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ABSTRACT

The growing use of telecommunication technologies has led the industry to develop infrastructure to
support this progress. The outer telecommunications cabinets are part of the Base Transceiver Sta-
tion (BTS) allowing to accommodate and protect from outer adverse conditions, a set of electronic
equipment needed to operate the mobile communication network. This kind of cabinets should have
a proper thermal performance to ensure indoor air temperature below 55°C to avoid exceeding the
maximum operating temperature of the electronic equipment. This work describes the analysis of
the thermal performance of an outdoor telecommunication cabinet (OTC) using the computational
tool DesignBuilder. The simulation results are compared to the experimental data collected in real
cabinet under normal operating conditions. The simulation results show that the air temperature
predicted by the model is closer to the temperature measured experimentally inside the cabinet
particularly when the weather data files of the computational model have a similar behavior to the
actual weather data. Numerical studies show that the use of mechanical ventilation is effective in the
extraction of heat generated inside the cabinet. However, there is a limit beyond which increasing
the air flow rate does not result in a significant decrease of the cabinet air temperature. The stud-
ies also show the importance of the radiant properties and the geographical location of the cabinet.
High values of the outer surface cabinet emissivity impair the thermal performance of the cabinet
during the day and for some locations, an operational mechanical ventilation system may not be
enough to maintain the indoor air temperature below 55°C. Overall, the use of DesignBuilder proved
to be very effective for characterizing the thermal performance of telecommunications outdoor
cabinets.

Keywords: DesignBuilder, numerical modeling, telecommunication outdoor cabinet, thermal charac-
terization.

1 INTRODUCTION
The increasing technological development and globalization had a significant and direct
impact on our way of living. Communication technologies particularly improved the commu-
nication between people and between companies, their mobility and carrying out everyday
tasks that otherwise would require more time and resources to be achieved. A typical wire-
less telecommunications network makes connections between different terminals, allowing
the exchange of information between them. The basic infrastructure of a telecommunications
network is the BTS, which could present energy consumption greater than other public build-
ings [1]. In that way, if the telecommunications industry wants to save economic resources
and become more sustainable, it is imperative to reduce the energy consumption of BTS [2].
Cooling demand of a BTS can represent up to 25% of its energy consumption; therefore,
implementing less energy consumption cooling techniques has a good energy saving poten-
tial [2, 3]. An important component of the BTS is the outdoor telecommunication cabinet
(OTC), which contain several electronic equipment that require a correct thermal manage-
ment. Some of that equipment may become inoperable if temperatures higher than 70°C
occur inside the cabinet [4, 5]. So, a proper management of the air temperature inside the
OTC brings, not only, energy advantages but it is also essential for a good performance,
reliability and durability of electronic equipment [6]. More than half of the failures in elec-
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tronic systems occur due to poor temperature control [7]. The results of experimental tests
on electronic components indicate that decreasing 1°C on its surface temperature reduces
the probability of failure in 4%. Additionally, the increase between 10°C and 20°C in the
surface temperature increases component failure probability in 100% [8]. The temperature
increase may additionally accelerate chemical reactions, increase corrosion and induce redox
reactions in some metals. It can also increase the accumulated fatigue of welded components,
or cause frequency changes of the internal clocks of the processors, which can lead to unde-
sirable time gaps [9-11].

When natural convection cooling is insufficient to maintain the ideal conditions for
equipment operation, it is necessary to apply other cooling techniques. In that case, forced
ventilation emerges as one of the most widespread techniques for equipment cooling, due to
the low cost of implementation and simplicity [12, 13].

However, the use of forced ventilation with outside air presents some drawbacks, due
to dust and moisture transport to the interior of the OTC. Moreover, because the filters are
not designed to maintain their function during the lifetime of the OTC, it is necessary to
perform maintenance procedure that leads to an increase in its maintenance costs [3]. When
cooling by forced ventilation is not enough to remove the heat inside the OTC, other cooling
techniques may be used, such as vapor compression refrigeration. However, the power con-
sumption associated with this type of solution may correspond to about 30-50% of the total
energy consumed in the BTS [14].

In addition to these conventional solutions, there is also the possibility to choose other
cooling techniques, active and passive, including the thermoelectric cooling, geothermal
cooling or the use of phase change materials (PCM), among others [12, 15, 16].

