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Preface
To obtain 15 ECTs for our Masters programme, we did a multi disciplinary project in Ecuador. The goal was
to install two water chlorinators nearby Tena, a small city at the border of the Amazon rain forest in Ecuador.
Apart from the main goal, we wanted to learn a lot about the country, its communities, culture, and way of work.
During the project, we visited different parts of the country, each with its own characteristics, culture and people.
Gaining insight in this, it made it easier for us to cooperate with the locals and therefore, increasing the interdis-
ciplinary aspect of the project. It became clear that not only engineering insights are needed for such a project,
but that one needs to understand to cooperate with the locals and use local resources to enhance the success
of a development project in a foreign country.

We would like to give a special thanks to our local supervisor Miguel Andrés Guerra for helping us realising the
project and helping us to get in contact with the locals. Speaking about, we would like to thank Jessica Vaca
and Neyson Vaca for arranging community visits in Tena, showing us the local habits and supplying us with local
resources. We would like to thank the Engineers Without Borders team for their support in this project. Also, we
would like to thank Ronny Almeida for being our fourth team member and allowing us to do this project. Lastly,
we would like to thank Eva Lantsoght and Jeroen Hoving for making time to help us doing this project on behalf
of the Technical University of Delft.

H.Drost B.Kurstjens R.Rutgers
Delft, April 2024
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Introduction

1.1. The team
This report has been written on behalf of a project team composed of four students who carried out a multidisci-
plinary project. The team consists of three master students of the TU Delft in the Netherlands and one graduate
student of USFQ in Ecuador. The three TU Delft students are specialized on hydraulic and offshore structures,
while the USFQ student is specialized on environmental engineering. The project is part of their studies and is a
full-time commitment during one semester. The team collaborates with an organisation called Engineers Without
Borders (EWB), consisting of five USFQ students. Their student chapter is part of Engineers Without Borders
International, a global organisation with teams worldwide.

1.2. The project
The University San Francisco Quito (USFQ) has been provided with two WaterStep water chlorinators by an
organisation in Canada. These water chlorinators are used to turn contaminated or dirty water into clean drinking
water. The main goal of the project is to install these chlorinators in two informal communities located in Ecuador
that are in need of clean drinking water. This project builds upon a previous project that took place during
September to November 2023, which was also a multidisciplinary project executed by students of the TU Delft
in collaboration with the members of EWB. During their project, they had to spend much of their time in finding
suitable communities for installing the chlorinators, meaning for this project this was less of an issue.

1.2.1. The communities
As the team arrived in Ecuador, their supervisor of USFQ had been in contact with a local residence of Tena,
a city located in the centre east of Ecuador. The city is also called ’the gate to the Amazon’. Around the city
of Tena, the local contact person knew about four possible communities that would benefit from the installation
of a water chlorinator. The focus was mainly on schools and universities within the community / village. Before
visiting the communities, the project team conducted literature studies on international engineering in informal
communities and on community selection. This was done to gain more knowledge and insights on how to
successfully implement an engineering application in an informal settlement. More information on the literature
studies is provided in Chapter 2.

1.2.2. The water chlorinator
As mentioned before, a water chlorinator is used to create clean drinking water out of contaminated water. It
does so by creating chlorine gas out of salted water. The chlorinator has two tubes that are connected to the tank
of contaminated water, one for the input and one for the output. A pump inside the tank pumps the contaminated
water into the chlorinator. Then, the chlorine gas is added to the in-flowing water, and consequently pumped
back into the tank. This process continues for one to a few hours, depending on the size of the tank, until the
chlorine level of the water reaches 3 ppm. After this, the treated water needs to sit for one hour and once the
chlorine level reaches between 2 and 5 ppm, the water is safe to drink. By adding chlorine to the contaminated
water, unhealthy bacteria will be eliminated. The water chlorinator is not able to remove salt or chemicals from
the contaminated water. Figure 1.1 provides an overview of the set up of the water chlorinator and the water
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1.3. The objectives 2

tank. In this case, the electricity for the chlorinator is provided by a battery, but it can also be connected to the
main electricity network. More information on the power supply and usage of the chlorinator can be found in
Chapter 4 and Appendix B respectively.

Figure 1.1: Set up of water chlorinator

1.3. The objectives
Together with the local supervisor, the project team came up with four objectives as part of their multidisciplinary
project in Ecuador. These are:

1. Conduct a comprehensive literature review on Influential factors of international engineering on informal
communities and Selection process of informal communities in need of international engineering.

2. Conduct service trips, followed by community selection and installation of two water chlorinators at two
different schools / villages.

