
Standardizing Model Inputs 
Using Published BEM Resources

Seminar 28
ASHRAE Winter Meeting, Chicago

January 23, 2012

Erik Kolderup, PE, BEMP, LEED AP
erik@kolderupconsulting.com
www.kolderupconsulting.com 

1



ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education 
Systems.  Credit earned on completion of this program will be reported to ASHRAE Records for 
AIA members.  Certificates of Completion for non‐AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education.  As such, 
it does not include content that may be deemed or construed to be an approval or endorsement 
by the AIA of any material of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product.  Questions related to specific materials, 
methods, and services will be addressed at the conclusion of this presentation.

Learning Objectives for this Session

• Use key BEM resources to inform early modeling assumptions
• Employ accepted methods for converting equipment efficiency 

values into model input values



INTRODUCTION

• Goals
– Credible, realistic energy models
– Consistent results

• Challenges
– So many inputs, so little time
– Unknown inputs

• Some help…
– Published resources

• Research results
• Established methods
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TOPICS

• Primary sources of information
• Internal load inputs
• Enclosure inputs
• HVAC inputs
• Other resources
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PRIMARY SOURCES
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COMNET Commercial Buildings Energy Modeling Guidelines 
and Procedures, August 2010, www.comnet.org

HOF 2009 ASHRAE Handbook 2009 Fundamentals

AEDG 50% Technical Support Document: 50% Energy Savings 
Design Technology Packages for Medium Office 
Buildings, PNNL

VAV Design Guide Advanced VAV System Design Guide
www.energydesignresources.com

CoolTools CoolTools Chiller Bid and Performance Tool
www.energydesignresources.com



INTERNAL LOADS 
Plug Load Power

• COMNET
– Whole building and space‐by‐space defaults
– Custom equation

• Individual equipment demand values

• HOF
– Office: low, medium, high usage
– Individual equipment: office, kitchen, lab

• AEDG
– Office: standard and efficient

• 90.1 User’s Manual
– Whole building values
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Challenge
Typical plug loads for energy simulation



INTERNAL LOADS 
Plug Load Power
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Source
COMNET, Appendix B

California 
2005 ACM COMNET C Pdmisc D

Whole Building Categories
Auto Repair 1.00 0.65 2.00 0.55 0.94
College/ University 1.00 N/A 2.00 N/A 0.77
Convention Center 0.96 1.09 2.00 0.55 0.78
Court House 1.00 1.09 2.00 0.55 0.92
Dining, Bar/Coctail Lounge 0.79 1.53 2.00 0.93 1.00
Dining, Cafeteria/Fast Food 0.79 1.53 2.00 0.93 1.00
Dining, Family 0.79 1.53 2.00 0.93 1.00
Dormitory 0.50 1.26 2.00 0.30 0.57
Exercise Center 1.00 1.86 2.00 0.55 0.78
Gymnasium 1.00 1.86 2.00 0.55 0.78
Health Care Clinic 1.18 1.99 2.00 0.76 0.96
Hospital 1.18 1.99 2.00 0.76 0.68
Hotel 0.50 1.26 2.00 0.30 0.57
K-12 School 1.00 1.02 2.00 0.19 0.77

Default Receptacle 
Power Density (W/ft²)

2 - Plug Loads

Receptacle Power Coefficients

33 whole building categories + 95 space‐by‐space classifications

ܦܲܧ ൌ ሺܥ ൈ ௖௢௨௡௧	௬௢௨௥ܦܲ ൅ ௠௜௦௖ሻܦܲ ൈ ܦܲܧ	ܦ ൌ ሺܥ ൈ ௖௢௨௡௧	௬௢௨௥ܦܲ ൅ ௠௜௦௖ሻܦܲ ൈ 	ܦ



INTERNAL LOADS 
Plug Load Power
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Source
COMNET, Section 6.4.5



INTERNAL LOADS 
Plug Load Power
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Source
HOF, Chapter 18 



INTERNAL LOADS 
Plug Load Power

Actual Power

Actual Power 
as Fraction of 
Nameplate 
(Typical)

Convective/ 
Radiant Split

Desktop computer 50 ‐100W
(65 typical)

10‐15% 90 / 10

Laptop computer 15 – 40W 25% 75 / 25

Flat panel monitor 15 in. 20W 60 / 40

Flat panel monitor 19‐22 in. 30W 60 / 40

Flat panel monitor 30 in. 90W 60 / 40

Laser printer 75 – 140 W 10‐25% 70 / 30

Large copier 550 – 1100W 40‐60% 70 / 30
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Typical Equipment Power & 
Radiant/convective splits 

