
 

Summary 
 
Given the significant importance of conservation management planning, especially 

in Iran with its extensive archaeological sites, this study explores the creation of con-
servation management plan templates for ancient sites. The Fars Istakhr site, one of 
Iran's key historical sites, was chosen as a case study. This research is both devel-
opmental and applied, employing a hypothetical-deductive method to assess the need 
for and importance of establishing a management plan to outline a conservation pro-
gram for ancient sites. The study highlights the critical stages of examination, identifi-
cation, and accurate assessment of values in developing a scientific and standardized 
program within the management plan for archaeological site conservation. Through 
these stages, a comprehensive overview of the historical tangible and intangible evi-
dence of the ancient site is presented. Significant assessment and site presentation 
with mass and social media are the most important actions. This sector can lead to 
public and local support and actions by relevant organizations, especially the Cultural 
Heritage Organization.  Conservation work for artifacts and other on-site assets, and 
provision of tourism facilities are in the second step. After that, new archaeological 
projects to help in the compilation of history and data documentation need to be im-
plemented. All of these measures help the site with sustainable management plan-
ning. 

 
 
Riassunto 
 
Data la notevole importanza della pianificazione per la gestione della conserva-

zione del patrimonio culturale, soprattutto in Iran con i suoi vasti siti archeologici, que-
sto studio esplora la creazione di modelli dedicati ai piani di gestione della conserva-
zione per i siti archeologici. Il sito di Fars Istakhr, uno dei principali siti storici dell'Iran, 
è stato scelto come caso di studio. Questa ricerca è sia di sviluppo che applicata, im-
piegando un metodo ipotetico-deduttivo per la valutazione dei piani. Lo studio eviden-
zia infatti le fasi critiche di esame, identificazione e valutazione, al fine di sviluppare 
un programma scientifico e standardizzato all'interno del piano di gestione per la con-
servazione dei siti archeologici. Attraverso queste fasi, viene presentata una panora-
mica completa delle testimonianze storiche tangibili e intangibili di un sito archeologi-
co. Una valutazione significativa e la presentazione del sito attraverso i media e i so-
cial media risultano come le azioni più importanti. Questo settore può portare al sup-
porto e all'azione del pubblico e del territorio da parte delle organizzazioni competenti, 
in particolare da parte della Cultural Heritage Organization. I lavori di conservazione 
dei manufatti e di altri beni in loco e la presenza di strutture turistiche sono analizzate 
nella seconda parte del lavoro. Infine, sono analizzati gli effetti dovuti a nuovi progetti 
archeologici, atti a contribuire alla compilazione della storia e alla documentazione dei 
dati. Tutte queste misure contribuiscono comunque alla pianificazione di una gestione 
sostenibile del sito. 
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1. Introduction 
 
Arequipa, a Peruvian city rich in history and culture, was recognized as a 

UNESCO World Heritage Site in 2000. This prestigious recognition is attributed, 
among other factors, to the preservation of buildings dating back to the vice-regal pe-
riod which blend European and Andean knowledge. These structures, known as "Ca-
sonas," are scattered throughout the historic center, showcasing neoclassical and ba-
roque-mestizo façades (Figure 1).  

 

 
 
Figure 1. Location of the study areas on the base plan of the Santa Catalina Monas-
tery in Arequipa. (1) Cell A; (2) Cell B; (3) Cell C; (4) Cell D; and (5) Main Cloister.  
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The city's growth and the passage of time have created a need to understand 
these constructions and adapt them to new uses. A key material in Arequipa's archi-
tecture is ignimbrite, which is extracted using artisanal methods, and is an integral 
part of the city’s popular culture. This material represents the core of Arequipa's archi-
tectural and construction heritage. According to Miceli’s definition, its use in heritage 
architecture can be considered sustainable, as it meets design needs by creating 
spaces in harmony with the local environment and using natural resources to mini-
mize environmental impact. 

 
 
2. State of the art 

 
In a local context, there is a study by José Andrew Zúñiga titled "Estabilidad 

térmica de un edificio centenario de sillar (ignimbrita) en clima desértico frío. Hospital 
Goyeneche" [1], in which he performs a thermal characterization of the Goyeneche 
Hospital in Arequipa. The study also includes measurements for temperature and rel-
ative humidity during two seasons of the year 2018. 

The understanding of hygrothermal dynamics in historical buildings contributes to 
the conservation of heritage by preserving construction systems and facades that are 
highly susceptible to deterioration due to temperature and relative humidity [2,3]. Fur-
thermore, its assessment allows for improving the energy performance of heritage 
buildings while preserving their historical and artistic values [4,5]. Other studies 
measure interior heat and humidity to assess their influence on the variability of the 
geometry and construction materials of historical buildings [6,7].  

One of the tools used to analyze the interior temperature of the surfaces that make 
up spaces is thermographic cameras. Examples of current research utilizing thermog-
raphy can be found in various fields. In the realm of architecture, it is employed for the 
analysis of installations and their proper functioning [8-10]. Methodological articles are 
also present in the literature, such as those by Bisegna [11] or Mulaveesala [12]. 
However, the most relevant to our study are those that refer to the analysis of entire 
walls of buildings, such as Quagliarini [13], Kordatos [14], or Nuzzo [15]. 

Comfort conditions are essential to ensure the proper development of activities in 
each of the spaces. Depending on the use of these spaces, the conditions will vary. 
There are various studies that have analyzed comfort conditions within indoor spaces 
such as Bravo-Morales [16], De Dear [17] or Bellizzi [18]. Comfort conditions, in addi-
tion to use, are greatly influenced by the climate of the location where the analyzed 
spaces are situated and the conductivity characteristics of the materials. 

Studies have been conducted with the specific purpose of focusing on the thermal 
performance of vernacular constructions. For the measurement of comfort tempera-
tures in indoor residential spaces, interior and exterior temperature and relative hu-
midity monitoring were carried out, demonstrating better thermal performance in tradi-
tional architecture, as reported by Liu [19] or Basaran [20]. In comparison with con-
temporary constructions, vernacular solutions can maintain comfort standards more 
suitable to the environment in which they were developed [21]. 

Currently, in the context of global climate change and the desire to create more sus-
tainable buildings, there are studies that analyze both historical buildings from an implicit 
sustainable perspective [22] and studies on energy retrofits using thermography as a 
tool [23]. Energy retrofit interventions in heritage architecture are diverse and depend on 
the degree of energy requirements and the structural conditions of the building [24]. In-
tervention solutions can be both active and passive, aimed at mitigating thermal bridges 
and optimizing energy consumption, as discussed by Etxepare [25]. 
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Energy retrofit aims to adapt the conditions of historical buildings to new uses [26]. 
On the other hand, there are buildings that need to enhance the energy efficiency of 
their spaces to improve comfort conditions [27]. This has become a requirement to 
fulfill and justify both new constructions and rehabilitation. 

