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1. Good practices for estimating savings

2. Compressed air fundamentals

3. Estimating compressed air project savings

Pathway to estimating project savings
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Good practices for estimating savings

1. Consider how accurate your estimate need to be

2. Assess your data availability

3. Get a good baseline

4. Understand the mechanism of savings

5. Understand the calculation method, tools, rules of thumb, and their 

respective limitations
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Appropriate accuracy

• What decision are you trying 

to make?

• What are the risks associated 

with the decision?
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Decision / Risk Examples

• Capital spend / Underperformance

• Proceed with further study / Non-viable

• Trial a setpoint change / Reverse decision
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You need to start with an accurate baseline

Example: “25% energy savings” on a 100 hp compressor
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With baseline measurements 

25% x 100hp x 0.746 x 0.85(load factor) x 

0.80(duty cycle) x 8760 = 111 MWh/year

No baseline measurements

25% x 100hp x 0.746 kW/hp x 8760hrs

= 163 MWh/year of savings



Compressed air – mechanisms of savings
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Reduce flow

Reduce pressure

Increase efficiency

Heat recovery



Introducing: Ron Marshall

• Consultant MCAC

• 38 years with Power Utility

• 29 years Technical CA Support

• CAC Level 2 Instructor

• International Trainer UNIDO

• 600+ projects completed
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Understanding your compressed air system - supply
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Compressors

Wet receiver

Dryer

Dry receiver

Filter

Flow meter

Pressure gauge



Understanding your compressed air system - demand
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Shut-off valves

Distribution loop

Booster compressor

End uses

Auxiliary receiver

Condensate drains

Pressure regulators

Significant end-use



Types of compressors

Rotary screw compressor

Reciprocating compressor

Axial compressor

Rotary vane compressor
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Centrifugal compressor



How are your compressors controlled?
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Establishing compressed air baselines
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Estimating power and energy consumption

If you’ve got nothing but the motor 

nameplate…

Pm = hpnameplate × 0.746 [kW/hp] × LF

Where:

Hpnameplate is the nameplate horsepower

Pm is motor power

LF (Load Factor) is between 0% - 100%
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Pe =
Pm

ηmotor

Where:

Pe is electrical power

Pm is motor power

ƞmotor is motor efficiency
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Pe =
V × I × PF × 3

1000

Where:
Pe = Three-phase electric power [kW]
V = RMS voltage, mean line-to-line of 3 
phases [V]
I = RMS current, mean of 3 phases [A]
PF = Power factor as a decimal 

Estimating power from amps

Power Factor: for typical power factor v. motor load by motor sizing, see Figure 4.5 (page 63) of the 
US Department of Energy’s (DOE) Premium Efficiency Motor Selection And Application Guide 

https://www.energy.gov/sites/prod/files/2014/04/f15/amo_motors_handbook_web.pdf


Calculating baseline power – power factor issues
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Calculating baselines – using CAGI data sheets

• CAGI – Compressed Air and Gas 

Institute

• Useful for estimating flow from 

power, or vice versa

• Widely available for newer 

compressors

• Must be corrected for pressure

• Particularly useful for variable 

speed drives (VSDs)
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Operating hours considerations

• Seasonal duty

• Statutory holidays

• Plant shutdowns

• Non-production modes – 

common for one or more 

compressors to run, but often 

mostly to feed leaks.
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Determining the baseline

Good practices

• Minimum one week 
measurement duration

• Visual representation is 
important
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Determining the baseline
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Determining the baseline
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Determining the baseline

Use annual operating hours and day types to calculate baseline
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Determining the baseline - data presentation
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Determining the baseline – alternative methods

Calculating flow from compressor status
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Estimating flow from compressor status

• Take hour readings from 

compressor logs at start and 

end of measurement period

• Some compressor 

controllers track average 

flow, amps, and/or kW 

(typically VSDs)
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Unloaded (21%)



Estimating flow from compressor status

• Rated flow 100 cfm

• To find avg flow in period

40% x 100 = 40 cfm

• To find avg flow while system 

active

 System active 61% 

 40/61 = 66%

 66% x 100 = 66 cfm
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Compressor Amps Sorted

Loaded (40%)

Off (39%)