In the present paper, a numerical model of an OTC was prepared using the computational
tool DesignBuilder. The results of the computer model were compared to experimental data
collected in a real cabinet in normal operating conditions. Subsequently, the computer model
was used to characterize the thermal behavior of the cabinet submitted to different operation
conditions, internal or external.

2 MATERIALS AND METHODS

DesignBuilder, version 3.4.041 — with Energy Plus 8.1, was the computational model used
in this simulation study. The DesignBuilder emerged in 2005 as the first, and currently the
most complete, graphical user interface with the EnergyPlus. This computational tool has
the ability to simulate the thermal behavior of a building in a variable time base, as well to
calculate the energy consumption, in order to test solutions and strategies to improve energy
efficiency. For this, it is necessary to introduce in the program a variety of parameters, such
as the location, the geometry, the parameters related to activity, the lighting, the constructive
elements, the glazed surfaces, the HVAC systems, among others [17]. Additionally, this tool
includes solar radiation effects, which may represent an important thermal load with con-
sequences on the indoor air temperature value and, consequently, on the OTC equipment
reliability.

2.1 Outdoor cabinet description
The experimental data were collected from an OTC located near the city of Covilha, in the

inland/center region of Portugal. The OTC location is subject to sunlight for most of the day.
The cabinet consists of a pedestal, an intermediate space that houses the telecommunica-
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Figure 1: Exploded view of the outdoor telecommunications cabinet.

tions equipment and switchboards and, finally, an upper space where the fans are installed.
In Fig. 1, it is possible to easily distinguish the different constituent parts of the cabinet,
through the exploded view. The pedestal is 150 mm high and has lateral openings to facilitate
the passage of cables. The side panels are removable, improving access to the interior. The
outer dimensions of the OTC are 638 x 644 x 1,480 mm? (Length x Width x Height). How-
ever, the useful inner dimensions for the placement of equipment are only 483 x 550 x 1,111
mm3. The construction material is an alloy with 55.0% aluminum, 43.4% zinc and 1.6%
silicon. The alloy is used in sheets with 1 mm thick. All panels have double walls with an air
enclosure with 20 mm thick, in order to reduce the thermal load by solar radiation absorption.
The ventilation of the air enclosure in each panel is achieved through two grilles placed in the
exterior sheet for air flow, one at the bottom of the cabinet, for air inlet, and the other located
in the upper part of the cabinet, for air outlet. It is also through the bottom grilles that the air
flows into the cabinet.
The OTC is painted with light color to reduce heat gain from solar radiation.

2.2 Cabinet characteristics

The telecommunication equipment that is installed inside an OTC depends on the telecom-
munications company that operates the BTS and on the services it intends to provide. The
temperature control system, lighting, door-opening sensor and electrical switchboards are
already installed with the cabinet. Since the communications equipment installed in each
cabinet depend on the company that operates the network, its spatial arrangement may vary
from case to case. For the studied case, the devices installed in the OTC are identified in
Table 1. This information results from technical information provided by the equipment man-
ufacturer. Some of this equipment has negligible thermal power dissipation.
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Table 1: Equipment installed inside the cabinet under study.

Thermal power dissi-

Equipment Function pated (maximum value)
AC Switch board AC energy supply Negligible

DC Switch board DC energy supply Negligible

BBU3900 Huawei Baseband control unit 205 W

Alcatel-Lucent 7705 Router 60 W

EMILO-SNT - PT Inovacdo Modular system type Multi-Service 120 W
Provisioning Platform (MSPP)

Overall, the equipment that was considered inside the OTC has a heat output potential of
475 W. However, this scenario only occurs when all the equipment is dissipating the maxi-
mum thermal power for which they were designed. The value is lower in typical operating
situation. The studied OTC is located in a low population density region. In fact, it was
installed to provide mobile network coverage to a highway, thus it is expected a thermal
power dissipation values considerably below 475 W.

2.3 Cabinet thermal control

The OTC temperature control system should have the capability to allow monitoring the
temperature and increase the heat extraction rate, if necessary. According to the OTC supplier
company, with a maximum thermal power dissipated by the electronic equipment lower than
250 W, the natural convection cooling mode is enough to ensure an inside air temperature
below 50°C.

However, the cabinet under study is equipped with a forced cooling system that is triggered
whenever natural convection alone is not able to ensure the indoor air temperature. The cool-
ing system consists of two axial fans that are activated by a thermostatic sensor, a type on/
off system. Both fans work together and are always operated as the indoor air temperature is
higher than 35°C. The main operating characteristics of fans are shown in Table 2.

