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Chapter 0: Introduction

The news is full of disasters everyday. They can be small or big, or fast or slow occuring. The
goal of this project is to tackle one of these disasters and make the world a more sustainable
place. Our team consists of seven members who all collaborated enthusiastically in this project.
They are Natsuki Collin, Kevin Friesacher, Marleen van Gerner, Sterre Kuijper, Max Liebe,
Kimberley Siemons and Victoria Tyminski.

The disaster we've chosen to tackle is ‘food waste’. While this doesn’t sound like a disaster at
first, it really is. So what makes this a disaster?

Food waste is a slow occurring disaster. This means that the impact of all the food that is thrown
away isn’t immediately noticeable, but it will be noticeable over time.The total waste produced is
1.3 billion tonnes. Every year more food is thrown away... Not only is this a waste disaster but it
also contributes to other crises. Rotting food causes 10% of greenhouse gasses thanks to the
massive amounts of methane gas that it produces. The landfills waste space on our planet and
make the soil unusable for the future. Food waste is also a huge humanitarian problem.
Produce disposal is a disaster occurring all over the world, on many different levels.

The solution we came up with is a ‘Smart Cupboard’. In this cupboard you can store different
kinds of food. You can say in the app which kind of food you added stored in the cupboard and
the cupboard will tell you if it is a good storage place for the food based on temperature and
humidity. If not, it will recommend a better place. You can keep track of the expiration date of
the product with the app. The app will give a natification if the food is about to expire, so that the
consumer can use it in time.

With this solution we hope to reduce food waste on the consumer's side, because a lot of food is
still thrown away at households. The Netherlands Nutrition Centre claims that consumers share
the biggest percent (33%) of food loss. Most people in the Netherlands are ready to decrease
their food waste but are stopped by difficulties such as purchasing too much and poor storage.
The cupboard will optimize food storage to prevent the food from spoilage and help to adapt
better habits.

The good thing about the cupboard is that you can make it as big or small as you want, which
allows it to be used for different quantities of food. This means that it can be used in
households, but also in restaurants, so that food waste can be reduced even further.



Chapter 1: Literature Review

Twenty one summaries of meaningful publications on the general subject of disasters.

A lot of cosmetics contain microplastics, but customers do most of the time not know
this. This is because the list of ingredients is difficult to read and people do not know
what all the ingredients on the list mean. Not only is this bad for the customer, but also
for nature. Because when cosmetics are used and washed off the microplastics are very
likely to end up rivers and oceans. These microplastics are so small that animals, like
fish, don’t even know they are eating them. What's even worse is that the plastics get
absorbed into the body. When these fish are caught to be eaten the plastics end up in
the body of the consumer without them noticing it. Beat The Microbead3 is an app you
can download to scan the list of ingredients on cosmetics. When scanned the app tells
you if the product contains microplastics. This brings awareness to this growing problem
and the customer can decide if they want the product or not™.

Lots of illegal deforestation is happening and it is endangering the lives of many species.
Deforestation happens on such a large scale that it is impossible to defend all the areas
at once. When rangers know the illegal cutting is going on, they try to be there as fast as
possible, but most of the time they are too late. To try to fight this problem the company
Rainforest Connection' has been set up. This company uses old phones which are
hidden through the forest and pick up sounds that are associated with illegal logging.
The phones are connected to an app and if the sounds are picked up the local park
ranger will be notified (if they have downloaded the app). This means that they can react
way faster to stop the illegal logging®.

Earthquakes damage buildings every year. Not only do buildings get damaged, also a lot
of people get killed, because of the collapsing buildings. To save more lives and prevent
the buildings from collapsing earthquake resistant buildings are built. One country that
leads in building these kinds of structures is Japan'?. They make sure to separate the
building from the ground. There are two different techniques that are mostly used. One
method uses some kind of spring. These springs separate the building from the ground.
When an earthquake happens the building moves way less, because of the springs.
Another method used is with a sliding mechanism. With this method there are steel
pucks that sit on top of steel saucers. When an earthquake happens the pucks slide
across the saucers. This way the building doesn't move as much as it would with the
precautionary measures. With these techniques lots of lives are saved and damages to
buildings are reduced.

There are a lot of natural disasters happening in the world and we as humans cannot
prevent them from happening but we can reduce the severity from the disasters. Even
without using technical infrastructure. Some natural risk reducers are forests and
vegetation for landslides, coastal vegetation like sand dunes and mangroves for storms,



strong winds and cyclones, and healthy coral reefs to reduce the wave energy while
coastal storms are happening. Implementing these prevention measures also helps with
the unemployment in a country because they can set people to work on these
measures'®.

