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1.1 Introduction: 

1.1.1 Cold Chain: 

The Cold chain plays an important role for preserving vaccines as per the vaccine 

storage and guidelines prescribed by World Health Organizations and it is better than most of 

other preservation methods. The purpose of the vaccine “cold chain” is to maintain product 

quality from the time of manufacture until the point of administration by ensuring that 

vaccines are stored and transported within WHO-recommended temperature ranges. The 

refrigerated trucks are used to transport the vaccines from manufacturer to the local 

distributor or pharmacist. It consist of refrigerating systems which requires large amount of 

constant power supply and often fail to maintain the required temperature which is 2-8 degree 

Celsius during power cut-off conditions. But the most important problem in this process is 

exposure of higher temperatures and/or fluctuations of storage temperature beyond prescribed 

ranges produce cumulative adverse effects on the potency of vaccine, which is the primary 

cause of vaccine deterioration marketed through retail channels. In the conventional cold 

chain facilities the compressor works in on-off mode, during compressor on mode the 

refrigerant of the evaporator coil takes the cabinet heat from the cabin resulting in providing 

cooling effect to the cabinet and its occupant. During the off mode of the compressor, the 

temperature inside the evaporator cabin starts rising due to heat released by the vaccines and 

also due to ambient conditions. This on and off makes a temperature fluctuation (temperature 

rapidly rise and drop) inside the evaporator cabinet which ultimately decrease the grade of 

vaccines. The physical and chemical changes caused the loss of quality of the product.  

 

1.1.2 Phase Change Materials and its applications in  Cold Chain: 

Phase change materials (PCMs) based thermal energy storage (TES) has proved to 

have great potential in various energy-related applications. The high energy storage density 

enables TES to eliminate the imbalance between energy supply and demand.The use of PCM 

provides higher heat storage capacity and more isothermal behaviour during charging and 

discharging compared to sensible heat storage. Using Phase Change Materials (PCM) as a 

latent heat thermal energy storage (TES) system could be a new option for performances 

improvement of any refrigerating system by increasing heat transfer of the evaporator and 

reducing efficiency losses of the compressor. These materials when used in a particular 

composition inside the cooling pads and in kept in the besides the evaporator coil can 

improve the performances of refrigerating system by increasing its compressor cut-off time 



and thereby minimizing electrical energy usage. The main objective is to improve the 

performance, cooling time period, storage capacity and to maintain the constant cooling 

effect for more time during power cut off hours using phase change material. To fulfil the 

objectives related to the energy storage and demand and better system performance, selection 

of Phase Change Material is a necessary step during the entire scenario. 

1.1.3 Proposed Solution: 

As far as the above discussion is concerned, it can be concluded that effective vaccine 

storage has to be developed in order to regulate the vaccine supply and demand chain. The 

main concern that should be considered while designing the system is that it should alleviate 

all the issues that are being faced by the current cold chain systems. So, an IoT based system 

for vaccine storage and transportation system using Phase Change Materials is being 

designed which can be an impactful solution for the existing systems. In this system a Phase 

Change Materials are used to enhance the system performance and to sustain the required 

temperature range, which is 2- 8 degree Celsius after the power failure. The system is 

especially designed to work even after the power cut-off with the same efficiency, so that 

vaccine losses can be reduced which occur due to not maintaining it in prescribed range of 

temperature and humidity. Internet of Things is another innovation that is implemented in the 

system to monitor the parameters that affect the vaccine life. Temperature and Humidity 

values can be easily accessible by using smartphone during the transportation. 

1.1.4 Parameters affecting the Performance of  Cooling System:  

1. Ambient Temperature- 

Ambient temperature conditions affect performance of a refrigeration system as well as 

PCM. Because of the higher compartment air temperature and higher condensation 

temperature and pressure, higher ambient temperature value results in lower is the system 

performance. Very low ambient temperature also has a negative effect on the PCM 

performance because when the refrigerator is working in a low thermal load, compartment 

temperature drops faster due to the low heat gain through the walls and reaches sooner to the 

set-point temperature; hence, the PCM does not have enough time to be fully solidified 

before compressor stops. This represents that ambient temperature affects severely on the 

system as well as PCM performance. 

