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ABSTRACT

Climate change and ur  bani zation are two inevitable increasing challenges that cities
have to deal with. The increasing amount of people migrating to the cities and the

effects of climate change can cause problems that influence the quality of life in the

cities. One of these  problems is heavy rainfall . One of the cities dealing with this is
the city of Enschede.  Because of the way the city of Enschede is build it cannot
handle h eavy rainfall very well, resulting in flooding of streets and basements. In

order to deal with this problem, the concept ofthe Smart Rainwater Buffer was
ideated. Whichisa smart rainwater buffering system which can be installed and
connected to the  roofs of the inhabitants of Enschede. The system buffers water
during rainfall and makes sure it has eno ugh capacity for the next rain shower. The
rainwater can be used locally  , promoting to waste less drinking water. By installing
large numbers of these buffers, itis possible to reduce the strain on the sewage
system during rainfall, preventing flooding is sues.

This bachelor thesis  describes the process of developing a DIY and consumer ready
Smart Rainwater Buffer . A literature research on Design for DIY was conducted to
design the system to be easy to assemble by the user. Next to that research was
condu cted on data communication technologies for smart city loT and fluid level
measurement techniques . Several concepts were ideated , from which one concept
was chosen by the stakeholders. This final concept was usedto builda prototype of
the DIY and consumer ready Smart Rainwater Buffer . The prototype incorporates a
newly designed sensor module suitable for most  rainwater barrels.  The complete
system was designed to be as robust , reliable , and user friendly  as possible. The
evaluat ion of the prototype showed that it is ready to be tested in a pilot project

with inhabitants of the city of Enschede
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1. | NTRODUCTION

1.1 Problem

Climate change and urbanization are two inevitable increasing challenges that cities
have to deal with. The increasing amount of people migrating to the cities and the

effects of climate change can cause problems that influence the quality of li  fe in the
cities. Problems like air pollutio n, increasing temperatures and extreme rainfall are
becoming increasingly harder to deal with. One of the problems that arises is the
flooding of streets. Because of all the concrete and asphalt the overall water runoff

vol ume of the infrastructure is simply not high enough anymore [1] .

Cities in the Netherlands have to adapt to these cir cumstances. In order to ensure
and improve the quality of living in the city, more and more cities start to solve these

challenges using technology. They want to become Smart Cities, by the use of smart
algorithms, sensor networks, and cloud computing 2] .

One of these cities is Enschede [3]. With nearly 160.000 inhabitants [4] the
municipality Enschede is the biggest municipality of the province Overijssel. Due to
urbanization the city k  ept expanding. Resultingin interference with the natural water
managementofthearea . Locationwise Enschede is not located conveniently for  water
management. Enschedeis  built onahill witha heightdifference of 44 meters between
the highest and the lowest point of the city [5] (see figure 1 ). In periods of heavy
rainfall storm water flows  downhill into the city. The  water runoff volume of the
infrastructure in the city is not high enough caus ing local flooding problems.
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Figurel: Height map of Enschede: from high to low; from NAP + 68 m to NAP + 24 m, 44 m difference inSdtitude
Gemeente Enschede, Water in Enschede: feiten, cijfers en trends, 2012
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Together with  the waterboard Vechtstromen [6] and the University of Twente [7] ,the
municipality Enschede  started the Climate Adaptive City Enschede project [7] . The
goal of the project is to let the city of Enschede adapt to climate changes. One of the

parts of the Climate Adaptive City Enschede project and this graduation project is the
development of the Smart Rain water Buffer (SRB). The conceptofthe SRBis a smart
rainwater buffer that act on the weather predictions for rainfall. The system collect s
rainwater during rainfall and release s the buffered water  prior to predicted rainfall ,
resulting in less strain on the sewage system during the critical times of heavy rainfall.

The SRB is in developmen t for over a year now and is ready to be redesigned for the

use by early adopters.

