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1 Introduction 

ANSI/ASHRAE Standard 140-2004, Standard Method of Test (SMOT) for the Evaluation of Building 
Energy Analysis Computer Programs[1], defines a series of tests for building energy simulation 
programs. The tests fall into two categories: building envelope and fabric load tests and HVAC 
equipment performance tests. 
 
The HVAC tests require the simulation of a number of variants of a unitary air conditioning system 
installed in a test building. For these tests the building consists of a single zone with no infiltration, 
steady state external conditions, no glazing and approximately adiabatic building fabric. 
 
The aim of the tests is to identify and diagnose differences in predictions that may be caused by 
software errors. The ways in which they can be used are listed in Standard 140-2004: 
 

(a) comparing the predictions from other building energy programs to the example results 
provided in the informational Annex B8 and/or to other results that were generated using this 
SMOT, 

(b) checking a program against a previous version of itself after internal code modifications to 
ensure that only the intended changes actually resulted, 

(c) checking a program against itself after a single algorithmic change to understand the 
sensitivity between algorithms, 

(d) diagnosing the algorithmic sources of prediction differences; diagnostic logic flow diagrams are 
included in the informational Annex B9. 

 
While the text of the Standard emphasises that all building models are simplifications of reality, and 
full validation cannot be achieved by a single series of tests, the ASHRAE 140 tests provide a 
valuable benchmark by which the predictions of a simulation program may be compared with those of 
its peers, as means to establishing a degree of confidence in the correctness of its algorithms and 
their implementation. 
 
This report presents the results of the HVAC load tests applied to the simulation program 
ApacheSim[3], as required by ASHRAE Standard 90.1-2004, Addendum p[4]. 
 
A brief outline of the tests is provided. This is followed by a description of the modelling assumptions 
and settings used to run the tests in the ApacheSim program. The ApacheSim results are then 
presented and discussed. 
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2 Overview of Tests 

A full description of the tests, including input data, output reporting conventions and terminology, is 
provided in the ASHRAE Standard. Here it will suffice to enumerate and briefly describe the cases. 
 
The configuration of the base-case (Case E100) building is a near adiabatic rectangular single zone 
with only user-specified internal gains to drive steady-state cooling load. Mechanical equipment 
specifications represent a simple unitary vapour compression cooling system or, more precisely, a 
split-system, air-cooled condensing unit with an indoor evaporator coil. Performance of this 
equipment is typically modelled using manufacturer design data presented in the form of empirically 
derived performance maps. This case is presented in detail in Section 5.3.1. 
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In total there are 13 test cases that test different permutations of the following variables :- 
 

·  Simulation Cooling Set-point 
·  Weather Data 
·  Internal Sensible Gains (100% convective) 
·  Internal Latent Gains 
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Tests E100-E500 model dry coil conditions (no latent load) and E160-E200 model wet coil conditions 
(with de-humidification). The following results were extracted from each simulation test case:- 
 

·  Total consumption (compressor and fans) 
·  Disaggregated compressor consumption 
·  Disaggregated indoor air distribution fan consumption 
·  Disaggregated outdoor condenser fan consumption 

·  Total evaporator coil load (sensible + latent) 
·  Disaggregated sensible evaporator coil load 
·  Disaggregated latent evaporator coil load 

 
A direct comparison is made between these results a sample group and a series of sensitivity tests 
are performed to analyse the impact each permutation has on the calculated results. 
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3 Overview of ApacheSim 

3.1 ApacheSim Models 

Modelling options used in ApacheSim are set out in Appendix A, using the format specified in the 
Standard. 

3.2 ApacheSim Results 

The ApacheSim results are presented graphically in Figures 1-30, alongside the results for other 
programs and analytical studies reported in ANSI/ASHRAE Standard 140-2004[1]. 
 
The results are presented in tabular form in the file ‘Results5-3.xls’, as required by the Standard. 
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4 Observations on ApacheSim Results 

One way to assess ApacheSim’s performance with respect to the other programs for which results 
are provided in the standard is to see whether its predictions lie within the spread of results obtained 
from those programs. The results are now examined on this basis. 

4.1 HVAC Plant Results 

Refer to Figures 1-13. 
 
It can be noted that the Space Cooling Electricity results calculated by Apache typically fall at the 
higher end of the results distribution. The results are comparable with the analytical results and the 
majority of the other simulation results which also fall to the upper end of the distribution range. This 
would suggest that some of the other simulation packages are predicting low. There are a couple of 
occasions where the Apache results are higher than the sample group. However, the results are 
typically within 1% of the analytical results. 
 
Case E120 shows the largest number of discrepancies, with variations from the analytical results up 
to1.2%. This case is discussed further below. 
 
The largest percentage variation, of about 6%, occurs in fan heat for test E130. However, this figure 
is unreliable because the values are small and the analytical results are quoted to limited precision. 

4.2 Room Conditions 

Refer to Figures 14-15. 
 
In ApacheSim the control of the unitary cooling system is simulated with a nonzero proportional band. 
The set point of the controller was adjusted for each test to achieve the specified room air 
temperature to a tolerance of 0.02°C. 
 
In nearly every case predicted room humidities are very close to the analytical result. The exception 
is case E120, where the calculated humidity ratio (g), while lying inside the range calculated by the 
sample group, is 6% below the analytical result. The reason for this discrepancy is unknown, but the 
value calculated by ApacheSim is supported by the following manual calculation. 
 
