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Abstract: The radiant floor cooling system, as a thermally activated building system, has attracted significant attention 
as it can save energy consumption and shift the building load. However, due to its characteristic that building thermal 
mass has a significant influence on the system performance and indoor environment, the control strategies should be 
seriously accounted for. Moreover, its performance is highly related to the shift condition of cooling load during the 
daytime and different weather conditions, therefore, realistic operation will cause the increments of peak load if the 
control strategy is neglected. This study presented two common strategies including intermittent operation and weather-
forecast-based control strategies. The radiant floor cooling system combined with displacement ventilation system in a 
typical office building located in Jinan was established using the TRNSYS program. The results showed that the energy 
consumption decreased by 3.3% to 7.5% when the different intermittent operation strategies were applied. The weather-
forecast-based control strategy can improve indoor thermal environment by increasing/deceasing the water supply flow 
rate by up to 25% in advance. This study concluded that the application of intermittent operation and weather-forecast-
based control strategies can regulate the operation of radiant floor system and reduce the building energy use.  
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INTRODUCTION 

With the improvement of the living environment and 
the development of urbanization [1-4], building energy 
consumption in urban areas is rapidly increasing [5-7]. 
Therefore, developing a low-carbon economic 
development mode and renewable energy is the 
effective way to solve the problem of energy shortages 
[8]. At present, the main task in the study of air 
conditioning energy consumption is to optimize air 
conditioning systems to reduce energy consumption, 
and improve comfort and encourage the use of 
renewable energy. Solar energy can be greatly 
influenced by meteorological conditions, while 
geothermal energy, which provides cooling and heating 
sources, is currently widely used due to its better 
stability. A ground source heat pump (GSHP) system 
can accomplish the transformation from low-quality 
energy to high-quality energy [9], which is presented as 
a technology that can fully supply the heating, 
ventilation and air conditioning (HVAC) conditions for a 
building and can be environmentally friendly [10]. A 
promising technology, for example, thermal energy 
storage, is considered to improve the energy 
consumption level of building HVAC system, if  
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incorporated in the building envelope, the energy 
consumption can be reduced [11, 12]. Therefore, 
thermal mass is beneficial for maintaining indoor 
thermal comfort and saving energy [13-15]. The floor 
radiant air-conditioning system adopts the inert 
concrete radiant terminal and has better heat storage 
(cold) characteristics and thermal comfort [16], which 
provides the possibility of using natural cooling and 
heating sources [17]. The system can be used both in 
winter and summer seasons with the same set of water 
pipes, saving investment in the air-conditioning system 
and building space [18].  

There have been extensive studies into radiant air-
conditioning systems [19-22]. Ning et al. [23] pointed 
out that concrete thickness, pipe spacing, and concrete 
properties significantly affected on the response time of 
thermally activated building systems. Sourbron et al. 
[24] indicated that the envelope of a radiant air-
conditioning system has an energy storage capacity. 
Lehmann et al. [25] adopted the pulse control method 
to implement the intermittent control of air-conditioning 
systems, and used the trough electricity price time to 
store energy. Cen et al. [26] concluded that a fan–coil 
system would cause a higher temperature at the 
activity sites of people in tall buildings, while floor 
radiant air-conditioning systems should be adopted. A 
review study concluded that most of existing control 
models are limited to real-time controls, for example, 
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on/off criteria [27-29]. Shin et al. [30] determined the 
optimal heating start and stop control based on the 
occupancy schedules to improve energy saving 
performance and thermal comfort. Lim et al. [31] 
investigated that controlling the supply water 
temperature and on/off instead of water flow rate can 
be the main control strategies to prevent the floor 
surface condensation in hot and humid weather 
conditions. It should be noted that the application of a 
floor radiant heating system in winter is quite common, 
but the application range of floor radiant cooling system 
is limited due to its own disadvantages [32], for 
example, underdeveloped operation techniques, easy 
condensation characteristic, and immature control 
strategy. Moreover, the system’s performance is highly 
related to the shift condition of cooling load during the 
daytime and different weather conditions, therefore, 
realistic operation will cause the increments of peak 
load if the control strategy is neglected. Therefore, it is 
necessary to explore the control mode of radiant air-
conditioning systems, which is conducive to the 
application of this comfortable and energy-saving 
system.  