Technology is growing really fast. The prediction is that in only a few years most jobs are
automated, but not only the normal, or boring jobs are automated also the warfare will be
automated and since the technology will be growing so fast the most simple thing will be
available for a few bucks even though combining some can lead to a murderous robot’.

The oak processionary caterpillar is becoming a real problem in western Europe. The
caterpillar has little hairs that really itch when they land on your skin. Lately more and
more caterpillars are alive in western Europe and they are becoming a danger to society.
The RIVM?' has left the caterpillar plague control up to the mayors of the Netherlands,
but they have a risk management system. The places have to meet a certain condition
before measurements will be taken against the caterpillars. They have a 3 step plan. 1.
Risk inventory, are they really a risk in this situation? 2. Measurements and registration,
collecting data. 3. Controlling, there are different ways of controlling depending on the
outcomes of step 1 and 2, like doing nothing, using chemicals, warning the public, etc.

Plastic waste is a severe issue occurring worldwide, causing 8.5 million metric tons of
plastic to end up into the ocean every year. Several animals get trapped in the plastic
and turtles often confuse the plastic bags for jellyfish and eat the plastic, causing them to
asphyxiate. There are several prevention methods against the plastic pollution in which
people are not being aware enough of. The whole world needs to come to terms and
make a change which will become the new standard. Asian countries are not making the
same effort as European’®. (from experience, we were supposed to change to no more
plastic by Jan 2020 but we still use plastic bags everywhere. It's bloody insane how
much they’re delaying the change just because of the inconvenience it brings people.)

Pollution comes in several different forms affecting several different aspects of life,
especially since the human population is increasing and their actions are what are
causing this dent. Preventing pollution shouldn’t focus on the aftermath but on where it
originates from. The first step in getting everyone on the same page is making everyone
aware of the situation and educating them of the value of our resources. This entails a
cultural change and a change in the way people react®.

Bees are slowly disappearing and this is causing a domino effect on the world around
us®. Some of the main reasons are habitat loss and invasive species, threatening bed
diversity. Bees are important as they are the ones that are pollinating food crops (/4 of
the food people consume daily are pollinated by bees, alongside birds and bats). A way
in which we can prevent the depletion of bees is by educating people in the different
types of bees and informing them of ways in which to remove infestations safely in order
not to harm them, as well as providing a safe place for them to breed but also maintain a



safe relationship between humans and bees.

In Hong Kong landslides have been a big issue since the 1940s. In 1977 the government
started taking precautionary measures against it. These measures were making man
made slopes after taking into consideration the ground itself and aerial photos to decide
if it needed upgrading. After 1994 it was realised that a lot of these slopes need better
improvements so they function better. This also saw an increase in the number of slopes
built and in better quality?®.

Learning about how to react in a natural disaster is important, especially if you live in an
area where it is frequent®. In most disaster education it is a traditional way of learning,
which focuses on theoretical and conceptual knowledge and teaching. The goal of this
study was to make a video game inspired by Tower Defense for disaster prevention.
This would make it more engaging to learn about what to do in a natural disaster and
also give students more motivation to learn about these things.

Satellite data is used to aid in disaster prevention and preparation. The goal of this
project is to be able to share this data with the largest group of people in the shortest
possible time. For this to be possible, a system needs to be built which takes the data,
turns it into a user friendly database and then shares it to people such as public
administration, the scientific community and of course regular citizens'.

Tropical storms are on the rise. The damage caused by hurricanes is estimated in
billions of dollars each year (11.5 billion in 2016). We have yet to find a way of stopping
these storms, but how can we reduce the destruction? The biggest problem is damage in
building foundations. It can affect every part of the building- this can even lead to it
collapsing. Foundation repairs are very expensive, so how can we avoid them? An
effective way to solve this problem is to install helical piles onto structures®. They are
both attached to the foundation and secured into the ground. These piles can drastically
increase storm protection and also cut down the cost of hurricane damage.

The improvement of technology has led to a dramatic increase in obesity. How can we
use technology to reverse this pandemic?'" In-person meetings with a professional
produce the best result in helping to reduce body weight but to many, that way is
inconvenient or just unavailable. Video Conferencing allows people to have these
meetings, even when they are not locally based. Exergames are a great motivation for
exercise. Cameras, sensors and trackers allow to combine exercise with game reality.
These games combine social, entertainment and competitiveness which are a great
stimulation for exercise. Mobile phones are also equipped with sensors and trackers.
They can now count your exercise, steps and even your calories burned. Smartphones
can have apps that provide calorie counting, healthy recipes, exercise all in one place.
There is still a lot that can be done with technology to help beat the obesity crisis.



