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Abstract 
 
The main objective when implementing a sanitation system in developing areas is to protect and 
promote human health by providing a clean environment and breaking the cycle of disease. If this 
can be achieved, an aid project for improved sanitation can be described as successful. In order to 
know how to make a project as successful as possible, this study will evaluate the aspects of 
implementing a sustainable sanitation system. 
 
The evaluation is done by statistically comparing sanitation projects with both quantitative and 

qualitative indicators. This comparison is based on a Principal Component Analysis (PCA) performed 

by the software program SIMCA to identify correlations among project characteristics. The analysis 

expresses interesting correlations that are important to take into consideration when conducting a 

sanitation project. 

If the following correlations are considered when implementing a sanitation system, it is estimated 

to increase the chance of succeeding with a project. When introducing a sanitation project it is 

recommended to focus on direct benefits for the inhabitants, like reduced smell and easy 

maintenance. To emphasise the environmental aspects does not increase their motivation to use the 

facility. It is also important to educate the affected inhabitants before the implementation of the 

sanitation system, as this will help them to use the facility correctly. Furthermore it is necessary to 

consider how the sanitation system is maintained. The results show that the affected inhabitants 

prefer not to handle the emptying of the facilities themselves. The method of PCA has been 

evaluated based on the credibility of the results. It was concluded that analysing correlations among 

indicators can be valuable as a tool for designing sanitation projects. 
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Sammanfattning 

Huvudsyftet vid implementering av sanitatetssystem i utvecklingsområden är att främja och värna 

om människors hälsa genom att erbjuda en ren miljö och bryta befintliga sjukdomscykler. Om detta 

uppnås kan ett biståndsprojekt för förbättrad sanitet beskrivas som framgångsrikt. Denna studie 

utvärderar implementeringsaspekterna för ett hållbart sanitetsprojekt med målet att undersöka hur 

ett projekt blir så framgångsrikt som möjligt. 

Studien är utförd genom att statistiskt jämföra sanitetsprojekt med både kvantitativa och kvalitativa 

indikatorer. Denna jämförelse baseras på en principalkomponentanalys (PCA) utförd av mjukvaran 

SIMCA för att identifiera korrelationer mellan aspekter inom projekt. Analysen resulterar i 

intressanta korrelationer som är viktiga att ta hänsyn till vid införandet av ett sanitetssystem.  

Resultatet från följande korrelationer antas öka chanserna för att lyckas med ett sanitetsprojekt. Vid 

införandet rekommenderas ett fokus på de direkta fördelarna för invånarna; till exempel minskad 

lukt och enkel skötsel. Att lägga tyngd på miljöaspekter ökar inte invånarnas motivation för att 

använda anläggningarna. Vikt bör läggas på att utbilda de berörda invånarna inför införandet av ett 

nytt sanitetsprojekt då detta leder till att anläggningen används på rätt sätt. Det är även viktigt att ta 

hänsyn till hur anläggningen är underhållen. Resultaten visar att de berörda invånarna föredrar att 

inte sköta tömningen själv. Metoden med PCA har utvärderats baserat på trovärdigheten för 

resultaten. Slutsatsen dras att det är en användbar metod för att analysera korrelationer mellan 

indikatorer i sanitetsprojekt. 
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1 Introduction 

 
Water and sanitation are two of the most basic needs for human health and are necessary for every 
human on earth (Sustainable Saniation Alliance, 2013). Even so, close to one billion people around 
the world lack access to clean water and over two and a half billion do not have the possibilities to 
visit a toilet when managing their personal needs (Water Aid Sverige, 2013). For people in the 
wealthier parts of the world these life necessities are taken for granted and do not constitute a 
general issue (Lifewater international, 2013). This however, is not the case in all places. Inadequate 
access to clean water and safe sanitation does not only lead to enhanced risk of illness but also 
deprives people of their privacy and dignity and creates an unpleasant environment to live in (Water 
Aid Sverige, 2013). 

There are 2.6 billion people around the world using what they have at hand, like riverbeds or plastic 
bags, to handle their everyday needs (Fogelberg & Sparkman, 2011). Some of these people do not 
practice methods that keep human excreta away from their food and drinking water and this 
insufficient sanitation results in nearly two million lost lives each year from curable diseases. In 
addition, poor sanitation and hygiene have many other serious consequences (UNICEF, 2013). 
Children, and girls in particular, are denied their right to education as a result of their schools lacking 
private and decent sanitation facilities.  

In an attempt to reduce extreme poverty and its side effects, the world leaders were brought 
together in September year 2000 to adopt the United Nation Millennium Declaration (United 
Nations, 2013). This commitment has become known as the Millennium Development Goals, which 
aim to halve the proportion of people without access to safe water and adequate sanitation by the 
year 2015.  

Under the last decades the issues with insufficient sanitation have been recognised and addressed 
by the rest of the world, which has resulted in a lot of work being done to improve sanitation 
situations where it is needed (World Health Organization, 2012). However, there is still a long way to 
go and the main problems to achieve the Millennium Development Goals are lack of priority to the 
sector of sanitation and lack of financial resources (World Health Organization, 2013). 
Implementation of sanitation projects, where toilet facilities are built, is one important step towards 
a better sanitation situation (World Health Organization, 2012). In these projects many aspects have 
to be taken into consideration in order to achieve a successful result. To manage a successful 
sanitation project, experience, knowledge and a source of motivation are important elements 
(UNICEF, 1997). It is also important to learn from previous mistakes and prevent that the same 
mistakes are being made (Sustainable Sanitation Alliance, 2013). It is therefore important to try to 
foresee some of the problems that might occur and what areas of implementation will require extra 
attention. 

In order to determine how to make the implementation of a sanitation project as successful as 
possible this study will evaluate the phases and factors that are part of this process. The study will, 
by conduction of a Principal Component Analysis (PCA), show what factors correlate to each other. It 
will then be possible to evaluate the correlations and find the reasons behind them. Conclusions will 
be drawn, saying which parts of the project will require extra care. The findings can be of value when 
conducting a new sanitation project, for example show relations that are difficult to discover in 
advance. When knowing about these relations, attention can be paid to them and unnecessary 
mistakes can be avoided. This could help to implement successful sanitations systems and create a 
more sustainable situation regarding sanitation in various places around the world.  
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2 Aim and research questions 

 
This study aims at assessing the importance of different aspects of sanitation projects in order to be 
as successful as possible. This will be done by statistically comparing selected aid projects for 
improved sanitation, to see possible correlations among chosen indicators. The comparison is based 
on a Principal Component Analysis (PCA) performed by the software program SIMCA to identify 
correlations among project characteristics. The analysis will make it possible to see interesting 
correlations to take into consideration when conducting a new aid project for improved sanitation. 

The aim can be expressed in terms of the following research questions: 

 What strong correlations can be found in the PCA and how can these correlations be 
explained? 

 How can these correlations be combined to give recommendations for implementing a 
sanitation project? 

 Is PCA a suitable method for analysing aid projects that focus on sanitation? 
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3 Background 

 
This section gives a deeper understanding for the key subjects treated in this study. The first part 
contains the definitions that are relevant for this study. This is followed by a description of aid and a 

review over the consequences of lack of proper sanitation. Finally PCA is described to give further 
understanding of the method. 

3.1 Definitions 

It is important to define the concepts that will be used in a specific context (Prawitz, 2013). This is 
because it is essential to have a clear understanding of concepts when referring to them. 

3.1.1 Sanitation 

The term sanitation relates to systems promoting safe disposal of waste. In this study sanitation 
refers to the part of the system that takes care of human urine and faeces.  

3.1.2 Sustainable sanitation 

Sustainable sanitation is defined as a sanitation system which protects and promotes human health 
by providing a clean environment and breaking the cycle of disease (Sustainable Saniation Alliance, 
2013). In order to be sustainable, a sanitation system has to be economically viable, socially 
acceptable, and technically and institutionally appropriate. It should also protect the environment 
and the natural resources. 

3.1.3 Successful sanitation 

If a sanitation project has turned out well or not is in this study evaluated according to the definition 
of sustainable sanitation previously declared. It is however difficult to say if a project is successful or 
not and usually a project can be considered successful in some aspects but not in others (UNICEF, 
1997).  

3.1.4 Developing areas 

Developing areas are defined as geographical regions that do not fulfill certain criteria (DESA, 2012). 
Such criteria have for instance been defined by the United Nations Development Policy and Analysis 
Division and include gross secondary school enrolment ratio, under five mortality rates and 
percentage of population undernourished, among others. 

3.2 Aid 

Aid is defined as the transfer of funds for altruistic and humanitarian purposes (Lancaster, 2006). Aid 
can be given in various forms and amounts; from micro loans to individuals, to millions of dollars for 
reconstruction after a war or prevention of deceases. A large part of the aid comes from national 
governments and large international organisation like The United Nations or the World Bank, but 
Non-Governmental Organisations (NGOs) are also contributing. It is essential that the organisation is 
transparent considering its work, the money spent and how the money is distributed (Easterly & 
Pfutze, 2008). It can also be an issue that money is given to corrupt governments or inefficient 
channels. 