The main purpose of this study was to propose two 
control strategies of floor radiant cooling system to 
improve indoor thermal environment, which include 
intermittent operation and weather-forecast-based 
predictive control strategies. The study was established 
by conducting a radiant floor cooling system (RFCS) 
combined with a displacement ventilation (DV) system 
in a typical office building in Jinan using the TRNSYS 
program. The intermittent operation control strategy 
took into account the system operation schedule by 
changing the water supply flow rate and air fan flow 
rate during weekends. The weather-forecast-based 
predictive control strategy mainly considered the 
situations of high-temperature weather and rainy 

weather. Correspondingly, the variations of indoor 
equipment and occupancy were also analyzed, where 
the increase or decrease of cooling load exceeded a 
certain limitation value. Meanwhile, the indoor air 
temperature, relative humidity, and energy 
consumption were compared under different operation 
strategies. The optimum water supply and air supply 
flow rate measures were finally obtained to improve the 
performance of the RFCS–DV system.  

Introduction of a Coupled RFCS–DV System 

This study utilized the Shandong Antaeus dynamic 
energy-saving demonstration building located in the 
cold climate zone in Jinan, China [33, 34]. This building 
had a floor area of 5400 m2, with a ground area of 4580 
m2 and underground area of 820 m2. The building 
adopts a GSHP system with displacement ventilation 
system, as shown in Figure 1. This system had a total 
of 56 boreholes with a depth of 100 meters each 
distributed around the building. Note that the exclusive 
energy-consuming equipment was the direct cooling 
circulating pump, which directly draws circulating water 
to floor piping with the temperature of about 18°C. In 
the cooling season, the sensible heat load was 
removed by the radiant floor cooling system by directly 
utilizing. This system was called as ground source 
direct cooling system (GSDC) in this study.  

The most of the sensible heat load was undertook 
by floor cooling part, directly utilizing the high-
temperature cold water from buried U-shape tubes, 
while the DV system, as a commonly used ventilation 
system [35, 36], bears all the latent heat load and the 
possible sensible heat load by using 7°C chilled water 
stored in a water tank in a valley power period. In the 
heating season, the system adopts the electric rate 
difference to generate lower-temperature hot water if 

 
Figure 1: Schematic drawing of GSDC and DV system [33]. 
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necessary. The combination of GSDC and DV system 
cools and dehumidifies the outdoor air entering through 
the cooling coil in the ventilator by lowering the dew-
point temperature to prevent condensation on the floor 
surface. In terms of thermal comfort, the combined 
system achieves high scores, ensuring comfort 
conditions during most of the cooling season. 

ENERGY SIMULATION 

Model Description for the Simulation Cases 

A side view of the three-dimensional model of the 
Shandong Antaeus energy-saving demonstration 
building is shown in Figure 2. The building energy 
simulation model and schedule setup are presented in 
Table 1 and Figure 3, respectively. 

Table 1: Building Energy Simulation Model Setup 

People (m2/per people) 

1st floor 40.0 
2nd floor 30.0 
3rd floor 20.0 
4th floor 30.0 
5th floor 40.0 

Equipment load (W/m2) 

1st floor 5.0 
2nd floor 6.0 
3rd floor 10.0 
4th floor 8.0 
5th floor 4.0 

Lighting load (W/m2) 10 

Outdoor air rate (m3/(h.per person)) 30 

Design temperature in summer (°C) 26 

Design relative humidity in summer (%) 60 

 

There are four layers under the floor in the RFCS, 
including the granite title cement mortar screed-coat, 
filling-in concrete layer containing the buried pipe, 

insulation layer, and reinforced concrete. Detailed 
thermal physical properties of the floor structures can 
be found in Table 2. The parameters set up for buried 
pipes are presented in Table 3. Figure 4 is the RFCS-
DV simulation platform built by TRNSYS 17 [37].  