1.2 Goal

The goal of the project is to redesign the SRB for the use by early ad opter st. Which
means that the system needs to be design ed for a Do It Yourself (DIY) and needs to

be consumer ready . At the end of the project there should be a working prototype of
the redesign ed SRB. Which should be able to be produced inlarge  quantities of 20 to
50 units , ready to be installed by the early ad opter s.

To reach t he goal of a redesigned DIY and customer ready SRB the project is split
into two part s. The first part being the redesign of the technical side of the system.

The Second part being the design of a Do It Yourself (DIY) system . This graduation
project will focus onthe redesign of the technical part of the ~ SRB and the design for
DlY, but no on the design of the actual DIY

To reach the beter understand the goal of this graduation project there first needs to

be a clear definition of @ADIYO0O and fAconsumer read
For this research DIY is seen as fAdesign for DI YO
designed to be compatible to be used as a DIY project. The design of the DIY project

including instructions will not be part of this research. It is also important to define

what is meant with fAconsumer readyd in the context

a consumer ready SRB will be seen as a product that can be u sed without the need
of having technical knowledge about the system. It must work reliably and contains

all needed functionalities. After the setup of the system the system must not require

any technical maintenance.

Based on the previous presented proble  m statementand  project goal the main focus
of this thesis will  be:

fiHow to develop a DIY and consumer ready Smart Rainwater Buffer for deployment
in the city of Enschede? 0

1 Based on the innovation theory of rogers, early ad opters can be seen as the pioneers of
consumers. An early adapter is someone who starts using a certain product before it is used
by the masses [53] .



1. 3 Report outline

The outline of th is reportisa s follows. Chapter2 ,the backgr ound analysis, starts with
background information on water management and climate adaptation in Enschede.
Furthermore, an overview is given on the previous research that has been done on

the SRB. The remainder of this chapter contains L iterature research o n design for DIY
and a state of the art . Chapter 3 describes the methods and techniques that are used

in this project. Chapter 4 , the ideation chapter, identifies the stakeholders and their
requirements. Several concepts were created from which one was chosen by the
stakeholders. Chapter 5, the specification, uses the final concept of the previous
chapter as inputto  specify the functionality of the system. Chapter 6 deals with the
realization of the prototype and all the research that was done to create the prototype.
Chapter 7 contains the evaluation of the prototype and chapter 8 features the
conclusion and further recommendations for the project.






2. STATE OF THE ART

This chapter starts with background informat ion on water management and climate
adaptation in Enschede. Furthermore, an overview is given on the previous research

that has been done on the SRB. Then, a literature review on design for DIY is
conducted, as well as a review of related research on smart rainwater buffers
Finally, the chapter is concluded by evaluation the relevance of the research

guestion.

2.1 Background information
2.1.1 History of water management in Enschede

Before the early 1850 6 she water management of Enschede was notin fluenced much
by its inhabitants. The water mainly followed its natural course. The hardened
surfaces were very limited making it easy for storm water to infiltrate into the ground.
Around 1930 the textile industry started expand ing. This resulted in that the
groundwater level got lower because the textile factori es used large amounts of
groundwater.  With the growth of the industry also workers' districts were required.
This resulted in that Enschede grew further  on the lower side of the  hill because the
originally wet spots were now dried up (see figure 2)

Nowadays the textile industry has completely disappeared from Enschede , causing
the ground water level s torise again. The rising of the groundwater level caused lots
of problems, forexample basementsthat leak water or streets that flood because the
wat er doe sbsdibed grmugh in the ground. Next to the groundwater problem,

clim ate change also results in more and extreme rainfall. Making the strain on the
sewage system of Enschede too high. The overall water runoff volume of the
infrastructure is simply not high enough anymore to keep the water out of the city

5] .