2. Evaporation temperature- 

PCM integration and evaporation temperature have mutual effects. Due to the high latent 

heat of a PCM giving it a high thermal capacity, it keeps evaporation temperature higher 

during phase change which is essentially controlled by its phase change temperature. Besides, 



higher evaporation temperature means higher evaporation pressure as compared to a 

refrigerator without PCM which results in performance reduction. Lower evaporating 

temperature, requires longer PCM freezing time which is not only due to the heat transfer 

from PCM but also because of lower system performance. It is worth noting that 

compartment set-point temperature affects PCM performance. A refrigeration system needs 

to work longer for a lower set-point temperature in order to remove extra heat from the 

compartment which, in turn, means lower evaporation temperature. In such a case, PCM 

usefulness decreases since it cannot suitably minimize temperature fluctuations in the 

corresponding compartment which is due to the temperature difference between the desirable 

set-point temperature and the PCM phase change temperature. 

3. Thermal Load 

Earlier studies reported that by increasing the thermal load, system COP decreased even 

in presence of a PCM. The reason is that the increase in thermal load results in more partially 

melted PCM which in turn decreases the system COP. High thermal load directly affects 

both charging and dis-charging duration of the PCM as it shortens melting time while it 

prolongs freezing time since the compressor has to both overcome the thermal load and 

charge the PCM. So higher the thermal load, lower is the system performance and lower 

thermal load results in lower system performance. 

4. Door opening- 

When the door of a refrigeration system is opened a sudden thermal load is introduced 

due to air exchange to compartments. Thus, the system must work longer to remove the 

excessive heat and, as a result, its energy consumption increases. PCM can damp such a 

thermal load by adding to the thermal inertia of the compartment. The only concern in such a 

case is whether the amount of energy consumption reduction due to the PCM dampening 

effect exceeds the amount of required energy consumption during its charging. The PCM 

effect was investigated considering automatic door opening for 1 min with time intervals of 

every40 min for a freezer loaded with M-packs. The results indicated that energy 

consumption of the system was decreased by means of PCM by 6%. Nevertheless, its 

consumption was higher than the steady operation (no door opening) by 11%. This confirms 

the effectiveness of PCM as thermal energy storage. In order to further investigate the effect 

of PCM on the thermal load due to door opening, experiments were conducted with/without 

PCM for both loaded/unloaded freezers. Since M-packs add to the thermal inertia of a 

compartment, the PCM performance for loaded freezer was less significant. Furthermore, the 

PCM showed promising performance when the set-point temperature of the compartment as 



close to its phase change temperature but for lower set-point temperatures it did not damp 

temperature significantly. This reconfirms the importance of proper selection of the PCM 

melting temperature. It is worth noting that the available heat transfer area of the PCM affects 

its performance due to the door opening. It was found that the larger the surface of the PCM 

panels, the lower the compartment temperature variation. 

5. Power outage- 

In developing countries still, the problem of power shortage or even outage exists which 

definitely affects the performance of refrigeration systems. A conventional refrigeration 

system loses its driving force during power outage and cannot keep its compartments cold 

for a long period of time due to the rapid heat gain through its walls. Therefore, vaccine 

potency, energy consumption, and compressor durability are all affected by power outage. 

Whereas, PCMs can store energy whenever the system is working and release it in case of 

power outage. In a study, after 3 h of power outage, compartment air temperature was lower 

in an unloaded compartment with PCM compared with the loaded one without PCM. 

Instead, once the power resumes, it requires longer compressor ON time in order to recharge 

PCM. Nevertheless, this has no negative effect on vaccine temperature. 

1.2 Value addition by Machine learning and IOT 

The proper storage of vaccines is critical to maintaining their potency and efficacy and is 

therefore a crucial aspect of healthcare management. In order to ensure that vaccines are 

stored within the correct temperature and humidity ranges, cold rooms are often used as 

storage facilities. However, ensuring the consistent and reliable monitoring and maintenance 

of these rooms can be a challenging task, particularly in large healthcare facilities with many 

cabinets to manage. 

One potential solution to this problem is the use of machine learning algorithms to optimize 

vaccine storage. Machine learning models can be trained to analyze data from sensors 

installed in cabinet, allowing them to predict and detect anomalies in temperature and 

humidity levels. This can help healthcare providers to identify potential issues before they 

become significant problems, allowing for more proactive management of cabinet conditions. 

In addition to improving the management of cabinet, the use of machine learning algorithms 

in vaccine storage has other potential benefits as well. For example, it can help reduce waste 

and improve the overall efficiency of healthcare delivery. By providing healthcare providers 

with real-time data on the conditions in their cabinet, they can be alerted to potential issues 

before vaccines are spoiled, reducing the need for costly reorders and waste. 

Overall, the use of machine learning algorithms in vaccine storage represents an exciting 

opportunity to improve the reliability and efficiency of healthcare delivery. By optimizing 

cabinet management and reducing waste, these algorithms can contribute to the effective 

delivery of life-saving vaccines and ultimately improve patient outcomes. 

