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Rhino/LBT OpenStudio Training
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• Download and install Rhino 
here: https://www.rhino3d.com/download/ (Trial version 
lasts for 90 days)

• Download Ladybug tools v1.5. 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

https://www.rhino3d.com/download/
https://www.food4rhino.com/en/app/ladybug-tools
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• Data outlier omission
§ Both very low and very high EUI numbers are questionable
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• If you see a number that does not make sense, try to find
out if it is an outlier or not:
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• If you see a number that does not make sense, try to find
out if it is an outlier or not:
§ Question your numbers
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• Data outlier omission
§ Having more bins would be helpful
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• Data outlier omission
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• Data outlier omission
§ Both very low and very high EUI numbers are questionable
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• Data outlier omission
§ You may want to factor the older buildings out
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• Good practice to show the median or mean
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• Try to avoid adding too many figures and merge the figures
(especially when the aim is to compare two datasets)
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• Try to avoid adding too many figures and merge the figures
(especially when the aim is to compare two datasets)
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• Try to report the number of buildings or samples when you
omit any data
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• Try to avoid using pie charts!
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• Try to avoid using pie charts!
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• A lot of times, in addition to your code, it is helpful to share
the data source file:
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• A good practice is to comment your code:
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• Pay attention to the decimals



Assignment 3 Feedback

34

• Figure captions
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• If you are using Excel, make sure to pay attention to
referencing to other files
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ASSIGNMENT
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COMMERCIAL BUILDING ENERGY 
AUDITS
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Reference: Procedures for commercial building energy audits, 2nd Edition, ASHRAE
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Reference
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Retrofit Phases
• Suggested retrofit phases

Ma, Cooper, Daly, & Ledo, 2012



Level of Audits
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• A commercial building energy analysis has three levels of:
§ Level 1: Walkthrough analysis
§ Level 2: Energy survey analysis
§ Level 3: Detailed analysis of capital-intensive modifications

• There is a prerequisite for any audit named “Preliminary
Energy-Use Analysis (PEA)”

• There are another category named “Targeted audits”



Relationships between Audits
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Procedures for commercial building energy audits, 2nd Edition, ASHRAE



PEA
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• Requirements of PEA are to:
§ Analyze historic utility use, peak demand and cost

§ Develop Energy Cost Index (ECI) of the building in terms
of $/ft2-year

§ Develop EUI in kBtu/ft2

§ Compare the EUI to the similar buildings

§ Analyze monthly data or interval data



Level 1 (Walkthrough/Survey)
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• Level 1 requirements are:

§ Assess energy and cost using data compiled in PEA

§ Conduct brief survey of the building

§ Identify low-cost/no-cost energy efficiency measures

§ Provide a list of capital improvements

§ Prioritize items for improvements in Level 2 and 3

§ Remember energy and cost saving calculations in this level
are approximate



Level 2 (Energy, Survey, Analysis)
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• Level 2 audit includes:

§ Involve a more detailed building survey and breakdown of the
end-uses

§ Identify more savings for all practical EEMs to meet the
building owner and operator’s constraints

§ Provide additional capital improvements that may require
additional data collection



Level 3 (Detailed Analysis of Capital-Intensive)
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• Level 3 audits include: 

§ Focus on potential capital-intensive projects identified during
Level 2 analysis

§ Require more field data gathering as well as more rigorous
engineering and economic analyses

§ Often include modeling “simulation”

§ Go beyond Level 2 economic analysis and use Life-Cycle
Cost Analysis (LCCA) for decision-making



Targeted Audits
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• Targeted audits have different intensions. For example, it 
could consider:

§ Single energy-using system

§ Central plant

§ Area of the building (e.g., boiler control, lighting retrofit, chiller
replacement)



Energy Audit Related Tasks
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Procedures for commercial building energy audits, 2nd Edition, ASHRAE



Energy Audit Related Tasks
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https://thergroupllc.com/services/energy-consulting/energy-auditing-service/

https://thergroupllc.com/services/energy-consulting/energy-auditing-service/


Report Format
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Reference: Procedures for commercial building energy audits, 2nd Edition, ASHRAE
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Retrofit Suggestions
• Can we assume all auditors suggest the same retrofit 

packages?

http://cbei.psu.edu/variation-in-energy-audits/

http://cbei.psu.edu/variation-in-energy-audits/
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Retrofit Path

• Why do we consider this path?

ADEG, PNNL 2011



ASHRAE Audit Forms
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• It has different categories:



ASHRAE Audit Forms
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• It has different categories:



CLASS ACTIVITY
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Class Activity
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Description Your Building
Basic site information
Owner/operator 
Expectation constraints
Capital improvement ($, budget)
Operational/energy cost ($)
Building envelope (wall, window, roof)
Exterior light (type/wattage)
Interior light (type/wattage)
Domestic hot water (fuel, flow rate, capacity)
HVAC types (Boiler, chiller, …)
Energy end-use breakdowns (%)
Suggested EEM (list ten EEMs)