1850 1930

Figure2: History of Enschede and water management, So@eeeente Enschede



2.1.2 Climate adaptive Enschede

To deal with the challenges that arise from climate change, the municipality of
Enschede andthe University of Twente started the Climate Adaptive City project. The
goal of th is project is to letthecityo fEnschede adaptto particular aspects of climate
change. At the moment the project consists of two parts : 1) the Smart Rainwater

Buffer , and 2) Air Temperature monitoring (AIrT) . Both will use one central data
repository for data storage. There will also be a monitoring dashboard available,
displaying the status of the SRB and AirT system. The project was started in the
beginning of 2017 with research on the Smart Rainwater Buffer . Two prototypes were
developed . In Q2 and Q3 of 2018 five prot otypes will be used for a pre -pilot. In the
pre - pilot five innovators will be testing and co -developing the system. In Q4 there is
a pilot test planned this pilot test will make use of the to be redesigned SRB. This

pilot will include approximately 10 SRB systems [8] .

The redesign of the SRB  will take place in Q 1 and Q 2 of 2018. As stated before the
redesign of the SRB  consists out of two parts. The first part being the redesign of the
technical side of the system. The second pa rt being the design of a Do It Yourself
(DIY). This research will focus on the technical part, but there will be a close
collaboration with the other part, mainly on the redesign of physical components of
the system.

Additionally, there willbe a collaboration with the researchers responsible for the data
repository, AirT, interface design and awareness. The SRB systems will be connected
to the main data repositor y just like the AirT  systems and the monitoring dashboard.
The data repository  will s tore and process the data gathered from the SRB and AirT
systems.

2.1.3 Expert opinion

As an extension on the background analysis a small interview was conducted with
Hendrik Jan Teekens , water management designer at the municipality of Enschede.
Teekens confirmed the findings in the background analysis section on the water
management of Enschede. He pointed out that  the main problems are ground water
problems . In case of large scale problem s like the flooding of streets , the municipality
will take responsibility. But smaller problems that only affect a few households are
the responsibility of the home owners themselves. Inthis case an SRB could work not
only beneficial for the strain on the sewage system but it would also be directly
beneficia | for the owners.



2.2 Pre vious research

The Smart Rainwater Buffer was ideated in 2016 at a creathon organized by the
University of Twente in collaboration with the waterboard Vechtstromen and the
muni cipality Enschede [9] . In 2017 this idea was developed further in three
graduation project s of the university.  The t wo graduates Steeghs [10] and Rindt [11]
translated the idea into a product concept while graduate Vetter [12] also worked on
a version of the SRB . In 2018 a fourth graduate student, De fize [13] , investigated
the possible barriers to introduce a Smart Rainwater Buffer in Enschede . Early 2018,
Groeneveld [14] continued the research on the fluid level measurement technique of
the prototype.

In 2017 Vetter [12] did research on the Smart Rainwater Buffer. The focus of his
research was centered around finding a solution to reduce the strain on the sewage
system of Enschede during rain fall. He listed requirement that the potential solution
should have. During his ideation phase he concluded together with the client,
municipality of Enschede, that the Smart Rainwater Buffer concept has the most
potential. Further in his research he proposed a setup using water fences, because

this solution takes up the least amount of space in a typical city backyard and this
solution is modular. The water fences are easy to connect to each other which allows

the system to be modular and usable in small and large scale. The final stage of his
research was also to make a prototype.

During the development of the prototype and the evaluation of his research Vetter

made the following, relevant to this current research, recommendations. One of his
recommendations is to use a different type of ultrasonic sensor for fluid level
measuring . T he HC - SR04 used in his prototype is very sensitive to small disruptions.

One other recommendation proposed by the client, the municipality of Enschede, is

to implement the functionality to automatically discharge the water in the buffer into

the garden. Be cause in the summer the water level in the soil in Enschede are too
low. The client also proposed automatic discharge if the water in the buffer has a risk

of developing the legionella bacteria, caused by long term high water temperatures.

Vetter also rec ommended to equip the Smart Rainwater buffers with a rain meter.

