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Outline
A. Introduction to concept of commercial 
building energy auditing

1. Why energy efficiency (EE) is important
2. Energy use and waste in commercial building 
operations
3. Prioritizing energy efficiency over renewable energy 
generation

B. Ordinances, policies and standards 
governing commercial building audits

1. San Francisco Existing Commercial Buildings 
Performance Ordinance
2. State of California energy goals
3. ASHRAE standards, including Building Energy 
Assessment Professional (BEAP)
4. Other audit standards

C. Three ASHRAE audit levels
1. Preliminary energy use analysis
2. Level 1, Walk-through analysis
3. Level 2, Intermediate, energy survey and energy 

analysis
4. Level 3, Detailed analysis of capital-intensive 

modifications
D. Developing the scope of work in a 
commercial building audit

1. Objectives of the audit, including needed data and 

resources
2. Assessment management
3. Responsibilities of audit team members

E. Elements in preliminary analysis of building 
performance data

1. Engineering and architectural document review
2. Geographical and climatic review
3. Review and analysis of current energy use and costs
4. Benchmarking procedures

F. Factors in on-site building assessment
1. Common safety hazards and field safety techniques
2. Occupant interviews and assessment of building 
operations
3. Building envelope
4. Electrical systems
5. HVAC&R systems
6. Lighting systems and use
7. Miscellaneous other energy use systems
8. Domestic water systems and use
9. Indoor environmental quality

G. Analysis of data collected
1. Identify opportunities for efficiency improvement
2. Calculate value of efficiency improvements and 
return on investment
3. Prioritize options based on client criteria

H. Audit completion activities
1. Prepare and present written report
2. Assist with development of implementation plan
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Identify opportunities for efficiency improvement

1. Identify opportunities for efficiency improvement

• HVAC

   - The most “bang for the buck” comes from controls

   - Lead with simple measures like time clocks and 
programmable t-stats

   - Economizers fail frequently and make a big difference in CA 
climates

  - A lot can be accomplished through good management

  - Evaporative cooling avoids compressor energy use and can 
result in big savings

   - Replacing unitary equipment can yield big savings but at 
high cost
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Identify opportunities for efficiency improvement

1. Identify opportunities for efficiency improvement

• Lighting

   - Change out inefficient lighting

      Replace incandescent lamps

      replace halogens used as ambient sources

      Replace T-12 fluorescents

      Replace magnetically ballasted fluorescents

      Replace mercury vapor lamps

      Use LED for exit signs and signage
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Identify opportunities for efficiency improvement

1. Identify opportunities for efficiency improvement

• Lighting

   - De-lamp in over-illuminated spaces or service areas

   - Add lighting controls

      Sweeps

      Timers

      Occupancy sensors

      Daylighting/photosensor controls
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Identify opportunities for efficiency improvement

1. Identify opportunities for efficiency improvement

• Motors

   - Focus on motors with long run times

   - Data collected by loggers can help identify opportunities

   - Match motor size to the actual load

   - Consider VFD’s for applications with variable loads
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Identify opportunities for efficiency improvement

1. Identify opportunities for efficiency improvement

• Motors

   - Focus on motors with long run times

   - Data collected by loggers can help identify opportunities

   - Match motor size to the actual load

   - Consider Adjustable Speed Drives (ASD) for applications 
with variable loads

   - PG&E incents ASD for HVAC fans& air handlers
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Identify opportunities for efficiency improvement

1. Identify opportunities for efficiency improvement

• Miscellaneous

   - Choose Energy Star equipment and look up available 
incentives

   - Set up office equipment automatically if not being used

   - Use plug-load controllers

   - Timer controls



G. Analysis of data collected
1. Identify opportunities for efficiency 
improvement
2. Calculate value of efficiency improvements 
and return on investment
3. Prioritize options based on client criteria
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Energy saving equation

Power = The Rate of Consumption kilowatts kW

Time   = The Duration of Consumption

Energy =  Power  X Time

             = Total Consumption in Kilowatt hours kWh

Control  strategy:  regulate the rate of consumption (power), 

or the duration of consumption (time), or both.

2. Calculate value of efficiency improvements and return on investment
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Energy saving calculation

Energy =  Power  X Time  = Total kWh

1. If reducing power only (e.g. de-lamping, re-lamping): 

        ∆ Energy = ∆ Power X Time = (Power1– Power2 )X Time2 

2. If reducing time only (e.g. timer control):

        ∆ Energy = Power X ∆Time = Power X (Time1 – Time2)

3. If both power and time reduced (e.g. install VFD)

       ∆ Energy = Power1 X Time1 – Power2 X Time2 

2. Calculate value of efficiency improvements and return on investment
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An example: Motor Power Equations

Using information from the nameplate, motor usage can 

be estimated as: 

1. kWh = (hp)(0.746kW/hp)(%Loaded)(hours)/Efficiency

2. kWh = (FLA)(Volts)(PF)(%Loaded)(hours)(Phase^1/2)

 

hp: horsepower       

FLA: full load amps

PF: power factor        

2. Calculate value of efficiency improvements and return on investment
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Motor Power Equations

Calculate percent load (%Loaded)

1. Measure RPM

2. Find nameplate RPM

3. Identify synchronous speed from table

4. Apply equation

2. Calculate value of efficiency improvements and return on investment
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Motor Power Equations

Induction motor synchronous speeds

2. Calculate value of efficiency improvements and return on investment

Motors designed for 50 Hz are common outside US
Motors designed for 60 Hz are common in US
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Motor Power Equations

Slip Load Calculation

2. Calculate value of efficiency improvements and return on investment
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Motor Power Equations

Slip Load Calculation example:
Given: Synchronous speed in rpm = 1800
            Nameplate full load speed = 1750
            Measured speed in rpm = 1770
            Nameplate rated horsepower = 25 hp

