested value of 0.7 is accepted as the reliability threshold.  

The acceptable range fall between 0.75 or 0.80 as a cut-off value but others consider 

0.6 as the cut-off value. In a case, the variances of items vary widely and can be standardised 

(1) 

𝑥𝑜 = ∑(𝑥𝑗 ) 

𝑄

𝑄=1
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to a standard deviation of 1 before calculating the coefficient alpha (c-alpha). C-alpha varies 

when the deletion of each individual indicator is done at a time which can show the existence 

of clusters of individual indicators. With the increase in the reliability coefficient after deleting 

an individual indicator, it is extended that items are not correlated highly with other individual 

indicators (Guide 2008). Alternatively, reliability test for items is done using the software 

known as SPSS package by IBM, to measure the internal consistency of items. The steps in 

achieving reliability test with SPSS are given below.  

 

Step 1. Lunch the application programme and import the required data into the SPSS 

software. On the task bar, go to “analyse” tool and click, “Scale” seen in figure 18. 

 
  Figure 17: Click “analyse” and “scale” 
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Step 2. Among the programme, click on “scale” and then “reliability” seen in figure 

19. 

 
Figure 18: Click “scale” and “reliability analysis” 

 

Step 3. Move your data to the items box, click statistics to tick your output result. Click 

on the model and select “Alpha” and click “ok” seen in figure 20. 

 
 Figure 19: Transfer items and click on “alpha” and “ok” 
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Step 4. Click on the “ok” and the result can be generated with Cronbach Alpha and the 

entire result generated seen in figure 21. 

 
Figure 20: Click “ok” to generate the reliability test result 

 

3.3.2  Principal Components Analysis 

PCA identify the different variables change with their association. With PCA, the 

correlated variables are transformed uncorrelated variables through the correlation matrix.  In 

PCA, the variance observed data can linearly combine with the original data. Consider Q 

variables, Q x, x... x in which data’s variation accounted for small variables (principal 

components, or linear relations) that is Q Z, Z... Z, that are uncorrelated. Select the case where 

P<Q for principal components with a “high” amount of cumulative variance of the original 

data. 

Z1 = a11x1 + a12x2 + … + a1QxQ 

Z2 = a21x1 + a22x2 + … + a2QxQ                                                                            (2)                           

Z1 = aQ1x1 + aQ2x2 + … + aQQxQ 

When there exists no correlation, the PCA becomes the common property showing that 

the PCA is measuring different “statistical dimensions” of items. PCA technique cannot always 
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reduce the size of variables to a small transformed variable. Again, when original variables are 

uncorrelated, then the analysis is of no value. When the original variables are highly correlated 

positively or negatively, a significant reduction can be obtained. Take the weights aij (as factor 

loadings) and applied to the variables xj, equation (3) to give the principal components Zi. This 

condition is only satisfied when; (1) they are uncorrelated; (2) the maximum proportion of the 

variance accounts is set at x s, the second maximum remaining variance until the last remaining 

variance not accounted for by the preceding components equation 3. 

a2
i1 + a2

i2 + … + a2
iQ = 1, i = 1, 2… Q                                                   (3)                                                  

Where aij are the factor loadings, for x1, x2...xQ variables (indicators), and Q the number of 

variables. Eigenvalues λj, j=1… Q got from PCA from item covariance matrix CM.     

 

                                                                                           

(4)                                                                                                                                                                                                                      

 

 

Where the diagonal element cmii is the variance of xi and cmij and covariance of 

variables xi and xj. The matrix shows an eigenvalues CM and is the characteristic equation of 

|CM – λI | = 0, where I, the identity matrix of the order as CM and λ eigenvalues vector. The 

condition is possible only if Q is small. Eigenvalues are negligible and negative eigenvalues 

are a hardly possible matrix. It is advisable to standardise the variable – x s – to have zero so 

that no one variable can have an undue influence on the PCA. In that case, co-variance matrix 

CM can take the form of the correlation matrix. The individual indicators in a collinear form 

become the composite indicator capturing more information common to the individual 

indicators. It can be established that the sum of the variances of the principal components equal 

to the sum of the variances of the original variables seen in equation 5.  

