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Abstract: This work is based on the use of waste heat from the temperature difference semiconductor heat 
exchanger, which can effectively use the waste heat in the exhaust gas, and convert it into electrical energy 
output through the temperature difference semiconductor material, which can increase engine efficiency and 
reduce energy consumption; at the same time, it can reduce engine noise and vibration. Extended service life. 
Due to the strong electromagnetic interference and severe vibration of the generator, there are few remote 
control devices on the market for the generator. This project uses a 2.4G wireless communication module to 
control the frequency conversion and speed regulation of the generator. In order to save manpower, start 
remotely, stop as soon as possible, monitor the operating status of the waste heat temperature difference power 
generation, reasonably replace the power, start quickly, and reach the electromechanical Integrated product. 
The realization of intelligent frequency conversion technology can adjust the engine speed according to 
different electrical appliances, adapt to external loads, realize automatic voltage adjustment, and save fuel 
consumption. The grid-connected system solves the frequency and phase problems of generators of different 
models, generations, and manufacturers in parallel, and realizes the re-mixing of old generators, which greatly 
improves the service life of engines and the best power generation supply, and reduces power generation 
systems and storage. The configuration cost of the energy unit improves the comprehensive utilization rate of 
the equipment, has a higher working efficiency, has good economic benefits, and can achieve the purpose of 
energy saving and emission reduction. 

1 Introduction 
At present, most ship generators have low power 
generation efficiency, high noise, and exhaust pollution of 
the environment, which cannot achieve efficient 
applications. Various types of engines on the market are 
uneven. As the power consumption continues to increase, 
the number of units is also increasing, and the generators 
have a long service life. There are many generators of 
different sizes and models that form a single unit. For chip 
power supply, because the load is not easy to deploy, it 
causes large frequency and voltage fluctuations, which 
affects the quality of power supply. At the same time, the 
output power of the generator is not fully utilized, which 
reduces the efficiency and increases the fuel consumption 
per kilowatt-hour. The current generator is relatively noisy 
and the exhaust gas is polluted heavily. Every time the 
generator is turned on, people need to operate the interface, 
pull the start handle and adjust the size of the damper. The 
operation is tedious, and the shutdown is very 
inconvenient and difficult. Learned the operating 
conditions of the generator in the working process. Once 
the working conditions suddenly change, the voltage 
suddenly changes, and the power frequency changes. If 
the generator is not adjusted in time, it will bring serious 
consequences to the load circuit and damage the 
equipment.[1] 

At present, these solutions on the market are to change 
the current operation of multiple motors to multiple 
parallel operation. At the same time, the grid connection 
increases the load capacity of the power grid, which 
determines the stable voltage and frequency. However, it 
is more difficult for multiple units to run in parallel, and it 
is easier to run the same model in parallel. In fact, most 
units' generators are temporarily purchased as the power 
consumption increases, resulting in different models and 
mixed use of old and new products. Difficulty has become 
the reason why many units still stand alone.Gasoline 
generator fuel only accounts for about 40% of the energy 
consumed. The remaining 60% of the energy is not fully 
utilized. Of this energy, 30% -45% of the energy is taken 
away by engine exhaust emissions. Most of this energy is 
dissipated through heat, causing serious air pollution. In 
addition, the gasoline generator has a high exhaust 
pressure and high temperature, and the exhaust 
temperature can reach about 400℃. 

Based on the above background, the project team 
designed the marine grid-connected engine unit based on 
the waste heat utilization of the temperature difference 
semiconductor heat exchanger. Compared with the current 
market engine units, this device uses the waste heat for 
temperature difference power generation, which not only 
saves energy, but also Because the heat is used for 
temperature difference power generation, the thermal 

E3S Web of Conferences 165, 06003 (2020) https://doi.org/10.1051/e3sconf/202016506003
CAES 2020

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution  
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



 

*Corresponding author’s e-mail: 981282100@qq.com 

efficiency of the gas turbine is improved and the noise and 
vibration of the ship are reduced to a certain extent.[2] 

2 Proposed study plan 

2.1. Temperature difference power generation 
module 

The temperature difference power generation module used 
in this device has four layers, and the connection topology 
of each layer adopts the connection mode of parallel 
connection of modules in columns, serial connection of 
modules between columns, and serial connection of 
modules between layers. First, the exhaust gas of the 
generator is equipped with a temperature difference 
semiconductor heat exchanger device. The structure of the 
heat exchanger is laminated and stacked by multiple 
single-layer temperature difference power generation 
devices. The structure is compact, including multiple 
waste heat channels and cooling channels, and the total 
working area Large, exhaust gas heat energy utilization 
efficiency is high. The cascading structure can add / 
remove channels, realize flexible configuration, and meet 
various power requirements. 

 

Figure 1. Working principle of temperature difference 
semiconductor 

2.2. Gasoline generator grid-connected 
conversion device 

(1) Control module 
Genset parallel controller is used for the manual / 

automatic parallel system of multiple gensets with the 
same capacity or different capacities, and is suitable for 
the constant power output of a single genset and the grid 
connection to the mains to achieve automatic startup / stop 
/ parallel operation, data Measurement and alarm 
protection. 