Using the data of a rain meter and other rain meters in the area to predict in what

direction a rain cloud is going. Vetter also proposed a display on the Smart Rainwater

Buffer to inform th e user about the state of the system . During his research Vetter
also concluded that a ball valve is the best option for a valve to empty the buffer
Because this type of valve works best for narrow pipes, and this valve can still work

if the water is a bi  tdirty. Finally, Vetter recommended to research other option than
Wi-Fi as network connection in order to lower the dependency on the system owners

own Wi -Fi network. He proposed researching the use of a LoRa network [12] .

Steeghs [10] and Rindt [11] both did research on  converting the idea of the  Smart

Rainwater Buffer in to a feasible and realistic concept. They first listed the
requirements for the system and end user s. Then they used these requirements to
build a first prototype. The prototype consisted of a working smart rain barrel and a

web interface.



One of t he recommendations of their research that is relevant to thisre search is to
use more accurate sensors. In the first prototype flow sensors were used but these

are only accurate  when used with a minimal water pressure. Another recommendation
is to not only use Buienrad  ar [15] forthe rainfall predictions but also use the data of
weather station s in the area. Using the weather station data to predict in what
direction a rain cloud is going. They also recommended to add a temperature sensor
to the system. Hence, the system can act on temperature changes like freezing or

long term high temp eratures which increase the risk for legionella in the buffer ed

water . The final recommendation was that the system should be designed to be
implemented in different buffers of different sizes, allowing for flexibility and
applications in differen t situations . One thing that stood out in all the prototypes of

Steeg hs, Rindt, and Vetter is that all prototypes need a 230 -volt power source,
meaning that they need a physical wall socket outside the house at the location of
the SRB.

In 2018 Defize [13] alsodid research onthe SmartRainwaterB  uffer but this research
was mostly focused on investigat ing the possible barriers to introduce a Smart
Rainwater Buffer in Enschede . Some interesting conclusions were drawn from his
research. One of these conclusions isthat sustainability is the main motivation of the
people interested in the SRB. Defize also recommend s using a SRB DIY kit for the
tests with early ad opters . This is because his research showed that there are strong
preferences and rejections for certain buffer designs. Because ofthis the final product
should be customizable to personal preferences . He claims that ¢ ustomers should
have the option to purchase a DIY -kit, with optional buffer designs and optional

installa tion service . He also proposed the idea of making a separate fismart

He envisions a solution that a rainwater buffer can be made smart with a separate
module that can be attached to an existing or new buffer . The remainder of his
research is more 0 nthe societal aspect s ofthe project but not relevant for the scope

of this research.

In e arly 2018 Groeneveld [14] was the last person to research the SRB. His research

was focused on a sensing technique to  automatically determine the capacity of the
SRB. During his research he used an ultrasonic se nsor to measure the distance
between the top of the buffer and the surface of the fluid in the buffer . H e found out
that the ultrasonic sensor gets more accurate if instead of one ultrasonic wave, a
burst of multiple waves is used to cal culate the fluid level in the buffer . The average
distance calculation of  the burstis more accurate than a measurement using only one
ultrasonic wave.  Groene veld also concluded that w  hen using an ultrasonic sensor in

aclosed barrel, t here wil!/ be echob6és which wildl be
recommendedt he use of an algorithm that can filter the noise . He also recommends
looking into different sensing techniques for fluid level measurement  [14] .

mo d L
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Conclusion

What can be concluded from the previous research is that there is more research
needed in finding reliable  measurement methods .In a consumer ready product, itis
very important that the system works consistently  meaning that reliable

measurements are amust. What also can be concludedi s thati tis important that the
system can autonomously handle indirect effects of the weather. Like the increased

risk of legionel la and the freezing of the water inside the barrel. Another point to
research is making the system modular and suitable fora DIY p roduct. Furthermore,
it can be concluded that there is a need to research possible other weather prediction
source s than Buienradar , and the use of local rain meter s to predict the direction of
rain clouds. Also, the dependency on the SRB o wn e rhené network might be an
unreliability  and it is w orth researching other wireless data communication
technologies (e.g. LoRa).

