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Sustainable utilization method based on the actual operation survey 
for natural ventilation systems 

Yoshihide YAMAMOTO 
  

This thesis described a sustainable utilization method for advanced natural ventilation systems combined 

with components, such as voids or solar chimneys, to promote effective natural ventilation. Natural 

ventilation has the potential to save energy in the intermediate seasons by reducing the cooling load and 

ventilation power consumption. As a means to realize a sustainable and resilient society, and as a strategy 

for zero-energy building (ZEB) and business continuity planning (BCP), natural ventilation systems have 

attracted increased attention. Natural ventilation building design is now experiencing more widespread 

application, even for large office buildings. 

In Japan, natural ventilation has been used actively since ancient times. However, it has been found that 

the sustainable utilization of natural ventilation in modern buildings with mechanical air-conditioning 

systems poses certain challenges. In certain cases, the use of natural ventilation has caused operational 

problems resulting in reduced energy saving performance. These problems may be caused by inappropriate 

control or system design. Previous studies have pointed out the existence of operational barriers to the 

sustainable utilization of natural ventilation, but up to now, a detailed fact-finding survey of natural 

ventilation has not been carried out. Furthermore, because commissioning is gaining attention as a system 

optimization method, it is important to optimize natural ventilation systems as an environmentally 

conscious method. With these considerations, the aim of this thesis is to determine the design and operation 

methods for the sustainable utilization of natural ventilation based on surveys of actual operation. Finally, 

the author put into practice the design and operation methods proposed in this thesis for the actual design 

projects of three buildings. 

This thesis consists of seven chapters, and the content of each chapter is described below. 

In Chapter 1, the definition of the studied natural ventilation systems and the outline of the thesis were 

provided. 



Chapter 2 described the results of a questionnaire survey and an interview survey conducted on MEP 

designers of existing naturally ventilated buildings to ascertain the actual operating conditions. In the survey, 

questionnaires were collected from a total of 72 buildings. In addition, a questionnaire survey for facility 

operators, interview survey, and actual operational data analysis were conducted on 19 buildings. The 

questionnaire consisted of questions on the building outline, system overview, design intention, 

understanding of the operation, and ideas to change the current state of the design of natural ventilation 

systems in Japan. The results of the questionnaire survey on facility operators provided details on the level 

of satisfaction of the facility operators with the natural ventilation systems, as well as claims regarding 

issues that had arisen and the resulting proceedings. There were many opinions from facility operators 

concerning management issues and the proceedings of claims that had arisen. In addition, there were 

tendencies for the operational problems and claims to differ depending on the method of control of natural 

ventilation openings. On the whole, the facility operators were satisfied with the natural ventilation systems. 

However, for the buildings in which the natural ventilation openings were automatically controlled, the 

degree of satisfaction with the variability of conditions for operating the ventilator was low. Furthermore, 

there was a tendency for the degree of satisfaction with claims handling, maintenance, and resolution of 

ventilator operation issues to be low. In addition, some facility operators were unclear as to the energy 

conservation benefits of the natural ventilation systems. Therefore, the fact that the energy saving benefits 

of the natural ventilation systems were not made clear seemed to cause negative responses to the claims. 

According to the actual operational data from the building energy management systems (BEMS), the 

operating time of the natural ventilation systems tended to decrease during the first and second years of 

operation after their installation. During the second and subsequent years of operations, the operating time 

of the natural ventilation systems remained at 58% of the operating time assumed at the design phase. 

A detailed hearing survey and measurement of noise levels were conducted on nine buildings. A total of 

16 barriers to the sustainable utilization of natural ventilation, such as “dust” and “invasion of insects,” 

came up from the results of the survey. The relationship between the countermeasure and the actual number 

of claims generated was clarified. The application of appropriate natural ventilation permission conditions 

was the most common countermeasure at the design phase, and measures such as the ventilation route 

design considering the chimney effect, ventilation opening performance, control method, and filtering were 

adopted. As a result of analyzing the relationship between the awareness of the designers regarding 



potential claims and actual generated claims, it was clear that the designers had a low awareness of “noise 

from the outside” and “operating sound of the ventilation opening,” but that these claims actually occurred. 