In 2010 the total amount of development aid for sanitation and water was 7.8 billion US dollars 
(Eliasson & Stenbeck, 2009). Approximately one quarter of that money was given to the least 
developed areas of the world. Numerous of organisations like European Union and Wateraid spend 
large funds and a lot of effort on improvement of sanitation (European Commision, 2013) (WaterAid, 
2013), but there is still an uneven distribution (Eliasson & Stenbeck, 2009). To reach the millennium 
goal regarding sanitation, decreasing the portion of the population not having access to improved 
sanitation by half to 2015, there is still a long way to go (millenniemålen.nu, 2011). 
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3.3 Consequences of insufficient sanitation 
In addition to the health impacts, sanitation has a large influence on both the social and economic 
aspects of a society (Mara, et al., 2010). If improved sanitation is implemented the following 
consequences, among others, can be avoided. 

3.3.1 Safety 
There are fewer acceptable public latrines for women (Borba, et al., 2007). In some rural areas 
where open defecation is practiced, female inhabitants wait until dark to take care of their needs. 
Furthermore, women without access to homestead sanitation have enhanced risks of being raped or 
attacked, which are experienced when using public latrines or defecating in the bush (Mara, et al., 
2010). 

3.3.2 Economy 

Diseases caused by poor sanitation leads to low productivity and consequently to poverty (Borba, et 
al., 2007). Poor people who get ill can lose their income and family members might have to spend 
their scarce resources, or need to stay at home from work or school, to care for their sick relatives. 
Improved sanitation can amount in resources, like fertilisers, to use as consumers or producers, 
leading to economic benefits (Mara, et al., 2010). 

3.3.3 Education 
Lack of proper sanitation in schools keeps young women out of education due to a need for a facility 
during menstruation, leading to negative consequences on their future opportunities to earn their 
living (Borba, et al., 2007). Health effects due to lack of proper sanitation also causes children to miss 
school (UNICEF, 2013). Consequently, the future ability to contribute to poverty alleviation in the 
household is deprived (Borba, et al., 2007). 

3.3.4 Environment 
The sanitary and environmental conditions in some developing urban and peri-urban areas have 
become a serious threat to public health and preservation of natural assets (Crennan & Berry, 2003). 
The lack of proper sanitation has led to pollution of water sources in many parts of the world which 
communities rely on for survival (Right to Water and Sanitation, 2006). 

3.3.5 Health effects 

Lack of proper sanitation is connected to the transmission of many common infectious diseases like 
cholera, typhoid, hepatitis and polio (Montgomery & Elimelech, 2007). As an example, typhoid fever 
is caused by the bacteria Salmonella typhi, which is passed in the faeces and urine of infected people 
(World Health Organization, 2013). Others are then infected by consuming food or water that is 
contaminated as a result of poor sanitation. Along with this example, the effects of substandard 
sanitation are manifold. The World Health Organization states that 10 percent of the people living in 
the developing world are infected with intestinal worms due to insufficient waste and excreta 
management (Carr, 2001). 

3.3.5.1 Transmission of pathogens  

Pathogens are agents causing disease (Alberts, et al., 2002). When pathogens are present in the 
environment they are a potential threat to human health (Carr, 2001). Their transmission has 
therefore been studied to more efficiently prevent humans from being infected. Many types of 
pathogens can be found in human excreta and they remain infectious for different amounts of time 
depending on the climate. It is crucial to prevent pathogens from contaminating the environment to 
decrease the risk of infection (Carr, 2001). Prevention can be obtained by using proper sanitation 
systems, which protects water resources and food from faecal contamination.  
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3.3.5.2 Pathogens in excreta 

Not all bacteria in faeces are pathogenic (Niwagaba, 2009). In fact most species are non-pathogenic 
and are referred to as normal intestinal microbiota. Pathogens present in faeces are an indication of 
infection in that human. Depending on the health of the population, the excreta may contain a 
number of pathogenic bacteria, viruses and pathogenic protozoa. Most types of faecal pathogens 
give rise to gastrointestinal symptoms like diarrhoea, vomiting and stomach aches. If the immune 
system is weakened the non-pathogenic organisms can give rise to disease. 

Urine has low content of pathogens and needs less treatment before it can be used as fertiliser or 
disposed (Carr, 2001). It is safe for crop fertilisation at homestead level after storing it for one 
month. 

3.4 Pathogen inactivation 

Human faeces have a higher risk of spreading diseases than urine, which is why a method for 
sanitising faeces is needed when constructing a sanitation system. (Winblad, 2004) Some of the main 
factors affecting the survival of pathogens are temperature, pH level, ammonia content and 
dehydration. 

3.4.1 Thermal treatment 

Inactivating microorganisms by thermal treatment is a well-known technique (Nordin, 2007). The 
heat source can be either external or internal, like in composting when the heat is generated by the 
material. Many functions in a cell are based on proteins, which can denature at temperatures above 
the organisms optimum (Mader, 2010). Denatured proteins have disrupted shapes and thus have 
lost their function as the function is determined by the shape (Kimball, 2012). 

3.4.2 pH treatment 

Treatment of pathogens using high pH levels can damage bacteria by breaking down their 
membrane (Mendonca, et al., 1994). To inactivate persistent pathogens, a pH of 12 during three 
months is recommended (Nordin, 2007). Such levels of pH can be obtained by addition of large 
amounts of ash to the waste. The efficiency of the pH treatment will be improved if high pH is 
combined with an increase in temperature. 

3.4.3 Ammonia treatment 

The effect of ammonia has been widely studied but the mechanism with which it helps sanitise 
waste is still not established (Nordin, 2007). One theory is that the small size and high solubility of 
the molecule enables it to penetrate the membrane of the pathogens. When this is done the 
molecules can reduce the intracellular proton concentration by taking up a proton. Protons are a 
central part of the metabolism of the cell, giving it energy to function (Lane, 2010).  

3.4.4 Dehydration 

Treating faeces by dehydration inhibits the growth of the pathogens as the availability of water is a 
critical factor for the growth of all cells (Todar, 2009). Water is the solvent where the molecules of 
life are dissolved as well as a source of oxygen and hydrogen, which are constituents of cell material. 
The method used in urine-diversion dehydration toilets (UDDTs) is dehydration which kills the 
viruses, bacteria and worm eggs in the faeces. It is important to keep urine and faeces separated to 
keep the moisture content in the faeces as low as possible (Wafler & Spuhler, 2010). Where double 
vault UDDTs is used, there is a risk of not storing the excreta for sufficiently long periods of time 
(Niwagaba, 2009). If the storage time is less than one year, a secondary treatment is necessary to 
ensure a sufficient decrease of pathogen content.  
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3.5 Indicators 

In order to measure and follow the changes regarding sustainable development, the method of 
using indicators can be conducted (Palme, 2010). This method has been commonly used since the 
1990’s (Murray, et al., 2009) and the indicators can be formed to give a broad view of the situation 
by showing different functions for, in this case, sanitation projects (Palme, 2010). 

Both quantitative and qualitative indicators are used in the study. The quantitative indicators are 
easier to measure and compare but the qualitative ones are as important and therefore alternative 
ways to compare these must be found (Lundin, et al., 1999). The indicators of this study have been 
divided into the following topics.  

3.5.1 Basic facts 

Factors like democracy rate, mean age and income per capita varies between different countries 
(Gapminder, 2008). It is important to know the characteristics of a community before starting a 
sanitation project as it will affect the outcome (UNICEF, 1997). 

3.5.2 Scale 

Sanitation projects vary in size regarding number of inhabitants affected, total cost, number of built 
toilets etcetera (Sustainable Sanitation Alliance, 2013). Project managers can measure progress by 
the number of toilets constructed or number of inhabitants covered (WSP, 2005). 

3.5.3 Economics 

The objective of looking at the budget of each project is to see how it affects their outcome (Water 
Aid, 2010). The design of the budget is important to ensure the right spending of the resources and 
effective implementation of each financial share. Budgets can also be evaluated by looking at 
volume and source of funding. It is important to consider the inhabitants’ willingness to pay as an 
economical involvement will increase their concern for the project (UNICEF, 1997).  

In order to make a more accurate comparison, the economic indicators have been Purchasing Power 
Parity converted (PPP-converted). This is done by using a factor to convert the domestic value of 
money to a common currency where all units have the same purchasing power (World Bank, 2013). 
The conversion factor was chosen according to the start-up year of each project. 

3.5.4 Administration 

The number of involved organisations will affect the outcome of the project and therefore it is 
sometimes better to have fewer actors as different directives can confuse the inhabitants (UNICEF, 
1997).  

Under the topic administration, involvement is a big and important part (Garfi & Ferrer-Martí, 2011). 
To make the inhabitants participate they have to be involved in several parts of the project (UNICEF, 
1997) and not just in the manual work (Garfi & Ferrer-Martí, 2011). It is proved that only installing a 
technology without any participation from the inhabitants is a failing concept (UNICEF, 1997). If the 
inhabitants do not feel involved they tend to think that the facility belongs to the government and 
that the government is responsible for all the maintenance and operation (Muyibi, 1992). 