The real-time data provided by ML algorithms can also reduce waste and improve the 



overall efficiency of healthcare delivery. This approach represents an exciting opportunity to 

enhance the management of cold rooms and ensure the potency and efficacy of life-saving 

vaccines.Vaccine storage is a critical aspect of healthcare management as proper storage is 

essential for maintaining the potency and efficacy of vaccines. To ensure the optimal storage 

conditionsfor vaccines, cold rooms are commonlyused as storage facilities. However, 

managing and maintaining these cold rooms can be a challenging task, particularly in large 

healthcare facilities with numerous cold rooms to manage. One potential solution to this 

challenge is the use of machine learning (ML) algorithms in vaccine storage. 

ML algorithms can be trained to analyze data from sensors installed in cold rooms to 

predict and detect anomalies in temperature and humidity levels. By providing real-time data 

and alerts, these algorithms can help healthcare providers identify potential issues before 

they become significant problems, allowing for proactive management of cold room 

conditions. The use of ML algorithmsin vaccine storage can also help reduce waste 

andimprove overall healthcare efficiency,as it provides healthcare providerswith critical 

information to reduce reorders and waste Enable Editing. 

In summary, the use of ML algorithms in vaccine storage represents an innovative 

approach to improving cold room management and ensuring the potency and efficacy of 

vaccines. By providing healthcare providers with real-time data and alerts, these algorithms 

can help improve patient outcomes and contribute to the effective delivery of life-saving 

vaccines. 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.3 Scope of Work: 

Despite tremendous efforts over the past few decades to provide access to vaccines to 

as many people as possible, many technical, social, and programmatic obstacles remain. 

Refrigeration is very important in maintaining the safety and preservation of vaccine and the 

use of refrigeration is a major contributor to global energy consumption. Due to frequent 

power cut-offs and lack of infrastructure in rural areas, purely refrigeration system stays on 

back foot in maintaining optimum temperature range. Vaccine exposure to temperatures 

below recommended ranges in the cold chain may decrease vaccine potency of freeze-

sensitive vaccines leading to a loss of vaccine investments and potentially places children at 

risk of contracting vaccine preventable illnesses. Using water as a system has suffered from 

important performance limitations such as: 1. Temperature swings above and/or below the 

upper & lower critical temperature limit of the product; 2. Restricted shipment duration due 

to incapability of water to maintain the desired/preferable temperature of the product. For 

example, maintaining a constant 5°C in 2 to 8°C or -15°C in -10 to -15°C shipment for short 

(4 to 12 hour transit) or long duration (72 or 96 hour transit) [3]. So a phase change material 

which is a substance that can store or release significant amount of heat energy by changing 

the phase liquid to vapour or vice versa. Thus it may improve the coefficient of performance 

of vaccine storage and transportation cycle. The PCMs will maintain the temperature inside 

the cool box within the prescribed range which is 2-8 degree Celsius. Meanwhile 

implementation of IoT technology is the best way as sensors will continuously monitor the 

temperature, humidity and location of the storage box which can be accessed with the help of 

mobile phones cloud storage. Each country possess a unique set of challenges to overcome 

and useful user feedback that can be incorporated into product design and training- 

 

 

 

 

 

 

 

 

 



 

2. ML algorithms:  
Machine learning assists us in forecasting the future. We collect data from daily routines and 

use it to make predictions. Predictions cannot be 100% accurate, but we can get a sense of the 

future. However, the more data there is, the more precise the prediction. In this case, 

regression is used to forecast the temperature and humidity rise in the box. Python libraries 

are used for this purpose. Machine learning is a very useful and powerful technique because it 

predicts the future and tells us whether there will be an abnormality or not, allowing us to 

take appropriate actions to prevent any type of damage. 

Linear regression algorithm: 

Linear regression analysis predicts the value of one variable based on the value of another. 

The variable you wish to predict is referred to as the dependent variable. The variable you are 

using to predict the value of the other variable is known as the independent variable. 

This type of analysis calculates the coefficients of a linear equation that includes one or more 

independent variables that best predict the value of the dependent variable. Linear regression 

is used to fit a straight line or surface that minimizes the differences between predicted and 

actual output values. Simple linear regression calculators that use the "least squares" method 

to find the best-fit line for a set of paired data are available. The value of X (dependent 

variable) is then estimated from Y (independent variable). 

The linear regression method can be used in a variety of programs and environments, 

including: 

 R linear regression 

 MATLAB linear regression 

 Sklearn linear regression 

 Linear regression Python 

 Excel linear regression 

Using linear regression techniques, business and organizational leaders can make better 

decisions. Organizations amass massive amounts of data, and linear regression enables them 

to use that data to better manage reality, rather than relying on experience and intuition. 