 
 
3. Method 

 
That is why the method used takes into consideration the interior and exterior hy-

grothermal environment of a characteristic heritage building such as the Convent of 
Santa Catalina. Environmental data including temperature, relative humidity, light, and 
sound were collected at the monument between February 13 and August 25, 2024. 
Temperature and relative humidity were recorded every hour, yielding 24 measure-
ments per day. Light and sound were measured during visiting hours (9:00 a.m. to 
6:00 p.m.), at variable intervals ranging from 30 to 45 minutes, depending on tourist 
activity. Table 1 shows the equipment used for measuring, along with specifications 
for its range and accuracy. 

 
Table 1. Range and accuracy of the measurement equipment 
 

 
For temperature and relative humidity measurements inside the cells, 07 HOBO 

brand temperature and relative humidity sensors, model U-series 1-800 - wireless Da-
ta Logger, were used. For temperature and relative humidity measurements outdoors, 
02 HOBO brand temperature and relative humidity sensors, model S-THC- M00X, 
wired type, connected to a HOBO brand Data Logger, model Micro Station H21 - 
USB, were used. For light measurements, a SPER SCIENTIFIC brand Digital Luxme-

MEASURING EQUIPMENT RANGE ACCURACY 

Sensor HOBO UX100-003 Tem-
perature/Relative Humidity 3.5% 
Data Logger  
S1 to S7 (interior spaces) 

-20° to 70°C (-4° to 
158°F) 

±0.21°C from 0° to 50°C 
(±0.38°F from 32° to 122°F) 

15% to 95% (non-
condensing) 

±3.5% from 25% to 85% in-
cluding hysteresis at 25°C 
(77°F); below 25% and above 
85% ±5% typical 

Wired Sensor HOBO RH Smart 
Sensor (S-THC-M00x)  
S8 & S9 (exterior spaces) 

-40°C to 75°C (-40°F to 
167°F) 

±0.20°C from 0° to 70°C 
(±0.36°F from 32° to 158°F) 

0-100%* RH at -40° to 
75°C (-40° to 167°F) 

±3.5% from 25% to 85% in-
cluding hysteresis at 25°C 
(77°F); below 25% and above 
85% ±5% typical 

Micro Station (H21-USB) (used 
with wired sensor) 

-20° to 50°C (-4° to 
122°F) with alkaline bat-
teries 

0 to 2 seconds for the first 
data point and ±5 seconds 
per week at 25°C (77°F) 

Center 32 Sound Level Meter  30-90 dB / 50-110 dB / 
70-130 dB ±1.4 dB (ref. 94 dB @ 1kHz) 

Light Meter (Lux/FC) 840020 40.00 to 400,000 lux ± (3% rdg + 0.5% F.S.) 
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ter model 840020 in lux was used. For sound measurements, a CENTER 32 brand 
Digital Sound Level Meter model IEC 6672-1 class 2 in decibels was used. The 07 
wireless temperature and relative humidity sensors were placed inside the cells, iden-
tifying two spaces, one main and one secondary, except for Cell D, which only has 
one space. The wired sensors and Data Logger were placed in the Main Cloister. The 
selected iconic cells belonged to important nuns who lived in the Monastery of Santa 
Catalina. Each of them represents a significant part of the monument's history. The 
cells were coded as follows: Cell A corresponds to the cell of Mother Rosa Cárdenas, 
Cell B to Mother Josefa Cadenas, Cell C to Mother Cipriana Centeno, and Cell D to 
Mother Juana Arias. For the purposes of this study, the terms main space and sec-
ondary space are used to distinguish functional and morphological subdivisions within 
each cell, which were historically occupied and used for daily life. The main space re-
fers to the primary area where essential activities are presumed to have taken place, 
while the secondary space, typically smaller and adjacent, supported auxiliary func-
tions. Environmental comfort conditions in both spaces were systematically monitored 
and comparatively analyzed to identify microclimatic variations. Cells A, B, and C 
consist of two distinct areas—main and secondary—whereas Cell D comprises a sin-
gle, unified space. Although the original names of the cells are preserved in this study, 
they may not correspond to their historical occupants.Table 2 shows the distribution of 
sensors in the selected iconic cells and the main cloister. 

 
Table 2. Distribution of sensors in emblematic cells 
 

CELL Main space Secondary 
space 

Cell A: Mother Rosa Cárdenas  Sensor 1 Sensor 2 
Cell B: Mother Josefa Cadenas Sensor 5 Sensor 6 
Cell C: Mother Cipriana Centeno Sensor 3 Sensor 4 
Cell D: Mother Juana Arias  Sensor 7 - 
Main Cloister    Sensor 8 and Sensor 9 (wired) 

 
For the placement of sensors, an average height of between 3.20 m and 3.50 m 

was established in interior spaces, except for Cell D, where the sensor was placed at 
2.45 m, because the cell has a low ceiling with a flattened vault. For the exterior 
spaces, the sensors were placed at a height of 4.00 m, in the main cloister. 

In all cases, the sensors were positioned so they did not receive direct sunlight in 
order not to alter the final measurements. Figure 2 shows photos of the sensors 
placed in the different study spaces. The sensors were mounted on the walls of the 
cells at a height ranging from 3.20 m to 3.50 m. The walls were constructed using the 
"cajón" system, which comprises two parallel ignimbrite walls filled with a composite 
material of lime, sand, and stone, with thicknesses between 1.20 m and 1.50 m. The 
thermal transmittance of the ignimbrite is 0.78 W/m²K [28], a value that does not affect 
the measurements taken by the sensors installed in each environment. Additionally, 
the methodology uses data obtained from the "La Pampilla" meteorological station in 
Arequipa, which was used to compare the indoor conditions of the studied spaces. 
Figure 3 shows a graph with the maximum and minimum temperatures from February 
to August 2024 in Arequipa, as well as the variation in relative humidity throughout the 
said period. 
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Figure 2. Placement of sensors in the study spaces. (1) Sensor 1 placed in Cell A at a 
height of 3.20 m; (2) Sensor 7 placed in Cell D at a height of 2.45 m; (3) Sensor 5 
placed in Cell B at a height of 3.50 m.       

 

 
 
Figure 3. Temperature and Relative Humidity measurements of Arequipa between 
February and August 2024. 

