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ABSTRACT
 

Energy saving of buildings is an urgent issue to decrease global warming and to 

prevent energy depletion and, the life cycle energy management of buildings has been 

more crucial. In other words, it has become more important to understand the 

cooling/heating and electric power demands of the building for optimization of the 

design. Though many tools for load calculation have been developed all over the 

world, the validity and features of their calculated results have not been fully cleared 

yet. The purpose of this paper is to provide the information in which two simulation 

tools for cooling/heating loads calculation are compared with each other to implement 

the life cycle energy management. This study focused on TRNSYS and 

Micro-HASP/TES and cleared that their calculation results had similar trend. 
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INTRODUCTION 

 In Japan, about 40% of energy consumption in buildings is used for HVAC (ECCJ 

2009), and the good design of the building to reduce the cooling/heating loads must be 

given high priority. In addition, efforts toward net zero energy buildings have become 

more active around the world including Japan. Under this trend, the life cycle energy 

management of buildings would be more crucial, and it has become more important to 

understand annual heat (e.g. cooling/heating and hot water-supply loads) and energy 

demands of building. There are many kinds of popular tools for the cooling/heating 

load calculation throughout the world. However, there have been few comparative 

studies about characteristics and calculation results. In this study, the annual 

cooling/heating loads calculated by Micro-HASP/TES and TRNSYS were compared. 
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RESEARCH METHODS 

Micro-HASP/TES is one of the heat load calculation applications of HASP series 

that widely used in Japan. It has been revised by Heat Pump & Thermal Storage 

Technology Center of Japan since 2003. Micro-HASP/TES can calculate not only the 

cooling/heating load, but also estimate the energy consumption and CO2 emissions 

TES_ECO (HPTCJ 2011). On the other hand, TRNSYS is a transient simulation tool 

developed by the Solar Energy Laboratory (SEL) of University of Wisconsin in USA. 

It has been commercially available since 1975 and developed continuously by the 

international collaboration of the United States, France and Germany and it is one of 

the most flexible energy simulation software (SEL 2010). Table 1 summarizes the 

basic futures about Micro-HASP/TESver.2.6 (HASP) and TRNSYS17 (TRNSYS). 

 

Table 1 Basic function about Micro-HASP/TES and TRNSYS
 

 HASP TRNSYS 

Developers JAMBEE, HPTCJ 
Solar Energy Laboratory of 

University of Wisconsin 

Programing language Visual Basic FORTRAN 

Weather data 
HASP data(.acs), 

Expanded AMedas data(.ame) 

Meteonorm(.tm2) (Other 

external files can be read.) 

Coupling 
1~100% (Interior/Perimeter 

temperature) 

Volume of mixed air  

with adjacent zone 

Internal gain 
User can choose from several 

alternatives of gain type 

User can define convective 

and radiative power 

Outputs 
Sensible and latent load of  

zone and outdoor air 

User can select from outputs 

definition 

Mitigation of room 

temperature 

Available in pre-cooling  

and pre-heating time 
User can set by schedules 

 

Major differences in their calculation methods are the long-wave radiation heat 

transfer inside room and the storage effects of walls. Figure 1 and Equations (1) show 

the weighting factor in HASP and the cooling/heating load of transmission in walls 

(Matsuo et al. 1980). Figure 2 shows the radiative heat flows between the walls and 

the windows in TRNSYS (SEL 2010). 

 

 

 

Figure 1 Weighting factor for estimating the 

transmission heat through wall. (HASP) 

Figure 2 Radiative energy flows considering 

one wall. (TRNSYS) 
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 From Equation (1),      is the cooling/heating load of transmission in walls,       

is the heat gain of transmission in walls and 𝜑    is the weighting factor for 

transmission. According to Figure 1 and equations (1), radiative heat load is simply 

estimated with the weighting factor in HASP. The convective heat gain is estimated 

for heating/cooling load instantly and the radiative heat gain estimated for 

heating/cooling load with time lag by convolving with a weighting factor. And the 

storage heat loads are estimated by the response factors of heat absorption that take 

account of the responses of external walls, internal walls, windows, infiltrations and 

heat capacities. 

In TRNSYS, as indicated in Figure 2 and equations (2), radiative energy flows occur 

while repeating radiation and absorption to other wall surfaces in TRNSYS. Equation 

(2),           is combined convective and radiative heat flux from the wall,           

is the thermal resistance,      is the inside surface area,      is the inside surface 

temperature and        is the artificial temperature. The artificial temperature node 

(Tstar) is a value to consider the energy flow from a wall surface by convection to air 

node and by radiation to other wall and window elements. And the storage heat loads 

can be described as the method to tell the "thermal history" of the walls that is 

calculated from transfer function coefficient by Mitalas (SEL 2010). It is used to 

calculate heat flows between the inside and outside surfaces of walls and estimated 

from the thermal behavior and thickness of the walls. 