There are around 300 million people suffering from depression around the world and it is
the leading cause of disability worldwide. While there are effective treatments out there,
there aren’t enough resources for the growing problem. While antidepressants can be
lifesaving, only around 30% of patients respond well to the first drug they are prescribed.
Almost 90% of users suffer from at least one side-effect. Antidepressants are effective
but there need to be safer and more effective solutions people could choose from. Digital
therapeutics use digital solutions to change the patients behaviour and lifestyle with an
app. This technology® has been successful to treat illnesses like Il type diabetes and
obesity. Notifications on the phone can reach the patient anywhere, anytime. Thanks to
the data collected by the user, their care can be adapted. Digital therapeutics can be a
standalone app or an app with support from a remote professional. Clinicals can support
their patients whenever help or a reminder is needed. There is no surprise that digital
therapeutics are a quickly emerging solution in this digital era and there is no doubt that
they will be part of the future of medicine.

Every year wildfires destroy a lot of forests, despite already existing prevention methods.
Fires are necessary for a healthy forest, but most of the fires are caused by humans.
The fire-resistant treatments to avoid ignations at the source aren’t yet possible with the
technologies we have these days. So scientists are developing a fluid to use on
vegetation in areas that burn easily. By making use of environmental exposure and
weathering. High risk areas for wildfires can be protected and treated, during the peak
fire season?.

Power outages are happening always everywhere. This is almost never convenient,
because a lot of instances and people depend on electricity. It is especially important for
hospitals and other important buildings. If there are power outages there, most of the
time they have their own generators. But not in less developed countries, so there is a
prevention method. By making use of intentional islanding, severe electric grid blackouts
can be prevented'.

Landslides happen when big rocks, earth or pieces of rubbish move down a slope.
Debris flows are also known as mudslides. A common type of fast moving landslides,
that tends to flow in channels. Landslides happen due to the cause of disturbed natural
stability of a slope. They most of the time go together with heavy rains or are followed by
droughts, earthquakes or volcanic eruptions. Areas where wildfires or human
modification of the land have destroyed vegetation on slopes are mostly vulnerable to
landslides during and after heavy rains’.

The Center for Robot-Assisted Search and Rescue (CRASAR) provides rescue robots
and expert operators. These are waterproof robots that tolerate wet conditions, but not
yet densely packed rubble, vegetation, and soil. They are still working on improving their
robots"’.



E-waste, waste from electronics'®, is one of the fastest-growing waste streams
worldwide. Because of this rapid growth, issues related to e-waste are a serious
concern. Increasing amounts of e-waste can have very negative effects on the
environment and public health because of improper recycling and disposal techniques.
These unsustainable recycling practices are common in several developing countries,
where recycling methods are underdeveloped, and a significant proportion of e-waste
components end up in unsanitary landfill and open dump sites. The paper linked below
proposes the hypothesis that an integrated approach can improve e-waste handling in
developing countries by addressing region-specific issues simultaneously.

Water shortage is one of the many consequences that need to be accounted for with the
global increase in population. Because of this growth, stress on existing natural water
supplies continues to increase. Many parts of the world are already having to deal with a
supply unfit for human consumption, resulting in disease and death. Previously proposed
solutions are often either dependent on a consistent climate or non-sustainable. For
example, groundwater supplies are dependent on rainfall, which is greatly impacted by
climate change. Another solution is the desalination of seawater, where the salt content
is removed to make it drinkable. However, this solution has so far proved itself to be very
energy intensive and thus not sustainable for future use. This doesn’t mean that
seawater is not a viable solution. Seawater supply is barely affected by climate change,
so a sustainable desalination plant could in theory be a long term solution for keeping
the supply of fresh water under control. This paper addresses the methodology adopted,
based on sustainability principles, for the planning, design, construction and operation of
the Adelaide Desalination Plant (ADP) in South Australia, one of the areas already
affected by shortages in the supply of fresh water”.

Whenever a natural disaster takes place, quickly gathering information is crucial to
reduce the number of victims and damage of such disasters. Deploying rescue teams
allows for this, but it's a generally time-consuming process and not feasible for all
conditions. Using drones? is a great way to gather lots of information and scout a large,
and sometimes almost inaccessible area in a relatively small amount of time. However,
controlling these drones is often not straight-forward, which negates the time saved by
using them. This paper explores the possibility of autonomous drones. It discusses the
different ways in which these drones can be utilized when it comes to natural disasters,
and the technical challenges that present themselves with controlling drones
autonomously.



Chapter 2: Identification of General
Problems and Challenges

Eleven general problems and challenges from the former chapter with a small explanation.

General problems

Pollution: There are many forms of pollution but all of them originate from humankind.
There is plastic pollution, air pollution, field pollution, etc.