Large amounts of raw data can be transformed into actionable information. 

Linear regression can also be used to provide better insights by revealing patterns and 

relationships that your business colleagues may have previously seen and thought they 

understood. For example, analyzing sales and purchase data can help you identify specific 

purchasing patterns on specific days or at specific times. Regression analysis insights can 



help business leaders predict when their company's products will be in high demand. 

We have used MATLAB for predicting data in real time using linear regression algorithm. 

The MATLAB Basic Fitting UI assists you in fitting your data by calculating model 

coefficients and plotting the model on top of the data. See Example: Using Basic Fitting UI 

for more information. You can also use the MATLAB polyfit and polyval functions to fit 

your data to a linear model with coefficients. See Programmatic Fitting for an example. 

If a nonlinear model is required to fit data, transform the variables to make the relationship 

linear. Alternatively, try directly fitting a nonlinear function with the Statistics and Machine 

Learning ToolboxTMnlinfit function, the Optimization ToolboxTMlsqcurvefit function, or 

functions from the Curve Fitting ToolboxTM. 

This topic describes how to: 

 Perform simple linear regression using the \ operator. 

 Use correlation analysis to determine whether two quantities are related to justify 

fitting the data. 

 Fit a linear model to the data. 

2.1 Predictive Model for Refrigeration System: 

Ascertainment of input values: 

 

Regression is employed in this instance to anticipate the rise in temperature and humidity 

within the box. Some of the numerous readings that we produced for the model-building 

process were sorted out to be fed into the linear regression model. It makes predictions 

about one variable's value based on another's value. The dependent variable is the one 

you want to be able to forecast. The independent variable is the variable used to forecast 

the value of the other variable. he coefficients of a linear equation including one or more 

independent variables that accurately predict the value of the dependent variable are 

calculated in this sort of analysis. To directly match a hypothesis between expected and 

actual output values, linear regression is utilised. It is possible to obtain the best-fit line 

for a set of paired data using straightforward linear regression calculators that employ the 

"least squares" approach. Then, using Y (the independent variable), the value of X (the 

dependent variable) is approximated. When there is power available, the VCRS system 

used in the setup keeps the cold storage box at the ideal temperature of -5 to 8 degrees 

Celsius. The Phase Change Materials are maintained at their particular freezing point so 

that they can be implemented during the power outage condition. The data including the 

temperature, humidity values, its fluctuation if any, the location of the cold box in terms 

of latitude and longitude will be collected to the NODEMCU which is nothing but 

ESP8266 that acts as Wi-Fi module conveys all the information to the cloud storage for 

further process. For the best output, constant input is selected as shown in Table 1. All of 

the null values and missing values are filled in data cleaning and pre-processing.  
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Development of Predictive model of Vaccine Storage system using Linear   Regression: 

A linear regression model gives us continuous values so that prediction and analysis is 

comparatively easier. PCM error detection can be determined using fluctuations in 

temperature and humidity.  Initially, two main parameters are set for predictive graph 

plotting. The dependent variables are set to temperature and humidity and independent 

variable as Timestamp. In MATLABfor predicting data in real time using linear regression 

algorithm. By computing model coefficients and presenting the model on top of the data, the 

MATLAB Basic Fitting UI helps you fit your data. For further details, see Example: Using 

Basic Fitting UI. In order to fit your data to a linear model with coefficients, you may also 

utilise the MATLAB polyfit and polyval functions. 

 

Steps: 

1. Load data into MATLAB framework. The “load” function is used to get dataset 

for a file. The data which is pre-processed and cleaned for better model prediction 

and accuracy. 

2. Assigning the data attributes in forms of variables of the model, the data is split 

into X and Y for training and testing. For training 70% data is given to model and 

30% for testing. X is determined as prediction variable and Y as response 

variable. Here “regress” function is used to build the model. 

3. To visualization the graph and hypothesis line, “plot” function is used and to 

analyse “scatter” function is used. 

 

Linear regression algorithm: 

Based on the value of another variable, linear regression analysis forecasts the value of the 

first variable. The dependent variable is the one you want to be able to forecast. The 

independent variable is the one you're using to make a prediction about the value of the other 

variable.The coefficients of a linear equation including one or more independent variables 

that accurately predict the value of the dependent variable are calculated in this sort of 

analysis. The disparities between the expected and actual output values are minimised by 

using linear regression to match a straight line or surface. There are straightforward linear 

regression calculators that employ the "least squares" technique to choose the optimal line 

given a set of paired data. The value of X (dependent variable) is then estimated from Y 



(independent variable). 

