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I have learned a great deal, not only about Aruba and
academically, but also about myself, making this an
unforgettable experience. To be honest, before coming
to this island for the Consultancy Project, I was slightly
nervous about a few things. Especially the idea of sharing
one bedroom with a roommate seemed to be challenging.
However, I came here with an open mind, eager to learn
to live together with others, to be open to new experiences
and being more comfortable in a group. Thanks to that
and the amazing group, everything turned out to be
wonderful! I got along so well with my roommate, as our
personalities naturally clicked. We shared thoughts about
our personalities and the dynamics of our group, mutually
respecting each other’s need for personal space and time.
This bond was a significant relief for me.

Through this experience, I've undoubtedly become more
spontaneous and inclined to live in the moment. One

She eventually called us
her adopted daughters.

of the highlights of my time on Aruba was my trip to
Bogota, Colombia, with people I had only known for 1.5
weeks at the time, whom I now consider good friends. This
adventure was not only extremely fun and spontaneous,
but it also opened my eyes to the beauty and vibrancy of
Latin America. Additionally, I have climbed the Hooiberg
at least 6 times during my stay. And not to mention all the
sunsets at the beach, the snorkelling, the dinners, and all of
the other activities we did together with the group.

Of course, we had to do our consultancy project as well.
This was a very nice experience, particularly due to our
interactions with the people of Santa Rosa. As local
group, we had to do a large amount of visits to farms and
households. During these visits we were accompanied by
a person of Santa Rosa, always being Facundo. Initially
reserved and shy, Facundo gradually opened up to our
group, a heartwarming transformation to witness. It feels
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like we have made very valuable relationship with him.
Afterwards, Nathalie told us she had never seen him so
invested in this project and so happy. Nathalie herself was
incredibly kind and caring, as she for example helped us
with getting a car and reminded us to put on sunscreen and
enjoy ourselves during carnival. She eventually called us her
adopted daughters, which was really touching.

Lastly I don’t want to forget to mention the perspective
I gained on teaching. Eric’s teaching approach is truly
remarkable, as it was always interesting and containing
knowledge that will stay in my memory forever - which
cannot be said of a lot of other courses. In conclusion, I
would like to say that I extremely enjoyed my time here on
Aruba and that I will cherish the memories.

148



The efficiency and feasibility of Rainwater
harvesting systems in Aruba: An assessment using
a multi-criteria analysis, including the preferences

of the Aruban community

Ilse Coelman

Introduction

In investigating the potential of rainwater harvesting (RWH)
systems to address water scarcity challenges in Aruba, it is
necessary to elaborate the dynamics of implementation and
adoption across national and local scale. Throughout the
year, the Caribbean Island experiences distinct rainy and
dry seasons; in the rainy season, a substantial amount of
precipitation falls on Aruba, but a significant portion of it
typically drains into the sea (Marchena & Halman, 2018).
As calculated by Montoya Rodriguez (2024), the annual
amount of rainfall in Aruba is an estimated 7 times the
amount of water produced yearly by Water- en Energie
Bedrijf Aruba (WEB). This highlights the usefulness of
sustainable water management practices. RWH involves
the collecting, storage, and utilization of rainwater runoff
(Reijtenbagh, 2010). Implementing such a RWH system
could provide a new purpose for this water. It can be used
for extensive water usage by farmers, as well as the limited
application of RWH systems, such as those in households
and small businesses. According to Rahman et al. (2014),
rainwater harvesting is the most sustainable method for
water supply. It is crucial to implement sustainable solutions
to reduce the impacts of global climate change, and secure a
safe future for the inhabitants of Aruba, especially in small
island states (Curren & Metzger, 2017).

Understanding how RWH systems can be integrated

with existing water infrastructure in Aruba, while also
considering the semi-arid climate of the country, requires
further exploration. There islimited availability of long-term
data on the performance of existing RWH systems in Aruba,
which makes it challenging to assess their effectiveness and
predict feasibility of future implementation of new RWH
systems.