3.5.5 Education 

Adequate education should be involved in all stages of a project (Huuhtanen & Laukkanen, 2006). 
The inhabitants must not be forced to participate in the education but they need to be provided a 
chance to participate. There are many different forms of education like workshops, lectures and 
information through social media (Sustainable Sanitation Alliance, 2013). The education can also be 
held at different locations to reach different groups and ages for example in schools or churches 
(Muyibi, 1992). 
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When planning the education, the current knowledge of the inhabitants must be considered and a 
sufficient education is based on the interest and demand of the inhabitants (Huuhtanen & 
Laukkanen, 2006). At the same time a project’s education about hygiene does not always contribute 
to a right usage of the facility (UNICEF, 1997). Many people already have the awareness about 
sanitation issues but fail to use the new facilities the right way as they do not feel involved. The 
inhabitants need to be convinced that improvement of their sanitation will enhance their life 
situation; otherwise the education does not matter (Huuhtanen & Laukkanen, 2006). 

3.5.6 Technical solution 

There is not a single recommended technology; it must be chosen out of the conditions of a project’s 
location (UNICEF, 1997). The best way to choose a technology is to use local innovation and develop 
the already existing solutions (UNICEF, 1997).  Problems due to bad construction and incorrectly 
used material can occur, which can lead to damages on the construction and must be taken into 
consideration (Muyibi, 1992). 

The toilets can be arranged in different ways, from being installed in private households to public 
facilities (Water and Sanitation for All, 2013). A household facility tends to provide more privacy but 
is more expensive to build and operate. Public facilities are built in crowded areas (Water and 
Sanitation for All, 2013) and sometimes fail to be operated in a correct way as the persons in charge 
do not feel responsible for the facility (Sustainable Sanitation Alliance, 2013). 

3.5.7 Environment and health 

It is essential to consider the health impact when evaluating a sanitation system as it has a large 
effect on the residents in general (Black & King, 2009). If a person is transmitted with a disease due 
to lack of sanitation it affects the ability to work and take care of the family. It could in worst cases 
lead to death. Lack of sanitation and hygiene is one of the reasons why waterborne diseases 
continue to spread. It can also lead to a negative environmental impact (World Health Organization, 
2013) as spreading of human excreta can reduce oxygen levels in rivers and effect plant and animal 
life in a negative way (WaterAid, 2013).  

3.5.8 Result indicators 

The result indicators consist of indicators from the topics mentioned above together with indicators 
concerning acceptance. Historically, a problem with sanitation projects is that the facilities have 
been abandoned (Muyibi, 1992). Therefore it is important that the technical solutions are accepted 
by the inhabitants (Huuhtanen & Laukkanen, 2006). 

All result indicators are considered to either increase or decrease the degree of success in a project. 
They all have in common that they are not a part of how the projects are designed but rather 
consequences of choices made when doing so. Result indicators are important when conducting the 
PCA to be able to relate the other indicators to factors concerning the success degree of a project.  

3.6 Statistical method and software program SIMCA 

Dealing with a large set of data can make it difficult to grasp the full content of it (Eriksson, et al., 
2006). Common statistical measures can be useful for large sets of data with only one or few 
variables. When there is data with many variables the most common statistical methods have a 
difficulty coping with it and presenting it in a comprehensive way. This is where Multivariate Data 
Analysis (MVDA) is useful. It presents the data in a comprehensive way so that trends and 
correlations can be seen. MVDA can separate the effects of the data from the noise. Noise is the 
disturbing factors in a data set and if it is not filtered it can mask the real effects of the dataset. 
MVDA is also good when there is missing data because it is capable of tolerating some amount of 
gaps in the data set.  
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In MVDA there are different analysing methods that can be used, for example Principal Component 
Analysis (PCA) or partial least square projections to latent structures (PLS). MVDA is typically used for 
market research, quality control and assurance in industries as well as process optimization and 
control (CAMO, 2013). 

3.6.1 Principal Component Analysis, PCA 

The method used in this study is Principal Component Analysis (PCA). It is the basis of MVDA and the 
method is used to find outliers and trends in a graphical way (Eriksson, et al., 2006). The method can 
find correlations between the observations and variables. 

To perform the PCA, the software program SIMCA was used. It is a program which uses PCA to 
create a model of the dataset (Eriksson, et al., 2006). In order for SIMCA to interpret the data it 
needs to transform the variables to make them comparable (Eriksson, et al., 2006). They often vary a 
lot in range numerically, and the results would be misleading if the data was not transformed. 
Because of this the data is scaled. This is done by SIMCA, which uses the method of unit variance 
scaling. After scaling, SIMCA calculates which number of principal components is suitable to describe 
the model. Principal components span the cloud of observations and represent the model [See 
Figure 1]. 

3.6.1.1 Transformation of variables 

Skewness is a measure of how symmetric a dataset is (Eriksson, et al., 2006). If the variables have a 
high degree of skewness they need to be transformed. A variable is transformed in order for the 
model to be more predictive and easier to interpret. A transformation can also eliminate outliers.  

After the transformation, SIMCA interprets the principal components and presents the model as 
plots (Eriksson, et al., 2006). SIMCA also presents plots, which can indicate if the model has 
statistical validity. The plot which presents the model is the loading scatter [see Figure 2]. The plots 
which are used to analyse the statistical validity of the model are X/Y-overview and summary of fit 
[See Figure 2]. 

 

Figure 2. Schematic pictures of a loading scatter, a summary of fit and an X/Y-overview. 

Figure 1. An illustration of how the principal components span the cloud of observations in three and 
two dimensions.  

PC₁ 

PC₃ 

PC₂ 

PC₁ component 

P
C
₂ 

co
m

p
o

n
e

n
t 



 

9 
 

3.6.1.2 Statistical validity 

In order to determine if the model has statistical validity the X/Y-overview and summary of fit 
diagrams were analysed. 

The X/Y-overview plot shows the cumulated R2 and Q2 values for each indicator in the model. The R2 
value indicates how well the variation of the indicator is explained. The Q2 value indicates how well 
the indicator values can be predicted. Indicators, which are modelled well, have high R2 values 
(green bars) and high Q2 values (blue bars) [see Figure 2]. 

The summary of fit plot displays two bars for each principal component in a model [See Figure 2]. 
The green bars represent the R2 values, which show the percent of variation in the data set 
explained by the model. This value is a measure of how well the model fits the data. The blue bars 
show the percent of variation in the data set predicted by the model. The value indicates how well 
the model can predict new data. High R2 and Q2 values indicate a good model while low percentages 
are due to the data set containing too much noise. 
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4 Method 
 
The method for this study is to compare a large amount of sanitation projects. This is done by 
selecting projects and identifying indicators that describe the characteristics of the project. The 
indicators from the projects are the data set in this study and form a matrix [see Appendix 2]. SIMCA 
then uses this matrix to perform a PCA. Correlations among the indicators were found and compared 
to correlations described in literature. The results were combined to form recommendations for 
future implementation of sanitation projects. 

4.1 Project selection 

Sanitation projects were found and chosen according to the limitations [see 5]. Most of the projects 
were taken from the Sustainable Sanitation Alliance (SuSanA) online library. Here, case studies 
conducted by different organisations are presented using the same template. This, in combination 
with that the case study reports are informative and give a wide perspective over the different 
aspects, makes them easy to compare. All projects are listed in Appendix 4. 

4.2 Identifying indicators 

In the next step indicators were identified with the aim to cover all aspects of each project [for 
definitions of indicators see Appendix 1]. 80 indicators were identified and divided into the following 
topics: basic facts, scale, economics, administration, education, technical solution, environment & 
health and results. The indicators are quantitative, qualitative or a binary choice and are presented 
as a number in the matrix. In the case of a qualitative indicator it is graded after a set scale. 

In each project report as many of the indicators as possible were found and in the cases where a 
value could not be found, the project administration was contacted in order to fill the data gap. 
When contact information was missing or no reply was received the value was estimated or left 
blank. The indicators under the topics basic facts were found at Gapminder (2013).  

4.2.1 Success indicator 

To make a comparison between projects a success indicator was formed by combining the indicators 
that are considered as result indicators [for definitions of indicators see Appendix 1]. The result 
indicators are: 

 Increased income (A) 

 Perception of waste (B) 

 Severe damage of structure (C) 

 Positive health effects (D) 

 Percentage of abandoned toilets (E) 

 Percentage of usage at follow up (F) 

 Percentage of proper usage (G) 

 Inspiring others to build (H) 
 

To see the definitions of the indicators, see Appendix 1. The results indicators were combined 

using the following formula: 

𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒 =  (𝐴 + 
𝐵

2
− 𝐶 + 𝐷 −  

𝐸

100
+ 𝐹 + 

𝐺

100
+ 𝐻) ∗ 10 
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The values used for each variable in the equation are found in Appendix 2. In the case where a value 
was not found, the value zero was used. The result indicators that are considered to have a negative 
impact on the success rate have been subtracted in the formula and the indicators with a positive 
impact have been added. The division was done so that the terms would give equal weight to the 
equation.  

