


ABSTRACT 

A simple module was created for verification of energy analysis programs in the 

calculation of a commercial building. The module consists of two similar office 

rooms and a corridor between them and is situated in the middle of a large building. 
Six separate test cases were created using the module. The results presented were 
calculated using the weather data of Denver (Colorado, USA). 

Six  energy analys is  programs,  BLAST, ESP, SERI-RES,  S3PAS, TASE and  
TRNSYS, participated in this study, The output parameters predicted were annual 

heating and cooling energies, hourly integrated peak heating and cooling loads, 

extremes of room air temperatures and heat losses for windows, exterior walls and 
ventilation. 

For the annual heating energies and peak heating loads of the whole module ESP gave 
approximately 20% smaller and S3PAS 20% greater values than the mean value of all 
programs. For the annual cooling energies BLAST and SERI-RES gave about 10-15% 
greater and S3PAS and TASE about 10% smaller values than the mean value of all 
programs. The greatest relative difference in the peak cooling loads of two separate 
programs was in the east-facing room, for which SERI-RES gave a 60% greater cool- 
ing load than TASE. There were obviously some problems in the calculation of shad- 
ing in TASE and TRNSYS, because the results of shaded cases were clearly different 
than those of the other programs. 

The heat losses through exterior walls calculated by three of the programs varied con- 
siderably. It looks as if the results of TASE are erroneous, because for the south-fac- 
ing room without shading TASE gave a heat loss which is 60% smaller than that of 
S3PAS. Even if a window is a more complicated detail in a thermal simulation than 
an exterior wall, the differences between the heat losses of windows are smaller than-. 
between those of the exterior walls when calculated by these programs. The heat 
losses of ventilation calculated by the various programs differed only a few per cent; 
these small differences are due to differences in interior air temperatures. 

For the interior air temperature of a summer day the programs gave quite different 
values when the cooling was ended. SERI-RES gave an approximately 1 OC increase 
in interior air temperature but ESP approximately 4 OC. The situation was the same 
when the heating was ended on a winter day. One reason for the great difference in 
the air temperatures was in the definition of "air temperature", which for SERI-RES 
includes also the effects of surface temperatures. 

With a comparat ive study of energy analysis programs l ike this  i t  cannot  be 
concluded which program is the best or whose results are the most correct. When 

interpreting the results, i t  should also be remembered that not only the program 

itself, but also its user affects the results. In the present study there were several 

users, which may partly explain the variation of the results. 



PREFACE 

The International Energy Agency 

The International Energy Agency (IEA), headquartered in Paris, was formed in November 1974 as an 
autonomous body within the framework of the Organization for Economic Cooperation and Develop- 
ment to establish cooperation in the area of energy policy. Twenty-one countries are presently mem- 
bers, with the Commission of the European Communities participating under a special arrangement. 

Collaboration in the research, development, and demonstration of new energy technologies has been 
an important part of the agency's programme. The IEA R&D activities are headed by the Committee 
on Research and Technology (CERT), which is supported by a small secretariat staff. In addition, four 
Working Parties (in Conservation, Fossil Fuels. Renewable Energy, and Fusion) are charged with mon- 
itoring the various collaborative energy agreements, identifying new areas for cooperation, and advis- 
ing the CERT on policy matters. 

The work reported here resulted from a cooperative effort between the IEA Solar Heating and Cooling 
Programme and the IEA Energy Conservation in Buildings and Community Systems Programme. 

Solar Heating and Cooling Programme 

Initiated in 1977, the Solar Heating and Cooling Programme was one of the first IEA R&D agree- 
ments. Its objective is to conduct joint projects to advance solar technologies for buildings. The twenty 
members of the programme are 

Australia France 
Austria Germany 
Belgium Italy 
Canada Japan 
Denmark The Netherlands 
European Community New Zealand 
Finland Norway 

Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
United States 

A total of  18 projects or "tasks" have been undertaken since the beginning of the programme. The 
overall programme is managed by an Executive Committee composed of one representative from each 
of the member countries, while the leadership and management of the individual tasks is the responsi- 
bility of  operating agents. These tasks and their respective operating agents are 

*Task I: 
* Task 2: 

Task 3: 
'Task 4: 
'Task 5: 
* Task 6: 

* Task 7: 
'Task 8: 
*Task 9: 
'Task 10: 
*Task 11: 

Task 12: 

Investigation of the Performance of Solar Heating and Cooling Systems - Denmark 
Coordination of Research and Development on Solar Heating and Cooling - Japan 
Perfonance Testing of Solar Collectors - United Kingdom 
Development of an Insulation Handbook and Instrument Package - United States 
Use of Existing Meteorological Information for Solar Energy Application - Sweden 
Solar Heating, Cooling, and Hot Water System Using Evacuated Collectors - United 
States 
Central Solar Heating Plants with Seasonal Storage - Sweden 
Passive and Hybrid Solar Low Energy Buildings - United States 
Solar Radiation and Pyranometry Studies - Germany 
Material Research and Testing - Japan 
Passive and Hybrid Solar Commercial Buildings - Swiuerland 
Building Energy Analysis and Design Tools for Solar Applications - United States 



Task 13: 
Task 14: 

#Task 1s: 
Task 16: 
Task 17: 
Task 18: 

#Task 19: 
#Task 20: 

Advanced Solar Low Energy Buildings - Norway 
Advanced Active Solar Systems - Canada 
Advanced Central Solar Heating Plants 
Photovoltaics in Buildings - Germany 
Measuring and Modeling Spectral Radiation - Germany 
Advanced Glazing Materials - United Kingdom 
Solar Air Systems - Sweden 
Solar Retrofit Systems - Sweden 

* Completed task # Task in planning stage 

Energy Conservation in Buildings and Community Systems Programme 

The IEA sponsors research and development in a number of areas related to energy. In one of these 
areas, energy conservation in buildings, the IEA is sponsoring various exercises to predict more accu- 
rately the energy use of buildings, including the comparison of existing computer programs, building 
monitoring, the comparison of calculation methods, and studies of occupancy and air quality. Seven- 
teen countries have elected to participate in this area and have designated contracting parties to the 
Implementing Agreement covering colaborative research in this area. The designation by governments 
of a number of private organizations, as well 3s universities and government laboratories, as contract- 
ing parties has provided a broader range of expertise to tackle the projects in the different technology 
areas than would have been the case if participation were restricted to governments. The importance of 
associating indus!q with government-sponsored energy research and development is recognized in the 
IEA, and every effort is made to encourage this trend. 

Overall control of the programme is maintained by an Executive Committee, which not only monitors 
existing projects, but identifies new areas where collaborative effort may be beneficial. The Executive 
Committee ensures that all projects fit into a predetermined strategy, without unnecessary overlap or 
duplication but with effective liaison and communication. The Executive Committee has initiated the 
following projects to date: 

Annex 1: 
Annex 2: 
Annex 3: 
Annex 4: 
Annex 5: 
Annex 6: 
Annex 7: 
Annex 8: 
Annex 9: 
Annex 10: 
Annex 11: 
Annex 12: 
Annex 13: 
Annex 14: 
Annex IS: 
Annex 16: 
Annex 17: 
Annex 18: 
Annex 19: 
Annex 20: 
Annex 21: 

Load energy determination of buildings* 
Ekistics and advanced community energy systems* 
Energy conservation in residential buildings* 
Glasgow commercial building monitoring* 
Air infiltration and ventilation center 
Energy systems and design of communities* 
Local government energy planning* 
Inhabitants' behavior with regard to ventilation* 
Minimum ventilation rates* 
Building heating, ventilating, and air conditioning (HVAC) system simulation* 
Energy auditing* 
Windows and fenestration* 
Energy management in hospitals* 
Condensation and energy* 
Energy efficiency of schools* 
BEMS 1 - User interfaces and system integration 
BEMS 2 - Evaluation and emulation techniques 
Demand controlled ventilating systems 
Low slope roofs systems 
Air Row patterns within buildings 
Calculation of energy and environmental performance of buildings 



Annex 22: Energy efficient communities 
Annex 23: Multizone air flow modelling 
Annex 24: Heat, air. and moisture transport in new and retrofitted insulated envelope parts 
Annex 25: Real time simulation of HVAC systems and fault detection 
Annex 26: Energy-efficient ventilation of large enclosures 
Annex 27: Evaluation and demonsuation of domestic ventilation systems 
Annex 28: Low-energy cooling systems 

Completed task 

Task 12: Building Energy Analysis and Design Tools for Solar Applications 

The scope of task 12 includes: (1) selecting and developing appropriate algorithms for modelling the 
interaction of solar energy-related materials, components, and systems with the building in which 
these solar elements are integrated: (2) selecting analysis and design tools, and evaluating the algo- 
rithms as to their ability to model the dynamic performance of the solar elements in respect to accuracy 
and ease of use; and (3) improving the usability of the analysis and design tools, by preparing common 
formals and procedures and by standardizing specifications for inputloutput, default values, and other 
user-related factors. 