One thing that also stand outis that both prototypesn eeda 230 -volt power source
meaning that they need a physical wall socket outside the house at the location of
the SRB . One could imagine that not all future users have a 230v power plug at the
potential location of the Smart Rainwater Buffer. Therefore, it is worth researching if
the power supply could also be a battery with a small solar panel for example.

2.4 Literature research

This section a literature review that focuses on Design for DIY . This part contains an
overview on key aspects that are important to take into a ccount when design ing a
self-assembly product.

2.4. 1 Design for DIY

As stated before, for thi s research DebighforBlY sedmheaseffel opec
solution should be  compatible to be used in a DIY project in other words a  self-

assembly product in the sense that the user self assembles the product . The design

of the DIY project including instructions will not be part of this research . In orderto

develop a product to be DIY compatible it is important to know what aspects are

important to take into account.

Self-assembly products are becoming more and more popular, for this reason
Richardson [16] conducted a survey in the UK to identify the pr oblems that can occur
during self -assembly. He reports that 52% of the respondents claimed that they
assembled a self -assembly product in the last 2 years. 67% of these respondents

reported that they experienced some difficulties during assembly. 13% of th e
respondents damaged the parts during assembly and 7.8% reported that they injured

them self during assembly. What can be concluded from these findings is that
customers clearly have problems with self -assembly products.  The most important



thing is that s elf-assembly products must not be too difficult to assembl e, because
this might lead to frustrations, damaging of the product or even injuries [16] .

In a onetime assembly process technical skills and experience do not play a significant
role . Richardson [17] claims that evenif an assembler is experienced, it is still very
likely that the person will just work from the provided procedural assembly
instructions. This is because self -assembly product s are mostlya one-time thing and
are not repeated again.

Rules on design for assembly

Richardson [17] showsthat consumer self -assembly products have some comparable
aspects with product line assembly in factories. For product line assembl y the method
Design for Assembly (DFA) is applied. Chan, Wysk, and Wang [18] translated the DFA
rules sothey can also be applied on self-assembly products . They specify the following
rules for DFA:

1. Reducethe total number of parts i Ingeneral reducing the amount of parts
results in lower costs and lower assembly difficulty. It reduces the level of
intensity of all activities related to the product. The use of one-piece structures
is encouraged.

2. Design amodul ar system 1 A modular design is recommended in order to
simplify manufacturing . A modular design allows for an easier assembly,
testing, inspection,  redesigning and maintenance.

3. Use standard components I When developing a system for self -assembly

always t ry to use as much as possible standard components. Standard
components are cheaper than custom components and they are widely
available. Another benefit of standard components is being less dependent on
one specific supplier because standard components can be delivered by many
suppliers.

4. Design parts to be multi -functional T Partsthatare multi -functional reduce
the amount of parts. This rule is also beneficial for rule 1. An example is a part
that acts as a struct ural and also as an electric conductive part.

5. Design parts for multi -use 1 If multiple different products are being
developed than try to let these products use the same parts. These parts can
have the same or a different function. This results  in a more uniform design an
creates a s tandard for the complete product line , making it easier to upgrade
or combine different products.

6. Design for ease of fabrication i Use parts that do not require extra work by
the person assembling the system. For example, avoid operations like painting,
polishing and finis  hing.

7. Avoid separate fasteners I Fasteners like screw s and glue should be
avoided. They require more effort in assembly and the chances for errors
during assembly are  higher. If fasteners should be uses than some guidelines
need to be foll owed. First minimize the number and variation, second use
standard components as much as possible, finally avoid screws that are too
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long or too small. Take into account the motor abilities of the person who will
assemble the system.