λ1 + λ2 … + λQ = Cm11 + Cm22 + ….. + CmQQ                                                                                                    (5)                                                                                              

When no correlation existing in the variables then PCA technique cannot be used. In 

finding weight from the PCA associated with the eigenvalues most be larger than one, can 

contribute individually to the overall variance by more than 10% and contribute cumulatively 
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to the overall variance by nothing less than 60%. The varimax rotation cab is to minimise the 

number of individual indicators with high factor loading. Rotation changes the factor loadings 

including the interpretation of the factors. This can leave the analytical unchanged. The PCA 

can generate the weight of variables by using the software called SPSS as illustrated in the 

following steps.  

 

Step 1. Lunching the software and import the selected data to be analysed on the work 

space of the SPSS software. Arrange items with indications by title head under variable view. 

On the task bar, look for the analyse tool and click. List of the programme can come from a 

drop down menu. Look for “Dimension Reduction” and click. The window where you can fine 

“Factor” opens. Click on the “factor” tool seen in figure 22. 

 
Figure 21: Click on “dimension reduction” tool and “factor” tool 

 

Step 2. Click on the “Factor” tool and a small dialogue box prop name “Factor 

Analysis”. Move all data under the variables column and setup the description, extraction, 

rotation, scores and options icons. After doing all settings as per your requirement, then click 

the “ok” to generate eigenvalues, rotated values as seen in figure 23 & 24. 
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  Figure 22: Click on “ok” to generate results 

 

The three intermediate composites of the rotated variance percent give assign weight to 

each one of them equal to the proportion of the explained variance in the data set: (0.552 = 

14.861/(14.861+6.569+5.497)), 0.244 for the second, 0.204 for the third and the sum will be 

equal to 1.  

 
Figure 23: Rotated components matrix 
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3.4 WASH PERFORMANCE CRITERIA 

WASH developing and managing required making meaningful decisions. When the 

WASH sector has the ability to make well-meaning, scientific, social or political criteria 

ensuring success in WASH interventions. A set of tools which are quantitative are used to 

measure the performance criteria for reliability, resilience and vulnerability are considered for 

this study though qualitative judgement. In this regard, the reliability, resilience, and 

vulnerability of WASH conditions in Freetown can be estimated with equations below: 

 

 

 

 

 

Vulnerability = Expected extent given unsatisfactory * 

                         Expected duration is given unsatisfactory values                                   (8)

  

 

 

 

 

 

The concept of reliability describes the probability or frequency of meeting the water 

demand at desired time and place with required pressure. In other words, the system reliability 

is considered, as the ratio of satisfactory periods to the total number of simulation periods 

considering system resilience as significant operational benefits to improve WASH under 

uncertain climatic impacts and population expansion (Zhang et al. 2017). The emerging 

  (6) 

  (7) 

  (9) 

(10) 
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realisation to build resilience is a significant element that enhances WASH sustainability in the 

world. Resilience considers the ability of any system to continue service despite experiencing 

disturbances from variability in climate and population expansion, etc. It shows how quickly a 

system recovers after disturbances or failures. System resilience goes with performance under 

disturbances of climatic impacts and population expansion. A system can be unstable because 

the pressure rise due to population densities but can persist severe shocks (Hashimoto, 

Stedinger, and Loucks 1982).  The concept of resilience may be used to measure the duration 

(time) and severity (vulnerability) of failure event either natural or artificial (Cubillo and 

Martínez-Codina 2017). The severity of WASH systems, making the systems unsustainable 

and non-reliable account for the system vulnerability. The WASH systems with its ability to 

resist inherent variable stresses indicate lesser vulnerability (Foti et al. 2010). The vulnerability 

is the magnitude of a failure when it occurs. When the probability of failure is small, the 

resulting consequences are considered (Hashimoto, Stedinger, and Loucks 1982). 

 

3.5  HUMAN DEVELOPMENT INDEX DIMENSIONS 

   The HDI considering three dimensions: the long and healthy life measured by life 

expectancy index, knowledge measured adult literacy rate and combined primary, secondary 

and tertiary enrolment ratio and a decent standard of living measured the GDP per capita.  HDI 

in 2012 for Serra Leone was low and out of 187 countries, it came 177. Human development 

empowers the population and prioritises the improvement in basic human capacity. HDI goes 

beyond economic growth, increase in income, productivity and capital accumulation but socio-

economic growth and poverty gap. Countries that are haven high income levels do not succeed 

to reduce social problems like alcohol, homelessness, drug abuse, HIV and domestic violence. 

