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ABSTRACT 
 
The growing interest in Italy for the tutelage, the restoration and the valorisation of the 

historical-cultural resources and the necessity of a better conservation of the artworks of great 
value require that the museums be provided with appropriate HVAC systems for the control of 
the ambient conditions. The suitable microclimate for the conservation of the works inside a 
museum can be identified by means of a multisubject investigation. 

In order to preserve the artworks, the museum requires a “flat line” for temperature and 
humidity around the clock, a far more stringent requirement with respect to average commercial 
buildings. 

The temperature and in particular the relative humidity considerably affect the behaviour of 
the materials in general and of the hygroscopic ones in particular, because they tend to establish 
a thermal-hygrometric balance with the surrounding environment. So, the ambient thermal-
hygrometric conditions have to be stable. The control of the indoor relative humidity must assure 
that in the materials there is no absorption or condensation such to develop chemical and 
bacteriologic reactions and induce mechanical solicitations. 

Therefore, it is necessary to maintain the ambient conditions by handling especially the 
indoor thermal loads, which considerably affect the microclimatic values for the conservation. In 
particular, the load due to the presence of people in the expository rooms is really important, 
because it is generally impulsive and directly proportional to the over-crowding degree. 

On the basis of these considerations, a case-study concerning a simulated museum, built 
according to a modern conception, is presented in this paper. The indoor spaces of the museum 
are destined to exhibition room, stock space, conference room, laboratory, restoration and study 
center, communication.  

Using the dynamic simulation code DOE 2.1 E and hourly typical climatic data (TRY), 
opportunely elaborated, the operating costs of suitable HVAC systems have been evaluated, as 
well as the requested capacity of control of the thermal-hygrometric ambient parameters. 

Our department (DETEC), involved in a competence centre (Regional Competence Centre 
for the development and transfer of the applied innovation to the cultural heritage and 
landscapes), is specialized in the theoretical and experimental study of the HVAC systems 
applied to cultural resources.  
Keywords: historical-cultural resources, museums, HVAC systems, chemical dehumidification, 

software codes   



 

1. INTRODUCTION 
 

As results from a CEE investigation, about the 75% of the 5.367.359 monuments assessed in 
all Europe are in Italy (Filippi, 1987), and part of the buildings, losing the original function, are 
used as museums, archives and libraries. The growing interest in Italy for the preservation, the 
restoration and the valorisation of the historical-cultural resources requires that the museums be 
provided with appropriate HVAC systems for the control of ambient conditions, in order to 
prevent, control and limit the degradation process of the artworks. Besides, considering also the 
people presence, the maintenance of the particular thermal-hygrometric conditions is quite 
problematic (Meroni et al., 2000). 

An appropriate HVAC system has to be able to balance quickly the changes of the indoor 
parameters from the set point values, particularly in the exhibition rooms, due to the people 
thermal load, impulsive and proportional to the over-crowding degree.  

In this paper, a case-study concerning the HVAC systems of a simulated museum, built 
according to a modern conception, is presented. The indoor spaces of the museum are destined 
to exhibition room, stock space, conference room, laboratory, restoration and study center, 
communication.  

Using the dynamic simulation code DOE 2.1 E (DOE, 1994) and typical climatic hourly data 
TRY (CEE, 1985), opportunely elaborated, the operating costs of suitable HVAC systems (also 
with chemical dehumidification) have been evaluated, as well as the requested capacity of 
control of the thermal-hygrometric ambient parameters. 

 

2. THERMAL-HYGROMETRIC PARAMETERS IN THE MUSEUMS  
 

The interaction between the museum and the outside environment, if not opportunely 
controlled, can make faster the processes of deterioration, often irreversible, of both the building 
envelope and the artworks kept in it. The principal risks are degradation phenomena, such as 
physical mechanisms (changes of size and form of objects), chemical reactions, biological 
mechanisms (proliferation of micro-organisms).  

The main agents responsible of the degradation processes of the historical-artistic works 
stored in the museums are (Lull et al., 2001): the electromagnetic radiations coming from 
sources of natural and artificial light; the thermal-hygrometric conditions, the velocity and the air 
quality of the air in contact with the object. 

The solution to the problem of the conservation of artworks is not easy because, even if a lot 
of information concerning the pre-existent microclimate are known as well as the best conditions 
for the conservation of the various categories of works, the quantitative information is hardly 
available about the acceleration that the various degradation phenomena have in relation to the 
change from the design conditions. 

