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Overview – ASHRAE Standard 140 
  ASHRAE Standard 140-2004 – “Used for identifying and diagnosing 
predictive differences from whole building energy simulation software” 

  Comparative tests for evaluating building thermal envelope 
models 

 Basic and in-depth tests on a simple building model 
  Basic tests: test the modeling ability 

  In-depth: for diagnosis purposes 

  Figures of merit: annual heating/sensible cooling loads, hourly peak 
heating/sensible cooling load, hourly zone temperature 
  Example results from 8 representative simulation programs 

  “No formal criteria for when results agree or disagree.” Determination 
is left to the user. 

  Analytical verification tests for mechanical equipment 
performance 

  Model a simple unitary split cooling system using manufacture 
design data 
  Not conducted in this study 
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Overview – Modelica 
  Modelica – an equation-based modeling language  

  Models are described with a set of differential, algebraic, and discrete equations. 
  Attractive features including: retaining original physical structure and reusability. 

  Block-oriented programs require: 
   The physical structure may lose, and it’s not easy to maintain models. 
  Reusability: a model can be used for different scenarios and for developing 
new models 

centrifugal fan 
f(RPM, dp, flowrate)=0 

dp=f1(RPM, flowrate)  

flowrate=f2(RPM, dp)  

partial connector HeatPort 
  Temperature T; 
  flow HeatFlowRate Q_flow  
end HeatPort; 

example 1: 

partial model Element1D  
  HeatPort_a port_a; 
  HeatPort_b port_b; 
  HeatFlowRate Q_flow; 
  TemperatureDifference dT; 
equation  
  dT = port_a.T - port_b.T; 
  port_a.Q_flow = Q_flow; 
  port_b.Q_flow = -Q_flow; 
end Element1D; 

model ThermalConductor  
  extends Interfaces.Element1D; 
  parameter ThermalConductance G; 
equation  
  Q_flow = G*dT; 
end ThermalConductor; 

example 2: 
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Overview – Dymola 
  Dymola – an integrated Modelica-based modeling/simulation environment 

  Composed of a model editor, a Modelica translator, compilers and solvers. 
  A library of building envelope and HVAC components developed using 
Dymola v6.1 
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BESTEST results 
  Tests 

  Basic tests – 8 low mass cases: 600,610,620,630,640,650,600FF,650FF 
  Basic tests – 9 high mass cases: 900,910,920,930,940,950,960,900FF,950FF 
  Sensitivity results: differences between 2 basic/in-depth cases 
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BESTEST results 

  Results of basic tests 

BASIC SENSITIVITY TOTAL 
Num. of out-of-bound quantities 6.38% (3 of 47) 16.6% (7 of 42) 11.2% (10 of 89) 

  Sensitivity results 

Note: Each axis represents a normalized 
figure of merit. 

Note: Each axis represents a normalized 
difference between 2 test cases. 

Case 600 annual hourly 
peak heating load 
Max=4.354 kW 
Min=3.437 kW 
Modelica=3.750 kW 

annual sensible cooling 
load (960-900) 
Max=-1.644 MWh 
Min=-2.697 MWh 
Modelica=-1.808 MWh 

  Conclusion:  
   The Modelica models are capable of predicting the thermal performance of building 
envelope and delivering comparable results with respect to representative programs. 
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Issues and solutions 

  On-off thermostat control 
  Capacity=1000kW; heat=on if Tzone<20°C; cool=on if Tzone>27°C; otherwise, off 
  Has to be implemented explicitly in Dymola 
  Significantly slows down a simulation 
  1st-order filter added to reduce the occurrences of discrete events 

τ 
(sec) Simulation 

Duration 
(h) 

num. of 
events Integration 

Time 
(sec) 

est. time for 
1-yr simu. (h) 

3 24 1066 67.3 ~5 
2 24 1506 101 ~7 
1 24 2816 180 ~14 

  Three issues encountered in this study 
  Implementation of on-off control 
  Load calculation 
  Biased results caused by controls and window model 
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Issues and solutions 

  Load calculation 

  Should use the data when Tzone = 20°C or 27°C  
  Actual valid data: when Tzone = 20°C ± ∆T or 27°C ± ∆T 
  The lower bound of ∆T depends on time constant of added filters 

  The smaller τ, the smaller ∆T allowed due to tighter temperature controls 
  ∆T was set to 0.1°C in this study 
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Issues and solutions 

  Biased results from basic tests 
  Compared with the results of EnergyPlus ver 2.0 
  Primary causes:  

  A simplified window model – the net heat flow through windows is 16.6% less than 
that in EnergyPlus 
  The time constant of the low pass filters affects the calculation of Tsur 

           Qj – convective heat flow from interior surface to air, W 
           hij – convective film coefficient, W/m2K 
           A – area, m2 

                Tjsur – surface temperature, °C 
           Ta – zone temperature, °C 

Time constant (sec) 3 2 1 Min Max 
Annual heating (MWh) 4.017 4.356 4.769 4.296 5.709 

Annual sensible cooling (MWh) 5.612 5.969 6.386 6.137 7.964 
Peak heating (kW) 3.320 3.522 3.750 3.437 4.354 

Peak sensible cooling (kW) 5.547 5.797 6.072 5.965 6.827 
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Summary 

  The Modelica-based building envelope models can be used for whole-
building energy simulations. 

  The simple window model caused the bias, and a more complex window 
has been implemented and needs to be evaluated. 
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THANK YOU 


