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Abstract 
Due to urban extension, air pollution is continuously getting to be a vital issue in present day social 
orders, particularly in metropolitan zones. Owing to the tremendous characteristic gas assets in 
Iran, a significant number of residential, commercial and industrial sectors use the central heating 
unit (CHU) as a source for warming. Emission of pollutants from these sources not only increases 
environmental degradation and energy consumption, but it also decreases the working life of 
heating systems and the safety factor. Thus, planning and improvement of inventive frameworks 
in this division can result in noteworthy diminishment of pollution and increment of energy 
consumption productivity. In this paper, a smart CHU has been designed and implemented, using 
an innovative intelligent network with the aim of optimizing burner performance in a 2250 square 
meter residential building. Furthermore, carbon monoxide (CO) emission and fuel consumption 
were analyzed and reduced simultaneously. The use of software and hardware elements in the 
design has reduced the working hours of the burner and improved its performance according to 
the required heat capacity at different times of the day.  The result of this innovation showed a 
reduction in CO emission by 28% and an increment in energy saving by 25%, in comparison to 
the initial state. This study further indicates how intelligent control can significantly lower the 
pollution and optimize energy consumption. 
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Introduction 
 
Innovation headway for comforting to the needs of society comes about in the increment in fossil 
fuel consumption, and it has been demonstrated to cause destructive impacts on the environment 
such as excessive emissions of pollutants and significant reduction of energy sources (Clitan et al. 
2021; Pfeiffer et al. 2021; Shayesteh et al. 2019). Hence, execution of strategies with trendy 
instrumentation in numerous segments to provide energy consumption management, reduction and 
control of the pollutants' emission has gotten to be a need of most of the developed and developing 
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nations (Li et al. 2020; Mahapatra et al. 2021). Air pollution in Iran, especially in the metropolis 
of Tehran is increasing dramatically (Zahed et al. 2010). Heating units in residential, commercial 
and office buildings consume 40% of the produced energy, and they have a substantial stake in 
pollution and energy consumption (Ravanshadnia and Jahromi, 2018). Among energy carriers 
consumed for building heating, natural gas has the most elevated share with 67%. Thus, with 
current infrastructures and the use of the boiler systems in cities, an endless sum of this asset is 
consumed by means of building segments within Iran annually (Khosroshahi and Sayadi, 2020). 
Since the natural gas resources are depleting at a high rate due to consumption and exploitation, 
creating strategic infrastructure and investment in economical consumption is an associate 
imperative matter. Central heating units in Iran face problems such as excessive energy 
consumption due to lack of seasonal thermostat settings and improper operation of the burner, 
which replaces the existing worn and dense infrastructure with various problems and heavy costs. 
Therefore, the discussion of replacing motorhomes with new heating systems in the country is 
impractical and purely abstract (Fazeli et al. 2020; Salimi et al. 2020). Due to the mentioned 
administrative and economic problems, the use of integrated energy systems through intelligent 
control has a decisive role in using the existing infrastructure as efficiently as possible with the 
aim of sustainable development (Kaczmarczyk, et al. 2020; Sabru, 2021). 

Smartening in CHUs is often designed and implemented by improving operating conditions by 
considering consumption habits. Inadequate burner performance, poor quality of the burners and 
the lack of optimization of the operating conditions cause that CO emissions in a number of active 
engine rooms in Iran are six times higher than the world standard (Aghamolaei and Ghaani, 2020; 
Ahmadi et al. 2020). Various scenarios have been predicted and investigated to improve burner 
operating conditions. Preheating the inlet air to the burner is one of the effective solutions in this 
field (Wang et al., 2019). Concurring to the energy surveys conducted in CHUs, the complete 
combustion of fuel requires the appropriate stoichiometric mixture of fuel and Oxygen (λ) in the 
combustion chamber (Kotb and Saad, 2018). If the amount of air is less than required, combustion 
is incomplete and lower the productivity of the CHU (Denev et al., 2017). On the other hand, 
excess air volumes beyond the permitted level can cause heat loss (He et al., 2021). In expansion, 
the amount of produced CO gets increased if the amount of the excess air is more than 80% (Shu 
et al. 2019; She et al. 2020). In this regard, one of the solutions to improve the performance of the 
burner and its accessories is to adjust the amount of excess air by using sensors for complete 
combustion of the fuel; where with the data acquired from this sensor, the air intake of the boiler’s 
burner can be adjusted (Moein et al. 2018; Dai et al. 2020; Pichler et al. 2021). 

Optimization of burner operation time at different hours of the day based on consumption habits 
is one of the determining indicators in environmental and energy parameters (Sovacool and Del 
Rio, 2020). Lu et al. (2010) used sensors to determine the presence of people in the building. Due 
to the information received from these sensors and the improvement of engine room performance, 
they were able to reduce the energy consumption of the building's heating system compared to the 
previous state. In a study examining the consumption behavior and patterns of households in 
southern Germany, especially for older buildings and households with a lot of free time, Nägele et 
al. (2017) found that intelligent heating control by using sensors and programmable thermostats 
reduced energy consumption by at least 21 percent over a 14-month period. 