 
A multi-subject investigation by several professional figures (restorer, HVAC designer-

installer-manager) is necessary to identify the conservation state of the object, in relation to its 
precedent history, and to determine the optimal values of the microclimatic parameters in which 
it has to be conserved. 

A suitable microclimate for the conservation has to be chosen taking account both the direct 
impact that it has on the materials of the objects and the indirect one in creating a favourable 
habitat for biological degradation and for not desired chemical reactions, especially in presence 
of atmospheric pollutants. 

In general, it is possible to identify the following criteria: 



 

�  if an object is in a favourable microclimate and there are not degradation processes acting, 
the object must be kept in such environmental conditions; 

�  the original microclimate can be improved removing or attenuating the perturbing causes, 
such as day cycles, fluctuations, quick transitions (ASHRAE, 2003); 

�  if absolutely necessary, the microclimate of an object must be changed on the basis of 
specific studies and the transition to the new conditions must be very slow;  

�  in absence of knowledge of the precedent history of an object, the choice of the 
microclimate has to be made on the basis of its chemical-physical characteristics. 

 
The degradation or the optimal conservation of the historical buildings and of the artworks 

depend essentially on the ambient thermal-hygrometric conditions, i.e. T and RH. Many studies 
showed that also other parameters, like the vertical thermal distribution of the air masses, the 
concentration of pollutants, the lighting, the ventilation, in their synergic effect with T and RH, 
can affect the degradation. 

For the museum air-conditioning, the recommended thermal-hygrometric parameters for the 
conservation of the various materials have the priority on the human comfort and are stricter as 
regards both RH and T. The ICCROM (International centre for the study of the preservation and 
restoration of cultural property) recommendations insist above all on the control of RH, whose 
changes can cause irreversible damages.   

The thermal-hygrometric conditions of the air in contact with the artworks and their sudden 
change represent the greatest risk for the conservation. In fact, even if there are optimal values 
of T and RH, quick changes of such conditions can cause degenerative processes: so stability of 
the ambient conditions must be obtained. 

T and especially RH affect the behaviour of the materials in general and the hygroscopic 
ones in particular, because they tend to establish a thermal-hygrometric balance with the 
surrounding environment. So, the ambient conditions must be kept stable (Elovitz, 1999). The 
hygrometric control has to ensure that in the materials there is not vapour absorption or 
condensation, because it could make faster the chemical and bacteriologic reactions and induce 
mechanical solicitations. RH, in fact, affects the changes of dimension and form of the objects 
because all the organic materials able to absorb water, e.g. wood, ivory, leather, paper, etc., 
swell when the RH grows and get smaller when it decreases, with consequent weight changes, 
deformations and cracks (Mecklenburg et al., 1999). Besides, interstitial condensation inside the 
materials, together with the pollutants in the air (CO2, NOx, SO2, O3, etc), gives place to strongly 
aggressive solutions that cause corrosion of the metals, decolouring of the drawings on cottons, 
flaxes, wools, silks and the weakening of the organic fibres (textiles and paper), above all if in 
light presence (Giusti,1999). 

The low temperatures, instead, are not particularly dangerous for the artworks, while with the 
increase of the temperature the chemical-physical and biological degradation processes become 
faster, with consequent risk for the conservation. 

RH higher than 65%, associated to T higher than 20°C, increases the development of miceti 
colonies and makes faster the life cycles of several damaging insects (Filippi, 1987). 

Due to the necessity to guarantee at the same time the climatic comfort for artworks and 
people, in the areas dedicated to the exposure, moderate ambient conditions are preferable, 
with stable values of T and RH. In this optic, average values suggested for  exhibition spaces in 
literature are (Filippi, 1987; Isetti et al., 1988): T=20-25°C throughout the year, with a monthly 
variation of maximum � 1°C and a daily variation of maximum � 1.5°C; RH between 35% and 
50% throughout the year, with a monthly variation of maximum � 5% and a daily variation of 



 

maximum � 3%. For particular artwork preservation, more stringent RH range (50% with a 
maximum daily variation of � 2%) are suggested.    

In the last few years, two Italian rules, UNI 10829 (UNI, 1999) and UNI 10969 (UNI, 2002), 
established the environmental conditions for conservation purpose in the museums. 