8. Minimize assembly directions 1 Try to design the system in a way that all
parts can be assembled from only one direction. The best direction is to
assemble parts from above in a vertical direction , because than the effect of
gravity has the most positive effect on assembly.

9. Maximize compli ance 1 Tryto design part s to be robust , making sure they
dondt urirgadsembly. Avoid the use of fragile parts or add spare parts
of things that can easily brake. Also make insertion  unambiguous, design parts
to have a guiding surfa  ce.

10. Minimize handling 1 Handlingisthe po sitioning, orienting and fixing of a part.

In order to facilitate orientation, the use of symmetrical parts is strongly

recommended . If this for some reason is not possible than asymmetry should

be exaggerated to avoid possible failures. External guidelines like arrows can
help with the orientation of a part. Also, when designing the product try to
minimalize the material waste also for the packaging.

Although these guidelines are clear and useful for the DIY comp  atibility of the SRB

some more information is still needed on the specifics of the complexity of self -
assembly products.  Richardson et al . [19] studied the factors that cause complexity
during assembly. They approached this wi th the use of methods that origin from the
cognitive psychology research field. In their research they created a framework that

can be used to evaluate the complexity and difficulty of self -assembly products.  Of
course, assembly instructions are also very important for in the process of self -
assembly , but this is outside of the scope of this re search.

Evaluating assembly complexity

Inorderto designan easy to assemble product is need ed to understand what exactly
makes assembly comple x. As Richards [17] states, complexity islinkedtoatask and
affects the difficulty of that task. Richard son et al. [19] uses physical characteristics
call ed At as kto wWentify tashksl treats 0 influence as sembly complexity. These
task variables are  related to the nature of the task , required mental effort and  the
cognitive load of the task . Richardson et al. [19] created a model to link cognitive
load to assembly complexity and difficulty . This model uses task variables to score
the difficulty of the assembly process (for details see Richardson et al. [19] ). Thetask
variables that were found in his research that affect assembly complexity are given
below.

Symmetrical planes - This factor has the most influence on the complexity of
assembly. Richardsonetal. [19] found outthat a decrease in symmetry is related to
anincrease in assembly complexity andthinkingtime .The orientation of parts  should
be kept as easy as possible. This can be done by including clues like arrows . This
helps people orientate and rotate parts in the correct  direction. Just like Chan et al.
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[18] , Richardson et al. [19] also concluded that parts should preferably be

symmetrical shaped and in case of asymmetry than this should be exaggerated.
Novel assemblies i This factor is the second important factor that influences
complexity. Novel as semblies can be measured as the number of unique assemblies

in an assembly step , in other wordsthe  variety of parts per assembly step. The higher

the number of parts in an assembly step, the higher the difficulty level.

Selection s i This task variable me asures the amount of parts available to cho ose
from. The research by Madan, Bramorski and Sundarraj [20] alsoconcludesthis. T hey
point out that difficulty can be reduced by packaging components into bags following

the order of assembly. They also found out that to 0 many bags made the task difficult
again, so it is really important th at the amount of parts and bags is balanced.

Fastening points T Fastening points  provide clues for the placement of parts. An
increase in the amo unt of fastening points results in more possibilities for part
positioning . Forthis reason, anincrease in fastening points leads to a higher difficulty

and higher chance of errors.

Fastenings 1T A large amount of fastenings can lead to the perception that the
assembly will be difficult , al t hough t hvedobdthecasa.d Alsoh the number
of fastenings increases the amount of fastening points, so both should be kept at a
minimum.

Parts T As pointed out before in the rules for DFA, the amount of parts should be
kept at a minimum.

Conclusion

The relationship between assembly tasks and assembly difficulty is now better
understood. Now there is a clear overview of aspects that influence the complexity of

a self -assembly product th at can be applied to design for DIY . It can be concluded
that the SRB can be made DIY compatible if the aspects and rules that are mentioned

above are taken in to account for the design of the SRB.
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2.5 Related Research

This section contains  an overview both of already existing products or projects with
the same goals and functionalities of the SRB and alternative projects focused on
urban rainwater buffering . Finally, this section also contains an expertopinionon rain
barrels .