The linear regression method can be used in a variety of programs and environments, 

including: 

 R linear regression 

 MATLAB linear regression 

 Sklearn linear regression 

 Linear regression Python 

 Excel linear regression 

 

Leaders in businesses and organisations may improve decision-making by using linear 

regression techniques. Organisations gather enormous quantities of data, and linear regression 

helps them to use that data, rather than depending on experience and intuition, to better 

manage reality. It is possible to turn a lot of raw data into useful knowledge.Additionally, 

linear regression may be utilised to highlight patterns and correlations that your coworkers 

may have previously seen and assumed they understood, giving you superior insights. 

Analysing sales and purchase data, for instance, might show you specific buying habits on 

particular days or at particular times. Business executives may estimate when there will be a 

strong demand for their company's products using insights from regression analysis.We have 

utilised linear regression to forecast data in real-time using MATLAB. By computing model 

coefficients and presenting the model on top of the data, the MATLAB Basic Fitting UI helps 

you fit your data. Using the Basic Fitting UI to obtain more details. In order to fit your data to 

a linear model with coefficients, you may also utilise the MATLAB polyfit and polyval 

functions. For a sample, see Programmatic Fitting.The variables should be transformed to 

make the connection linear if a nonlinear model is needed to match the data. The 

Optimisation ToolboxTMlsqcurvefit function, the Statistics and Machine Learning 

ToolboxTMnlinfit function, or functions from the Curve Fitting ToolboxTM can also be used 

to directly fit a nonlinear function.  

This topic describes how to: 

 Perform simple linear regression using the operator. 

 Use correlation analysis to determine whether two quantities are related to justify 

fitting the data. 

 Fit a linear model to the data. 

 Evaluate the goodness of fit by plotting residuals and looking for patterns. 

 Calculate measures of goodness of fit R
2
 and adjusted R

2 
 

Steps involved in machine learning: 

1. Data Collection:  

When there is electricity available, the VCRS system used in the setup keeps the cold box at 

the ideal temperature of -5 to 8 degrees Celsius. The Phase Change Materials are kept at their 

specific freezing point so they may be used in the event of a power loss. [5]The data 

including the temperature, humidity values, its fluctuation if any, the location of the cold box 

in terms of latitude and longitude will be collected to the NODEMCU which is nothing but 

ESP8266 that acts as Wi-Fi module conveys all the information to the cloud storage for 

further process. 

2. Cleaning and pre-processing of data: 

Missing data, Null values, duplicate values were updated/removed for better precision and 

accuracy of prediction. 

3. Choosing an Algorithm:  



A statistical method called linear regression may be used to forecast the value of a variable 

based on the value of another variable.Thus, the optimal fit for the linear regression 

procedure is to provide continuous values of projected data. You may use regression analysis 

to gauge how strongly two variables are related. Regression analysis can tell you how much 

of the overall variability in the data is explained by your model using statistical metrics like 

R-squared / adjusted R-squared.It makes the modelling process easier and yields more 

comprehensible results. Because of its strong statistical base and mathematical evidence of 

performance guarantees, linear discriminant analysis is a preferable choice when you need to 

make predictions on fresh data points (i.e., the test set).In consequence, linear regression 

algorithm is most suitable and relevant for analysing and predicting two main parameters that 

are Temperature and Humidity for vaccine storage. 

4. Training the model:  

With the help of linear regression algorithm we have trained our model. This is where we’ve 

used all the data. Two splits as Testing data and Training data were created, The first dataset 

you use for teaching a machine learning programme to recognise patterns or perform to your 

criteria is called training data, whereas the testing or validation dataset is used to assess the 

correctness of your model. [6] 

5. Check if the model works:  

Furthermore, after model was trained we have checked accuracy and precision of the model 

which are further discussed in the report. 

6. Deploying is the last stage: 

Over the succeeding results model is deployed on web-app accompanied by other aspects.[7] 

Code for prediction of parameters using MATLAB and linear regression algorithm : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Data analysis: 
In this code, load is used to load your data from a text file / CSV file into MATLAB. X 

represents your predictor variables, and y represents your response variable. The stepwiselm 

function is used to perform stepwise linear regression, and the resulting model is stored in 

mdl. The predict function is used to predict new data using the model, with the new predictor 

variables stored in newX. Finally, yPred represents the predicted response variable. 