UNI 10829 suggests the optimal values of the ambient parameters; in HVAC system design 
for historical-artistic objects, in absence of other specific indications, it suggests the values of the 
parameters concerning the conservation of 33 categories of materials; such categories are 
divided into three groups: materials/objects of organic nature; materials/objects of inorganic 
nature; objects of mixed nature. The recommended values concern the following parameters: air 
T and RH; maximum daily T and RH variation. But it is noteworthy that the materials of the 
objects can also suit, throughout the time, microclimatic conditions different from those 
suggested: in this case, to avoid a heavy degradation, it could be more opportune to keep these 
conditions rather than obtain the conditions considered optimal. 

UNI 10969 provides the general principles for the choice and the control of the microclimate 
for the conservation of cultural items in indoor environments, for the realization and the 
adjustment of the technical systems in the museums, libraries, archives and in all the buildings 
containing objects of historical-artistic interest. 

In fig. 1 a simplified scheme of a logic approach according to the rules above mentioned for 
the design of a plant in a museum is presented. 

As regards the international indications, the recent ASHRAE studies (ASHRAE, 2003) 
consider not more the single object but the whole collections, placing them in 5 classes of 
categories on the basis of specific sensitivity thresholds. Once fixed the optimal values of the 
thermal-hygrometric parameters for the conservation of a collection, it is placed in a class of 
sensitivity (AA-A-B-C-D) which identifies the class of control of the seasonal and short term 
admitted fluctuations. 

Great importance have passive methods, such as interventions on the building envelopes to 
improve the thermal inertia and the exchanges of heat and water vapour, and to install screens 
which reduce the direct incidence of the luminous radiations. 

Buildings designed for a different function are often used as museums. Conrad (Conrad, 
1995) divided the buildings, on the basis of their performances and uses, in 7 categories: to 
each of them a class of possible thermal-hygrometric fluctuation corresponds. Besides, further 
problems emerge when the building has historical character and is itself integral and 
interpretative part of a museum. Introducing the modern HVAC systems in adequate way is the 
most complex aspect for historical buildings.  

 
 
 
 
 

 
 
 
 
 
 
 

Fig. 1. Simplified scheme of the logic approach for the design of a plant in a museum. 
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3. HVAC SYSTEM DESIGN FOR THE MUSEUMS 

The culture of the modern communication changed the limitative concept of museum as 
simple stock of artworks; so, near the primary functions of stock, exhibition, collection, 
registration, management and administration, a new concept of museum as promoter of culture 
and communication, with the relative spaces aimed to laboratory, conference, restoration and 
study center, welcome, communication, is proposed. In this paper, considering literature and rule 
indications, a building with the above mentioned characteristics has been analysed, keeping 
distinct two groups of zones served by two different systems. Specific plant solutions correspond 
to these new functions, with the related problems concerning control of thermal-hygrometric and 
IAQ parameters, safety and energy saving. 

The design of the air conditioning system is only one aspect of a wider problem, which 
involves also the quality of the building envelope (thermal insulation and vapour barriers) and 
managerial factors. The logic of design adopted in the case study proposes the differentiation of 
the spaces for the collections (exposure space and stock) with respect to the places destined to 
other functions (offices, bar, etc.), in order to limit the costs and the risks in preserving the 
artworks.  

The conservation of the works requires stable conditions above all in the rooms for temporary 
exposures, where strong insurance ties imposed by the proprietary of the works exist, and in the 
stocks. The HVAC system must guarantee the control of the transient phenomena, the ambient 
microclimatic control (T and RH), the integration of the technology in the building structure. 

The control of the transient phenomena is strongly related to the variability of the thermal 
loads that the HVAC system must balance in operating time (Redondi, 2004). In particular, the 
fraction of the internal load due to the occupancy can create problems for the time stability of the 
ambient thermal-hygrometric conditions: in fact, this is an impulsive and not attenuated load 
because of the high occupancy variation. Such discontinuous flow of people can cause 
significant and sudden changes of the environment conditions; so the reaction of the HVAC 
system must be extremely quick in order to restore the design values of the thermal-hygrometric 
conditions for the conservation (Giusti,1999). The outside thermal load, instead, changes more 
slowly because the layers of most buildings destined to museums (heavy structure) induce a 
high thermal inertia and then an attenuation of the instantaneous thermal gains: therefore the 
HVAC system is able to keep the design conditions without significant indoor changes. 

