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The museums are very special buildings since they are supposed to preserve important 

and in many cases unique, cultural heritage objects from outdoor climatic conditions. In 

particular, the museum housed in cultural heritage buildings should create a friendly 

environment not only for collection and visitors but for the building as well. It is very 

important for any project solutions concerning the museum historical building or 

collection restoration and conservation the knowledge of thermo – hygrometric indoor 

environment parameters. Considering these parameters as important preservation factors, 

the paper presents results of indoor climate monitoring campaign of “Onufri” National 

Museum in Berat city. This museum building was selected for two particular 

characteristics. First it is the most representative museum of this archetype. Second it has 

always demonstrated indoor climate problems.  

The study presented in this paper aims to measure, evaluate and analyze the indoor 

thermo - hygrometric parameters in “Onufri” museum. The analyzed data can be used as 

a reference for future refurbishment of this building, aiming to improve the indoor 

climatic parameters and the building efficiency. The study may also serve as a 

methodology for permanent climate monitoring in this museum archetype. 

KEYWORDS: Museum facilities, Cultural Heritage Conservation, Thermo hygrometric 

parameters, data-logger device.                                                                                                       

------------------------------------------------------------------------------------------------------------ 

INTRODUCTION 

Many museums in Albania are located in historical buildings part of our cultural heritage, 

whose primary function at the time of construction was completely different. An 

important step forward, considering museum accommodation in historical buildings, 

happened in Albania after 1965, with reevaluation and restoration of cultural heritage 

buildings by the Institute of Cultural Monuments (Riza, E., 1984). A part of the restored 

traditional houses or churches were used as museums, creating therefore an archetype of 

the museum typology (Adhami, S., 2001).  

The historical buildings which housed museums were constructed in traditional materials 

and techniques and thus used to respond passively to climate. The indoor natural 

temperature and humidity of these buildings were determined by the outdoor weather 

conditions, building structure and size, terrain hydrology and construction materials used. 

Even after several restoration and conservation interventions, actually the indoor climate 

of these buildings is determined by the outdoor weather conditions. Interventions made 

for building improvements were based only in restoration and maintenance.  
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The only passive intervention that aimed improvements of climate conditions was the one 

made in “Onufri” museum. It is important to mention that not any mechanical systems 

were applied for climate control in these museum buildings (Stamati, F., 2004).  

What this study found as a concern is that after each intervention in “Onufri” museum 

there has been no climate monitoring to understand how well the climate parameters have 

been improved and what are climate conservation levels. Considering that indoor climate 

in this museum wasn’t monitored before, a measuring campaign of ten months was 

undertaken. This monitoring campaign shows us the real values of conservation climate 

in “Onufri” museum as well as identifies the risks for collection and the building itself. 

I. MATERIALS AND METHODS 

1. The architectural and environmental features of the studied museum 

building. 

The "Onufri" museum was housed in the inner part of the Saint Mary Cathedral located 

in the old center of Berat city, after the building restoration in 1986 (Fig. 1c). The church 

is situated in a slopping ground on the upper part of the rocky hill and it is well integrated 

with the dwelling urban structure and vernacular architecture of the “Castle” 

neighborhood (Fig. 1a and 1b).  

The origins of the church date back to 1797 and according to A. Bace it is rebuilt on the 

ruins of an older church (Bace, A., 1987). Being one of the most representative cathedrals 

of post-Byzantine architecture in Albania (Meksi, A., 1976, 1990) it demonstrates the 

main features of this architecture: orientation of longitudinal church axis in east-west, the 

visible presence of vertical axis (through two main cupolas) and vault coverings (Bace, 

A., Meksi, A., Riza, E., 1988). The compact volume of the building is composed by three 

naves separated by stone arches resting on columns, the apse, narthex, hajat (the added 

side volume on the north part of the cathedral connected to narthex) and the porch (Fig. 2 

and 3).  

The building structure is a combination of massive bearing walls and stone columns. The 

walls build in limestone have a thickness that ranges around 80 cm. The load of ceiling 

domes and vaults is transmitted on columns and on stone walls. The higher stone arches 

of the central nave support the vaults and domes while lower stone arches of the side 

naves support the small cupolas and cylindrical vaults. The middle nave is 9.8 meter high 

while two side naves are 6.2 meter high. All this elegant and dynamic structure is covered 

by a simple wooden roof in two slopes which plays an important role in climatic indoor 

conditions. The main construction materials used for the church were natural materials as 

stone and wood which are structural as much as decorative.  

The cathedral building incorporates many features friendly to the environment (use of 

local material, adaptation to the landscape, yard, arrangement of semi-opened spaces, etc) 

and this can argue its definition as sustainable. If we attempt to analyze how the building 

architecture was supposed to contribute during the entire year towards the climate 

strategies, the following can be summarized:  
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During the summer months - the climatic conditions were improved by the reduction of 

exposure to solar radiation and by ensuring cross ventilation of the building. Suitable 

openings, frequently on small size, allowed the circulation of cool air and cross 

ventilation. Due to differences in air temperature and density, the hot air was forcibly 

extracted from the holes in domes during the summer period (night cooling ventilation). 

