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Abstract 

The objective of this study is to explore energy saving potential when wireless temperature sensor network is used in room 
temperature control when the room uses a mixing or displacement ventilation system. A typical classroom is selected for this study, 
inside which a number of wireless sensors will be installed at the breathing level to investigate the temperature profiles. By 
comparing with a traditional design of temperature control (i.e. temperature sensor is installed inside a return air duct), 22% 
(216m3/h) and 32% (205m3/h) of supply airflow rate can be saved in fully and half occupied conditions in the mixing ventilation 
without scarifying thermal comfort. In the displacement ventilation, even though there was no supply airflow rate saving in fully 
occupied condition, 15% (86m3/h) reduction in the supply airflow rate was achieved in half occupied condition. Therefore, the use 
of wireless temperature sensor network in a room temperature control may lead to a significant energy saving of the air-conditioning 
system. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 

Wireless sensor network (WSN) is a communication infrastructure which consists of a group of receivers, repeaters, 
and sensor nodes [1]. The sensor node is the key component of the WSN deployed in an interested area to monitor 
parameters such as temperature, humidity, occupancy, carbon dioxide, and so on. The implementation of WSN was 
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firstly introduced into HVAC industry from 1999 to discuss the applications of wireless technology in buildings for 
better monitoring the indoor climate [2]. Due to its high flexible installation, low cost as well as easy expansibility, 
the wireless technology has become a promising technology for improving indoor environment [3, 4]. 

Recent study showed that commercial buildings could reduce energy consumption between 15% to 40% by closer 
monitoring and managing its energy usage [5]. There are many applications for WSN in residential and commercial 
buildings. Kintner-Meyer [6] constructed a WSN monitoring system with 30 temperature sensors throughout an office 
building and several additional sensors on a rooftop HVAC unit aimed to study the technology and cost-saving of 
WSN for commercial buildings for monitoring applications; Healy [7] examined the use of WSN to monitor conditions 
within a residence; Jang et al. [8] proposed a web-based building environmental monitoring system using WSN, which 
was a further development of the framework developed by Healy; Li and Becerik-Gerber [9] developed a web-enabled 
central platform to integrate WSN with other building management systems for monitoring and management; Corucci 
[10] proposed a prototype for WSN monitoring system, titled as Green Building, in which WSN is connected with a 
central server through Ethernet and the central server is connected with internet and provides information for users or 
operators; Watts [11] established a wireless sensor network to aid automating the task of closing off vent registers 
while maintaining the appropriate temperature set point in a control zone. In terms of control strategy, Lou and Cao 
[12] proposed a new control strategy based on the occupant`s personal feeling of comfort rather than a conventional 
fixed temperature control method; an overall of 8% of energy saving was achieved by installing 2 sensors instead of 
1 to control conditions in the occupied zone of a room using a VAV control strategy [13]; Federspiel [14] proposed a 
zone temperature based demand response control to alleviate energy use while keeping temperatures within the limits 
of ASHRAE standard 55; Lin et al. [15] applied a multiple sensors for controlling systems with a single actuator, 
energy consumption was reduced by 17%; the occupancy sensors were used to control rooms by tracking the 
occupancy pattern of people in a building and exceeded 50% energy savings was obtained [16]. 

However, all the references listed above implemented WSN as a tool to monitor the indoor thermal environment of 
buildings, and quite a little research work has been done to use WSN as part of the temperature control. This paper 
therefore investigates the energy saving potential when WSN is used in a temperature control system to replace wire 
sensors in a conventional temperature control design, which measures the room temperature inside the return air duct. 
A number of wireless temperature sensors will be installed at the breathing level to measure the temperature profile, 
which guarantees that the controlled temperature is the temperature that occupants really need. Two types of ventilation 
will be considered: mixing ventilation and displacement ventilation. In each ventilation scheme, the energy saving 
potential will be studied at the conditions of full load and half load. The rest of this paper is organized as follows: 
methodology and experiment setup will be introduced in section 2; experiment results are listed in section 3; discussion 
and conclusion are given in the last section. 

2. Methodology 

The typical control design for Variable Air Volume (VAV) system configures one thermostat to control a number 
of VAV boxes based on the measured temperature from a single sensor located at the return air head duct. However, 
the wire sensor cannot reflect the real temperature in the breathing level (occupied zone) because many experimental 
studies show that the temperature in up-ceiling level is higher than the temperature in the occupied zone. This 
temperature differential may lead to over cooling in the occupied level. The same problems may exist in the 
displacement ventilation.  