Countries can achieve high levels HDI because they wisely use all the resources to develop 

basic human capabilities (Ruslan 2017). HDI dimensions are seen in figure 25. 
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               Figure 24: HDI dimensions 

  

HDI considers the geometric mean of normalized indices for the dimensions seen in figure 25 

above. 

                                                                                                (11) 

 

3.6  CONCLUSIONS 

 Employing different methods to measure the sustainability index of the WASH with 

indicator questions. The indicator questions response were tested for the internal consistency 

using the SPSS. The SPSS test the reliability of data collected by a method known as 

Cronbach’s Alpha method. The weight attributed to the indicators was measured with the help 

of mean weight and weight based on PCA. Generated weights, used in calculating the 

sustainability of WASH in Freetown. WASH performance criteria could be calculated 

empirical formulas to measure reliability, resilience and vulnerability. The HDI calculation 

used mathematical formulas to measure the HDI dimensions like life expectancy index, 

education index and income index. 
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CHAPTER – 4 

RESULTS AND DISCUSSIONS 

 

4.1  GENERAL 

 The methods as highlighted previously, generate the required results. Results got from 

SPSS technique give the reliability of data collected. The weight given to indicators are 

generated through the mothed of PCA and mean weight. The human development, reliability 

resilience and vulnerability results were calculated with mathematical principles. 

 

4.2  RESULTS AND DISCUSSIONS   

 Achieving sustainability WASH services, continuing to be crucial for communities and 

service providers. The government has invested so much money on WASH services for years 

but yet millions have limited access and coverage (Schreier and Cohen 2013). The interventions 

provided to communities are not properly managed because of limited and unreliable financing 

and the infrastructures are not adequately maintained causing them to breakdown within the 

short time. In this regard, the study undertook to gather data on completed WASH projects in 

Freetown. Indicator questions were developed using “google form” platform (Annex 1) and 

information was gathered from WASH experts. Internal consistency test carryout on the data 

to see how reliable information collected are using Cronbach Coefficient Alpha method 

through SPSS. The ranges for comparing the reliability test result is given in table 1. 

          Table 1: Range of Cronbach Alpha internal consistency check 

Cronbach’s alpha Internal Consistency 

a ≥ 0.9 Excellent 

0.7 ≤ a < 0.9 Good 

0.6 ≤ a < 0.7 Acceptable 

0.5 ≤ a < 0.6 Poor 

a < 0.5 Unacceptable 
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The case processing summary for reliability test is given in table 2 below. 

                         Table 2: Reliability processing summary 

Case Processing Summary 

  N % 

Cases 

Valid 85 100.0 

Excluded 0 0.0 

Total 85 100.0 

a. List-wise deletion based on all variables in the procedure. 

 

The Reliability Statistics of the indicator questions seen in table 3. 

                              Table 3: Reliability Statistics 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's Alpha Based on 

Standardized Items 
N of Items 

0.984 0.983 36 

 

The Reliability scale for the main indicators (Institutional, Management, Financial and 

Technical) as in table 4. 

                        Table 4: Reliability Scale for Main Indicators 
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The Reliability scale for Sub-Indicator (Institutional) given in table 5. 

                   Table 5: Reliability Scale for Sub-Indicator (Institutional) 

 

The Reliability scale for Sub-Indicator (Management), as in table 6 below. 

                    Table 6: Reliability for Sub-Indicator (Management) 

 

The Reliability scale for Sub-Indicator (Financial) as in table 7. 

                   Table 7: Reliability of Sub-Indicator (Financial) 
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                   Table 8: Reliability Scale for Sub-Indicator (Technical) 

 

 

When the value for c-alpha is high it means the items in the test survey instrument are 

highly correlated. The α is high (0.983) for the items in the survey instrument indicating a 

higher correlation. The α value is sensitive to the number of test items in a survey instrument. 

