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Instructor, AIRMaster+ Specialist 
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Motor Systems Efficiency Program 
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• Member of ASME, AFE and IFPS
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Artificial Demand

• Increased demand due to 
excessive system pressure (also 
known as artificial demand)

• Additional compressed air usage 
due to pressure levels higher than 
what is necessary to keep 
equipment operating properly. 

• This is sometimes referred to as 
“artificial demand”.

http://www.airbestpractices.com/


DETERMINE AIRFLOW LOSS TO ARTIFICIAL DEMAND

Orifice flow calculation method – Compressed Air Challenge Advanced Management (L2)

System Test Method – Testing during a system assessment

http://www.airbestpractices.com/


Discharge of air through an orifice

• Orifice chart to estimate artificial 

demand

𝑄 = 424.6
𝐴𝐶𝑝1

𝑇1

𝑤 = 0.5303
𝐴𝐶𝑝1

𝑇1

Flow rate        w = lbm / sec Q = scfm
Orifice area    A = sq. in.                A = sq. in.
Orifice coeff.  C = 1.0         C = 0.61
T1 = 530 OF (abs)                     T1 = 530 OF (abs)
P1 = psia (upstream)           P1 = psia (upstream) 

Units Conversion 

CAGI Handbook                     CAC L2 Handout
6th Ed PDF Ch 8 p929                           H10a p3      

• CAC L2 Steps to find artificial demand

• Handout H10a pp 4 & 5

𝑤 = ൗ0.5303
𝑙𝑏𝑚

𝑠

60 𝑠

1 𝑚𝑖𝑛
 0.07494

𝑙𝑏𝑚

𝑠𝑐𝑓
 = 424.6 scfm

http://www.airbestpractices.com/


Artificial Demand 810 cfm 105 psig → @ 85 psig ??? cfm

• Steps to find artificial demand savings

• 1. Enter the table below at 105 psig (present operating 

pressure)

• 2. Find the column closest to 810 cfm (present average 

airflow rate)

• 3. Read up the column to 85 psig (new demand side target 

pressure)

• 4. Read or interpolate the new airflow 675 cfm

• 5. Subtract 810 – 675 cfm (present airflow rate minus new 

airflow rate) Airflow savings = 135 cfm (savings estimate if 

100% air use is unregulated)

• 6. Estimate the portion of air demand that is unregulated, 

typ. 60% to 75%. (AIRMaster+ Software uses 60% 

unregulated air demand).

• 7. Multiply airflow reduction from the table by % unregulated 

air demand 135 cfm x 0.6 = 81 cfm

• 8. Cost savings is reduced airflow rate multiplied by 

compressed air cost. 81 cfm x $ 190.00 per cfm / year = 

$15,390.00 annual savings

• CAC L2 Steps to find artificial demand

• Handout H10a pp 4 & 5

http://www.airbestpractices.com/


Testing a system’s artificial demand

http://www.airbestpractices.com/


Testing a system’s artificial demand

http://www.airbestpractices.com/


SYSTEM PRESSURE PROFILE & ARTIFICIAL DEMAND

Required Primary Storage Pressure.

Uncontrolled –vs- Controlled Primary Storage Pressure.

Optimum Production Supply Pressure.

http://www.airbestpractices.com/


Permissive Start-up air storage 1500 gal @ 18 psi ΔP

• This system is (Qty 3) 500 cfm 
compressors – base / trim / std-by.

• It takes 30 seconds for the std-by 
compressor to start & deliver air.

