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Abstract

This paper presents the research, design and simulation of a compact, portable, insulated container that can
store any vaccination or injectable substance. The design was simulated using a multiphysics software, Energy2D,
and multiple test cases are completed, in order to test the thermal properties of the designed container. An electronic
system is designed based off a temperature controller, that uses a MPU and two Peltier devices to process and
control the temperature within the container as well as battery pack that is designed that can last up to 4 days
without requiring a recharge. The materials used for designing the container can be made from recyclable materials,
and can maintain the temperature of the system at an average of 30 min without the use of the Peltier devices.
The Peltier devices take 40 min to cool the medication down to 3◦C in a constant heat environment. The designed
electronic component consumes 1.86255W , and costs R1500 to produce. The system is critically analysed and
recommendations of a better heat conductor or different insulating container are given.
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I INTRODUCTION

The history of medicine has led to multiple discoveries such as vaccines, insulin and penicillin allowing humans to
have a greater lifespan, treat diseases and ultimately prevent them [1]. According to the World Health Organization
(WHO), majority of children receive their vaccines in a timely manner, however those who do not have access
to certain medical facilities are unable to get their immunisations. This includes approximately 20 million people
worldwide that are susceptible to diseases and illnesses that can be easily prevented with the use of vaccines [2].
Vaccines must be kept in temperature controlled containers, within a temperature range between 2◦C and 8◦C
when kept in a refrigerator [3].

This paper presents the design of a wearable system that can contain an injectable substance such as a vaccine,
epipen or insulin and maintain a settable temperature, with the use of a thermoelectric cooler, within the container.
The structure of the paper is as follows: Section II discusses the background of the project including a literature
review and existing solutions to the proposal. Section III looks at the requirements and specifications of the project.
Subsequently, Section IV looks into the design of the proposed solution, whereas Section V provides various
simulations thereof. Section VI discusses the critical analysis of the design, providing possible recommendations
for future improvements, and lastly with Section VII presenting the concluding arguments.

II BACKGROUND

The foundational idea for the system is that of a temperature controller, which is tasked with maintaining the
temperature of the system or device at a constant value. The temperature in these systems are maintained by the
use of one of two actuators: a thermoelectric (Peltier) device or a resistive heater [4]. In this paper, the designed
system utilizes a Peltier device in order to maintain the temperature of the container. A Peltier device is a simple
device, driven by current in order to generate heat on one of the two ceramic plates. The direction of the current
determines which one of the plates generates the heat and the which plate absorbs it [4].

A. Literature Review

Containers that use Peltier devices exist today and are used in various ways. Hassan-Younis and Ur-Rashid [5]
designed and created a cabinet that utilizes a Peltier device for the transport of the polio vaccine for people in
remote areas of Pakistan. The cabinet designed was supplied with a 12V DC power supply and made use of the
aforementioned Peltier device in conjunction with two fans to improve heat diffusion in the container. An Arduino
Mega 2560 controlled the system and sampled and logged the data within the container. The construction of the
container did not focus on the thermal properties of the container, but rather used simple plywood to construct it.
Overall the designed and built container was proven to be a success, being economical and efficient in creating a
controlled temperature environment for the vaccine cold chain [5].

Ahmad et al., created a portable container made of polystyrene to test whether a Peltier device is able to maintain
the temperature of the water in it [6]. The main focus of the project was to cool and heat the water in the container
with the use of the Peltier device. The control unit in the project included a thermal loop controller, that drove a
voltage controller which affects the temperature output of the Peltier. The device was regarded as a success being
portable and powered by a battery [6].

Peltier devices are not the only types that are used for cooling in medical applications. Prosthetic limbs, especially
lower limb prosthesis cause the users unnecessary excessive heat within the respective socket. This excessive heat
can lead to dermatological complications, due to the socket and its lining having poor thermal conductivity [7].
Han et al., designed a new socket that utilizes a heat pipe array and a flow channel array connected to an ice pack.
This type of thermal design combined with an automatic temperature control scheme will allow users to maintain
a desired skin temperature with regards to their prosthetic limbs [7].

B. Existing Solutions

There are many products that exist that allow users to carry their insulin or vaccines on their person for short
periods of time, without worrying about the temperature of the medication exceeding the recommended limits. One
of the most popular cases that exist is known as the FRIO® Insulin Cooling Case. The case must be submerged in
cold water, and the crystals contained in the panels of the case expand into a gel. The gel relies on evaporation for
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the cooling effect of the gel to stop working and can keep insulin safe at the required temperature for a minimum
of 45 hours [8].

