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EXAM
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PROJECT
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HOW TO EDIT OPENSTUDIO 
TEMPLATES
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OPENSTUDIO TIPS FOR PART 2 AND 3 
SUBMISSIONS 
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Add OpenStudio Results
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Add the OpenStudio Results Measure



External Lights
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External Lights
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• How to find out more information about the inputs

https://energyplus.net/assets/nrel_custom/pdfs/pdfs_v9.6.0/InputOutputReference.pdf

https://energyplus.net/assets/nrel_custom/pdfs/pdfs_v9.6.0/InputOutputReference.pdf


System Availability
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System Availability

10https://unmethours.com/question/10018/availability-schedule-name-always-on-discrete/

https://unmethours.com/question/10018/availability-schedule-name-always-on-discrete/


Economizer or Demand Control Ventilation
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SERVICE HOT WATER
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Service Hot Water
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Service Hot Water
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• Add a water heater tank to a plant loop:



Service Hot Water
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• Add service hot water plant loop:



Service Hot Water
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• Add a fixture:



Service Hot Water
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Service Hot Water
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• Add service hot water definition



Service Hot Water
• DOE Reference Buildings

q Section 5.1.6 Service Water Heater Demand

19
https://www.nrel.gov/docs/fy11osti/46861.pdf

https://www.nrel.gov/docs/fy11osti/46861.pdf


Service Hot Water
• Make reasonable assumptions for the water heater 

temperature:
– Most households require about 120 ºF
– Some manufacturers set water heater thermostats at 140 ºF, which 

also slows mineral buildup and corrosion in your water heater and 
pipes

– Water heated at 140 ºF also poses a safety hazard (scalding)

20https://www.energy.gov/energysaver/heat-and-cool/water-heating
https://www.energy.gov/energysaver/services/do-it-yourself-energy-savings-projects/savings-project-lower-water-heating

https://www.energy.gov/energysaver/heat-and-cool/water-heating


Service Hot Water
• Make reasonable assumptions for the flow rates and 

sizes. For example, for residential units:
– Small size: A 50 to 60-gallon storage tank is usually sufficient for 1 

to 3 people
– Medium size: A 80-gallon storage tank works well for 3 to 4 people
– Large size: A large tank is appropriate for four to six people

21https://www.energy.gov/energysaver/heat-and-cool/water-heating
https://www.energy.gov/energysaver/services/do-it-yourself-energy-savings-projects/savings-project-lower-water-heating

https://www.energy.gov/energysaver/heat-and-cool/water-heating


Service Hot Water

• Service Hot Water
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Service Hot Water

• Service Hot Water
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Service Hot Water
• You can use the OpenStudio measures:

24



Service Hot Water
• You can use the OpenStudio measures:

– First, use “Add SHW Loop”

– Second, use “ZEDG K12 SHW”
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BASEBOARD
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Baseboard
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• Follow the hot water loop from the HVAC templates
• Add a district heating or a boiler to the empty plant loop



Baseboard
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• Add the convector and assign it to a loop



Baseboard

• Make sure all the components are in the loop
• Review the error messages for feedback

29



OPENSTUDIO 
(HVAC SIZING)
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31

HVAC Sizing
• What does autosizing and hard sizing mean?
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HVAC Sizing
• You can find the autosize fields in advance:

https://energyplus.net/assets/nrel_custom/pdfs/pdfs_v9.6.0/InputOutputReference.pdf

https://energyplus.net/assets/nrel_custom/pdfs/pdfs_v9.6.0/InputOutputReference.pdf
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HVAC Sizing

• Approach 1:
q Find from EnergyPlus results



34

HVAC Sizing

• Approach 2:
§ Open the EIO extension file
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HVAC Sizing

• Approach 2:
§ Find the autosize values



HVAC Sizing

• Hard size all components
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HVAC Sizing

• Hard size all components
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HVAC Sizing

• Hard size all components
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HVAC Sizing

• Hard size all components
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HVAC Sizing

• Hard size all components
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BUILDING RETROFIT EEMS
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Building Retrofit EEM

• Window replacement in AM Hall:
§ Remove the old windows 
§ Build a temp wall within the spaces approximately 10-12 inch 

off the window/brick wall

42



Building Retrofit EEM
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Building Retrofit EEM

• Window replacement in AM Hall:
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Building Retrofit EEM

• We looked at the new window installed on campus
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Building Retrofit EEM

• We looked at lighting EEMs

46
http://www.assets.lighting.philips.com/is/content/PhilipsLighting/fp929001124204-pss-global

http://www.assets.lighting.philips.com/is/content/PhilipsLighting/fp929001124204-pss-global


Building Retrofit EEM

• You can find the datasheet
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Building Retrofit EEM

• You need to develop your building retrofit path:

48



CLASS ACTIVITY
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Class Activity
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• Spend 30 to 40 minutes to propose a few EEMs
q Enclosure
q Window
q Lighting
q Plug load
q HVAC