The results aim to assess the feasibility and efficiency
of the existing and future potential implementation of
RWH systems in Aruba, focusing on the preferences of
the Aruban community. By examining factors such as
economic viability, volume, life span, accessibility, and ease
of both implementation and maintenance, this research
strives to inform about potential implementation of RWH
systems on a small and large scale. Small businesses and
individual households have limited application of RWH
systems, whereas farmers use RWH systems for extensive
water usage according to the estimated data given by
Santa Rosa, the department of Agriculture, Livestock, and
Fisheries. Aruba classifies businesses with less than 10 full
year equivalent employees as small enterprises (DEACI,
2018).

2. Methods

Because of the lack of previous academic knowledge on
RWH systems in Aruba, the overarching approach for the
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methodology is based on the Grounded Theory (Bryman,
2012), meaning that the process of data collection and
analysis occurred simultaneously, as clarified below.

A systematic literature review was conducted to gain a
comprehensive understanding of already existing RWH
systems in regions with a semi-arid climate, such as Aruba.
Since there was limited academic literature about Aruba,
this literature review also included gray literature, such as
theses and government reports, and some unpublished
data from Santa Rosa. The articles and gray literature
found were categorized per sub-question. Following that,
interviews were chosen as the optimal qualitative method
to explore opinions on RWH system implementation
among farmers and households. The interviews targeted
farmers, small businesses, and households potentially
benefiting from RWH systems. A small sample was drawn
from existing contacts, notably in Santa Rosa, employing
a snowball approach (Naderifar et al, 2017). The semi-
structured interviews followed predefined guidelines but
allowed interviewers the flexibility to elicit opinions and
perspectives on water systems (Bryman, 2012). Analysis
of the interviews included the transcription, coding and
analysis of the collected data; see Negrini (2024) for more
information. For this research, these interviews have been
usedasaninitial assessment of current RWH systems present
on the island and which RWH innovations are feasible,
given the current situation. In line with the grounded
theory approach, the interviews provided specific systems
that were subjected to a multi-criteria analysis (MCA). An
MCA was chosen as the optimal approach for assessing
the feasibility and adaptability of potential innovations
on RWH systems within the Aruban community, as only
partial data is available, and the criteria that are relevant for
assessment are difficult to quantify.

3. Multi-Criteria Analysis

After the interviews and systematic literature review, the
following RWH systems were identified as objects for the
MCA:

»  Regenbak!

«  Rain gutters made from aluminum

«  Rain gutters from PVC pipes

« 3000L - 8000 L dark tank

o Totes; discarded Intermediate bulk containers (IBCs)

o Bioswale

o Check dams

o Agroforestry

o Water pit/reservoir

3.1 Objectives, Criteria and Weights

The MCA entailed establishing a framework for integrating
various assessment criteria within quantitative analysis
without assigning a monetary value to every factor. The
RWH systems were evaluated based on different aspects,
appearing in Table 1. These aspects were defined during
the literature review and correspond to codes identified in
Negrini (2024). To assess the feasibility of implementation
in the community, weights were given to the criteria based
on the importance of each within the Aruban community,
hereby reflecting the preferences of the decision makers
(Sijtsma, 2006). Rankings for both equal weights and for
weights based on the Aruban community were established.
Then a score from 1 to 10 was decided on for every system
(Taherdoost & Madanchian, 2023). A reasoned narrative
for the MCA framework, the scoring and the options had
to be provided (Infrastructure Australia, 2021). Then, radar
diagrams were created to visualize the results. The goal of
this structured approach was to identify the best solutions

! A regenbak is a reinforced concrete tank (The Caribbean Environmental Health Institute, 2009), this was a traditional rainwater

harvesting system that was implemented in traditional houses before the 70’s (Klomp, 1981).
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in terms of efficiency and feasibility that align with the
socio-economic conditions of the Aruban community.