Unloaded (21%)



Estimating flow from compressor status

• Load duration plots

• Calculate flow in each 

segment

• Use rated flows from 

CAGI

• Use characteristic curves
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Estimating power from compressor status

• Load duration plots

• Calculate flow and power in each segment

• Use rated flows from CAGI and measured or calculated power

• Use characteristic curves or test

• Modulation

• Capacity control

• Load Unload

• VSD
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Estimating your leak flow baseline

Leak testing methods:

• Flow meter

• Compressor cycles

• Pressure drawdown
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V = cf (7.48 gal/cf)

T = minutes

Pa = ambient psi

If volume is 220 gal, 
leakage = 20 cfm



Leak flow example calculation

Determine leak flow rate by a cycle timing test

Conditions: 500 cfm system running in load/unload mode

Measure load and unload cycle times when there is no production

Measured times: Load = 1 Minutes, Unload = 7 Minutes

Calculate the duty cycle: 1/(1+7) = 0.125

Leak Rate = 500 * 0.125 = 62.5 cfm
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Compressed Air Project Savings
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Compressed air project savings

Optimization occurs when:

• Efficiency of compressed air production is improved

• Less compressed air is produced

• Heat of compression is used
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The compressed air system - where do you start?
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Consider the demand side and supply side

Reduce Air Demand
• Consumption by end uses
• Leakage, artificial demand, and inappropriate uses

Reduce Pressure
• Eliminate avoidable pressure losses
• Connections, fittings, filters, etc.

Improve Efficiency of Supply
• Produce compressed air more efficiently
• Improve control strategy
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Estimating savings – leak repair

Mechanism of Savings: Reduce air flow demand > control signal > reduces air 

production > compressor control mechanism > reduces input power

Calculation Methods

Methods for estimating air flow reduction: 

Db measurement (inaccurate),

Flow measurement during non-production,  

Pressure drawdown, or cycle timing test for load/unload system

Determine specific power (kw/100 cfm)

Pitfalls: Poorly controlled systems don’t react precisely to flow reductions
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Leak repair example 

Modulating compressor system at an average of 2,000 cfm and 450kW

Estimated leak rate: 250 cfm, per cycle timing test

Assume you fix 80% of leaks → 200 cfm

Typical compressor loading between 85-100%

Per characteristic curve, 

• 10% flow reduction = 3.33% power reduction

• 0.0333 * 450 kW = 15 kW

• System specific efficiency = 22.5 kW/100cfm

• Effective impact of leak repair = 7.5 kW/100 cfm
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Estimating savings – discharge pressure reduction

Mechanism of Savings: Reduce compressor discharge pressure > reduces 

the work to produce the same volume of air > reduces input power

Calculation Method: Approximately 1% input power 

reduction for every 2-psi pressure reduction, for systems 

operating between ~80 – 120 psi

Pitfalls: 

Ensure plant can run at lower pressure.

Reduces loaded kW only.

Windfalls: Reducing plant pressure results in air flow           

reductions with unregulated air users (~1% of kW per psi).
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Power change

Flow 

change



Pressure reduction example

100 psi load/unload system

• 15 psi pressure reduction

• Unloaded kW unchanged

• 1% reduction for every 2 psi when loaded

• 19 kW x .075 = 1.43 kW

• Avg reduced 1.43 kW x 0.4 = 0.57 kW

• Flow reduction ignored in this case

• Unregulated demand reduces with 
pressure reduction
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Estimating savings – more efficient compressor

Mechanism of Savings: Efficiency of air production is improved

Calculation Method:

• Starting with the baseline flow, determine the % capacity (cfm) for the new compressor, at the 
average operating flow (simple) or for the full flow range (detailed)

• Use CAGI sheet, generic or model-specific Capacity vs. Power charts to plot the % capacity and 
interpolate the % power.