Nameplate power 
vs. actual power

+ diversity

Source
HOF, Chapter 18 



INTERNAL LOADS 
Plug Load Power
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Source
AEDG 50% Tech Doc



INTERNAL LOADS 
Plug Load Power
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EPD = 
equipment 
power 
density

Source
90.1 User’s Manual



INTERNAL LOADS 
Plug Load Schedule
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Source
ASHRAE Research Project 1093‐RP

Challenge
Realistic plug load schedules for energy simulation



INTERNAL LOADS 
Lighting Power
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INTERNAL LOADS 
Lighting Schedules
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Source
ASHRAE Research Project 1093‐RP

Challenge
Realistic lighting schedules for energy simulation



INTERNAL LOADS 
Lighting Heat Distribution
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100%

64 to 74%

40 to 50%

Source
HOF, Chapter 18 

Challenge
“LIGHT‐TO‐SPACE” input



INTERNAL LOADS 
Elevators
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Source
COMNET, Section 6.4.7

Challenge
Elevator energy consumption



ENCLOSURE
Fenestration U‐factor
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Source
HOF, Chapter 15, Table 4

Challenge
Overall U‐factor, including frame

Table includes:
Aluminum without thermal break
Aluminum with thermal break
Wood/vinyl
Curtain wall, with & without break
Manufactured skylight
Site‐assembled skylight



ENCLOSURE
Wall & Roof U‐factor
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Source
COMNET, Sections 6.5.3 & 6.5.4

Challenge
Opaque constructions to match code minimum requirements



HVAC
DX Cooling Efficiency
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Challenge
Translate mfr/code values 
to model inputs

You get
SEER or EER
(at specific conditions, 
including fan power 
and fan heat)

You need
EIR 
(excluding supply fan 
and fan heat) at ARI 
rating conditions



HVAC
DX Cooling Efficiency
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Source
COMNET, Section 6.7.3

Step 1. Estimate fan power

Step 2. Adjust the EER

Step 3. Calculate EIR

ܴܫܧ ൌ 	
3.413
௔ௗ௝ܴܧܧ



HVAC
DX Cooling Efficiency
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COMNET Section 6.7.5

ASHRAE Research Project 1197‐RP

Challenge
Translate SEER to EER

EER = 10.0 if SEER ≥ 11.5

EER = ‐0.0182*SEER2 + 1.1088*SEER



HVAC
Static Pressure Reset Control

Source
COMNET, Section 6.7.3

݊݋݅ݐܿܽݎܨ	ݎ݁ݓ݋ܲ	݊ܽܨ ൌ ܽ ൅ ܾ ∙ ݋݅ݐܴܽ݊ܽܨ ൅ ܿ ∙ ଶ݋݅ݐܴܽ݊ܽܨ ൅ ݀ ∙ ݊݋݅ݐܿܽݎܨ	ݎ݁ݓ݋ܲ	݊ܽܨଷ݋݅ݐܴܽ݊ܽܨ ൌ ܽ ൅ ܾ ∙ ݋݅ݐܴܽ݊ܽܨ ൅ ܿ ∙ ଶ݋݅ݐܴܽ݊ܽܨ ൅ ݀ ∙ ଷ݋݅ݐܴܽ݊ܽܨ

Challenge
Fan part‐load curve inputs
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Source
VAV Design Guide, Appendix 5
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HVAC
Chiller Performance

1.0 at full load and 
rated temp.

1.0 at full load and 
rated temp.

Challenge
Chiller performance curve coefficients



HVAC
Chiller Performance

26

Source
COMNET, Section 6.8.2



HVAC
Chiller Performance
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Source
CoolTools spreadsheet



OTHER RESOURCES
Energy Modeling Input Translator (EMIT)

• Rocky Mountain Institute spreadsheet tool
– Lighting, Receptacle, Occupant Density
– Domestic Hot Water Calculator
– Cooling Tower Fan Efficiency Calculator
– Proposed System Fan Power & EER
– Baseline System Fan Power & EER
– Schedule Exporter

www.rmi.org/ModelingTools
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OTHER RESOURCES
HVAC Simulation Guide

• Energy Design Resources
– UFAD and Displacement Ventilation
– Chillers & custom curves
– Advanced control sequences

• Variable flow CHW and CW
• Cooling tower
• CHW and HW reset

www.energydesignresources.com/media/2654/EDR_DesignGuidelines_%20HVAC_Simulation.pdf
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Questions?

Erik Kolderup
erik@kolderupconsulting.com
www.kolderupconsulting.com
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