The microclimatic ambient control involves a uniform space distribution of the thermal-
hygrometric parameters: in fact, it is not sufficient to keep stable T and RH average values 
(within the design proportional band), but a check of the microclimate near the artworks, spatially 
distributed in the ambient, is also necessary. Therefore, in the HVAC system design for the 
exhibition spaces, the diffusion of the air in the room, as well as the air flow rates to balance 
thermal loads, must be carefully considered in order to avoid the formation of stagnant zones 
and to realize a low speed air circulation. In fact, the exhibition rooms, characterised by heights 
between 4 and 10 m, can present, in case of not sufficient exchanges of air, meaningful 
temperature differences owed to reduced turbulence which involves uncontrolled convective 
movements not depending on the primary distribution. Therefore, this phenomenon has to be 
considered in the determination of the air flow rates, which must be increased opportunely. 

In general, given an impulsive perturbation on the ambient T or RH or on the pollutant 
concentration, the time of restoration of the previous conditions decreases with the increase of 
the number of air exchanges, fixed the distribution system, and is function of the occupancy 
variation, which is the prevailing cause of the perturbation itself; fixed the supply air flow rate, 



 

instead, the transient phenomenon period decreases for turbulent diffusion and not isotherm 
distribution systems (Giusti, 1999). 

The control of the RH transient period does not feel the effect of the outside environment 
because the rooms must be kept in pressure with respect to outdoor in order to avoid not 
controlled pollution; so it is mainly function of the people presence. The ambient humidity control 
is really important, both in summer and in winter; the characteristics which affect stability and 
diffusion of the humidity are based on the partial vapour pressure, those related to temperature 
on the molecular activity. Therefore keeping in a room different values of humidity ratio is more 
difficult with respect to temperature (Hartman, 1996). 

In particular, the time of return of the initial conditions concerning pollutants concentration is 
exponential function of the air exchange number; in general, the number of necessary air 
exchanges to ensure the constancy of the thermal-hygrometric conditions is sufficient to keep 
the pollution level within acceptable limits (Giusti et al., 1999). 

In order to keep stable the ambient conditions, it is necessary that HVAC systems remain 
constantly operating, at least as regards the exhibition spaces and the stocks; therefore, system 
typologies which allow considerable energy saving should be used.  

The type of HVAC system used is critical to achieve project ambient goals. Minimum airflow 
values vary from 6 to 8 air changes per hour (NBS, 1983; ASHRAE, 2003), so a constant-
volume system is usually preferred.  

The problems normally overlooked are maintenance access and risk of the collection 
disruptions and leaks from overhead or decentralised equipment. Water or steam pipes over and 
in collection areas present the possibility of leaks.  

All-air systems are generally preferred: a centralised air-handling unit keeps filtration, 
dehumidification, humidification, maintenance, and monitoring away from the collection. 

Even if not precluded, air-water systems are rarely used for exhibition rooms, since they do 
not allow the handling of the load changes with sufficient quickness and the control of the 
polluting ones near the artworks; they can be used for foyer, bar and offices.  

The all air systems, instead, allow a stricter control of T, RH and pollutant concentration. 
Moreover, they avoid in the exhibition space the presence of water pipes which involve the risk 
of damaging the artworks in case of break; on the other side, they present retrofit problems in 
historical buildings. 

A multizone air handling unit with zone reheat and humidification can be a stable and 
relatively energy-efficient solution. With proper layout and equipment, a multizone system can 
reduce the amount of reheat and can be very energy-efficient (Bovill, 1988); so constant-volume 
and multizone systems in collection spaces are preferred.  

The variable air volume system is characterised by flexibility, less space requirements for the 
equipment, reduction of the operating cost; it can be conveniently used for various zones served 
by the same air handling unit, but it presents some limits related to the capacity in balancing the 
changes of the thermal loads, both sensible and latent, because it is rarely possible to reduce 
the air flow rate more than 25 – 30% respect to the design one.  

The adoption of adsorption dehumidification systems allows the reduction of the humidity also 
when the required dew point temperature is very low; so an easier handling of high latent loads 
is obtained. These systems are better as regards hygienic characteristics because the absence 
of condensed water strongly reduces the presence of bacteria, fungi and microbes. Absorption 
dehumidification systems, instead, should be avoided, because of the potential risk of acid 
particles (i.e. chlorine solutions) or drops released in the air flow, with consequent damaging risk 
for the collections. 
 