 
 

4. Temperature and Relative Humidity results  
 

• Cell A 
 

Figure 4 shows the measurements from sensors 1 and 2 placed in the main and 
secondary spaces of cell A, respectively. As can be seen, the temperature for sensor 1 
fluctuates between 22°C and 17°C, with the lowest values recorded in August. The plot 
also illustrates significant variations in relative humidity, starting at high levels exceeding 
63% in the initial months and gradually decreasing to a minimum of 15% in July and 
August. For sensor 2, the temperature remains within a range of 22°C to 20°C, also 
reaching its lowest levels in August. The plot shows a similar trend in relative humidity, 
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with values exceeding 63% in the early months before dropping to around 15% in July 
and August. The measurements from sensors 1 and 2 indicate stable temperatures in 
the smaller space, while the larger space shows greater fluctuations. Relative humidity 
follows a similar pattern in both sensors, peaking in February and March and dropping in 
July and August. A minimum RH of 15% was detected, possibly due to sensor error, as 
“La Pampilla” station recorded variations of less than 10% in June.  

 

 
  
Figure 4. Temperature and Relative Humidity measurements from sensors 1 and 2 in 
Cell A. (A) main space; and (B) secondary space. 
 

Based on the comparison of graphs (A) and (B) shown in Figure 4, it can be ob-
served that the relative humidity percentages in the obtained measurements show clear-
ly differentiated fluctuations between the months of February and March, and the 
months of July and August. In both sensors, February and March exhibit the highest 
levels of humidity, while July and August show the lowest. A minimum of 15% RH was 
detected in both sensors, which may be due to a sensor accuracy error, as the minimum 
relative humidity accuracy of the sensor is 15%. This is in contrast to the lowest peaks 
recorded at the “La Pampilla” station, which show a variation of less than 10% RH in 
June. At the “La Pampilla” station, maximum temperature levels exceeding 30°C and 
minimum temperatures close to 5°C were detected during July and August. These tem-
perature levels, along with the relative humidity measurements, are consistent with the 
trends observed in the sensors, with very high humidity percentages recorded in Febru-
ary and March and lower percentages in July and August. The graph also shows an in-
crease in humidity in August, with a peak near 50% RH. Overall, the comparison high-
lights the significant fluctuation in relative humidity between February and March and the 
months of July and August. The relative humidity is highest in February and March and 
lowest in July and August. The detected minimum of 15% RH in both sensors is likely 
due to the sensor’s accuracy limitation, as the “La Pampilla” station's measurements for 
June show a variation of less than 10%. Temperature records at the “La Pampilla” sta-
tion also show extreme variations, with maximum temperatures exceeding 30°C and 
minimum temperatures near 5°C during July and August. 
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• Cell C 
 

Figure 5 shows the measurements from sensors 3 and 4, placed in the main and 
secondary spaces of cell C, respectively. The time periods measured by sensor 3 indi-
cate that the temperature remains within the range of 22.5°C to 15.5°C, with the lowest 
levels being in August and the highest between February and March. It is also evident 
that there was a marked difference in the temperatures between day and night in the 
months from June to August. The variation in relative humidity is very high during the 
first months, with peaks exceeding 60.2%, gradually decreasing to low levels of 15% in 
July and August. In addition, in the months of June, July, and August, humidity reached 
high levels of about 40% RH and low levels of 15% RH. During March and April, tem-
peratures in some instances exceeded 23°C, further emphasizing the significant varia-
tion in both temperature and humidity levels during this period. The trend in the graph 
refers to the fluctuation in relative humidity, particularly in these months, where humidity 
levels show a clear pattern of highs and lows, showing the considerable changes in both 
climatic factors. To compare measurements with the generic meteorological conditions 
of Arequipa, the measurements of the “La Pampilla” station were applied. The 
temperature of sensor 4 remains within a range of 22.0 °C to 15.0 °C, with the lowest 
levels in August and the highest between February and March. It is also evident that in 
the months of June to August there was a more marked difference in the temperatures 
between day and night. The variation in relative humidity, which is very high in the first 
months with peaks of more than 65.2%, descending to low levels of 15% in the months 
of July and August. In addition, in the months of June, July and August, humidity 
reached high levels of about 40% RH and low levels of 15% RH. 

   

 
 
Figure 5. Temperature and Relative Humidity measurements from sensors 3 and 4 in 
Cell C. (A) main space; and (B) secondary space. 
 

• Cell B 
 
Figure 6 shows the measurements from sensors 5 and 6, placed in the main and 
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secondary spaces of Cell B, respectively, indicating that temperatures ranged from 
22°C to 20°C for sensor 5 and from 23.5°C to 16°C for sensor 6, with the lowest 
values recorded in August and the highest between February and March; additionally, 
both sensors recorded high relative humidity levels above 65% in the first months of 
the year, descending to low levels of 15% in the months of July and August, 
additionally, in June, July and August, humidity reached peaks of around 40% RH and 
dropped to low levels of 15% RH. Sensor 6, placed in a larger space, shows a more 
pronounced fluctuation in both temperature and relative humidity, as shown in graph 
(B), however, it does not drop to levels below 15 °C despite the fact that when 
compared with the lower temperatures captured at the “La Pampilla” station, 
temperatures below 10 °C are evident. As for the percentage of Relative Humidity, the 
measurements obtained show a very differentiated fluctuation between the months of 
February and March and the months of July and August. The months of greatest 
humidity are February and March and the months of least humidity are July and 
August, both sensors detected that there is a minimum peak of 15 % in the RH, this is 
possibly due to an error in the sensor, given that the lower peaks measured at the “La 
Pampilla” station show a variation of less than 10 % in the month of June. At the “La 
Pampilla” station, maximum temperature levels exceeding 30 °C and minimum 
temperatures close to 5 °C were detected in the months of July and August. The 
relative humidity percentages are also consistent with the measurements taken in the 
cells, with very high percentages in February and March and lower percentages in the 
months of July and August.  

 

 
 

Figure 6. Temperature and Relative Humidity measurements from sensors 5 and 6 in 
Cell B. (A) main space and (B) secondary space. 
 

• Cell D 
 
Figure 7 presents the temperature data recorded by Sensor 7, which range from 

14.0 °C to 21.0 °C, with minimum values observed in August and maximum values 
between February and March. A greater diurnal temperature variation is observed 
from June to August, whereas February and March exhibit more thermally stable con-
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ditions throughout the day. These thermal patterns exhibit a consistent correlation 
with the external environmental data recorded at the “La Pampilla” meteorological sta-
tion, where maximum temperatures exceeded 30 °C and minimum temperatures ap-
proached 5 °C during the same period. The variation in relative humidity is significant 
throughout the year. During February and March, RH levels peak above 65.2%, while 
in July and August, they drop to lows of around 15%. In June, July, and August, fluc-
tuations are observed with intermediate peaks reaching up to 40%, although the 
graph shows only a slight increase in August, not exceeding 30%. Overall, February 
and March are the most humid months, and July and August the driest. Sensor 7 rec-
orded a minimum of 15% RH, which may be attributed to a sensor error, as data from 
the "La Pampilla" station showed a variation of less than 10% in June. The RH per-
centages are consistent with the cell measurements, confirming higher humidity in 
February and March, and lower values in July and August.  