Table 1; Objectives and Criteria MCA

Objective Sub Criteria and corresponding code Weight based on
preferences within
the Aruban
community

Maintenance costs (corresponding with code 8
in L3; ‘Money’ as reason forimplementation)

Economic viability (Amos | Initial costs (corresponding with code in L3; 9

etal., 2018) ‘Money’ as reason for implementation)

Objective Sub Criteria and corresponding code Weight based on
preferences within
the Aruban
community

Efficient use of rainfall

(corresponding with code in L3; ‘Production’ | 6

as reason forimplementation)
System Capacity of efficient | Volume (Ahmed et al., 2023) (corresponding
use of water (Toosi et al., | with code in L3; ‘Production’ as reason for | 6
2020) implementation)

(corresponding with code in L3; ‘lack of
Life Span (Infrastructure | economic viability” as reason for | 6

Australia, 2021) implementation)

Evaluating  the  environmental impacts

(corresponding  with code in L3 3
Environmental impacts | ‘Sustainability’ as reason for
(Amos et al., 2018) implementation)

Accessibility of material 7
Accessibility (Ahmed et al., | Accessibility of knowledge (corresponding 6
2023) with code in L3; ‘lack of knowledge’)

Ease of Implementation

(Infrastructure  Australia, | (corresponding with code in L2; ‘Limitation | 6
2021) on implementation’)

Ease of maintenance

(Infrastructure  Australia, | (corresponding with code in L2; ‘Limitation | 6
2021) on implementation’)
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The objectives and criteria were obtained during the initial
literature review. Criteria used appear in Table 1. The
weights were determined by an analysis of the interviews
conducted by the team for the consultancy project. In
these interviews various opinions on the effectiveness and
potential improvements were asked, as well as how the
interview participant thought the general community of
Aruba (of farmers) perceives the benefits and drawbacks
of implementing RWH systems, what factors or incentives
would motivate them or others to invest in an RWH system
and why they themselves did or did not opt to implement an
RWH system. The answers showed that economic viability in
general was the most important factor, as most participants
mentioned that current RWH systems maintenance and
initial investment were too expensive. In particular the initial
costs were a barrier for many people to implement an RWH
system. Therefore, both the maintenance costs are weighted
with an 8, and the initial costs with a 9. Another insight from
the interviews was that people thought implementation
would be too much work and/or that they did not have the
knowledge to do so. Therefore, both ease of implementation,
maintenance and accessibility of knowledge are weighed
with a 6. Accessibility of material goes accompanied by both
economic viability as more accessible materials are generally
cheaper and by ease of implementation. Therefore, this
criterion is weighed with a 7, in between scores of both other
criteria. The systems’ ability of efficient use of the rainfall
corresponds with the ability of actual production mentioned
in the interviews. Thus, these criteria are weighed with a 6.
The criterion of lifespan corresponds with economic viability
and is mentioned often in the interviews. However, the
lifespan specifically is not mentioned as the main motivation
for implementing an RWH system, resulting in a weighing
of 6. Lastly, environmental savings are weighed with a 3. Few
interview participants mentioned sustainability as a driver
for implementation of RWH systems, and stated from an
interview as answer on if sustainability is a motivation for the
Aruban society to implement these kinds of systems: “ few
Arubans would say it’s sustainable”

4. Results

Table 2 shows all the ratings given to the RWH systems
for the various criteria. In this section the most important
explanations concerning the scores will be highlighted. In
figure 2, a link to the MCA table with further elaboration
on the decision making can be found.

The regenbak has an extremely low score for initial costs
and ease of implementation, due to space requirements
and construction expenses, estimated at a price of US$0.74
per gallon, corresponding to 0.35AWG per liter. (The
Caribbean Environmental Health Institute, 2009). From
observations on the island, the volume of a regenbak
ranges from 6 cubes to 30 cubes, or 6000 L to 30000 L,
with outliers of 200 cubes (Beaujon & Stuivenberg, 1948).
Constructing a 6000L regenbak costs 2100 AWG, excluding
coating expenses, which are recommended for protection
against acids and corrosion. This also leads to a reduction
in water losses from cracks (Austin, 2017). Moreover,
concrete production emits greenhouse gasses and involves
environmental impacts from mining, transportation and
processing operations. The mining for limestone and clay
as raw materials and coal as fuel leads to deforestation and
top-soil loss at the mining site (Mehta, 2001).