There are several constraints on the fluid flow inside the OTC, such as equipment and
wiring, orifices diameter of the inlet and outlet grilles, the obstructive effect caused by the
air filters and an existing perforated plate to protect the fans. In addition, inadequate mainte-
nance of the OTC and subsequent accumulation of dust in the filter along the operating time
also contributes to a reduction of the air flow. As result of the pressure drop associated with
the air flow through the OTC, the actual air flow should be substantially lower than the value
shown in Table 2.

Table 2: Cabinet fans characteristics.

Nominal voltage 48V
Electric power input 5AW
Operation temperature range —20°C to 75°C

Nominal air flow 170 m3/h
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Figure 2: Outdoor cabinet modeled with DesignBuilder.

2.4 Computational model

For simulation purposes, the three-dimensional numerical model with real OTC dimen-
sions was built using the DesignBuilder, as displayed in Fig. 2. The computational model
consists of six Blocks corresponding to a zone having an internal volume 0.46 m? and an
HVAC system to simulate the real ventilation system provided by the fans in the OTC. The
backside panels and the front door have double wall thickness of 20 mm as in the actual
OTC. As the program does not have the alloy used in the construction of the OTC their
thermal characteristics were manually added: thermal conductivity 160 W/mK, specific
heat 880 J/kgK and density of 2,800 kg/m>. To simulate thermal loads within each zone,
DesignBuilder has several options according to their source. The Lighting submenu was
used to overcome the 60 W/m? limitation of the thermal load value imposed by the program
in the submenu Activity.

The submenu Lighting allows the introduction of the thermal dissipation rate inside the
cabinet per unit of area without restrictions. The area used in the calculation of the thermal
load inside the cabinet is 1.43 m? corresponding to the sum of the floor area in each one of
the blocks involved in numerical simulation. Additional details of the computational model
can be found in [18].

3 ANALYSIS AND DISCUSSION OF RESULTS
In this section, the results obtained from the computer model are analyzed and discussed.
The simulation values and the experimental values are compared in the first subsection
to validate the computational model. After that, parametric studies with the computational
model are developed to assess the influence of various factors such as the volumetric air
flow, thermal power dissipation, radiant properties of the cabinet envelope and the OTC
geographical location.
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3.1. Comparison with experimental data

The computational model was validated by comparison of the numerical results with exper-
imental data obtained from an OTC in normal operation. As said before, the cabinet chosen
to collect experimental data is located in the municipality of Covilh4, close to the A23 high-
way. The cabinet experimental values were collected between 15 and 19 April 2015, and it
was considered an average thermal power of 100 W dissipated by the electronic equipment
due to the low use of the OTC in the period. The values of the cabinet indoor temperature
obtained experimentally are crossed with numerical values for the same period. However, the
climatic data files used in this kind of simulation software influence significantly the quality
of results [19-21]. Thus, the climatic data file used in Design Builder was compared with
values measured at a weather station near to the OTC in the same period. The weather station
provides a set of climatic data including air temperature, wind speed and solar radiation. The
comparison between the weather station data and the DesignBuilder climatic data is shown
on Figs s3 and 4 to the values of the outdoor temperature and the solar radiation in the period.

From the analysis of F Figs 3 and 4, it appears that the 16 and 17 April show the best agree-
ment of solar radiation values and air temperature for the period.

The temperature values inside the OTC for the same period are shown in Fig. 5. According
to Fig. 5, when the actual weather data and the weather data from the computational model
have a similar behavior, also the air temperature inside the OTC predicted by the model is
closer to the temperature measured experimentally. This figure also allows concluding that
the OTC fans are never actuated during the period, since the indoor air temperature never
exceeds 35°C.
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Figure 3: Outside temperature (weather station vs. DB climatic data file).
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Figure 4: Solar radiation (weather station vs. DB climatic data file).
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Figure 5: Temperature values inside the cabinet, numerical and experimental.
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Figure 6: Inside air temperature vs. cabinet air flow rate.

3.2. Parametric studies

The computational studies presented in this subsection are directed to the most demanding
situation from the thermal point of view, corresponding to the summer period in northern
hemisphere. The period between 10 and 15 August was selected since the highest values of
the air temperature inside the cabinet are expected.