3. Registration of the student chapter Engineers Without Borders at Engineers Without Borders International.

4. Present a colloquium for students of USFQ on topics related to hydraulic and offshore structures.

1.4. Report structure
This report firstly elaborates upon the literature review that was conducted to improve the chances of the project
being successful, in Chapter 2. In Chapter 3 and Chapter 4, the service trips and the installation of the two
chlorinators are described. Chapter 5 briefly covers the objectives of the EWB registration and the colloquiums.
Lastly, the overall project and experience is reviewed in Chapter 6.



0
Literature on international engineering in

informal communities
Many international students, international engineering companies or Non-Governmental Organisations will come
to a country, that they are not familiar with, and try to apply their knowledge on development problems in coun-
tries that are often underdeveloped. This international help is often referred to as Humanitarian Engineering
(or International Engineering). Humanitarian engineering involves the application of engineering principles and
methods to address pressing global challenges, particularly those affecting marginalized communities and vul-
nerable populations. It aims to develop sustainable solutions that improve quality of life, enhance resilience, and
promote social justice. It is often the case that an engineer’s expertise is adequately being used in such commu-
nities, but as soon as the engineer leaves the project site, the solution that was imposed, is being neglected by
the community’s members or the community members aren’t educated properly on how to work with the solution.

2.1. Influential factors on conducting service engineering trips
To ensure the project team delivers a project that is beneficial on the short-term and long-term, the students
needed to gain more knowledge about the habits, the culture, the ethical standards and the smaller communities
in South-America and Ecuador. But also on the success factors of humanitarian engineering projects and how
to ensure the project will continue to be successful on the long-term, even when the project team is not able to
visit the selected community anymore. That is why, to kick-off the project, the project team conducted a litera-
ture study on international engineering and the influence of such projects on informal communities. The main
takeaways from this literature study will be discussed below, for the full paper see [H. Drost, 2024b].

The literature study examined numerous cases of international engineering applications in informal communities
to gain knowledge on this topic. Specifically, recurring factors influencing the success or failure of these projects
were identified. It came out that effective co-production and communication between external entities and local
communities are essential factors. They ensure that insights and expertise from all parties are valued and that
community needs and issues are clearly understood. Successful implementation leads to efficient service deliv-
ery, improving community health and living environments while addressing their needs. Given the threats posed
by natural hazards, climate adaptation solutions are imperative for community protection. Environmentally-based
engineering applications, centrally implemented, provide affordable services to local residents. Local initiatives
have demonstrated improvements in community economics through income generation and cost reduction, even
reducing carbon footprints. External funding from sources like local governments, universities, NGOs, and com-
panies is often crucial for realization. By incorporating these factors with a fit-for-purpose approach, international
engineering applications can effectively address the needs and issues of informal communities.

The literature study mainly focused on the key factors that optimizes the goal of such humanitarian engineering
projects. However, relying solely on these takeaways cannot guarantee the success of a project. The process of
community selection should be undertaken carefully as well. It is recommended that each unique project comes
up with a selection procedure to identify suitable informal settlements.
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2.2. The selection process of informal communities in need of humanitarian engineering 4

2.2. The selection process of informal communities in need of humani-
tarian engineering

Managing a community selection process in a foreign country can be challenging. Therefore, to drive the suc-
cess of this project, a second literature study is conducted on the selection process of informal communities in
need of humanitarian engineering. A short overview of this study can be read below. The full paper can be read
here [H. Drost, 2024a]. Only the theory behind the selection process is summarized here, the application and
the results of the selection process on this project is reported in chapter 3.

Community selection involves the systematic evaluation of various potential locations for project implementation
or international engineering initiatives. The process involves two phases. The first phase entails setting up the
selection framework by gathering all the data and information on the target communities. The second phase is
the actual selection of the community.

2.2.1. Phase one: setting up the selection framework
Firstly, the indicator system commonly employed for community selection in small areas offers a viable selec-
tion approach. This system encompasses exclusion, suitability, and demand indicators, each assigned scores
for every alternative. Exclusion indicators play a pivotal role in primary community selection, identifying areas
unsuitable for construction due to legal, regulatory, or experiential factors. These criteria serve to disqualify or
exclude certain options, streamlining the selection process. Following the exclusion phase, secondary commu-
nity selection begins, focusing on remaining locations and prioritizing those best aligned with project objectives.
Secondary selection relies on suitability and demand indicators. Suitability indicators gauge the appropriate-
ness of a community, considering infrastructure, environmental factors, socioeconomic status, and community
readiness. They assess whether a community possesses the necessary characteristics and resources for project
implementation. Demand indicators evaluate the level of need or interest within a community for project services,
analyzing factors like population density, health, and community preferences. By leveraging these indicators,
engineers gain insights into the specific requirements and priorities of the community.