Dying species: The red (endangered species) list is becoming larger and larger. This is
because of (illegal) deforestation, wildfires, and also because of hunting which is mostly
done illegally on these dying species.

Electronic waste: In a world with more and more technology there will also be more
electronic waste. This waste is just thrown away with the normal waste which can cause
serious chemical disasters if not handled the right way.

Water shortage: There are multiple countries where there is a shortage of water. Since
we as humans exist mostly of water this causes a big problem in those countries.

Wildfires: Wildfires produce a lot of CO2 and burn down a lot of trees also are most
wildfires hard to control and are lethal for people if they aren’t warned soon enough.

General challenges

Education of Natural Disasters: The Education of Natural Disasters can help a lot of
people with surviving natural disasters which makes the disasters less lethal and thus
luss bad.

Searching people: After natural disasters there are a lot of people lost during the
disaster. Some of these people are still alive after the disaster but die because they
aren’t found in time. Improving the search for people can decrease these deaths.

Public health: With a lot of different diseases in the world public health is an important
issue. Having enough resources and knowledge can reduce the effects of these
diseases and thus lead to less deaths.

Getting electricity to people: Nowadays electricity is an important part of our lives but
there are enough places that have no or bad electricity. Making sure electricity gets to
the people safely and quickly can help with preventing deaths from all kinds of disasters.



Providing data to people and instances: Knowledge is power is a well known sentence.
This is true when it comes to disasters and preventing them. That is why it is very
important to get data and knowledge to people and instances.

Making data readable: Even though there is a lot of information in the world most is hard
to understand for most people. Making this data readable can help with informating
people on what to do in a disaster or what not to do to prevent such things.



Chapter 3: Identification of Relevant
Problems

Five problems that we found relevant, urgent and interesting.

1.

Wildfires; with the rising threat of wildfires due to global warming a solution is needed to
prevent wildfires or detect wildfires sooner to decrease the damage.

Food waste; while we in first world countries throw food away as soon as a little part of
the food has gone bad others in third world countries struggle to feed themselves. There
is no good balance and the immense food waste needs to be reduced.

Plastic waste; this problem has been tried to be solved many times, but the plastic
waste could still be way less. You could start very simple by bringing your own mug to a
coffee machine instead of using a plastic cup, but that’s only on the consumer's side. Big
companies could also do way more to reduce the amount of plastic waste.

Searching for people after a disaster; searching for people after a disaster is urgent,
because it's about a life or death situation. Making searching easier and/or faster is
something that could be worked on.

Greenhouse gas emissions; how can we make clear to people how much CO2 they
really produce? Most people don’t know this. Making people aware about greenhouse
gas emissions could help the decrease of the emissions.
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Chapter 4: Problem Selection and
Motivation

The problem we are addressing and our reason why.

Food waste.

There is a lot of food waste in the world, depending on where you are there is more or less food
waste compared to the rest of the world. In third world countries, people die from too little food
while we in the Netherlands throw a good banana away because it has a small bruise. Also, the
fact that people buy, make, and eat too much food is a motivation to look further into this
problem. Food waste is a really simple problem, buy less food and you’ll waste less. However
this isn’t happening, people are still wasting a lot of food each year and we think we can give a
contribution to lessening the problem.

Food waste is a slow occurring disaster. The total produce wastage for edible parts is 1.3
billion tonnes. More and more food is being thrown out every day. But why is this such a
big deal?

After the food has been thrown out, it ends up in landfills to rot. That's when it produces
enormous amounts of methane gas. These emissions represent the largest source of GHG
emissions from the waste sector. This gas contributes to the global warming crisis. The carbon
footprint of food debris is counted to be 3.3 billion tons of CO2 released into the atmosphere
each year. Food waste alone causes 10% of greenhouse gasses.

Since more food is being produced and thrown out, more land is being used for all the waste.
We are wasting land on decomposing produce. Instead, we could be planting more trees or
building homes in those areas. Also, a lot of the time the land is not cared for and it can be
useless in the future for other things. After fertilized products rot into the ground, the soill
becomes acidic. This is also harming biodiversity. Agriculture is at fault for mass threats to
animal and plant species. We are also wasting terrain before even throwing out the food. 28% of
the world's agricultural soil is used to produce food that will be lost or wasted.

Unethical disposal is also a humanitarian problem. The enormous amounts of wasted food
could feed millions of people. But instead, it ends up in landfills.

It is not only food. The whole process from the seed to getting dinner on your table produces
tons of waste (water, fuel, plastic, etc).
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Chapter 5: Potential Solutions

Seven possible solutions for our problem with a small explanation with it.

Food waste solutions:

1.

