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Abstract: With the aggravation of energy crisis and environmental pollution, energy 

conservation and environmental protection have become the theme of The Times. As 

a developing country, China is short of energy and has a low utilization rate of energy. 

Energy conservation and consumption reduction have become the only way for 

sustainable development. Solar water heater is energy-saving and pollution-free green 

environmental protection products, in the field of clean energy utilization has made a 

prominent contribution, but there are still deficiencies, hot water use time is less, the 

water heater temperature reaches a certain temperature, the heat energy can’t be 

fully used, resulting in waste; Use one-time filling tank, solar energy to the whole box 

of water heating up to a certain temperature, because the water temperature is too 

high to cause heat waste. To solve the above problems, the project team designed a 

water heater system based on solar thermal difference power generation. The system 

improves the structure of the water heater storage tank, USES the principle of 

temperature difference to generate electricity, and improves the energy utilization rate. 

 

Keywords: Temperature difference power generation, water heater, detection and 

control. 

 

1. Main content and design method 

The temperature difference power generation simulation control system is designed, 

which mainly includes temperature liquid level detection system, temperature 

difference power generation system, battery pack, rectifier, inverter and stm32-based 

single-chip microcomputer control system. Combined with a hardware structure 

system and a software structure system simulation. The hardware structure layer 

includes temperature difference power generation structure, sensing element and 

battery module. STM32 single-chip microcomputer is used as the software control 

layer to detect the data of water heater temperature difference power generation, the 
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use of energy storage unit and other data of current equipment working condition, so 

as to realize the detection and management of energy. Can effectively improve the 

utilization of clean energy. As the energy storage element of the household internal 

network system, the battery pack stores the electric energy output by the power 

generation equipment. Rectifier and inverter and other converter devices to achieve 

ac and dc power conversion. 

The smart home new energy supply system designed in this project simulates the 

power demand of home users. The utilization rate of clean energy can be improved 

by using temperature difference power generation device. The intelligent control 

algorithm of thermal energy to electric energy is designed to simulate the energy 

management and economic operation of users between the domestic internal network 

and the large power grid, and realize the real-time collection and monitoring of the 

power data of the control system. (system structure diagram is shown in figure 1) 
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Figure 1 system structure diagram 
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Figure 2 system data transmission flow chart 

 

This project is based on the smart home new energy supply system of temperature 



Volume 5 Issue 12 2018 

   146 

difference power generation. The whole system consists of temperature difference 

generator module, sensing and power storage module device and data display module, 

as shown in figure 2. 

 

2. Thermoelectric module 

Thermoelectric converter. This component is the basic component for normal 

operation of the whole generator, which can achieve direct conversion of heat energy. 

The conversion efficiency of this conversion element is mainly dependent on the 

manufacturing material of the thermoelectric converter, as well as the corresponding 

design and manufacturing level. Based on SEEBECK effect (as shown in figure 3), 

thermoelectric conversion technology connects one end of two different thermoelectric 

materials (p-type and n-type) through excellent conductor Cu, and the other end is 

respectively connected with Cu conductor to form a PN junction and obtain a simple 

thermoelectric conversion module. At present, PV-TEG power generation system (as 

shown in figure 4) has been developed, and the energy conversion efficiency of the 

system is studied by combining with the maximum power point tracking system. It is 

found that the energy output efficiency of this composite power generation system is 

5% ~ 10% higher than that of PV power generation system. 

 
FIG. 3 SEEBECK schematic diagram 

 
Figure 4 Thermopile array and a simple TEG electrical model 

 

Thermoelectric generator.  

Since the power supply of a single thermoelectric converter is too small to achieve 
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effective conversion of heat energy, it is usually necessary to connect or parallel the 

single thermoelectric converter in series to form a temperature difference generator. 

The performance of the generator is mainly determined by the function of the 

thermoelectric conversion device itself and the corresponding arrangement. At present, 

the current use of flat – panel thermoelectric generator. 

Temperature difference generator output characteristic test. It is not difficult to find 

from table 1 that the actual output voltage, output current and output power 

temperature difference of the thermoelectric power generation module are directly 

proportional to the output characteristics of the thermoelectric power generation 

module under external fixed load. Within a certain temperature range, there is a linear 

relationship between the parameters of T-AS (t2-t1). 

Table 1 temperature difference values of voltage, output current and output power 
 

 

3. Detection module 

(1)Static pressure input liquid level transmitter (liquid level meter) is suitable for the 

stone supply and drainage system and the industry of various media liquid level 

measurement. Exquisite structure, simple adjustment and flexible installation mode 

provide users with convenience for easy use. A variety of standard signal output mode, 

and high water tightness, the water level of the water heater in a timely manner to 

the terminal data display. 

