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1. INTRODUCTION

Energy availability is one of the most crucial factors for the advancement of a nation’s economy and
social development. Malaysia is gifted with an abundance of renewable energy sources such as hydro, wind,
solar, geothermal and tidal wave but most of these renewable energy resources are currently not fully utilized
[1, 2]. Greater utilization of these assets will require focused efforts on different perspectives as well as
exhaustive tests. Solar is one of the most used techniques that can be seen implemented in many places
in Malaysia.

Solar energy is one of the most popular types of renewable energy in Malaysia because of its easy
implementation. Most companies and even private household in Malaysia used solar energy as their alternative
source other than the typical electricity supply [3]. One thing to consider when using solar panel is it is usually
expensive when it comes to maintenance, and the size of the tile is rather large and consumes a lot of space for
the implementation [4, 5]. Thermoelectric generator (TEG) module is another alternative way to harvest the
heat energy and convert it to electricity as what solar panel did but with a low cost [6, 7]. In this paper,
a product prototype has been invented by using the TEG module, to convert the heat energy into electrical
energy and channel it into AC and DC. TEG is used in this project mainly due to the cheap cost and easy
maintenance. TEG module is small and doesn’t consume much space if compared to a solar tile [8].

Recently many researchers are interested with energy harvesting, which is the process of extraction
energy from the external surrounding of an environment. Olsten [9] claimed to answer for little off grid-scale
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control by misusing the temperature inclination that exists in the normal environment. The results shown in the
paper shows that the proposed device can function both in the wintertime as well as summertime. In 2017,
Sweta Kumari proposed combining low voltage internal start-up circuit and DC-DC boost converter for low
voltage TEG. Reported results showed that the maximum power output voltage of 40 uW has been extracted
across the inductor base boost converter [10]. Additionally, Nazri [11] introduced Portable Power Supply
(PosHEAT) as renewable energy which produces electrical energy from waste heat. The paper highlights the
Seebeck theory and electrical system design for storage of the energy. According to the results, the selected
Seebeck unit can produce enough energy to charge any type of mobile phones.

Other previous studies present proof of a feasible TEG-based gadget, but the devices perform
differently under different climate conditions and distinctive outline parameters. For the development of this
system, the electrical energy received from the TEG will be stored in a battery, and it will continuously recharge
itself as long as the burning process is happening. A real-time monitoring system integrated with 10T is also
implemented for the purpose of collecting data such as emissivity of the material, temperature, voltage that
produce by TEG based on the material for a span of time and smoke parameter that has been filtered. This data
is used for analysis and improves this system better as value-added innovation for future commercialization.
As of late, cell phones have turned out to be very popular and is the most used gadget. In any case, a cell phone
is a gadget that is power-hungry. If the cell phone battery is empty after use, the cell phone couldn't be used
again until the battery is recharged.

2. METHODOLOGY

TEG module is used as the primary element to convert the heat energy into electrical energy [12] and
the output from the TEG will be stored into a battery and it will keep recharging while the burning process is
happening. Figure 1 shows the block diagram of this system. Biomass source such as wood, leaves, twigs,
paper, and charcoal were used for testing the product and the resulting output is analyzed in terms of the
material heat emissivity to understand the power gain produced according to each material [13]. Sensors such
as temperature, smoke, weight, and current are installed and connected to the Arduino Uno for extracting the

data and imported to the cloud server.
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Figure 1. Block diagram of the project

Blynk server was used as the cloud services in this project, and the logged data can be retrieved in the
form of an API that is connected to Android smartphones and GUI based system on a PC. The monitoring
system is activated via the ESP8266 by using hotspot from the phone and the data is continuously sent to the
cloud. The stored power source from the battery which is in DC supply will also be inverted to AC supply so
that any electrical appliance can be connected directly to the power socket [14, 15].

Furthermore, 5 different sensors are used in this hardware in order to capture 5 different variables of
data. The sensors are weight, voltage, current, temperature and smoke. The temperature sensor used here is
thermocouple which can measure temperature ranging from 0 to 1024 deg C (32 deg F to 1875 F) [16-18].
Next, the weight sensor HX711 load cell amplifier can measure up to 5kg. MQ-7 module Carbon monoxide
gas sensor was used to detect the smoke and the detectable concentration is10-1000ppmCO. 5A Range Current
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Sensor Module ACS712 was used to read the current reading and voltage detection module voltage sensor for
Arduino voltage with a detection range of DC 0.02445V-25V [19] was used to record voltage reading.

2.1. Hardware Implementation

There are five important elements in order to execute this project successfully, which are; TEG
module, Arduino, sensors, ESP8266 Wi-Fi module, and cloud or server platform. As shown in Figure 2(a) the
TEG module starts operating when the burning process starts. All related sensors are an inactive state in order
to record the related information. The stored data in the cloud can be retrieved at any time.

The resulting electrical energy will be stored in a battery and will continuously recharge the battery
whenever the energy is produced from the TEG. Figure 2(b) and (c) shows DC and AC power will be created
that is equivalent which can be utilized for higher and lower voltage appliances and different information
gathered to improve the current efficiency and to know how to control the burning techniques and ways of
producing the current in steady as just by using burning process by creating the monitoring system using API
or GUI platform. After receiving information from sensors, Arduino will interpret the information and converts
it to understandable parameters [20]. All the data which was interpreted by Arduino will be transmitted to cloud
using ESP 8266 wifi module via PC-based GUI and Android interface [21].

