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ABSTRACT 

This study aims to investigate the differences in 
humidity and energy consumption results between 
thermal and hygrothermal simulation models. A 
prototype city hall building in Thailand (which has 
hot humid climate) is simulated by EnergyPlus 
software. Different exterior wall types are compared 
for their effects on humidity and energy consumption 
of the building. In addition, advantage and 
disadvantage of different air conditioning operation 
measures during lunch hour are investigated. Results 
indicate that hygrothermal model calculates cooling 
energy consumption lower than that of thermal-only 
model ranging from 4.04% - 7.45%; aerated concrete 
walls consume less cooling energy than one and two-
layered brick walls; when air conditioners are turned 
off during lunch hour, opening windows consumes 
more energy than closing windows. 

 

INTRODUCTION 

Moisture in buildings affects occupants’ thermal 
comfort, building integrity, and building energy 
consumption. Rapid change in relative humidity in 
museum causes cracks on paint layer due to tension 
stress (Lull & Harriman, 2008). Moisture in building 
insulation materials can reduce thermal resistance of 
the materials (Sandberg, 2009). In addition, moisture 
buffering of hygroscopic material in buildings can 
moderate indoor humidity conditions (Tariku et al., 
2010; Kunzel et al., 2005; Salonvaara et al., 2004; 
Simonson et al., 2004).  

Earlier research has shown that difference in  energy 
consumption between thermal-only model and 
hygrothermal model is approximately 4.4% based on 
Korean climate (Moon et al., 2014). In addition, 
relative humidity calculated by the two models are 
also different (Moon et al., 2014; Belarbi et al., 
2006). This factor can affect both thermal comfort 
and indoor air quality. However, in Thailand with hot 
and humid climate, only few researches on building 
energy consumption have been concerned with the 
effects of moisture transfer from building envelopes 
on energy and thermal performance. 

Regarding energy conservation, there are many 
recommendations for reducing energy consumption, 
especially in government buildings, in terms of 
building design and operations. These are, for 
example, designing building envelopes with low 
overall thermal transfer value (OTTV); using high 
efficiency lighting; turning off lights and air 
conditioners (AC) during lunch hour in office 
buildings. According to our observations, during 
turning off AC, windows were either closed, or 
opened for natural ventilation. Different actions can 
affect indoor air temperature, humidity and energy 
consumption.  

In summary, there are three main objectives for this 
study as follows: 1) to study the differences between 
the results of thermal and hygrothermal simulation 
models in terms of indoor air temperature, relative 
humidity, and energy consumptions based on hot 
humid climate in Thailand, 2) to compare effects of 
different wall-types on energy consumptions, 3) to 
compare measures for operating air conditioners 
during lunch hour for energy conservation. 

 

SIMULATION 

Case Study  

The selected case study is a city hall building in 
Thailand (Figure 1). It is one of the city hall building 
prototypes constructed in many provinces. Such 
prototype can be modified to suit different locations. 
The building has 5 storeys with attic space. Total 
floor area is 7,377 m2 and each floor is about 1,490 
m2 in area. The 2nd to 4th floors have typical plans 
(Figure 2) and most of which are office spaces, 
whereas the 1st and 5th floor plans have other 
functions instead of office space. The middle part of 
the first floor plan (area No. 3) is an open reception 
hall, and area No. 1 of the 5th floor is a large meeting 
room. Most office areas have open plan with small 
parts for enclosed offices. Each of  2nd to 4th  floors 
has an office area of 1,004 m2.  
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Figure 1.  Photograph of case study city hall office 
building (south elevation) 

 

Location and Weather Data 

For this study, the building is assumed to be located 
in Bangkok. A weather file for this location is 
THA_Bangkok.48456_IWEC.epw which can be 
downloaded from the EnergPlus website. According 
to the weather file data, yearly average outdoor dry 
bulb temperature and relative humidity are 28.5°C 
and 71% respectively (Figure 2). The hottest month 
is April (average temperature 30.6°C and 68.2% RH) 
and the coolest month is December (average 
temperature 26.4°C, 57.7% RH). 