Another important cooling strategy was sun shading from the porch which protected the 

interior spaces from overheating. The porch minimized direct exposure to sun radiation. 

In addition, it favorably influenced the natural lighting by reducing the reflection and 

offered protection from the rain (Fig. 2 and 3).  

During the winter months - improvements has been achieved by direct solar gains 

through the building envelope and the building openings (small size windows). The 

building orientation (long axis of building is run east-west) lets the winter sun in. On the 

south façade, the windows are located at the bottom part of the porch arches, allowing 

direct sun penetration and protecting it during summer. The indirect solar radiations were 

derived from envelope (stone masonry and the wooden roof). The compact design of the 

building enabled to minimize surface exposed to the wind (less heat loses through 

ventilation). The hajat, a later expansion of the church, apart for the need of facility 

expansion could be designed as a buffer space for the north façade having lower 

temperature requirements (nowadays it is an exhibition area).  

According to the analyze of this study the today building summer performance is more or 

less in the same strategies as it was planned to be. Restoration and conservation 

interventions in the building during the years did not influenced the summer 

performance. Nevertheless, current situation is not reflected as planned in winter months. 

A reason for this performance is that the building has always presented problems of 

moisture caused by rain water roof infiltration, damp walls, water capillary and 

condensation. Despite conservative interventions carried out in several stages the 

situation remained problematic. It is this climate situation which has contributed to some 

icon degradation (wooden painted panels) of “Onufri” museum (Stamati, F., 2004). 

Consequently, a part of icons suffer deformations, cracks, damages of the layer painting 

and are ingested by insects. The wall paintings as well are partly damaged due to material 

deterioration under the influence of air temperature (T) and relative humidity (RH).  

To improve this situation, in 2002, an intervention was applied enforcing the functioning 

of the building passive model. The project designed by architect R. Gega intended to 

improve the situation by removing the water presence around the building through a 

drainage system and by strengthening the passive ventilation through underground 

natural ventilated channels (Fig. 4).  

According to visual observations of the museum staff (no measurements were done) this 

system brought few climate improvements, but not the expected results. Condensation on 

the surface of the floor was eliminated only in the area near the ventilation channels and 

not on the rest part of the stone floor. Even at present, the building continues to reveal 

humidity and floor condensation problems.  
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2. Monitoring equipment and methodology 

Since the indoor environment situation of “Onufri” museum was reported as problematic 

regarding environment collection and the monumental church preservation, a monitoring 

campaign was carried out in 2012. The investigation period included all seasons in order 

to create a clear picture of the indoor climate during all the year (Brawn & Rose, 1996; 

LaFontaine & Michalski, 1984). A monitoring strategy and the equipments’ position 

were designed in cooperation with the museum staff. The selected positions were as 

follows: three positions for nave in different periods, one position apse, two positions 

(ground and first floor) in narthex and one position in hajat. The equipment height as it 

recommended was 1.7 meter from the floor. The thermo-hygrometric parameters, air 

temperature and relative humidity, were measured with electronic data logger of HOBO 

U-12 type in a rage of T: -20°C to 70°C and RH: 5% to 95%. Logger was a four-channel 

(two internal and two external) logger with 12-bit resolution and could record up to 

43,000 measurements. The logger used a direct USB interface for launching and data 

readout by a computer. The HOBOware® software was used to read out the data whereas 

analyzing and data interpretation is done with Excel software.  

II. MONITORING RESULTS 

The measuring campaign started at the end of January 2012 and was completed in 

November 2012. The registration interval between each data was 15 minutes in the day-

night interval for each T and RH. Microclimatic parameters were monitored to validate 

the external parameters as well. As the equipments couldn’t be used as external ones 

(they were only internal) the outdoor climate of T and RH were taken from the Metrology 

Station in Berat. Following targeting of most problematic areas, equipment was placed 

there. These positions were defined as future measuring spots for the recommended 

permanent museum climate monitoring. Therefore, out of twelve identified monitoring 

positions only eight of them were monitored during our campaign. There were three 

positions for the nave, two for the apse, two for the narthex (ground and first floor) and 

one for hajat. The corresponding positions were as follows: Nave – position A, F, H; 

Apse – position B, G; Narthex – position E, D and Hajat – position C (Fig.5, 6).  

As the museum doesn’t have their specifications for environmental control, the problem 

was to select the compared standards. The today museum climate standard is a wide 

discussed problem about what is the optimum relative humidity level, what are 

acceptable short and long fluctuations of T and RH (ASHRAE, 2011; Michalski, S., 

2010). Knowing the buildings’ climate features and based on literature recommendations, 

as a referred standard for data analyzing is defined the upper RH limit 70% and the lower 

limit 40%, specified as safety limits (Uzielli, L., 1992). Also based on the same criteria 

the T range was defined 25°C - 19°C.  

During the data analyzing was clearly readable that the outdoor environment has a 

significant influence on the thermo-hygrometric indoor parameters (Fig.7). Although the 

massive stone walls and wood structures and nave furnishings are good buffer materials 

they do not enable friendly parameters for collection, visitors and building.  

