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Among the great challenges for humanity are to reduce the effects of climate change and to reduce the carbon footprint produced; for this reason, energy management is vital, since, by doing so, about 43% of greenhouse gas emissions can be reduced. This article presents the development of the PEVI industrial evaluation program at Coolechera Ltda. The energy performance of its production processes was evaluated, from which the production energy diagram was constructed. Subsequently, the company's overall energy consumption was calculated, which was 518,213 kWh/month, and the annual energy costs of electricity and natural gas, which were $ 792982.6 and 916309.3 USD. From the energy analysis, the carbon footprint of the process was calculated, which was 0.04 Ton CO2/L. Finally, it was quantified that the boiler's improvement potential exceeds 11%, which, if implemented, would drastically reduce thermal energy costs and its impact on the carbon footprint.
Introduction
Greenhouse gases are the main pollutants responsible for climate change on our planet, since it stores greenhouse gases, and is in a continuous global warming (Lu et al., 2022) (Jakučionytė-Skodienė, Krikštolaitis and Liobikienė, 2022) (Qin et al., 2020). Such pollutant emissions are mainly emitted in energy transformation processes; for this reason, research and industry should focus on more efficient production processes in order to obtain significant energy savings, which translates into a substantial decrease in environmental impact and production costs (Jaiboon et al., 2021) (Javed and Cudjoe, 2022) (Li et al., 2022).
Researchers around the world have focused their efforts on increasing the overall efficiency of production processes in industry by efficient energy management (Kalantzis and Niczyporuk, 2022)(Raza and Lin, 2022), because it is the most effective way for industry to mitigate pollutant emissions (García-Quevedo and Jové-Llopis, 2021). For that reason, different mathematical models have been developed to predict the energy behavior of a production plant and thus increase its performance (Cai et al., 2022). 
One of the most important ways to characterize the energy performance of a piece of equipment or a production plant is through baselines, which allow evaluating the energy performance with respect to production (Wang et al., 2022). Another resource to evaluate energy characterization is the use of meta lines, through which energy performance goals can be set using the operational management of a production line (Vrionis, Tsalavoutis and Tolis, 2020).
The implementation of efficient energy management not only brings as benefits the reduction of greenhouse gases and significant savings of energy services and fuels; in different countries, depending on the legislation in force, the industrial sector is encouraged to practice such practices by reducing taxes and obtaining subsidies (Vogt et al., 2022) (Nie et al., 2021), in the same way, there are other countries where the political and economic model involves taxing those companies that include energy in their energy matrix (Gan and Smith, 2006). Additionally, studies have shown that efficient energy management has a social impact on the economic security of the community, because it reduces economic dependence on imported energy, thus providing stability, reducing inflationary pressures caused by the rise in international prices of energy raw materials, generating employment and positively influencing human physical and mental health (Ryan and Campbell, 2012).
Among the equipment to which operational management can be performed are compressors, boilers, refrigeration equipment, chillers, among others, so that the energy consumed is much lower, by making changes in their operating conditions, obtaining significant energy savings from low investments (Chang et al., 2021) (Khaljani et al., 2021). Among the operational management studies carried out, the research applied to industrial boilers in Hunan province in China stands out; in it, quantitative analysis methods of effective energy and exergy were applied to obtain the efficiency of industrial boilers, with which a reasonable regional standard of energy efficiency of industrial boilers was proposed (Chen et al., 2021). In another case study, a computational algorithm was applied to a boiler of a thermal power plant in Cuba. The results of this research indicate that the gross efficiency of the boiler is 92%, its specific fuel consumption is 238g/kWh, and the required mitigation cost per ecological footprint was reduced by 3.1 USD/h. The proposed algorithm foresees technical-organizational actions in the steam boiler to improve its energy performance, which if implemented will allow significant thermal energy savings (Camaraza-Medina et al., 2021).
In this article, the energy characterization of a milk and dairy products production plant is carried out, showing the productive energy diagram, a Pareto analysis with the main consumption equipment, an energy performance analysis through baselines and meta lines, and finally, an analysis through thermography of the boiler of the milk factory; with the procedures carried out, the company was energetically characterized and energy saving potentials were identified.
Methodology
In order to carry out the energy management in the industrial plant, information was collected on the distribution of the production processes operating in the plant and the records provided by the network operator in the monthly invoices, in order to make the respective energy calculations concerning this study. The energy consumption of the equipment was estimated according to its nominal power, in order to have an estimate of the total consumption of the company. Among the energy characterization tools used, the use of baselines and meta lines stand out.
The baseline represents the significant linear model of energy consumption, when compared to production. The meta line, on the other hand, is a linear model that allows setting goals with those consumptions below the baseline. The next step of the energy characterization was to calculate energy performance indicators, which are shown in equations (1) through (3):
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The indicators were also calculated on a hundred basis, which are presented in equations (4) and (5).
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Subsequently, the ecological energy footprint that the company has left over time and its equivalent value in terms of ecological footprint was calculated.
Afterwards, the energy characterization of the boiler was carried out by means of thermography analysis, in order to find improvement potentials.
Results and discussion
Energy Matrix
In the first instance, the productive energy diagram was made, in which all the energy sources demanded by the organization and the process flowchart are presented in Figure 1. Based on this, it was found that the company has two primary energy sources: Electric power and natural gas. Natural gas accounts for 53.61% of the total primary energy, which is used to generate the steam required in the milk sterilization stages. Electrical energy makes up the remaining 46.39% and is used to generate compressed air and power the refrigeration systems. The rest of the energy is used in the process stages, with pasteurization and ultra pasteurization being the processes that demand the most energy in the liquid milk production process. The annual costs of electricity and natural gas were 792982.6 and 916309.3 USD, respectively.
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Figure 1. Energy production diagram
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Figure 2. Pareto diagram of energy consumption.