 

 

 
 

Figure 2. Weather data of Bangkok (based on 
THA_Bangkok.48456_IWEC.epw)  

 

 

Building Simulation Software 

In this paper, the EnergyPlus software version 8.3 is 
used for thermal and hygrothermal simulations. 
OpenStudio version 1.5.0 is employed to create a 
building model and to input typical data for energy 
simulation such as internal heat gain, airconditioning 
system, and schedules. The “idf” files are exported 
from OpenStudio in order to input additional data  
such as material properties for hygrothermal 
simulations by using EnergyPlus IDF-editor. 

 

Building Model 

The entire city hall building is modeled in order to 
evaluate the total annual building energy 
consumption (Figure 4). The building model 
incorporates 73 thermal zones. Each of the 2nd to 4th 
floors has 14 zones including airconditioned areas 
and non-airconditioned areas. The airconditioned 
areas are all office zones (zone 1-7) whereas the non-
airconditioned areas are restrooms (zone 8-9), stairs 
and corridors (zone 10-14)  (Figure 3).      

 
Thermal-only and Hygrothermal Models 

In EnergyPlus, there are three models for calculating 
the effects of moisture transfer on building 
envelopes: 1) Effective Moisture Capacitance Model 
(EC), 2) Effective Moisture Penetration Depth  
Model (EMPD), and 3) Combined Heat and Moisture 
Transfer Model (HAM) (DOE, 2014). The HAM 
model is selected because it can simulate moisture 
content in all wall material layers. In addition, 
previous research showed that the HAM model can 
predict indoor air temperature and humidity which 
agrees with the results from measurements (Moon et 
al., 2014; Tariku et al., 2010; Kunzel et al., 2005). 

 

In order to compare the results of thermal-only model 
and hygrothermal model, different heat balance 
algorithms in EnergyPlus are selected. For thermal-
only model, the “ConductionTransferFunction” 
(CTF) is selected and for hygrothermal model, the 
“CombinedHeatAndMoistureFiniteElement” (HAM) 
is selected. Therefore, in this paper, the abbreviations 
for the thermal-only and hygrothermal models are 
“CTF” and “HAM,” respectively. 

 
Simulating HAM for the whole building with many 
zones and surfaces will take very long time (Wood et 
al., 2013). Therefore, only the third floor of the 
building is selected to compare between CTF and 
HAM models. Each simulation result presented in 
this paper is run for one year period. For CTF model, 
all surfaces of all zones are simulated using CTF.  
For HAM model, only surfaces of all zones on the 
third floor (walls, floors, ceilings, columns, beams) 
are simulated by using HAM. Other surfaces are 
simulated by CTF. In EnergyPlus, choosing different 
heat balance algorithms for different surfaces can be 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 588 -



done by using objects of the Class “Surface 
Property:HeatTransferAlgorithm:Construction.” 
Input in these objects will override the global setting 
in “HeatBalanceAlgorithm” (DOE, 2014). Timestep 
for HAM model is set at 20 as suggested by 
EnergyPlus program (DOE, 2014). The same 
timestep is also used for CTF model.  
 

 
 

Figure 3.  Zoning of the 3rd floor 
 
 

 
 

Figure 4.  Office building model created from 
OpenStudio 

 
 
Wall Types & Other Materials 

There are three wall types with different U-values for 
energy performance comparisons (Table 1). The first 
wall type (Wall1) is a brick wall typically used in 
city hall buildings. The second type (Wall2) is an 
aerated concrete wall used in some buildings because 
of its low thermal conductivity. The third type 
(Wall3) is a two-layered brick wall used to 
investigate the effect of thermal mass on energy 
cosumption and moisture transfer. U-value of Wall1 
is higher than those of Wall3 and Wall2 respectively 
(Table 1). All material properties and typical built-in 
moisture contents (for initial water content ratio 
settings in EnergyPlus) are adopted from WUFI Plus 
version 2.5.4.0. 

 

 

 

Flooring material comprises of concrete (150 mm 
thickness) and terrazzo. The terrazzo material is not 
available in WUFI Plus, therefore, the same material 
property of concrete is used. Ceiling is of gypsum 
board (9 mm thickness). Glazings of exterior and 
interior windows are 6 mm green float glass, and 6 
mm clear float glass respectively. Columns and 
beams are concrete with thickness of 400 mm and 
250 mm respectively.  