 

Outside air 
Because the goal is the strict control of the ambient microclimatic parameters, excessive 

amounts of outside air can be economically problematic. Even when free-cooling is convenient, 
outside air can introduce particles and gaseous pollution. So, outside air must be the minimum 
amount required to provide fresh air for occupants and to pressurize collection spaces.  
 
Air distribution  

High, monumental spaces are prone to thermal stratification; if this risk is real for collections, 
then appropriate return and supply air points may be required to ensure air motion across the 
entire space. Supply air should not blow directly onto collections. 
 
Controls 

Sensors, thermostats and humidistats must be located in the collection space, not in the 
return air stream. Temperature variation is usually preferable to prolonged humidity swings. This 
strongly affects control design, because conventional control systems treat temperature as the 
primary goal and humidity as supplementary (ASHRAE, 2003). 
 
4. CASE STUDY AND RESULTS 

The typical museum should be a collecting place and also a space for research and 
formation: in this optic the zones of the simulated building have been defined. The museum 
covers a total area of 1.925 m2 with a volume of 13.471 m3, on two floors. 

�  Ground floor. Here are located the exhibition space for temporary shows and the standing 
collection, the receiving zone, the conference room, the didactic hall, the security services 
and the spaces for the refreshment; in the zone opposed to the principal entry there is the 
stock of the artworks and the relative load/unload area. 

�  First floor. It is divided in two areas - administrative managerial area (offices); study and 
conservation area destined to the laboratory activities - and is partially occupied by the 
exhibition space which raises for the whole height of the building. The access to the 
laboratory is also possible through a service entry that links this with the stock and the 
load/unload area. Furthermore, at the first level the equipments are located. 

 
Particular feature of the exhibition space is the presence of a great skylight, typical in various 

famous museums (e.g. Ara Pacis and Palace of the exhibitions in Rome). Some authors (Ayres 
et al., 1990) noted that the use of natural light is always a net energy penalty and a risk for the 
collections. So, for lower risk of leaks and for a better-managed lighting, particular screens have 
been considered over skylights in this case study. 

In tab. 1 indoor design thermal-hygrometric conditions are reported for the different zones of 
the simulated building.  

 
Table 1. Indoor design thermal-hygrometric conditions for museum ambients. 

Winter indoor design 
conditions  

Summer indoor design 
conditions 

 
Notes 

 
Space 

T(°C) RH(%) T(°C) RH(%) 
 

Foyer, 
conference room, 
bar, didactic hall, 
Museum shop, office 

21� 1 40� 10 24� 1 50� 10 Not tight control of RH 
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Exhibition space 
Temperature: 21� 1°C 

RH: 50� 4% 

Stock 
Temperature: 19� 1°C 

RH: 50� 2% 

 
Tight control of RH. 

Operating time: 
24 h/d   7 d/week  

 
The selected indoor T and RH ranges for exhibition space and stock are very stringent, in 

order to evaluate the HVAC system performances in the strictest thermal-hygrometric conditions 
for particular artwork conservation.     

The attention on the exhibition space has been focused, because of the interest in the 
artworks conservation and in the comfort for occupants. The design conditions of the exhibition 
space assumed for the simulation are:  
- outdoor: city of Rome; ASHRAE 1% DB/MCWB;  
- indoor: T=21� 1°C in summer and winter; RHr = 50� 4%; 
- thermal loads (ASHRAE, 2003): 

- occupancy: 0.2 persons/m2 (schedules are reported in fig. 2); 
- people thermal load: 147 W/person (85 W sensible + 62 W latent); 
- lighting and other electric loads: 30 W/m2; 
- ventilation: 6 L/s for person; 
- infiltration: 0.25 exchange/hour; 

- utility rates1: 
- electricity: 0.105 � /kWh; 
- gas: 0.52 � /Sm3.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. People schedules for the exhibition space, for weekdays (a) and holidays (b). 

Characteristics of the HVAC system 

The HVAC system chosen for this case study is represented by a single duct multi-zone 
constant volume air system (Multi-Zone fan System, MZS) with or without desiccant dehumidifier 
(fig. 3); this is one of the most cited systems in literature (ASHRAE, 2003) for this kind of 
application. In the case study two MZS systems are considered, one dedicated to the stock zone 
and exhibition space and the other one to the remaining zones of the building.  