As mention so far, there are the differences about the calculation method for 

radiative heat load and storage heat load between HASP and TRNSYS, so that these 

differences could affect heat load profiles as well as peak load. 

 

Figure 3 shows a floor plan of the model building and HVAC zoning: the south 

interior and perimeter zones and Table 2 shows conditions of calculation. 

 

 

Location : Tokyo 

Total floor area : 12,000m
2
 

Standard floor area : 1,200m
2
 

10 floors above ground, RC structure 

PAL value : 298MJ/m
2
year 

Floor height/Ceiling height : 3.75m/2.7m 

Zone area : South interior 280.8m
2
 

         South perimeter 129.6m
2 

Figure 3 Typical floor plan of model building and HVAC zoning. 
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Table 2 Simulation conditions 

Weather data HASP standard 
Volume of fresh air 30m

3
/person hour (Without air ventilation) 

Settings of temperature 
and relative humidity 

Summer(6/1～9/30):26degree C. 50% 
Winter(12/1～3/31):22degree C. 100% 

Operating time Weekdays: 9:00~17:59 
(Shutdown weekends and holidays) 

Precooling/preheating Summer: 8:00~9:00, Winter: 7:00~9:00 
Occupant density 0.15 persons/m

2
 (Available on interior zone only) 

Internal gain Persons: sensible heat:55W/person, latent heat:66W/person 
Lighting: 20W/m

2 

Equipment: 15W/m
2 

Internal gain operating 
ratio 

Summer: 100%  
Winter: 30% 

Schedule of internal 
gain 

Persons: 9:00~17:59 100% except for 12:00~12:59 50% 
Lighting, Equipment: 9:00~17:59 100% except 
12:00~12:59 70% 

Coupling of air No setting 
Mitigation of the room 

temperature 
No setting 

Performance of walls External Wall Boundary Wall Floor Ceiling 

0.89W/m
2
K 2.81W/m

2
K 2.19W/m

2
K 2.19W/m

2
K 

 

Heat transfer coefficient 
of wall 

 Convective heat transfer Radiative heat transfer 

Indoor side 4.5W/m
2
K 4.5W/m

2
K 

Outdoor side 18.5W/m
2
K 4.5W/m

2
K 

 

Long-wave emissivity 0.9 

Performance of 
windows 

 HASP TRNSYS 

type Transparent multi-layer (6+6) ID:3 FL6+A6+FL6 

U-Value 2.97W/m
2
K 3.28W/m

2
K 

SC 0.56 (Solar Shading) 0.72 
 

 

RESULTS AND DISCUSSION 

 Periods of comparison are from 7.Aug. to 11.Aug. (summer week) and from 20.Feb. 

to 24.Feb. (winter week) are focused in the analysis, because they are the most severe 

conditions in ambient temperature. Figure 4 and 5 show the ambient temperature and 

the room air temperature of the south interior zone calculated by each tool, Figure 6 

and 7 show the cooling/heating loads of the south interior zone calculated by each tool 

and their peak values are shown in Table 6 and 7.  

 

  

Figure 4 The room air temperature (summer week) Figure 5 The room air temperature(winter week) 
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Figure 6 cooling/heating loads (summer week) Figure 7 cooling/heating loads (winter week) 

  

Table 6 The peaks of cooling load (summer week) Table 7 The peaks of heating load (winter week) 

 HASP TRNSYS 

Date 17:00 on 10 Aug 17:00 on 10 Aug 

Value 12.7kW 12.6kW 
 

 HASP TRNSYS 

Date 7:00 on 20 Feb 8:00 on 20 Feb 

Value 5.1kW 2.0kW 
 

 

As can be seen from Figure 4 and 5, the room air temperatures are similar between 

both tools in summer and winter weeks when HVAC is not working. For the 

pre-cooling and pre-heating hour, the room air temperatures of HASP become the set 

temperatures, because there is on setting for mitigation air temperature. On the other 

hand, these of TRNSYS don’t reach the set temperatures at the time. Figure 6 and 7 

depict that the trends of cooling/heating loads are mostly consistent in both periods, 

except the major differences in the pre-cooling time and pre-heating time.  

 

Figure 8 and Table 8 show cooling load excluding thermal storage load and thermal 

storage for south interior zone. The storage load was estimated as the difference from 

the results of 24-hours HVAC operation. 