The subtasks of this project are 

A. Model Development 
B. Model Evaluation and Improvement 
C. Model Use. 

The participants in this task are: Denmark, Finland, Germany, Norway. Spain, Sweden, Switzerland, 
and the United States. However, for Subtask B, the following countries participate as a collaborative 
research activity of Annex 21 of the IEA Energy Conservation in Building and Community Systems 
Programme: Belgium, France, Italy, and the United Kingdom. 

Architectural Energy Corporation serves on behalf of the U S .  Department of Energy as  Operating 
Agent of Task 12. 

Annex 21: Calculation of Energy and Environmental Performance of Buildings 

The objectives of Annex 21 are to 

Develop quality assurance procedures for calculating the energy and environrnental perform- 
ance of  buildings by producing guidance on 

- Program and modeling assumptions 
- The appropriate use of calculation methods for a range of design applications 
- The evaluation of calculation methods 

Establish requirements and market needs for calculation procedures in building and environ- 
mental services design 

Propose policy and strategic direction for the development of calculation procedures 

Propose means to effect the technology transfer of calculation procedures into the building and 
environmental services design profession. 



The subtasks of this project are 

A. Documentation of Existing Methods 
B. Appropriate Use of Models 
C. Reference Cases and Evaluation Procedures 
D. Design Support Environment. 

The participanm in this annex are Belgium, France, Germany, Italy, the Netherlands, Switzerland, and 
the United Kingdom. Canada, Finland and Sweden also participated in the early part of the annex. For 
Subtask C, the following countries participate an the collaborative research activity of Task 12 of the 
IEA Solar Heating and Cooling Programme: Finland, Spain, Sweden. and the United States. 

This report documents work on intermodel comparisons carried out by the Model Evaluation and 
lmprovement Group from Solar Task 12 and Annex 21. Other work on model evaluation performed by 
this group is published in separate documents. 
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1. INTRODUCTION 

In the BESTEST benchmark study 111, which was created as part of the collaboration 
between Task 12 and Annex 21, test modules for small houses has been created. For 
commercial buildings a different module is needed, since they have a smaller area of 
external surfaces, greater heat gains and ventilation rates than small houses. In addi- 
tion, office buildings have mechanical cooling and temperature setback, which are 
normally not present in small houses. 

This report contains an exact description of the test module for the commercial build- 
ings used to evaluate energy analysis programs for buildings. Six separate test cases 
were created using this module and several results were calculated using the energy 
analysis programs BLAST, ESP, SERI-RES, S3PAS, TASE and TRNSYS. 

This report also includes four appendices contributed by the users of ESP, SERI-RES, 
TASE and TRNSYS, describing the individual modelling strategies of the test cases 
on the calculations performed with comments. 

It should be noted that each program in this study used the most detailed level in the 
calculations. For example, if a program can calculate heat transfer coefficients of 
walls internally, these were used instead of the constant values suggested in the spec- 
ification. 



2. DESCRIPTION OF THE TEST CASES 

2.1 The dimensions of the module 

The module consists of two similar office rooms and a corridor between them, Figure 
1. The module is situated in the middle of a commercial building, so that it is sur- 
rounded by identical modules on the left, right, above and below, Figure 2. 

/ imerior wall for calculation 

Figure 1. The module of the commercial building. 

Figure 2. Placing of the module in the commercial building. 



The corridor and the rooms are separated by an internal wall with a door, Figure 3. 
There is a window in the external wall of both the rooms, Figure 4. In a real building, 
the corridor is a uniform space throughout the whole floor of the building, but in the 
module it is cut out to simplify the calculations. The cut-out area is treated as internal 
walls, shadowed areas in Figure 1 

Figure 3. Dimensions of internal wall with door. 

Figure 4. Dimensions of external wall with window. 



2.2 Site, environment and weather data 

Three test cases were created using the module. In case 1 the external walls with win- 
dows are south and north facing. The south-facing room is called room 1 and the 
north-facing one room 2. Case 2 was generated by turning case 1 90' in a clockwise 
direction. In cases 1 and 2 the conidor between the rooms is heated. Case 3 has the 
same orientation as case 1 but the corridor is unheated. The orientation of the test 
cases is shown in Figure 5. 

(north) 

corridor 

(south) 

cases 1 & 3 

I room' Ic2-1 mom2 1 
(west) (east) 

case 2 

Figure 5. Orientation of the cases. 

There are two kinds of environments for these three cases. The 'a-case' assumes the 
module is situated on an unshaded, flat site. The 'b-case' assumes the module is situ- 
ated between two similar buildings with a length of 40 m, Figure 6.  In each case the 
module is situated in the middle of the building with relation to its length. The differ- 
ence in height between the centre of the windows and the ground is 11.2 m. 

Figure 6. Environment of the commercial building for b-cases. 
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centre of 
windows E 
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By combining these two sites (a and b) with the three cases presented previously (1,2 
and 3) we have six separate test cases (la,  lb,  2a, 2b, 3a and 3b), which will be used 
in the calculations in this study. A summary of the differences between the cases is 
presented in Table 1. 

I 2b I east-west I shaded I heated I 

Table 1. Summary of the differences between the test cases. 

I 3a I north-south I unshaded I unheated I 

test case 

1 a 

Ib 

2a 

All the test cases are situated at the exact location of the weather station in Denver 
(Colorado, USA), which has a latitude of 39.8' north of the equator, longitude 104.9' 
west of Greenwich and altitude 1610 m above sea-level. The reflectivity of the 
ground is a constant 0.2 throughout the year. The weather data are the same (DRY- 
COLD.TMY) as those used in the BESTEST benchmark study Ill. 

I 

comdor ') 
heated 

heated 

heated 

orientation 

north-south 

north-south 

east-west 

3 b 

site 

unshaded 

shaded 

unshaded 

I 
i. Heatmg and cooling suategies are presented m Chapter 2.8. 

north-south shaded unheated 



2.3 Wall structures 

The thermal properties of the floor, ceiling, walls and door are presented in Table 2. 
The layers are presented from the outside to the inside. The surface resistances are 
presented in the form of heat transfer coefficients in Chapter 2.5. All internal walls 
are symmetric and have a lightweight structure. The thermal properties of the win- 
dows in the external wall are presented in Chapter 2.4. 

Floor 
Concrete Slab 

Carpet 
Ceiling 
Carpet 

Concrete Slab 

Heavyweight 
External Wall 

Brick 
:oam Insulation 
Eoncrete Block 

Lightweight 
Internal Wall 
Plasterboard 

Cavity 
Plasterboard 

Door 
Chipboard 
Air Gap 

Chipboard 

layer thermal 
coiiduc- thickness 

tivitv 
density 

~ble  2. Wall structures from outside to inside. 

-7 specific 
heat 

capacity 

JkW 

thermal 
resistance 

m 2 w  



2.4 Window structure 

The windows are double-glazed and it is assumed that they do not have any frames. 
Shadings caused by exterior walls are also disregarded. The thermal and optical prop- 
erties of the windows are presented in Table 3 and the transmittances of beam radia- 
tion as a function of the angle of incidence in Table 4. The surface resistances are 
presented in the form of heat transfer coefficients in Chapter 2.5. 