3.2.1 Air flow rate

When the OTC thermal dissipation rate is not high enough to keep the inside air temperature
with acceptable values, it is necessary to resort to forced ventilation. The characteristics of
the flow provided by the fans influence the amount of heat that is withdrawn from the OTC
to the outside per unit of time. The effect of the volumetric air flow that passes through the
OTC on the inner air temperature is shown in Fig. 6. The maximum measured air tempera-
ture difference in the period is around 3—-5°C to the minimum and maximum air flow rates
studied, 25 m3h and 100 m3/h, respectively. It is necessary to quadruple the air flow rate for
an air temperature decreasing of around 4°C. The decrease of the air temperature inside the
OTC is more pronounced when the air flow rate ranges from 25 m3/h to 50 m*h. From this
value, the decrease of air temperature is smaller. An air flow rate increase from 75 m3/h to 100
m3/h results in an air temperature decrease of only 2%. Thus, the optimization of the thermal
performance of an OTC cooled exclusively by forced air circulation requires appropriate
volumetric air flow rates.
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3.2.2 Thermal power dissipated

The thermal power dissipated by the electronic equipment inside the OTC is one of the most
relevant factors to the variation of the inner air temperature. The air temperature inside the
OTC to average thermal power dissipated ranges between 100 W and 400 W are shown in
Fig. 7. These results were obtained considering that there is no renewal of the air inside the
OTC and reveal an almost direct proportionality between the air temperature and the thermal
power dissipated, as shown in Fig. 7. However, an air temperature inside the OTC below
55°C without forced ventilation only is assured for a dissipated thermal power lower than 100
W. Therefore, an operational mechanical ventilation system is required for higher dissipation
rates. The evolution of the air temperature inside the OTC due to thermal power dissipated
for an air flow of 100 mh is shown in Fig. 8.

The air temperature inside the cabinet increases with the thermal power dissipated. How-
ever, the inside air temperature slightly exceeds the threshold value of 55°C for safe operation
of the cabinet only for the situation with thermal power of 1,000 W and only for the 13th of
August. When the dissipated thermal power was set at 800 W, the maximum air temperature
attained inside the cabinet for the period studied was 50°C. It is found that for thermal power
dissipated values between 100 W and 700 W, the maximum air temperature inside the OTC
increased by about 4°C every 200 W of increase in the value of the dissipated thermal power.

3.2.3 Radiative properties

As the OTC are in general exposed to the action of solar radiation, radiative properties
of the OTC envelope affect the air temperature inside the cabinet. In practice, these radi-
ant properties can be modified by changing the OTC building materials or outer coating.
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Figure 7: Inside air temperature vs. thermal power dissipated (no ventilation).
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Figure 9 shows the evolution of air temperature inside the OTC by changing the emissivity
values of the outer surface of the cabinet. The results show that the OTC radiant proper-
ties affect the air temperature during diurnal periods when the cabinet is exposed to solar
radiation, with higher air temperature values to higher surface emissivity values. With an
emissivity value of 0.95, the air temperature inside the cabinet exceeds 55°C during the
period, whereas with 0.1 emissivity value, the air temperature inside the OTC always remains
below 45°C.

It can be concluded that high emissivity values of the outer surface impair the thermal
performance of the cabinet during the day, which can jeopardize an effective air temperature
control. During the night period, the variation in emissivity values has little influence on air
temperature.

3.2.4 Other geographic locations
To study the effect of the geographical location in the OTC thermal response some cities
located in the northern hemisphere were selected (see Fig. 10) in order to keep the period of
study between 10 and 14 August.

The climatic data for the new locations were obtained from the NASA Langley Research
Center Atmospheric Science Data Center Surface meteorological and Solar Energy (SSE)
web portal supported by the NASA LaRC POWER Project [22]. According to Fig. 10, the
city of Ostersund (Sweden), in Northern Europe, has the lowest air temperature values inside
the OTC, thus enabling greater thermal power dissipated compared to the other cases stud-
ied. For hot climates, such in Riyadh (Saudi Arabia), even for a thermal power dissipated
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Figure 9: Temperature values inside the cabinet for several emissivity values.
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of 100 W, the air temperature inside the cabinet is above 50°C in most part of the daytime
and sometimes exceeding 55°C. For these situations, an operational mechanical ventilation
system may not be enough to ensure the safe operation of the OTC. Lisbon (Portugal) and
Moscow (Russia) showed similar results with maximum air temperature values below 45°C,
and therefore the natural ventilation is adequate for low thermal power dissipated by the
electronic equipment.