 

Table 1.  Detail of exterior walls 
 

Wall 
Types 

Materials* 

 

U-Factor** 

[W/m2-K] 

1 15 mm Cement plaster  
70 mm Brick  
15 mm Cement plaster  
 

 
U = 7.059 

2 15 mm Cement plaster  
70 mm Aerated concrete  
15 mm Cement plaster  
 

 
U = 1.379 

3 15 mm Cement plaster  
70 mm Brick  
70 mm Brick  
15 mm Cement plaster  

 
U = 3.871 

*Material layers ordered from outside to inside of a zone 

**U-Factor no film (results from EnergyPlus) 

 

 
Table 2.  Material properties 
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Conductivity 
[W/m-k] 

1.2 0.6 0.1 1.6 0.2 0.035 

Density 

[kg/m3] 

2000 1900 400 2200 850 30 

Specific Heat 
[J/kg-K] 

850 850 850 850 850 840 

Porosity 
[m3/m3] 

0.3 0.24 0.81 0.18 0.65 0.99 

Water Vapor  
Diffusion 
Resistance  
Factor [-] 

25 10 7.9 92 8.3 1.3 

Initial Water 
Content Ratio 
[kg/kg] 

0.14 .0526 0.5 0.079 .0074 0 
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Internal Heat Gain and Schedules 

Working hours of Thai government office is 8:30 – 
16:30. It is assumed that people are in the office from 
8:00 – 17:00. Therefore, lighting, equipment, and 
ventilations are utilized during the occupied period. 
During the lunch hour, people, lighting, and 
equipment are assumed to be half of other working 
hours. People density in office area is 7 m2/person. 
Lighting and electrical equipment power density is 
14 W/m2. Infiltration rate of office area during turn-
off AC is 0.5 ACH but that of corridors and 
restrooms which are not as tight as the office areas is 
set as 1.0 ACH.  

 
Table 3.  Four AC operating options during lunch 

hour  
 

OPTION 8:00 – 
12:00 

12:00 - 13:00 13:00 -
17:00 

AC1 AC-ON 
AC-OFF 

Open Windows  
AC-ON 

AC2 AC-ON 
AC-OFF 

Close Windows 
AC-ON 

AC3 AC-ON 
AC-ON 

Tset = 25°C AC-ON 

AC4 AC-ON 
AC-ON 

Tset = 28°C AC-ON 

AC-ON:  Turn on air conditioners 

AC-OFF: Turn off air conditioners 

Tset: Temperature set point when turn on air conditioners 

Tset = 25°C during 8:00-12:00 and 13:00-17:00 

 

 

 
 
Figure 5. Windows and doors are opened during 
lunch hour for natural ventilation when air 
conditioners are turned off   
 

Operating of AC during Lunch Hour 

According to the energy conservation suggestions, 
during lunch hour (12:00–13:00), air conditioners 
(AC) in office areas are turned off. In some office 
areas, windows are still closed. However, some 

occupants prefer to open windows or doors for 
natural ventilation (Figure 5). Reason for some 
occupants to open windows is that natural wind helps 
them to feel better in terms of thermal comfort. 
However, outdoor air can bring both heat and 
moisture into the AC zones. This may affect the 
cooling load of AC when turning them back on after 
13:00. Therefore, four AC operating measures during 
lunch hour are simulated to determine which one is 
most suitable in terms of energy consumption. The 
AC operating measure options are: 1) Turn off AC 
and open windows; 2) Turn off AC and close 
windows; 3) Turn on AC and set thermostat at 25°C; 
4) Turn on AC and set thermostat at 28°C (Table 3).  
 

Air conditioners used in the city hall building are 
split-type system. Coefficient of performance (COP) 
of all split-type air conditioning (AC) units are 3.22 
as required by law. Air conditioners are modeled by 
using “IdealLoadAirSystem.” Ventilation rate of 
office area with AC is 0.000556 m3/s-m2 (2 
m3/hr/m2) and 4 ACH for non-airconditioned areas, 
such as restrooms. These ventilation rates are based 
on minimum ventilation required by law. Natural 
ventilation is modeled by using 
“ZoneVentilation:WindowStackOpenArea.” Input 
data for this object are for example, opening areas, 
opening area fraction schedule, and effective angle.  
From observation, not all windows in the office area 
are opened during the lunch hour, therefore the 
fraction area is estimated as 0.4 of all exterior 
windows area of office zones. In addition, occupants 
will not open windows if the outdoor wind speed is 
higher than 7 m/s. 
 