Based on the results presented in Figure 2, the ammonia compression system by electric power and the natural gas generation system were selected as the significant energy uses, since a high potential for energy savings was identified. As for gas, the steam generation system was chosen because there is a high potential for improvement. 
Energy, Production vs. Time Graphs
With the data obtained on the company's total energy consumption per month, energy consumption and milk production were plotted for each month, in order to compare changes in energy consumption with changes in production, and thus find the months with the highest and lowest energy performance. Figure 3.a and 3.b shows the change in consumption and production month by month, according to which there were two months where there was a large gap between the two variables, with respect to the adjacent months. Next, Figure 3c and 3d, where the annualized trend of energy consumption and production is presented, shows that there was a good energy performance from December 2020 to June 2021.
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Figure 3. Energy, Production vs. Time Diagram
The values of production VS consumption of electricity and natural gas were plotted, as shown in Figure 4. The linear models obtained in each graph allowed determining the baseline and the meta line in each case.
[image: ]
Figure 4. Baseline and goal graph for a) electric energy, and b) natural gas
Figure 4 shows the baseline and meta natural gas consumption. It is observed that 283775 kWh/month of electric energy and 176660 m3 of natural gas are not associated with production. Regarding the meta line, a potential for energy management of production for electric energy and natural gas of 2.4% and 3.7%, respectively, was found. Following, based on the results of the baselines and meta lines, the base 100 performance indicators were plotted, the results of which are shown in Figure 4, and the months with efficient or inefficient energy performance can be identified depending on the value obtained in the baselines and meta lines, taking as performance criteria the difference between the value of the indicator in base 100 with respect to 100%. With the results obtained in Figure 5, the results of the energy management analysis were described, which are presented in detail in Table 1:
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Figure 5. Performance indicators in base 100 for a) electric energy, and b) natural gas
Table 1. Results of the analysis for the period.
	Description
	Value

	Time of good performance
	9

	Total evaluation time
	19

	Times recovering from bad performance
	3

	Time of bad performance
	10

	Reliability of performance
	47.37

	Frequency of loss of performance
	6.33

	Average performance recovery time
	3.33


Thermal Analysis
Finally, an energy diagnosis of the steam boiler was carried out, starting with the application of thermography to identify potential improvements in the equipment for thermal insulation.
In this section of the boiler, hot areas are observed, especially those located in the part of the exhaust gas duct, it can be seen in Figure 6a, that the central part of the boiler handles a temperature range between 80 and 90 °C, and in Figure 6b, it can be seen in detail the areas of high temperatures.
[image: ]
Figure 6. Thermographic images of the steam boiler at the flue gas outlet.
This is an indication of a lack of insulation, and therefore, an opportunity for improvement, since the equipment has been in operation for twenty-five years, and current commercial insulation materials have a much better quality standard. A potential for improvement was also identified by the implementation of an automatic combustion system, which allows savings of about 5% with a simple payback time of 0.78. Another potential improvement project identified was the installation of a blowdown recovery system with savings of about 6% and a payback period of 1.9 years, which add up to approximately 11% of the energy consumed by the boiler.
Conclusions

The energy characterization of the company was carried out with a global energy analysis of the company and a diagnosis of two USES. The quantitative analysis of the energy consumed in the production process allowed characterizing the energy performance during the evaluated time, thus identifying the potential for improving consumption by production management through the respective indicators. In addition, it was possible to evaluate technological measures that, when implemented, will provide significant energy savings, reducing the use of fossil fuels and reducing the ecological footprint generated by the production process.
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