  Prediction of temperature: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Output: 

 
4.3.2 Prediction of humidity : 

 
 

 

Output : 



 

 

Data visualization : 

In this code, we first load the data and perform stepwise linear regression as in the previous 

example. We then create a scatter plot of the data using the first predictor variable (X(:,1)) 

and the response variable (y). We add a regression line to the plot by generating a range of x-

values (xRange) and computing the predicted y-values (yRange) using the predict function 

with the mdl model object. We then plot the regression line on top of the scatter plot using a 

solid red line with a width of 2 ('r-', 'LineWidth', 2). 

Finally, we add axis labels and a title to the plot, turn on the legend (which automatically 

labels the scatter points and the regression line), and turn on the grid.  

  Visualization of temperature parameter: 



 
Output : 

 
 

 



 
 

 
 



 
 

 
 

 

 



 
 

 

 

 
 

 

 

 

 

 

 

 

 
 

 



3. Experimental Set up 

 

 

 

  CATIA Model for Proposed system 

 

 

  Cabinet view 

 



 Experimental Setup: 

 

 

  Experimental Setup 

   

 

 

 

 

 



 

 

 

  Cabinet for Storage 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sensors used in experimental set up: 

 

  Block diagram of Sensors used. 

 

1. Data Logger module Logging Shield data Recorder Shield: 

 

1. SD card interface works with FAT16 or FAT32 formatted cards. 3.3v level shifter circuitry 

prevents damage to your SD card. 

2. Real-time clock (RTC) keeps the time going even when the Arduino is unplugged. The 

battery backup lasts for years. 

3. Included libraries and example code for both SD and RTC mean you can get going quickly 

Prototyping area for soldering connectors, circuitry or sensors. 

4. The onboard 3.3v regulator is both a reliable reference voltage and also reliably runs SD 

cards that require a lot of power to run. 

5. A dedicated and well-designed data logging shield for Arduino. 

 

 

 

 

 

 

 

 

 



2. Controller: 

 

 
  Controller 

● Arduino Uno R3 ATmega328p Development Board 

● Microcontroller ATmega328 (SMD) – Interface USB 

● Operating Voltage: 5V 

● Input Voltage (recommended): 7-12V 

● Input Voltage (limits): 5-20V 

● Digital I / O Pins 14 (of which 6 provide PWM output) 

● Analog Input Pins: 6 

 

 

 

 

 

 



 

Experimentation 
With KCl (10%) as PCM and Closed Door: 

 

  Observation Table for With KCl (10%) as PCM and Closed Door Condition 

Time (HH:MM:SS) 
Cabinet Temperature 

Without Door Opening 

00:00:00 -2 

00:42:00 -1 

01:08:00 0 

01:30:00 1 

01:47:00 2 

02:56:00 3 

04:01:00 4 

04:58:00 5 

06:09:00 6 

07:02:00 7 

07:56:00 8 

08:39:00 9 

 With KCl (10%) as PCM and Opened Door: 
 

Table 6.9: Observation Table for With KCl (10%) as PCM and Opening Door Condition 

Time 

(HH:MM:SS) 

Cabinet 

Temperature 

With Door 

Opening 

 

Opening Time 

In Seconds 

00:00:00 -3 5 

00:42:00 -1 5 

01:28:00 0 5 

01:20:00 1 5 

01:47:00 2 5 

02:56:00 3 5 

04:01:00 5 5 

04:58:00 6 5 

06:09:00 7 5 

07:02:00 8 5 

07:56:00 10 5 

08:39:00 11 5 

 



 With NaCl (5%) as PCM and Closed Door: 
 

  Observation Table for With NaCl (5%) as PCM and Closed Door Condition 

Time (HH:MM:SS) 
Cabinet Temperature 

Without Door Opening 

00:00:00 -2 

00:24:00 -1 

00:41:00 0 

01:06:00 1 

01:32:00 2 

01:51:00 3 

02:40:00 4 

03:27:00 5 

04:21:00 6 

05:10:00 7 

06:01:00 8 

06:54:00 9 

 

 With NaCl (5%) as PCM and Opened Door: 

 
  Observation Table for With NaCl (5%) as PCM and Opening Door Condition 

Time (HH:MM:SS) 

Cabinet 

Temperature 

With Door 

Opening 

 

Opening Time 

In Seconds 

00:00:00 -2 5 

00:24:00 -1 5 

00:41:00 1 5 

01:06:00 2 5 

01:32:00 3 5 

01:51:00 4 5 

02:40:00 5 5 

03:27:00 6 5 

04:21:00 7 5 

05:10:00 8 5 

06:01:00 10 5 

06:54:00 11 5 

 



  With Silica Aerogel as PCM and Closed Door: 

