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Abstract: This study is an attempt to consolidate environmental design integration methods by assessing actual 
performance and Post Occupancy Evaluation of a naturally ventilated theatre The Space in Nottingham. Air 
temperatures in the theatre were monitored and survey was distributed among the regular occupants adopting 
the Building Use Studies (BUS) methodology. Analytic studies using dynamic thermal simulation and 
computational fluid dynamic tools further informed on the impact of certain aspects of the design. The results 
demonstrated a good thermal performance in free running mode and an overall satisfaction of the occupants. 
This performance is directly associated to design aspects of the building like materials with high thermal capacity, 
surrounding buffer spaces and an adequate aperture distribution. This study reaffirms the efficacy of natural 
ventilation strategies in highly occupied buildings and completes a full record on the design process and actual 
performance of an exemplar building in the UK for environmental designers. 
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1. Introduction
The title of this research suggest the “Revival” of theatre environment through natural
ventilation. This term has been derived from a statement by an English theatre director Peter
Brook regarding theatre ventilation. He stated that air-conditioning kills the environment of
theatre (Short, 2017). Therefore, natural ventilation can be employed to bring back the
theatre to life. The aim of the study was to compile a full record on the design process and
actual performance of a naturally ventilated theatre building in the UK for environmental
designers. A relation between environmentally sustainable design, occupant experience and
actual performance by carrying out a thorough study of a theatre building in Nottingham.
It was assumed that materials having high thermal mass, surrounding buffer spaces and
adequate design of natural ventilation are key providers of thermal comfort leading to user
satisfaction.

2. Methodology
This paper focuses on the ventilation strategy employed in the Nottingham Girls High School
Theatre, its thermal performance and the satisfaction of users. The air temperatures and
relative humidity were monitored in the auditorium, plenum and exhaust using Tinytag Plus
2 TGP-4500 Data Loggers for a period of six weeks from March to April covering mid-season.
The data was extracted, analysed and used to relate the response of occupants to actual
performance of the building. One week from April when the outdoor conditions corresponded 
to the mid-season was opted for detailed analysis. Furthermore it was incorporated to
calibrate the digital model to prove the role of high thermal mass and surrounding buffer in
providing thermal comfort.



3. The Ventilation Strategy of NGHS Theatre 
The NGHS Theatre is located on a 
corner site in Central Nottingham. The 
theatre is state of the art performing 
arts facility in NGHS. It has can hold 334 
people, has a foyer, dance rehearsal 
spaces and back of house facilities. The 
sustainable choice of materials was 
based upon the production process and 
in use performance from the local and 
naturally available resources.         
               

The two storey theatre has 
employed buoyancy driven displacement ventilation achieved by introducing fresh air at 
lower level (floor) and exhausting from a high level exhaust (ceiling). The strategy works due 
to pressure variance caused by temperature difference between indoor and outdoor air and 
thermal stratification within auditorium. The ventilation scheme is demonstrated in Figure 2. 
There are three inlets for fresh air supply facing North, South and West. Stage and Auditorium 
are treated as two zones and fed separately. Air enters the plenum via South and West inlet, 
from where it uniformly distributes into auditorium and vertical shafts for galleries and first 
floor. The racked seating has floor mounted grilles and vertical shafts behind the wooden 
perforated walls supply air to galleries. A separate duct feeds the small plenum under first 
floor racked seats. Air introduced at the lower level in auditorium cools down the audience 
and ascents towards the exhaust in ceiling after absorbing heat from occupants, lights and 
equipment. The exhaust is designed to hinder the flow reversal. Air enters on stage plenum 
through north inlet and infiltrates the stage via floor mounted grilles under bleachers. Stage 
and auditorium have separate exhausts to avoid sound transmittance between two areas. 
There are heating batteries under the racked seating and bleachers.  

 
Figure 2 Cross-Sectional Working Diagram of NGHS Theatre 

 
 

Figure 1 Interior View of NGHS Theatre looking towards    
auditorium 



4. Monitored Performance of NGHS Theatre 
The recorded data confirmed stable temperatures in the plenum and north inlet Figure 4.4. 
The former was cooler than the later as it was closer to outside. It was assumed that plenum 
was being heated during the period monitored. The temperature was steady overall and only 
dropped when the apertures were opened (when occupied). If the plenum was heated, it was 
meant to be only during the occupied time (building controls) and temperature should have 
had dropped when it was turned off. 