The three types of indicators were determined by reviewing literature and were subsequently used in this project.
All the indicators are enumerated below and are letter-numbered for convenient purposes. Note that these
indicators are only applicable on this specific project and should be adjusted accordingly to the scope of the
project.

• Frequent supply of water (A)
To ensure the effectiveness of the chlorinator installation and usage, a non-continuous but frequent water
supply is essential. The tank should be ready to be refilled whenever it is close to being empty.

• Chlorine level (B)
It is self-evident that if the water is chlorinated already, the installation of a chlorinator would be otiose.
Specifically, the chlorine level in the water should be lower than 0.1 ppm.

• No other contaminants (C)
In addition to chlorine, the water should be evaluated for other contaminants, as a chlorinator cannot elimi-
nate all types of pollutants. First, the water should be evaluated on Coliform and E. coli. These substances
can be eliminated by a chlorinator. If the water contains for example nitrate, the water cannot be treated
with just a water chlorinator.

• Non-continuous system (D)
The chlorinator that is used in this specific project does not work on continuous water systems. The chlo-
rinator needs a non-continuous system since there should not be more water added to the tank when the
chlorination process has started.

• Central location (E)
A central location is preferable, so that the majority of people can use it and the distance to be covered is
minimal.

• Access to electricity (F)
The used chlorinator needs electricity to work. Access to electricity would avoid the use of an external
battery. Which will reduce the cost and provide a continuous access to electricity.
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• Safety (G)
The need of a location where the chlorinator can be installed securely, avoiding theft or damaging the
chlorinator. This also includes environmental hazards.

• Local responsibility (H)
After the installation of the chlorinator, the community takes responsibility of the maintenance. At least two
persons, a group or a board should be appointed and take the responsibility over the chlorinator, since it
must be refilled and maintained regularly.

• Population density (I)
The population density should be high to increase the number of people that benefit from the chlorinator.
As it can chlorinate a large amount of water every time.

• Health conditions (J)
Settlements with higher rates of waterborne diseases or poor health outcomes related to water quality may
have greater demand for water chlorination.

• Financial conditions (K)
Settlements with higher levels of poverty or limited access to resources may have greater demand for
affordable water chlorination solutions.

The indicators A-D are exclusion indicators, indicators E-G are suitability indicators, and H-K are demand indi-
cators. To measure the importance of each indicator, the Analytical Hierarchy Process (AHP) was used. The
AHP is a decision-making method to rank alternatives based on pairwise comparisons. The AHP starts off with
a nine-point scale pairwise evaluation on all the criteria and alternatives. After the pairwise comparison, an n x
n matrix, with n being the number of criteria is created to calculate the relative weights of all criteria and alter-
natives. To do this, the matrix is first normalized by dividing each value with the sum of the columns. The next
step is to calculate the eigenvector, which will automatically give us the relative weight of each criterion. This is
simply done by summing the row and dividing them by the number of criteria. This is an iterative process and
will stop once the difference between two iterations is exceedingly small. An overview of relative weights and
final weights are given in table 2.1.

Table 2.1: Relative and final weights of the indicators using the Analytical Hierarchy Process.

A B C D E F G H I J K FINAL WEIGHT
A 1 1 1 1 9 9 9 9 9 9 9 0.199
B 1 1 1 1 9 9 9 9 9 9 9 0.199
C 1 1 1 1 9 9 9 9 9 9 9 0.199
D 1 1 1 1 9 9 9 9 9 9 9 0.199
E 1/9 1/9 1/9 1/9 1 1/4 1/7 1/5 1/6 1/6 1/5 0.010
F 1/9 1/9 1/9 1/9 4 1 1/7 1/5 1/6 1/6 1/5 0.013
G 1/9 1/9 1/9 1/9 7 7 1 5 4 5 4 0.064
H 1/9 1/9 1/9 1/9 5 5 1/5 1 2 2/3 1/2 0.024
I 1/9 1/9 1/9 1/9 6 6 1/4 1/2 1 1/3 1/2 0.023
J 1/9 1/9 1/9 1/9 6 6 1/5 3 3 1 5 0.042
K 1/9 1/9 1/9 1/9 5 5 1/4 2 2 1/5 1 0.027