A vaccine cold chain solution is provided by the Fresh Vaccine - Cool CubeTM, where these compact units will
maintain the required temperature between 2◦C and 8◦C for more than two and a half days [9]. These containers
are a viable solution for vaccine storage which reduce the need for any ice or electrical components in order to
maintain the temperature of the medication.

III REQUIREMENTS AND SPECIFICATIONS

The objective of the project is to design a compact, portable, insulated container that can store any vaccination
or injection. The container must maintain a settable temperature range between 3◦C and 11◦C. A thermoelectric
cooler is not required for this design, but the emphasis of the design must be on portability. There are three main
components to the design:

• The container design, which must be thermally insulated
• The electronics design which is focused around a temperature controller
• Power supply that can power the entire system and last for a month without recharging.

Each of these components must be designed and simulated in some fashion, be it mathematical or utilizing some
sort of software. Assumptions are made throughout the design of the project and are mentioned in each of the
respective subsections in Section IV.

The project must be completed within a six week time-frame and the simulations must be simulated on software
with usable licenses. All project management information, including Gantt chart and meeting minutes can be found
in Appendix D.

IV DESIGN

The main components of the design are done individually with consideration to one another. The initial design
began with the container, deciding on the materials to use for the container. Following this, the electronics of
the system is designed looking at specific elements for the purpose of the system. In conjunction to this, the
programming of the microprocessing unit (MPU) is designed with a potential algorithm and pseudocode provided.
Lastly, the power supply is investigated, deciding on the battery used and the total power that will be consumed
by the electrical components.

A. Container

The design of the container was a simple idea based on that of a wallet. Since the emphasis of the project was
the portability of the container, this prerequisite was taken into consideration in the design. The renderings of the
container design was done on Google SketchUp. Figure 1a shows a three dimensional rendering of the container,
whereas Figure 1b shows the back view of the container, revealing the gaps on the inside of the container for
the electronics and medication placement. All other angles of the container renderings can be seen in Figures 11a
to 12c in Appendix C-A. The total dimensions of the container is approximately 200mm×111mm×37mm, which
is larger than most conventional smartphones today.

The container is constructed from thin aluminium sheets on the outside, preferably in silver to reflect some light
from heating the container. Aired polystyrene is then found underneath the outer aluminium sheet providing the
primary insulation for the container. Heat is lost in one of three ways: conduction; convection; and radiation [10].
Polystyrene is regarded as a good insulator as the air bubbles found within it slow down and potentially prevent
heat energy from flowing through them. Figure 1c shows the cross section of the container as to where the aired
polystyrene will be present. The inner layer of the container will be a thin aluminium sheet again, as this metal
forms a decent conductor. The reason this was done was that when the Peltier device is turned on to cool the
medication, the aluminium sheet on the inside will conduct the energy provided by the Peltier device to cool the
medication quicker [10]. The top half of the container will be joined to the bottom of the container with the use of
four magnets, as the use of a hinge may leave an air gap between the top and bottom parts of the container causing
an undesirable leakage of heat. The assumption made is that the use of these magnets to join the top and bottom
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(a) 3D view

(b) Back view

(c) Cross-section

Fig. 1: Container Design rendered in Google SketchUp

parts of the container, will leave a negligible air gap between the two parts, and create an insulated container which
prevents the leakage of heat energy.

The top part of the container will house the electronics, including the outer cover where the LCD screen and
buttons will be present. The top half will also have a space for the insertion of the SD card and the battery pack,
which will being housed near the bottom of the cover. The bottom part of the container will house the medication,
and is given an volume of approximately 150mm× 61mm× 13mm. The dimensions for this medication space is
based around multiple medication bottles and the respective dimensions that were provided by a local doctor from
a hospital. Figures 13a to 13g in Appendix C-B shows the images of the different medications provided by Dr.
K Ramparsad [11]. Table I shows the approximate dimensions of the various medications\vaccines, and with the
requirement being to carry a single injectable substance, certain vials such as the Tetanus and Diptheria vaccine
can be drawn into the syringes and stored in the container.