Cooling Load Simulation 

The cooling period of the office building was chosen 
from June 15 to September 15. The simulated cooling 
load of the building is presented in Figure 5. In the 
radiant floor and cooling systems, solar radiation has a 
large influence on indoor air temperatures and the 
energy efficiency of the radiant system [38]. The results 
showed that the maximum load is 209 kW, including a 
sensible heat load of 172 kW and a latent heat load of 
37 kW. The air conditioning cooling load is 55W/m2. A 
part of the sensible heat load were borne by the DV 
system. 

The HVAC design of the building considered a 
GSDC combined with RFCS and DV systems, which 
offers several advantages such as the ability for load 
shifting from daytime to night-time and reducing peak 
energy demand [39]. This system generates a good 
level of control with higher efficiency and quality [40]. 
Figure 6 shows the supply and return water 
temperature in the system. The water supply 
temperature ranges about 18~19°C, and the return 
water temperature ranges about 19.5~20.5 °C. The 
variation of supply and return temperature is small with 
relatively stable difference, which is the advantage of 
GSDC system for selecting the source of soil to cool 
and heat. Note that a constant supply water flow rate of 
30000 kg/h was used as the reference in this study.  

Energy Simulation Validation 

The office building is equipped with building 
automation and control systems which control the 

 
Figure 2: Side view for the Shandong Antaeus energy-saving demonstration building, (a) Realistic building [33], (b) Simulation 
model. 
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Figure 3: Schedules in the simulation model, (a) people, (b) equipment, (c) lighting. 

 

Table 2: Thermal Physical Properties of the Floor Materials 

Material Thickness 
(mm) 

Thermal conductivity 
(W/m·K) 

Heat capacity  
(J/kg·K) 

Density 
(kg/m3) 

Granite title 20 3.49 920 2800 

Cement mortar screed-coat 10 3.35 1050 1800 

Filling-in concrete layer 30 1.74 920 2500 

Insulation layer 20 0.04 5380 25 

Reinforced concrete 200 1.74 1000 1800 

 
Table 3: Buried Pipe Parameters Set-Up 

Specific heat coefficient of water (J/kg·K) 4180 

Pipe spacing (m) 0.25 

Pipe outer diameter (m)  0.025 

Pipe wall thickness (m) 0.002 

Pipe wall conductivity (W/m·K) 1.26 

 

 
Figure 4: The simulation platform of the RFCS-DV in TRNSYS program. 
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Figure 5: Result of the simulated cooling load from June 15 to September 15. 

 

 
Figure 6: The water temperature of the GSDC system. 

air-conditioning system and monitor the air-conditioning 
operation parameters, including the indoor air 
temperature and humidity and the electric power 
consumption of equipment, constantly. The monitoring 
system measures the indoor air temperature and 
humidity and transmits them to the temperature and 
humidity monitoring platform every 15 minutes. The 
experimental and simulated temperature of the third 
floor from July 1 to 8 are obtained. The comparison 
results are shown in Figure 7. 

It can be seen that the fluctuating range of the 
indoor air temperature is small at basically between 
22.0 and 26.5, and the simulated indoor air 
temperature located with the similar ranges. There are 
some discrepancies between the simulated indoor air 
temperature and the measured data, but the majority 
relative error is basically controlled within 5%, which is 

acceptable. The main reason is that the number of 
indoor people and equipment load are fluctuating 
values that significantly affect the simulation results. 
The fixed value in a relatively large period in the energy 
simulation setup was used to create the simulation 
deviations.  

Prediction of Outdoor Temperature and Solar 
Radiation 

In the predictive control strategy, higher energy 
efficiency relies on good forecast of outdoor weather 
condition, especially in the day time [41]. The 
commonly used outdoor air temperature prediction 
methods include the MacArthur shape factor method 
[42] and ASHRAE coefficient method [43]. The 
ASHRAE coefficient method is selected in this study to 
predict the hourly outdoor air temperature, due to its 
simpler and fast characteristic. The summer season 
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from June 15 to September 15 was employed. The 
predicted outdoor air temperature results are shown in 
Figure 8. It can be found that there are significant 
difference between those data. This study used the 
effective and convenient method, Kawashima method 
[44], to predict solar radiation. Figure 9 shows that the 
predicted solar radiation and typical annual 
meteorological solar radiation data is quite different. 