4 CONCLUSION

In this study, the computer simulation of the thermal performance of an OTC was performed
using DesignBuilder. Overall, the use of DesignBuilder proved to be very effective for char-
acterizing the thermal performance of OTC. The simulation results show that when the actual
weather data and the computational model weather data files have a similar behavior, the air
temperature predicted by the model is closer to the air temperature measured experimen-
tally. The studies carried out show that the maximum temperature difference of the air inside
the cabinet for air flow rates ranging from 25 m/h and 100 m3/h, is between 3°C and 5°C.
However, for higher airflow rates, the air temperature reduction is lower, and therefore, the
increase of the air flow rate while contributing to the increase of energy consumption of the
OTC not always provides a maximum control of inside air temperature. Research under-
taken also shows a direct relationship between the increase of the thermal power dissipated
by the electronic equipment inside the cabinet and the maximum temperature of indoor air.
It was found that the temperature of the air inside the cabinet only remains below 55°C to
dissipated thermal power lower than 100 W. For higher values, it is necessary to resort to the
mechanical ventilation of the OTC. The simulation results also show that high values of the
cabinet outer surface emissivity impair the thermal performance of the OTC during the day
and may jeopardize the temperature control. The geographical location also influences the
thermal performance of the OTC. The results show that for some locations an operational
mechanical ventilation system may not be enough to ensure the safe operation of the elec-
tronic equipment inside the OTC.

REFERENCES

[1] Zhang, Y., Chen, Y., Wu, J. & Meng, Q., Study of ventilation cooling technology for
telecommunication base stations: control strategy and application strategy. Energy and
Buildings, 50, pp. 212-218, 2012.
http://dx.doi.org/10.1016/j.enbuild.2012.03.040

[2] Lubritto, C., Petraglia, A., Vetromile, C., Curcuruto, S., Logorelli, M., Marsico, G. &
D’Onofrio, A., Energy and environmental aspects of mobile communication systems.
Energy, 36(2), pp. 1109-1114, 2011.
http://dx.doi.org/10.1016/j.energy.2010.11.039

[3] Edler, T. & Lundberg, S., Energy efficiency enhancements in radio access networks.
Ericsson Review, 1, pp. 42-51, 2004.

[4] McGlen, R., Jachuck, R. & Lin, S., Integrated thermal management techniques for high
power electronic devices. Applied Thermal Engineering, 24, pp. 1143-1156, 2004.
http://dx.doi.org/10.1016/j.applthermaleng.2003.12.029

[5] Choi, J..Jeon, J. & Kim, Y., Cooling performance of a hybrid refrigeration system
designed for telecommunication equipment rooms. Applied Thermal Engineering, 27,
pp- 2026-2032, 2007.
http://dx.doi.org/10.1016/j.applthermaleng.2006.12.004


http://dx.doi.org/10.1016/j.enbuild.2012.03.040

http://dx.doi.org/10.1016/j.energy.2010.11.039

http://dx.doi.org/10.1016/j.applthermaleng.2003.12.029

http://dx.doi.org/10.1016/j.applthermaleng.2006.12.004


116

(6]

(71

(8]

(9]

(10]

(11]

(12]

(13]

[14]

(15]

[16]

(17]

(18]

(19]

P.D. Silva, et al., Int. J. of Energy Prod. & Mgmt., Vol. 2, No. 1 (2017)

Ahmadi, M., Gholami, A., Bahrami, M. & Lau, K., Passive cooling of outside plant
power systems, a green solution to reduce energy consumption. INTELEC 2014, IEEE
36th International, pp. 1-9, 2014.

http://dx.doi.org/10.1109/intlec.2014.6972147

Yeh, L., Review of heat transfer technologies in electronic equipment. Journal of Elec-
tronic Packaging, 117, pp. 333-339, 1996.

http://dx.doi.org/10.1115/1.2792113

Alawadhi, EM. & Amon, C.H., PCM thermal control unit for portable electronic
devices: experimental and numerical studies. [EEE Transactions on Components and
Packaging and Manufacturing Technology, 26, pp. 116—125, 2003.
http://dx.doi.org/10.1109/TCAPT.2003.811480