TABLE I: Various medications and their dimensions

Medication Height (cm) Width (cm)
Actrapid (Insulin) 5 1.5
Conjugated Pneumococcal Vaccine 4 1
Hexavalent Combo Vaccine 2.5 1.2
Measles Diluent 6 1
Measles Vaccine 3.5 2
Oral Rotavirus Vaccine 2 1
Tetanus and Diptheria Vaccine 2 3

B. Electronics

The design of the electronic component of the container is carefully chosen to utilize electrical elements that are
low-power, yet high precision. Figure 2 gives a high-level diagram of the electronic component of the design, with
everything in the red box requiring a voltage from the power supply.
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Fig. 2: High level diagram of the electronic system design

The temperature sensor that is chosen for the design is a TMP116 Digital Temperature Sensor, as it is a low-
powered and high-accuracy sensor. The sensor can operate in a variety of temperatures, providing high temperature
reading accuracy of 0.25◦C. It requires a voltage between 1.9V and 5.5V consuming a typical 3.5µA up to a
maximum of 9µA. In order to achieve a temperature reading with minimal error a supply voltage of 3.3V is
required [12]. The sensor will be set into the respective Therm Mode where either a HIGH or a LOW signal will be
sent if the temperature exceeds its respective boundaries. Since the sensor has its own analog-to-digital converter
(ADC) and I2C interface, the output of the sensor will be read into the microprocessing unit (MPU) with ease [12].

The MPU that was chosen is the ATMEL SMART AT91RM9200 microprocessing unit, for its low-power usage,
large embedded memories, fast processing and its extensive system peripherals [13]. The MPU is the key element
in the electronic component of the design. The MPU will control the entire system, dictating when the LCD display
will turn on and what it will display, as well as logging the data to the SD card. Most importantly, the MPU will
trigger the controller that will control the Peltier devices. The core processor can operate in the range of 1.65V to
1.95V and the input/output lines requiring 3.0V to 3.6V . The MPU will communicate with the temperature sensor
depending on the type of input commands it will receive from any of the push buttons, as well as the LCD screen
where all internal clocks will be synchronized to one another.

The LCD screen chosen is a PC1602ARS Alphanumeric LCD, which allows 16 characters across 2 rows [14].
The screen is a low-power, simple one and serves the purpose of presenting the user with the commands to set the
boundary temperatures and displaying the current temperature of the container. The up and down buttons used will
be simple push buttons that require no power to be on, and will allow the user to change the temperature boundary
of the container. The center button will be a simple push button that will trigger the MPU to display the current
temperature on the LCD screen.

The most important element of the electronic system is the Peltier device. In the design, a thermoelectric cooler
controller, ADN8831, is used to act as the PID controller for the Peltier device [15]. The controller will take an
input from the temperature sensor in order to get the current temperature of the system, and take the required
temperature of the container and output the relevant amount of current to the Peltier devices. Since two Peltier
devices are used to improve the eate of cooling that will occur, these devices will be connected in series so that the
same current is passed through. The Peltier devices chosen are CP85138 Peltier Modules, with aluminium oxide
ceramic plates. These are solid state devices with precise temperature control and quiet operation [16].

All Peltier devices require a heat sink in order to dissipate the generated heat accordingly. There are various types
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of heat sinks that can be used, including natural and forced convection and liquid cooling heat sinks. Since the
system operates at low temperatures and at a low power, the natural convection heat sink should be utilized [17].
For this system, the natural convection heat sink is assumed to be used, ultimately optimizing the Peltier devices.

C. Programming

The MPU will need to be programmed in order to perform the necessary functions required for the designed
system. Figure 3 presents a flow diagram of the proposed algorithm that will be embedded onto the MPU. A timer
of 30 minutes is used and assuming that the internal clock and timer continue to run in sleep mode, will be used
to log the temperature data and save it to SD card. The standard SD card has 9 pins, with only pins 1 to 7 being
used. The respective pins will be connected to the MPU, and powered from the output voltage of it [18]. The SD
card clock will be synchronized to the MPU clock and since the SD card is powered by the MPU, it is assumed
that it does not require any power from the battery.

Fig. 3: Flow diagram of the MPU programming

D. Power Supply

The battery chosen is a lithium-ion battery as it is a common battery that is used for rechargeable products. The
specific battery chosen for the design is the Samsung INR21700-40T battery, that will be placed in parallel with
two others to form a battery pack. Although this battery is mainly used for e-cigarettes or vaporizer devices, it is a
suitable battery for this container as each battery has a capacity of 4000mAh providing voltages up to 4.2V [19].
The calculations done on whether the designed system is able to last a month without recharge is determined in
Section V-B.

The LM3914 Dot/Bar Display Driver is chosen to be combined with the battery pack as an indicator, in order
to determine how much charge is left. This element was chosen as it is a simple 10 LED indicator that can be
adjusted for this battery pack and its relevant power specifications [20]. Along with this, it is assumed that the
element to charge the battery is included with it for a simple plug and charge ability.