DISCUSSION AND RESULT ANALYSIS  
Only cooling energy of all AC zones on the third 
floor are compared in order to determine the 
differences in cooling load, indoor air temperature, 
and humidity calculated by CTF and HAM models. 
Cooling energy consumption by HAM models are 
4.04% - 7.45% lower than that by CTF model (Table 
4). Sensible cooling energy by HAM model is lower   
than CTF model, whereas latent cooling energy by 
HAM is higher than CTF model (Table 5, Figure 7). 
Results of Wall1 and AC3 option show that the 
highest percentage difference of the two models is 
6.11% with 20.91% for sensible cooling energy, and 
31.70% for latent cooling energy (Table 5). 

 

Average air temperature in office (zone 301) during 
17:00 – 8:00 (no AC) in HAM model is lower than 
that of CTF model (Figure 8A, 8B). The daily 
fluctuation of indoor air relative humidity of HAM 
model is smaller than that of CTF model (Figure 8C, 
8D). This can be the effect of moisture buffering as 
mentioned in earlier research (Yeh et al. 2012; Tariku 
et al., 2010; Rode & Sørensen 2010; Kunzel et al., 
2005; Salonvaara et al., 2004). In addition, inside 
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surface temperature of exterior wall in zone 301 with 
HAM model is mostly lower than that of CTF model 
(Figure 8E, 8F).  These can be reasons why sensible 
cooling energy of HAM model is lower than CTF 
model when turning on AC. 

 

 
 

 
 

Figure 6. Cooling energy consumption 
(kWh/m2/Year) of the 3rd floor office zones with three 

wall types using CTF (top) and HAM (bottom)   

 

 

 
  

Figure 7.  Cooling energy consumption 
(kWh/m2/Year) of the 3rd floor office zones (results of 

Wall1) 

Table 4.  Cooling energy consumption of the 3rd  
floor office  zones with three wall types using CTF 

and HAM models 
 

OPTION TOTAL COOLING ENERGY 
[kWh/Year] 

WALL1 WALL2 WALL3 

AC1_CTF 53,870 53,273 53,493 

AC1_HAM 51,692 50,643 50,790 

DIF. [%] -4.04 -4.94 -5.05 

AC2_CTF 52,850 52,230 52,446 

AC2_HAM 50,159 48,983 49,179 

DIF. [%] -5.09 -6.22 -6.23 

AC3_CTF 54,677 53,794 54,185 

AC3_HAM 51,333 49,789 50,148 

DIF. [%] -6.11 -7.45 -7.45 

AC4_CTF 53,518 52,778 53,064 
AC4_HAM 50,352 48,956 49,240 
DIF. [%] -5.92 -7.24 -7.21 

 

 

Table 5.  Cooling energy consumption of the 3rd floor 
office zones (results of Wall1) 

 

OPTION SENSIBLE 

COOLING 

ENERGY 

[kWh/Year] 

LATENT 

COOLING 

ENERGY 

[kWh/Year] 

TOTAL 

COOLING 

ENERGY 

[kWh/Year] 

AC1_CTF 37,790 16,081 53,870 

AC1_HAM 30,805 20,887 51,692 

DIF. [%] -18.48 29.89 -4.04 

AC2_CTF 37,651 15,199 52,850 

AC2_HAM 30,182 19,976 50,159 

DIF. [%] -19.84 31.43 -5.09 

AC3_CTF 39,305 15,372 54,677 

AC3_HAM 31,088 20,245 51,333 

DIF. [%] -20.91 31.70 -6.11 

AC4_CTF 38,280 15,238 53,518 

AC4_HAM 30,359 19,992 50,352 

DIF. [%] -20.69 31.20 -5.92 

 
 

Table 6.  Cooling energy of zone 301 on April 21st  
(Wall1) 

 

HOUR 

COOLING LOAD [kWh] 

