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Implementation of the response model in the RTU CC is done by using the model to do a simple 
calculation of the S&I fraction as affected by the cities design temperature. The S&I fraction is defined in 
the RTU CC as follows: 

0& ( )
( )design set
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T T T

F

F

Δ =≡
Δ = −

 

In words, this equation says the S&I fraction in the RTU CC is defined to be the ratio of the load at 
neutral conditions (when outdoor temperature equals the indoor setpoint) to the load at design 
conditions. At neutral conditions, the load is primarily caused by solar and internal effects (this is the 
motivation for the S&I name). A particular building design operating in a cooler climate will have a 
higher S&I fraction than the same building running in a hot climate. One response model, for one 
building type, predicts a different S&I fraction for each climate, depending on its design temperature. As 
expected, internal loads are a larger fraction of the design load in cooler climates. 

The S&I fraction can also be thought of as a mechanism to scale the response model to match the 
capacity of the unit, being simulated in the RTU CC, at the cities design conditions. This scaling process 
preserves the ratio between the slope and intercept of the response model. 

An implicit assumption in this approach is that the response model scales simply with building size. 
“Simple scaling” means that the two parameters in the model, the slope and the intercept, both scale at 
the same rate as the building size increases or decreases. Improvements on this assumption could 
possibly be incorporated by considering that internal loads and ventilation loads may scale with floor 
area and that the conduction loads may scale with external envelope area. The geometry of the building 
could be used to establish different scaling factors for the two model parameters. 

Ideally a sensible-load model is preferred. Sensible models best reflect how a DX system works to 
remove sensible loads as dictated by a sensible thermostat. It will be shown in this report that total-load 
models make reasonable substitutes for the preferred sensible models, especially with building 
simulations where the sensible loads are not available.  

An additional characterization of the building is done by modeling the ventilation-sensible-load line. The 
slope of this line can be compared to the slope of the total-sensible-load line. The ratio of the two slopes 
(ventilation-sensible-load slope / total-sensible-load slope) is a good indicator of the factional 
contribution of ventilation in the load line. If the ratio is 0.6, that means 60% of the temperature-
dependent response is attributable to ventilation. This ratio is the third parameter that will be used to 
characterize a building type. This parameter (for a type of building), and a city’s design conditions, will 
be used in the RTUCC to establish default ventilation rates. 
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Summary of Findings 
• Variations between response models, by building type, is significant enough to justify a 

representative model for each building type. 
• A building response model developed in Chicago is sufficient for representing similar buildings in 

different climate zones. 
• Total and sensible load models both produce similar results in calculating S&I fractions. 
• Models can be developed without turning off setback or ventilation in the building. IDF input 

modifications are only needed to change reporting variables. 
 

  Building Type 
Slope 
(MJ/HrC) 

Intercept
(MJ/Hr) 

I/S 
(C) 

Slope 
(KBTU/HrF)

Intercept 
(KBTU/Hr)

I/S 
(F) 

Ventilation 
Fraction 

Assumed 
VF 

1 Apartment-Midrise 12.3 128.3 10.4 6.5 121.6 18.7 NA 0.30
2 Apartment-Highrise               
3 Healthcare-Hospital 55.8 1370.0 24.6 29.4 1298.5 44.2 NA 0.80
4 Healthcare-Outpatient 41.8 704.0 16.8 22.0 667.3 30.3 0.05 0.25
5 Hotel-Small               
6 Hotel-Large 149.5 1313.0 8.8 78.7 1244.5 15.8 0.96 0.60
7 Office-Small 3.5 43.4 12.5 1.8 41.1 22.6 0.32 ------
8 Office-Medium 33.7 382.0 11.3 17.7 362.1 20.4 0.50 ------
9 Office-Large 410.0 4250.0 10.4 215.9 4028.2 18.7 0.69 ------