INTERMITTENT OPERATION 

Intermittent Operation of the GSDC System 

The intermittent operation is determined by the heat 
gain from the floor heat storage and release [45]. The 
operation mode mainly takes advantage of the thermal 
inertia and energy storage of the concrete’s radiant end 

 
Figure 7: Indoor air temperature comparison (a) and deviation analysis (b) between experimental and simulated data from July 
1 to 7. 

 
Figure 8: Simulated outdoor air temperature and typical annual outdoor air temperature. 

 

 
Figure 9: Typical meteorological year solar radiation and predicted solar radiation. 



Optimization of Control Strategies for the Radiant Floor Cooling International Journal of Architectural Engineering  Technology, 2019, Vol. 6      39 

[46]. Table 4 shows the five intermittent control 
schemes. Case GSDC0 is the basic case. Figure 10 
shows the indoor air temperature comparisons. It can 
be seen that Case GSDC1, Case GSDC 2 and Case 
GSDC3 increased the indoor air temperature by 2~3˚C. 
And because Case GSDC4 operates continuously on 

weekdays, the variation of indoor air temperature is 
similar to that of Case GSDC0. The temperature of 
Case GSDC4 is significantly higher than that of Case 
GSDC0, mainly due to the closure of the system.  

In radiant floor systems, the temperature of the floor 
surface determines the cooling/heating capacity and 
indoor thermal comfort [47]. The floor surface 
temperature comparisons are shown in Figure 11. Most 
of the floor surface temperature of Case GSDC0 is 
between 20~22˚C. The temperatures of Case GSDC1, 
Case GSDC2 and Case GSDC3 are higher. The 
temperature of Case GSDC4 is about 1.0˚C higher 
than that of Case GSDC0 on weekdays, and the 
temperature is apparently higher on weekends, mainly 
because the GSDC system is closed on weekends. If 
there are no occupancy in the office building or if only 

Table 4: Control Strategies of the GSDC System 

Case Modes 

Case GSDC0 0:00–24:00 daily 

Case GSDC1 8:00–18:00 daily 

Case GSDC2 6:00–18:00 daily 

Case GSDC3 5:00–18:00 daily 

Case GSDC4 0:00–24:00 weekdays 

 
Figure 10: Indoor air temperature on the fifth floor in July. 

 

 
Figure 11: Floor surface temperature on the fifth floor in July. 
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some people are working on Saturdays and Sundays, 
Case GSDC4 can be used. Through the comparison 
between Case GSDC0 and Case GSDC4, it can be 
observed that a significant energy saving of 1426 kWh 
for a circulating water pump can be achieved for the 
whole cooling season.  

Intermittent Operation of the DV System 

The DV system has the purpose of removing the 
latent heat load and a part of the sensible heat load. 
Therefore, the intermittent operation for the DV system 
is characterised as remarkable variation of air humidity. 
Three control strategies are shown in Table 5.  

Table 5: Control Strategies of the DV System 

Case Running time 

Case DV0 8:00–18:00 on weekdays 

Case DV1 8:00–17:00 on weekdays 

Case DV2 8:00–16:00 on weekdays 

 

 
Figure 12: Comparison of indoor air temperature for DV 
system. 

Figures 12 and 13 show the comparisons of indoor 
air temperature and air humidity from July 19 to 26. It 
can be seen that turning off the DV system in advance 
did not affect the air temperature too much. The indoor 
air temperature only increase by 0.2~0.3˚C which can 
be neglected. The maximum difference of air humidity 
reached up to 8%. Through turning off the 
dehumidifying one hour in advance, the relative 
humidity can increase by up to 3%. While the indoor 
relative humidity increased by up to 8% if two hours 
was considered. The maximum relative humidity 
exceeded 65% which will bring the risk of floor 
condensation. Therefore, turning off DV system one 

hour earlier has little effect on the condensation risk 
and was taken as the control case.  