(2) NTC temperature sensor is adopted in the design, which is a thermistor and a 

probe. The principle is that the resistance value decreases rapidly with the rise of 

temperature. It is usually composed of two or three metal oxides, mixed in a fluid-like 

clay, and fired in a high-temperature furnace into a dense sintered ceramic. They can 

be as small as.010 inches or very small in diameter. The maximum size is almost 

unlimited, but is usually less than half an inch, and its features meet the design 

requirements of the system. 

(3)This design adopts STM32 series single-chip microcomputer in data processing. 

STM32 single-chip microcomputer is the core part of the whole control system. 

The preset 
voltage /V 

The actual 
voltage /V 

Current value 
/A 

Power 
value /W 

Temperature difference 
value /℃ 

0.3 0.303 0.151 0.0457 21.4 

0.4 0.445 0.222 0.0980 30.1 

0.6 0.611 0.305 0.1864 40.3 

0.7 0.714 0.356 0.2542 50.6 

1.0 0.949 0.475 0.4508 60.5 

1.1 1.095 0.547 0.5999 70.2 

1.3 1.297 0.614 0.7964 80.4 

1.5 1.496 0.736 1.101 90.1 
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Because of the high requirements for the controller, such as high execution speed, 

high control accuracy, high stability and high sensitivity, so choose a high performance 

and economic SCM becomes inevitable. This design with belong to the STM32 series 

STM32F103VET6 single-chip microcomputer as the core parts of the control circuit of 

the single chip microcomputer belong to ST electronics company produces the 32-bit 

high performance, low cost, low power consumption of enhanced series 

microcontroller, its kernel is ARM's latest research and development of architecture 

(M3 architecture, the kernel is specifically designed to meet the user requirement for 

high performance and low power consumption and the economic and practical. The 

architecture of ARM cortex-m3 processor has been enhanced in the system structure, 

making STM32 enhanced series of single-chip microcomputer benefit from infinite, 

and its THUMB-2 instruction set makes its instruction more efficient and stronger 

performance. As shown in the figure, STM32F103VET6 adopts thin quadrate flat 

packing technology (LQFP) with 100 pins, 512KB FLASH and 64KB RAM (12Bit A/D, 

D/A, PWM, CAN, USB, secure digital input and output card SDIO, variable static 

storage controller FSMC and other resources are integrated on the chip). STM32 

microcontroller using 2.0-3.6 V power supply voltage, can work in - 40 ℃ ~ 85 ℃ 

temperature range, its maximum work rate is 72 MHZ. 

 
4. Project organization and implementation 

Overall scheme design and construction of the system 

This project intends to design a set of temperature difference power generation 

simulation control system, which mainly includes temperature liquid level detection 

system, temperature difference power generation system, battery pack, rectifier, 

inverter and stm32-based single-chip microcomputer control system. Using the 

temperature difference between semiconductors to generate electricity to make full 

use of renewable energy generation can effectively improve the utilization rate of clean 

energy. As the energy storage element of the temperature difference power 

generation system, the battery pack stores the electric energy output by the power 

generation equipment. Rectifier and inverter and other converter devices to achieve 

ac and dc power conversion. According to the characteristics of household electrical 

equipment, dc load represented by LED lighting equipment and electric bicycle can 

directly convert the dc energy output by the battery into the dc energy (direct-direct) 

required by the equipment for dc load power supply, avoiding the power loss caused 

by traditional direct-ac-direct conversion. Design and determine the capacity of each 

equipment of the simulated temperature difference power generation system, and 

preliminarily build a home intelligent temperature difference power generation 

simulation control system platform. 
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Design of liquid level and temperature detection device. 

The water heater tank liquid level detection system, the use of liquid level sensor to 

measure liquid level, the CPU cycle detection sensor output state, and LCD display 

liquid level height, detection of liquid level data, such as the implementation of alarm 

safety tips, when the water level below the user setting value, the system 

automatically open water pump, when water levels reach the set value, the system 

automatically shut down the steering gear. Water level detection is to detect the water 

level in the water tank in real time by installing the liquid level sensor composed of 

four pairs of highlighted diodes and photosensitive triode in four different positions, 

and connecting P1.0, P1.1, P1.2 and P1.3 ports of the MCU from the top to the bottom 

at the four output ports, as shown in figure 5. 
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 Figure 5 tank level detection system 

Water heater water tank temperature detection system, through the fitting on the 

inner tank of the water heater temperature sensing device to measure the water 

heater, to obtain the measurement temperature T. (thermistor temperature sensor) 

and single chip microcomputer data, signal processing part, signal collection, 

temperature monitoring, the temperature sensor to realize the measurement of 

temperature, the temperature of the measured signal to data acquisition card of 

temperature collection, in order to realize the monitoring and control of temperature, 

improve the security and convenience of the system. The system principle block 

diagram is shown in the figure. When the system works, the temperature sensor 

converts the temperature change of the water heater tank into the current change, 

and then converts the current signal into the voltage signal processed by the 

acquisition card through the signal processing circuit. Then send the data to MCU, and 

through the analysis and processing of single chip microcomputer to input data, at the 

same time, according to the sampling the input signal, the size of the system output 

signal, then the output signal transmission to the external, the output is A digital signal, 

also need to A digital signal conversion, converted into analog signals, this system by 