(2) Parallel control system 
The controller obtains the target voltage value and the 

target current ratio from the host controller; the generator 
is driven by the motor to generate three-phase AC power 
and rectify it in parallel to supply power to the load. When 
the system is running, the controller receives the output 
current signal of the generator from the current sensor and 
collects the output voltage signal. The control amount is 
calculated by the specific control strategy. The excitation 

current of the two generators is controlled by the pulse 
width modulation signal (PWM). , And then control the 
voltage and target current ratio output of the system. 

 

Figure 2. Control module diagram 

(3) Voltage automatic frequency converter 
At present, generators on the market have popularized 

AVR (Automatic Voltage Regulator) components, which 
can automatically adjust the generator's speed and throttle 
according to the generator load. No manual intervention is 
required to effectively reduce the impact of the starting 
surge current on the power grid. The additional strong 
excitation provides support when the grid fault voltage 
drops, and strengthens the grid stability. Additional 
adjustment to achieve reasonable distribution of reactive 
power. 

3 Research content and research 
objectives of the project 
Design an engine unit based on the exhaust gas waste heat 
utilization of a temperature difference semiconductor heat 
exchanger, which can effectively utilize the waste heat in 
the exhaust gas, convert it into electrical energy output 
through the temperature difference semiconductor 
material, increase engine efficiency, reduce energy 
consumption, and reduce engine noise And vibration to 
extend service life. This project uses a 2.4G wireless 
communication module to control the frequency 
conversion and speed regulation of the generator, save 
manpower, start remotely, stop on demand, start quickly, 
and achieve mechatronics. This project uses intelligent 
frequency conversion technology, which can adjust the 
engine speed according to different electrical appliances, 
adapt to external loads, realize automatic voltage 
adjustment, and save fuel consumption. The grid-
connected system solves the frequency and phase 
problems of generators of different models, generations, 
and manufacturers in parallel, and realizes the re-mixing 
of old generators, which greatly improves the service life 
of engines and the best power generation supply, and 
reduces power generation systems and storage.[3]  
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extend service life. This project uses a 2.4G wireless 
communication module to control the frequency 
conversion and speed regulation of the generator, save 
manpower, start remotely, stop on demand, start quickly, 
and achieve mechatronics. This project uses intelligent 
frequency conversion technology, which can adjust the 
engine speed according to different electrical appliances, 
adapt to external loads, realize automatic voltage 
adjustment, and save fuel consumption. The grid-
connected system solves the frequency and phase 
problems of generators of different models, generations, 
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4 Innovative and advanced 
1) The use of exhaust gas waste heat from temperature 
difference semiconductor heat exchangers can efficiently 
save energy, reduce the configuration costs of power 
generation systems and energy storage units, increase the 
overall utilization of equipment, and achieve energy 
conservation and emission reduction; 

2) Utilize remote control and intelligent frequency 
conversion, adapt to external load, realize automatic 
voltage adjustment, save fuel consumption; 

3) The grid-connected system realizes the mixed use 
of old generators, which greatly improves the service life 
of the engine and the power supply. 

5 Expected economic benefits and 
promotional value 
In this project, the temperature difference between the 
exhaust heat of the gasoline generator and the cooling 
water is used to generate electricity.[4] A stacked 
temperature difference semiconductor heat exchanger is 
installed. The cold end is continuously cooled by the 
external circulating water pump, and the temperature 
difference is obtained. The obtained electricity is stored in 
In the battery, according to different working conditions, 
the corresponding electric energy output is replaced for 
work. Based on the flat-type temperature difference power 
generation device, there are two layers of hot-end water 
tanks, three layers of cold-end water tanks, and four-layer 
temperature difference power generation modules.[5] 

After that, we designed a temperature difference 
semiconductor experimental bench according to the 
characteristics of the generator's operating conditions, and 
carried out the relationship between the output voltage and 
power of each temperature difference power generation 
device under the condition of forced water cooling. The 
experiment is performed between the hot end temperature, 
the cold end temperature, and the cold and hot end 
temperature.[6] The flue gas temperature is 400℃, which 
can output 427.23W thermal efficiency of 5.01% , it can 
output 241.244W thermal efficiency 2.7%. Through actual 
measurement, the improved device can achieve: single-
machine energy saving of 14.75%, and generator set 
energy saving of 21.34%. Combined with remote control 
to monitor the real-time condition of the engine, and using 
structural innovations, the excess energy utilization rate 
reached 20%[7]. 

6 Conclusion 
This project is based on the most critical energy utilization 
issues in energy saving and emission reduction. The 
products designed can fully reduce the labor cost 
consumption. The temperature difference semiconductor 
heat exchanger can improve the efficiency of generators, 
reduce exhaust emissions, and increase the number of 
grid-connected systems. The two generators generate 
electricity together, increase the output power, and use the 
generator set under different conditions to run. Both the 

grid-connected system and temperature difference 
semiconductor power generation require a set of remote 
intelligent control to monitor the real-time condition of the 
generator. Therefore, the project has good prospects and 
broad development space. 
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