Hot water is controlled manually in existing boiler rooms, and the adjusted temperature of the 
thermostat does not change in diverse seasons and hours of the day. Also, in numerous 
nonresidential buildings such as educational, commercial, and offices, the buildings are not used 
permanently and only operate at specific hours of the day, so there is no need for the CHUs to run 
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out of the operating hours. This could impressively increase the amount of pollution and energy 
consumption. In this paper, a smart CHU has been designed and implemented, using an innovative 
intelligent network with the aim of optimizing burner performance in a 2250 square meter 
residential building. Furthermore, carbon monoxide (CO) emission and fuel consumption were 
analyzed and reduced simultaneously. 

 
2. Methods and Materials 
 
Case study 
 
This study provides an overview and quantitative evaluation efficiency of a smart CHU for a 2250 
square meter residential building located in Tehran-Iran. In this plan, in addition to the indicators 
determined in the way of smartening, by identifying the equipment in the engine room, including 
cast iron burners and boilers and the type of operation and their capacity in the system, the type of 
control equipment and actuators are selected (Table 1). 
 
Table 1. Technical specifications of the studied engine room 
Characteristic Details 

Building specifications Residential building / 2250 square meter 
Number and type of boiler 8-blade turbo cast iron boiler with a nominal capacity of 243,000 kcal 
Thermal capacity 55000 kcal 
Number and type of burner Iran Radiator Burner with 260000 kcal capacity 

Control tools 

Micro Controller ATMEGA328P-PU 
Actuator 
Carbon Monoxide detection sensor MQ-7 
Thermal Sensor NTC 

 
Applied methods 
 
First step in optimizing the effective parameters to decrease pollution and increase efficiency in 
the boiler's room is the deployment of software and hardware components. Amid this analysis, an 
actuator is installed on the burner to regulate the inflow of air to the intake of the burner in 
conjunction with a control circuit designed and installed to control the flow of air. 

Next, a CO sensor is installed in the burner’s exhaust vent and a thermometer was installed 
inside the hot water pipeline, creating a network of CO and temperature gauges connected to the 
air valve control. The required amount of heat for heating the building is programmed into the 
burner in reference to the data received from the software and hardware elements. The required 
amount of inlet air to the burner is continuously calculated, through the data acquired by the 
sensors, in such a way that energy consumed by the burner is differed by the hours of day and the 
required heating capacity. 

To simultaneously optimize the pollution index and efficiency of the CHU in the study, the data 
acquired by the installed sensors are recorded first, while the air valve is adjusted for the lowest 
CO outflow. By this data, the amount of consumed O2 is extracted, and consequently the amount 
of λ in the lowest amount of CO emanation is calculated. In the following process, with the 
acquisition of data by the smart network and the actuator, the amount of air valve of the burner in 
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the studied heating system is balanced based on λ=1 and the amount of emission CO in this setting 
is measured. 
 

 
Figure 1. Smart Control Module installed in the study unit 

 
After analyzing the acquired data to the micro-controller, the air valve is adjusted for the lowest 

CO emission and the best fuel consumption rate, and the software program for the micro-controller 
and the designed network is programmed accordingly. Therefore, in each step the average of input 
data is first received and after that, the air valve is adjusted every 5 minutes according to the data 
and conferring to the required parameters.  

 

 
Figure 2. Flowchart of control program designed in the CHU  
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Analysis 
 
Energy consumption measurement 
 
Effects of the temperature parameter on the efficiency of the system is examined through the 
installation of observation devices and analysis of the combustion byproducts in the burner of the 
boiler's room. Due to the control of the heating capacity produced by the burner, the temperature 
of hot water is measured by the sensors before and after the utilization of the smart system as 
depicted in figure 2.  

Figure 3 shows the temperature changes recorded for water flow, with respect to the 
optimization of burner performance compared to the initial state. Also, the maximum temperature 
recorded during different hours of the day is 76 (℃) as shown in figure 4. 

 

  
Figure 3. Water Temperature (℃) comparison in 
CHU during the day 

Figure 4. Water Temperature (℃) in optimized 
setting during the hours of day 

 
The heat generated by the burner in the combustion chamber, causes the increase in temperature 

of the heat transfer medium and results in the transfer of heat to the water in the pipe. Therefore, 
considering the study system as a control volume, the energy conservation equation can be written 
as (Sowayan, 2020): 

                                                                                                    (1) 
In the right hand of the equation (1),  shows the required heat to warm up the 

natural gas flow in the burner and Ėstored shows the required heat to increase the temperature of the 
heat transfer medium from the lowest to the highest operating temperature during a cycle which is 
calculated from the following equation (Amid et al. 2021; Ferioli and Buckley, 2006):  

                   (2) 

Where mwf is the mass of the heat transfer medium, C is the heating capacity of the heat transfer 
medium, 𝑑𝑇/𝑑𝑡 is the rate of water temperature change over time and tON is the time frame of heat 
transfer to the water in the pipeline (when the burner is on). 
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According to the acquired data by the software (figure 3), the amount of water flow temperature 
has increased compared to the initial state. By using equation (3) the amount of energy efficiency 
has increased between 22% and 28%. Figure 5 shows the rate of increase in productivity at 
different hours of the day by using the intelligent CHU. 
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                                                                                                   (3) 

 

 
Figure 5. Amount of increase in performance in the different hours of the day 
 

Due to the control of inlet and outlet water temperature by sensors during different hours of the 
day, the average temperature increase has been calculated to be 25%. The effect of heating in the 
water flow of the system has significantly reduced energy loss. The rate of increase in energy 
efficiency during different hours of the day has increased compared to the initial state and the 
maximum and minimum productivity increase, which is due to the difference between inlet and 
outlet water temperatures, has occurred at 24 o'clock and 22 o'clock, respectively.  