When the survey items are large, can result in a larger α, and a smaller number of survey items 

mean smaller α value. Where the alpha value is low, means the questions are not enough on 

the test. Putting more relevant survey items or indicator questions to the test can increase alpha 

value above. Where there is an imperfect relationship between the indicator questions can also 

cause low values. The reliability or internal consistency of the data using Cronbach’s Alpha, 

has shown that the test items are acceptable as c-alpha for all the test items tend to 1. 

The weight of the indicator questions and the internal consistency test or reliability of 

the survey items were calculated. The survey which had been undertaken received responses 

from 85 WASH experts. The expert's view is acceptable base on the high c-alpha value and the 

information provided for further analysis. The mean weight of the survey items is given in table 

9 below.   

 

 



  

Page | 50  
 

  Table 9: Mean weight for main indicators and sub-indicators of survey items 

 

The mean weight for the indicator questions considering the indicators is given in table 

10 to 13. 

 

 Table 10: Mean weight for Institutional and attributes 
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            Table 11: Mean weight for management and attributes 

 

 

            Table 12: Mean weight for financial and attributes 
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            Table 13: Mean weight for technical and attributes 

 

The values of table 14 are subject to modification as this is taken from the International 

H2O (USIAD and Rotary International) showing ranges Sustainability Index on WASH 

interventions. 

   Table 14: Sustainability Index Levels 

<50% Low 

75%≥51%  Average  

90%≥76%  Satisfactory 

>90% Good  

 

 

Sustainability Index scores for WASH services considering each intervention can be 

calculated by aggregating information from experts on the survey items. The answers to 

indicator questions were scored on the survey item from household levels, community levels 

and national levels to determine the overall indicator scores on WASH services in Freetown. 

These indicators were aggregated (averaged) by their factor (institutional, management, 

financial and technical), to yield the factor scores on WASH sustainability in Freetown. The 

responses from expert’s opinion during the survey are given in annex 3. Equation 12 calculated 

the WASH sustainability index as given below. 
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(12) 

 

 

Where: 

WSI is WASH Sustainability Index based on functionality, water points under 

construction, partially damaged and broken down water points, 𝑊i is the weighing factor equal 

to the ratio of the variance of each factor to total cumulative variance coefficients in the 

equation, and 𝑆𝑖 is scored value of each indicator. 
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 The WASH Sustainability Index in Freetown, using mean weight method is given in 

table 15. 

 

                Table 15: Sustainability Index using Mean Weighted 

 

 

The overall WASH Sustainability Index = 0.111+0.138+0.099+0.119 = 0.467 = 46.7% 
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The WASH Sustainability Index in Freetown, using the weights based on PCA 

method as in table 16. 

    Table 16: WASH Sustainability Index using PCA 
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The Overall PCA – WSI = 0.221+0.132+0.114 = 0.467 = 46.7% 

 

 
Figure 25: WSI for mean weighted and PCA 
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 The WASH Sustainability Index of Freetown, according to the International H2O 

(USIAD and Rotary International), shows that the WASH Sustainability Index is low (0.467 

or 46.7%) which is less than 50%. The WASH coverage is low and achieving the target in 2030 

seemed impossible. The low WASH index, impact the health, education, socio-economic, 

lifestyle and income generation. 

 

 The performance has been measured, considering reliability, resilience and 

vulnerability of WASH systems as in figure 27. 

 

 
   Figure 26: WASH performance criteria 

 

 The WASH performance in Freetown was at high risks, January to September 2017. 

The reliability and resilience of the WASH systems where at an all-time low within the selected 

periods. The systems show high vulnerability in the selected period, making service delivery 

and access a huge challenge. A development is a sustainable base on the criteria, social, 

economic and environmental aspects. WASH services are low, impact health, education, 

growth and life expectancy. The WASH systems are made resilience and reliable in the face of 

climate variability. When the system fails to withstand the effect of climate variability, the 

health is at risks and communities exposed to WASH related disease. 

 WASH conditions in Freetown is unsatisfactory and have got an impact on the HDI. 