Table 3. Thermal and optical prc 

Number of Danes 
Pane thichess 

Air gap thickness 
Thermal resistance of panes 
Thermal resistance of air gap 

U-value of the whole window (air to air) 
Extinction coefficient 

Index of refraction 

erties of windows. 

Table 4. Beam transmittance. 

Angle of 
incidence Transmittance 



2.5 Surface properties 

If the program used does not calculate the exterior or interior convective and radia- 
tive heat transfer coefficients internally, the values given in Table 5 should be used 
for heat transfer coefficients. The radiative portion of these combined coefficients 
may be taken as 5.0 w/(Km2). Emissivities for all the surfaces are 0.9. Absorptivities 
for interior surfaces are 0.3 and for exterior surfaces 0.7. 

2.6 Ventilation 

Table 5. Combined constant heat transfer cwfficienl 

The ventilation is wholly mechanical, and the proportion of exterior air is 100 %, i.e. 
there is no internal air circulation. Neither is there infiltration to any of the rooms. 
The two rooms and the corridor always have the same air change rates. There is no air 
change between the rooms and the corridor. The operating schedules (in solar time) 
for the ventilation are presented in Table 6. For air density at sealevel use the value 
1.201 kg/m3. 

Surface 

Exterior 
Walls 

Windows 

Interior 
Walls 

Windows 
Floor 

Ceiling 
Door 

Table 6. The operating schedules for the ventilation. 

Heat transfer coefficient 

w/(Km2) 

29 
21 

8.3 
8.3 
6.1 
9.3 
8.3 

I Time in tend I Room 1 I Room2 I Corridor I 

If the program used does not use barometric pressure from the weather data or other- 
wise automatically correct for the change in air density due to altitude, adjust the 
ventilation rates to yield equivalent mass flow. For density of air a t  the altitude of 
1610 m use the value 0.987 kg/m3 and multiply the given ventilation rates in Table 6 
by 0.987/1.201. Then the rate 3.0 l h  becomes 2.465 lh and the rate 0.5 l/h becomes 
0.411 1 h .  



2.7 Internal heat loads 

The operating schedules for the internal heat loads are given in Table 7. Of the loads 
50% is convection into the room air and 50% long-wave radiation which falls evenly 
on all interior surfaces. Thus the heat flux density due to this radiation is the same on 
all surfaces. 

Table 7. The operating schedules for the internal heat loads. 

I Time interval I Room 1 Room 2 Corridor 

2.8 Heating and cooling 

Both the heating and the cooling is performed using supply air with an air sensing 
thermostat. There is available a maximum power of 1 MW for heating in both rooms 
and in the corridor and a maximum power of 1 MW for cooling in both rooms, but not 
in the corridor. In case 3, there is no heating in the corridor. The set point tempera- 
tures and their schedules for heating and cooling are presented in Tables 8 and 9. The 
values 100 OC and -100 OC in the Tables mean that the heating or cooling plants are 
shut off, because the air temperature never reaches these values. The heat generation 
efficiency of heating and cooling is assumed to be 100 %. 

Table 9. The operating schedules and the set point 
temperatures for heating and cooling for case 3. 

Table 8. The operating schedules and the set point temperatures 
for heating and cooling for cases 1 and 2. 

Time interval 

h 

0700 ... 1700 
1700 ... 0700 

Time interval 

Corridor 

heating 

OC 

20 
18 

Rooms 1 and 2 

heating 

OC 

20 
18 

-- 

Corridor 

heating 

- 

Rooms 1 and 2 

cooling 

OC 

25 
100 

heating cooling 



3. OUTPUTS 

Using the six test cases presented, the participants calculated the following outputs 
using six energy analysis programs. 

1. Annual heating and cooling energies for the whole module and separately for both 
rooms and the corridor for all the cases. The energies are presented in MWh. 

2. Annual hourly integrated peak heating and cooling loads for the whole module and 
separately for both rooms and the corridor for the a-cases ( l a ,  2a and 3a). The peak 
loads are presented in kW. 

3. Annual minimum and maximum values of hourly room air temperatures for both 
rooms and the corridor for cases 3a and 3b. The temperatures are presented in O C .  

4. Annual heat losses for the exterior walls, windows and ventilation of the whole 
module and the same heat losses separately for both rooms in each case. The heat 
loss of the window does not include the solar radiation transmitted through the 
window, but does include the radiation absorbed by the glazing. 

5. Hourly room air temperatures for January 4th and July 27th for both rooms and the 
corridor for cases 3a and 3b (hourly temperature variations during the day). 



4. RESULTS 

4.1 Presentation 

The results of the calculations are presented in Chapters 4.2 - 4.11. Each chapter 
includes a brief summary, conclusions and a table in which the calculation results of 
individual programs are compared with the arithmetic mean value of all programs. 
Only for the daily interior air temperature (Chapter 4.11) has this table not been 
made. 

The figures are numbered so that the subnumber shows the test case. For example, 
Figure 7 . la  contains the results from case la. 

The module comprised three separate spaces. Therefore every figure in Chapters 4.2 - 
4.10 consists of four subfigures which represent the results of each individual space 
and of the whole module. The order of the subfigures and the shading style of the bars 
are the same in all the figures. The upper-left subfigure shows the results of room 1, 
the upper-right those of room 2, the lower-left those of the corridor and the lower- 
right those of the whole module. In some cases, e.g. the minimum room air tempera- 
ture with heating (Figure 12), the results are not shown and the corresponding subfig- 
ures are missing because the results are obvious (e.g. input values). 



4.2 Annual heating energies 

The annual heating energies for the whole module were approximately 20% smaller 
for ESP than the mean value of all programs (Table 10). S3PAS gave values which 
were 15 - 25% greater than the mean value of all programs. For the annual energy 
consumption of the whole module the other programs gave values which were quite 
close (1 - 9%) to the mean value. 

For the energy consumption of the corridor all programs calculated a value which was 
very close to the mean value of all programs (Figure 7.1). The greatest relative differ- 
ence between the annual energy values of a space calculated by the various programs 
was in the unshaded south-facing room (Figure 7.la), in which the maximum ratio 
was 2.7 (the ratio of annual energy consumptions calculated by S3PAS and ESP). The 
greatest absolute difference between the annual energy values of a space was in the 
north-facing room, in  which the difference between the values of S3PAS and ESP was 
0.38 MWh, approximately 45% of the mean value of all programs. 

Table 10. Annual heating energies of the whole module. The mean value of all 
programs and the relative differences between the results of individual 
programs and the mean value. 

I program I Case I 

All 

l a  1 b 2a 2 b 3a 3 b 

Mean Value Gb, MWh 

1.27 1.67 1.40 1.65 1.18 1.58 
- - 

Relative difference (Qhi-Qh)lQh, % 

BLAST 
ESP 

SERI-RES 
S3PAS 
TASE 

TRNSYS 

-1 -4 -2 -5 -3 -6 
-25 -21 -17 -16 -28 -23 
+8 -4 + 1 +3 +9 -4 
+22 +14 +22 +14 +28 +18 

0 +9 +2 +8 -2 +7 
-4 +6 -5 -4 -4 +7 

mean value of annual heating energy 
Q, annual heating energy calculated by an individual progam 
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Figure 7.la Annual heating energies in case la. 
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4.3 Annual cooling energies 

BLAST and SERI-RES calculated for all cases of the annual cooling energy of the 
whole module values which were approximately 10 - 15% greater than the mean 
value of all programs (Table 11.). On the other hand, S3PAS and TASE gave for the 
annual cooling energy of the whole module for all cases values which were approxi- 
mately 5 - 15% smaller than the mean value of all programs. ESP gave for all cases 
and TRNSYS for the unshaded cases (a-cases) results which were very close to the 
mean value of all programs. 

There are obviously some problems in the calculation of the effects of shading in 
TRNSYS, because its results for shaded cases (b-cases) differ so great from the mean 
value. 

The greatest differences between the values of annual cooling energy of a space cal- 
culated by the various programs are in the south and east-facing rooms. The maxi- 
mum difference between the results of two programs is approximately 0.4 MWh, 
which is 35% of the mean value of all programs (Figure 8). 