• V = 1506 gallons

𝑉 =
𝑇 𝐶−𝑆  𝑃𝑎 

∆𝑃
 x 

7.48 𝑔𝑎𝑙

1 𝑠𝑐𝑓
 

𝑉 =
0.5 500−0  14.5

103 −85 𝑝𝑠𝑖𝑔
 x 

7.48 𝑔𝑎𝑙

1 𝑠𝑐𝑓
   

http://www.airbestpractices.com/


Un-controlled Storage 20 psig above optimum pressure

• The pressure profile 20 psig 
storage ΔP for permissive start

• Normal supply pressure = 105 psig

• Optimum supply pressure = 85 psig

• System normal operating pressure 
is 20 psig higher than the optimum 
production pressure requirement

http://www.airbestpractices.com/


Controlled Storage w/ 20 psi ΔP & 85 psig optimum target pressure

http://www.airbestpractices.com/


END USE EQUIPMENT & ARTIFICIAL DEMAND

Pneumatic Cylinders – Un-Controlled and Un-regulated 

Pneumatic Cylinders – Controlled & Regulated.

Air Operated Double Diaphragm Pumps – Standard -vs- Stroke Shifting Control.

http://www.airbestpractices.com/


Air Cylinder – Un-controlled & Un-regulated

• 415 lb(f) Cylinder force (NET)

• 76.4 psig line pressure

• 73.2 psig break-away pressure

• 35.5 psig end of stroke pressure

• 40.9 psid end of stroke refill ΔP

𝑉 =
𝑇 ∙ 𝐶 ∙  𝑃𝑎 

∆𝑃
≫ 𝑇 ∙ 𝐶 =

𝑃𝑎

𝑉 ∙ ∆𝑃 
= 𝑐𝑓𝑎𝑖𝑟 

𝑐𝑓𝑎𝑖𝑟 =
𝑃𝑎

𝑉 ∙ ∆𝑃 
=

14.5

0.20 ∙ 40.9 
= 1.77 𝑐𝑓

Τ3.54 𝑐𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 ∙  Τ1 𝑠𝑡𝑟𝑜𝑘𝑒 ℎ𝑟 = 0.059 cfm 

0.059
𝑐𝑓

𝑚𝑖𝑛
∙  8760

ℎ𝑟𝑠

𝑦𝑟
∙

60 𝑚𝑖𝑛

1 ℎ𝑟
 = 30,010 Τ𝑐𝑓 𝑦𝑟

http://www.airbestpractices.com/


Air Cylinder – Controlled & Regulated

• Packaging shrink-wrapper

• Line Pressure = 97 psig

• Push in-feed & depressurize 

• Dwell during wrapper fuse & cut

• Push out to conveyor & return

• Return home & hold with 

regulated air pressure 25 psig

• Artificial demand???

http://www.airbestpractices.com/


Air Operated Double Diaphragm Pump

                      AODD Standard -vs- Stroke Shifting Control 

Standard Control Stroke Shifting Control

http://www.airbestpractices.com/


Air Operated Double Diaphragm Pump

                      AODD Standard -vs- Stroke Shifting Control 

Standard Control

                  55 cfm @ 60 psig

Stroke Shifting Control

                 41 cfm @ 68 psig

http://www.airbestpractices.com/


Artificial Demand

Minimize loss, reduce system air consumption, & improve productivity.

• Provide stable consistent pressure

• Eliminate unnecessary high 
pressure.

• Maintain lowest optimum pressure.

• Apply storage for peak demands

• Savings - reduced air consumption.

• Cost of controls, storage volume, 
system modifications.

• Savings of reduced rework & scrap.

• Benefit of improved productivity.

Technical Case – better performance Business Case – economic benefits

http://www.airbestpractices.com/


Caterpillar Fuel Systems Case Study

• 5.28 gigawatt-hour / yr. energy reduction

• $226,000 kWh / yr. savings

• Cost $ 1 million 4.4 yr. payback

• Critical HIP area 105 psig 5% of demand

• Remaining production 98 psig target

• 1300 cfm Artificial Demand Plant wide

• Energy 40%     / production unit

• HIP    18% production output

• Diesel Rental $42,000 / yr. savings

• Diesel Fuel $13,000 / yr. savings

http://www.airbestpractices.com/


• President, Kaishan

• Certified DOE AirMaster+

• 37 years of experience in 

the air compressor 

industry

About the Speaker

Sponsored byDave George
Kaishan

http://www.airbestpractices.com/
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Kaishan Compressor:

❖ 3rd largest compressor manufacturer in the world

❖ USA HQ and manufacturing plant in Loxley, AL USA

❖ Members of the Compressed Air and Gas Institute (CAGI)

❖ Participants in the CAGI Performance Verification Program

❖ Performance Verification on published flow and power. 