The formula was multiplied by ten to get a value easier overview. This generated a success rate for 
each project that varies between –40 and 80, where 80 is the most successful. 

The success indicator was not used as a proof of which projects were the best, but more to see 
general trends and compare the projects relative each other. The quadrant containing the success 
indicator showed the direction of positively influencing characteristics of a project. 

4.3 Loading scatter analysis 

Variables which are positively correlated are grouped together in the loading scatter [see Figure 3]. 
It means that when one of the variables changes, there is a good chance that the correlated 
variables also change in the same way (Eriksson, et al., 2006). The variables can also be negatively 
correlated which can be seen as they are positioned in diagonally opposite quadrants of the origin. 
When the value of one variable increases, the values of the other will decrease. 

 

 

Figure 3. Schematic picture of a loading scatter. A green circle shows a group of indicators which are 
positively correlated and the red arrow shows groups of indicators which are negatively correlated. The blue 
arrow shows the direction of which indicators lie that are not correlated. 

There is also information to be collected from the distance to the origin (Eriksson, et al., 2006). If a 
variable is positioned far from the origin it has a stronger impact on the model than a variable 
positioned closer to the origin. Outliers can be detected by analysing the X/Y-overview [se figure 2]. 

The PCA was performed several times with the groups of indicators combined in different 
constellations. This is because every time different indicators are involved there may be different 
correlations found (Eriksson, et al., 2006). There can be indicators that have too strong influence on 
the model. This can result in other indicators not contributing to the model. After each PCA, the 
model is evaluated to see if they have statistical validity. If this is not the case the model is 
discarded.  

 

 

 

Loading scatter 
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The following four models, with different sets of indicators, were included in the analysis: 

1. All indicators 
2. All indicators except the topic Basic Facts 
3. All indicators except the topics Basic Facts, Economics and Scale 
4. Basic Facts and Results 

 
Models one, three and four contain three principal components while model number two was 
constructed with only two. The SIMCA program indicates a suitable number of principal components 
for each model. 

Interesting correlations are chosen by analysing the plots and their credibility’s are evaluated. When 
using more than two principle components in the SIMCA program, correlations can be analysed from 
different directions. Three of four models have three principle components, giving three views each 
on the cloud of observations. When choosing correlations to present in the analysis and the result, 
the correlations that also have contradicting ones from another angle have been excluded. However, 
strong correlations found in one direction that are less strong in others have been analysed. 

These correlations are discussed in the result chapter [see 6]. The reason for each correlation is also 
evaluated. Finally the findings are combined to form recommendations that can be used when 
implementing a sanitation system. 
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5 Limitations 
 

This study has the following limitations: 

 The sanitation issues are regarding human excreta. In all projects one or many facilities are 

built where human excreta is collected and separated from human contact. 

 The chosen projects are all in less developed areas in the world. A large proportion of the 

projects studied is performed in sub-Saharan Africa, where the lack of access to improved 

sanitation is the most severe (Thor Axel Stenström, 2011). 

 The considered projects are small scale, where small scale is defined as 1 to 1 000 toilets 

built. 

 The projects are, totally or partly externally funded and external organisations are involved 

in the process. 

 The choice of projects has been limited to those who have project descriptions written in 

English or Swedish. 
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6 Results 
 
The plots obtained from the simulations are presented in Appendix 3. It was possible to deduce 
several interesting correlations from the plots. These correlations are analysed and their validity is 
discussed. The conclusion of each correlation is used to form the recommendations for future 
implementation of sanitation systems.  

6.1 Evaluation of correlations  

In the following chapter, eight of the most frequent and interesting correlations are analysed. The 
correlations are described and a literature study is conducted to see if the correlation is previously 
known from literature. The reason for each correlation is analysed and the validity of the correlation 
is assessed. In the second part five validating correlations are presented with the aim to confirm the 
models but are not further analysed. All plots can be found in Appendix 3 and the definitions for the 
indicators are presented in Appendix 1.  

6.1.1 Evaluation of interesting correlations 

The following correlations have been chosen for further analysis because of their distinctness in the 
plots. They are also considered to be relevant for future sanitation projects.  

6.1.1.1 Education and positive results  

The models show general positive correlations among the indicators under the topic education and 
results indicators. The correlations are found in plot 1.1, 1.2, 1.3, 2.1, 3.1, 3.2 and 3.3. In the same 
plots a particular positive correlation could be found among the indicator education before and the 
result indicators. In all of the plots mentioned, mutual correlations among different types of 
education indicators could be found. 

Conny Falk who previously worked in North Korea as an agricultural and technical advisor for a 
Swedish International Development Cooperation Agency (SIDA) project confirms that education 
before is essential for the success of a project (Falk, 2013). This can be explained by education 
before the construction phase is the first contact with the residents and a good way to start building 
trust.  

Another explanation with the importance of education is the fact that it is hard to manage the 
problems if you do not know the reasons behind them (Boström, 2009). In some areas, there is 
insufficient knowledge about the connection between turbid water and diseases and without 
discussing this problem and its reasons, it is impossible to get a long-term result (Falk, 2013). For a 
positive long-term effect, education is important in order for the inhabitants to understand these 
difficulties (Boström, 2009). 

The correlation can also be explained by the concept of self-help (Formgren & Friborg, 2012). For the 
residents to understand the whole concept of the building phase, education is needed in the start-
up. By giving help in combination with education at a single occasion, the residents have the tools to 
help themselves next time. 

A linkage between the correlations with successful projects and education before is worth 
considering. If education is missing in the start-up of a project, it is common that further education 
also is insufficient. (Falk, 2013). This could be explained by the mutual correlations among different 
education indicators.  
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The specific education locations; in church and on posters have the strongest positive correlations to 
the result indicators. Their correlations to the result indicators are evident in the plots 1.1, 1.2, 1.3 
and 2.1. The church’s role in providing information to the society is described by Greaves et al. 
(2009). They state that the strength of the local church is its ability to access the poor and 
marginalised, particularly in rural areas where other social institutions might not exist. It is also 
mentioned that the message of improved sanitation can be traced back to biblical texts, which 
church leaders use as sources of motivation. Another explanation to why the church is an important 
place for education is that it is an established community-based institution that already is familiar 
with the inhabitants. This can make it easier for education to reach the residents, both physically and 
psychologically. The same correlation is assumed to include other religious institutions as well.  

The use of posters is discussed by the Emergency Response Unit and explains the efficiency by the 
ability to access large numbers of people at available and appropriate places (Red Cross, 2002). It is 
also important to present the information in a simple and accurate way. 

For these reasons it is possible to believe that the positive correlation between education and 
success shown in the PCA. This is especially true regarding education before implementation and for 
two types of education, in church and on posters. The relationships are frequently mentioned in the 
literature. 

6.1.1.2 Internal emptying of the facilities and negative results 

The models show negative correlation between the indicator internal emptying of the facilities and 
the positive result indicator. The correlation is found in plot 1.1 and 3.1. 

In a report based on a case study with UDDTs, Roma et al. (2013) presents that eight percent of all 
problems the residents find as the most common are to empty their toilets. Furthermore the level of 
usage of ecological sanitation toilets is depending on how much the residents have to handle the 
excreta (Holden, et al., 2003). This is, according to Holden et al. (2003) one of the most important 
factors regarding the amount of toilets that are accepted and used. Technologies depending on the 
emptying of the facilities to function rely on the households or hired personnel to take care of it. If 
neither of this is done, problems with the facilities will occur which might lead to abandoned 
facilities. 

Müllegger et al. (2012) claim that it is essential that the roles and responsibilities in a sanitation 
system are well defined and clear. The residents also need to feel responsibility and ownership for 
the sanitation facilities’ operation and maintenance. At the same time 86 percent of the residents in 
a case study in Kenya say they are interested in a new technique if they do not have to be 
responsible for the operation and maintenance (Muchiri, et al., 2010). Reasons for the inhabitants 
not willing to empty the toilets can be lack of the practical knowledge and there is a need for 
sufficient education for the population to feel safe and confident on how to handle a filled toilet 
(Müllegger, et al., 2012). 

In more developed areas of the world the majority of the population does not handle their own 
excreta. It is not difficult to understand why residents in developing areas would prefer that 
someone else did it as well. In larger projects a collective system for emptying the tanks might be a 
good solution. This would lead to the residents not having to manage the emptying themselves and 
can also lead to higher employment rate. This is however harder to perform in smaller projects 
where only a few facilities are built that might as well be located with large distances apart. Here it is 
more important for the residents to take responsibility for the emptying themselves and at the same 
time accept the system. One of the conclusions in the report of Roma et al. (2013) is that there is a 
need for the residents to understand the value of the waste. If this was the case and more 
knowledge was raised, the residents would be willing to be responsible for the emptying and 
thereby have a greater opportunity to use the dry excreta as fertilisers. With a higher knowledge 
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they would also know that totally dried excreta is safe to handle. If the residents would be willing to 
empty the tanks it would also lead to a higher feeling of responsibility which, according to Müllegger 
et al. (2012) will lead to positive results. 