I All 

Table 11. Annual cooling energies of the whole module. The mean value of all 
programs and the relative differences between the results of individual 
programs and the mean value. 

Mean Value GC, MWh 

1.73 1.52 2.17 1.57 1.71 1.51 

Program Case 

- -- - - 
Relative difference (Qci-Qc)/Qct % 

+13 +17 +9 +15 +13 +17 
-6 + 1 -6 -7 -7 +1 

+16 +19 +12 +3 +15 +18 
-13 -3 -10 -5 -13 -3 
-8 -10 -7 -17 -8 -10 

I I 

BLAST 
ESP 

SERI-RES 
S3PAS 
TASE 

TRNSYS - 1 -24 +2 +11 0 - 24 

mean value of annual cooling energy 
Q, annual cooling fnergy calculated by an indivihal program 
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4.4 Annual peak heating loads 

The peak heating loads were calculated only for the unshaded cases (a-cases), 
because the shading does not affect these loads. For total load of the whole module 
ESP calculated values which were 20 - 25% smaller and SERI-RES and S3PAS val- 
ues which were 10 - 15% greater than the mean value of all programs (Table 12). The 
other three programs calculated for the total peak load of the whole module values 
which were quite close (difference 0 - 5%) to the mean value of all programs. 

The relative differences between the results of the various programs for the annual 
peakheating loads of separate spaces were approximately similar in all rooms and 
slightly smaller in the corridor. The maximum ratio between the calculated peak loads 
of two programs was approximately 1.65 (Figure 9). 

Table 12. Annual peak heating loads of the whole module. The mean value of 
all programs and the relative differences between the results of individual 
programs and the mean value. 

Program 

All 

Case 

l a  2a 3a 

Mean Value Fhu, kW 

4.15 4.19 3.72 

Relative difference ( P ~ ~ ~ - F ~ ~ ) I F ~ ~ ,  % 

BLAST 
ESP 

SERI-RES 
S3PAS 
TASE 

TRNSYS 

+3 +2 +3 
-24 -20 -26 
+16 +14 +16 
+10 +9 +14 
-4 -6 -5 
-1 0 - 1 

- 
Phu mean value of maximum peak heating load 
Phvi maximum peak heating load calculated by an individual program 
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4.5 Annual peak cooling loads 

The peak cooling loads are calculated only for the unshaded cases (a-case) even if the 
shading affects these loads. 

BLAST, S3PAS and TASE calculate for the peak cooling load of the whole module 
values which differ less than 10% from the mean value of,all programs. SERI-RES 
gives for the peak cooling load of the east-west facing module, and TRNSYS for that 
of the south-north-facing module, a peak cooling load which differs more than 20% 
from the mean value of all programs (Table 13). 

The greatest relative difference in the peak cooling loads calculated by individual 
programs is in the east-facing room, in which SERI-RES gives a 60% greater cooling 
load than TASE (Figure 10). 

Table 13. Annual peak cooling loads of the whole module. The mean value of 
all programs and the relative differences between the results of individual 
programs and the mean value. 

I Program Case 

I I Mean Value FcI, kW I 
All 2.48 3.13 2.48 

Relative difference ( P ~ ~ ~ - F ~ ~ ) / F ~ ~ ,  % 

BLAST 
ESP 

SERI-RES 
S3PAS 
TASE 

TRNSYS 

-2 0 -2 
-13 -8 -13 
+9 +25 +10 
-7 -4 -7 
-7 -6 -9 

+2 1 -7 +2 1 

PC, mean value of maximum pealr cmling load 
P& maximum pealr cwling load calculated by an individual propam 



ESP (UKJ 

SERlAES (UKJ 1.613 I 
S3PbS (SPA) 1 rn 

TbSE (FIN) 1  za 

TRNSVS WKJ 

MEAN VALUE 

0 0.5 I IS 2 2 5  
l kwl  

room 1 (south) 

SERI-RES (UN) 

SPAS (SPA) 

TbSE FIN) 

TRNSIG WK) 

m 
room 2 (north) 

Figure 10.la Annual peak cooling loads for both rooms in case la. 

BUST OTA) 

ESP (UKJ 

SERlAES (UKJ 

S3PbS (SPA) 

TbSE (FIN) 

TRNSM WKJ 

MEAN VALUE 

0 0 5  1 1 5  2 
lkWl 

room 1 (west) 

Figure 10.2a Annual peak cooling 

BUST (ITA) 

VIP (UK) 

SERIAES (UK) 

S3PbS (SPA) 

TILSE (FIN) 

TRNSYS 1°K) 

BlAST(lTA) 

ESP (UKI 

SERI-RES (UK) 

=PAS *PA) 

TASE FIN) 

W S M  (UK) 

M M  VALUE 1% 

2 5 0 0 5 ( 5  2 25 

lkWl 

room 2 (east) 

loads for both rooms in case 2a. 

BlAST(rn)  

VIP (UIO 

SERI-RES (UK) 

W A S  (SPA) 

TASE FIN) 

TRLISM (UK) 

WAN VAWE , O w  

0 0 5  1 1 5  2 2 5  0 0 5 1 1 5  2 2 5 - 
Fwl Fwl 

room 1 (south) room 2 (north) 

Figure 10.3a Annual peak cooling loads for both rooms in case 3a. 



4.6 Maximum annual room air temperatures 

The annual maximum room air temperature presented for the whole module (Table 
14) is a weighted average of all the spaces (the two rooms and the corridor). The air 
volumes of the spaces are the weights. The results are calculated only for case 3, in 
which the corridor was unheated. 

The weighted maximum air temperature of the whole module calculated by the vari- 
ous programs differs less than -2.3 ... +2 OC from the mean value of all programs, 
which was approximately 28.5 OC (Table 14). 

The greatest difference between the results of two programs for a single space is 
between the temperatures of TASE and SERI-RES. TASE gives approximately 4.5 OC 
greater maximum temperatures for the south-facing room than SERI-RES. 

One reason for the difference in the maximum air temperatures calculated by SERI- 
RES and TASE is in the definition of "air temperature". For TASE the air temperature 
is simply the average room air temperature, but for SERI-RES it is a weighted tem- 
perature in which the effects of surface temperatures are also taken into account. Also 
for ESP, which gives high maximum temperatures, the air temperature is a simple air 
temperature. It is natural that the maximum temperature is lower if the values of sur- 
face temperatures are included. 

Table 14. Inside volume weighted mean value of the maximum annual room 
air temperature of the whole module. The mean value of all programs and the 
absolute differences between the results of individual programs and the mean 
value. 

Program Case 
-- 

Mean Value Tau, OC 

All 

Absolute difference (T,,~-T~,,), OC 

BLAST 
ESP 

SERI-RES 
S 3PAS 
TASE 

TRNSYS 

-0.6 -0.5 
+1.4 +1.5 
-2.3 -2.2 
-0.5 -0.3 
+2.0 +1.9 
-0.1 -0.5 

7 ,  mean value of maximum weighted air tempatwe 
T maximum weighted air temperature calculated by an individual program 
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4.7 Minimum annual room air temperatures 

The two rooms of the module were heated in all cases. Thus their minimum air tem- 
perature was the set-point temperature. For case 3 the corridor was unheated and 
therefore the minimum air temperatures presented are those of the corridor for that 
case. 

The minimum temperatures of the corridor calculated by the various programs differ 
less than -2 ... +2.6 OC from the mean value of all programs. For reasons mentioned in 
Chapter 4.6, SERI-RES gives the highest air temperatures and TASE the lowest 
(Table 15, Figure 12). 

Mean Value Tal, OC 

Table 15. Annual minimum room air temperature of the corridor. The mean value 
of all programs and the absolute differences between the results of individual 
programs and the mean value. 