The temperature in auditorium was not as stable as in plenum. It rises while occupied 
(grey highlighted) and starts to drop gradually until occupied again. The temperature does 
not fall below 20⁰ throughout, yet there was no evidence if the heating was retaining it. The 
increase in temperature of the auditorium was owing to internal gains from people, 
equipment and lighting. The temperature was sustained between 20⁰C and 22⁰C. The opening 
and closing of apertures was controlled by CO2 concentration in the auditorium The drop in 
temperatures of plenum and north inlet during the occupied hours indicate opening of 
apertures and the slope corresponds to the duration. On 13th, 14th and 15th no drop was 
observed in temperature curve pointing out that apertures stayed closed due to low 
occupancy (highlighted with black dotted circles). The soft peaks in relative humidity for 13th 
& 15th April imply that apertures did open but for short interval which did not affected the 
temperature. The data logger in auditorium was placed on first floor that is why there is less 
difference with exhaust temperature. 
 

 
Figure 3 Monitored Data for NGHS for a week in April corresponding to mid-season 

 

5. BUS Survey Results 
The results from the monitored data confirmed the temperatures to be within the comfort 
band for mid-season. An evaluation was performed to relate this performance to the users’ 
perspective. Therefore, BUS Building Use Survey methodology for non-domestic buildings was 
adopted for the permanent and regular users (students & teachers). The basic questionnaire 



was edited according to building typology (theatre & auditorium). An online version was used 
to collect the responses. The overall summary shows the satisfaction of the user Figure 4 
Results from BUS Methodology. the detailed study of the results of survey highlighted that 
user did not have much knowledge about the building controls and functions. Moreover, 
some confusion was observed in the answers as if the respondent was not very sure what the 
question was about. This lead to two possible propositions about post occupancy evaluation 
of specific building typology like naturally ventilated theatres: 
It is better to self-administer the process of survey and distribute paper questionnaires and 
collect them on the same day. This ensures a high rate of response and accuracy. 

The type of questionnaire should be chosen very specially for non-domestic buildings 
like theatres and auditoriums because most of the questions in the BUS form do not directly 
imply to them. This can be time consuming and confusing for the audience. 

Another self-designed survey based upon BUS questionnaire was administered on a 
concert evening and the frequent visitors were questioned. The responses were quite 
satisfactory as well Figure 5 Results from Self Designed Survey.  The monitored data and 
response from both temporary and permeant users coincide and suggest the satisfactory 
performance of the theatre in free running mode. This performance of the theatre was 
related to the materials with high thermal mass and surrounding buffer. 
  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
  

Figure 4 Results from BUS Questionnaire 

Figure 5 Results from Self Designed Survey 



6. The Effect of High Thermal mass & Buffer 
A digital model was calibrated using the data from field work. Three different scenarios were 
created by removing the insulation and buffer to read their effect and incorporate that in the 
guidelines for future reference for the buildings with high occupancy and internal gains. 
The mid-season scenario is discussed here.  

The base case demonstrates that auditorium was within the comfort band (close to the 
lower limit) only when it was occupied. The difference between the outdoor and indoor 
temperature decreases when insulation is removed (Case I). Increasing the U-Value has 
greater effect on the temperature of the auditorium than removing buffer (Case II). The slopes 
of resultant temperature get more defined curves as the difference between temperature in 
hours of occupancy and vacancy increases.  

The peak for the occupied time is quite soft in the base case showing the gradual 
increase of the temperature and then opening of the apertures to lower the temperature. 
According to the mid-season defined controls the set point for opening of apertures is 22.8⁰C 
and if the temperatures stay between 20.8⁰C and 22.8⁰C the apertures will operate based 
upon the concentration of CO2. In base case it is following the same protocol and so  

The current situation (base case) works well for the mid-season in free running mode 
because of the high quality of building thermal mass and buffer around to insulate the 
building and retain the heat gains for longer period of times. 
 

 
Figure 6 Effect of Insulation & Buffer on the theatre performance in mid-season 

 

7. Conclusion 
The role of thermal mass and surrounding buffer is evident in keeping the building 
temperature within the comfort limits. The building retains the constant temperature owing 
to its airtightness and lower rate of infiltration. This study can be further employed in 
strengthening the guidelines for naturally ventilated auditoria. Therefore it can be said that if 
a naturally ventilated theatre is to work properly a surrounding envelope can help in reducing 
the heating and cooling loads. Materials with appropriate U-values and effective thermal 
mass to be employed for retaining the theatre ambience in comfort zone. It is important to 
save energy and reduce the carbon foot print of buildings yet this should not be done at the 



cost of user’s satisfaction and comfort. Airtightness of the structure is very crucial to building 
performance as it keeps the effect of outdoors minimum on indoors. The rate of infiltration 
should be kept minimum in the construction phase and a test must be run post execution of 
the structure.  
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