2.5.1 Similar projects
Slimme regenton [21] - Waterschap Amstel Gooi en Vecht & Studio Bas Sala

De fiSlimme regenton 0 (English : The smart rain barrel ) is a project from Waterschap
Amstel Gooi en Vecht in cooperation with Design Studio Bas Sala. Together they
develop ed a consumer -friendly smart rain barrel meant for at home use . They used
an ordinary rain barrel and upgraded it with a small internet connected computer ,
sensors and an electronically controlled valve. The computer uses the sensors to
measure the amount of water in the barrel and controls the valve to empty the barrel
intothe c i t se@wage system .The onboard computer has an internet connection that
checks the rain forecast and if need ed empties the rain barrel before the rain falls, to
unstress the sewage system during rain fall.

The philosophy from Waterschap Amstel Gooi en Vecht is that this kind of
micromanagement of the stressonthe sewage system during rainfall can be effective
if this smart rain barrel is applied in large quantities.  See figure 3 for an impression
of the system.

Figure3: De slimme regenton. Source: Bas Sala
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RainGrid [22] [23] - RainGrid & River Sides

RainGrid is a rainwater b arrel designed to collect storm water during rain fall and
release it at times the sewage system is less stressed in order to prevent flooding.

This product was also used in case studies on smart rain barrels, more on this later

on in this sect ion. The RainGrid has a modular design and can be easily install ed by

following an installation guide. The basic version of the RainGr i d doesndt cont ai
electronics.

Content of the basic RainGrid [24] :

1 500 L/132 gal. capacity rain cistern

1 Rainwater diverter system

M %-Inch brass mini -ball valve with 3% -inch hose thread

91 Drain plug

M 200 -micron Nitex mesh filter
The basic RainGrid comes with  a diverter system, which basically is a hand -controlled
valve that can be used to bypass the rain barrel and directly divert the rainwater to
the s ewage. This diverter system is meant for a shutdown of the system during
periods that it is likely to freeze . See figure 4 and 5 for an impression of the RainGrid
barrel and diverter system . The system also contains a filter which prevents any
debris from entering the barrel and preven ts the outlet of becom ing clogged . The

emptying of the  rain barrel is not automated on the basic version of the RainGrid.
This should be done by the own er itself. The company usesa catchphrase in orderto
remind peopletodothis ; Affter a rain, it.6s time to drainl!o

RainCistern Rainwater diverter system

Brass mini-ball valve
and drain plug

Figure4: RainGrid basic version modules/parts. Source: Rain@stallation manual
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Figure5: RainGrid basic version installed. Source: RainGrid official website

The RainGrid also can  be upgraded with the RainGrid controller . This extension
module of the basic RainGrid system add s an internet connected control unit to the
system together with a water temperature sensor , Ultrasonic sensor and electric

valve. This allows the setupto drain automatically and monitor the system via a web
interface.

Every RainGrid controller has an individ  ual network address which is monitored real
time to get its current storage v olume. A data se rver combines local weather
predictions for the next 5 days with the available storage data of the rain barrels.
When the predictions are greater than the available storage that is currently available

than the barrel is automatically drained to ensure enough storage.

Technical details:

- The control unit has an ZigBee radio inside that communicate s with a gateway
inside the house that is con nected to the internet. (Figure 6)

- The used gateway is an TP-Link router with a ZigBee radio integrated and
running the latest version of OpenWRT

- Datais pulled every 15 minutes

- 5day local weather  prediction.

- The barrels are made of 50% rec ycled MDPE , to lower the environmental
impact. Including division system ( $ 299)

- Ultrasonic sensor atthe top that is used for water level measuring

- Temperature sensor at the bottom to check t he micro climate inside the rain
barrel.