I 1 Absolute difference (T,,~-T~,), OC I 

Program Case 

3a 3b 

Td mean value of minimum weighted air temperature 
Tfi minimum weighted air temperature calculated by an individual p o p m  

BLAST 
ESP 

SERI-RES 
S 3PAS 
TASE 

TRNSYS 

-0.5 -0.6 
-0.1 -0.5 
+2.4 +2.6 
-0.3 -0.2 
-2.0 -2.0 
+0.5 +0.8 
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4.8 Annual heat losses through exterior walls 

The heat losses through exterior walls are calculated only for ESP, S3PAS and TASE 
(Table 16). All programs give quite accurately the same results for the north-facing 
room in case 1. In the south-facing room without shading and whit unheated corridor 
TASE gives a heat loss which is 60% smaller than that of S3PAS (Figure 13). In gen- 
eral the differences between the heat losses through exterior walls calculated by these 
three programs vary from 3 to 60%. 

It would be worth funher study to determine why there are such great differences in 
the heat losses through exterior walls. It looks as if the results of TASE are erroneous. 

I Mean Value &,, k w h  

Table 16. Annual heat losses through exterior walls of the whole module. The 
mean value of all programs and the relative differences between the results of 
individual programs and the mean value. 

Program 

BLAST 
ESP 

SERI-RES 
S3PAS +16 +9 +32 +29 
TASE -27 -21 -27 -20 -33 -30 

Case 

All 

TRNSYS 
- 
Q, mean value of heat loss of exterior walls 

I 

743 697 742 687 803 773 

Relative difference (~,~-?j,)/?j,,, 5% 

Qi heat loss of extaior walls calculated by a separate program 
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4.9 Annual heat losses through windows 

The heat losses through the windows are the heat losses through the glazing. The 
frame was not taken into account. The results for the same three programs, ESP, 
S3PAS and TASE, as in the case of the heat losses through exterior walls, are pre- 
sented. The differences between the results of these three programs are not great, 
approximately 0 - 20% (Table 17, Figure 14). Thus, even if a window is a more com- 
plicated detail in a thermal simulation than an exterior wall, the differences between 
the heat losses of windows are smaller than those of the exterior walls when calcu- 
lated by these programs. 

Table 17. Annual heat losses through windows of the whole module. The mean 
value of all programs and the relative differences between the results of 
individual programs and the mean value. 

I Program Case 

All 

l a  1 b 2a 2b 3a 3 b 

Mean Value &, MWh 

1.80 1.70 1.83 1.70 1.78 1.69 

Relative difference ( Q ~ ~ - ~ ~ ) / G ~ ,  % 

BLAST 
ESP 

SERI-RES 
S3PAS 
TASE 

TRNSYS 

-6 -2 -3 0 -6 -2 

+9 +4 +8 +4 +9 +4 
-4 -2 -4 -3 -4 -2 

mean value of annual heat losses through windows (glaring) 

Q annual heat losses h u g h  windows caiculared by an individual program 
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4.10 Annual heat losses of ventilation 

The heat losses of ventilation differed only a few per cent when calculated by ESP, 
S3PAS, TASE and SERI-RES (Table 18, Figure 15). These small differences are due 
to the differences in interior air temperatures. 

Table 18. Annual heat losses of ventilation for the whole module. The mean 
value of all programs and the relative differences between the results of 
individual programs and the mean value. 

Program 

All 

BLAST 
ESP 

SERI-RES 
S3PAS 
TASE 

TRNSYS 

- - 

Case 
--- - 

l a  1 b 2a 2 b 3a 3b 

Mean Value a, MWh 

3.14 3.04 3.16 3.05 3.07 2.95 

Relative difference (Q,~-G,)IG,, % 

- 
Q, mean value of annual heat losses of ventilarion 
Q, annual heat losses of ventilation c d ~ l a r e d  by an individual program 



WE I ~ N I  TASE IF Nl 

m S I S  ( M I  TF3KSISlJK) 

MEAN Vb.-E W Y L E  

l M l  
case l a  

s3PAS (SPA) 

TASE (FIN) 

TPNSIS ( M I  

MM VALUE 

0 1 2 3 

l M l  

case 2a 

ESP I M )  

s3PAS (SPA1 

I ~ I  

case l b  

ESP (UI) 

SPAS (SPA) 

TASE lnh l  

mhSIS,-* ,  

MEAh V A L E  

l W h l  

case 3a 
l W l  

case 3b 

Figure 15. Annual heat losses of ventilation of the whole module. 



4.11 Daily interior air temperatures 

Figures 16 and 17 show hourly interior air temperatures for both rooms and the corri- 
dor for a winter day (January 4th) and for a summer day (July 27th). 

The calculation results of daily room air temperatures (Chapter 4.11) are presented as 
curves, in which the results of the various programs are distinguished by means of 
different line-types (solid, dashed or dashdot) and by the use of character pointers 
and their respective horizontal positions. 

When heating or cooling is used, the air temperatures of both rooms are exactly the 
same as the set-point values (18 OC, 20 OC or 25 OC). The only exeption is January 4th 
in the south-facing room, in which SERI-RES gives an unexpected temperature peak 
between the hours 11 - 17. The reason can be the fact that air temperature of SERI- 
RES takes into account also the surface temperatures. 

The six programs give very different changes in air temperatures when heating or 
cooling is ended. E.g. when cooling is ended at 17 on July 27th, SERI-RES gives an 
approximately 1 OC increase in interior air temperature, while ESP gives approxi- 
mately 4 OC. The results of other programs are between these two extremes. Also the 
free-floating temperatures of the corridor in summer differ greatly. The difference 
between the daily maximum and minimum temperatures is approximately 1.5 OC 
when calculated with SERI-RES and 2.5 OC with ESP. 

The decrease in the air temperature of the corridor between the hours 7 - 17 is due to 
the increase of the ventilation air change rate. Also here the hourly air temperatures 
calculated with various programs show a very different course. SERI-RES gives the 
smallest decrease in air temperature (approximately 2.5 OC) and BLAST the greatest 
(approximately 2.5 OC). 

Accordingly, the thermal dynamics of these programs, when estimated using the 
hourly temperatures, differ greatly from each other. 
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Figure 16.3a Room air temperatures for both roomsand corridor on January 4th in 
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Figure 16.3b Room air temperatures for both moms and corridor on January 4th in 
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Figure 17.3a Room air temperatures for both rooms and corridor on July 27th in 
case 3a. 
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5. CONCLUSIONS 

This report contains an exact description of a test module for commercial buildings 
for evaluation of energy analysis programs. BLAST, ESP, SERI-RES, S3PAS, TASE 
and TRNSYS have been used for calculating the benchmark results. The module con- 
sists of two similar office rooms and a corridor between them. The module is situated 
in the middle of a large building and its windows face either south and north or east 
and west. Six separate test cases were created using this module. There are two kinds 
of environments for these cases. The 'unshaded case' assumes the module is situated 
on an unshaded, flat 'site and the 'shaded case' assumes the module is  situated 
between two similar buildings. All the test cases are situated at the exact location of 
the weather station in Denver (Colorado, USA). The weather data are the same (DRY- 
COLD.TMY) as those used in the BESTEST benchmark study /I/. 

For the annual heating energies of the whole module ESP gave approximately 20% 
smaller values than the mean value of all programs. S3PAS gave values which were 
15 - 25% greater than the mean value of all programs. The other programs gave for 
the annual heating energy of the whole module values which were quite close (1 - 
9%) to the mean value. 

For all cases BLAST and SERI-RES calculated for the annual cooling energy of the 
whole module values which were approximately 10  - 15% greater than the mean 
value of all programs, while S3PAS and TASE gave values which were approximately 
5 - 15% smaller than the mean value of all programs. ESP gave for all cases and 
TRNSYS for the unshaded cases results which were very close to the mean value of 
all programs. There are obviously some problems in the calculation of shading in 
TRNSYS, because its results for shaded cases differ so greatly from the mean value. 

For the total peak heating load of the whole module ESP calculated values which 
were 2 0  - 25% smaller and SERI-RES and S3PAS values which were 1 0  - 15% 
greater than the mean value of all programs. The other three programs calculated for 
the total peak heating load of the whole module values which were quite close (differ- 
ence 0 - 5%) to the mean value of all programs. 