The coil is dry because there is no latent gain to remove, so Gross Total Load = Gross Sensible 
Load. Linearly interpolating Table 26c (ODB = 29.4C, EDB = 26.7C) to the point where this condition 
holds, we find EWB = 16.29C. (Strictly speaking this is an upper limit, but the conditions of the test 
mean that EWB will converge on this value.) From a psychrometric chart the condition EDB=26.7C, 
EWB=16.29C corresponds to g = 0.0073 kg/kg. This is close to the ApacheSim result g = 0.0074 
kg/kg, but the ASHRAE 140 analytical result is g = 0.0079 kg/kg. The result differs slightly depending 
on whether the tabulated IP or SI data are, and the chosen definition of wet bulb temperature, but 
these differences are small compared to the discrepancy. 
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4.3 Sensitivity Results 

Refer to Figures 16-23. 

The sensitivity tests are designed to test the influence changing a parameter in the simulation has on 
the end results. There are a number of occasions where the results predicted by Apache are 
marginally outside of the range predicted by the other simulation packages. On many of these 
occasions the analytical results are also outside of the sample group range and are closer to the 
results generated by Apache. This would suggest that in many instances the results generated by 
Apache are closer to the analytical results, and arguably more accurate, than those from the other 
simulation packages. 
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Conclusions 

The HVAC load tests set out in ANSI/ASHRAE Standard 140-2004 have been applied to the program 
ApacheSim, version 5.8.1. The ApacheSim results are in good overall agreement with those from the 
reference programs and the analytical results. 
 
It is not to be expected that the results should exactly match the sample results in every case, only 
that they should demonstrate general agreement. In the majority of instances results predicted by 
Apache fall inside the range of sample results generated by other simulation programs. On a number 
of occasions when this is not the case the analytical results also fall outside of the range predicted by 
other software packages and are a close match to those generated by Apache.
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Appendix A. ApacheSim Settings 

STANDARD 140 OUTPUT FORM - MODELING NOTES          
 
INSTRUCTIONS: See Annex A2. 
 
SOFTWARE: ApacheSim 
 
VERSION: 5.8.1 
 
DOCUMENT BELOW THE MODELING METHODS USED IF ALTERNATIVE MODELING 
METHODS OR ALGORITHMS ARE AVAILABLE IN THE SOFTWARE BEING TESTED. 
(See Annex A2 for examples.) 
 
Simulated Effect: 
Solar radiation model. 
 
Optional Settings or Modeling Capabilities: 
Off, Anisotropic (default), Isotropic. 
 
Setting or Capability Used: 
Anisotropic. 
 
Physical Meaning of Option Used: 
Anisotropic short-wave sky model. 
 
Simulated Effect: 
Internal Heat Transfer 
 
Optional Settings or Modeling Capabilities: 
CIBSE fixed values (default), Alamdari & Hammond, CIBSE variable values 
 
Setting or Capability Used: 
CIBSE fixed values 
 
Physical Meaning of Option Used: 
Internal convection coefficients are fixed at values given in CIBSE Guide A. Note: external convective 
heat transfer is treated using a wind-speed dependent algorithm. 
 
Simulated Effect: 
Initial temperature 
 
Optional Settings or Modeling Capabilities: 
Any temperature (default 18°C) 
 
Setting or Capability Used: 
18°C 
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Physical Meaning of Option Used: 
Temperature at which building is initialised before simulation. Has minimal effect provided there is 
sufficient preconditioning. 
 
Simulated Effect: 
Time step 
 
Optional Settings or Modeling Capabilities: 
1, 2, 6, 10 or 30 minutes 
 
Setting or Capability Used: 
2 minutes 
 
Physical Meaning of Option Used: 
Simulation time step. A small time step was used for optimal accuracy. 
 
Simulated Effect: 
Reporting interval 
 
Optional Settings or Modeling Capabilities: 
6, 10, 30 or 60 minutes 
 
Setting or Capability Used: 
6 minutes 
 
Physical Meaning of Option Used: 
Time interval over which simulation results are averaged for output. 
 
Simulated Effect: 
Preconditioning period 
 
Optional Settings or Modeling Capabilities: 
Between 0 and 365 days (default 10 days) 
 
Setting or Capability Used: 
10 days 
 
Physical Meaning of Option Used: 
Number of days simulated in the run-up to the start of the specified simulation period. Has minimal 
effect, provided the number of days is sufficiently large in relation to the response time of the building. 
 
Simulated Effect: 
Direct solar shading and internal solar tracking calculated by the SunCast program 
 
Optional Settings or Modeling Capabilities: 
SunCast shading can be included or not, at the user’s option 
 
Setting or Capability Used: 
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Suncast shading was not used. 
 
Physical Meaning of Option Used: 
No solar tracking was employed in the HVAC tests. As the model had no shading or glazing, suncast 
would not have contributed to the accuracy of the simulation.  
 
Simulated Effect: 
Diffuse shading calculated by the SunCast program 
 
Optional Settings or Modeling Capabilities: 
SunCast diffuse shading can be included or not, at the user’s option 
 
Setting or Capability Used: 
Suncast shading was not used. 
 
Physical Meaning of Option Used: 
The effects on external surfaces were not taken into account HVAC tests. As the model had no 
shading or glazing, suncast would not have contributed to the accuracy of the simulation.  
 
Simulated Effect: 
Plant Performance 
 
Optional Settings or Modeling Capabilities: 
Apache Systems, Apache HVAC 
 
Setting or Capability Used: 
Apache HVAC 
 
Physical Meaning of Option Used: 
Apache HVAC is a module within the software that enables detailed plant analysis. This module is 
required in the HVAC tests for analysis of the Unitary Cooling System. 
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Appendix B. Graphical Representation of Results 

 
 
 

 Figures 1 - 13 
 

E100 – E200 HVAC Plant Results 
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Figure 11 
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Figures 14 - 15 
 

E100 – E200 Room Conditions 
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 Figures 16 - 23 
 

Sensitivity Test Results 
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