 
  Observation Table for With KCl (10%) as PCM and Closed Door Condition 

Time (HH:MM:SS) 
Cabinet Temperature 

Without Opening Door 

00:00:00 -2 

00:05:00 -1 

00:15:00 0 

00:33:00 1 

00:47:00 2 

01:17:00 3 

01:32:00 3 

01:47:00 4 

02:17:00 4 

02:47:00 5 

03:02:00 5 

03:17:00 6 

03:47:00 6 

04:02:00 7 

04:17:00 7 

04:47:00 8 

05:02:00 8 

05:17:00 9 

 

 With Silica Aerogel as PCM and Opening Door: 
  Observation Table for With Silica Aerogel as PCM and Opening Door Condition 

Time 

(HH:MM:SS) 

Cabinet 

Temperature With 

Door Opening 

 

Opening Time 

In Seconds 

00:00:00 -2 5 

00:05:00 -1 5 

00:15:00 0 5 

00:33:00 1 5 

00:47:00 2 5 

01:17:00 2 5 

01:32:00 3 5 

01:47:00 3 5 

02:17:00 4 5 



02:47:00 4 5 

03:02:00 5 5 

03:17:00 6 5 

03:47:00 7 5 

04:02:00 8 5 

04:17:00 8 5 

04:47:00 9 5 

05:02:00 10 5 

05:17:00 11 5 

 

With CaCl2 as a PCM and Closed door: 

 
Table 6.14: Observation Table for With CaCl2 as PCM and Closed Door Condition 

Time (HH:MM:SS) 
Cabinet Temperature 

Without Door Opening 

00:00:00 -2 

00:27:00 -1 

01:08:00 0 

01:22:00 1 

01:59:00 2 

02:53:00 3 

03:10:00 4 

03:40:00 5 

04:25:00 6 

05:10:00 7 

05:40:00 8 

 

 With CaCl2 as a PCM and Opening door: 

 

Table 6.15: Observation Table for With KCl (10%) as PCM and Opening Door Condition 

Time (HH:MM:SS) 
Cabinet Temperature 

With Door Opening 

00:00:00 -2 

00:27:00 -1 

01:08:00 1 

01:22:00 2 

01:59:00 3 



02:53:00 5 

03:10:00 6 

03:40:00 6 

04:25:00 7 

05:10:00 8 

05:40:00 9 

 

 Graphs and Comparative Results 

 Without PCM with Closed Door: 

 Following graph   indicates time versus temperature plot for cabinet when no PCM 

was used and without opening door of the cabinet. It is clear from the graph that temperature 

inside the cabinet increases rapidly when the power is not available. The trend shows that the 

temperature of the cabinet increases through 1 degree Celsius at laps of every 3 minutes. 

Initial Cabinet Temperature: 0 Degree Celsius 

Final Cabinet Temperature: 10 Degree Celsius 

Overall Duration for Temperature Rise: 49 minutes 

Average Duration for Rise of 1 Degree Celsius: 4.9 minutes 

 

  Time vs. Temperature plot when readings are taken without PCM and Closed Door 
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Without PCM with Opening Door: 

Following graph 6.2 indicates time versus temperature plot for cabinet when no PCM 

was used and with opening door of the cabinet. The door was opened for the duration of 5 

Seconds at an interval of 15 minutes. It is clear from the graph that temperature inside the 

cabinet increases rapidly when the power is not available. The trend shows that the 

temperature of the cabinet increases through 1 degree Celsius at laps of every 2-2.50 minutes. 

Initial Cabinet Temperature: 0 Degree Celsius 

Final Cabinet Temperature: 11 Degree Celsius 

Overall Duration for Temperature Rise: 49 minutes. 

Average Duration for Rise of 1 Degree Celsius: 4.45 minutes 

 

  Time vs. Temperature plot when readings are taken without PCM and Opening Door 
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  Comparison between Without PCM Closed Door and Opening Door: 

 The following graph   shows the comparison between cabinet temperatures at time 

intervals when reading are taken (i) without opening the cabinet door, (ii) by opening the 

cabinet door for 5 seconds at every lap of 15 minutes and during power off condition. It is 

clear from the graph that for condition (i), system could maintain the required storage 

temperature for about 40 minutes and for (ii), it could maintain the temperature for 36 

minutes only. 

 The difference is due to the fact that, when the door of the system is opened a sudden 

thermal load is introduced due to air exchange to compartments. Thus, the system has to 

work longer to remove the excessive heat and, as a result, its energy consumption increases.  

 

 Comparative bar chart when no PCM was used and With and Without opening door 
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Results: 

 Phase Change Materials when they are used for experimentation. Potassium Chloride 

(KCl 5%), Potassium Chloride (10%), Sodium Chloride (NaCl 5%), Calcium Chloride 

(CaCl2 5%), Silica Aerogel and Pure Water solution are implemented as Phase Change 

Material which act as Thermal Energy Storage and their results are turned into graphs as 

follows. 