Determine actual output horsepower

By slip load calculation equation: 

Actual output horsepower would be 60% X 25 hp = 15 hp

2. Calculate value of efficiency improvements and return on investment
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Motor Power Equations

Reading link: 
http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/10097517.pdf

2. Calculate value of efficiency improvements and return on investment
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Excel practice

1. ∆ Energy = ∆ Power X Time = (Power1– Power2 )X Time2 

2. ∆ Energy = Power X ∆Time = Power X (Time1 – Time2)

3. ∆ Energy = Power1 X Time1 – Power2 X Time2 

2. Calculate value of efficiency improvements and return on investment

Blended energy rate 
($/kWh)

annual $/kWh
0.15162

3
Annual Annual Annual Annual Annual Annual

Pre kW
Post 
kW

kW 
reduced

Pre 
hours

post 
hours  

hours 
(savings) energy savings energy saving % dollar ($) savings

Sample - notes =B6-C6 =E6-F6
=(B6*E6)-
(C6*F6)

=H6/(B6*E6)*1
00% =H6*$B$2 

Lighting I - de-lamping 1.46 0.96 0.50 1246 1246 0 618.51 34.00% $        93.78 

Lighting II - occupancy 1.46 1.46 0 1246 747.6 498.40 727.66 40.00% $       110.33 

Lighting III - combine I & II 1.46 0.96 0.50 1246 747.6 1,101.46 60.55% $       167.01 

Motor 5HP 4.37 4.29 0.08 3431 3431 0 274.48 1.83% $        41.62 

Motor 7.5 HP 4.37 4.22 0.15 3431 3431 0 514.65 3.43% $        78.03 
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Simple payback

Estimated cost: 
     - when the aging equipment need to be replaced, or for 

scheduled renovation, the cost will be the difference 
between the high-efficient product/service and code-
required one, not the full cost of the high efficient one.

Annual saving = (average utility rate) X (∆ Energy) 

Simple payback period = estimated cost / annual savings

2. Calculate value of efficiency improvements and return on investment
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Capital Project metrics

2. Calculate value of efficiency improvements and return on investment

• Present worth (PW)  [Present Value]
• Future worth (FW)  [Future Value]
• Annual worth (AW)
• Internal rate of return (IRR)
• External rate of return (ERR)
• Minimum attractive rate of return (MARR)
• Payback period

Note: payback is generally not appropriate as a primary 
decision rule!
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Internal Rate of Return Method (IRR)

2. Calculate value of efficiency improvements and return on investment

• One of the more popular measure of investment 
performance
• Comparison of IRR among alternatives can result in incorrect 
decisions
• Compare IRR only to MARR
• The base alternative must be attractive (rate of return 
greater than the MARR)
• The additional investment in other alternatives must itself 
make a satisfactory return on the increment
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Financial analysis template

2. Calculate value of efficiency improvements and return on investment

Measure
Description 
of Measure

Annual 
Savings 

(kW)

Annual 
Savings 
(kWh)

Estimated 
Implementatio

n Cost

Simple 
Payback 
(years)

Internal 
Rate of 

Return (%)
Measure 1
Measure 2
Measure 3
Measure 4
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Audit report example

2. Calculate value of efficiency improvements and return on investment

• j
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Sample report – con’d

2. Calculate value of efficiency improvements and return on investment
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Sample report – con’d

2. Calculate value of efficiency improvements and return on investment
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Sample report – con’d

2. Calculate value of efficiency improvements and return on investment
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Sample report – con’d

2. Calculate value of efficiency improvements and return on investment



G. Analysis of data collected
1. Identify opportunities for efficiency 
improvement
2. Calculate value of efficiency improvements 
and return on investment
3. Prioritize options based on client criteria
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• Based on customers demand/concern/situation

   - If the owners/users are going to remodel the facility, it will 
be a good time for EEMs implementation. (HVAC, lighting, etc)

   - If the owners want to get LEED certificate, it will be feasible 
to implement the most EEMs and install renewable energy.

   - If one or more major equipments close to the end of life, it 
will be a good to upgrade to high-efficiency one. (furnace, 
boilers, motors, etc)

   - If a lot of concerns or complains, it will be a good time to 
change and implement EEMs accordingly. (lightings, HVAC, etc)

Prioritize options based on client criteria

3. Prioritize options based on client criteria
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• Based on timing/financial factors

   - Avoid peak season 

   - The owners/users may have financial freeze period, or 
spending season

   - May limit by capital cap, cost less than certain amount may 
be easier

   - financial analysis: IRR method or simple payback

   - if can’t implement all, start with “low hanging fruits”

Prioritize options based on client criteria

3. Prioritize options based on client criteria
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Prepare and present written report 

1. Prepare and present written report

http://inside.redwoods.edu/StrategicPlanning/AccreditationSS/d
ocuments/EnergyAudit.KEMA.pdf

An example: 
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Prepare and present written report 

An example: 

1. Prepare and present written report
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Prepare and present written report 

Prepare to present the report/proposal to the clients: 

    - Prepare both short and long version of presentation

    - Prepare PPT file and also print out and bring hardcopy, in case may 

not have chance to use a computer/projector

    - Depending on audience, the focus may vary

    - There may be more than one presentation and discussion. After getting 

feedback from the client, one may modify and adjust proposed EEMs.

 

1. Prepare and present written report
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Assist with development of implementation plan

Assist clients if necessary: 

    - Find contractors/professionals

    - Make sure the implementation plan meets the code/standard and the 

designed saving goal

    - Claim rebate/incentives properly

    - Commissioning and Retro-commissioning

    - Revisit clients regularly to follow up

 

2. Assist with development of implementation plan



Useful resource: 

38
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