• Complete this table: 
q https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTH

q9MfXONQ8RqfUBOE0EaSE/edit#gid=1145246215

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit


ADVANCED ENERGY RETROFIT 
GUIDE

51



Advanced Energy Retrofit Guide

52https://www.energy.gov/eere/buildings/advanced-energy-retrofit-guides

https://www.energy.gov/eere/buildings/advanced-energy-retrofit-guides


Advanced Energy Retrofit Guide

53
https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


Advanced Energy Retrofit Guide
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https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


Advanced Energy Retrofit Guide
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https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


Advanced Energy Retrofit Guide

56
https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


Advanced Energy Retrofit Guide
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https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


Advanced Energy Retrofit Guide
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https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


Advanced Energy Retrofit Guide

59
https://buildingdata.energy.gov/cbrd/resource/17

• For example, for K-12:

https://buildingdata.energy.gov/cbrd/resource/17


PAYBACK PERIOD EXAMPLES

60



Payback Period Examples

61
Economic analysis of energy retrofit of buildings, 2011

• An example of short payback period in Dayton Ohio:



Payback Period Examples
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• Building: Liberty Tower (Dayton, Ohio)
q 85-year-old 
q 114,000 ft2

• Three energy efficiency measures are: 
q Steam boiler replaced with vertical fire tube boilers
q Replace interior and exterior with LEDs
q Building control upgrade

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

• Building: Liberty Tower (Dayton, Ohio)
qLEDs consume 60% less energy 
qAdd controls to dim or turn off the lights
qLED lights fail in a different way, so control may be an important 

factor in the light selection

63
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

• Building: Liberty Tower (Dayton, Ohio)
qTotal cost: $870,000
qAnnual utility cost savings $99,000
qPayback period:

qThe project has received $70,000 in utility rebates, making the 
economic case more practical 

64
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 =
870,000
99,000

= 8.8 𝑦𝑒𝑎𝑟𝑠

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 =
(870,000 − 70,000)

99,000
= 7.8 𝑦𝑒𝑎𝑟𝑠

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples

• Long payback period for building envelopes:
q It is hard to do a building envelope retrofit since owners only 

60% of the commercial floorspaces
qThey do not have a good payback period
qUsually there are different motivations to conduct a building 

envelope retrofit

65
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/


Payback Period Examples
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EEM Cost / Unit Cost Source

Occupancy Sensors $1.06/ft2 $     44,991 
RSMeans, "5 fixtures per 1000 S.F., including 

occupancy and time switching"

Condensing Boiler
$20,706 + 

$13.82/MBH
$     31,401 RSMeans, commercial gas boilers

Light Power Density 

Reduction 
$4.78/ft2 $   202,886 

RSMeans, "Fluorescent high-bay 4 lamp fixture, 

1W/sf,59FC, 4 fixtures per 1000 S.F."

Condensing Unit 

Replacement

$7,909 + 

$766/ton
$   132,687 

RSMeans, packaged air-cooled refrigerant 

compressor and condensor

Window Film 
$18.93/ft2 

glazing
$   182,311 

RSMeans, "Solar Films on Glass" average of 

min/max value

Wall Insulation
$4.78/ft2 wall 

area
$   927,930 

RSMeans, "4 in. EPS insulation, Commercial 

renovation Exterior Insulation and Finish System", 



Payback Period Examples
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Energy Efficiency Measures Simple Payback 

Condensing Boiler 9.4

Occupancy Sensors 10.4

Light Power Density Reduction 32.4

Condensing Unit Replacement 41.2

Window Film 70.7

Wall Insulation 247.0

Dahlhausen, M. PSU 2014



CLASS ACTIVITY
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Class Activity
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• Spend 30 to 40 minutes to propose different retrofit paths:
q Staging 
q EBCx
q Lowest cost
q Lowest energy 
q IAQ 
q Decarbonization

• Complete this table: 
q https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTH

q9MfXONQ8RqfUBOE0EaSE/edit#gid=199962998

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit


OPENSTUDIO MEASURES
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OpenStudio Measures

71http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/

http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/


OpenStudio Measures

72
https://www.youtube.com/user/NRELOpenStudio/videos

How many of you have watched any videos related to OpenStudio?

https://www.youtube.com/user/NRELOpenStudio/videos


OpenStudio Measures
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http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/

• Useful links:
q https://www.youtube.com/watch?v=3rmElK_OB28

q https://www.youtube.com/watch?v=4g5nJzDoh58

q https://www.youtube.com/watch?v=9WgUhiJ785I

q https://www.youtube.com/watch?v=0llNfGNe5x0

http://nrel.github.io/OpenStudio-user-documentation/reference/parametric_studies/
https://www.youtube.com/watch?v=3rmElK_OB28
https://www.youtube.com/watch?v=4g5nJzDoh58
https://www.youtube.com/watch?v=9WgUhiJ785I
https://www.youtube.com/watch?v=0llNfGNe5x0


OpenStudio Measures
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• You can also use the OpenStudio App