 
Figure 13: Comparison of indoor air humidity for DV system. 

Choice of Control Strategies for Integrated GSDC 
and DV System 

The combined plans of GSDC and DV are 
presented in Table 6. Figures 14 and 15 showed the 
indoor air temperature and relative humidity 
distribution. The high temperature occurred on 
weekend and Monday for Case GSDC-DV1. The peak 
relative humidity increased during the entire cooling 
season, however, the maximum value is about 63%, 
which basically meets the control needs of indoor 
occupancy. In the end, the combined control strategy 
can be considered for buildings with low comfort 
requirements. Intermittent operation during the daytime 
had no significant effect on the indoor air temperature 
variation due to the response time, while it decreased 
energy consumption by up to 7.5% when the GSDC 
system operated on weekdays rather than the whole 
cooling season as shown in Table 7.  

Operation Strategies Affected by Equipment and 
Occupancy Changes 

RSFC is commonly used in commercial buildings, 
mainly because of the highly constant occupancy level. 
However, when the number of people increases, the 
original control method may not be able to meet the 
cooling demand. A decrease of people will cause the 
waste of cooling capacity, resulting in a lower indoor air 
temperature, which may lead to thermal discomfort for 
people. In this section, the different cases with changes 
of the number of people and equipment load are shown 
in Table 8. 

Taking the fifth floor as an example for data 
analysis, Figure 16 shows the comparison of cooling 
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load due to the equipment and occupancy changes 
from July 8 to 15. It can be seen that with the increase 
of the number of people and equipment, the load will 
increase. For each additional increment of 5 people 
and 5 computers, the total load will increase by 6.5 kW 
at most. 

Figure 17 shows the comparison of indoor air 
temperature from July 23 to 30. When the number of 
indoor people and computers on each floor increases 
from 5 to 15, the indoor air temperature varies from 
0.2˚C to 0.8˚C. When that increases by 20, the indoor 
air temperature varies around 1.5˚C. Note that the 
indoor air temperature can reach up to 30.2˚C, which 
significantly affects the thermal comfort, meaning that 
control measures should be taken. The control 
methods characterized by the changes of different 
water supply flow rates are proposed in Table 9. 

This optimized study chose the unfavourable case, 
which is an increment of 20 for people and computers. 
Table 10 presents the optimized results by increasing 
the water supply flow rate from July 22 to 27. The 
results show that when the flow rate increases by 20%, 
the indoor air temperature reaches up to 28˚C on July 
22 and 23, while it stays below 26.5˚C on July 24 to 27. 

Considering the indoor thermal comfort and lower 
energy demand, a comprehensive control strategy and 
data analysis is acquired for further studies.  

WEATHER-FORECAST-BASED PREDICTIVE 
CONTROLS 

Operation Strategies for High-Temperature Weather 
Conditions 

Solar radiation has the direct relationship with the 
outdoor air temperature. Therefore, it is necessary to 
account for the effect of outdoor air temperature and 
solar radiation on the building cooling and heating load. 
As shown in Figure 18 for the typical and predicted 
outdoor air temperatures, the temperature difference 
between the predicted year and the typical 
meteorological year is 2.0~5.0°C from August 5 to 
August 11. It should be noted that the current predicted 
condition was used as a real example to study the 
control strategies for different weather condition 
especially high temperature weather. The simulated air 
temperature was created in the predictive mode. The 
corresponding comparisons were conducted to 
determine the effective control strategy due to the 
changes of weather conditions.  

Table 6: Control Schedules of Combined GSDC and DV System 

Case GSDC system DV system 

Case GSDC-DV0 Whole cooling season: 0:00–24:00  Weekdays: 8:00–18:00 

Case GSDC-DV1 Weekdays: 0:00–24:00 Weekdays: 8:00–17:00 

Case GSDC-DV2 Whole cooling season: 0:00–24:00 Weekdays: 8:00–17:00 

 
Figure 14: Comparison of indoor air temperature in GSDC-
DV system. 