Another way of determining the best location is by using Geographic information systems (GIS) combined with
the AHP. GIS are computer-based tools used to store, visualize, analyze and interpret geographic data, which are
attached to a unique location. It starts with collecting various types of data, including spatial data (coordinates,
boundaries, distances, etc.) and non-spatial/ attribute data (population, infrastructure, health, etc.). These are
than placed into the GIS system as layers. These layers (coordinates, population, health, etc.) can then be
stacked upon each other and by using the AHP from the previous paragraph, the different layers can be given a
weight. By using the variety of tools and techniques GIS enables users to visualize complex spatial relationships.
In summary, GIS works by combining spatial data and attribute data to create layers of information that can be
analyzed, visualized and interpreted to gain insight into space patterns and relationships, supporting informed
decision making. The downside of GIS is that you need all the data, which are often not available in informal
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settlements. To accumulate all the data takes a long time, which usually is not available in a humanitarian
engineering project in an informal settlement.

2.2.2. Phase two: selecting the community
With phase one completed, a decision support tool can be used to make a final decision. The decision-making
tool in this paper is a multi-criteria analysis (MCA) which uses the indicators and relative weights generated in
phase one. A MCA helps to compare and rank multiple alternatives that involve unequal attributes. This means,
a MCA is well suited for ranking different communities in need of international engineering. It can help stakehold-
ers to decide on what community suits best. By grading all indicators for all different communities and summing
the multiplication of the grade times the determined relative weight, the scores of all different communities can
be calculated.

When done wright, this community selection process empowers you to make a well-informed decision framework
which will determine the communities that are in most need of international/ humanitarian engineering. Finding
a suitable community does not guarantee automatic success when executing the project. For this, various other
factors must be taken into consideration, which were discussed in section 2.1. Using this community selection
framework and combining it with the factors that are generally important will result in the highest chance of a
successful project.



1
Service trips and community selection

A month before the installation, the project group conducted service trips in four different informal communities
in the surroundings of Tena. This is crucial in the process in order to get to know the communities and fully un-
derstand their unique needs. During the trip the team mainly focused on the indicators of the MCA, as discussed
in chapter 2.

3.1. Service trips
The team visited the four different schools together with the local contact person and her brother, and two people
working for the municipality of Tena and in the department of clean drinking water. The main goal of the trip was
to get to know the communities, their needs and their current situation. The team focused on the nine points of
the MCA. During the service trips, careful consideration was given to the influential factors that increase the like-
lihood of success for international engineering projects within informal communities. Therefore, communicating
with them and understanding their needs and situation was key. Also their environmental situation and potential
natural hazards were looked at during the trip.

An important activity was of course to test the water they currently used for cleaning and sometimes for drinking
as well. The water samples were tested at the municipality of Tena. The results are shown in appendix A. At
each community, the team spoke with the president to ask questions about where they get their water from and
how clean it is. Some of them mentioned people got ill by drinking the water and a few even died because of
it. Three of the four collected their water directly from a close by river, and one of them pumped it out of a well.
During the visit the team looked for a suitable location for the water chlorinator and simultaneously thought of
ways how the water tank could be connected to the current water distribution system. It was favored to have the
water tank and chlorinator as close as possible to the school and at a central location.

3.2. Community selection
Based on the gained knowledge on the communities during the service trips, the project team could know make
a selection at which two schools the two water chlorinators were to be installed. The Multi Criteria Analysis had a
big contribution in this choice. Based on engineering intuition and common sense, the four different communities
have been graded on each criteria. Table 3.1 provides an overview of the scores of the MCA and from this it can
been concluded that community 1 and 3 gained the best result.

7
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Table 3.1: Multi-Criteria table for 4 different informal communities in need of a water chlorinator.

Weight Community
1

Community
2

Community
3

Community
4

Rating Score Rating Score Rating Score Rating Score
Frequent supply of water 0.199 9 1.791 9 1.791 9 1.791 9 1.791

Chlorine level 0.199 9 1.791 9 1.791 9 1.791 9 1.791
No other contaminants 0.199 9 1.791 9 1.791 9 1.791 9 1.791
Non-continuous system 0.199 9 1.791 9 1.791 9 1.791 9 1.791

Central location 0.010 7 0.07 5 0.05 8 0.08 3 0.03
Access to electricity 0.013 7 0.091 8 0.104 9 0.117 5 0.065

Safety 0.064 7 0.448 9 0.576 9 0.576 7 0.448
Responsible supervisor 0.024 8 0.192 7 0.168 8 0.192 7 0.168

Population density 0.023 6 0.138 7 0.161 9 0.207 3 0.069
Health conditions 0.042 9 0.378 5 0.21 8 0.336 4 0.168
Financial situation 0.027 9 0.243 3 0.081 6 0.162 6 0.162

Sum 8.7 8.5 8.8 8.3

Community 1 and 3 are also the ones where the water chlorinators have been installed. The MCA alone was
not decisive, as the conversations with the presidents and the overall impressions of the communities played an
important part as well. Some scores that stand out in the MCA will be explained.