PVC and aluminum rain gutters scored a 9 for both
maintenance costs and ease of maintenance, as only
regular visual inspection of the pipes is needed (Caribbean
Environmental Health Institute, 2009). However, their
initial costs are relatively high as mentioned by R. Bareno
(21 March 2024). Similarly to the regenbak, these systems
are not environmentally friendly. Fossil fuel depletion
and coal-based energy use for production are the most
significant environmental impacts of aluminum production.
The total CO, emissions of plastic piping systems are lower
compared to pipe systems made out of competing materials.
Generally, the production and transport of raw materials
have the largest environmental impacts (P. Sejersen, 2016).
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Table 2: Ratings given to RWH systems

Rain gutters|Rain gutters
made from|from PVC Water
Regenbak aluminum pipes Big tank Totes (IBCs) | Bioswale Check dams |Agroforestry |pit/reservoir
Maintenance
costs (8) 4 9 9 7 6 4 5 4 6
[Initial  costs
9) 1 3 4 3 6 6 8 7 7
Efficient use
of rainfall (6) |0 7 6 0 0 7 6 9 0
Volume (6) (8 0 0 8 6 0 0 0 7
Life Span (6) |8 6 6 7 7 7 5 8 9
Environment
al savings (3) |3 4 5 5 5 8 8 10 7
Accessibility
of  material
(7) 3 5 7 5 6 6 7 6 7
Accessibility
of knowledge
(6) 9 6 6 7 8 3 5 7 3
Ease of
implementati
on (6) 2 8 4 6 8 5 6 6 5
Ease of
maintenance
(6) 9 9 9 9 8 7 7 4 8
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In the case of Aruba, transport either by plane or ship of the
final products, both the PVC and aluminum, has large CO2
emissions as well. Aluminum rain gutters scored higher
for accessibility and ease of implementation, as there is
a company present on the island that produces these and
has the option of installment included (R. Bareno, personal
communication, 21 March, 2024).

The tanks, both the bigger PVC and the totes, have similar
maintenance costs and ease of maintenance. Initial costs
differ, due to bigger sized tanks having more volume,
thus being more expensive (Santa Rosa, 2024). Additional
expenses for totes are required, as it is advised to paint the
outside of the tote in darker colors for algae prevention
(IBC Totes Authority, 2023 and Kooyman, 2024). The
environmental impacts of the larger tanks are similar to
the impacts mentioned for the PVC gutters, while totes are
considered relatively sustainable, as they are second-hand
discarded IBCs used for chemicals by for example Balashi
and WEB (E. Mijts, personal communication, March 29,
2024). Implementation of any tank requires a potentially
costly construction of a solid foundation, but the costs
are dependent on weight. (The Caribbean Environmental
Health Institute, 2009). The accessibility of knowledge
and material is good for both types of tanks. According to
personal communication with Santa Rosa (2024) and E.
Mijts (29 March 2024) totes can be bought from Santa Rosa
by registered farmers. Others can find these totes to be sold
at Facebook or through other communication channels.
They are discarded IBCs used for chemicals by for example
Balashi and WEB.

Bioswales efficiently utilize rainfall, enhancing soil and
groundwater infiltration while reducing runoff and urban
air temperatures. Additionally, rainfall infiltration in the
soil, facilitated by the bioswale, will enable the soil to grow
vegetation (Wright et al., 2015). However, limited literature
(Ekkaetal.,2021) and lack of familiarity among interviewees
pose challenges. (Interviews for consultancy report, 2024).

Check dams have proven to improve groundwater recharge
in semi-arid/arid countries, such as India. Additionally,
they irrigate the land simultaneously (Agoramoorthy et
al., 2016) Water that remains in the catchment area of the
check dams can be harvested for further irrigation. For
both bioswales and check dams, maintenance is needed
after high velocity flows, as they can get damaged (Hassanli
& Beecham, 2013).

Incorporating agroforestry improves the soil system. It
enhances infiltration and water retention due to more
extensive root systems. This leads to increased nutrient
use efficiency of the system. It has a carbon sequestration
potential, which is higher than any other RWH system.
Additionally, the integration of various crops and trees into
this system improves biodiversity, soil fertility, and water
quality (Jose, S., 2009). Agroforestry is an upcoming topic
in Aruba under the name “Syntropic Farming” Living
Soil Aruba is an agro consultancy company that gives free
presentations and workshops on this practice (Living Soil
Aruba - Agro Consultancy, n.d.). An agroforestry site can
be implemented in any garden; maintenance includes
watering, weed control, and harvesting (Godsey, L. D,
2010).