V SIMULATIONS AND RESULTS

The simulations done on the design of the system was done in a variety of ways. The thermal simulations
were done using a free-to-use multiphysics simulator, Energy2D, that models all three types of heat transfer:
convection, conduction and radiation [21]. Although the models are two dimensions, the heat transfer considers all
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three dimensions. A three dimensional program is available to use, Energy3D, however it cannot be scaled to a
millimetre level.

The electrical simulations are done by calculating the amount of power each element uses and calculating the
total power the designed system uses. Subsequently, the battery pack power is analysed and calculations are done
to determine if it can last the required amount of time without recharging.

Lastly, the MPU’s programming is given in a high level pseudocode that conforms to the flow diagram presented
in Figure 3. Since there is no way to simulate this component of the project, the pseudocode is given as a high-level
simulation.

A. Thermal Simulations

The thermal simulations were done using Energy2D multiphysics software, and Figure 9 in Appendix B shows
the model created in the software that was used to simulate results for the test cases that tested the container and
its thermal properties. Figure 10 in Appendix B gives the model that was created to simulate the rate of cooling
the Peltier devices will have in the container.

Although the models are in two dimensions, the heat equation used to simulate the flow of heat energy is the
partial differential equation, seen in Equation 1 [21].

ρc

[
∂T

∂t
+∇ · (vT )

]
= ∇ · [k∇T ] + q (1)

where:
• ρ is the density
• c is the specific heat capacity
• ∂T

∂t is the rate of change of temperature over time
• ∇ is the function that takes in functions as an argument
• v is the velocity field
• T is the temperature as a function of space (x, y, z) and time
• q is the internal heat generation.

There are two parts to Equation 1: the first part is the conductivity field function which represents the diffusion
part; and the second part is the loss of heat through the atmosphere characterized by the velocity field function.
The internal heat generation is regarded as the external force [21].

Table II shows the thermal properties of the materials involved with the container’s design [22], [23]. The weather
data that was used was sourced for Johannesburg, South Africa and gave the monthly weather averages over the
past 21 years [24]. In addition to the weather data sourced, the global horizontal irradiation was estimated at
5800Wh/m2, and the software default value of 25 sun rays was used for the simulation [25].

TABLE II: Various materials and the respective thermal properties

Material Thermal Conductivity
(W/m◦C)

Specific Heat
(J/kg◦C)

Density
(kg/m3)

Aluminium 250 921.0960083 2700
Air 0.0262 1005 1.2041
Aired Polystyrene 0.03 1300-1500 50
Glass 1.0499 670 2500
Ceramic (Aluminium Oxide) 30 718 3950

1) Test Case 1: Room temperature in convection heat
The objective of this test case is to test the thermal properties of the designed container. Setting the background

temperature to be room temperature of 20◦C, with no sunlight present, the aim of this test was to determine how
long it would take for the medicine in the container to reach a temperature of 8◦C. Figure 4 presents a graph of
the simulated time taken for the temperature of the medicine to reach a value of 8◦C and it can be seen that the
medicine takes 2090 sec or 34.83 min to reach that temperature. This value is the minimum time that the medicine
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can remain within the temperature range, given that the model created is a simple one, and the surrounding heat is
convection.

Fig. 4: Graph showing the time taken for the medicine to reach a temperature of 8◦C

2) Test Case 2: Monthly temperatures
The objective of this test case was to test the thermal properties of the container in different weather temperature.

This entailed taking the monthly weather averages, over the past 21 years, and setting the background heat to that
of radiation (sunshine), with no clouds being simulated.

Once again, the time taken for the medicine to reach a temperature of 8◦C is recorded. Table III and Figure 5
show the results of the simulation. As seen from these results, the container is able to insulate the medicine almost
twice as long in the winter months than it does during the summer months. The annual average temperature of
16◦C saw that in a cloudless, sunshine environment, the container is able to maintain the medicine within the
temperature range for 2420 sec or 40.33 min.