 
Analysis of Pollutants emission 
 
Figure 6 shows the amount of CO emissions in the CHU before and after CHU optimization, by 
improving the performance of the system at different times of the day and reading the data 
measured by the CO sensors. Figure 7 depicts the recorded amount of oxygen consumed by the 
oxygen sensor at different hours of the day. 

According to the information in Figure 7, the amount of oxygen consumption in the optimal 
state is increased by up to 3 times by the inlet air regulation subsystem. This allows the combustion 
in the system to be more efficient and prevents the release of excess carbon monoxide into the 
environment.  The amount of carbon monoxide emissions at different hours of the day was 
decreased by 28% compared to the initial state, based on the following equation (Stavropoulos et 
al. 2005). 

 

𝑋, =. /	 𝑋2−𝑋1
𝑋1

3 ∗ 100			
	

	
          (4) 

storedE!

storedE!

0.22

0.23

0.24

0.25

0.26

0.27

0.28

0 2 4 6 8 10 12 14 16 18 20 22 24
Time

E2-E1/E1



Environmental Energy and Economic Research 2021 5(3): S015  7 

In the above relation, x1 and x2 are the concentration of CO2 before and after using the system, 
and 𝑋 is the mean percentage of change in pollutants in the optimal state.  
 

  
Figure 6. CO emissions in the CHU during a day  Figure 7. Amount of measured consumed 

oxygen during a day  
 
Statistical Analysis 
 
For each unit of fuel and 17.67 units of air, the coefficient of lambda equals to one (λ=1). The 
combustion process of the CHU is only stable if the fuel-air ratio is in the appropriate range. the 
combustion equation is generally obtained from Equation 5 (Li and Morgans, 2016):  
 

)5( 2aNO + 3.762+ (y/2) H 2) → x CO26N+ 3.7 2+ a (O yHxC 
(6)   2+ 3.76 N 2O ≡ 4/76 Air 

(7) 𝑎 = 𝑥 + y/4 

(8) 	= ;	(=>?@)
;	(BCD)

λ 
 
Table 2. Amount of CHU Combustion Coefficients 

Calculated Amount Coefficient 
2 a 
1 x 
4 y 

 
Optimization in the field of energy and the environment is done simultaneously. In equation 6, 

It is assumed that air consists only of O2 and N2. The ratio of the mole number of O2 in the reactants 
to that of fuel is illustrated by equation 7. x and y represent the chemical formula of the fuel used 
thus, the parameter a could be considered as a constant in the study. the system has been validated 
24 hours a day using embedded sensors. Based on the results, lowest emission of carbon monoxide 
occurred when the amount of oxygen (mair), air consumption by system and λ, is 0.59, 2.8 and 1.12 
respectively.  In terms of reducing energy consumption, matching to recorded data, the highest 
energy saving has been made at a temperature of 75.6 degrees Celsius and this temperature occurs 
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in Lambda between 1.1 and 1.15. According to the trend of changes in carbon monoxide emissions 
with the lambda coefficient in Figure (8), the CO emission rate first had a downward trend, and 
after reaching a certain limit of the lambda coefficient, it reached its minimum (λ =1.12) and finally 
took an upward trend. As claimed by the analysis, it can be observed that the inlet air regulation 
subsystem has the greatest impact in the field of productivity and environment. By and large, 
comparing the measured parameters before and after the installation of the smart CHU, the amount 
of energy savings and reduction of carbon monoxide (CO) emissions are 25% and 28%, 
respectively, compared to the initial state. 

 
Table 3. The amount of the measured parameters in the optimal system 

Amount of measured parameter Parameters 

167  CO (ppm) 

0.59 (ppm) 2O 
75.6  T(℃) 
2.8 Air 
1.12  Lambda (λ) 

 

 
Figure 8. changes in emitted CO (ppm) per Lambda coefficient (λ) 
 
Conclusion 
 
An innovative network was designed in order to create a smart CHU. Moreover, the optimum 
operating conditions of the smart system were investigated with the aim of optimizing the energy 
and environmental indicators. Various subsystems were used to control the water temperature of 
the system, adjust the amount of air required by the burner and regulate the operating time of the 
burner at different times. The implementation of various sensors improved the energy and 
environmental indicators of the project so that the rate of reduction of energy consumption and 
emissions of pollutants were measured 25% and 28%, respectively, in the optimal condition. 
According to the results, utilization of energy systems with intelligent control should be prioritized 
in order to strive for sustainable development. 
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