• Multiply the % power by the (pressure adjusted) full-load input power

• Subtract the new power estimate from baseline power to get kW savings

Pitfalls: 

• Adjust for discharge pressure 

• Factor for the slope/intercept of the characteristic curve – not the full-load kW/100 cfm

• Some control methods (Load/unload) not linear
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More efficient compressor example

Baseline: 100 HP modulating compressor 

• Average flow = 200 cfm; Peak flow = 400 cfm

• Average power = 80 kW; or 40 kW/100 cfm

• Discharge pressure = 110 psi 

New 100 HP load/unload compressor with 2,000 gals

• Rated pressure = 125 psi, Discharge pressure = 110 psi

• Full load power = 90.3 kW @ 125 psi, adjust for lower pressure

• (125-110)/125 = 12% pressure reduction → 6% power reduction

• New full load power = 90.3 * 0.94 = 84.9 kW

• % Loaded = 200/444 = 45% → % Power ~ 61%

• New power ~ 52 kW

• Average savings = 80 – 52 = 28 kW

• 28 kW x 8760 hours = 245,280 kWh/year

41



Adjust for 

pressure

More efficient compressor example (VSD)
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Baseline: 100 HP modulating compressor 

• Average flow = 200 cfm; Peak flow = 400 cfm

• Average power = 80 kW; or 40 kW/100 cfm

• Discharge pressure = 110 psi

New 100 HP VSD compressor

• Average power ~ 41 kW @ 22 kW/100 acfm

• Average savings = 80 – 41 = 39 kW

• 39 kW x 8760 hours = 341,640 kWh



Estimating savings – more efficient controls

Mechanism of Savings: 

Improved efficiency of air production

Calculation Method:

• Determine load/unload run time & energy

• Otherwise, determine the optimal compressor 
configuration (kW/100 cfm) for each baseline 
operating modes, and calculate the difference

Pitfalls

• Theoretical savings may not match actual savings

• Savings depends on compressor type and size

• Difficult to achieve full savings if demand is highly 
variable
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Improved controls worked example

The detected unloaded run time is the control waste. 

Theoretical savings for perfect system control:

• 8 hours at 20 kW = 160 kWh

• 1 hour at 50 kW = 50 kWh

• 1 hour at 20 kW = 20 kWh

• 2 hour at 130 kW = 260 kWh

• Yearly total: 490 kWh x 365= 178,850 kWh
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Example project: cabinet making facility
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Example project: cabinet making facility (continued)
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Example project: cabinet making facility (continued)
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Example project: cabinet making facility (continued)
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Example project: cabinet making facility (continued)
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Example project: cabinet making facility (continued)
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Base Case:

Compressor

4200 hours x 38.2 = 160,230 kWh

Dryer

4200 hours x 1.9 = 7,980 kWh

Total = 168,210 kWh

Peak = 40 kW

Specific Power = 123 kW/100 cfm



Example project: cabinet making facility (continued)

Upgrades

Compressor

• 4200 hours x 8.33 kW = 34,986 kW

• Includes discharge pressure reduction

Dryer

• 4200 hours x .2 = 840 kWh

Total = 35,826 kWh

Peak = 9 kW

Specific Power = 28 kW/100 cfm
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Estimating savings wrap-up

Methods

• Consider the appropriate accuracy

• Assess your data availability

• Start with a good baseline

• Consider your operating hours

• Identify the savings mechanism

• Understand the limitations of your 

calculation

Tips and tools

• How to use CAGI Sheets

➢ Adjusting for discharge pressure

• Getting the applicable kW/100 cfm

• Estimating flow from comp. status

• Leak rate estimation methods

• Different solutions and calculations for 
different compressor controls
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Questions and answers with Ron Marshall
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Post in Q&A window or raise hand and unmute



Additional Resources
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RETScreen - Compressed Air Calculator
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Available through Energy Manager Learning Platform
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Free expert support available through Save on Energy!

Post your questions on the Energy Manager 

Learning Platform discussion forum to get 

advice, coaching, and support on:

❑ Establishing or improving energy 

management best practices

❑ Identifying and implementing industrial 

energy efficiency projects
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For more information:
trainingandsupport@ieso.ca

Register for the Energy 
Manager Learning Platform 

(emss.goldfin.ca)

emss.goldfin.ca
emss.goldfin.ca


Training incentives from Save on Energy

50% (up to $750) incentive 
for Fundamentals and 
Advanced Management of 
Compressed Air Systems
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One last question…

60

What’s one tip from 
today you’ll use when 
estimating savings?

Answer in chat or raise hand and unmute
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