TABLE III: Monthly average temperature and time taken for the medicine to reach 8◦C

Month Average Weather
(◦C)

Time Taken to reach 8◦C
(sec)

Janurary 20 2000
February 20 2000
March 18 2180
April 16 2420
May 13 3030
June 10 4580
July 11 3840
August 13 3030
September 16 2420
October 17 2290
November 18 2180
December 19 2090
Annual 16 2420
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Fig. 5: Graph showing the time taken for the medicine to reach a temperature of 8◦C for the average temperature
per month

3) Test Case 3: High and Low Temperatures
The objective of this test case is to look at the worse-case scenarios, i.e. the average high and the average low

temperatures. Once again, to test the thermal properties of the designed container, the time taken for the medicine
in the container to reach a temperature of 8◦C is recorded. The background temperature is a constant radiation
heat source from the simulated sun on a cloudless day. Table IV and Figure 6 present the results of the simulation.
As seen from the results, at the high temperatures the container performs less efficiently as the it is only able to
maintain the temperature for approximately 30 min. However, the lowest average of 5◦C, will never exceed this
temperature according to the law of thermal equilibrium.

Overall the designed container is able to maintain the temperature of the medicine for a minimum of 30 min
before requiring the Peltier devices to be turned on.

TABLE IV: Average high and low temperatures and time taken for the medicine to reach 8◦C

Temperature
(◦C)

Time Take to reach 8◦C
(sec)

Highest Average High 25 1710
Annual High 21 1930
Lowest Average Low 5 ∞
Annual Low 11 3840

4) Test Case 4: Peltier devices
The objective of the final test case was to test how long the Peltier devices would take to cool the medicine

inside the container. The environmental temperature was set to be at room temperature, 20◦C, with a radiation heat
source of the sun on a cloudless day. The medicine is given a temperature of 8◦C and the air inside the container
is given a temperature of 11◦C. Given the approximate distance between the Peltier devices and the medicine, the
time taken to cool the medicine to a temperature of 3◦C is approximately 2500 sec or 40 min. Figure 7 shows
the graph of the time taken to cool the medicine.
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Fig. 6: Graph showing the time taken for the medicine to reach a temperature of 8◦C for the average high and low
temperatures

Fig. 7: Graph showing the time taken for the Peltiers to reduce the temperature of the medication to 3◦C

B. Electrical Simulations

The electrical simulations are focused on the power the respective component of the design takes, and determining
how long the battery pack can last without recharging. These simulations are done mathematically looking at the
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maximum ratings for each of the elements used in the design of the electrical component, as a way of looking at
the worse-case scenario. The assumption made is that any voltage regulators, resistors and other electrical elements
will draw negligible power and can be equated to 0.

Equation 2 was used to calculate the total power each electrical element requires. All relevant voltage and current
values are taken from each respective datasheet and Table V gives the calculated power of the electronic component
of the design.

P = V I (2)

where:
• P is the power
• V is the voltage
• I is the current.

TABLE V: Power required for electronics component

Electrical Element Voltage
(V )

Current
(A)

Power
(W )

Temperature sensor
TMP116 5.5 220× 10−6 1.21× 10−3

MPU
AT91RM9200 3.6 24.4× 10−3 87.84× 10−3

LCD Screen
PC1602ARS 5.0 1.5× 10−3 7.5× 10−3

TEC Controller
ADN8831 5.5 12× 10−3 66× 10−3

Peltier Device
CP85138 1 1.7 1.7

TOTAL 1.86255

Now that the total power required for the circuit is known to be 1.86255W , the charge of the battery pack must
be calculated to determine how long the chosen batteries will last without recharging. Using Equation 3, and the fact
that the battery pack has a nominal voltage of 3.6V and a capacity of 12000mAh, the energy stored in the battery
is 43.2Wh. This means that if the electronics are running continuously, the battery can last for 23.194 hours or
1391.64 min.

E = V Q (3)

where:
• E is the energy stored in battery
• V is the voltage
• I is the battery capacity.
The container is designed to be a portable one, when the user is away from conventional medication storage

appliances. Given that in Section V-A3, the high and low temperatures for the year was simulated, and that the time
between sunrise to sunset in Johannesburg, South Africa is approximately 12 hours [24], the expected lifespan of
one single charge in the battery pack can be calculated.

The assumptions made for these calculations are:
• The annual low temperature (11◦C) will occur for 6 hours a day (06:00 and 12:00)
• The annual high temperature (21◦C) will occur for 6 hours a day (between 12:00 and 18:00)
• The container is able to maintain the temperature inside for 60 min at the low temperature
• The container is able to maintain the temperature inside for 30 min at the high temperature
• The Peltier’s take 40 min to cool the medication back down to 3◦C.
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This means that the electronic component will need to be turned on 8 times in one day, which totals 320 min.
Given the capacity of the battery pack, this means that the battery is able to last approximately 4.348875 days,
given the assumptions made. Figure 8 presents a typical timeline of when the Peltier devices will turn on and turn
off during the sunrise and sunset.