BLAST, S3PAS and TASE calculate for the peak cooling load of the whole module 
values which differ less than 10% from the mean value of all programs. SERI-RES 
gives for the peak cooling load of the east-west facing module and TRNSYS for that 
of the south-north facing module a peak cooling load which differs more than 20% 
from the mean value of all programs. The greatest relative difference in the peak 
cooling loads of individual programs is in the east-facing room, in which SEN-RES 
gives a 60% greater cooling load than TASE. 

The indoor volume weighted maximum air temperature of the whole module calcu- 
lated by the various programs differs less than -2.3 ... +2 OC from the mean value of 
all programs, which was approximately 28.5 OC. The greatest difference between the 
results of two programs for a room is between the temperatures of TASE and SERI- 



RES. TASE gives approximately a 4.5 O C  greater maximum temperature for the 
south-facing room than SERI-RES. The minimum temperatures of the corridor calcu- 
lated by the various programs differ less than -2 ... +2.6 O C  from the mean value of all 
programs. SERI-RES gives the highest air temperatures and TASE the lowest. 

The heat losses through exterior walls are calculated only for ESP, S3PAS and TASE. 
In general, the differences between the heat losses through exterior walls calculated 
by these three programs vary from 3 to 60%. For the north-facing room all programs 
give the same results quite accurately, but for the south-facing room without shading 
and when the comdor is unheated TASE gives a heat loss which is 60% smaller than 
that of S3PAS. It is worth further study to determine whythere are such great differ- 
ences in the heat losses through exterior walls. It looks as if the results of TASE are 
erroneous. 

The results for the heat losses through windows are calculated for the same three 
programs, ESP, S3PAS and TASE. The differences between the results of these three 
programs are not great, approximately 0 - 20%. Even if a window is a more compli- 
cated detail in a thermal simulation than an exterior wall, the differences between 

the heat losses through windows are smaller than between those through the exterior 
walls when calculated by these programs. 

The heat losses of ventilation differed only a few per cent when calculated by ESP, 
S3PAS, TASE and SERI-RES. These small differences are due to differences in inte- 
rior air temperatures. 

For the change in interior air temperature on a summer day (July 27th) the six pro- 
grams give quite different results when cooling is ended. SERI-RES gives an approx- 
imately 1 O C  increase in interior air temperature but ESP approximately 4 OC. The 
results of the other programs are between these two extremes. The changes in air tem- 
peratures in the comdor are similar when heating is ended on a winter day. 

One reason for the different pattern of air temperatures during the day calculated by 
SERI-RES and the other programs is in the definition of "air temperature". For the 
other programs than SERI-RES the air temperature is purely the average room air 
temperature, but for SERI-RES it is a weighted temperature in which the effects of 
surface temperatures are also taken into account. It is natural that the variation of 
interior air temperature is smaller if the values of surface temperatures are included. 

When comparing the present results with previous studies, e.g. BESTEST I l l ,  ESP 
seems to underestimate annual heating energies in both studies. In addition, S3PAS 
seems to give higher annual heating energies in the present study than in earlier 

studies. 



The absolute values calculated varied between the cases. It cannot, however, be 

concluded on the basis of a comparative study like this which program is the best or 

whose results are the most correct. To get more accurate results, a more detailed 
analysis should be done. When interpreting the results, it should also be remem- 

bered that not only the program itself, but also its user affects the results. In the 

present study there were several users, which may partly explain the variation of the 

results. 
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APPENDIX A1 

ESP-r C o d e  Report 

1. Introduction 

This repon describes the modelling strategy used for the Commercial Building Simulations carried 
out at De Montfon University Leicester (DMU) with ESP-r. Any modelling assumptions that had to 
be  made in addition to  the building specification issued by Simo Kataja and Timo Kalema . 
(IEA21RN325192) and any modelling difficulties that occurred are also noted. The  report 
supersedes BRE Suppon Contract Repons 11 (IEA21RN195192) and l l a  (IEARN205192). 
Previously, the simulations had been carried out using ESPsim version 6.18a. Anomalous results 
had been experienced in some cases of the parallel BESTEST exercise with this version. After 
consultation with the authors of ESP, all simulations were therefore repeated using the latest ver- 
sion of the ESP software. This is ESP-r version 8 series. The following program modules were 
used: prj vsseries, bps v8.la. ish v1.2a, win v2.2a. clm v6.3b and res v4.7a. 
A pre-conditioning time of 19 days and 4 time steps per hour were used throughout. 

2. Building Specification 

Boundary  Conditions: ESP requires the specification of an 'index of exposure'. An index of 1 
(city centre location, normal case) was used throughout. 

3. Construction 

Glazing: Windows can be modelled in two ways in ESP. The TMC (transparent multi-layered con- 
struction) option was used here, where windows are assigned a nodal scheme so that convective, 
conductive and long-wave radiative exchanges are handled separately and explicitly, with solar 
absorption treated in an exacting manner. 
ESP requires the absorptivity of each glazing pane, but these values were not given in the 
specification document. The program module 'win' was used to calculate them. 'Win' requires the 
average transmission at normal incidence of each glazing pane. which was given as 0.86156 in the 
specification (1EARN239192). The transmissivity values calculated at various angles of incidence 
by 'win' differed slightly from those given in the specification. (The largest deviation occurred at 
80'. where the 'win' value was 0.242 compared with the specified value of 0.263. At normal 
incidence the difference was negligible.) The specified values were used together with the absorp- 
tivity values calculated by 'win'. Any small discrepancies are therefore in the reflectivity values. 
T h e  following thermophysical  properties were used for  the glass: L = 1 . 1 3 ~ m - ' ~ - ' ;  p = 
2 5 0 0 k ~ m - ~ ;  c = 7 5 0 ~ k ~ - ' ~ - ' .  None of these values was given in the specification, but the above 
values had been agreed upon earlier for the BEsTEsT simulations. 

Doors were modelled as separate constructions according to the specification. 



4. Building Operation 

Casual gains: 
All internal gains were assumed to be sensible. 

Ventilation: The altitude correction given in the specification was used to produce infiltration 
rates for Denver of 0.41 ac/hr from 17:OO to 07:OO and 2.46 ac/hr from 07:OO to 17:OO. 

5. Shading 

The program module 'ish' was used to calculate hourly varying shading patterns on the external 
facades and windows. (The patterns are calculated for one day per month). 

6. Interior Solar Distribution 

The program module 'ish' was used to calculate hourly varying internal solar distribution patterns 
for both the unshaded and the shaded cases. (As above, these patterns are calculated for one day 
per month). 

7. Location a n d  Climate 

In addition totinstead of the parameters contained in the climate file DRYCOLD.TMY, ESP requires 
diffuse horizontal radiation. This was calculated from the direct normal radiation, the global 
horizontal radiation and the solar altitude using a small program written at DMU. The resulting 
climate file had to be converted to binary format via the program module 'clm'. 
A problem arose because ESP expects the first record of the weather data to be a spot value taken 
at 01:OO. However, the file DRYCOLD.TMY was assumed to contain data centered on the half hour. 
i.e. starting with the period 00:OO to 01:OO. and the diffuse horizontal radiation values were calcu- 
lated accordingly. As a result, the direct normal radiation values in the ESP climate file are con- 
sistent with the values in DRYCOLD.TMY, but an unavoidable time shift of hour remains in the 
way ESP interprets the data. 

8. Output  

ESP produces output in a binary file. The program module 'res' was used to obtain the required 
outputs. The results are stored on a Roppy disc in LOTUS format. 



1. Introduction 

This r epor t  descr ibes  t h e  modelling and r e s u l t s  f o r  running t h e  
comnercial bui ld ing benchmark study cases described i n  t h e  spec i f i ca t ion  
IEA21RN325/93, ( a  r ev i s ion  of IEA21RN239/92), a s  done a t  t h e  Building 
Research Establishment using SERI-RES Version 1 .2 .  It gives assumptions 
made where t h e  spec i f i ca t ion  d i d  not cover information needed, 
i n t e r p r e t a t i o n  of requirements and fea tu res  of SERI-RES needing 
modificat ions t o  da ta .  