 

 
 

Figure 7. Temperature and Relative Humidity measurements from sensor 7 in Cell D. 
Main space. 

 
• Main cloister 

 
Figure 8 shows the temperature and relative humidity measurements from sensors 

8 and 9, placed around the main cloister. The data collected from these sensors show 
that the temperature fluctuates between 25.0°C and 10.0°C. The months with the 
greatest variations between day and night temperatures are June, July, and August. 
In contrast, in February and March, temperatures range from a maximum of 22.0°C to 
a minimum of 15.0°C. At the “La Pampilla” station, maximum temperatures exceeding 
30°C and minimums close to 5°C were recorded during June, July, and August. 
These data are consistent with the measurements obtained from both sensors. The 
relative humidity recorded by both sensors is highest in the early months of the year, 
with peaks exceeding 65.2%, and drops to lower levels around 15% during June, July, 
and August. In these months, humidity reached peaks of approximately 40% RH and 
dropped to as low as 15% RH. This trend is clearly reflected in the graph. Additionally, 
the graph in Figure 8 reveals an irregularity in June and July, where the values do not 
follow the expected trend. This irregularity is due to improper handling of the sensors. 
A comparative analysis between the data from the meteorological station "La Pampil-
la" and the relative humidity measurements obtained from sensors 8 and 9 shows a 
consistent pattern. Elevated RH levels were recorded in February and March, while 
significantly lower values were observed in July and August. These relative humidity 
readings align with those obtained inside the cells, confirming a seasonal trend char-
acterized by high moisture levels at the beginning of the year and a marked decrease 
during the mid-year months. 
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Figure 8. Temperature and Relative Humidity measurements from: (A) sensor 8; and 
(B) sensor 9 placed around the main cloister. 

 
 
5. Light and acoustic results 

 
Lighting and sound measurements were made in all the studied environments with 

a digital luxmeter and sound meter, the measurement intervals were between 30 and 
45 minutes between 9:00 and 18:00 hours. For lighting measurements, lux was used 
and for sound, decibels. For lighting, the instrument was placed in the central area of 
the space, at a height of no more than 0.70 m, avoiding direct sunlight. For sound, the 
instrument was placed in the middle area of the space at a height of 1.60 m. For these 
measurements an attempt was made to avoid the flow of tourists who come to the 
monument. In addition, an audio was played with a prayer emulating the usual use of 
the space. The results are expressed in Lux and decibel graphs, highlighting the max-
imum and minimum in both cases. For lighting, a range of 0 to 150 lux was consid-
ered, except for the main room of Mother Rosa Cárdenas' cell where lighting levels 
close to 200 lux were reached. For sound, a range of 0 decibels to 60 decibels was 
considered. Data collection was done in the center of the spaces to avoid direct sun-
light, considering both direct (artificial indoor lighting, excluding sunlight) and indirect 
(diffusion and reflection) contributions to the final measurements. All measurements 
were performed in environments devoid of artificial lighting sources. Indirect light 
sources in the environment featured ignimbrite walls coated with whitewash, along 
with paintings, furniture, and other furnishings composed of non-reflective materials. 
The flooring consisted of brick, while the solid wood doors exhibited antique, matte 
finishes. Figure 9 shows how the sensors were positioned on tripods at a height of 
0.70 m above the finished floor level to ensure consistency in data acquisition. Figure 
10 shows the sound level meter mounted on a tripod at a height of 1.80 m in the cen-
tre of each environment. The cells are rectangular, with dimensions ranging from 
16.00 to 30.00 m². The minimum distance to the walls is 1.50 m. 
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Figure 9. Lux Meter placement in interior spaces, mounted on tripod at 0.70 m height; 
(1) position of equipment in Cell A; (2) position of equipment in Cell B; (3) position of 
equipment in Cell C; (4) position of equipment in Cell D. 
 

 
 
Figure 10. Sound Level Meter placement in interior spaces, mounted on tripod at 1.80 
m height. (1) position of equipment in Cell A; (2) position of equipment in Cell C; (3) 
position of equipment in Cell D; (4) position of equipment in Cell D. 
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• Cell A 
 

The lighting in Cell A in the main space fluctuates during the day, with peaks be-
tween 12:00 and 14:00 hours, the highest lighting level is 171.4 lux at 13:00 hours 
and the lowest is 20.22 lux at 16:48 hours. In the secondary space of the cell, the 
lighting is more uniform than in the main space, with a peak of 78.1 lux at 13:40 hours 
and a low point of 3.85 lux at 12:42 hours. The higher and lower lux measurements 
correspond directly to the size of the study spaces and the number of openings in the 
cell. The sound levels in Cell A remain homogeneous throughout the day with a max-
imum peak of 164.3 decibels and the lowest point being 7.63 decibels. Both readings 
correspond to times close to 1:00 p.m. In this case, the measurements were carried 
out in silence and with prayer sounds. It should be noted that the minimum measure-
ments correspond, in most cases, to 40 decibels, due to the configuration of the 
equipment. From the light and sound measurements of Cell A, it appears there is a 
direct relationship between the size of the room and the level of illumination, as well 
as the openings in the measured space. Regarding sound, the measurements show 
that there is no direct relationship between the size of the space and the decibels. 
Figure 11 shows the lux and decibel measurements in cell A. 
 

• Cell B 
 

Figure 12 shows the lux and decibel measurements in Cell B. In this Cell, the light-
ing in the main space fluctuates during the day, with peaks of light between 12:00 and 
14:00 hours, the highest level of illumination being 62.1 lux at 13:00 hours and the 
lowest level being 7.19 lux at 16:49 hours. In the secondary space, illumination is var-
iable, with the highest peak of 57.2 lux at 13:18 and the lowest reading of 2.05 lux at 
9:27 hours. These higher and lower lux measurements directly correspond to the size 
of the study spaces and the number of openings in the cell. The sound levels in Cell B 
remain homogeneous throughout the day with a maximum of 51.7 decibels and a min-
imum of 40.0 decibels. Both measurements correspond to times around 12:00 and 
14:00 hours. In this case, the measurements were made in silence and with prayer 
sounds. It should be noted that the minimum measurements correspond, in most cas-
es, to 40 decibels, due to the configuration of the equipment. Of the two spaces 
measured in Cell B, it is noteworthy that the lighting level is balanced in both rooms, 
regardless of their size. The sound level is kept at levels that do not exceed 60 deci-
bels. 
 