To conclude, a negative correlation between the indicator internal emptying of the facilities and 
positive results in the projects are considered as true. The correlation is frequently found in the 
literature and is mainly depending on the repulsion of handling excreta but also on inadequate 
education. 

6.1.1.3 Construction by residents and an increased income  

The models show a positive correlation between the indicator construction by residents and the 
result indicator increased income. The correlation among these indicators can be seen in the plots 
1.2, 2.1, 3.1, 3.2 and 3.3. These relations all indicate that involving the resident in the construction 
part of the project is a good strategy for achieving a successful outcome of a sanitation project. 

In many of the studied projects included in this analysis, the toilet facilities have been UDDTs. Faeces 
is separated, dried and commonly meant to be used as fertilisers to the surrounding farmland. This 
could be one explanation to the increase in income that has been seen. The extra nutrition 
generates an increase in harvests, which will increase income for the farmer as a result of bigger 
sales (Roma, et al., 2013). 

It might seem of less importance who built the facility when the main thing is to reuse the waste as 
fertilisers. Possibly one explanation could be that the people building the facility have a greater 
possibility of designing the facility to suit needs and requests. These might be design matters like 
deciding the size of the faeces vaults or the placing of the urine container. Extra consideration in 
these matters could make it easier to handle the waste later on and will therefore be of interest for 
the person who will handle the waste. Even if there is no need for the waste as fertilisers in the 
household where the facility is located it might be somewhere else. Selling the waste is therefore 
another possible explanation to the increase of income in the household. 

Worth mentioning here is that an economical contribution in form on an investment cost for the 
inhabitants in the project is another indicator that relate positively to the result indicator increased 
income. This relation can be seen in plot 1.1, 1.2 and 2.1.  This has been observed in previous studies 
as well and the main reason might be that it will increase the sense of ownership of the facility which 
is an important part of reaching a successful result (Sustaniable Sanitation Alliance, 2010). An 
investment in form of an economical contribution as well as labour and engagement will lead to a 
better maintained and cared for facility.  This will lead to a well functional facility that will have a 
longer life expectancy and generate an increase of income for the same reasons as mentioned 
previously. 

This correlation is interesting and could make more households interested in installing a UDDT 
facility and being a part of constructing it. The increase in income is generally a result of bigger sales 
of an increase of harvest. 

6.1.1.4 Construction by residents and positive health effects  

The models show a correlation between construction by residents and positive health effects. The 
relations can be seen in the plots 1.2 and 3.3. 

The correlation could be explained by the fact that inhabitants need to be part of designing and 
constructing the facility in order to get knowledge about the proper way for of using it. This implies 
that they have the knowledge about how to use the toilet when taking care of their personal needs, 
and also how to empty the faeces vaults and the urine container in a safe way. This will have a 
positive effect on the personal health of the residents as it will decrease and restrict the handling of 
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harmful waste. In a report from UN Habitat (2008) it is stated that community labour was a 
significant factor which made the project possible. It is also claimed to show the community’s 
commitment to the success of the project as well as continued operation and maintenance. This 
supports the found correlation since the success of a sanitation project is strongly connected to 
improved health effects. 

This correlation is interesting and could make more households interested in installing a facility and 
being a part of constructing it. The correlations among these indicators seem reasonable and are 
both a result of better knowledge before and during the construction of the facility. 

6.1.1.5 Cost per toilet and positive results  

The models show a negative correlation between severe damage of structure and cost per toilet. This 
negative correlation is showed in plot 2.1.  

The correlation means that a higher cost per toilet results in a better, more sustainable and better 
functioning facility. In existing literature it is common to find that low-cost systems are an important 
factor for successful projects, one example of this is Montgomery and Elimelech’s report on water 
and sanitation in developing countries where it is highlighted numerous of times that low-cost 
technologies and solutions are important to succeed (Montgomery & Elimelech, 2007) 

It is important with cost-effective technologies but a common misconception is that the most 
inexpensive solution is always the most appropriate technology for the specific location (Garfi & 
Ferrer-Martí, 2011). Therefore it is important to notice that the least expensive solution does not 
always result in a successful project. An inexpensive solution can result in lower quality materials 
and careless handicraft, which can be summarised by the term “you get what you pay for”. 

It is also important to take into consideration that a sanitation project with a high cost per toilet 
totally funded by aid does not necessarily mean that the facilities are being well managed. The 
residents need to have the feeling of ownership towards a facility because if something is given for 
nothing, the problem of ownership will always occur (Austin, 2003). The residents should contribute 
with some sort of economic investment when implementing a new facility, in order to obtain 
commitment to proper care. Otherwise it could lead to facilities not managed well which eventually 
will lead to damage of the structure.  

If the residents contribute with financial means, a possibility to install toilets with better quality to a 
higher cost per toilet is created. With this comes a higher cost for the residents which create the 
feeling of ownership and responsibility. This in turn leads to longer-lasting facilities. With these 
arguments presented, this correlation seems reasonable to take into consideration when 
implementing a sanitation project. 

The models show a positive correlation between cost per toilet and the positive health effects 
indicator. The correlation is especially found in plot 1.2 and 2.1. The fact that the affected residents 
need to contribute to a sanitation project in order to increase the possibility for longer-lasting 
facilities, a good, sustainable and more functioning facility may well result in positive health effects. 
The negative connection between positive health effects and severe damage of structure can be 
found in plot 2.1. It is hereby showed that a higher cost results in better functioning and longer 
lasting facilities which results in improved health. Infectious diseases are easily spread if a facility is 
damaged, this is prevented if the facilities are managed well (Montgomery & Elimelech, 2007).  

In conclusion, a high cost per toilet is likely to lead to be connected to better and more functioning 
facilities. It is however important to notice that a sanitation project has to be cost-effective because 
it is not just a large budget that contributes to a successful project. 
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6.1.1.6 The number of persons per toilet and positive results 

From the models it could be evaluated that the indicator persons per toilet have a negative 
correlation with the indicator severe damage on structure. This negative correlation is found in plot 
2.1 and 1.2. A positive correlation could also be seen between persons per toilet and percentage of 
proper usage, found in plot 2.1, 1.1, 1.2 and 1.3.  

More persons per toilet do not always lead to a positive result. It is also dependent on what solution 
is implemented. If a sanitation project has to cover a large number of residents resulting in more 
persons per implemented toilet, a toilet block is often built (McFarlane, 2008). But research has 
shown that if a number of households share an individual toilet, this may reduce difficulties 
regarding maintenance because these toilets are often located within or beside homes, creating a 
distinct incentive for the households to maintain them resulting in longer lasting facilities. More 
residents sharing one toilet can also decrease the risk of not using the facility properly as 
cooperation and lessons from the well-informed are naturally handled. If someone uses the facility 
in the wrong way, it is important that the comprehending inhabitants notice this and shows them 
how to do it properly instead (Montgomery & Elimelech, 2007).  

The models also show a negative correlation between persons per toilet and abandoned toilets. The 
correlation is found in plot 1.1, 1.2, 1.3 and 2.1. This correlation means that more persons per toilet 
can result in a lower percentage of abandoned toilets. With more residents using a facility, the risk 
of it being abandoned is lower given that the facility works properly. Something that cannot be 
evaluated from this indicator is if some inhabitants abandoned the toilets but some still used it. This 
correlation could also be explained by positive peer pressure from the community; that inhabitants 
help each other to use the facilities properly. 

In conclusion more persons per toilet could result in better managed facilities if households share 
separate toilets instead of toilet blocks. Residents can also help each other out with proper usage, 
which could help to decrease the risk of not using the facility properly. The correlations among 
number of persons per toilet and the result indicators are plausible in some cases and can be good to 
take into consideration. 

6.1.1.7 Focus on the environment and negative results 

The models show negative correlations between focus on environment and natural resources and 
the indicators usage at follow up and proper usage. There is also a positive correlation to percentage 
of abandoned toilets. The correlations are found in plot 1.1, 1.2, 1.3, 2.1 and 3.2. 

In a report that analyses the implementation of environmental aspects, it is stated that this process 
has been less successful than expected (Sele, 2003). The claim is that the competence of the workers 
was too low, making it difficult for them to execute their assignments. This theory might also be 
applied to the sanitation projects analysed in this study. If the aid organisations try to work on 
lowering the impact on the environment without having the right competences, the effort might not 
lead to any results and the invested resources are lost. 