In order to capture the load and temperature distribution, more sensors are required. Compared with wire sensors, 
wireless sensors have many advantages and are therefore adopted in this study. Wireless temperature sensors will be 
installed at the breathing level to measure the temperature around occupants and guarantee that the controlled 
temperature is the real temperature required by occupants. This study will focus on energy saving potential, which 
will be evaluated under different occupancy conditions by comparing with a conventional control using lab-based 
experiments.  
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Fig. 1. configuration of the experiment  

A typical classroom is selected to carry out this study with dimension 8.8m×6.1m×2.4m. Figure 1 gives detailed 
information of this test-room, it is mentioned that the mixing ventilation is supplied with 6 square ceiling diffusers 
while the displacement ventilation is employed with 14 grille diffusers located in both side of the classroom in 20cm 
higher than floor level. There are 3 air return vents in the middle on the up-ceiling level, which is suitable for both 
mixing and displacement ventilations. It is noted that the diffusers are controlled by a Building Automation System 
(BAS), which provides the interface to adjust the supply air flow rate based on the air supply fan frequency. The 
supply air temperature is maintained at 17.5° C for mixing ventilation and 18°C for displacement ventilation by a PI 
controller of the air-handling unit (AHU).  

Figure 2 shows the sensor locations, 6 wireless temperature sensors were installed at the breathing level (1.1m) to 
measure the temperature in the occupied zone, 1 wireless sensor (sensor no. 7) installed on up-ceiling level near the 
air return duct to represent the wire sensor in conventional VAV control. In the displacement ventilation, the 
conventional wire sensor is replaced by a wall-mounted wireless sensor (sensor no. 8) in the occupied level. Sensor 
no.7 and No.8 are employed to compare with the proposed WSN based temperature control. Since the location of the 
sensors will influence the experiment results, thus the location for each sensor was carefully selected and deployed, 
for example, the sensor in occupied zone was 0.5m far away from each occupant, thus the average temperature 
measured by these sensors could represent the required temperature in occupied level. The room temperature set-point 
is 25.5°C, and the objective is to control the temperature in the occupied level within 25.5±0.3°C when wireless 
temperature sensors are used in the room temperature control. It is noted that the average temperature for the wireless 
sensors are considered only in occupied area with occupants. For example, when there are no occupants near sensors 
no.1,3,5 in a half occupied condition, the air diffusers will only serve the area with occupants. In this case, the average 
temperature in the occupied level is the average temperature of the sensors no.2,4,6.  

The vendor for the wireless temperature sensors is GreenOrbs [17], which provides wireless solutions for 
environment surveillance as well as indoor air quality monitoring. The wireless sensor nodes are powered by an AA 
alkaline battery with energy content up to 1500mAh. It is noted the measurement error for the wireless temperature 
sensor may reach to ±0.3°C. The sampling interval is set to 1 min for collecting temperature data after the indoor 
temperature becomes steady and constant. 
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Fig. 2. the locations of wireless sensor installation 

Table 1 gives the detailed information on the experiment setup. In the mixing ventilation, the square ceiling 
diffusers are switched on or off based on the fully or half occupied condition. Simultaneously, all the diffusers for 
displacement ventilation are totally closed. The activated number of sensors is used to measure the average 
temperature in the occupied level. As aforementioned, only sensors in the occupied zone are taken into account. When 
the wireless temperature sensors are used to control the temperature in the occupied level, the corresponding airflow 
rate is compared with that in conventional control. The airflow rate saving percentage is obtained consequently. 