D/A conversion circuit to realize D/A conversion. The signal after the mode/number 

conversion is sent to the subsequent system execution device, which ACTS according 

to the signal to realize temperature control (See figure 6.) 
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Figure 6 temperature detection system of water tank 

 

5. Design of temperature difference power generation system 

Water heater cistern is comprised by the hot water cavity inside its, the cold water 

cavity of conduit of much tap water. Cold water and hot water cavity between the 

diaphragm and diaphragm made of thermal conductivity materials, the temperature 

difference between the diaphragm chamber set up multiple electric connection 

between power generation module, temperature module of top and bottom 

respectively with two fit closely to the board face plate, plate cavity leads are 

connected with temperature difference power generation module electric power wire, 

electric wire connected to the electricity electric energy storage device; The cold water 

chamber is connected to the upper water pipe, the upper water pipe is connected to 

the tap water system, the hot water chamber is connected to the main outlet pipe, 

and an intermediate pipe is connected between the cold water chamber and the hot 

water chamber. Cold, hot water cavity between the diaphragm cavity form the heat 

exchange cavity, thermoelectric power generation module installed in the diaphragm 

chamber and the top of the module and underside respectively with cold and hot water 

cavity chamber wall joint, thus electromotive force generated by the temperature 

difference between the two water cavity multiple modules generated electromotive 

force ultimately stored in the storage battery energy storage device such as a, thus 

for electricity. 

 

6. Research on temperature difference power generation control 

algorithm. 

Under the premise of ensuring the reliable operation of smart home network, the 

economic operation of the system is realized. Through software regulation, switching 

switch is controlled to realize economic operation between smart home Intranet and 

large power grid. It mainly includes two aspects: parallel operation and off-network 

operation. When the smart home is connected to the Internet, it can maximize the 

utilization of renewable energy (temperature difference power generation) to generate 
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electricity and realize economic operation. When the independent operation ability, it 

can effectively deal with the large power grid blackout and other emergencies, improve 

the reliability of power supply within the system. The following two operating 

conditions are intended to be realized on the micro-grid simulation platform. 

First: in each mode, in case of sudden power failure of the municipal power supply, 

the battery power supply shall be switched immediately until the battery is reduced to 

the set value, and then the battery shall be calculated and used after the municipal 

power call. 

Second: energy saving mode: when the battery power meets the usage amount, the 

battery is used for power supply; when the battery power is lower than the set value, 

the municipal power is used for power supply; when the battery is full, part of the 

power is connected to the grid and sold to the power company, as shown in figure 7. 
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Figure 7 system control flow 

 
Design of temperature difference power generation management system 

This system collects real-time data of temperature difference power generation, 

battery storage capacity, and user power consumption. The upper computer, mobile 

phone and other Internet devices are used to realize the real-time monitoring and 

energy management of the household temperature difference power generation 

system. Users can clearly understand the actual storage and use of the family battery 

group. The control interface of the system has real-time data display, energy saving 

calculation, power consumption calculation, monthly electricity bill settlement and 

other data display. At the same time, the control interface has the system start, stop, 

manual mode switching and other control functions 

7. Project innovation 
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This project has the following three innovations, specifically as follows: 

(1) it has the prediction function of battery power generation. Based on the traditional 

temperature difference power generation module, the prediction function is added to 

reasonably predict and distribute power through model simulation and data analysis. 

(2) Design the detection function of liquid level and temperature. In the working and 

using stage of the equipment, it has the function of monitoring and analysis, and USES 

advanced measurement and sensing technology to effectively control and manage the 

operation of the current equipment. 

(3)The hardware structure was redesigned, and the placement position and wiring 

method of temperature difference power generation plates were changed to greatly 

improve the power generation efficiency. 

 
8. The application prospect of 

Market prospect analysis of the project 

Due to its unique advantages, temperature difference power generation technology 

has shown a very good application prospect in the civil household. At the same time, 

as a kind of green and environmental protection power generation method, the 

application in the civil field has developed rapidly in recent years. Although the 

efficiency of thermoelectric power generation is generally lower than 14% at present, 

with the research and development of new high-performance thermoelectric materials 

and reliable thermoelectric generators, thermoelectric power generation technology 

will give full play to its advantages in low-grade energy utilization. 

Social benefit analysis of the project  

Smart home new energy supply system based on temperature difference power 

generation focuses on "new energy", a hot social issue at present. "Heat" is also the 

most important release form of unused energy in human social activities. There is no 

use of low grade industrial waste heat under 200 ℃ of mature and economically viable 

technology. Therefore, low-grade waste heat belongs to undeveloped "green energy". 

The direct pollution-free power generation of low-grade waste heat with 

thermoelectric materials has obvious social benefits and certain economic benefits. 
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