• Cell C 
 

Figure 13 shows the lux and decibel measurements in Cell C. The light in the main 
space of Cell C fluctuates throughout the day, with light peaks occurring between 3:00 
p.m. and 5:00 p.m. (Figure 13). The highest illumination level is 140.1 lux at 9:55 a.m., 
and the lowest is 12.94 lux at 12:06 p.m. In the secondary space, illumination is varia-
ble, with the highest peak of 39.6 lux at 1:18 p.m. and the lowest reading of 1.04 lux at 
4:38 p.m. These higher and lower lux measurements directly correspond to the size of 
the study spaces and the number of openings in the cell. 

The sound levels in Cell C remain homogeneous throughout the day with a maxi-
mum peak of 58.8 decibels and a negative peak of 40.0 decibels (Figure 13). Both 
peaks correspond to times close to 12:00 hours. In this case, the measurements were 
carried out in silence and with prayer sounds. It should be noted that the minimum 
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measurements correspond, in most cases, to 40 decibels; this is due to the configura-
tion of the equipment. According to the results obtained, there is a direct relationship 
between the size of the measured spaces and the amount of illumination measured. 
Regarding sound, the measurements show that there is no direct relationship be-
tween the size of the space and the decibels, even though the peak of the highest 
sound is in the secondary space.  

 
• Cell D 

 
The lighting in Cell D, shown in Figure 14, which consists of a single space, fluctu-

ates between 34.16 lux at its highest peak at 2:03 p.m. and 2.55 lux at its lowest level 
at 9:58 a.m. The cell does not receive direct sunlight at any time of the day due to its 
location within the Main Cloister. The sound levels in Cell D range from 59.2 decibels 
at 2:03 p.m. to 40.0 decibels for the rest of the day. Unlike the other cells, this single-
room space is small and due to its location as part of the main cloister, is more prone 
to higher noise levels. The lighting levels in Cell D are low because it does not receive 
natural lighting throughout the day. As for sound, the levels are low but are affected 
by the music coming from the Main Cloister. 

 

 
 
Figure 11. Lux and decibel measurements in Cell A. (1) and (2) Lux measurements, 
(3) and (4) Decibel measurements in the main and secondary spaces, respectively.  

 

 
 
Figure 12. Lux and decibel measurements in Cell B. (1) and (2) Lux measurements, 
(3) and (4) Decibel measurements in the main and secondary spaces, respectively.  
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Figure 13. Lux and decibel measurements in Cell C. (1) and (2) Lux measurements, 
(3) and (4) Decibel measurements in the main and secondary spaces, respectively.  

 

 
 
Figure 14. Lux and decibel measurements in Cell D, (1) Lux measurements, and (2) 
Decibel measurements in the main space.  

 
 
6. Discussion  

 
Given the significant number of ranges and results applied in the study, it is essen-

tial to construct a table containing the maximum and minimum values of temperature 
and relative humidity recorded by each sensor, along with their respective dates. Ta-
ble 3 is a summary that will subsequently enable an evaluation to be made of the 
studied spaces based on Fanger's comfort scale. 

 
Table 3. Summary table of maximum and minimum temperature and Relative Humidi-
ty values with corresponding dates 

 
N° 

Sensor Location Space T. Max. 
(C°) 

Date / 
Hour 

T. Min. 
(C°) 

Date / 
Hour 

HR 
Max. % 

Date / 
Hour 

HR 
Min. % 

Date / 
Hour 

Sensor 
1 

Cell A 

Main 
space  25.409 

15-02-
24  

14:00 
15.703 

12-07-
24 

9:00 
64.328 

27/02/2
4 

12:00 
15 

24-06-
24 

13:00 

Sensor 
2 

Second-
ary 24.175 

15-02-
24 

20:00 
16.18 

13-07-
24 

9:00 
60.208 

8-03-
24 

14:00 
15 

4-06-
24 

10:00 

Sensor 
3 Cell C Main 

space  27.659 
21-03-

24 
8:00 

16.347 
12-07-

24 
9:00 

60.994 
27-02-

24 
12:00 

15 
14-06-

24 
18:00 
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Sensor 
4 

Second-
ary 34.924 

22-08-
24 

13:00 
14.891 

13-07-
24 

7:00 
65.868 

27-02-
24 

12:00 
15 

28-05-
24 

7:00 

Sensor 
5 

Cell B 

Main 
space  35.057 

22-08-
24 

13:00 
14.963 

12-07-
24 

9:00 
65.879 

26-02-
24 

18:00 
15 

31-05-
24 

21:00 

Sensor 
6 

Second-
ary 24.055 

15-02-
24 

14:00 
14.891 

12-07-
24 

10:00 
66.909 

27-02-
24 

12:00 
15 

19-07-
24 

19:00 

Sensor 
7 Cell D Main 

space  22.997 
15-02-

24 
14:00 

16.085 
13-07-

24 
7:00 

66.314 
27-02-

24 
12:00 

15 
11-08-

24 
21:00 

Sensor 
8 Main Clois-

ter 
(exterior 
measure-

ments) 

Outer 
space 28.089 

16-08-
24 

13:00 
9.408 

12-07-
24 

6:00 
86.212 

26-02-
24 

20:00 
6.296 

15-07-
24 

12:00 

Sensor 
9 

Outer 
space 27.66 

16-08-
24 

13:00 
9.966 

12-07-
24 

6:00 
85.086 

26-02-
24 

19:00 
6.328 

15-07-
24 

12:00 

 
Table 4 shows the collected data that were analysed using the CBE Thermal Com-

fort Tool from Berkeley (https://comfort.cbe.berkeley.edu/EN) to compute the Predicted 
Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD) indices, in strict ad-
herence to international standards ASHRAE Standard 55-2023 and EN-16798. The 
analysis determined that of the four evaluated cells, Cells A, B, and C meet the comfort 
thresholds outlined by both standards. Conversely, Cell D fails to meet the thermal com-
fort requirements of ASHRAE 55 but satisfies those of EN-16798. 

 
Table 4. Microclimatic Determination of PPD and PVD values according to ASHRAE – 
55 and EN 16798 in the evaluated spaces 
 

 
    ASHRAE - 55 EN 16798 

 
Loca-
tion Space T° Max. 

(C°) 
HR Max. 