2. Building Specification 

Boundary condit ions:  t h e  i n t e r i o r  surface  coe f f i c i en t  was taken a s  
spec i f i ed ,  t h a t  i s  8.30 w/& f o r  v e r t i c a l  surfaces ,  9.30 w/& towards 
hor izon ta l  surfaces  and 6 .1  w/& from hor izonta l  surfaces .  

3. Construction 

SERI-RES 1 . 2  g ives  a simple representa t ion  of double glazing.  The e f f e c t  
of su r face  c o e f f i c i e n t s  and t h e  a i r  gap between panes i s  covered by t h e  
o v e r a l l  a i r - a i r  U-value. SERI-RES then c a l c u l a t e s  o the r  required values  
from t h e  ex t inc t ion  coe f f i c i en t ,  r e f r a c t i v e  index and th ickness  of t h e  
g lass .  

A l l  boundary const ruct ions  including doors were modelled a s  m l t i l a y e r  
wal ls .  I n  t h e  elements of each opaque wall  construct ion,  it was 
reconanended t h a t  each element be given 3 nodes t o  give a s  much accuracy 
a s  poss ib le ,  with t h e  exception of t h e  carpet  which was modelled a s  a 
simple r e s i s t a n c e  of 0.013 &/w. This choice of node numbering produced 
60 t imesteps  per  hour. 

4. Building Operations 

SERI-RES does not model t h e  opera t ion  of equipment; heat ing and cooling 
a r e  taken a s  d i r e c t  energy gain o r  l o s s  t o  t h e  zone. I n f i l t r a t i o n  i s  
modelled as a i r  exchange with ambient condit ions.  Radiat ive/convective 
heat ing  s p l i t s  are not defined.  Pas a r e s u l t  of occasional  d i f f i c u l t y  
experienced with using 1000 kW a s  maxinun heat ing o r  cooling capaci ty ,  
t h i s  was changed t o  t h e  SERI-RES defau l t  of "adequate", t h a t  is, enough 
t o  achieve t h e  required temperature change a t  any time s t e p .  



5. Interior Solar Distribution 

The i n t e r i o r  s o l a r  c o e f f i c i e n t s  were ca lcu la ted  according t o  t h e  
recomendat ions  of t h e  Performance Assessment Method documentation 
(Pamdoc) f o r  t h e  study of overheating r i s k  us ing SERI-RES, Ref. no. 
3429/003V6-Com, s e c t i o n  7.7.1.3..  i n  which t h e  f r a c t i o n  of s o l a r  
r a d i a t i o n  absorbed by each i n t e r i o r  su r face  i s  taken a s  propor t ional  t o  
t h e  a r e a  od t h a t  su r face  weighted by i ts  absorptance.  

The f r a c t i o n  of s o l a r  r ad ia t ion  absorbed d i r e c t l y  by t h e  zone a i r  i s  
taken a s  0.06, leaving .94 t o  be t r a n s f e r r e d  t o  wal ls  and windows. The 
s p e c i f i c a t i o n  gives t h e  t r ansmiss iv i ty  of double g laz ing  a s  0.74745 and 
t h e  a b s o r p t i v i t y  of opaque i n t e r i o r  surfaces  a s  0.3. For SERI-RES it w a s  
assumed t h a t  no s o l a r  r a d i a t i o n  would f a l l  on t h e  c e i l i n g .  The o the r  
s o l a r  c o e f f i c i e n t s  were ca lcu la ted  a s  fol lows.  

Room o u t s i d e  wal l  = 0.3A,lD = 0.098 
Room s i d e  wa l l  =0.3+ID = 0.190 
Room c o r r i d o r  wall  = 0 . 3 L l D  - 0.107 
Door on room s i d e  = 0.3%/D = 0 .O35 
Room f l o o r  = 0.3Af/D = 0.210 
Window l o s s  = 0.74745%/D= 0.110 
where: A, = a rea  of ou t s ide  w a l l  

+ = area  of s i d e  w a l l  
= area  of co r r idor  wall  

Ad = a rea  of door 
Af = area  of f l o o r  
D = [0.3 (A, + 2% + A, + Ad + Af) + 0.74745%1 / 0.94 

So la r  c o e f f i c i e n t s  a r e  not needed i n  t h e  corr idor ,  s ince  t h e r e  a r e  no 
windows i n  it and s o l a r  t ransmit tance  i s  the re fo re  zero .  

6 .  Shading 

Shading has been modelled using t h e  sky l ine  p r o f i l e s  option.  In  t h i s ,  
o b s t r u c t i o n s  are noted a s  sky l ine  a l t i t u d e  angles,  requi red  a t  20' 
i n t e r v a l s  between 100' East  of South and 100' West of South. 

For cases  1 and 3, t h e  only e f f e c t i v e  shading is t o  t h e  South on Room 1. 
For a 40m wide bu i ld ing  centred opposi te  t h e  room, 20m above t h e  f l o o r  
l e v e l  of t h e  c e l l  and 25m d i s t a n t ,  t h e  sky l ine  angles  a r e  38.7" a t  0' and 
36.9' a t  20' East  of South and 100' West of South. 

For case  2, shading is observable f o r  both rooms. Here it g ives  sky l ine  
angles  of 38.2' a t  100' and 80°, and 34.7' a t  60' t o  Eas t  and West of 
South. 

7. Location and Climate 

I t  was assumed f r o m t h e  loca t ion  details t h a t  t h e  c l imate  f i l e  t o  be used 
was t h e  same DRYCOID.TMY a s  was provided f o r  t h e  BESTEST benchnark study.  
SERI-RES d i d  not r e q u i r e  any e x t r a  information, and does not use t h e  wind 
d i r e c t i o n .  



8. Output 

It was shown i n  t h e  BESTEST benchmark study t h a t  SERI-FES 1 .2  c a l c u l a t e s  
s o l a r  incidence on e x t e r n a l  su r faces  so  a s  t o  g ive  values very d i f f e r e n t  
from t h e  average f o r  a l l  con t r ibu t ing  programs, (TRNSYS (2 ve r s ions ) ,  
S3PAS, TASE, DOE2.1D, SERI-FES (US versions)  and ESP), except f o r  t h e  
South sur face .  On t h e  North and West faces  t h e  values a r e  low, being 8% 
and 17% below average respect ive ly .  The East  value is high, 1 4 %  above 
average. This  may cause annual hea t ing  and cooling t o  vary 
correspondingly compared with o the r  programs, even when o the r  input  d a t a  
a r e  i n  agreement. 

SERI-RES 1.2 uses  Hays an i so t rop ic  sky model f o r  d i f f u s e  inso la t ion ;  Moon 
and Spencer's d i s t r i b u t i o n  model i s  used f o r  low values of g loba l  
in so la t ion ,  and a t  circumsolar component. Gruter ' s  model i s  used f o r  
s o l a r  dec l ina t ion .  

For hea t  l o s s e s  from windows, through wal ls  and by way of v e n t i l a t i o n ,  
SERI-RES 1 . 2  p u t s  out  two forms. One i s  t h e  ne t  l o s s  of hea t ,  measured 
p o s i t i v e  inwards. The o the r  i s  "useful  loss";  t h i s  i s  t h e  hea t  flow 
def ined  a s  t h e  d i f f e rence  between t h e  a c t u a l  l o s s  and an es t imate  of t h e  
comfort l e v e l  21°C. SERI-P.ES 1 .2  does not s p l i t  hea t  l o s s  i n t o  t h e  
a c t u a l  outward and inward flows. The outward heat  l o s s e s  when zone 
temperatures exceed ambient condi t ions  have t h e r e f o r e  not been suppl ied .  



APPENDIX A3 

TASE 3.0 CODE REPORT 

1. Introduction 

This report describes the modelling strategy used for the Commercial ~ u i l d i n ~  simu- 
lation test carried out at Tampere University of Technology with the TASE 3.0 pro- 
gram. Any modelling assumptions that had to be made in addition to the building 
specification issued by Simo Kataja and Timo Kalema (IEA21RN325192) are also 
noted. 

