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ABSTRACT 

The air conditioning in environments is one of the 

most important points when it comes to quality in 

obtaining products and comfort in an industrial 

environment. Spaces where there is a significant 

amount of people require adequate air conditioning 

to increase the productivity and well-being of 

individuals, but there are also spaces that, in 

addition to the amount of people, house equipment 

and machinery, which need to be for their optimal 

performance with the temperature controlled. In the 

present work, the study and modeling of the thermal 

consumption of an industrial metrology room, 

which contains devices that need to be in spaces 

with a controlled temperature in order not to affect 

the results of the tests and calibrations of high-

precision equipment, is performed by means of 

calculations. In the methodology developed, basic 

concepts of refrigeration and air conditioning were 

used to assist in modeling and calculating the 

thermal load sizing, in order to choose the 

characteristics and quantities of air conditioning 

equipment necessary to meet the space and 

technical requirements of the laboratory. 

 

Keywords: Thermal load, Air-conditioning, 

Metrologia, Energy efficiency.

 

 

1 INTRODUCTION 

The rapid development of new utility technologies in the industrial sector has in recent years 

reached the attention of researchers and the market in the world. For example, today we have Industry 

4.0, also called the Fourth Industrial Revolution, (Santos, B. P. et al., 2018); according to Ordinance N 

0  2.091-SEI, December 17, 2018, when characterizing industry 4.0 states that it is:  
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"[...] the integration of production facilities, supply chains and service systems to enable the 

establishment of value-added networks, involving technologies such as: big data analysis, 

autonomous (adaptive) robots, cyber-physical systems, simulation, horizontal and vertical 

integration, industrial internet, cloud computing, additive manufacturing and augmented 

reality, and comprising distributed systems such as:  sensor networks, cloud systems, 

autonomous robots, and additive manufacturing connected to each other." (DOU, 2018, 

December, p. 144).  

 

This fact is changing the forms of production and business models in Brazil and in the world. 

According to Guzmán et al, 2023, "the concern to obtain a product of high added value, capable of 

being at the level of international standards is a daily reality in the industry", so today solutions in 

energy efficiency in Industry 4.0 are important, (Ribeiro, & Pires Dos Santos, 2020). 

In these contexts, one of the parameters used to assess the competitiveness of industries is the 

parameter of energy efficiency, which involves components of electrical and thermal systems; this is 

how there is today concern of governments and international organizations to standardize and regulate 

the correct and efficient use of energy resources (Procelinfo, 2021), conducting assessments and taking 

actions to mitigate the impacts on the environment.  

In the industrial environment, metrology is one of the most important technical elements within 

a company, this reason is due to the high value of the equipment and the operating conditions necessary 

to create in the facilities where the processes and analyzes that guarantee the quality of the products 

are carried out. Having a standardized metrological process and within the imposed standards means 

that the company values the quality of its products and the satisfaction of its customers, this ensures a 

differentiated image in the market.  

Metrology is governed by standards, which are strictly complied with by organizations, a 

metrology laboratory requires that the thermal load of the spaces as a whole is properly in accordance 

with the established standards to ensure that quality and reliable products are delivered to the end 

customer, directly impacting the growth of the company. For example, the ABNT NBR ISO/IEC 17025 

(2005) standard shows how laboratory operations should be developed so that the results of the 

analyses are not affected. Another important standard results in the NBR NM-ISSO 1:1997 standard, 

which helps to standardize, regardless of what is referred to in the manufacturers' manuals, a working 

temperature of the equipment to mitigate the uncertainties in the results of the measurements obtained 

that can affect the quality and reliability of the product, bringing losses to companies. 

 According to Creder (2013), thermal load is the sum of all heat sources present in a given 

environment that must be removed or placed in the enclosure in order to provide the desired comfort 

conditions. The thermal load can be affected by: driving, people, equipment and infiltration. 

In the present work we present a case study  of thermal load dimensioning for a metrology 

room of a company located in the industrial center of Manaus (PIM). In this laboratory room 

dimensional analyses and evaluations are carried out daily of parts manufactured in the company in a 
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sample way, to ensure the quality of the products to the customer, in addition to that parts of new 

projects are also analyzed in detail in the first entry of the part in the company, this is to identify 

possible failures in the project and ensure a good performance in its progress.  