A report written by the organisation CARE states that initial establishment of natural resource 
management is time consuming (CARE, 1998). The effects of the management activities may also 
only be possible to detect after long periods of time. Additionally, future projects are advised to 
recruit younger people, as part of the project staff when implementing new ideas such as natural 
resource management. They are more likely to adapt to these technologies and can positively 
influence the older habitants. Yet another problem with efforts regarding focus on the environment 
is that the scale of the projects is often very small. This effects the ability for the participants to see 
immediate improvements, which might result in decreased motivation. 
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Further signs empowering this correlation are found in the article by Holden (2003). The research 
shows that inhabitants receiving aid for improved sanitation are mainly interested in social aspects 
like smell of waste and self-handling of excreta. Factors concerning the reuse of material are 
perceived as less important. Where the waste has been reused, the households have not been doing 
so intentionally but rather as a consequence of disposing excreta. It is recommended for future 
projects to put emphasis on social aspects when implementing the new technologies, letting the 
reuse come naturally as a consequence of proper usage of the toilets. 

To use energy and materials in an economical and environmentally friendly way is an important part 
of establishing a sustainable sanitation solution (SuSanA, 2008). This concept is broadly known in the 
industrialised part of the world but is not as established in the less developed areas (Sudurmadi et 
al., 2001). It is possible that a too strong emphasis on these aspects can take time and financial 
resources from other parts of the project. The residents receiving the aid might for example value 
preventing infectious diseases higher. It might be that focusing on the aspects that are not of as 
much concern can make the households hesitant to the objective of the project. As a consequence, 
toilets can be abandoned and the motivation to learn how to use them can be influenced negatively. 
The aspect of keeping a sanitation project environmentally friendly does not seem to harm in itself. 
It is more probable that the emphasis on the environment when motivating the habitants can cause 
doubt and decrease their motivation. The measures seem more likely to succeed if motivated with 
social benefits, like less odour from the waste. 

To conclude, the negative correlation between the indicator focus on environment and natural 
resources and the success of a project is considered true. The negative influence of the focus is 
mentioned in several other reports and is mainly due to inhabitants rather prioritising other aspects 
of the sanitation system. Other reasons can be lacking competences and the difficulty to see results 
from these efforts in small scale projects. 

6.1.1.8 Home visits and abandoned toilets   

A correlation has been found between home visits as an education step and the percentage 
abandoned toilets. The correlation is found in plot 1.1, 1.2, 1.3 and 2.1. A negative correlation is 
found in plot 3.3. The correlation is analysed because the positive correlation is stronger. 

No correlation between home visits as education form in a sanitation project and abandoned toilets 
was found in the literature studied. However there is data saying that home visits contribute to the 
increase of awareness in the society (UNICEF, 1997). This indicates that the common perception is 
that home visits will lead to a better outcome and thereby more used toilets. 

Home visits are a more intimate form of education where the staff of the project is visiting the 
residents. The reason that projects with home visits have less chance to succeed might depend on 
that the residents feel imposed by the visitors and thereby not tend to be willing to use the toilets. 
On the other hand, home visits can be considered as a personal form of education. This form should 
be successful, as the information about usage and cleaning can be given on site. 

When nothing in the existing literature is making the correlation valid it is either a new correlation, 
an uncertain model or something else causing the correlation. In the models, more correlations can 
be found relating other indicators to home visits. Firstly, there is a correlation between home visits 
and the technique of separating urine and faeces. This correlation can be found in four of seven 
plots and the negative correlation is not found in any of them. This indicates that there is more 
common to conduct home visits in projects with this kind of technique that is considered harder to 
use (Riech, et al., 2012). It is harder to use because of the importance that urine and faeces fall into 
separate containers, not being mixed, that the faeces are covered with ashes and that nothing stays 
on the walls of the construction. It is possible that home visits are conducted in the projects with 
these kinds of toilets because they need more instructions for the right usage. This hypothesis is, 
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however, not truly valid since the correlation between home visits and abandoned toilets seems 
stronger than the correlation between separation of urine and faeces and abandoned toilets. 

The indicator adequate education is negatively correlated to home visits, a correlation which is also 
appearing in several plots. One explanation for this is that when doing home visits the organisation 
might not feel the need to perform other types of education. Examining this it is found that the 
mean value of the number of education forms chosen in the analysis (home visits, workshops, 
education in school, education in church, education in social media and education on posters) is 1,77 
in general and 2,4 in the project where one of the education forms is home visits. This shows the 
opposite of the hypothesis; it is instead more common to use more types of education when one 
type is home visits. 

If the found correlation is valid the implementers of a sanitation system should avoid focusing on 
home visits and conduct other forms of education that have a better proven effect. However there is 
nothing, apart from the models, that indicates that the correlation is valid since no proof was found 
in the existing literature, nor in the matrix or by studying other validating correlations in the PCA. 
Therefore this correlation needs more examination and the sources of errors must be taken into 
account. 

6.1.2 Validating correlations 

The following correlations are found in the models and are frequently mentioned in reports 
concerning aid projects for improved sanitation. The correlations serve to validate the models and 
make the results more credible. The validating correlations are not discussed in depth since they are 
considered obvious. 

6.1.2.1 Positive health effects and focus on health and hygiene 

The models show a correlation between the indicator positive health effects and the focus on health 
and hygiene indicator. The correlation is found in plot 1.2 and 1.3. No negative correlation was 
found. The relationship between the two indicators is considered validating for the models since the 
one is an evident consequence of the other.  

6.1.2.2 Severe damages and the percentage of abandoned toilets 

The models show a correlation between the indicator severe damages and the percentage of 
abandoned toilets indicator. The correlation is found in plot 1.2, 2.1, 3.1, 3.2, 3.3, 4.1, 4.2 and 4.3. No 
negative correlation was found. The observation by Kapur and Kumar (2012), that technology failure 
in the toilet construction is the single largest factor for non-use of toilets in India, agrees with the 
found correlation. 

6.1.2.3 The maintenance cost and internal emptying of the facilities 

The models show a negative correlation between the indicator maintenance cost and the internal 
empting of the facilities indicator. The correlation is found in plot 1.1, 1.2, 1.3 and 2.1. No positive 
correlation was found. This indicates that costs can be decreased when the inhabitants are involved 
in the project. The found correlation can be strengthened by the conclusion by Osumanu (2010) that 
an active involvement of the habitants can contribute to greater financial viability. 
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6.2 Recommendations when implementing a sanitation system 

Based on the correlations found in the PCA and the strengthening facts from literature, suggestions 
on how to implement a successful sanitation project are presented. The following steps are 
recommendations to use when planning, building and finally operating and maintaining a sanitation 
facility. 

6.2.1 Household preferences 

When planning a project it is important to find out and consider what the inhabitants prioritise and 
what kind of system they want to have in their household/community. It is also important to present 
the concept to the inhabitants the right way. Emphasis should be put on the issues that are the most 
important for the inhabitants. When presenting the project, emphasis should not be put on the 
environmental aspect but on improved social aspects like lack of smell. These are issues that have 
direct impact in the everyday life of the inhabitants and will help getting them interested in installing 
the new toilet facility. The facility should still be environmental friendly but this should not be 
presented with the goal of motivating the inhabitants. 

6.2.2 Education 

An education plan should be developed during the planning phase of the project. Offering education 
before the construction has proven to be the most efficient for a successful outcome.  Education 
performed in the local churches or other religious assembly halls is a good way of reaching out to the 
inhabitants of a community.  Posters in the toilets facilities and on other places are recommended as 
an education form as they are always present, easily accessible for everyone and also presumably 
easy to understand due to the visual layout. 

6.2.3 Economic aspects 

Economic aspects that are important to address are how the budget is being allocated and who the 
financiers are, for example how much the users pay in relation to the external funders. Investing in 
the construction phase and especially on a high quality of the facility is recommended. It was seen in 
the study that higher cost per facility gave a better and more sustainable result over time. In 
addition to the material cost, money must be allocated to support the operation- and maintenance 
costs, which must not be overseen. It is also recommended that the community, household or 
owner of the new facility make an economical contribution to the project of some sort. The extent of 
the contribution is not the main thing but to create a sense of responsibility and ownership for the 
facility.  

6.2.4 Health aspects 

As discussed in the background episode, when using UDDTs it is important to maintain certain 
conditions in the faeces storage chamber to ensure a low enough containment of pathogens after 
the treatment period. One of the critical steps in waste treatment is the storage time and if its 
importance does not come through to the inhabitants, the pathogens can still be viral since the 
treatment is not fulfilled. This can lead to the risk of infection still being high; perhaps an even higher 
one than before the implementation if the residents treat the waste as harmless. Furthermore, the 
urine separation step of the UDDTs is an important message to deliver through education. If this is 
not done correctly, the waste will not be kept dry which is a crucial aspect of the treatment causing 
the pathogens to die off. Addition of ash to the waste before storage in a UDDT is another sensitive 
step in the excreta sanitising process. The amount of ash should be large according to the literature 
and this should be well described in the educational material. A sufficient amount of ash is necessary 
to ensure a pathogen inactivating pH level. 
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7 Discussion 
 
Sources of error and possible improvements for the method have been looked at to assess the 
applicability of the method and to facilitate future studies using similar methods. These aspects are 
relevant for those intending to use the results of this study and those interested in applying the 
method to their work. 