CTF HAM 

AC
1 

AC
2 

AC
3 

AC
4 

AC
1 

AC
2 

AC
3 

AC
4 

8 - 9 12.7 12.7 12.4 12.5 11.3 11.1 10.7 10.9 

9 - 10 9.2 9.1 8.9 9.0 8.6 8.5 8.3 8.4 

10 -11 9.0 9.0 8.9 8.9 8.4 8.3 8.0 8.1 

11-12 8.9 8.9 8.7 8.8 8.2 8.1 7.9 8.0 

12-13 0.0 0.0 7.1 3.9 0.0 0.0 6.0 2.7 

13-14 13.8 11.9 8.7 9.8 12.7 10.5 7.8 8.9 

14-15 9.3 9.1 8.7 8.8 8.5 8.1 7.6 7.9 

15-16 9.0 8.9 8.6 8.8 8.3 7.9 7.6 7.8 

16-17 8.9 8.8 8.5 8.7 8.0 7.7 7.4 7.6 
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Results of comparisons between different wall types 
using CTF and HAM models indicate that cooling 
energy of Wall1 is higher than that of Wall3 and 
Wall2, respectively (Table 4, Figure 6). The highest 

differences of cooling energy between Wall1 and 
Wall2 is 1,545 kWh/Year (3.10%) with HAM model 
and AC3 operation. The difference between cooling 
energy of wall types could mainly be due to effect of 
all walls’ U-Values. The results of the CTF model 
concur with that of HAM model but have higher 
cooling energy consumption than HAM model for all 
wall types. The most different results between CTF 
and HAM models can be found in double brick wall, 
Wall3 (Table 4). 

 

Results of different AC operating measure options 
during lunch hour show that the lowest cooling 
energy consumption is turning off AC and closing 
windows (AC2) (Table 4, Figure 6). The AC option 
which has the highest cooling energy consumption is 
different between CTF and HAM. With CTF model, 
turning on AC setting at 25°C (AC3) has the highest 
cooling energy consumption, whereas with HAM 
model, turning off AC and open windows (AC1) has 
the highest cooling energy consumption (Table 4, 
Figure 6). In case of Wall1, when AC is turned off, 
opening windows (AC1) consumes more total 
cooling energy than that of closing windows (AC2) 
about 1.93% with CTF model and 3.06% with HAM 
model (Table 4). 

 

Turning on AC setting at 28°C (AC4) consumes less 
cooling energy than turning off AC and opening 
windows (AC1) (Table 4). Although turning off AC 
and closing windows is the most effective energy 
saving method, but air temperature inside the office 
in the hottest month (April) is too high (31.7°C) for 
thermal comfort (Figure 8A); whereas turning on AC 
setting at 28°C consumes slightly more energy, but 
temperature inside the room provides better thermal 
comfort. In addition, cooling energy at the first hour 
after lunch (13:00-14:00) shows that opening 
windows (AC1) require the highest cooling energy, 
13.8 kWh (Table 6). This may affect the electrical 
peak load if all air conditioners are turned on at the 
same time. 

 

Results of this study do not include factors which can 
affect hygrothermal calculations such as interior 
hygroscopic materials (papers and furniture), wall 
paintings, and initial moisture settings. These should 
be further investigated. For example, simulation 
period could be extended to two years to investigate 
the effects of initial moisture settings. In addition, 
detailed model of natural ventilation “Airflow 
network” in EnergyPlus could be used to model the 
air flows through adjacent zones when occupants 
open windows during lunch hour.  

CONCLUSION 

This paper presents results of comparisons between 
thermal-only (CTF) and hygrothermal (HAM) 
models using EnergyPlus software based on a case 
study of a city hall building in Thailand. Most results 
of both methods on energy consumption concur. 
However, HAM model calculated cooling energy 
consumption lower than that of CTF model ranging 
from 4.04% - 7.45% with lower sensible energy and 
higher latent cooling energy. Comparing different 
wall types on energy consumption shows that aerated 
concrete walls consume less cooling energy than one 
and two-layered brick walls. Lastly, comparing AC 
operations during lunch hour, turning off AC and 
opening windows consumes more cooling energy 
than turning on AC setting at 28C. 
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                                            ( A )                                                                                      ( B )   

         
                                          ( C )                                                                                         ( D )              

         
                                            ( E )                                                                                    ( F ) 
 

Figure 8.  Temperature (top), Relative humidity (middle), Inside surface temperature (bottom)  
of Zone 301 in April (left) and in December (right) of Wall1 
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