Fig. 8: Timeline of when the Peltiers will turn on and off during the day

C. MPU Proposed Pseudocode

The pseudocode that will be programmed onto the MPU is based on the flow diagram in Figure 3. Algorithm 1,
presents a high-level algorithm on setting up the MPU, whereas Algorithm 2 presents a high-level algorithm of the
main function that will control how the MPU will work.

VI CRITICAL ANALYSIS AND RECOMMENDATIONS
The designed system is able to store and maintain the temperature of any medication that needs to be stored into

it. The container is marginally larger than most conventional smartphones today, and is approximately 4cm thick.
This poses an issue as it may be deemed too large to fit into a conventional pocket, however the container is still
small enough to fit into a bag without being intrusive on space, meeting the requirement of the container being
portable. The container is able to store multiple injectable substances, or multiple syringes and a specific vial of a
medicine or vaccine.

The simulations carried out on the container determined that it is able to maintain the temperature for an average of
35 min throughout the year’s temperatures. The container being constructed from aluminium sheets and polystyrene
indicates that it could theoretically be constructed from recycled materials. This minimises the cost of the container
to a negligible value leaving the cost of the entire design on the electronics. According to various retailers, the total
cost of the electronics component is approximately R1500. The cost of the designed container against a popular case
such as the FRIO® Insulin Cooling Case is five times more expensive, however the FRIO® case is only made for
insulin, whereas the designed container can store any type of temperature dependent medication or immunisation.
The Fresh Vaccine - Cool CubeTM, although able to maintain the temperature of a vaccine for multiple days at a
time, is five times more expensive than the designed container, and much larger in size.

The weight of the designed container will come from the heat sink and the battery pack. The batteries in the
battery pack each have an individual weight of 66.8g. The total weight of the battery pack is therefore 200.4g, and
assuming that the heat sink will have a weight of 50g, the total weight of the container without the medication is
approximately 250g, which is 150g heavier than the conventional smartphone today [26].

The one constraint of the design was to ensure that the power supply is able to last for at least a month without
recharging, however, the designed container can only last for 4 days without recharging. This is a trade off of the
design, as the designed system would require a battery that can supply 25747891.2Wh in order to last 30 days
without recharging. This type of battery pack would reduce the portability of the designed container. The overall
designed system can be said to have achieved all of the objectives set out for it.

For future development, a simpler MPU could potentially be utilized to perform the same functions as the chosen
MPU. This will allow for a cheaper alternative to be used to perform the same functions, ultimately reducing the
cost of the container. The container design can be reduced in size to accommodate only a single injectable substance.
This would allow the container to cool faster with the Peltier devices.

The materials used in the container design can be made from recycled materials, however the utilization of a
different type of container, such as a vacuum flask may keep the medication at the required temperature for a longer
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period of time. In addition to this, the designed container can be simulated in a better multiphysics program to
fully analyse the design.

A final recommendation would see a better heat conductor used for the Peltier devices. Within the polystyrene,
a pipe array can be used to ensure that the electronic component has a better efficiency [7]. Alternatively, the
electronic component could utilize liquid cooling, as the water has a higher thermal conductivity than air [27].

VII CONCLUSION
The research, design and simulation of a compact, portable, insulated container that can store any vaccination

or injectable substance has been presented. The container design was simulated using the multiphysics software,
Energy2D, and although modelled in two dimensions, simulated all three dimensions by using the partial differential
equation. The container was simulated in cloudless, sunny conditions with monthly average temperatures used as
the background temperature. The highest average high and lowest average low temperatures were simulated against
the container to analyse both ends of the spectrum. It was seen that the container maintains the temperature of the
medication in the acceptable range for 30 min before requiring the Peltier devices to be turned on. The multiphysics
software was also used to simulate how long the Peltier devices would take to reduce the temperature of the medicine
to 3◦C. It was observed that it takes approximately 40 min to cool the medication down before being turned off.
The container can be constructed from recycled materials, and the cost is incurred from the electronics component
of the design, which totals R1500. The electronics consume a total of 1.86255W and the battery pack chosen can
last 4 days before requiring a recharge. A battery that could last at least a month would be too large and remove
the portability trait of the container. The designed system is critically analysed and future recommendations are
given including a better heat conduction system or a different, more expensive container type.
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Algorithm 1 High-level algorithm of the setup function
Set relevant pins for inputs (temperature sensor, three push buttons)
Set relevant pins for outputs (temperature sensor, SD card, LCD, TEC controller)
Set internal clock and synchronize to all output pins