7.1 Project selection 

During the process of developing the applied method, several possible sources of error were 
discovered. The sanitary situation is most severe in Africa, which has resulted in a large proportion of 
the analysed projects being performed there, as they were easier to find. The overrepresentation of 
projects executed in Africa might have affected the outcome of the analysis. Aspects that are 
important in these countries can be less important in other parts of the world where the conditions 
are different. 

Regarding the follow-up phase, the time between the end of a project and the follow-up evaluation 
can vary. Some projects have reports from follow up-visits after a few months up to a year, while 
others have been visited and evaluated for several years. If the outcome of a project has been 
studied for several years it is more likely to find problems, for example on the construction, since 
more stress has been put on it. More extensive follow-ups also test the sanitation solution's 
applicability to the inhabitant’s everyday life in the long run. Another aspect concerning the follow-
up is that the person doing the evaluation can affect its outcome. It can be someone in connection 
to the organisation executing the project, which can lead to that the person will present the project 
in a beneficial way instead of reflecting the inhabitant’s opinion. A person without connection to the 
executing organisation is more likely to give an unbiased view on the outcome of a project. These 
facts regarding the way the follow-up phase is proceeded, affects the result indicators. 

7.2 Indicators 

An aspect to consider is the fact that almost all of the included sanitation projects have chosen to 
implement UDDTs. This technology has several positive features but projects using them can differ 
from those using water toilettes. The need for education, economics, infrastructure and acceptance 
are some of the aspects that are affected by the choice of technical solution. The intention was to 
have an equal spread of used technologies in the projects; however this was not possible due to the 
difficulty of finding extensive enough reports concerning other choices than UDDTs. Due to the lack 
of spread, it was difficult to analyse how the technical solution affected the outcome of the projects.  

The method of multivariate data analysis is mostly used for presenting data, measured in numbers. 
When analysing different aspects of aid projects, it is sometimes difficult to evaluate the projects by 
using numbers, especially considering qualitative indicators. To be able to use the program and 
construct the matrix it was however, necessary to do so. These estimated values are probably 
influenced by the person doing the evaluation. This issue is always relevant when dealing with 
qualitative measurements, not only for the method with PCA.  

To be able to see which indicators are positively influencing the outcome of an aid project, some of 
them were elected to be result indicators. It is not certain that the ones chosen show a 
representative and complete picture of the result of an aid project for improved sanitation. If more 
information would have been available in the reports it might have been possible to include more 
aspects reflecting the outcome of the projects. The indicators used were chosen since information 
about them was possible to find for most of the projects. This is a reason why the results from the 
analysis should be used as pointers rather than stated facts. If the PCA method would be used for 
other aid projects than for sanitation, it is plausible that other result indicators would be preferable. 
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The indicator named success was created during this study and is simply a summation of all result 
indicators. All included terms are weighted equally since no assumption that some indicators mean 
more than others was made. This is relevant since the purpose of the analysis is to investigate if 
some indicators are more important than others. It is possible that a person more experienced in 
working with aid for sanitation would have designed this indicator differently based on previous 
experiences. In spite the fact that the success indicator is not being regarded as trustworthy it was 
interesting to try the concept. With this in mind the analysis was carried out without too much 
emphasis on the success indicator. More focus was put on the separate result indicators when 
studying the correlations in the plots. 

The basic facts indicators taken from Gapminder could have been taken from the year that the 
project started to get more accurate values. However, in this study these indicators were 
approximated not to change much over a period of time in oppose to the economic indicators that 
may change more due to inflation. These economic factors were taken into account by the PPP 
conversion where both the start-up year of the project and the domestic value of the country were 
considered. 

7.3 PCA 

The studied project reports have had different aspects of the aid process emphasised. As an 
example, some are thoroughly describing the education plan of the projects while others have not 
mentioned education in the process but have highlighted the technical details. This has made it 
difficult to fill out some values in the data matrix. When scarce information has been presented in 
the study, this information has been used to estimate indicator values. Occasionally this has not 
been possible, leaving empty gaps in the matrix. When using the matrix in SIMCA, the program 
estimates these empty gaps. However, if a lot of values are missing, the program finds it more 
difficult to create reliable models. Four models were regarded as trustworthy and thus used in the 
analysis. Additional models with other combinations of indicators were also made but a large 
number of them ended up being too weak for further analysis. This was due to a too large number of 
missing values. The models used during the analysis were selected due to their better fit and 
trustworthiness according to the program's evaluation system displayed as summary of fit [see 
Appendix 3]. 

About one fourth of all indicators are two-option questions. This was later proven to be difficult for 
the program to evaluate, leading to less dynamic models. Adding more differentiated indicators 
would have been preferable. However, an answer to a two-option question is more likely be found 
in the project description and that is why this kind of indicators were used in this study. It would also 
have been preferable to have fewer indicators with a possibility to get the value zero. This is due to a 
decreased possibility to transform these indicators if their skewness would be too high. 
Transforming them can lead to a better model being produced. 

The reasons previously discussed have led to some models having a summary of fit with lower values 
than would be desirable. Missing values, values including zero and indicators that are uncertain, 
affect the model and the uncertainty is shown in the summary of fit. Also, looking at the XY 
overviews for the different models can for a few indicators show weakness in how their values are 
explained and predicted. 

After working with PCA as a tool for analysing aid projects for sanitation the method is considered to 
be a valuable alternative for evaluating and developing aid projects for improved sanitation. It is also 
believed that the method has good potential to give even more interesting results if the used data 
set is complete. If an organisation like SuSanA or SIDA would use this method, they would probably 
be able to collect all the relevant data and more easily contact the inhabitants involved in the 
projects. For further and improved studies, cooperation with established organisations is a 
suggestion for improvement as this will help collect more complete data.  
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It is anticipated that aid projects in other fields than sanitation can profit from an analysis with PCA. 
The method is easy to adapt by choosing other indicators. In spite of room for improvement, the 
method is recommended to be used as a complement to other approaches and as a possible way to 
discover unthought-of relations to improve the success rate of aid projects. 
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8 Conclusion 
 
This study has resulted in several interesting correlations that should be taken into account when 
implementing a sanitation project. Some of them, those presented below, are considered to be 
more distinct and relevant. It is important to notice that this study on improved sanitation is 
regarding human excreta and the considered projects are all in less developed areas with a large 
proportion coming from sub-Saharan Africa. These projects are all small scale and are totally or 
partly external funded. 

The relations among positive results and education in the initial phase of a project is explained by 
preparatory education leading to trust among the residents that has positive effects on the whole 
process. Education held in church, or other religious contexts, access all groups in the society and 
especially the poor inhabitants in the rural areas with few other social institutions. The information 
about hygiene in religious texts can also improve the church´s potential impact on the education. 
Regarding educational posters they are found as highly effective because of their ability to reach a 
large number of inhabitants and be placed on appropriate locations.  

When regarding the correlations among internal empting of the facilities and negative results it is 
concluded that residents find it repulsive to handle their own excreta. This combined with poor 
perception of the value of waste makes projects with this type of maintenance less successful.  

The linkage between focusing on environment and less successful projects has been clarified to 
mainly concern the residents’ motivation for the project. Inhabitants are not motivated by 
environmental incitements but by social aspects like reduced smell or not having to handle excreta. 
Environmental aspects should with benefit be incorporated and focused on in the project but should 
not be the primary motivation for the inhabitants.  

The method of PCA is not normally used for comparing qualitative indicators and especially not for 
developing aid projects. Consequently, some limitations of the method as it is used here have been 
discovered. In spite of this, the found results prove that the method can be useful and even more so 
if some improvements are made. The shortcomings of the set of data are most critical and greatly 
effect the method’s credibility. Choosing better-suited indicators and having access to more data are 
considered to be necessary measures to improve the method and reach more certain results. 

If a more thorough and better-suited set of data can be presented, this method of analysing 
correlations among indicators affecting a project outcome could be of great use when initiating a 
sanitation aid project. As been seen in this report several interesting correlations have been found. 
Correlations that are believed to be positive have in this study been proven to give opposite effect. 
By using the method of PCA, advice on how to succeed in a project can be given beforehand instead 
of basing experience on success and failure. In this way consequences from these misconceptions 
can be avoided. This can reduce the risk of failing with some parts of a project, which in turn reduce 
the risk of spreading infectious diseases. This will increase the chance for a better standard of living 
for millions of people. 
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Appendix 1 Definitions of indicators 

 

Basic Facts1  

Continent Continent where the project was conducted 
Country  Country where the project was conducted 
PPP-constant Purchasing Power Parity-constant taken from the 

Worldbank2 website according to the year the project 
started 

GDP per capita Gross Domestic Product in EUR 
Life expectancy The average number of years a new born child would 

live if current mortality patterns were to stay the same3 
Average income Gross Domestic Product/Capita in PPP$ 
Corruption perception 
index 

A measure of how corrupt a country is with focus on the 
public sector (1-10) 