 

 

Figure 8 Comparison of the thermal storage loads and the others (summer week) 

 

Table 8 The value of daily storage cooling/heating loads and others 

 

HASP TRNSYS 

Cooling/Heating Load 

(Excluding Thermal 

Storage Load) 

Thermal 

Storage Load 

Cooling/Heating Load 

(Excluding Thermal 

Storage Load) 

Thermal 

Storage Load 

7 Aug. 78.6kWh 32.7kWh 79.0kWh 30.4kWh 

11 Aug. 82.9kWh 28.8kWh 87.0kWh 23.0kWh 
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 On the first day of the week 7 Aug, the ratio of the thermal storage loads are 28.7% 

in HASP and 27.8% in TRNSYS. And on the last day of the week 11 Aug, the values 

are 26.7% in HASP and 20.9% in TRNSYS. We could say that the ratios of the 

thermal storage loads have been gradually decreased with the time, and there are 

similar trends in both tools. If we look at the result on 7 Aug in Figure 8, the result of 

HASP has decreased from 9.0kW at 9:00 to 2.2kW at 17:00. On the other hand, the 

result of TRNSYS has decreased from 3.9kW at 9:00 to 2.5kW at 17:00. The reason 

why the degree of reduction of TRNSYS is smaller than that of HASP might be due to 

differences the calculation methods for long-wave radiative heat transfer and thermal 

storage load between HASP and TRNSYS.  

 

Figure 9 and 10 show the ambient temperature and the room air temperature, Figure 

11 and 12 show the cooling/heating loads of the south perimeter zone calculated by 

each tool. And their peak values are shown in Table 9 and 10. 

 

  

Figure 9 The room air temperature (summer week) Figure 10 The room air temperature (winter week) 

  

Figure 11 Cooling/heating load (summer week) Figure 12 Cooling/heating load (winter week) 

  

Figure 13 Total solar radiation load (summer week) Figure 14 Total solar radiation load (winter week) 
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Table 9 The peaks of cooling load (summer week) Table 10 The peaks of heating load (winter week) 

 HASP TRNSYS 

Date 8:00 on 10 Aug 12:00 on 10 Aug 

Value 13.6kW 11.3kW 
 

 HASP TRNSYS 

Date 7:00 on 20 Feb 17:00 on 20 Feb 

Value 19.3kW 8.0kW 
 

 

From Figure 9 and 10, the room air temperatures are similar between both tools in 

summer. They are 2~4 degrees higher in HASP than those of TRNSYS in winter 

weeks, when HVAC is not working. And the fluctuations of the room air temperatures 

in pre-cooling and pre-heating are as also shown in the south interior zone. 

According to Figure 11 and 12, the trends of cooling/heating loads are seen good 

agreement with enough each other in summer, except the major differences in the 

pre-cooling time. In winter, the cooling/heating loads of HASP are larger than those of 

TRNSYS, since the total solar radiations through the window of HASP are larger than 

those of TRNSYS as indicated in the Figure 14. From Figure 14 in comparison with 

Figure 13, the amount of the total solar radiation loads in winter is larger than that in 

summer, so the difference between HASP and TRNSYS is remarkable in winter. 

 

The comparison of the monthly heat load is given in Figure 15 and 16 and the values 

of the annual heat load are in Table 11 and 12. 

 

  
Figure 15 Monthly cooling/heating load 

(south interior zone) 

Figure 16 Monthly cooling/heating load 

(south perimeter zone) 

  

Table 11 Annual cooling/heating load (south 

interior zone) 

Table 12 Annual cooling/heating load (south 

perimeter zone) 

 HASP TRNYS 

Cooling load 9.96MWh 9.71MWh 

Heating load 0.42MWh 0.28MWh 
 

 HASP TRNYS 

Cooling load 7.59MWh 5.97MWh 

Heating load 2.38MWh 2.33MWh 
 

 

According to Figure 15 and 16 and Table 11 and 12, the monthly heat loads in the 

south interior and south perimeter zones of HASP are larger than those of TRNSYS in 

any months. The annual heat loads are also the same. Because the cooling/heating 

loads of HASP during daytime are larger than those of TRNSYS and this is caused by 

the major difference at the pre-cooling and pre-heating time. 
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CONCLUSION AND IMPLICATIONS 

The following are the main findings of this study: 

1) Cooling/heating load for interior zone estimated by HASP and TRNSYS had 

shown similar trends. In contrast, the simulated cooling/heating loads of HASP were 

larger than those of TRNSYS in south perimeter zone, but it came from the 

performance of the window was not consistent with each tool. In TRNSYS, it is not so 

easy to set new windows that users often select the pre-set windows from the library.  

2) Annual heat loads of HASP were larger than those of TRNSYS, because of the 

differences of algorithms for radiative heat transfer calculation and estimating strategy 

for the thermal storage heat loads as well as difference of the air temperature at the 

pre-cooling and pre-heating.  

3) Because of the same reason described in the preceding paragraph, the times of the 

peaks of cooling/heating loads differed from HASP to TRNSYS. Further analysis will 

be need for this difference. 

4) There were possibilities to misunderstanding for putting value as intended by users, 

so that users should be careful to select correct values from input commands in HASP 

and to input appropriate values by referencing to literature in TRNSYS. 
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