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• Assignment 4 is due next Monday (Tuesday is also fine)
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• Please follow the instructions
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• What do you think about internal windows:
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• Set the North Axis
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• Window to Wall Ratio calculation:
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• Window to Wall Ratio calculation:
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• Good comparisons:
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• Good summaries:
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• Good summaries:
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• Good summaries:
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• DView is another visualization tool:



Another Visualization Tool

20

• DView is another visualization tool:
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• DView is another visualization tool:

https://www.nrel.gov/buildings/beopt.html?utm_medium=print&utm_source=b
uildings&utm_campaign=beopt 

https://www.nrel.gov/buildings/beopt.html?utm_medium=print&utm_source=buildings&utm_campaign=beopt
https://www.nrel.gov/buildings/beopt.html?utm_medium=print&utm_source=buildings&utm_campaign=beopt
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• Building energy modeling approaches typically require 
hours or days of intensive data gathering and tuning the 
building energy model, a process known as calibration. 

• Calibration is the process of (i) validate and (2) verify the 
“results of a building energy model with the metered energy 
data”.

• The calibration process is critical for:
§ Establishing quality control of modeling
§ Creating reliable energy modeling results
§ Designing and retrofitting buildings
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• ASHRAE Guideline 14-2014 has two calibration metrics:

1. Coefficient of variation of the root mean square error 
(CVRMSE)

2. Normalized Mean Biased Error (NMBE) 

• CVRMSE shows how well the model match some months 
much better than others

• NMBE indicates how well the model tend to over or 
underestimate actual use? 
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ASHRAE Guideline 14-2014
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n= number of data periods (at least 12 months ⟶ n=12)
p = number of parameters in baseline model (p=1)
yi = meter energy data for period i
ȳ  = mean of meter energy data
ŷi = simulation-predicted energy data for period i
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• Calibration requirements:

Statistic Monthly Hourly
CV(RMSE) 15% 30%

NMBE 5% 10%
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• If possible, we would like to calibrate for all end-uses, 
similar to the following case study:

CVRSME NMBE Months
All Electricity 6.1% -0.6% All
Plug Loads 5.9% -2.1% All
Lighting 4.9% 2.6% All
Fans 9.3% -1.2% Omit December
Cooling 12.6% 3.6% Omit December
All Gas 12.0% 2.3% Omit December
Heating 12.6% 1.7% Omit December
Service Hot Water 9.5% 2.3% Omit April and  May

Dahlhausen, Penn State 2014
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• For our campus buildings, what can use to calibrate 
buildings? 
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1. One-factor-at-a-time (+/- 20%, +/- 1 standard deviation):

q It only considers the local variation and no interaction 
between parameters (Why this is an issue?)

q Using standard deviation is preferred but requires 
assuming a distribution (e.g., boiler efficiency 0.88 +- 20% 
can give an efficiency of 1.06!)
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2. Partial Derivatives

𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝜕𝑌
𝜕𝑋!

=
∆𝑌
∆𝑋!

For each parameter Xi, i = 1,…,n
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3. Sensitivity Index (Hoffman & Gardener 1983):

𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑌./0 − 𝑌.1'

𝑌./0

Ymin

Ymax

Xmin Xmax

Ymax - Ymin
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𝑃!"# = 0.0013 + 0.1470	𝑋 + 0.9506	𝑋$ − 0.0998𝑋%

Salimifard, P, 2015, Masters Thesis, PSU
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36
Salimifard, P, 2015, Masters Thesis, PSU



Fan Performance

37https://bigladdersoftware.com/epx/docs/8-3/engineering-reference/air-system-
fans.html#:~:text=For%20these%20input%20objects%2C%20EnergyPlus,be%20modeled%20using%20this%20approach. 

https://bigladdersoftware.com/epx/docs/8-3/engineering-reference/air-system-fans.html
https://bigladdersoftware.com/epx/docs/8-3/engineering-reference/air-system-fans.html
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• EnergyPlus allows sizing the HVAC components based 
on the loads
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• Read EIO file to see the sizing values: 
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• Look for the “HVAC System Sizing”: 



Autosize
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• What are the pro and cons of using the autosizing feature?
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• Find six or seven autosize values and replace them in the 
model. 

• Create a new model “save as” and increase or decreases 
the sizes and comment on the results 

https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOf
Jb292LX-gPelbX1Yo/edit#gid=1275549135 

https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit
https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit
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ANSI/ASHRAE Standard 55-2004
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• Poor management of temperature setpoints in the buildings

Thermal comfort range

Address complaints
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• Wishnick Hall monthly data:

y = -0.4142x + 26.772
R² = 0.939
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• Wishnick Hall monthly data:

y = 0.0277x - 1.4842
R² = 0.8891
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• Minimum outdoor air fraction very important

• EnergyPlus options:
§ OA per person (default 20 cfm)
§ OA per floor area
§ OA per zone
§ OA air change per hour
§ Use ~0.1-0.2CFM/ft2 (or 20% design flow rate)
§ Look at floor plans & ASHRAE 62.1
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• Infiltration options in E+:

• Design Flow Rate:

• Effective Leakage Area:

• Flow Coefficient

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐼!"#$%& 𝐹'()"*+," 𝐴 + 𝐵 𝑇-.&" − 𝑇/+0 + 𝐶 𝑊𝑖𝑛𝑑	𝑆𝑝𝑒𝑒𝑑 + 𝐷 𝑊𝑖𝑛𝑑	𝑆𝑝𝑒𝑒𝑑

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐹'()"*+,"
𝐴1
1000 𝐶'Δ𝑇 + 𝐶2 𝑊𝑖𝑛𝑑	𝑆𝑝𝑒𝑒𝑑 3

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐹'()"*+," (𝑐𝐶'Δ𝑇&)3 + 𝑐𝐶2 𝑠×𝑊𝑖𝑛𝑑	𝑆𝑝𝑒𝑒𝑑 3& 3
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Salimifard, P, 2015, Masters Thesis, PSU

Is this close to the reality? 
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Plug Load Schedule

Delogoshaei et al. (2013) Hourly plug load measurements... AEI 2013
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Lighting Schedule
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• Suggested DOE Reference building lighting schedule

Salimifard, P, 2015, Masters Thesis, PSU

Is this close to the reality? 
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• Lighting Power Density (LPD)

ASHRAE 90.1-2010

Is this close to the reality? 



Lighting Power Use

61

• Lighting power use is equal to = 

𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦	𝐹𝑎𝑐𝑡𝑜𝑟	 ×	 𝐿𝑃𝐷	 ×	 𝐴𝑟𝑒𝑎
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• Calculate the LPD, occupancy, plug load, and associated 
schedules for this room:

https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNH
MOfJb292LX-gPelbX1Yo/edit#gid=1480758816 

https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit
https://docs.google.com/spreadsheets/d/1eUYbP00uv7EYl3cB5poRmNHMOfJb292LX-gPelbX1Yo/edit
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• Convergence tolerances during warm up days:
q Design days or run periods repeat until the simulation reaches to 

the desired convergence tolerances 
q There will be a warning is the convergence is not met during the 

load calculations
q It is possible to increase the number of warm up days
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• Download and install Rhino 
here:  https://www.rhino3d.com/download/ (Trial version 
lasts for 90 days)

• Download Ladybug tools v1.6.  You will need to make a 
login, but it is free to download. Follow the steps here: 
https://www.food4rhino.com/en/app/ladybug-tools  

• Download the sample model and the instructions uploaded 
on Blackboard

https://www.rhino3d.com/download/
https://www.food4rhino.com/en/app/ladybug-tools