Both community 1 and 3 scored significantly high on the current health conditions. In community 1, four peo-
ple have died over the past few years because of the contaminated water they drank. Due to their inability to
afford clean drinking water, they are compelled to continue consuming the contaminated water extracted from
the ground/well. This also leads to the high rating on the financial situation. In community 3, they consume
water directly from a nearby river, which has resulted in continuous illnesses among students. Consequently,
they are unable to attend classes and pursue their studies, forcing them to stay at home. The university has 350
students who will all benefit from the chlorinator. This is a huge amount compared to the 30 pupils of the school
in community 4. Community 2 and 4 score relatively low on the indicator ’Central location’. This is because
the only current water tap point is located just outside of the community. This means that installing the water
chlorinator at this point, it would not be easily accessible for elderly, disabled and pregnant women. Community
2 also scores low on the indicator ’Financial situation’. This is because they are currently buying their drinking
water from vendors, which means they have the financial resources for it (in comparison to community 1, where
they are forced to drink contaminated water).



2
Installation of chlorinators

After the service trips had been conducted and the two communities had been selected, the installation plan
could be created. This chapter describes the process of the installation from sketch to final result.

4.1. Initial installation plan
During the service trips, the project team focused on finding a location for the water tank and the chlorinator,
and how these could be connected to the current water distribution network. Things as, distance to a water tap
point, distance to an electricity tap point, accessibility, central location, protection from rain and sun, and safety
all played a role in finding a optimal location.

4.1.1. Community 1: Piocul²n
The first community, Pioculín, has a population of about 120 people. The school is located centrally in the
community and has one of the only few water tap points in the community. The water is coming from the river
downhill and is pumped to a large water tower, which distributes the water over several communities in the
surrounding area, see 4.1. In figure 4.2 a sketch has been provided of the area around the water tank and
chlorinator and its position within the community. The distances indicated in the sketch were only meant to
estimate the purchases and are not up to scale.

Figure 4.1: Photo of the water tower in Pioculín which distributes the water from the river over several surrounding communities.

9
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Figure 4.2: Sketch of the area around the Chlorinator (left) and the whole community 1 (right).

For the project team it was the most logical solution to implement the system in front of the church, as it ticked
most of the boxes. However, there were some doubts as it could be contradicting the ethical standards of the
community members. Implementing the water system in front of their ’holy ground’ could maybe lead to some
problems. The contrary happened after talking to the president of the community. He said that it was a good
location, and that it even had a nice symbolical thought behind it: God giving clean drinkable water to the com-
munity. So the project team continued the plan for this location.

The water tank needs to be connected to the water network to be able to fill the tank. As there was already a
500L water tank available at the university, and the community had a bit over 100 inhabitants, the project team
reserved this tank for the first community. The system has to include a valve since the chlorinator needs to be
connected to a discontinuous system. In the sketch the water tap point is indicated by a navy blue dot. The tap
point and the water tank are connected by PVC pipes. To be able to make turns in the pipes, 45- and 90 degree
adapters were ordered as well. As the chlorinator and the water pump require electricity to work, the project
team decided to connect them to the electricity network by connecting both to a power adapter containing a
plug, which could easily be plugged in a socket close-by. A power adapter comes together with the chlorinator
package. This adapter is delivered as a charger for a 12V car battery (this is done as a lot of the communities
in need of clean drinkable water do not have access to electricity), but the team decided to skip the battery and
just connect the chlorinator and pump directly to the electricity network. This option is way cheaper than buying
a car battery, and it will be easier for the community to use as they just have to connect the plug to the socket,
instead of charge the battery every time. Furthermore, both the risks of connecting the wires of the chlorinator
to the wrong side of the battery and getting an electric shock are eliminated.

4.1.2. Community 2: Talag
The second selected community, Talag, has about 500 inhabitants, with more than 300 people being students or
workers at the school. The school is surrounded bymany houses and therefore considered centrally located. The
only water tap point near the school is located next to the toilets. It was therefore logical to place the chlorinator
and tank in a close perimeter around the water tap point. In figure 4.4 the conceived location of the chlorinator
and water tank is sketched and in photo 4.3 the real-life planned location can be seen.
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Figure 4.3: Planned location of the water tank and chlorinator in Talag (where Bastiaan and Hidde are standing.)

Figure 4.4: Sketch of the area around the Chlorinator (left) and the whole community 3 (right).
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