❖ CAGI has standardized Data Sheets for use in evaluating real 
world performance
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Current Status:
❖ You have made significant progress on eliminating artificial demand by 

reducing supply header pressure, fixing leaks and reducing pressure at the 
point of use.

❖ You notice the existing 250HP is running differently. It is loading and unloading 
more frequently.

❖ Existing machine is re-set to 125 psig, rather than the 135 psig previous 
setting.

❖ You call in the compressor service company who verifies the controls (load – 
no load) are working properly.

❖ You have your service company do a supply side assessment on the current 
operating profile on the existing compressor.

❖ You have a budget for a replacement compressor this year.
❖ What do I do next?
❖ Find the most efficient 250 HP and buy it? – NOT THAT SIMPLE!
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https://www.cagi.org/pdfs/cagirotarydirectory.pdf
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https://www.cagi.org/pdfs/cagirotarydirectory.pdf
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Measured Data

❖ Use Histogram function to turn 
your flow data into a maximum 
of five data buckets

❖  Use that data in the calculator

Flow
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Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Modulation Variable Speed Modulation Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,656,561 1,433,551 1,710,729 1,333,580

Annual Energy Cost $132,525 $114,684 $136,858 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply

Single 
stage, 
modulation 
control
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Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Load/No Load (5) Variable Speed Modulation Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,536,287 1,433,551 1,710,729 1,333,580

Annual Energy Cost $122,903 $114,684 $136,858 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply

Add a 5,000 
gallon tank 
and use L/UL 
control?

Tank: $30K



34

Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Load/No Load (5) Variable Speed Modulation Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,536,287 1,433,551 1,710,729 1,333,580

Annual Energy Cost $122,903 $114,684 $136,858 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply

What about a 
VSD control?
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https://www.cagi.org/pdfs/cagirotarydirectory.pdf
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Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Load/No Load (5) Variable Speed Modulation Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,536,287 1,433,551 1,710,729 1,333,580

Annual Energy Cost $122,903 $114,684 $136,858 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply

What about a 
Two Stage 
more efficient 
compressor?

Two Stage 
additional 
cost $35K
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Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Load/No Load (5) Variable Speed Load/No Load (5) Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,536,287 1,433,551 1,493,916 1,333,580

Annual Energy Cost $122,903 $114,684 $119,513 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply
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Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Load/No Load (5) Variable Speed Modulation Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,536,287 1,433,551 1,710,729 1,333,580

Annual Energy Cost $122,903 $114,684 $136,858 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply

What about a 
VSD control?

VSD adds 
$30K

Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name  KRSP-250-125 KRSP-250VSD KRSP2-250 KRSP2-250VSD

Full Load Flow (cfm) 1189 1147 1339 1339

Full Load Power (kW) 215.5 213.6 220.9 225.2

Control Type Load/No Load (5) Variable Speed Load/No Load (5) Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 5 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 5 5
45% 5 5 0 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 36 36
65% 36 0 0 0
70% 0 36 48 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 60 60
90% 0 0 0 0
95% 60 0 0 0

100% 0 60 0 0

Total Power 1,536,287 1,433,551 1,493,916 1,333,580

Annual Energy Cost $122,903 $114,684 $119,513 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply
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Operating Weeks Per Year 52 Shift # CFM Shift Hours Days/Wk

Energy Cost   ($/kW*hr) 0.08 1 1100 10 6

Customer XYZ Corp 2 900 8 6

Reference Plant #2 3 750 6 6

Notes 4 500 5 1

5 250 5 1

Total Hours (must <= 168) 154

Compressor Information #1 #2 #3 #4

Model/Name KRSP2-200-100 KRSP2-200-100 KRSP2-200-100VSD KRSP2-250VSD

Full Load Flow (cfm) 1178 1178 1121 1339

Full Load Power (kW) 181.5 181.5 181.8 225.2

Control Type Modulation Load/No Load (5) Variable Speed Variable Speed

% Load Hours Per Week Hours Per Week Hours Per Week Hours Per Week
0% 0 0 0 0
5% 0 0 0 0