The control of the ambient temperature is obtained mixing the air of two plenum, the heat one 
and the cold one, by means of the dampers; the mixed air is then supplied by a single duct to 
each zone. The ecomizer can allow the input of all outdoor air (instead of recirculation air + 
outdoor air) in the periods in which thermal-hygrometric conditions are convenient.  

 
                                                           
1 The reported prices, comprehensive of all the components except the VAT, were obtained taking into 

account the most appropriate utility rate for this case study. 

a) b) 



 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3. Multi-zone fan system (MZS) with and without desiccant wheel. 

In particular, the HVAC system dedicated to the exhibition space and stock must control 
strictly ambient T and RH values, in order to warrante stable thermal-hygrometric conditions 
when loads change, for the conservation of the artworks; in this case the heat coil was activated 
also in the summer season to control the temperature of the hot plenum, in order to have a close 
control of the relative humidity. So in winter pre-heating coil and heating coil are on, while 
cooling coil is off; in summer heating coil and cooling coil (water cooled) are on, while pre-
heating coil is off.  

The purpose of this case study is to determine the annual energy consumption of the HVAC 
systems for the exhibition space and stock, as well as air temperature and relative humidity 
conditions in order to evaluate the system capacity to satisfy the specific requirements for the 
museum. In the followings the main results are reported for the city of Rome.  

In tab. 2 the supply air flow rates for the various zones of the building are reported. 

 

 

 

 

 

 

 

 



 

Table 2. Supply air flow rates for the various zones of the museum, Rome. 

Supply air minimum O.A. minimum O.A.  

m3/h m3/h % 
HVAC1 (MZS) 

Exhibition space 24958 3852  
Stock 1621 413  
Total 26579 4265 16 

HVAC2 (MZS) 
Foyer 3194 1296  

Conference room 2125 1534  
Bar 3084 1718  

Didactic hall 1206 409  
Museum shop 681 59  

Offices 5822 578  
Total 16112 5594 35 

 
In tab. 3 the annual energy consumptions and operating costs, as well as the electric power 

demand, referred to exhibition space and stock, are reported. It can be noted that using the 
hybrid system with the desiccant wheel an electric energy saving is obtainable, but on the other 
side the natural gas consumption increases due to the regeneration requirement for the 
desiccant.  

In fig. 4 cumulative curves of RHr values in the exhibition space (a) and in the stock (b) for the 
Multi-zone system with and without desiccant wheel are reported for summer conditions, while in 
fig. 5 some significant air temperature values in summer and in winter in the exhibition space are 
shown (note that in winter desiccant wheel is disabled, so only one curve is reported). Fig. 5 and 
the annual results (not reported in this paper) show that T control is perfect and this proves the 
intrinsic effectiveness of the MZS system in ambient T control, by means of the regulated 
dampers. On the other hand, this kind of HVAC system is able to control quite well, but not 
strictly, ambient RH (fig. 4): in fact, in the exhibition space for about 55-60% of the total hours 
(72-13=59% and 66-10=56%, respectively with and without desiccant wheel;) RH is in the 
design range (50� 4%, i.e. 46-54%), while in the stock RH is in the design range (50� 2%, i.e. 48-
52%) for about 25% of the total hours (43-15=28%; 36-12=24%). Ambient RH control is lightly 
better when the desiccant wheel is enabled.  

Considering the results obtained for all the year, the ambient average RH is maintained 
between 40% and 60% for almost the total operating hours; so the maximum annual variation is 
� 10%, as suggested in literature (Giusti, 1999) for artwork conservation. Considering the range 
of daily RH fluctuation, it has been noticed that the change is limited in winter, wider in summer.    

Anyway, for specific RH control requirements related to the conservation of particular 
artworks, it could be necessary to use other kinds of HVAC systems.         

 

 

 

 

 

 

 

 

 



 

  Table 3. Annual energy consumptions, electric power demand and annual operating costs 
for the city of Rome, referred to exhibition space and stock. 