A really big issue that people are facing on a day to day basis is purchasing too much
food at once, leading to more food being thrown out and wasted as the stigma around
over dated food is to throw away anything past the “consume by:” date.

A way to solve this is by bringing light to educating people about the reality of the
“‘consume by” dates through an app and allowing for people to sell/swap their food that
they do not want or do not plan to eat. For example if you had a bunch of bananas that
you don’t plan to eat in the next few days, then someone who is willing to purchase or
swap for those bruised bananas can go on the app and request for the specific food and
amount they want and this will reduce the amount of waste that bananas could have
produced. This can work with any other type of food and people could send their location
or somewhere they would like to meet up in order to exchange food products. The app
will have GPS location tracking (for delivery/pickup), a user friendly list of how they
would like to browse through the types of food available, eg. food that is the oldest at the
top, food that is the closest near your location, etc.

When people are deciding to throw out food or not, they often accidentally look at the
sell by date instead of the expiry date, causing them to ultimately throw out food before it
has gone bad. Also people often don’t know how long different foods can last before
actually going bad. This leads to an increased amount of food waste although it can be
easily avoided with some simple information(expiration dates, amount of time it can last
after being opened, etc.).

A potential solution to this problem could be providing a database for food that
consumers buy in a grocery store which provides the user with information about sell by
dates vs expiration dates so people know which is which, give general statistics about
how long the food can last after being opened so the user has an idea of what time span
they have to consume all the food without accidentally wasting it and it could also
suggest how long certain foods last after the expiration date. To make it more interactive
for the user, they could enter when they buy the food so the app sends notifications in
case the food is about to go bad to remind the user.

One place to look at to reduce the food waste is farms. You wouldn’t immediately think of
it, but a lot of food is thrown away at farms. This might be due to various reasons such
as the food looking ugly (or just not looking right), having some damage or maybe being
sick (having a disease). To tackle this problem we could optimize the growing conditions
for the crops. This is being done a lot in greenhouses, but not really outside of
greenhouses.
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To get the optimal growing conditions for the crops you’'ll need a database with
information about all the crops (so optimal growing conditions, but also diseases they are
susceptible to). Then sensors are placed at different locations at the field (or in the
ground), so that a large area is being covered. The sensors are able to detect diseases,
but also the amount of sunlight, water and nutrients the plants need and will give a signal
to a central point, if the optimal growing conditions are not being met. This way the
farmer does not have to go on the field to inspect all the crops, but he can just check the
central point. It saves the farmer a lot of time and it also helps to decrease the amount of
food waste.

Food being thrown away because of expiration is a big contributor to the amount of food
being wasted each year. Letting food get expired can have multiple causes. For
example, groceries could be stored under the wrong conditions. Storing something that
belongs in the fridge at room temperature can speed up the process of expiration
drastically. Another reason for expiration is people forgetting about the food. Finally,
people often throw away perfectly fine food because they think it's expired, when it's
really not.

A potential solution to this problem could be a smart cupboard. This would basically be a
cupboard that houses an Arduino with a bunch of sensors (for example, a temperature
sensor) within, and presents a screen on the cupboard’s door. Whenever you put food in
the cupboard, the device tells you whether the conditions in that cupboard are suited for
the product and if there might be a better place to store it. It also tells you how long you
can expect the product to last before it expires and reminds you with its screen to use
the product if you haven’t used it when it nears its expiration date.

Food waste is a big problem, this happens everywhere in the world and it has huge
consequences. But if we all worked together, we might be able to find solutions. One of
the branches this happens is in big organizations/company’s. A lot of the food is wasted
here. A good solution could be smart fridges to store their products.

A fridge with a lot of smart sensors and software. One of these features could be a
system for the fridge to recognize each product and be able to visualize what is inside of
the fridge. That way you can monetize when the product has been put in there and all
the important data about this product. So the perfect temperature can be set and a
warning can be sent out if a product is about to expire. When you would put a product in
the fridge, sensors can recognize the product and it will remember the date and time it
has been put in there. Once the product is recognized, the fridge will automatically
change settings for the best atmosphere. This will probably work the best for bigger
fridges with a clear storage system. A cheaper application for smaller customers, like
households and small restaurants, should also be possible.

Food waste is a large problem and there are different causes for food waste.
Restaurants are one of the main problems of food waste especially in these corona
times. The restaurants make too much food that the consumers don't eat. There are too
many vegetables, or just some veggies they don't like. The sauce tastes weird, fries are
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too much or just the entire meal is too much. There are so many possibilities of having
food that isn't going to be eaten by the consumer that there must be room for
possibilities.