% PMV  PPD 
(%) PMV PPD 

(%) 
Catego-
ry 

Sensor 
1 Cell A:  

Main space  25.409 64.328 0.11 5 0.04 5 l 

Sensor 
2 Secondary 24.175 60.208 -

0.36 8 -
0.22 6 ll 

Sensor 
3 Cell C:  

Main space  27.659 60.994 -
0.35 8 0.43 9 ll 

Sensor 
4 Secondary 24.175 65.868 -

0.18 6 -
0,18 6 l 

Sensor 
5 Cell B:  

Main space  23.886 65.879 -
0.41 9 -

0.23 6 ll 

Sensor 
6 Secondary 24.055 66.909 -

0.35 7 -
0.19 6 l 

Sensor 
7 Cell D:  Main space  22.997 66.314 -

0.72 16 -
0.39 8 ll 

Sensor 
8 Main 

Cloister 

Outer 
space 28.089 86.212 1.28 39 0.77 17 lV 

Sensor 
9 

Outer 
space 27.66 85.086 1.11 31 0.67 14 lll 

 
Microclimatic assessments within the interior environments revealed PMV values 

ranging from -0.19 to 0.11, signifying near-neutral thermal perception, consistent with 
the comfort zone. Corresponding PPD percentages (excluding Cell D) ranged from 5% 
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to 8%, averaging 6.5%, categorizing these spaces under Categories I and II of thermal 
comfort as per ISO 7730 guidelines. However, Cell D exhibited a PPD of 16%, exceed-
ing the thresholds defined by ASHRAE 55, indicating non-compliance with acceptable 
indoor comfort levels. For the main cloister, an open-air environment, the recorded mi-
croclimatic conditions presented PMV values ranging from 0.67 to 1.28, with PPD per-
centages spanning 14% to 39%. These results position the cloister outside the defined 
thermal comfort zones of both standards, highlighting its unsuitability for extended occu-
pancy or activity. The architectural analysis revealed that Cells A, B, and C benefit from 
two zones with direct solar exposure during the day, enhancing passive heating and 
contributing to compliance with thermal comfort standards. In contrast, Cell D, despite 
being constructed with ignimbrite, lacks solar incidence, resulting in suboptimal thermal 
performance and failure to meet the ASHRAE 55 standard. The main cloister, fulfilling 
its role as an open-space architectural and spatial organizer, demonstrates substandard 
microclimatic conditions, rendering it unsuitable for prolonged use without additional en-
vironmental controls or adaptations. Lighting for interior spaces is defined by the tech-
nical standard EM-0.10 'Interior Electrical Installations of the National Building Regula-
tions,' published by ICG-Peru [29]. According to this standard, the minimum lighting 
comfort level for private residential spaces should be between 50 lux and 100 lux. In this 
regard, the cells of the Santa Catalina Monastery do not meet the minimum lighting re-
quirements. However, Espinoza [30] describes spaces dedicated to worship, which aim 
to foster a connection between the user and their inner self, emphasize how low light 
levels, or twilight, support worship. In these spaces, lighting levels range from 0 lux to 65 
lux, and the studied cells fulfill the purpose of providing the necessary dim lighting for 
introspection and worship. The regulations governing acoustic comfort in buildings are 
diverse. It is necessary to mention the regulations from the Ministry of Development: 
NBE-CA-88 'Acoustic Conditions of Buildings' [31] and the WHO Guidelines for Com-
munity Noise at the international level [32], as well as the 'Regulation of National Envi-
ronmental Quality Standards for Noise' in Peru [33]. Regarding acoustic comfort, in 
general, the standard considers that levels below 45 dB are considered a zone of well-
being, levels above 55 dB are perceived as annoying noise, and levels exceeding 85 dB 
are associated with harmful health effects. The cells studied in the Monastery of Santa 
Catalina show constant levels ranging from 40 to 60 decibels, maintaining acoustic com-
fort, conducive to religious introspection. 

 
 
7. Conclusions 

 
Measurements were conducted in four emblematic cells of the Monastery of Santa 

Catalina in Arequipa, evaluating four main variables: (i) ambient temperature, (ii) relative 
humidity, (iii) lighting levels, and (iv) sound levels. The results for temperature and rela-
tive humidity confirmed that the cells consistently remain within the comfort range of 
18°C to 22°C. The relative humidity measurements, which fluctuated between 60% and 
15%, align with those obtained inside the cells, revealing a seasonal trend characterized 
by high moisture levels at the beginning of the year, followed by a significant decrease 
during the mid-year months. However, the measured lighting levels were found to be 
below the comfort range of 500 to 750 lux, with levels ranging from 0 to 150 lux. These 
low lighting levels are consistent with the cell's use, which was intended to promote wor-
ship. Regarding sound, the measured levels were within the comfort zone, below 45 dB. 
Exterior measurements were carried out in the Main Cloister of the historic monument, 
obtaining data that was later compared with the measurements provided by the “La 
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Pampilla” Meteorological Station. The graphs showed that the thermal behavior of the 
cells was consistent with the outdoor temperatures, maintaining comfort temperatures in 
all cases. This is due to the use of ignimbrite in their construction. 
From the results obtained it is clear that, generally, in the main environments, a direct 
relationship is observed between temperature, relative humidity and lighting and the 
size of the space. On the other hand, the data collected on sound show that the size 
of the environment does not necessarily affect the number of decibels quantified. The 
results obtained from the measurements show that Cell D (Sor Juana Arias's cell) 
does not have the characteristics of a residential cell, suggesting that it may have had 
a different function during the operational period of the Monastery of Santa Catalina. 
The dimensions, openings, and spatial relationships, as well as the cell's thermal be-
havior, indicate that it was likely used as a space for "meditation." The elevated win-
dows and the door with an opening for receiving food reinforce this hypothesis. 
 
 

Acknowledgements  
 
This research has been developed thanks to funding provided by the Universidad 

Católica San Pablo through the "CONCURSO DE PROYECTOS DE INVESTI-
GACIÓN 2023" with "Code UCSP-CPI-2023-40".  

 
 
References  

 
[1] Zúñiga-Hernández, J. A., Zavala-Ñahu, B., Mamani-Mendoza, R. A. & 

Esquivel-Meza, E. (2023). Estabilidad térmica de un edificio centenario de sil-
lar (ignimbrita) en clima desértico frío. Hospital Goyeneche. Revista de ar-
quitectura, ISSN 1657-0308, Nº. 0. 