The objective of the present work is to demonstrate that it is feasible to model and calculate the 

sizing of the thermal load for a metrology room of a production company, as an example to follow for 

the search for energy efficiency in the management of Industry 4.0, an approach necessary to increase 

productivity, have a standardized metrological process, value the quality of products,  customer 

satisfaction and  reduce the impacts on the environment, allowing to produce with quality and 

sustainability.   

 

2 MATERIALS AND METHODS 

2.1 CHARACTERIZATION OF THE CLIMATE WHERE THE COMPANY'S  METROLOGY 

ROOM  IS LOCATED LOCATED IN THE INDUSTRIAL POLE OF MANAUS 

Located in the northern radius of Brazil in an extensive zone of humid tropical climate, is the 

city of Manaus, where there is one of the largest industrial complexes in the country. According to 

Weather Spark, 2022, in this city and radius "[...] summer is short and hot; Winter is long, warm and 

with precipitation. Throughout the year, the weather is oppressive and overcast. Throughout the year, 

in general the temperature varies from 24 °C  to  33 °C  and is rarely lower  than 23 °C  or higher than 

36 °C". as can be seen in Figure 1. The sensation of humidity in Manaus, measured by the percentage 

of time in which the comfort level of humidity is muffled, oppressive or extremely humid, does not 

vary significantly throughout the year, remaining practically constant, 100%, the whole year, figure 1.   

 

Figure 1- General weather conditions per month in Manaus. 

 

Source: Weather Spark-Manaus 

 

In this context, while the temperature may drop at night, a muggy day is usually followed by a 

muggy night. Finally, the geographical coordinates of Manaus are: latitude -3.102°, longitude -60.025° 

and 20 m altitude. (Weather Spark, 2022). 

One way to ensure that the thermal sizing meets the needs of the site is to perform the 

calculation of thermal load for the hottest days of the year, which automatically supplies the other 

https://pt.weatherspark.com/y/28814/Clima-caracter%C3%ADstico-em-Manaus-Brasil-durante-o-ano
https://pt.weatherspark.com/
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temperatures throughout the year, figure 2. Due to this information, the temperature of the hottest day 

of the year 2022, which was September 29, is used as a basis, as shown in Figure 3. On this day the 

temperature reached 37 ° C exceeding the annual average.  

 

Figure 2- History of temperatures in Manaus – year 2022 

 

Source: Site: Weather Spark-Manaus 

 

Figure 3 - Temperature September 29, 2022 

 

Source: Weather Spark website, 2022 

 

2.2 CHARACTERIZATION OF THE AMBENTE OF THE INDUSTRIAL METROLOGY ROOM 

CHOSEN TO PERFORM THE THERMAL LOAD STUDY 

The place chosen to carry out the thermal load study is a metrology laboratory located in a 

company of the Industrial Pole of Manaus, PIM. The laboratory is located in a secondary space where 

specific parts of high capacity products are manufactured and is awaiting the installation of air 

conditioning for its use. The space, figure 4, has a total area of 48 m², measuring 6 meters long by 8 

meters wide. The walls on the east and south sides separate the laboratory from an air-conditioned 

factory environment, the wall on the west side separates the laboratory from a space used as a storage 

room for cleaning material and the north wall is the only side that catches solar incidence as it separates 

https://pt.weatherspark.com/y/28814/Clima-caracter%C3%ADstico-em-Manaus-Brasil-durante-o-ano
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the laboratory with the outside of the factory. The laboratory room has three transparent glass and 

aluminum tippers that measure 80 cm x 80 cm that are located in the northern part, there is also only a 

single entrance to the laboratory with a double aluminum door measuring 2.10 m x 1.20 m each door 

sheet, so the entire door measures 2.10 m x 2.40 m. The walls of the installation were made of concrete 

block, the ceiling formed by concrete slab with thermal insulation of PVC (PVC lining) and the floor 

built of cement. 

 

Figure 4 - Layout of the plant of the metrology laboratory. 

 

Source: Author 

 

The laboratory inside contains several devices, some of which are operated with electricity, 

releasing heat to the environment, as follows in table 1 and figure 4, where the type and quantity of 

these devices is shown.  The laboratory is to be used by two fixed people daily, but because it is a place 

where people transit, it is considered that there is a traffic of five people on average per day, in addition 

to the fixed people who work daily in this room.  
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Table 1 - Devices contained in the laboratory 

Contain from the lab Quantity 

Three-dimensional with a computer 1 

Optical coordinate measuring machine 1 

Performance desk 1 

Desktop computers (CPU) 2 

Printer 1 

Minibar 1 

Electric drinking fountain 1 

32W LED Luminaires 12 

Source: Authors. 