Figure 2. Hardware implementation. (a) Hardware testing by using the TEG module,
(b) DC power source, (c) AC power source, (d) Hardware overall view

2.2. Software Implementation

The fundamental stage associated with building this project are; TEG module that is used to convert
the heat energy into electrical energy, Arduino Uno microcontroller, sensors: voltage, current, temperature,
load, smoke, and humidity, lastly a platform to store every one of the information through cloud IoT [22].
Arduino IDE programming is utilized as a part of request to program ESP 8266 Wi-Fi module and Arduino
circuit. Google service is used to store all the data starts from the voltage, temperature, humidity, AC and DC
voltage that will be generated through the different type of interfaces and stored via a cloud platform.
Finally, all these interfaces are developed to monitor the data based on real-time data collected whereby graphs
can be produced by selecting different variables such as voltage, current, temperature, weight, and smoke.

3. ANALYSIS AND DISCUSSION

There are 5 types of variables taken into consideration which are voltage, current, temperature, weight
and smoke observed. These are recorded and analyzed based on different types of material burned such as
leaves, twigs, wood, paper, and charcoal.
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3.1. Method of Analysis

The method used in order to perform the analysis for the data collected is descriptive and linear
regression analysis. Descriptive analysis is brief enlightening coefficients that sum a given informational data,
which can be either a portrayal of the whole populace or an example of it. Descriptive statistics are separated
into measures of focal propensity and measures of a variable, or spread. Basically, this method is the best
prediction at utilizing an arrangement of information to make some sort of data forecast. For this system,
based on the collected data and by selecting different variables such as voltage, current, temperature, weight,
and smoke; a linear regression graph is produced.

3.2. Descriptive Analysis

The obtained results are based on the real-time data of the burning process monitored by Blynk as
shown in Figure 3(a). The data can also be monitored using MIT Android app as shown in Figure 3(b).
The graphical user interface (GUI) as in Figure 3(c) plays a vital role here where all the monitored data are
stored in Google service and can be retrieved any time from the cloud for analytical purposes.

In Figure 4, a voltage versus time graph was produced. Based on the raw data collected from Blynk
cloud it can be analyzed that each material produces different voltages in a short span time of 1 minute.
In Figure 4 and Figure 5, it can be observed that charcoal produces the highest voltage and power when burned.
The amount of energy harvested is the highest compared to other materials. The output power generated which
was calculated by using the formula P =V x I also supports this. Theoretically, this can be explained by Ohm’s
law that states that when voltage increases, current also increase as current (1) is directly proportional to voltage
(V). As voltage and current increase, power also shows a drastic increase. Wood ranks second for heat
emissivity after charcoal because the fixed carbon produced by wood is lower compared to charcoal. Power
increases gradually and the material is able to sustain an acceptable amount of voltage for producing electricity.
Leaf emits less power due to its low emissivity value. In order to cope with this matter, leaves have to be burned
in a larger scale so that more voltage is produced.
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Figure 3. Type of interfaces. (a) Blynk, (b) MIT App Inventor, (c) Graphical User Interface (GUI)
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Figure 4. Voltage versus Time graph for five different materials
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Figure 5. Power obtained versus Time graph for five different materials

3.3. Linear Regression Analysis

After analyzing different type of materials, a conclusion was made where charcoal was determined as
the best material for power emission. In order to prove this statement, a linear regression analysis was
conducted and a linear regression line was produced as shown in Figure 6. Based on the analysis conducted
multiple r value obtained was 0.894223, which means that the value recorded is near to 1. Theoretically, if the
r value always lies between -1 and +1 means there is a correlation between the two variables [23-25].
Hence, this is called a strong positive linear correlation. This is because in terms of producing higher power
more weight of the material needs to be burned. Thus, increasing the weight of the material will result in an
increase in power generated.
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Figure 6. Best line fit graph based on the charcoal regression

3.4. Mathematical Equation

The linear regression line has an equation in the form of where x is an explanatory variable and is the
dependent variable. The line slope is b, and a is the interception (the value of y when x = 0) [26]. Based on the
data analyzed for charcoal the equation below was produced:

y =-8.51561+ 7.343922x

This mathematical equation is valuable when making future forecast or signs of past conduct.

4. CONCLUSION

People need electricity more importantly during disaster or power outages. This system promises a
lot, not only providing electricity during the disaster but this invention can also charge electronic gadgets during
outdoor activities such as camping or other activities that makes the traditional electricity inaccessible.
The current practice of carrying gas fuel during camping to power up generator can cause major problems
where it can spill and increase fire hazard. Moreover, fuel can be pretty expensive in the long run. By using
this system, as long as there is a biomass supply of leaves, twigs, wood, paper or charcoal around, it can provide
the power source for phones, radio, and light.

This system can also store power inside a rechargeable battery so users can fully charge it prior to
leaving for trips and it can aid communication during a disaster or other emergencies. Additionally, this system
demonstrates a new method of low-cost energy harvesting compared to solar panels or water turbines.
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In a nutshell, continued research is being conducted to improve this system to reduce the size and also
to reduce the smoke emission by adding filters in order to enable cleaner air emission from the system.
In addition to that, continued research is being done in terms of analyzing the data collected in order to enhance
the quality of the product so that this product can be commercialized.
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