10% 0 0 0 0
15% 0 0 0 0
20% 0 0 0 5
25% 5 5 5 5
30% 0 0 0 0
35% 0 0 0 0
40% 0 0 0 5
45% 5 5 5 0
50% 0 0 0 0
55% 0 0 0 0
60% 0 0 0 36
65% 36 36 0 0
70% 0 0 36 48
75% 0 0 0 0
80% 48 48 0 0
85% 0 0 48 60
90% 0 0 0 0
95% 60 60 0 0

100% 0 0 60 0

Total Power 1,395,201 1,293,903 1,241,456 1,333,580

Annual Energy Cost $111,616 $103,512 $99,316 $106,686

Energy Cost Calculator

This analysis is approximate and 

absolutely no guarantees apply

Can You lower 
your plant 
pressure to 
100 psig?

Now maybe 
you can use a 
smaller HP 
(200) two 
stage 
compressor
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Calculator Resource on our Website
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Conclusions:

❖ Every system is different

❖ Every installation is different

❖ Don’t just look at the basics – 
details matter!

❖ Work with an air expert who 
knows what they are doing.

❖ I’ll be glad to help you with 
your analysis – contact me.

Dave George – Kaishan USA
239-213-8797
dgeorge@kaishanusa.com
www.kaishanusa.com

mailto:dgeorge@kaishanusa.com


Best Practices EXPO Contest

Play for a chance to win a FREE Full 

Conference Pass to the Best Practices 2024 

EXPO & Conference!! This is a $675 value! This 

contest is open to factory personnel, 

compressed air distributors, utility incentive 

programs and engineering firms. Exhibiting and 

sponsor companies are not qualified. Winners 

will be randomly selected from those who 

submitted a correct answer and notified 

tomorrow via email. 

Please submit your answer in the upcoming poll

*By entering you are giving permission to 

announce your name if you are a winner

What does artificial demand in a compressed air 

system refer to?

• Use of compressed air where 
not neededA

• Extra pressure for distant toolsB

• Excess demand from leaks and 
inefficienciesC

http://www.airbestpractices.com/


Best Practices EXPO Contest

Play for a chance to win a FREE Full 

Conference Pass to the Best Practices 2024 

EXPO & Conference!! This is a $675 value! This 

contest is open to factory personnel, 

compressed air distributors, utility incentive 

programs and engineering firms. Exhibiting and 

sponsor companies are not qualified. Winners 

will be randomly selected from those who 

submitted a correct answer and notified 

tomorrow via email. 

Please submit your answer in the upcoming poll

*By entering you are giving permission to 

announce your name if you are a winner

What does artificial demand in a compressed air 

system refer to?

• Use of compressed air where 
not neededA

• Extra pressure for distant toolsB

• Excess demand from leaks and 
inefficienciesC

http://www.airbestpractices.com/


Please submit any questions through the Question Window on 

your GoToWebinar interface, directing them to Compressed Air 

Best Practices Magazine. Our panelists will do their best to 

address your questions and will follow up with you on anything 

that goes unanswered during this session. 

Thank you for attending!

Q&A

How to Identify and Eliminate Artificial Demands

Sponsored by

http://www.airbestpractices.com/


The recording and slides of this webinar will be made 

available to attendees via email later today. 

PDH Certificates will be e-mailed to Attendees within 2 days.

Thank you for attending!

http://www.airbestpractices.com/


Thursday, May 23, 2024– 2:00 PM EST
Register for free at

www.airbestpractices.com/webinars

May 2024 Webinar

Sensors for Compressed Air Systems: Data Management and Analysis

Andrew Smith
SMARTCAir

Keynote Speaker

Sponsored by

http://www.airbestpractices.com/
http://www.airbestpractices.com/magazine/webinars
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