2. Principles of modelling and calculation 

For the TASE the building was described as a module consisting of two rooms and a 
corridor between them. Every surface was undivided, and calculated temperature and 
heat flux of the surface was the average value of the whole surface. Similary the room 
air temperature was the average value of the whole room space. The energy consump- 
tion was calculated using a one-hour time-step for the whole calculation period. No 
precalculation time was used. All times were local with no daylight savings. The ter- 
mostat control temperature was the dry air temperature. 

3. Heat conduction through walls, ceiling and floor 

Transient heat conduction through ths, walls, ceiling and floor was calculated using 
transfer factors calculated with the computer program developed by Mitalas and 
Arsenault 111. For interior walls a symmemc boundary condition was used and for the 
ceiling and floor an implicit boundary condition. 

4. Heat conduction through windows and solar radiation into room 

For windows the heat conduction was considered steady-state using a constant effec- 
tive thermal transmittance (U*). This is  the thermal transmittance of the window 
between the inside surface of the interior pane and outside air. The U*-value used 
was 4.698 w / ( m 2 ~ ) .  There was only one node in the window. The direct solar radia- 
tion transmitted through and absorbed by the window was calculated using angle- 
dependent values and the diffuse solar radiation using constant values, Figure 1. 

Interior solar radiation distribution was calculated internally in the TASE program. 
Short-wave radiation transmitted through the window from inside to outside was also 
taken into account. 



5. Heat transfer coefficients of inside surfaces 

Convective heat transfer between room air and inside surfaces was calculated using 
variable convective heat transfer coefficients. The convective heat transfer coeffi- 
cients depended on temperature differences and the orientation of the surface. The 
walls, ceilings, floors and windows all had their own correlations 121. Figure 2 shows 
the convective heat aansfer coefficients used. 

Radiative heat transfer between inside surfaces was calculated using variable radia- 
tive heat transfer coefficients and view factors. The radiative heat transfer coeffi- 
cients were calculated using the formula 

where t is effective emissivity, 
o is Stefan-Boltzmann constant and 
7 is the mean value of the surface temperatures. 

The effective emissivity has been constant over the whole calculation period. The 
convective and radiative heat mansfer from all outside surfaces was calculated using 
constant total heat mansfer coefficients. 

6. Weather data 

The weather data file used was DRYCOLD.TMY of Denver, which was the same as in 
the BESTEST simulation test. The diffuse solar radiation code of TASE needed two 
additional terms of weather data, which were not included in the weather data file 
given. 

The first term was the total solar radiation reflected from the ground, calculated by 
multiplying the sum of the direct and diffuse solar radiation and the reflectivity of the 
ground. The other term was the relative cloud cover which was estimated from the 
ratio of diffuse radiation to direct radiation. 

7. Shading 

For the TASE program the site has been divided into eight independent sectors, for 
which the transmissivity for solar radiation is described using two angles, a and P, 
Figures 3 and 4. For height angles less than a the environment is opaque and for 
angles greater than P the environment is totally transparent. The transmissivity values 
for height angles between a and P are user specified. 

In cases 1 b and 3b the shading caused by the environment was taken into account by 
giving for both a and P the value 36.9' for sectors 2, 3, 6 and 7. In case 2b the value 
36.9' for a and P was used for sectors 1,4, 5 and 8. In these cases the rest of the sec- 
tors had values a = P = 0'. 



Figure 1. Transmittance and Figure 2. Convective heat transfer 
absorptance of window. coefficients for interior surfaces. 

Figure 3. Division of environment Figure 4. Definition of angles in 
into eight independent sectors. an individual sector. 
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REPORT OF THE COMMERCIAL BENCHMARK TRNSYS RUNS 
by 

F: Parand, ERE, UK, and F! Verstraete VUB, Belgium March 1993 

1. Introduction 
TRNSYS 13.1 was used in running all the COMMERCIAL BENCHMARK tests specified. This was a PC 
version of TRNSYS. In earlier runs some problems were experienced wah the version that VUB 
obtained from Wisconsin. These are discussed in detail in the report on BESTEST using TRNSYS by 
authors pages 2-8110 2-103. For information about the main assumptions inherent within TRNSYS 
refer to the same report. TRNSYS cannot produce required heat loss flows, so these were not supplied. 

In preparing the input files for TRNSYS it was attempted to follow the specificatins. No major 
additional assumptions were made in simulating the tests. However, a number of rodelling 
assumptions have been made which are discussed below. 

2. Time step 
The time-step used in all calculations was 0.5 hour. This time-base proved to yield more accurate 
results as discussed in our BESTEST report (above report). 

3. Revised cavity albedo 
TRNSYS distributes solar radiation entering a zone to all opaque surfaces, part of which is then 
reflected back to windows through which solar radiation enters the room. Depending on the user given 
value of window reflectivity, the solar radiation lost is then calculated by the program. Based on 
sensitivity tests carried out for the BESTEST work, a reflectivity of 0.59 for radiation approaching 
windows from inside the room gives a solar distribution similar to that specified in BESTEST. It was. 
therefore, decided to use this value instead of the original value of 0.151 used in previous runs. 

4. Modelling shading by adjacent buildings by using overhang and side-fin 
shading calculation 
Since there is no direct method for evaluating shading by adjacent buildings in TRNSYS, the following 
method adapted from working document of the European Standards Committee (CEN) Technical 
Committee TC89 Working Group 6 was used. The method assumes that the receiver surface and the 
adjacent building are parallel to each other. First the normal projection of the adjacent building onto the 
receiver surface is determined. Notice that the normal planes containing the sides and top of the 
adjacent building form the shape of an overhang and two side-fins in the gap between the adjacent 
building and the receiver building (See fig. 1). Now assume that this imaginary overhang side-fin is in 
place and the adjacent building does not exist anymore. The area of the shadow caused by this 
irnaginary overhang, on the receiver surface, is the actual lit area of the receiver surface when the 
adjacent building is in place. The reason is that any ray hitting this irnaginary overhang would hit the 
projected area and possibly the receiver area had the overhang not been in place. 

Using the standard overhang shading calculations, TRNSYS Type 34, it was possible to calculate, for 
each hour of the simulation, the area of the receiver Surface that received sunlight with the irnaginary 
overhang in place. This area was then subtracted from the receivers lit area without the existence of 
any Ob~t~c t ions  to get the area of the shadow of the overhang on the receiver surface. 

5. Modelling adjacent zones with identical conditions in TRNSYS 
The method of modelling adjacent zone adopted is described below. During the course of this exercise 
it was noticed that there may be a bug in TRNSYS in the treatment of adjacent zones, if the manual is 
to be taken as correct. There may also be an inconsistency in the manual's description of the option for 
modelling adjacent Spaces as having identical conditions. Some tests were carried out and it was 
decided to model adjacent zones as identical but with the separating wall specified as having half the 
real surface area. These tests are also described below. 



TRNSYS allows the user to specty a known boundary temperature on room surfaces (wall, floor, ceiling 
etc.). There is a keyword "IDENTICAC' which instructs the program to assume that both sides of the 
surface have the same temperature. This modelling method was used in previous mns but found to be 
an erroneous assumption for modelling adjacent zones. Fortunately TRNSYS allows the user to assign 
run-time calculated temperatures to be allocated as boundary conditions, using TRNSYS 'INPUT' 
keyword. Using this facility, it was possible to assume, for example, that thetemperature of the outside 
Surface of the lefi wall was the same as that of the inner surface temperature of the right wall. Similarly, 
the temperature of the floor of the room above the current room (the other side of the ceiling) could be 
assumed to havethe same temperature as that of the floor of the modelled room (See Fig. 2). 

Imaginal - 

Adjacent 

y Overhang 
7 

building 

Figure 1. The gap between the adjacent building and the receiver 
surlace is formed as an imaginary overhangkide-fin 

Figure 2 -Modelling adjacent zonos with identical conditions in TRNSYS. 
The surface temperature used for the other side of separaling tabric elements 
are assumed to be equal to that of the inside surface of their opposle 
elements, 