Start the LCD screen

Set cursor on LCD ← (0,0)
Display on LCD ← “Set upper temp.”
Set cursor on LCD ← (0,1)
Display on LCD ← “8 C”
TempRegister ← 8

if UP button pressed then
TempRegister ← TempRegister + 1
Set cursor on LCD ← (0,1)
Display on LCD ← TempRegister

else if DOWN button pressed then
TempRegister ← TempRegister - 1
Set cursor on LCD ← (0,1)
Display on LCD ← TempRegister

else if SELECT button pressed then
Save current temperature ← UpperTempRegister
Send saved temperature to temperature sensor

end if

Set cursor on LCD screen (0,0)
Display on LCD ← “Set lower temp.”
Set cursor on LCD screen (0,1)
Display on LCD ← “2 C”
Set default temp in register to 2

if UP button pressed then
TempRegister ← TempRegister + 1
Set cursor on LCD ← (0,1)
Display on LCD ← TempRegister

else if DOWN button pressed then
TempRegister ← TempRegister - 1
Set cursor on LCD ← (0,1)
Display on LCD ← TempRegister

else if SELECT button pressed then
Save current temperature ← LowerTempRegister
Send saved temperature to temperature sensor

end if
Turn off LCD
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Algorithm 2 High-level algorithm of the main function
Log current temperature to SD card
repeat

Start timer for 30 minutes
Wait 15 seconds
Put into sleep mode

while timer is running do
if SELECT button pressed then

Read current temperature from temperature sensor
Start LCD screen
Set cursor on LCD ← (0,0)
Display on LCD ← “Current temp.”
Set cursor on LCD ← (0,1)
Display on LCD ← CurrentTempRegister
Wait 5 seconds
Turn off LCD

else if HIGH or LOW received from temperature sensor then
Trigger TEC controller
Send to TEC controller, value of 3 for comparison

end if
end while
Log current temperature to SD card

until Timer is up
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APPENDIX A
NON-TECHNICAL REPORT

The history of medicine has led to multiple discoveries in the world, such as vaccines, insulin and penicillin
allowing humans to have a greater lifespan, treat diseases and ultimately prevent them. According to the World
Health Organization (WHO), majority of children receive their vaccines in a timely manner, however those who
do not have access to certain medical facilities are unable to get their immunisations. This includes approximately
20 million people worldwide that are susceptible to diseases and illnesses that can be easily prevented with the use
of vaccines. Vaccines and insulin must be kept in temperature controlled containers, within a temperature range
between 2◦C and 8◦C.

Currently, there are a variety of solutions that a person can purchase to keep their medication on them at
all times. One of the most popular cases is the FRIO® Insulin Cooling Case, that offer a variety of options
from keeping two insulin pens or two insulin vials and syringes, to a larger case that can store ten insulin
pens or ten vials and syringes. The case is activated by submerging the case in cold water for 5-15 minutes.
The gel inside the case expands and forms crystals, and this relies on the process of evaporation for cooling.
The FRIO® case is able to keep the insulin safe for a minimum of 45 hours, making it the ideal companion for travel.

The Fresh Vaccine - Cool CubeTM is another available product that can maintain the temperature of the vaccines
without the use of ice or any electrical components. This case, although expensive, is able to maintain vaccines
within the temperature range of 2◦C and 8◦C for more than 65 hours. This product is perfect for remote located
vaccinations, long-term transport and as a backup for hospitals with a power outage.

A new container has been recently designed that is portable and insulated and can maintain any type of
injectable substance within it at any settable temperature. The container is constructed with an aluminium sheet
on the outside, followed by aired polystyrene and lastly the inside of the container is another aluminium sheet.
All of these materials are recyclable, and as a result is a step towards an environmentally-friendly solution. The
outer aluminium sheet, being silver reflects some of the sunlight that shines on it. The aired polystyrene is the
insulator of the container, providing excellent insulation, as the air bubbles in it slow down the heat energy from
flowing through them. The aluminium sheet on the inside acts as a good conductor, reducing the time take for
the medicine to cool, when the cooling element is turned on. The container’s top and bottom parts are joined to
one another with the use of magnets, creating a minimal air gap inside the container, ultimately isolating and
insulating the medication inside from the environment outside.

The top half of the container houses the electronics, where all elements are low-power, high precision ones. With
a temperature sensor directly conversing with a microprocessing unit, the internal temperature of the container
is constantly maintained within any desired temperature range. The element that is responsible for cooling the
medication on the inside of the container is known as a thermoelectric cooler or a Peltier device.