 
Figure 15: Comparison of indoor air humidity in GSDC-DV 
system. 
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Table 7: Comparison of Energy Consumption for Different Combined GSDC and DV System 

Equipment Rated power 
(kW) 

Case GSDC-DV0 
(kWh) 

Case GSDC-DV1 
(kWh) 

Case GSDC-DV2 
(kWh) 

Pump in GSDC 2.2 4910.4  4910.4  3484.8  

Pump in DV 0.44 3708.5  3308.3  3308.3  

Heat pump unit 23.4 15024.8  15024.8  15024.8  

Pump in GSHP 6.67 3521.8  3521.8  3521.8  

Fan 2.38 6622.0  5907.4  5907.4  

Total electric power - 33787.4  32672.6  31247.0  

Energy saving (%) - - 3.3 7.5 

 

Table 8: Changes in the Number of People and Equipment 

Original data 1st floor:10 people, 10 computers 
2nd floor: 25 people,25 computers 
3rd floor: 40 people,40 computers 
4th floor: 30 people, 30 computers 
5th floor: 15 people,15 computers 

Prediction 1 Increment by 5 people and 5 computers on each floor 

Prediction 2 Increment by 10 people and 10 computers on each floor 

Prediction 3 Increment by 15 people and 15 computers on each floor 

Prediction 4 Increment by 20 people and 20 computers on each floor 

 

 
Figure 16: Comparison of cooling loads in five cases from July 8 to 15. 

Figure 19 shows the indoor air temperature at each 
floor simulated from high-temperature weather 
conditions. Figure 20 shows the indoor air temperature 
obtained with an existing weather condition in which 
the typical meteorological year data in Jinan city was 
used. The results show that the maximum indoor air 
temperature from the existing weather data can reach 

up to 29.6°C. High temperature may cause indoor 
discomfort condition, therefore certain regulatory 
measures are required. Different control strategies 
were presented due to the high-temperature weather 
conditions. The common solution is to increase water 
supply flow rate and reduce the water supply 
temperature. Due to the high risk of condensation for 
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the cooling floor, the temperature of water supply was 
kept larger than 16°C. Therefore, the main control 
strategy was to regulate the water supply flow rate.  

The different control cases are proposed in Table 
11. The simulation results are presented for different 
high-temperature conditions shown in Figure 21. The 
results showed that the control cases can reduce the 
air temperature by up to 1.0°C. To prevent the high 
economic cost of water pump, by analysing the results, 
indoor air temperature was maintained by increasing 
the water supply flow rate up to 25% on Monday.  

Operation Strategies for Rainy Weather 

In rainy weather, the outdoor air temperature is 
usually lower, and the indoor air temperature 
decreases accordingly, which results in the surplus of 
indoor cooling capacity. The simulation results of 
indoor air temperature in the existing weather data are 
shown in Figure 22. Figure 23 shows the indoor air 
temperature in rainy weather is lower than that in the 
typical meteorological years. The predicted indoor air 
temperature is basically below 29.0˚C. 
Correspondingly, the control measures could be taken 
to reduce the operation cost under the condition that 

 
Figure 17: Comparison of indoor air temperature in five cases from July 23 to 30. 

 

Table 9: Cases for Different Water Supply Flow Rates with an Increment of 20 People and 20 Computers 

Case Water supply flow rate changes 

Case 0 No change 

Case 1 Increment by 10% 

Case 2 Increment by 15% 

Case 3 Increment by 20% 

 

Table 10: Maximum Indoor Air Temperature (˚C)  

Case July 22 to 23 July 24 to 27 

Case 0  30.2 28.0 

Case 1 29.2 27.3 

Case 2 28.5 26.8 

Case 3 28.0 26.4 
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Figure 18: Hourly outdoor air temperatures from August 1 to 31. 