 

Figure 5 - Separation of equipment in the metrology room 

 

Source: Author 

 

2.3 FLOWCHART FOR THE STUDY AND MODELING OF THE THERMAL LOAD IN THE 

METROLOGY ROOM  

The following is the flowchart of the steps followed to perform the study and modeling of the 

thermal load in the metrology room.  
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Figure 6 – Flowchart for the study of thermal load in the metrology room. 

 

Source: Authors, 2022. 

 

In the initial stage it is necessary to carry out a study of the necessary theoretical elements that 

cover the area of the research in question, in this case the study of the thermal load in the metrology 

room, completing with the outline of objectives.  

For the preparation of the study of the thermal load it is necessary to verify whether or not it is 

necessary to establish a differentiated cooling in the room, in case it is not necessary then ends here 

the study, otherwise it is necessary to verify all the details regarding the climatization of the room, 

making a modeling and characterization of the room from performing all the geometric measurements 

and describe its ubiquity or location in the radius and in the industrial environment,  making in addition 

a survey of all the devices that generate thermal load, thus performing the calculations of thermal load; 

all this is concluded and verified from its correspondence with the ABNT NBR ISO/IEC 17025 (2005) 

standard, concluding with calculations and necessary tests of the energy parameters involved.  

When analyzing the thermal load of a metrology room it is necessary to remove heat from the 

environment, the heat can be transferred in three different ways: conduction, convection and radiation. 

All modes of heat transfer require the existence of the temperature difference and all occur from the 

highest to the lowest temperature. According to Çengel & Ghajar, (2012, p. 17), conduction is the 

transfer of energy from the most energetic particles of a substance to adjacent less energetic 

neighboring particles, as a result of the interaction between them, where convection is the mode of 

energy transfer between the solid surface and the adjacent liquid or gas that is in motion and which 

involves the combined conduction and motion effects of a fluid, radiation is the energy emitted by 
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matter in the form of electromagnetic waves (or photons) as a result of changes in the electronic 

configurations of atoms or molecules. Unlike conduction and convection, heat transfer by radiation 

does not require the presence of an intervening medium (Wilen, Sonntag, & Borgnakke, 1995).  

According to Creder (2013), thermal load is the sum of all heat sources present in a given 

environment that must be removed or placed in the enclosure in order to provide the desired comfort 

conditions. The thermal load can be affected by driving, people, equipment and infiltration. 

For the establishment of the necessary refrigeration in a room, air conditioners or air 

conditioners are currently used. Air conditioners have ceased to be new for a few decades, their 

production and commercialization has been a market of global amplitude in constant expansion, where 

the industries of the sector began to invest in technological development and novelties in products. In 

the case of the devices they became more compact, quieter and the remote control was introduced to 

increase the convenience of users. Came the concern with the consumption of electricity, making the 

appliances more economical and efficient. Window conditioners have evolved into the split system, 

allowing for greater versatility in installations. As the great focus of the present day the attention to the 

environment has led to the development of devices that use ecological gas, which does not harm the 

ozone layer. These devices, which use the inverter system, keep the environment with a minimum 

temperature variation and are more economical compared to conventional ones. According to Pimenta 

(2015, p. 16) "[...] Due to a number of practical considerations, such as: technical simplicity, space 

occupation, maintenance, operation, control, energy consumption, temperature and others, 

refrigeration by means of mechanical compression of vapors is the most widespread technique on the 

market." These systems use the so-called refrigeration cycle, (Moran & Shapiro, 2013), figure 7, which 

involves the stages of Expansion (Process 3-4), Vaporization (Process 4-1), Compression (Process 1-

2) and condensation (Process 2-3):  

 

Figure 7 -  Diagram of the refrigeration cycle and the p-h diagram 

 

Source: Moran & Shapiro (2013) 

 

Thus, mechanical refrigeration systems employ several individual processes to produce a 

continuous refrigeration cycle, capable of maintaining the temperature of a space in precise conditions. 
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A schematic diagram of a simple cooling system proposed by Ferraz (2008) is shown in (figure 8); The 

main components of the system in this diagram are: 

 
"... Evaporator: It is a heat exchanger that receives the liquid refrigerant at low pressure. Along 

the evaporator pipe the liquid vaporizes by absorbing heat from the inner space of the 

chamber." "... Suction line: It is the refrigeration pipe used to transport the cold steam, 

connecting the evaporator to the compressor and theoretically it is assumed that the refrigerant 

crosses this line without exchanging heat." "... Compressor: This is an electromechanical 

device that is used to develop and maintain the flow of fluid through the refrigeration system."  