[2] Lerma, C., Borràs, J. G., Mas, Á., Torner, M. E., Vercher, J. & Gil, E. (2021). 
Evaluation of hygrothermal behaviour in heritage buildings through sensors, 
CFD modelling and IRT. Sensors, 21(2), 566. MDPI AG. Available at: 
http://dx.doi.org/10.3390/s21020566 

[3] López-Zambrano, M. J., Canivell, J. & Calama-González, C. (2019). Evaluation 
system for retrofitting solutions for energy saving in historic buildings 
(SESREBIC). Application in BIC monasteries. Informes de la Construcción, 
71(555), e300. Available at: https://doi.org/10.3989/ic.63532 

[4] Gutland, M., Bucking, S. & Santana, M. (2021). Hygrothermal modelling of his-
toric rubble masonry walls: Accounting for geometric and compositional varia-
bility. Journal of Building Engineering, 48, 103929. Available at: 
https://doi.org/10.1016/j.jobe.2021.103929 

[5] Martín-Garín, A., Millán-García, J. A., Terés-Zubiaga, J., Oregi, X., Rodríguez-
Vidal, I. & Baïri, A. (2021). Improving energy performance of historic buildings 
through hygrothermal assessment of the envelope. Buildings, 11(9), 410. 
MDPI AG. Available at: http://dx.doi.org/10.3390/buildings11090410 

[6] Sánchez-Aparicio, L., Castro, Á., Conde, B., Carrasco, B. & Ramos, L. (2019). 
Non-destructive means and methods for structural diagnosis of masonry arch 
bridges. Automation in Construction, 104, 360–382. Available at: 
https://doi.org/10.1016/j.autcon.2019.04.021 

[7] Morillas, H., Vázquez, P., Maguregui, M., Markaida, I. & Silva, L. (2018). Com-
position and porosity study of original and restoration materials included in a 

253

CO
N

SE
RV

AT
IO

N
 S

CI
EN

CE
 IN

 C
U

LT
U

R
A

L 
H

ER
IT

AG
E



coastal historical construction. Construction and Building Materials, 178, 384-
392. Available at: https://doi.org/10.1016/j.conbuildmat.2018.05.168 

[8] Avdelidis, N. P. & Moropoulou, A. (2003). Emissivity considerations in building 
thermography. Energy and Buildings, 35(7), 663–667. 

[9] Grinzato, E., Bressan, C., Peron, F., Romagnoni, P. & Stevan, A. G. (2000). 
Indoor climatic conditions of ancient buildings by numerical simulation and 
thermographic measurements. In Proceedings of SPIE - The International So-
ciety for Optical Engineering, Vol. 4020, pp. 314–323. SPIE. 

[10] Kylili, A., Fokaides, P. A., Christou, P. & Kalogirou, S. A. (2014). Infrared ther-
mography (IRT) applications for building diagnostics: A review. Applied Ener-
gy, 134, 531–549. 

[11] Bisegna, F., Ambrosini, D., Paoletti, D., Sfarra, S. & Gugliermetti, F. (2014). A 
qualitative method for combining thermal imprints to identify weak points in an-
cient wall structures by passive infrared thermography – A case study. Journal 
of Cultural Heritage, 15(2), 199–202. 

[12] Mulaveesala, R., Ghali, V. S., Arora, V., Siddiqui, J. A., Muniyappa, A. & Takei, 
M. (2013). Recent advances in thermal wave detection and ranging for non-
destructive testing and evaluation of materials. In Stockton, G. R. & Colbert, F. 
P. (eds.), Proceedings of SPIE - The International Society for Optical Engineer-
ing, Vol. 8705, p. 870510. 

[13] Quagliarini, E., Esposito, E. & Del Conte, A. (2013). The combined use of IRT 
and LDV for the investigation of historical thin vaults. Journal of Cultural Herit-
age, 14(2), 122–128. 

[14] Kordatos, E. Z., Exarchos, D. A., Stavrakos, C., Moropoulou, A. & Matikas, T. E. 
(2013). Infrared thermographic inspection of murals and characterization of degra-
dation in historic monuments. Construction and Building Materials, 48, 1261–1265. 

[15] Nuzzo, L., Masini, N., Rizzo, E. & Lasaponara, R. (2008). Integrated and mul-
tiscale NDT for the study of architectural heritage. In Michel, U., Civco, D. L., 
Ehlers, M. & Kaufmann, H. J. (eds.), Proceedings of SPIE - The International 
Society for Optical Engineering, Vol. 7110, pp. 711015–711015–8. 

[16] Bravo-Morales, G.C. (2006). Revista Técnica de la Facultad de Ingeniería, 
Universidad del Zulia, 29, pp. 169–181. Maracaibo, Venezuela: Facultad de 
Ingeniería, Universidad del Zulia. 

[17] De Dear, R. (2011). Revisiting an old hypothesis of human thermal perception: 
alliesthesia. Building Research and Information: The International Journal of 
Research, Development and Demonstration, 39(2), pp. 108–117. 

[18] Bellizzi, Y. (2019). Environmental and energy quality: SOBANE methodology 
adapted to canteens. In: Proceedings of the 4th International Conference on 
Energy & Environment (ICEE 2019): Bringing Together Engineering and Eco-
nomics, pp. 351–356. 

[19] Liu, J., Wang, L., Yoshino, Y. & Liu, Y. (2011). The thermal mechanism of 
"warm in winter and cool in summer" in traditional vernacular dwellings in Chi-
na. Building and Environment, 46(8), pp. 1709–1715. 

[20] Başaran, T. (2011). Thermal analysis of the domed vernacular houses of Har-
ran, Turkey. Indoor and Built Environment, 20(5), pp. 534–545. Available at: 
https://doi.org/10.1177/1420326X11411237 

[21] Martín, S., Mazarrón, F. R. & Cañas, I. (2010). Study of thermal environment in-
side rural houses of Navapalos (Spain): The advantages of reusing buildings of 
high thermal inertia. Construction and Building Materials, 24(5), pp. 666–676. 

[22] Stroe, M. (2015). The social and environmental impact of increasing energy 
efficiency of buildings in Romania (case study). University Politehnica of Bu-

254

F.
 A

. C
uz

zir
am

os
-G

ut
iér

re
z, 

L.
 S.

 B
er

ne
do

-F
lo

re
s, 

D.
 R

. H
er

re
ra

-B
us

tin
za

, S
. C

ol
l-P

la 
- M

icr
oc

lim
at

ic 
st

ud
y 

of
 th

e i
co

ni
c c

ell
s i

n 
th

e S
an

ta
 C

at
ali

na
 m

on
as

te
ry



 

charest Scientific Bulletin Series C - Electrical Engineering and Computer Sci-
ence, 77(2), pp. 289–300. 

[23] De Vasconcelos, A. B. (2016). EPBD cost-optimal methodology: Application to 
the thermal rehabilitation of the building envelope of a Portuguese residential 
reference building. Energy and Buildings, 111, pp. 12–25. 