 When readings are taken without any PCM, the system could maintain the 

recommended temperature i.e. 2-8 degree Celsius for nearly 49 minutes. This was due to 

energy exchange between surrounding environment and cabinet environment. When pure 

water was used as a PCM, the safe duration for vaccine was nearly 5 hours which was 400% 

more than that of no PCM condition. When 5% KCl was implemented as PCM, the safe 

duration increased up-to 7.15 hours and which acted as one of the best Thermal Energy 

Storage material throughout the experimentation. KCl 10%, when used as a Thermal Energy 

Storage the system could maintain required temperature for about 7 hours, which is nearly 

similar as that of the KCl 5% solution. The NaCl 5%, when used as PCM, safe duration was 

increase up-to 6 hours and proved to be an effective Phase Change Material. When Silica 

Aerogel was implemented as a TES, system could maintain prescribed temperature for about 

4 hours. CaCl2, a 5% calcium chloride solution, proved its incredible potential as a Phase 

Change Material, by maintaining safe duration for nearly 6 hours. 

For door opening condition, when readings are taken without any PCM, the system 

could maintain the recommended temperature i.e. 2-8 degree Celsius for nearly 44 minutes. 

This was due to energy exchange between surrounding environment and cabinet 

environment. When pure water was used as a PCM, the safe duration for vaccine was nearly 

4.75 hours which was 400% more than that of no PCM condition. When 5% KCl was 

implemented as PCM, the safe duration increased up-to 7 hours and which acted as one of the 

best Thermal Energy Storage material throughout the experimentation. KCl 10%, when used 

as a Thermal Energy Storage the system could maintain required temperature for about  6.30 

hours, which is nearly similar as that of the KCl 5% solution. The NaCl 5%, when used as 

PCM, safe duration was increase up-to 6 hours and proved to be an effective Phase Change 

Material. When Silica Aerogel was implemented as a TES, system could maintain prescribed 

temperature for about 4 hours. CaCl2, a 5% calcium chloride solution, proved its incredible 

potential as a Phase Change Material, by maintaining safe duration for nearly 6 hours 

 



 

   humidity vs timestamp 

 

 

   temperature vs timestamp 



 

Graph 6.24. timestamp vs aspect 
 

 
 

  Comparative analysis of various Phase Change Materials in Door Closed Condition 
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Conclusion: 

 

Experimentation had been carried out on Refrigerated vaccine storage container to 

investigate the performance of a refrigeration vaccine container using different combinations 

and mass fractions of PCM during power outages. Experiments were carried out under 

different mass fraction of KCl (5% & 10%), Silica gel and H2O phase change material. The 

number of compressors on -off cycle within a certain periodic time for different PCMs and 

without PCM can be pointed up. Use of Silica gel it has been possible to maintain evaporator 

cabinet temperature from 3
0
C for 4 to 5 hrs. Use of KCl 5% it has been possible to maintain 

evaporator cabinet temperature from 8
0
C for 4 to 5 hrs. Use of KCl 10% it has been possible 

to maintain evaporator cabinet temperature from 4
0
C for 4 to 5 hrs. Using water as PCM and 

certain thermal load it is found that the 7
0
C for 4 to 5 hrs.  While without out use of PCM 

continuous temperature drops takes places. For vaccine storage it is necessary to maintain 

temperature 2 to 8
0
C. During the compressor ON condition, the refrigerant takes the chamber 

heat by free convection if there should arise an occurrence of without PCM, which is more 

slow heat transfer process in regard to conduction measure. But PCM the vast majority of the 

heat in the cabinet is put away in the PCM during compressor running time. Also, because of 

high working pressing factor and temperature of the evaporator the thickness of the 

refrigerant fume increments, therefore the heat separated from the evaporator by the fixed 

volumetric rate compressor is higher than without PCM. From experimentation, it has been 

demonstrated that the utilization of thermal storage in vaccine storage kept a steady 

temperature for a more drawn-out span of time. 

We use machine learning to track and forecast variables like temperature and humidity while 

displaying data on a specified smartphone, tablet, laptop, or PC. The performance is tested 

with machine learning algorithms while condition of power cut off and power on. The 

following are the parameters on basis of which the performance of the project is tested 

Prediction of future temperature after certain time period. Prediction and analysis of 

humidity.Their data can go through ML algorithms which will predict the data so user can be 

aware of the probability of an outcome thus, we can create an opportunity to override any 

circumstances before any damage 
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