10 Restaurant-FastFood 10.0 45.8 4.6 5.2 43.4 8.3 0.76 ------
11 Restaurant-SitDown 17.7 98.0 5.6 9.3 92.9 10.0 0.79 ------
12 Retail-StandAlone 26.5 245.4 9.3 14.0 232.6 16.7 0.63 ------
13 Retail-StripMall 35.4 187.2 5.3 18.6 177.4 9.5 0.40 ------
14 School-Primary 63.5 718.0 11.3 33.4 680.5 20.4 0.61 ------
15 School-Secondary 95.0 779.0 8.2 50.0 738.4 14.8 0.13 0.40

16 Warehouse 7.1 5.7 0.8 3.7 5.4 1.4 0.21 ------
 
Table 1  Summary of Run Results:  “Slope” and “Intercept” columns are shown in both Metric and 
English units. The “I/S” columns are the ratio of the intercept to the slope and are an indicator of the 
degree of internal loading in the structure (high for Hospital, low for warehouse). The “Ventilation 
Fraction” column is the fraction of the slope in the load model that is attributable to ventilation. The 
“Assumed” column indicates a ventilation-fraction value that is currently being used in the RTUCC in 
substitution of the run result. The slope 

As of the time of this writing, five of the ventilation levels are intended for future review (see yellow 
cells). These values were either not extractable from this initial EnergyPlus analysis or the determined 
values were considered significantly different from intuitively expected levels. The RTUCC is not 
sensitive to the ventilation-fraction values. The load slope and load intercept are more critical. The 
ventilation-fraction values that are actually used in the RTUCC are show in the far right column, 
“Assumed VF”.  
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EnergyPlus Output and Post Processing 
The hourly report (the csv file produced by EnergyPlus) is post processed using R, a statistics analysis 
language. R scripts are run for each building to scan in the csv file and analyze the hourly record. 

IDF Files 
In support of the ASHRAE Standard 90.1 Committee, PNNL developed a suite of 16 prototype building 
models in EnergyPlus. There are 17 different models for each of the building types. Each model complies 
with the prescriptive requirements of Standard 90.1, 2004 in each of the 17 DOE climate zones. 

The 2004 versions of the IDF input files, representing various building types, were obtained from this 
PNNL network location: 

\\korea\comstd\ASHRAE189.1 

Here is an example folder path to a specific building type (OfficeMedium): 
\\korea\comstd\ASHRAE189.1\OfficeMedium\189.1.std2009\input.nobackup 

Example filename:  ASHRAE30pct_OfficeMedium_STD2004_Chicago.idf  

(Note: at the time of this writing, the restaurant IDF file was unintentionally a 2010 version.) 

Output Variables 
Loads 
DXCOIL.DX.Coil.Sensible.Cooling.Energy.J..Hourly. (DX only, gross sensible cooling by system) 
DXCOIL.DX.Coil.Total.Cooling.Energy.J..Hourly. (DX only, gross total (=S+L) cooling) 
Air.Loop.Total.Cooling.Coil.Energy.J..Hourly. (Includes both DX and Chiller, gross total (=S+L) cooling) 

Zone.Sys.Sensible.Cooling.Energy..J..Hourly. (Net sensible cooling, after economizer and reheat, 
delivered to zones. Includes sensible cooling delivered to zone when coils are off, such as economizer.) 

Air.Loop.Total.Heating.Coil.Energy.J..Hourly. (Heating done by system. Includes reheat.) 

Ventilation 
Zone.Mechanical.Ventilation.Mass.Flow.Rate..kg.s..Hourly. 
Zone.Mechanical.Ventilation.Volume.Flow.Rate.Current.Density..m3.s..Hourly. 
Zone.Mechanical.Ventilation.Cooling.Load.Increase..J..Hourly. 

Indoor Air 
Zone.Mean.Air.Temperature..C..Hourly. 
Zone.Mean.Air.Humidity.Ratio....Hourly. 

Outdoor Air 
Environment.Outdoor.Dry.Bulb..C..Hourly. 
Environment.Outdoor.Wet.Bulb..C..Hourly. 
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offered more control over excluding the near-zero value points. Also, with the hourly approach, it is 
clearer to the reader which points have been excluded. 

The following sections have the detailed post processing results that are in support of the findings.
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