  
Multi-zone Multi-zone  

with desiccant wheel 
Electrical end-uses MWh kW k�  MWh kW k�  

Lights 69.4 28.0 7.3 69.4 28.0 7.3 
Miscellaneous 31.1 24.9 3.3 31.2 24.9 3.3 

Cooling 127.0 98.2 13.3 115.5 90.3 12.1 

Total electric 227.5 151.1 23.9 216.1 143.2 22.7 
              

NG end-uses GJ  k�   GJ   k�  
Winter: heating coils 922.7  13.9 922.7  13.9 

Regeneration 0  0 241.0  3.6 
Winter: humidification 100.5  1.5 100.5  1.5 

Total NG 1023.2  15.4 1264.2  19.1 

  
29658 

Sm3 NG    
36642 

Sm3 NG      

Total     39.3     41.8 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Cumulative curves of RHr values in the museum for Multi-zone fan system with and 
without desiccant wheel, RHr = 50� 4% for exhibition space (a), RHr = 50� 2% for stock 
(b), 1 July – 31 August, Rome. 
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Fig. 5. Air temperature within the exhibition space for Multi-zone fan system with and without 

desiccant wheel, Rome. 
 

Primary energy consumption distribution 
As integration of the results reported in tab.3, in fig. 6 the per cent distribution of the annual 

energy consumptions is reported for Rome and MZS with (a) and without (b) the desiccant 
wheel, expressed in terms of primary energy.2  

It can be noted the great influence of the costs concerning the maintenance of desired 
indoor thermal-hygrometric conditions for both the cases; moreover, the system with desiccant 
wheel shows a higher consumption of natural gas (for heating and desiccant regeneration) and a 
minor one for electric cooling, but the differences among the two systems are little, as also 
proved by data of tab.3.  

 
 
 

 
 
 
 
 
 
 
 
 
 
Fig. 6. Per cent distribution of the annual energy consumptions for exhibition space and stock, 

considering the MZS-PowerDoe with desiccant wheel (a) and without desiccant wheel (b), 
expressed in terms of primary energy, Rome.   

 

                                                           
2 Primary energy equivalences: for electric energy, 2.2×10-4 toe correspond to 1 kWh; for thermal energy from 

gaseous fuel, 2.8×10-2 toe correspond to 1 MBtu (@1055 MJ). 

a) b) 



 

5.  CONCLUSIONS                       

Multi-zone fan systems were analysed, with and without desiccant wheel, for museum 
exhibition room and stock, in which the presence of artworks requires a tight control of the 
ambient temperature and above all of the relative humidity.  

Using PowerDoe code, operating costs were calculated for an Italian site (Rome), 
considering an indoor relative humidity set point equal to 50� 4% for the exhibition room and 
50� 2% for the stock. 

The analysed multi-zone system controls perfectly the ambient temperature, by means of 
the regulated dampers, while controls quite well, but not strictly, the ambient relative humidity 
(anyway this is maintained between 40% and 60% for almost the total operating hours).  

Ambient relative humidity control is lightly better when the hybrid system with the desiccant 
wheel is used.  

Anyway, for specific RH control requirements related to the conservation of particular 
artworks, it could be necessary to use other kinds of HVAC systems.         

Moreover, using the hybrid system with desiccant wheel an electric energy saving is 
obtainable, but on the other side the natural gas consumption increases due to the regeneration 
requirement for the desiccant. 

Realizing a controlled ambient is often costly, but it is necessary for long-term protection of an 
artwork collection. In most cases, the increase in usable life of a collection easily justifies the 
annual energy consumption and operating costs to maintain special ambient conditions.  

One of the best ways to reduce operating costs consists in treating only a few part of the 
building as a special ambient, which requires HVAC system operating for all the day; spaces not 
needing preservation conditions should be served by separate HVAC systems. In this optic the 
case study is characterised by two different multi-zone HVAC systems, one dedicated to the 
exhibition space and the stock of the artworks, and the second one dedicated to the other 
zones, that operates only when spaces are occupied. 

 
NOMENCLATURE 

DB/MCWB   Dry Bulb/Mean Coincident Wet Bulb   °C 
RH    air relative humidity      % 
T   Temperature      °C 
 
CC   Cooling Coil     
DOE  Department Of Energy 
HC   Heating Coil 
IAQ   Indoor Air Quality 
NG                        Natural gas 
Sm3   Standard m3 
TRY  Test Reference Year 
 
Subscripts: 
r     referred to indoor/return air 
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