Having some kind of measurement of what is eaten and what isn't can help with making
the right amount of food and lessen the food waste. Also connecting this to an app could
make it work better. For example having an app to specify how much veggies you want
and in the end measuring if there are any veggies thrown away. This can also help with
seeing if some amounts are still too large after putting them in the app and after people
have ordered that food in an amount and still have leftovers.

Wasting food is unfortunately a part of everyday life for most people, especially with
people that cook a lot or have gardens. | grew up with my grandma who loves freshly
grown fruits and vegetables. What would she do after all the fruit we couldn’t eat? She
simply made jam that she stored and could be eaten all year. But making preserves for
winter is rapidly declining in popularity.

This simple solution for food waste isn’t common for young people. How can we make it
more popular? It seems like young adults use their phones for almost everything, so
making an app would guarantee access to recipes right in the pocket. Put in what
produce you have left and see what recipes pop up. You would be able to even combine
different kinds of fruits and/or vegetables.

We could also combine the app with a smart fridge that will give you a recipe when it
senses that something is going to go bad. Sensors from the fridge pick up the chemicals
released from the chemical reactions happening in aging fresh food. The sensors will
send a signal to your phone and the app will notify you with a recipe.
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Chapter 6: Solution Selection

The solution we chose and why we did this. Who is going to do what and what we need for this
solution.

Motivation:

The solution we have chosen is the Smart Cupboard. We choose this idea, because there are
many ways to make a cupboard ‘smart’ and it is easy to adjust the complexity of the project. We
want to keep track of the buy and average expiration date. We also want to keep track of the
temperature and humidity and based on that give a recommendation if the food is stored in the
right place. We’d like to connect the cupboard to a simple app, where all the information is
displayed neatly.

The cupboard is intended to be used in homes. This way the consumer can easily keep track of
products and if they need to be consumed. Of course it is possible to expand this cupboard in
such a way that it is also usable for restaurants, so that the food waste gets way less there.

The Institute of Food Technologist claims that the largest share of food loss and waste happens
at consumer level. According to the Netherlands Nutrition Centre consumers are the biggest
food wasters with a share of 33%. Seven out of ten people in the Netherlands are willing to
decrease their food waste. Nevertheless, in reality shoppers face multiple difficulties with
wasting less, including purchasing and preparing too much and incorrect storage habits. We
want to help the consumer level (but also other levels) by making it easier with smart storage.

Smart cupboard

Features:

- Keep track of buy date

- Keep track of expiration date

- How fast does food go bad

- Suggest recipes (when food almost expires)

- Keep track of temperature/humidity

- Recommend storage place (based on temperature/humidity)
- App to monitor/gives notification

- Database with food

15



Modular Approach
Roles/functions:

Kevin:
- Circuits/Arduino
- Purchase of sensors and components
- Designing cupboard/product

Kimberley:
- Presentations
- Prepare demo
- Circuits/Arduino
- Purchase of sensors and components

Marleen:
- Research
- Data analysis
- Management/coordination
- Feedback

Max:
- Documentation
- Programming/making app
- Management/coordination

Natsu:
- Prepare demo
- Designing interface/app
- Designing cupboard/product
- Validation and testing

Sterre:
- Programming/making app
- Designing interface/app

Victoria:
- Research
- Data analysis



Chapter 7: Methodology

Equipment List:

- DHT22 temperature & humidity sensor

- Cupboard

- App for Android; product is put in by user
- Arduino

- Wires

- Light switch

- Lots of lights

- Raspberry Pi

Data Needed:

- How fast does food go bad

- Optimal temperature and humidity

- Average expiration time

- Average time food has been in a store
- Atleast 5 kinds of foods

The equipment we are going to use and the data we need is mentioned above. We can get
most of the data we need from the internet. A lot of research has been done on the topic of
expiration dates of food which we can use. The US government has even published research
and results about it, so we will use that information.

The equipment we’re going to use will be in a controlled environment, meaning that it does not
need a special casing. The data that is going to be collected is the humidity and the
temperature. This is needed to know if the food is in the right environment and if it needs to be
replaced. We aim to get most of the project done by the 15th of January, so that we’ll have
enough time to test everything and to see if things need to be improved. These two weeks will
give us enough time to test and validate all the gathered data.

To make sure the sensors work like they should, we’ll have to calibrate them in some way. We
only use one sensor, so we have to make sure it works. To test if the sensor works like it should
we will test it in different rooms (for the humidity and temperature). We are also looking into
getting maybe another sensor so that we can compare the results we get from them.
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We use Trello to keep track of all the things that still need to be done. This app helps us to cut

up all the tasks into small pieces and to keep track of what everyone is doing. It looks like this:
# ( [@ Borden Q R 7reller e

(=]

MiBord v Smart Environments = &% Yikes (Free’ & Teamzichtbaarheid KS @NC +2  Uitnodigen Kalender ~ @ Butler  *** Laat menu zien

Done

To do: Documentation

To do: Web server To do: Design cupboard Working on it

Search for a cubboard
o

+ Nog een kaart toevoegen =]

Create and implement REST API for
interaction from app
w s

Establish protocol to connect to

Gather list of used techniques and
technologies as well as current
researched data from others.