Children per woman Total fertility rate per woman 
Democracy score A summary measure of a country's democratic and free 

nature (-10 to 10) 
Diarrhoeal deaths Diarrhoeal deaths in children 1-59 month (per 1000 

births) 
Child deaths All causes of death in children 1-59 month (per 1000 

births)  
Drought Total number of people getting affected, injured or 

killed in drought 
Improved water source Proportion of the population using improved drinking 

water sources 
Population density Population density per square kilometre 
School enrolment The percentage of students completing the last year of 

primary school 
Mean years in school, men Average number of years of school attended by men 

between 25 and 34 years old, including primary, 
secondary and tertiary education 

Mean years in school, 
women 

Average number of years of school attended by women 
between 25 and 34 years old, including primary, 
secondary and tertiary education  

HDI Index used to rank countries by level of "human 
development" on a scale from 0 to 1, containing three 
dimensions: health level, educational level and living 
standard (0-1) 

Improved sanitation Proportion of the population using improved sanitation 
facilities 

                                                             
1 (Gapminder, 2013), http://www.gapminder.org/ 
2 (The World Bank, 2013), 
http://data.worldbank.org/indicator/PA.NUS.PPPC.RF?page=1 
3 (Gapminder, 2013) http://www.gapminder.org/data/  

http://www.gapminder.org/data/
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Scale  

Total project time Total project time in months 
Amount of toilets Total amount of toilets implemented 
Number of inhabitants 
covered 

Total number of inhabitants covered by the project 

Total cost Total cost of the project, EUR 
Total cost, PPP Total cost of the project, PPP-dollar 

Economics   

Cost per toilet Total cost divided by number of toilets, EUR 
Cost per toilet Total cost divided by number of toilets, PPP-dollar 
Total cost per affected 
person 

Total cost divided by number of affected inhabitants, 
EUR 

Total cost per affected 
person 

Total cost divided by number of affected inhabitants, 
PPP-dollar  

Material cost per toilet Total material cost divided by number of toilets, EUR 
Material cost per toilet Total material cost divided by number of toilets, PPP-

dollar 
Maintenance cost per toilet Maintenance cost per toilet and month, EUR  
Maintenance cost per toilet Maintenance cost per toilet and month, PPP-dollar 
Maintenance cost Maintenance cost per month, EUR 
Investment cost Total investment cost paid by the inhabitants, EUR 
Investment cost per toilet Total investment cost paid by the inhabitants divided 

by number of toilets, EUR   
Investment cost per toilet Total investment cost paid by the inhabitants divided 

by number of toilets, PPP-dollar 
Cost paid by aid Percentage of total cost funded by aid organisations 
SIDA-financed Percentage of total cost funded by SIDA 
NGO-financed Percentage of total cost funded by NGO’s 
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Education  

Number of types of 
education 

Number of different types of education used during the 
project 

Number of education 
sessions 

Number of education sessions performed 

Education before Has education been performed in the preparatory 
phase? (Yes=1, No=0) 

Education during Has education been performed in connection to the 
building phase? (Yes=1, No=0) 

Education after Has education been performed after the project was 
ended? (Yes=1, No=0) 

Adequate education How sufficient the education was; estimated in a scale 
from 1 to 5 

Home visits Has education been performed using home visits? 
(Yes=1, No=0) 

Workshops Has education been performed using workshops? 
(Yes=1, No=0) 

Education in school Has education been performed in schools? (Yes=1, 
No=0) 

Education in church Has education been performed in churches or other 
religious contexts? (Yes=1, No=0) 

Education in social media Has education been performed in social media? (Yes=1, 
No=0) 

Education on posters Has education been performed on posters? (Yes=1, 
No=0) 

Education focuses on 
children 

Does the education focus on children? (Yes=1, No=0) 
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4 Sustainable Sanitation Alliance (2008), towards more sustainable sanitation solutions. 

Administration   

Number of involved 
organizations 

Number of different organizations involved throughout 
the process 

Initiative from residents Was the initiative to start the project taken by the 
residents? (Yes=1, No= 0) 

Construction by residents Did the residents contribute with labour in the 
construction phase? (Yes=1, No= 0) 

Drainage handled 
internally 

Internal emptying of the facilities? (Yes=1, No=0) 

Focus on socio-cultural & 
institutional 

A mean value of the evaluations from SuSanA, 
numbered between -1 and 1. 1 means it is a strong 
point of the project. “Involve the sociocultural 
acceptance and appropriateness of the system, 
perceptions, gender issues and compliance with legal 
and institutional frameworks”4 

Technical 
solution 

 

Time of construction In months 
Time of construction per 
toilet 

Total time of construction, in months, divided by total 
number of toilets 

Persons per toilet Average persons per toilets  
Percentage double vault 
toilets 

Percentage of double vault UDDTs of all toilets in 
project 

Water toilet Are the facilities water toilets? (Yes=1 No=0) 
Private toilets Percentage of private toilets of all toilets in project 
Separate or in blocks Are the toilets placed separately (=1) or in complexes? 

(= 0) 
Squatting or sitting Are the toilets designed for squatting (=1) or sitting 

(=0)? 
Urine & faeces separation Is urine and faeces separated? (Yes=1 No=0) 
Consideration of design Have the inhabitants influenced the choice of design of 

the facility? (Yes=1 No=0) 
Facility for hand wash Is a facility for hand wash built? (Yes=1 No=0) 
Neutralization steps  Number of steps to decontaminate the faeces, for 

example drying 
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5 Sustainable Sanitation Alliance (2008), towards more sustainable sanitation solutions. 

 

Environment and 
Health 

 

Focus on environmental 
and natural resources 

A mean value of the evaluation score from SuSanA, 
numbered between -1 and 1. 1 means it is a strong 
point of the project. “Involve the resources 
needed in the project as well as the degree of recycling 
and reuse 
practiced and the effects of these” 5 

Focus on health & hygiene A mean value of the evaluation score from SuSanA, 
numbered between -1 and 1. 1 means a strong point of 
the project. “Include the risk of exposure to pathogens 
and 
hazardous substances and improvement of livelihood 
achieved by the application of a certain sanitation 
system”5 

Result  

Increased income Have the toilets resulted in an increased income for the 
inhabitants? (Yes=1 No=0) 

Perception of waste How the waste from the toilets are perceived, (-2 to 2) 
where  
-2=really dangerous , 2= totally safe 

Severe damage Have severe damages occurred on the construction? 
(Yes=1 No=0) 

Positive health effects Have positive health effects been documented after 
building of construction? (Yes=1 No=0) 

Percentage of abandoned 
toilets 

Percentage of abandoned toilets at follow up 

Inspiring others to build Have the project inspired other people to build own 
facilities? (Yes=1 No=0) 

Usage at follow up Percentage of inhabitants that uses the facilities at 
follow up 

Proper usage Percentage of inhabitants that uses the facility the right 
way 

Successfulness A combination of the results parameters, where a 
higher value indicates a more successful project  
(-40 to 80) 
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Appendix 2 Matrix used in the PCA 
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Appendix 3  

Loading scatter plots, summary of fit- and X/Y-overview diagrams 
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Appendix 4 References to project reports included in the PCA 

 

Project Reference 

1 Hoffmann, H., Rüd, S., & Schöpe, A. (2009). Blackwater and greywater reuse 
system. Sustainable Sanitation Alliance. 

2 Shewa, W. A., & Geleta, B. G. (2010). Arborloo for household sanitation. Arba 
Minch: Sustainable Sanitation Alliance. 

3 Senzia, M. (2011). UDDTs for peri-urban households, Arusha, Tanzania. 
Sustainable Sanitation Alliance. 

4 Kleemann, F., & Berdau, S. (2011). Otji toilets for peri-urban informal households 
in Omariri, Namibia. Sustainable Sanitation Alliance. 

5 Suntura, J. C., & Sandoval, B. I. (2012). Large-scale ecological sanitation in peri-
urban area, El Alto city, Bolivia. Sustainable Sanitation Alliance. 

6 Werner, C., Klingel, F., Bracken, P., Schlick, J., Lorenz, S., & Khawaja, N. (2010). 
Rural urine diversion dehydration toilets (after 6 years), Hanahai and Paje 
villages, Botswana - Draft. Sustainable Sanitation Alliance. 

7 Fall, A., & Coulibaly, C. (2011). URban urine diversion dehydration toilets and 
reuse, Ouagadougou, Burkina Faso. Sustainable Sanitation Alliance. 

8 Patinet, J. (2011). Household pit latrines with urine diversion. Sustainable 
Sanitation Alliance. 

9 Stuber, N., Riad, M., Husselman, H., & Fahrlaender, F. (2012). Community-
managed wastewater treatment system, El-Moufty, Kafr El-Sheikh, Egypt. 
Sustainable Sanitation Alliance. 

10 Yeboah, B. A. (2012). Urine-diverting dry toilets at Adama University, Adama, 
Ethiopia. Sustainable Sanitation Alliance. 
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Minch, Ethiopia. Sustainable Sanitation Alliance. 
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Sustainable Sanitation Alliance. 

14 Kraft, L., & Rieck, C. (2011). Urine diversion dehydration toilets for rural schools in 
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19 Senzia, M. (2011). UDDTs for teachers at a primary school, Arusha, Tanzania. 
Sustainable Sanitation Alliance. 
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