A thermoelectric cooler is given the alternative name of a Peltier device as it utilizes the Peltier effect in its
function. Two conducting plates on either side of the device, generally ceramic plates, are connected to one another
by the use of semiconductors. The Peltier effect occurs by passing a current through the semiconductors, which
causes heat to be generated on one of the plates and absorbed on the other. The absorbed heat is passed through
to the other plate, resulting in a cooler environment. This is how the medication in the designed container will be
kept cool if the temperature reaches the boundaries. Since heat is generated on one of the plates, this heat needs
to be dissipated into the atmosphere, and is done so with the use of natural convection heat sinks.

Every 30 minutes, the temperature of the medication is read and saved to an external SD memory card that will
be able to be read and the data analysed. With a system being able to perform the responsibilities of a temperature
controller, power must be supplied by some sort of battery. A battery pack consists of three e-cigarette or vaporizer
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lithium-ion batteries. This pack has its own charge level indicator and can be charged via a normal USB cable.
Having taken into consideration the portability of the design, the batteries are able to last 4 days before requiring
a recharge, making it a bi-weekly charging chore.

The designed container is able to keep the medication within the set temperature range, for 28-32 minutes on
a cloudless, sunny day, when temperatures are between 21◦C and 25◦C. In cooler temperatures of 11◦C, the
designed container can maintain the temperature of the medicine for 64 minutes. Should the temperature of the
medication reach the upper bounds, the Peltier devices will turn on, cooling the inside of the container, bringing
the temperature to the lower bound within 40 minutes.

Overall, the container itself can be made from recycled aluminium and polystyrene, and as a result the cost
of the entire designed system lays in the electronics. A total cost of R1500 is required to build the electronics,
which includes the battery pack, microprocessing unit and Peltier devices. This price is five times more expensive
than the popular FRIO®case, however the designed container is able to store any type of temperature dependant
medication, whereas the FRIO® case can only store insulin. The designed container is however, five times less
expensive than the Cool CubeTM vaccine storage, and much more portable.

The designed container has the dimensions 200mm× 111mm× 37mm, making it marginally larger than most
conventional smartphones today. The thickness of 37mm, does make the designed container harder to fit into
conventional pockets, but can be stored in bags without being too intrusive on space. The total weight of the overall
container is approximately 250g which is 150g heavier than what consumers prefer as the ideal weight of a cellphone.

This newly designed container is constructed from recyclable materials, costing an average of R1500 and provides
a viable, economical and environmentally-friendly solution to a portable container that can house temperature-
dependent medication.
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APPENDIX B
SIMULATION MODELS

This appendix provides the two models that were created in Energy2D. Figure 9 shows the model that was used
to simulate the container’s thermal conductivity, looking from the top view. Figure 10 gives the model that was
used to simulate the cooling of the Peltier devices from the side perspective.

Fig. 9: Model created in Energy2D for the container

Fig. 10: Model created in Energy2D for the Peltier device
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APPENDIX C
SUPPORTING IMAGES

This appendix provides all supporting images for the project design. Section C-A displays the other rendered
images of the container design, whereas Section C-B displays all of the images taken of the various medication
vials provided by Dr. K. Ramparsad [11].

A. Container Design

(a) Side view

(b) Top view

(c) Front view

Fig. 11: Side, Top and Front view of Container Design rendered in Google SketchUp
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(a) 3D view

(b) 3D view

(c) 3D view

Fig. 12: 3D views of Container Design rendered in Google SketchUp
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B. Medication Images

(a) Actrapid (Insulin) (b) Conjugated Pneumococcal
Vaccine

(c) Hexavalent Combo Vaccine
(Hepatitis B, Haemophilis In-
fluenza)

(d) Measles Diluent

(e) Measles Vaccine
(f) Oral rotavirus

(g) Tetanus and Diptheria Vac-
cine

Fig. 13: Various medications that could be stored in the container
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APPENDIX D
PROJECT MANAGEMENT

This appendix presents all information related to project management. Section D-A presents the created tasks
and the Gantt chart that is used for the project completion. Section D-B presents all meeting minutes for the five
weeks of the project, with various members in the group keeping minutes.

A. Gantt Chart

The subsequent page presents the figure of the Gantt chart created.
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Fig. 14: Gantt Chart for the project with the critical path highlighted
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B. Meeting Minutes

The following pages present the meeting minutes recorded for the weekly meetings.
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