Table 1. Detailed information on experiment setup 

 Fully occupied Half occupied 
Supply Air Diffuser on/off 

The activated number of sensors 

Mixing 

SAD-M1-1   SAD-M1-2  
SAD-M1-3   SAD-M2-1  
SAD-M2-2   SAD-M2-3  
SAD-D1-1   SAD-D1-2  
SAD-D1-3   SAD-D1-4  

SAD-M1-1   SAD-M1-2  
SAD-M1-3   SAD-M2-1  
SAD-M2-2   SAD-M2-3  
SAD-D1-1   SAD-D1-2  
SAD-D1-3   SAD-D1-4  

,  ,  

Displacement 

SAD-M1-1   SAD-M1-2  
SAD-M1-3   SAD-M2-1  
SAD-M2-2   SAD-M2-3  
SAD-D1-1   SAD-D1-2  
SAD-D1-3   SAD-D1-4  

SAD-M1-1   SAD-M1-2  
SAD-M1-3   SAD-M2-1  
SAD-M2-2   SAD-M2-3  
SAD-D1-1   SAD-D1-2  
SAD-D1-3   SAD-D1-4  

,  ,  

3. Results 

3.1. Fully and half occupied conditions in mixing ventilation 

The square ceiling diffusers are switched on in fully occupied condition in the mixing ventilation. In the occupied 
level, the average measured temperature from No.1 to No.6 is controlled at 25.5°C, as shown by the solid square line 
in Figure 3. The required airflow rate is 756m3/h. The return air temperature from sensor no. 7 is illustrated by solid 
circle line in Figure 3, which is 1.8°C higher than the set point. If the traditional control is used, when the temperature 
at the return air is reached to 25.5°C, as shown by the solid circle line in Figure 4, the required volume airflow rate is 
972m3/h. At this case, the average temperature in the occupied zone measured by the six wireless sensors is around 
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24.7°C. It can be seen that a difference (0.7°C) always exists between the temperature at the occupied level and that 
at the air return vent. Compared with the conventional control, the proposed method saves 22% (216m3/h) supply 
airflow rate at the fully occupied condition. 
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Fig. 3. temperature in the breathing zone and the return air vent under the proposed WSN based control (fully, 756m3/h) 
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Fig. 4. temperature in the breathing zone and the return air vent under the conventional control (fully, 972m3/h) 

A typical half occupied condition is considered. In this case, there are no occupants in the area served by SAD-M2. 
Hence only SAD-M1 is switched on to serve the occupied area. When the wireless temperature sensors are deployed, 
the average temperature in occupied zone (sensor no.2, no.4 and no.6 is used) is kept at the set point 25.5°C and the 
required airflow rate is 432m3/h, as shown in Figure 5. While under the traditional control, when the temperature at 
the return air vent (sensor no. 7) is 25.5 , as shown in Figure 6, the required volume air flow rate is 637m3/h. Thus 
the proposed WSN-based control can save 32.2% (205m3/h) of supply airflow rate. 
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Fig. 5. temperature in the breathing zone and the return air vent under the proposed WSN based control (half, 432m3/h) 
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Fig. 6. temperature in the breathing zone and the return air vent under the conventional control (half, 637m3/h) 

3.2. Fully and half occupied conditions in displacement ventilation 

In order to avoid a large head-ankle temperature difference, the supply air temperature is increased from 17°C to 
18°C for the displacement ventilation. Different from the mixing ventilation, the wire sensor in the conventional VAV 
control design is not installed inside the air return duct but on the wall in the height of 1.1m (sensor no.8 in Figure 2). 
The vertical temperature stratification is observed in the displacement ventilation. In Figure 7, when the supply air 
flow rate is 576m3/h, the average temperature in the occupied zone is 25.56°C, while the wall-mounted temperature 
during this period is 25.62°C. Thus there is no obvious temperature difference between sensor no.8 and the average 
temperature from the wireless sensor in the occupied zone. Therefore, no air supply flow rate saving is obtained at the 
fully occupied condition. 
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Fig. 7. the average temperature in the occupied zone in the height of 1.1m and wall-mounted temperature in the fully occupied condition 

(576m3/h) 

In the half occupied condition, it is assumed that 6 occupants seated in the right half of this room, and hence 
diffusers SAD-D1-2 and SAD-D1-4 with the supply airflow rate of 490m3/h are switched on to serve the occupied 
area. Actually there is a static pressure plenum for the displacement ventilation on both sides of the wall. Some of the 
grille diffusers are blocked by a square solid plate as to be “switched off”. As mentioned before, only sensors no.1, 
no.2 and no.3 in the occupied area are taken into consideration. As shown in Figure 8, the average temperature in the 
occupied zone and sensor no.8 are almost the same, and both are 25.45°C. However, as the traditional VAV control 
will not switch off the grille diffuses, there is still 15% (86m3/h) of air supply flow rate is saved in the half occupied 
condition in the displacement ventilation. 
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Fig. 8. the average temperature in the occupied zone in the height of 1.1m and the wall-mounted temperature in the half occupied condition 

(490m3/h) 

4. Discussion and conclusion 

The wire sensor in the return air vent in the conventional VAV control design cannot represent the temperature of 
the occupied level. In order to improve the indoor temperature control, wireless temperature sensors are installed in 
the occupied level to capture the temperature that occupants really need. Two types of ventilation under both fully and 
half occupied conditions are considered: mixing ventilation and displacement ventilation. The experiment study 
proved that the application of WSN in room temperature control could reduce energy consumption by the HVAC 
system as well as improve thermal comfort. It is known that a reduction in the supply airflow rate can lead to a 
reduction in energy consumption of the whole air-conditioning system. Therefore for real application, it is highly 
recommended that the temperature sensors for space temperature control should be installed in the occupied level 
rather than in the return air duct.  
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