Based on personal observations, the costs, volume,
environmental impacts, and ease of implementation and
maintenance of water pit/reservoir systems vary greatly
depending on size, resources, and space availability. Water
in this kind of system tends to evaporate quickly or infiltrate
into the ground (E. Kelkboom, personal communication,
March 4, 2024).

From these scores, two rankings emerge. A ranking
based on equal weights for every criterion, and a ranking
based on weights based on the preferences of the Aruban
community. These rankings provide a clear indication of
which alternative performs best overall according to the
criteria considered.
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Table 3: Table with results of the MCA analysis. Two rankings are shown; one with scores based on equal weights and another
based on weights including the preferences of the Aruban community.

Rank Score Based on equal
weights

1 61 Agroforestry

2 60 Totes (IBCs)

3 57 Rain gutters made
from aluminum, 3000-
8000L PVC tank, and
Check dams

4 56 Rain gutters from PVC
pipes

5 54 Water pit/reservoir

6 53 Bioswale

7 47 Regenbak

As evident, in the weight-based ranking, the totes achieve the
highest score, followed by agroforestry. Conversely, when equal
weights are applied, the ranking of the totes and agroforestry
is reversed. The regenbak ranks the lowest, with the bioswale
following, and the water pit/reservoir taking the third-to-last
position in both rankings. In both scenarios, rain gutters made
from aluminum rank higher than those made from PVC
pipes. The most significant divergence is seen in the ranking
of the large PVC tank. The community-based weights assign
it a lower rank compared to the equal weights. In terms of
initial costs, which were prioritized by the Aruban community,
aluminum gutters and large tanks both scored 5 points lower
than check dams. Across the list of criteria, aluminum gutters
and large tanks exhibit similar scores, differing by no more than
1 point, except for ease of implementation, where aluminum

Rank

Score Based on weights
including the preferences
of the Aruban community

381 Totes (IBCs)

371 Agroforestry

362 Rain gutters made from
aluminum

359 Check dams

362 Rain gutters made from PVC
pipes

358 3000-8000L PVC tank

337 Water pit/reservoir

326 Bioswale

287 Regenbak

gutters have an advantage by 2 points due to the possibility
of having them installed by a specialized party. Check dams
generally receive lower scores across other criteria.

Figure 2; QR code directing to a Google Spreadsheet with the
MCA table and the radar diagrams of results MCA
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Figure 1; Radar diagrams of results MCA

Radar Chart; equal weights

Regenbak e Rain gutters mad e from aluminum e Rain gutters from PV'C pipes
= Big PV'C Tank =——Tntes (|BC's) Bioswale
= Check Dams — Ao roforestry N ater pit'resenoir

Maintenance costs
10

Ease of maintenance Initial costs

Ease of implementation Efficient use of minfall

Accessibility of knowledge Volume

Accessibility of material

Envircnmental benefits
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Radar Chart; weights based on preferences of the Aruban community

Regenbak s 1 30 gutters mad e from aluminum e B30 gutters from PVC pipes
e Biig PV C Tank = Totes (IBC's) Bioswale
m——Check Dams — A roforestry N ater pitfresenoir

Maintenance costs
80

Ease of maintenance Initial costs

Ease of implementation Efficient use of rainfall

Accessibility of knowledge Wolume

Accessibility of materal Lifespan

Environmental benefits
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In figure 1, two radar diagrams with the MCA results are
displayed. Figure 2 is a QR code, which is also attached
in Figure 2, containing the full MCA Table and the radar
diagrams in color. The criteria are placed on the outside
of the diagram. The inside axis displays the values of the
scores that the RWH systems received. For the chart with
the equal weights, it is until 10, and for the weights based
on the preferences of the Aruban community it is 80. The
lines in different colors correspond with the analyzed RWH
systems.

The chart with equal weights shows how Agroforestry excels
in efficient use of rainfall and has the lowest environmental
impacts. The dark purple line of the totes lays more to the
border of the circle, scoring higher across all of the criteria. The
yellow line, representing the regenbak, has a peak at ease of
maintenance and accessibility of knowledge, but scores low in
other areas. The chart with the weights based on preferences of
the Aruban community reveals outliers in the scores for initial
costs of check dams and maintenance costs of rain gutters
made from PVC and aluminum. In this chart the agroforestry
demonstrates high scores across multiple criteria, in particular
initial costs and efficient use of rainfall. Similarly, the totes score
high across all criteria except for the environmental impacts.