Joshi, Y., Azar, K., Blackburn, D., Lasance, C. J., Mahajan, R. & Rantala, J., How well
can we assess thermally driven reliability issues in electronic systems today? Micro-
electronics Journal, 34(12), pp. 1195-1201, 2003.
http://dx.doi.org/10.1016/S0026-2692(03)00200-3

Gurrum, S.P., Suman, S.K., Joshi, Y.K. & Fedorov, A.G., Thermal issues in next-gen-
eration integrated circuits. IEEE Transactions on Device and Materials Reliability, 4,
pp. 709-714, 2004.

http://dx.doi.org/10.1109/TDMR.2004.840160

Banerjee, K., Pedram, M. & Pedram, M., Analysis and optimization of thermal issues in
high-performance VLSI. Proceedings of the 2001 International Symposium on Physical
Design, ACM: New York, pp. 230-237, 2001.
http://dx.doi.org/10.1145/369691.369779

Wankhede, M., Khaire, V. & Goswami, A., Evaluation of cooling solutions for outdoor
electronics, THERMINIC, EDA Publishing: Belgium, pp. 162-167, 2007.

Chen, Y., Zhang, Y. & Meng, Q., Study of ventilation cooling technology for telecom-
munication base stations in Guangzhou. Energy Build, 41, pp. 738-744, 2009.
http://dx.doi.org/10.1016/j.enbuild.2009.02.007

Tu, R., Liu, X., Li, Z. & Jiang, Y., Energy performance analysis on telecommunication
base station. Energy and Buildings, 43, pp. 315-325, 2011.
http://dx.doi.org/10.1016/j.enbuild.2010.09.019

Etemoglu, A., A brief survey and economical analysis of air cooling for elec-
tronic equipments. International Communications in Heat and Mass Transfer, 34,
pp. 103-113, 2007.

http://dx.doi.org/10.1016/j.icheatmasstransfer.2006.08.005

Masson, S.L., Chehade, A.A. & Louahlia-Gualous, H., Passive cooling of telecommu-
nication outdoor cabinets for mobile base station. INTELEC 2013, IEEE 35th Interna-
tional, pp. 1-5, 2013.

Crawley, D.B., Hand, J.W., Kummert, M. & Griffith, B.T., Contrasting the capabili-
ties of building energy performance simulation programs. Building Environment, 43,
pp. 661-673, 2008.

http://dx.doi.org/10.1016/j.buildenv.2006.10.027

Patricio, C., Thermal characterization of the performance of a telecommunication out-
door cabinet, MSc. Thesis (in Portuguese), Beira Interior University: Covilha, 2015.
Chan, A., Developing future hourly weather files for studying the impact of climate
change on building energy performance in Hong Kong. Energy and Buildings, 43,
pp. 2860-2868, 2011.

http://dx.doi.org/10.1016/j.enbuild.2011.07.003


http://dx.doi.org/10.1109/intlec.2014.6972147

http://dx.doi.org/10.1115/1.2792113

http://dx.doi.org/10.1109/TCAPT.2003.811480

http://dx.doi.org/10.1016/S0026-2692(03)00200-3
http://dx.doi.org/10.1109/TDMR.2004.840160

http://dx.doi.org/10.1145/369691.369779

http://dx.doi.org/10.1016/j.enbuild.2009.02.007

http://dx.doi.org/10.1016/j.enbuild.2010.09.019

http://dx.doi.org/10.1016/j.icheatmasstransfer.2006.08.005

http://dx.doi.org/10.1016/j.buildenv.2006.10.027

http://dx.doi.org/10.1016/j.enbuild.2011.07.003


P.D. Silva, et al., Int. J. of Energy Prod. & Mgmt., Vol. 2, No. 1 (2017) 117

[20] Bhandari M., Shrestha S. & New, J., Evaluation of weather datasets for building energy
simulation. Energy and Buildings, 49, pp. 109-118, 2012.
http://dx.doi.org/10.1016/j.enbuild.2012.01.033

[21] Gongalves, J., Nunes, J., Silva, P.D., Gaspar, P.D. & Pires, L., Energy analysis and heat
loads calculation approach: application to agrifood industrial premises. 24th Interna-
tional Congress of Refrigeration, Yokohama, Japan, 2015.

[22] National Aeronautics and Space Administration (NASA). ASDC - SSE, available at:
https://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi?skip @larc.nasa.gov+s01#s01


http://dx.doi.org/10.1016/j.enbuild.2012.01.033


