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Announcements

5https://www.chicagoinnovate.tech/courses/pollination-apps

StudentPollination

https://www.chicagoinnovate.tech/courses/pollination-apps


COMMERCIAL BUILDING ENERGY 
AUDITS
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Reference: Procedures for commercial building energy audits, 2nd Edition, ASHRAE
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Commercial Building Audits
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Commercial Building Audits
• Suggested retrofit phases

Ma, Cooper, Daly, & Ledo, 2012



Commercial Building Audits
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• A commercial building energy analysis has three levels of:
q Level 1: Walkthrough analysis
q Level 2: Energy survey analysis
q 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”



Commercial Building Audits
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Procedures for commercial building energy audits, 2nd Edition, ASHRAE



Commercial Building Audits
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• Requirements of Preliminary Energy Analysis (PEA) are to:
q Analyze historic utility use, peak demand and cost
q Develop Energy Cost Index (ECI) of the building in terms of

$/ft2-year
q Develop EUI in kBtu/ft2

q Compare the EUI to the similar buildings
q Analyze monthly data or interval data



Commercial Building Audits
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• Level 1 (walkthrough) requirements are:
q Assess energy and cost using data compiled in PEA
q Conduct brief survey of the building
q Identify low-cost/no-cost energy efficiency measures
q Provide a list of capital improvements
q Prioritize items for improvements in Level 2 and 3
q Remember energy and cost saving calculations in this level

are approximate



Commercial Building Audits
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• Level 2 audit (energy, survey, analysis) includes:
q Involve a more detailed building survey and breakdown of the

end-uses
q Identify more savings for all practical EEMs to meet the

building owner and operator’s constraints
q Provide additional capital improvements that may require

additional data collection



Commercial Building Audits
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• Level 3 audits (detailed analysis of capital-intensive) 
include: 
q Focus on potential capital-intensive projects identified during

Level 2 analysis
q Require more field data gathering as well as more rigorous

engineering and economic analyses
q Often include modeling “simulation”
q Go beyond Level 2 economic analysis and use Life-Cycle

Cost Analysis (LCCA) for decision-making



Commercial Building Audits
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• Targeted audits have different intensions. For example, it 
could consider:
q Single energy-using system
q Central plant
q Area of the building (e.g., boiler control, lighting retrofit, chiller

replacement)



Commercial Building Audits
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Procedures for commercial building energy audits, 2nd Edition, ASHRAE

• Energy audit required tasks comparisons:



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

• Energy audit required tasks:

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


Commercial Building Audits
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Reference: Procedures for commercial building energy audits, 2nd Edition, ASHRAE

• Reporting format:



Commercial Building Audits
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• ASHRAE Audit forms have 
different categories:



Commercial Building Audits
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• ASHRAE Audit forms have 
different categories:
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Commercial Building Audits
• 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/


CLASS ACTIVITY

22



23

Class Activity
• Let’s look at your project building 

• Develop PEA and summarize the results in the file

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBC
kLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit#gid=1702693285

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


RETURN OF INVESTMENT
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Return of Investment

• The simple payback period:
q Considered as an easy metrics to save if a given energy 

efficiency retrofit project or technology is viable
q It is simple and often allow selecting low-hanging fruits
q A payback of 3 years or less is favorable 

25
https://www.forbes.com/sites/pikeresearch/2016/04/13/energy-efficient-building/#6fd887e748f8 

𝑆𝑖𝑚𝑝𝑙𝑒 𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 =
(𝐶𝑜𝑠𝑡 𝑜𝑓 𝐼𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 − 𝑅𝑒𝑏𝑎𝑡𝑒)

𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

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


Return of Investment

• Couple easy and important suggestions for using simple 
payback period
q Making the case for funding
q Rebates and incentives
q Payback criteria
q Using low- and no-cost measures
q Evaluating performance contracting
q The importance of measurement and verification 

26
Economics of Energy Upgrades 



Simple Payback Period

• Setbacks with the simple payback methods:
q Does not assess risk
q Does not measure profit
q Does not reflect the effects of interest
q Does not consider government payback incentives
q Does not consider inflation or fluctuation in energy prices
q Does not account for budget verses actual performance

27



Return of Investment
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Year Cost of Implementation 
(or Initial Investment) in $

Energy Savings 
($)

Cumulative Cash 
Flow ($)

0 -150,000 - -150,000
1 - 15,000
2
3
4
5
6
7
8
9

10

• Anyone recall concepts in CAE 312 for net present value? 