4. Discussion & Conclusion

Firstly, it is important to note that both totes and large
PVC tanks, serving as primary water storage systems, yield
optimal efficiency when complemented with RWH systems,
typically rain gutters. Aluminum rain gutters are preferred,
ranking third in the MCA for both the weighing methods. In
contrast, PVC rain gutters scored lower, largely due to their
susceptibility to leakages at connection points. Aluminum
gutters are produced in full length and therefore don’t need
connection points (R. Bareno, personal communication,
March 21, 2024). Material for connecting the separate PVC
gutters has to be purchased and implementation is more
difficult.

Secondly, while MCA results based on Aruban community
preferences offer valuable insights, it’s essential to recognize
potential divergence between community preferences and
the optimal path for Arubas sustainable development,
potentially being the result of knowledge on these systems
and most likely also on their efficiency is scarce on the
island. Preferences of the community assigned the lowest
weight to environmental impacts, despite this being a
very important aspect for the future, highlighting a gap in
awareness.

There are challenges in using an MCA that you should be
aware of. The outcomes, criteria, and weights that make up
the MCA framework are defined by the researcher. This
configuration may be subject to unconscious or advocacy
bias. Additionally, the scoring of criteria across options is
likely to involve some subjectivity and this may be reflected
in the scores. This was tried to mitigate by providing
sufficient academic literature for the choices of objectives,
criteria and weights (Infrastructure Australia, 2021).

Future research directions should be on the integration
of RWH systems with the existing infrastructure of
Aruba, while considering the semi-arid climate. Further
research could be done on the monetary benefits of the
implementation of RWH systems.

In arid regions like Aruba, such as Aruba, where water
scarcity is a pressing issue (Van Sambeek et al.,, 2000),
rainwater harvesting emerges as a potential solution.
Despite perceptions of limited rainfall, calculations indicate
that precipitation exceeds the yearly water production of
WEB by seven times (Montoya Rodriguez, 2024). With
the Earths carrying capacity already being exceeded in
six planetary boundaries (Richardson, K. et al, 2023),
sustainable water management becomes critical. RWH
systems not only preserve ecosystems and biodiversity but
also safeguard human health by mitigating air and water
pollution and limiting greenhouse gas emissions linked to
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climate change. The research question focuses on assessing
the feasibility and efficiency of both existing and future
potential implementations of RWH systems in Aruba.

The results of the MCA indicate varying degrees of
feasibility and effectiveness among different RWH systems.
Notably, the combination of totes with preferably aluminum
rain gutters emerges as the most viable option for future
implementation in Aruba. A combination of these systems
is required, as a harvesting system (the gutters) is of no use
without a storage system (the totes). The MCA, conducted
for this consultancy report, highlights the totes superiority.
They ranked first based on equal weights for the criteria
and second with the weights based on the preferences of
the Aruban community. The aluminum rain gutters ranked
third for both the weighing methods, surpassing PVC
gutters in both scenarios. The accessibility of a system
is crucial for implementation, and both the totes and the
aluminum gutters scored high on this criterion.

Furthermore, this study highlights the efficiency of
agroforestry in rainwater utilization. This RWH system is
practical and applicable to a household practice, as every
interested person with a backyard could possibly implement
it. The economic feasibility of this implementation is really
convenient. This system merges two important aspects of
rainwater harvesting systems, a durable system and efficient
water collector.

Implementing RWH systems in Aruba is feasible, with
certain systems proving more eflicient than others
considering various criteria. However, scaling up
implementation requires engagement from additional
stakeholders, including the government and the community.
Community participation is crucial for the implementation
of these systems. Creating awareness involves promoting
every aspect of sustainability, showing benefits and ensuring
financial profitability. Ideally, alternative norms and values
have to be established, achieved by a paradigm shift towards

environmentally conscious decisions and practices.
Building community engaged awareness is fundamental
for effectively promoting and convincing people to adopt
scientifically based decisions. Thus, a combination of
further research on potential future implementation of
RWH systems and creating community awareness would be
beneficial on the feasibility of the implementation of RWH
systems in Aruba.
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