Improve chapter 6 and 7
©® ®sjn = .

~+ Nog een kaart toevoegen a

Ul design first look ske

First look at android stt

Arduino + Nog een kaart toevoegen =]

ML

Purchase sensors if Alfr
emailed back

+ Nog een kaart toevoegen

Do research on what te
are best for running the

+ Nog een kaart toev

Figure 1. A overview of our Trello board during the research and development of our project.

Basic vs Ambitious scenario

Our goal for a basic scenario is to make a Smart Cupboard which keeps track of the humidity
and the temperature. Based on that information it will give a recommendation where you can
store your food the best, so that it won’t expire. You'll have to fill in the food you put in the
cupboard into an Android app. The app will allow the user to keep track of the expiration date
and the conditions in the cupboard. You'll get a notification when the food almost expires, so
that you consume the food in time.

In an Ambitious scenario we would like to do everything we do in the Basic scenario but add
lights and a jingle. The light will be 5V RGB lights and different colours will indicate the state of
the food. For example: Green: the food is still good, Orange: food almost reaches expiration
date, Red: food has reached expiration date and isn’t safe to consume anymore. We would also
like to implement some recipes, so that when you get a notification that food almost expires you
get a recipe with that food in it. This encourages consumers to use the food. In this scenario we
would also like to add a jingle. This jingle will play every time you open the cupboard; it is just
for fun.

Data Validation:

To ensure the quality of our data we will check multiple sources of the data (multiple websites).
Thanks to that we will be able to have the most accurate data of the foods. To validate our app
we will try the use of the app multiple times to see what the outcome is. To validate the working
of the code of the arduino in combination with our sensor we will try it on two different arduino
with each a different DHT22. To validate the work of the sensors we will use a thermometer to
check the temperature to see if this sensor worked properly. Sadly we can’t check the humidity
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sensor with an outside measurement device, but we will check if we got a reasonable
percentage from the sensor with tests like blowing on the sensor to see if the humidity changes.

Data storage and communication
For storing the data, we are using a local JSON database that’s stored on the Raspberry Pi.

"name”: "strawberries”
"optimal Temperatur
"optimalHumidi
"expirationDays"

“name”: "tomato”,
"optimalTemperature”:
"optimalHumidi
“expirationDay

"name”: “"grapes”,
"optimalTemperatur
"optimalHumidity

"expirationDays":

Setup demonstration

Raspberry Pi 3B+ with
Node.js web server

y i3 Model Bv1.2
Pi2015

Ay

The data in the table below is stored like in figure 2. This
makes it easily readable and extendable should we want to.
The static data, like the available products, optimal
temperatures, optimal humidities etc. are stored separately
from the user-specific data.

For communication, we are using a Node.js web server to

bridge the communication between the app and the Arduino.

The app communicates with the web server over HTTP, and
the Arduino provides the sensor readings to the web server

over a custom serial protocol.

To send a notification to the user, the server uses Google’s

Firebase Cloud Messaging services.

Figure 2. An example of how we stored our data on the web server using a JSON database.

Arduino Uno

USB connection

<

TXER W e eee” N ON
fmm  Arduino’ [ J

PP humidity sensor
......

""" DHT22 temperature & ' = =+

.........................

fritzing

Figure 3. A rough overview of the physical setup.
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Chapter 7a: Data and Research

Table with data of different fruits and vegetables.

Fruits/vegetables Expiration Expiration date Best Best
date in in temperature  humidity
cupboard”®?® refrigerator® 4% (°C) (RH)

Apples?” | 7 days 1-2 months -1-1.5 90-95%
Blueberries® | 2-3 days 5-7 days +-0 90-95%
Cabbage® | 1-2 days 1-2 weeks 0-4 90% or higher
Carrots®® | +- 2 weeks +- 4 weeks 0-3 +- 95%
Eggplant®® | 3-4 days 2-3 weeks 10-12 90-95%
Grapes® | 3-5 days 5-7 days +-0 90-95%
Mushrooms® | 2-3 days 4-7 days 2-4 85-90%
Raspberries® | 1-2 days 2-3 days 0-2 90-95%
Strawberries® | 1-2 days 3-5 days 0-2 90-95%
Tomato® | 7 days 2 weeks 15-17 85-90%

Note: The average storing time till expiration in the cupboard and fridge are taken from the site
‘StillTasty™®*. This site gets their data from the American government, who did research? on how
long food could be stored in certain environments. The superscripts on the fruits and vegetables
will take you to the sites where the ideal humidity and temperatures of the foods are described.