Winter campaign - showed that indoor RH changed to the same pattern but in different 
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amplitudes compare to outside (Fig. 7). The indicated values of RH were considered as 

very high indoor ones matching to the recommended upper risk limit of RH 70%. The 

plotted graphs showed that almost during winter till the end of spring RH values were 

upper than 70%. The highest registered RH value is 83%. These high RH values were 

registered in all cathedral environments till the end of May (Fig. 8, 9, 10).  

Attention was paid to the air temperature focusing on the role of temperature in RH 

control and the temperature influence in visitor comfort. The air temperature remained at 

very low values during winter time and in a moderate level during spring time. From 

winter till the end of spring T values were less than 10°C. The minimum registered was 

in nave and apse (T min 4°C) a rather low temperature for visitors’ comfort (Fig. 8, 9). 

Moreover, the low T values were accompanied with high values of RH creating problems 

for collection, visitors and building.  

During the spring and summer campaign – the graphs began to go towards normality, 

matching the safety limits around the beginning of June. If in winter the RH levels were 

defined as dangerous for collection and building deterioration the RH levels of this period 

were friendly for them. The humidity fluctuations were close to the recommended 

average for wooden painted panels (Rh average recommended 55%) during July and 

August (Fig. 8).  

Indoor climate of the museum does not only demonstrate problems related to values of 

RH over safety limits but reveals also issues of humidity fluctuations. This phenomenon 

deserves further studies. The principal calculations showed that the short and long RH 

fluctuations are over recommended values for museum buildings. The calculated 

fluctuations are over ±20%, which create high risk of mechanical damage of collection, 

especially wooden artifacts, and high risks for building envelope.  

III.  RECOMANDATIONS AND CONCLUSIONS 

The museum selected for this experimental study may be considered as a typical example 

of cultural heritage buildings used for exhibition purposes. The link between indoor and 

outdoor environments, which represent a significant risk for collections, is not easily to 

manage if the climate is not controlled mechanically. However, designing and installing 

mechanical systems in these buildings is a complicated process because it is difficult to 

preserve the building’s architecture and at the same time to create a comfortable 

environment for collection and visitors. Considering this the study suggests some 

recommendations beginning from simplest and low cost ones.  

The monitoring activity, performed over a period of 10 months, has demonstrated that 

thermal-hygrometric parameters were remarkably over the risk limits. This confirms first 

the need for systematic monitoring campaign so as to have detailed information about 

internal and external thermo-hygrometric conditions. Based on this information, the 

trained museum staff can use simple passive ways to decrease or increase the air 

exchange through doors and windows, so as to help the passive system of the building to 

function better. This is a recommendation driven from the study that enables environment 

improvements in a simple way. 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-V, Nov 2015 Special Issue 

 

 

w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  

 
Page 21 

The “Onufri” museum building suffers from roof leaking and damp walls, problems 

which significantly affect the indoor RH. The roof leaking has created problems not only 

for the indoor environment but it has deteriorated also the dome frescos. The roof 

interventions and windows replacement will ameliorate the building functionality and 

indoor parameters. Also the building cyclic conservation and maintenance is an important 

issue for building and collection life span.  

The study suggest that in order to achieve the requested parameters the building apart 

from the passive system well-functioning can also apply an innovative retrofitting system 

for wall heating. This system will eliminate condensation and moisture from capillarity 

and also it is a friendly intervention for cultural heritage buildings. 

The results of this paper will be easily applicable by the target audience such as restorers, 

conservators, designers and museum management staff for the future interventions to 

retrofit “Onufri” museum and to measure the intervention impact in climate 

improvements.   
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Fig.1a). The “Castle” neighborhood.   Fig.1b). General plan of St Mary Cathedral.   

Fig.1c). The picture of  St Mary Cathedral. 

 

 

Fig.2 Ground Floor Plan of St. Mary Cathedral; (drawing of the author). 

 

 

 

 

Fig. 3 South West Façade of St. Mary Cathedral; (drawings of the author). 

 

a) b) 
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Fig. 4 Passive ventilation intervention in St. Mary Cathedral (arch. R. Gega, 2012); 

(drawing and photo of the author). 

 

 

 

Fig.5 St. Mary Ground Floor Plan; (drawing of the author). 
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Fig.6 St. Mary First Floor Plan; (drawing of the author) 

 

 Fig. 7. The relation of indoor and outdoor thermo-hygrometric parameters. 
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Fig 8. The Nave graph of “Onufri” Museum 2012.

 Fig 9. The Apse graph of “Onufri” Museum 2012.

 Fig 10. The Naryhex and Hajat 
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Fig 9. The Apse graph of “Onufri” Museum 2012.
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Fig 9. The Apse graph of “Onufri” Museum 2012.

Fig 10. The Naryhex and Hajat graphs of “Onufri” Museum 2012
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Fig 8. The Nave graph of “Onufri” Museum 2012.

Fig 9. The Apse graph of “Onufri” Museum 2012.
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Fig 8. The Nave graph of “Onufri” Museum 2012. 

Fig 9. The Apse graph of “Onufri” Museum 2012.
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Fig 9. The Apse graph of “Onufri” Museum 2012. 
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