- 5velectronic valve

- Online das hboard (shows current capacity, button to open/close valve, shows
for ecast, shows micro climate status) (Figure 7)

- Battery power |, solar charged. (Figure 6)

15



Figure6: RainGrid controller installed. Source: RiverSidfésal website

Tank Level

L

o3 B858838%838

og PM

FORECAST
1 0% Tuesday Wednesday Thursday Friday Saturday
August 16 August 17 August 18 August 19 August 20
Capacity Left 5 o5 <y &- &5
High 23 °C 25*C 28 *C 28 *C 29 *C
Low 18 °C 17 °C 18 °C 20 °C 23 °C
Pressure 99.6 kPa 99.9 kPa 99.7 kPa 99.4 kPa 100.1 kPa
Rain 22.7 mm 3.9 mm 2.1 mm - 10.3 mm
Drain Planned Planned Planned
CONTROL DIVERTED MICRO
CLIMATE
Status

Manually to 19% 5 8 8 L o
VALVE Manual Drain “ 22.8°C

Manth

100.425 kPa

Figure7: RainGrid dashboard web interface. Source: RiverSides official website
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Case studies RainGrid 71 River Sides

The non -profit environmentalgroup  RiverSides isthe group that created the RainGrid.
In 2013 one member of the group continued with the projectin aspinoff commercial

company called RainGrid,  which sells the RainGrid product. While the others from the
RiverSides group kep t developing and researching the smatrt rain barrel. In 2017 the
Riverside group released a detailed report (Automated rain barrels: residential case
studies) on their pilot project, containing five case studies.

Here follows a summary of the important facts that were found during the se case
studies.

One of the important  lessons learned during the case studies is to help remind the
owner to clean the filter. Because if the filteris cl ~ ogged th an the water will not enter
the barrel resulting in corrupt measurements. Their recommendation is to schedule
filter maintenance on the online dashboard. Also filter notifications to the householder
would be useful .

Another finding was that rain re duces the signal strength of the ZigBee radio on the
barrel. This resulted in t  hat the re was no communication possible during a rain
shower , which is one of the most critical moments for data gathering. Another
problem that arises fr om this problem was that t heir
meaning that when the connection is lost the flow data will still be collected but will

not be saved. Their recommendation was to e nsure the connectivity of controller with

the modem , while taking into account interference and reduced range due to rain . For
example, by decreasing the distance for the gat eway to the controller |, increasing the
range of the radio, using a different type of wireless connection instead of ZigBee or
using a hardwired internet connection. Also building in system capacity to cache data ,
preventing datal oss when dealing with  conn ectivity issues.

Their final recomm endation was to consider using a completely different wireless
system and internet connection that does not depend on the o0 wn e rhd@re network
structure and internet connection.
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Opti [25] - OptiRTC

Opti is a Cloud based water management system from the American company
OptiRTC. Opti uses weather forecast for adaptive control of new and existing
infrastructure . Enabling facilities to proactively respond to bad weather before it even

arrives . Opti makes any water buffer smart with the use of only a water level sensor,
an electric valveand Opti compatible communications hard ware. Optiods cloud s
controls the hardware to create a simple and affordable , intelligent storm water

system [26] .

Opti monitors the water level and weather forecasts to actively control the discharge
of water. Opti also provides an online dashboard that allows for easy monitoring and
analysis of the system. See figure 8 till 10 for an impression of the system [26] .

Technical details:

- Cellular modem internet connected

- Runson Microsoft Azure cloud

- Control board is the  ioBridge Web Gateway

- Runs on solar power if no other power source is available.

- Uses Ultrasonic sensor for level measurements

- Measure ou tflow

- Uses solenoid coil valve

- Equipped with liquid level switch to prevent overflow in case of Level
measurement failure.

Figure8: Opti installed system. Source: Marcus QygiCEO OptiRTC
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