 

 
Figure 19: Indoor air temperature results on each floor obtained from high-temperature weather conditions (August 8: Monday). 

 

 
Figure 20: Indoor air temperature obtained from existing weather data (August 8: Monday). 
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the indoor air temperature and humidity meet the air-
conditioning design standards. The control methods 
are proposed in Table 12. 

Table 11: Control Strategies for Different Water Supply 
Flow Rates Due to Predicted High-Temperature 
Weather 

Case Operation modes 

hot0 Constant 30000 kg/h 

hot1 Monday: increment of 20% at 8:00 

hot2 Monday: increment of 25% at 8:00 

hot3 Monday: increment of 30% at 8:00 

hot4 Sunday: increment of 15% at 8:00 

hot5 Sunday: increment of 20% at 8:00 

 

 
Figure 21: Comparison of indoor air temperature for the five 
optimized cases (August 8: Monday). 

 

 
Figure 22: Indoor air temperature simulation results on each 
floor obtained with rainy weather. 

 
Figure 23: Indoor air temperature results on each floor 
obtained with typical existing weather. 

 

Table 12: Control Strategies for Different Water Supply 
Flow Rates Due to Predicted Rainy Weather 

Case Modes 

Rainy0 No change 

Rainy1 Decrement by 10% at 8:00 on Monday 

Rainy2 Decrement by 15% at 8:00 on Monday 

Rainy3 Water supply flow rate remains unchanged, while the 
GSDC operates only on weekdays 

 

The indoor air temperature simulation results for the 
three optimized cases are shown in Figure 24. The 
indoor air temperature in Case Rainy2 increases within 
0.3˚C, which is the minimum increase, basically 
meeting the air-conditioning design standards. 
Therefore, reducing 15% of water supply flow could be 
chosen as a control measure. 

 
Figure 24: Comparison of indoor air temperature due to 
different water supply flow rates. 
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DISCUSSION 

Based on the measured data from the monitoring 
system, people’s mobility is actually high, and the load 
changes are dynamic. However, the people density in 
the simulation case was defined as a fixed value, which 
may cause the difference between the simulation 
results and the actual results. Field measurement 
should be extensively performed in the future to obtain 
the general regulations of people’s mobility which can 
be applied to the simulation cases. The thermal comfort 
and energy saving potential of floor radiant air-
conditioning systems are affected by many factors, 
such as the quantity and position of indoor furniture, 
window–wall ratio and floor material, etc. In the further 
studies, these factors should be taken into account to 
improve the control model, therefore enhancing the 
accuracy of the simulation.  

CONCLUSIONS 

This study utilized the TRNSYS program to study 
the control strategies of an RSFC–DV system. 
Intermittent operation and weather-forecast-based 
predictive control strategies were utilized to evaluate 
the indoor thermal environment conditions and the 
energy-saving potential. For the intermittent operation, 
one optimal operation scheme can., obtain the 
reduction of energy use by 3.3% for a schedule when 
the building was occupied every day, whereas an 
energy saving of up to 7.5% can be reached for a 
schedule when the building was shut off on weekends. 
For the operation strategies of equipment and 
occupancy changes, when the increment of load is less 
than 15% of the original load, there is no need to 
increase the water supply flow. Once the increment of 
load exceeds 15% or more of the original load, it is 
better to regulate the air conditioning system to meet 
the needs of indoor people. For the weather-forecast-
based predictive control method, when the outdoor air 
temperature increases by 2.0~5.0˚C, an increase of 
25% for the water supply flow rate can reduce the 
indoor air temperature by approximately 1.0˚C. When 
the outdoor temperature decreases by 2.0~6.0°C, a 
decrease of the water supply flow rate by 15% makes 
the indoor air temperature increase within 0.3˚C. The 
reduction of building energy consumption can be 
achieved by operating the intermittent control strategy, 
the cooling load variation can be regulated in advance 
when the weather-forecast-based control strategy was 
considered. In summary, the application of intermittent 
operation and weather-forecast-based control 

strategies can regulate the operation of radiant floor 
system and effectively reduce the building energy use. 
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