"... Discharge line: It is the refrigeration pipe used to transport the superheated steam at high 

pressure, connecting the compressor to the condenser and theoretically we will admit that the 

steam at high pressure and temperature cross this line without exchanging heat." "... 

Condenser: It is a heat exchanger that receives steam at high pressure and temperature and 

causes its condensation by removing heat from it through a condensing medium, usually water 

or air." (Ferraz (2008). 

 

Figure 8 below shows the main components of the typical refrigeration cycle of an air 

conditioner and how they are distributed. 

 

Figure 8 – Refrigeration cycle 

 

Source: Ferraz, (2008). 

 

3 RESULTS 

For the sizing of air conditioning in any predetermined location, it is necessary to estimate the 

thermal load present in the environment. External, internal and other miscellaneous loads will be 

included in the calculations. 

This section considers all internal loads on site, such as electronics, appliances, people, lighting 

and others. 

For the calculation of various loads (electrical and electronic) the following equation (1) is 

used: 

 

Qds = Pt x 0.86 (1) 
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Where: 

Qds – Miscellaneous loads; kcal/h. 

 Pt – Total power dissipated; W. 

0.86 – Power conversion factor in kcal/h. 

Performing the calculations of the thermal load of the existing electrical equipment in the 

metrology room we have, according to table 2, the following: 

 

Table 2 - Thermal load by electrical appliance. 

Appliance Type Pt, W Quantity Qds, kcal/h 

LED Luminaire 32 12 330,24 

Optical measurement 1640 1 1.410,40 

Printer 45 1 38,7 

CPU + Monitor 470 3 1.212,6 

Minibar 106 1 91,16 

Electric drinking fountain 97 1 83,42 

Total   3.166,52 

Source: Authors, 2022. 

 

At the end of the calculation there is 3,166.52 kcal/h of loads consumed only from electrical 

equipment, converting this value to Btu/h has a total of 12,557.36 Btu/h. 

In the case of the calculation for people, table 1 is used, which is found in chapter 1 of ABNT 

NBR 16401-1, 2008. To obtain the amount of sensitive heat and latent heat released by people, one 

has:  

 

Table 1 - Latent and sensitive heat value by activity 

Activity level Sensitive 

heat, W 

Latent heat, 

W 

Moderate work 75 55 

Source: Standard ABNT NBR 16401-1, 2008. 

 

Therefore, the sensitive and latent thermal load using five people, as previously stated, is shown 

in the following table 3.  

 

Table 3 - Sensitive and latent load released by people. 

Type thermal load Quant. 

People 

Heat type, 

W 

Thermal 

load, W 

Conversion to 

kcal/h 

Sensitive thermal load, 

Qts; W 

5 75 375 322,5 

Latent thermal load, Qts; 

W 

5 55 275 236,5 

Source: Authors, 2022. 

 

In the analysis of the external thermal loads of the perimeter of the laboratory, the walls, 

windows and doors are taken into account. For the calculation of external loads it is accepted to use 
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the height of a standard right foot which is 2.5 m and the following equation 2. 

 

Qn = A. U. ΔT                                                                                   (2) 

 

Where: 

A – Wall area, m2 

U – Global heat transfer coefficient for building materials – Gerner; kcal/h.m². 

ΔT – Temperature differential used in projects; °C.  

 

Table 4 - Thermal load of the walls. 

 

Type of orientation of the walls 

 

A, m2 

 

U, kcal/h.m² 

 

ΔT, 

°C 

 

Qn, 

kcal/h 

North face in contact with the external environment 18,08` 2,71588 9,4* 461,56 

South Face in contact with the internal environment 20,0 2,71588 5,5** 298,74 

East Face in contact with the internal environment 9,96`` 2,71588 5,5** 148,77 

West Face in contact with indoor environment 15 2,71588 5,5** 224,06 

*Exterior walls. **Partitions. 'No includes the door area. ''No includes the window area. 

Source: Authors, 2022. 

 

In the case of the analysis of the thermal loads of the roof and tippers we have: 

  

Table 5 - Thermal load of the walls. 