Beyond Simple Payback Period

• What are the other options beyond simple payback period?
q Net Present Value (NPV)
q Internal Rate Return (IRR)
q Lifecycle Cost Assessment (LCC) 

29



CLASS ACTIVITY
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Class Activity
• Form a group of two and three

• Download this building energy audit:
§ http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRef

Id=%7B58254843-9043-4E02-8FBF-9704E4BEA7EC%7D

• Summarize the similarities and differences

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJ
THq9MfXONQ8RqfUBOE0EaSE/edit#gid=262118965

http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7B58254843-9043-4E02-8FBF-9704E4BEA7EC%7D
https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBCkLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit


BUILDING COMMISSIONING
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Reference: ASHRAE Guideline 0 - 2019
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Building Commissioning
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Building Commissioning

• Building commissioning is the professional practice to 
ensure buildings operation is according the owner’s project 
requirements

https://www.wbdg.org/building-commissioning

https://www.wbdg.org/building-commissioning
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Building Commissioning

• The goals are:
qDeliver buildings that meet the owner's project requirements
qPrevent/eliminate problems inexpensively through proactive 

approaches
qVerify systems are installed and working correctly 
qBenchmark that correct operation of the systems
qLower overall first costs and life-cycle costs for the owner
qProvide documentation and records on the design, 

construction, and testing to facilitate operation and 
maintenance of the facility

q Implement trend logs, automated and semi-automated 
commissioning

qMaintain facility performance for the building's entire life cycle

https://www.wbdg.org/building-commissioning

https://www.wbdg.org/building-commissioning
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Building Commissioning
• The Cx flowchart:
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Building Commissioning
• The Cx flowchart:
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Building Commissioning
• The Cx flowchart:
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Building Commissioning
• The Cx flowchart:
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Building Commissioning
• Documentation matrix



RETROFIT PATH DEVELOPMENT
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Retrofit Path Development

• 50% of commercial buildings built before 1980 in the U.S.
q Comply with the old building codes
q Tend to have limited options for operational changes 

• Retrofitting older buildings is one of the practical paths to 
reduce energy consumptions

42



Retrofit Path Development
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https://buildingdata.energy.gov/cbrd/resource/17

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


Retrofit Path Development
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Retrofit Path Development
• Use benchmark plans to set the goals:

q Best in class
q Performance goal
q Baseline 
q Above average
q Commissioned performance level
q National ratings

https://www.energystar.gov/sites/default/files/buildings/tools/EPA_BUM_Full.pdf

https://www.energystar.gov/sites/default/files/buildings/tools/EPA_BUM_Full.pdf
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Retrofit Path Development

AERG 2013

What would be the cost of auditing AM Hall building?
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Retrofit Path Development

AERG 2013
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Retrofit Path Development
• Why do we consider this path?

ADEG, PNNL 2011
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Retrofit Path Development

• Common retrofit path options:
qLow-cost and not Existing Building Commissioning (EBCx)

§ Cost effective
§ Options such as targeted tune-ups, comprehensive EBCx, monitoring-

base/ongoing commissioning (MBCx)

qWhole-building comprehensive retrofits 
§ Usually implement in a short span of time
§ Expensive

qStaged retrofit
§ Benefit from incremental savings
§ Similar savings are achieved

qTargeted retrofit
§ Focused on one or a few objectives
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Retrofit Path Development

https://www.energystar.gov/sites/default/files/buildings/tools/EPA_BUM_Full.pdf

• A summary of common problems in buildings

https://www.energystar.gov/sites/default/files/buildings/tools/EPA_BUM_Full.pdf


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)

https://docs.google.com/spreadsheets/d/14sF09IPNmiycBBC
kLjfJTHq9MfXONQ8RqfUBOE0EaSE/edit#gid=2074384077

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