[24] Lizundia, I., Uranga, E. & Sagarna, M. (2014). Beneficios y riesgos de la reha-
bilitación energética en el patrimonio edificado: 5 grados de intervención. In: 
5th European Conference on Energy Efficiency and Sustainability in Architec-
ture and Planning. 

[25] Etxepare, L., Leon, I., Sagarna, M., Lizundia, I. & Uranga, E. J. (2020). Ad-
vanced intervention protocol in the energy rehabilitation of heritage buildings: 
A Miñones Barracks case study. Sustainability, 12(15), 6270. MDPI AG. Avail-
able at: http://dx.doi.org/10.3390/su12156270 

[26] Lopez-Ochoa, L. M. (2019). Towards nearly zero-energy buildings in Mediter-
ranean countries: Energy Performance of Buildings Directive evolution and the 
energy rehabilitation challenge in the Spanish residential sector. Energy, 176, 
pp. 335–352. 

[27] Preda, A. (2018). Increasing the energy efficiency of existing buildings. In: Ad-
vanced Topics in Optoelectronics, Microelectronics, and Nanotechnologies IX. 
Bellingham, Washington: SPIE. 

[28] Herrera-Sosa, L., Villena-Montalvo, E. & Rodríguez-Neira, K. (2020). Evalua-
ción del desempeño térmico del sillar (ignimbrita) de Arequipa, Perú. Revista 
de Arquitectura (Bogotá), 22(1), 152-163. 

[29] Ministerio de Vivienda, Construcción y Saneamiento (2003). Norma técnica 
EM-0.10: Instalaciones eléctricas interiores del reglamento nacional de edifi-
caciones. Instituto de Construcción y Gerencia, Perú. 

[30] Espinoza, E. (2014). La iluminación para el culto: reflexiones de confort visual 
en la penumbra. Universidad Politécnica de Cataluña, España. 

[31] Martín, A. & Vignote, S. (1981). Condiciones acústicas de los edificios. Mini-
sterio de Fomento: NBE-CA-88, España. 

[32] Berglund, B., Lindvall, T. and Schwela, D., 1995. WHO guidelines for commu-
nity noise. Geneva: World Health Organization. 

[33] Ministerio de Vivienda, Construcción y Saneamiento (2003). Reglamento de 
Estándares Nacionales de Calidad Ambiental para Ruido. Perú. 

 
 
 
Biographical notes  

 
F. A. Cuzziramos-Gutiérrez (ORCID: 0000-0002-4068-6938) is a Ph.D. candi-

date in Classical Archaeology with a focus on Architectural Heritage at the Universitat 
Rovira i Virgili, Spain. He is also a full-time professor at the School of Architecture and 
Urbanism of the Universidad Católica San Pablo, Arequipa, Perú, specializing in ar-
chitectural design, construction processes, and research. His work focuses on the 
study and preservation of architectural heritage as a member of the Architecture, His-
tory, and Heritage research group. 

 
L. S. Bernedo-Flores (ORCID: 0000-0001-8489-1661) has a Master in Internet of 

Things (IOT) from Universidad Católica San Pablo, with a background in Computer 
Science from the same institution. She is a professor at the Universidad La Salle in 
the Software Engineering program and in the Mechatronics Engineering program at 

255

CO
N

SE
RV

AT
IO

N
 S

CI
EN

CE
 IN

 C
U

LT
U

R
A

L 
H

ER
IT

AG
E



the Universidad Católica San Pablo, Arequipa, Perú.  
 
D. R. Herrera-Bustinza (ORCID: 0000-0002-0756-391X) is an architect from the 

Universidad Católica de Santa María, with master’s studies in Design, Management, 
and Construction of Collective Housing at the same university. He works as a Teach-
ing Assistant at the School of Architecture and Urbanism of the Universidad Católica 
San Pablo, Arequipa, Perú.  

 
Sergio Coll-Pla (ORCID: 0000-0002-4718-5810) holds a Ph.D. Cum Laude from 

the Universitat Rovira i Virgili and is currently a Serra Húnter Lecturer at its School of 
Architecture, where he teaches Building Services, Construction, and Heritage. His re-
search focuses on Romanesque and vernacular architecture, carried out within the 
PATRIARQ research group and the Architecture, History, and Heritage group at the 
Universidad Católica San Pablo. He has participated in several competitive research 
projects and co-authored over 30 peer-reviewed articles, 45 conference papers, and 
numerous knowledge transfer agreements.  

 
 
Summary  
 
The Monastery of Santa Catalina in Arequipa is among Peru’s most significant and 

well-preserved historical monuments. It comprises primarily residential cells occupied 
by cloistered nuns of the Dominican order. This study conducts a microclimatic as-
sessment of four emblematic cells and the main cloister, focusing on thermal, lighting, 
and acoustic characterization to evaluate habitability based on international stand-
ards. Environmental conditions were monitored from February to August 2024 using 
temperature and relative humidity sensors, along with digital lux and sound level me-
ters. The data were analysed according to Fanger’s thermal comfort model. Results 
indicated PMV values between -0.19 and 0.11, corresponding to near-neutral thermal 
perception within the comfort zone. PPD values (excluding Cell D) ranged from 5% to 
8%, with an average of 6.5%, aligning with Categories I and II of ISO 7730. Cell D, 
however, recorded a PPD of 16%, exceeding ASHRAE 55 thresholds, indicating non-
compliance with acceptable thermal comfort standards. 

 
 
Riassunto 
 
Il monastero di Santa Catalina ad Arequipa è uno dei monumenti storici più signifi-

cativi e ben conservati del Perù. È composto principalmente da celle residenziali oc-
cupate da suore di clausura dell'ordine domenicano. Questo studio conduce una valu-
tazione microclimatica di quattro celle emblematiche e del chiostro principale, concen-
trandosi sulla caratterizzazione termica, illuminotecnica e acustica al fine di valutare 
l'abitabilità in base agli standard internazionali. Le condizioni ambientali sono state 
monitorate da febbraio ad agosto 2024 utilizzando sensori di temperatura e umidità 
relativa, insieme a misuratori digitali di lux e livello sonoro. I dati sono stati analizzati 
secondo il modello di comfort termico di Fanger. I risultati indicano valori PMV com-
presi tra -0,19 e 0,11, corrispondenti a una percezione termica quasi neutra all'interno 
della zona di comfort. I valori PPD (esclusa la cella D) variavano dal 5% all'8%, con 
una media del 6,5%, allineandosi alle categorie I e II della ISO 7730. La cella D, tutta-
via, ha registrato un PPD del 16%, superando le soglie ASHRAE 55, indicando la non 
conformità con gli standard di comfort termico accettabili. 
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