The HDI dimensions, life expectancy, education index and income index have been measured 

from 1980 to 2017 as in table 17. 
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   Table 17: HDI and WSI 
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Figure 27: HDI 

 

 
Figure 28: WSI 

  



  

Page | 60  
 

The HDI has been measured to be low from 1980 to 2017. Sustainability Development 

Index increase from 1980, drop lower in 1990 because of the civil war and continue right 

through the war to 2004. From 2004, the HDI steadily rise up to 2017. After the war, the socio-

economic status started improving, businesses started gaining ground, schools reopened, the 

health care improve and income generation started. HDI is influenced by the income gap in 

society. When the war was concluded, wealth was accumulated and lost for others making them 

very poor. Since then the gap keeps widening and closing influencing the HDI. As the WASH 

conditions go worst, HDI becomes affected. Quality WASH services, provide good health, 

education, and decent life. When the WASH services are poor, HDI will be affected and the 

life expectance reduces with low educational achievement and low GDP. WASH services 

promote sustainable development and HDI for countries in the world. 

 

4.3  CONCLUSIONS 

 The index on WASH services is poor or low from the measured calculations. The index 

is measured low because of poor institutions, management, investment and technology. The 

result shows the risks of diarrheal or WASH related diseases, which can claim more lives in 

especially the under-five children. WASH systems reliability and resilience are unsatisfactory, 

making the vulnerable of the systems higher. When these WASH components are vulnerable, 

then the health, economy, environment, income status and education are at risks. Freetown has 

unsatisfactory WASH index exposing its population to the risks of diarrheal and other WASH 

related diseases. The WASH sustainability index can cause the HDI to be low. From the result 

estimated, HDI is low for the study area due to poor WASH conditions. 
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CHAPTER – 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

5.1  GENERAL 

 The results estimated on WASH sustainability index, have generated the following 

conclusions and recommendations. The concluding statement and recommendations can help 

service providers, institutions and community leaders to device a better way of implementing 

WASH services to communities globally. 

 

5.2 CONCLUSIONS 

 The monitoring of WASH activities in areas around Freetown that are underserved by 

service providers have the physical structures and how many people can access services. The 

approaches cannot take the actual WASH service delivered to the people staying in an 

underserved community. WASH services in the city, lack the required design standard causing 

low service levels, far short of the estimated. In an effect to solve the challenge, monitoring 

mechanism should be enforced to improve the levels of service with little attention on the 

physical components. Reliable WASH services do not only consider functioning hardware but 

the software package which can enhance successful implementation.  

The software aspect for any WASH interventions does not consider the physical 

infrastructures but the supportive policies, levels of decentralization, political economy, 

population density and topography and legislation. WASH services in Freetown are low 

because of limited financing, inadequate services and capital maintenance. Revenue 

mobilisation for WASH is low due to low tariff structure hindering the operational cost and 

extension of service to others. Institutional or policy vacuum provides the highest sustainability 

risks, shortening the life of WASH services and reducing coverage to communities. Inadequate 

WASH policy or institutional frameworks negatively impact the functionality of components. 

Similarly, there is complete lack of willingness and capacity of institutions in providing a 

sustainable follow up supports.  
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5.2  RECOMMENDATIONS 

 The specific and detailed recommendations for improving WASH services in Freetown. 

This study has highlighted trends and issues relating to policy development, planning and 

collaboration. The following recommendations might be useful to funding agencies, service 

providers, international development partners, and government, which can likely contribute to 

sustainable WASH interventions. 

1. More rigorous and evidenced based monitoring of services delivery in Freetown. The 

monitoring findings encourage engagement at stakeholder levels and as well promote 

changes in policy and institutional framework which can enhance health care and 

reduce under-five death rates. 

2. Addressing capacity building constraints for short term projects particularly at local 

levels. Improving discrete interventions, such as training local government staff on 

project management, administrative and contract management or promote private 

sector capacity, can provide better sustainable WASH services. 

3. Having a good understanding of Life-cycle costs analysis can improve WASH 

financing, provide sustainable support and strengthen revenue mobilisation. 

4. Encouraging better collaboration and coordination relevant authorities in the WASH 

sector, as a way of providing better returns on investments. 

5. Raising awareness to address certain policy or capacity constraints relating to WASH 

sustainability, can be valid for any intervention in Freetown. 
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ANNEX 

 

Annex 1: Indicator questions as below.  
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Annex 2: Names and Contacts of Respondents 
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Annex 3: Responses from indicator questions 
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