' Storage in a cupboard will have a temperature between 15.5-21 degrees Celsius®.
2 Storage in a fridge will have a temperature between 1.5-4 degrees Celsius®.
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Chapter 8: Results and Conclusion

The end result of our project is the basic scenario, meaning that you are able to fill in the app
the foods you put into the cupboard. You will receive notifications when the food almost expires.
A sensor that measures the humidity and temperature is connected to the Arduino. This
information is displayed when you open the app. When you store your food you get to see the
optimal storing humidity and temperature for the foods, so that you know if you have to store it
somewhere else if you want the food to stay fresh longer.

Figure 4 shows what our app looks like. Its home screen provides the
user with up-to-date information about the conditions in the cupboard.
As long as the Raspberry Pi is connected to power, and both the app
and the Raspberry Pi are connected to WiFi, the app is able to
Temperature retrieve information.

25.0°C

Home

The user can add products to
their virtual pantry, and the app

2L will automatically calculate the
36_4% expiry date. All information is
stored on the web server, so in
Notes theory the app could be Sort by
ems installed on multiple devices.

tomato

Notifications

Once a product reaches its expiry date, the user
will be sent a notification on their phone
reminding them to use said product.

Figure 4 (top left). Our app’s home screen. The data is directly requested from the web server.

Figure 5 (right). The user can add the products in the cupboard to their virtual pantry. Where they can keep track of
what they have stored in their cupboard and when the products will expire.

Figure 6 (bottom left). An example of a notification the user will receive when a product nears its expiration date.
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Conclusion

The goal of this project was to tackle the food waste problem, because it is a slow occurring
disaster and if we do not do something about it now, we’ll have big problems later. Food waste
is not only a humanitarian problem but it is also contributing to the destruction of our planet.
Enormous amounts of land on which the food rots are later unusable for other endeavours and
releases a huge portion of methane to our atmosphere.We mainly focused on food waste in
households, because they are very big contributors to this problem (according to the
Netherlands Nutrition Centre*® they are the biggest with 33%). The Smart Cupboard will help
reduce waste, by notifying the consumer when the food will go bad. Humidity and temperature
are measured by the sensors and sent to the app, which thanks to appropriate software and
calculations based on extensive research will inform the user about the approximate shelf-life of
the product. This will ensure that the user is storing the produce correctly and that the produce
is eaten before going bad. With all of human responsibilities it's hard to keep track of everything,
especially ones food- this is where our Smart Cupboard comes to help. Its scalability would
make it an ideal market product. Even though this product was made in thought of households,
it could be easily adapted to other environments such as restaurants, factories and workspaces.
Overall, we are very pleased with the turnout of our project, especially in these times of the
Coronavirus. We think we were able to cooperate even though it was a difficulty considering the
current circumstances. We believe that our product could truly help in the food waste disaster.

Problems encountered

We haven’t encountered that many problems, but the problems we did have were very small. At
one point the sensors we purchased did not work, so we had to buy new ones. This caused
some problems with the planning we had, because the planning was quite tight and did not
leave much space for things like this to happen. This resulted in us getting behind on our
schedule and not really being able to do the testing. Due to corona we also were not able to get
our hand on a thermometer and a humidifier to validate our testings. That’s also why we don’t
have any ‘real’ data collected.

Discussion

This project could be implemented in all kinds of different environments. We’ve designed this
cupboard so that it can be used in households, but is it possible to use the same equipment in a
fridge for example. It would also be possible for restaurants or hotels to use this project on a
larger scale. If that were to happen the data base would have to expand a lot, so that much
more food can be stored in the cupboards and fridges. This project can be implemented on
many scales and in many different environments, meaning that lots of food waste can be
stopped.

Of course, this project is just a prototype.The Smart Cupboard could easily become a market
product. It is cost efficient but it could also be made for higher end consumers. The product
could be sold in different kinds of styles and cost points (something for everyone- budget
friendly and for trend setters). If you would bring this product to the market, you would have
used smaller equipment. The current setup is quite bulky and might take up too much space in
some cupboards. To make it appealing on the market to clients you would have to integrate the
equipment in the cupboard itself. A solution to fix this would be to not use both a Raspberry Pi
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and Arduino, but opt for something small like an ESP-8266 module. This is also more energy
efficient and would allow the setup to function on battery power. The current implementation
also only works on the premise that there is only one Smart Cupboard. For a real world
implementation both the app and server would have to be altered to support multiple cupboards
and users.
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