In Chapter 3, the criteria of outdoor conditions for operating natural ventilation openings was studied. To 

achieve both energy savings and a comfortable indoor thermal environment, it is important to determine 

criteria for outdoor air conditions for introducing natural ventilation. In this chapter, the criteria for 

switching to natural ventilation was investigated for 42 buildings. Six different schemes were considered, 

labeled [t-h], [t-x], [t-h- ], [t], [h], and [Lt-h]. Each scheme was evaluated using reference weather data on 

the basis of three criteria: 1) total operating time, 2) average number of ventilator continuous opening hours 

per day, and 3) the quality of the outdoor air supply. For the six schemes tested, the total operating time 

varied from 972 to 1,278 h, and average number of ventilator opening hours per day was between 6.2 and 

8.3 h. Comparison of the calculation results with those based on data from the Japan Meteorological 

Agency from 2001 to 2013 revealed no significant differences in the total operating time or continuity. With 

regard to the trigger conditions, for the [t-x] scheme, changing the lowest outdoor temperature from 18 to 

15°C, had a significant effect, as did changing the highest dew point from 19 to 15°C for the [t-h- ] scheme. 

It was also found that the trigger condition for the relative humidity affected the total operating time during 

the night. In order to study regional differences, a further analysis was conducted using reference weather 

data for 20 cities in Japan. This revealed that the total operating time for Sapporo and Okinawa was shorter 

than for other cities.

In Chapter 4, the influence of the natural-ventilation opening area on the energy-saving performance of 

the natural ventilation system was described. Furthermore, methods for determining the required opening 

area from the adaptive room temperature range as well as the mid-season load characteristics using the heat 

balance equation are proposed.  

A proposal was made for a pre-estimate method using the ventilation opening area heat balance equation, 

and a simulation analysis using the BEST program was conducted. In determining the required opening area, 

the analysis results indicated the importance of the natural ventilation operating hours, load reduction, 

indoor thermal environment, and introduction of the outdoor air temperature. The BEST program 

simulation results indicated that the total operating hours of the natural ventilation system ranged from 602 

to 782 h. The natural ventilation system heat-load removal rate was from 35 to 85 MJ/m2. 



The simulation results indicated the influence of the control method and system design on the total 

operating hours and heat-load removal rate of the natural ventilation system. In conclusion, a control 

method for natural and hybrid ventilation systems taking into account the natural ventilation opening area 

and operational issues arising from the use of natural and hybrid ventilation systems are presented. 

In Chapter 5, the simulation of the energy-saving performance of buoyancy-driven natural and hybrid 

ventilation systems was described, as well as design methods to achieve effective energy saving without the 

occurrence of operational problems. In Japan, many existing naturally ventilated buildings have a hybrid 

ventilation system for energy saving as well as providing a comfortable room thermal environment by 

supplementing the cooling of natural ventilation with that of air conditioners. However, the appropriate 

design method of hybrid ventilation systems has not been clarified. 

The simulation analysis of natural and hybrid ventilation systems was conducted using the BEST program. 

As for the standard office model, the reduction rate of the cooling load and energy consumption by natural 

ventilation were calculated, and the results showed that there was a significant difference between these. 

The main reason for this difference appears to be the low efficiency of the air conditioning system at partial 

cooling heat load. Therefore, it was found that in order to achieve further energy saving, it is effective to use 

an air conditioning system with a higher partial load efficiency, or to make the control stop the air 

conditioning system during natural ventilation. 

In Chapter 6, the author put into practice the design and operation methods proposed in this thesis for 

the actual design projects of three buildings. There was a case where appropriate operation was carried out 

by commissioning meeting which the designer, the owner and the facility operator attended, and the 

importance of commissioning in the operation stage was reconfirmed. 

In Chapter 7, the conclusions of this thesis were described. 
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