 

Type of surface 

 

A, m2 

 

U, kcal/h.m² 

 

ΔT, 

°C 

 

Qn, 

kcal/h 

Ceiling of the laboratory or room 48 2,41895 5,5** 638,6 

A tipper 0,64 2,70175 9,4* 16,25 

Total of 3 tippers of the same size that exist in the 

laboratory 

29,88 2,71588 5,5** 48,76 

* Glass with external contact, ** Partitions. 

Source: Authors, 2022. 

 

The analysis of the insolation on opaque surfaces is carried out, for this purpose the calculation 

of the surfaces that absorb heat in the thermal impact with the external environment to the internal 

environment, such as walls and windows, is carried out. For the calculation we have:  

 

Q(ins) = UA [(Te − Ti) + ∆t] (3) 

 

Where:  

Q – Insolation loads by opaque surfaces, W; 

U – Global heat transmission coefficient, kcal/h.m²; 

A – surface area, m2; 
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Te – outside temperature, °C; 

Ti – interior temperature, °C; 

∆t – addition to the temperature differential, °C, obtained according to Creder, 2004, by table 

2 below. 

 

Table 2 - Addition to the universal temperature differential 

 

Surface 

Color 

oscura 

Medium 

color 

Colour 

white 

°C °C °C 

Roof 25 16,6 8,3 

Wall L or O 16,6 11,1 5,5 

Wall N 8,3 5,5 2,7 

S Wall 0 0 0 

Source: Creder, 2004. 

 

The calculation is then performed for the only wall that has solar incidence which is the north 

face. Solar irradiation is taken from the table of SHGF values for glasses (ASHRAE, 1989). Using the 

month of September, where we had the hottest day of the year so far, we have the solar factor with the 

value of 123 on the north face.  

 

Table 6 - Thermal load of opaque surfaces. 

 

Type of surface 

 

A, m2 

 

U, kcal/h.m² 

 

ΔT, °C 

 

Text, 

°C 

 

Tint, 

°C 

 

Qn, kcal/h 

Wall that has solar incidence 

(single north face) 

18,08 2,71588 2,7 37 21 918,22 

Glass surface (including 3 

tippers) 

1,92 Solar factor: 123 236,16 

* Glass with external contact, ** Partitions. 

Source: Authors, 2022. 

 

Compiling all the results, according to Table 7, we have:  

 

Table 7 - Total thermal load consumption. 

Types of loads Qn, kcal/h Qt, Btu/h 

Internal loads 3.722,52 14.774,1711 

External loads 2.056,65 8.155,98869 

Total 5.782,17 22.930,1598 

Source: Author, 2023 

 

It can be observed that the total thermal load consumption is close to 23 thousand BTU/h. 

Therefore, the recommendation to meet the requested parameters and keep the metrology laboratory 

within the standards, would be an air-conditioning well above the thermal load consumed. In the 

market there are high capacity air conditioning machines of 36, 48 and 60 thousand BTU/h. Using any 

of the 3, according to the thermal load consumed, the laboratory would have enough air conditioning 

to keep the environment at comfortable temperatures for work and for the care of the equipment. 
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4 CONCLUSIONS 

In the work it was shown that through the study of thermal load consumption in an environment, 

it is possible to verify and identify which air conditioning device is necessary to meet the need of the 

environment. Therefore, it can be observed that the total thermal load consumption is close to 23 

thousand BTU/h. Therefore, the recommended to meet the parameters required to keep the metrology 

laboratory within the standards would be an air-conditioning well above the thermal load consumed. 

In the market there are high capacity air conditioning machines of 36 thousand, 48 thousand and 60 

thousand BTU/h, using any of the three, according to the thermal load consumed, the laboratory would 

be air-conditioned enough to keep the environment at comfortable temperatures for work. However, 

as a safety factor, it is particularly recommended a machine with at least twice the thermal consumption 

exerted by the laboratory, because then it would be covered for the hottest days than normal, given the 

climate of the Amazon region, and for eventualities that may occur with the transit of materials and 

people in the enclosure. A point to comment on in the work is the larger three-dimensional that can be 

verified in figure 4, it did not enter into the calculation of thermal load, because the operation is by 

compressed air, being only its control computer what emanates heat flow due to the presence of 

electronic devices and force in the power.  

From the results obtained, the information of thermal load consumed by the metrology 

laboratory is passed on to the responsible sector, for the installation of an air-conditioning that meets 

the needs of the room, after a time of exploration with a new study it is verified if it meets the 

restrictions and provisions imposed by the standard, if this need is not achieved,  It will be necessary 

to change the air conditioning to one of greater thermal capacity, making the room conform to the 

parameters imposed.  
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