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Contrary to popular opinion-
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An Expensive Production Utility



Approximately 
10% gets to 
the point of 

use!!

� Compressed Air’s Inefficiency:
� 60 to 80% of the power of the prime mover is converted into an 
unusable form of energy (HEAT)
� And to a lesser extent, into friction, misuse and noise



Compressed Air Costs in Perspective

• Compressed Air is a necessary part of most 
plant operations, but is probably the most 
inefficient source of energy in a plant
—1 hp air motor = 7- 8 hp of electrical power
—Annual energy cost for a 1 hp air motor versus a 1 hp 

electric motor, 5-day per week, 2 shift operation, 
$0.05/kWh$0.05/kWh

—US$ 1,164 vs. US$ 194



Life Cycle Cost of an Air Compressor

Equipment
Maintenance

Electricity



Opportunities & Barriers in Compressed 
Air Systems

• Optimization of compressed air systems represent one of 
the largest industrial energy efficiency opportunities

• Lack of information has been a primary barrier to realizing 
substantial improvements in the efficiency, reliability, and 
productivity of industrial compressed air system

• The efficiency of compressed air systems typically 
receives little attention for a number of reasons:receives little attention for a number of reasons:
—Systems are not well understood by plant operations staff
—Modifying a system is perceived as a risk to production
—Vendors compete in a market where equipment is typically 

sold on a “lowest first bid”, without regard for the cost of 
operation



Opportunities & Barriers in Compressed 
Air Systems

• Outside consultants often do not have the experience to 
identify comprehensive system improvement opportunities

• End users of compressed air frequently will not pay for 
quality service because they do not understand what they 
need

• Independent sources of information are extremely limited
• Once mistakes, which may involve unnecessary capital • Once mistakes, which may involve unnecessary capital 

expense, have been made due to poor advice, too much 
is at stake for an end user to readily correct the situation

Compressed Air  can be a manageable asset!



Compressed Air must be treated as a “system”



The Systems Approach and Systems 
Dynamics

• Taking a “systems approach”
—The focus is shifted away from individual components 

to total system performance
—With compressed air systems, systems dynamics 

(changes in demand over time) are especially 
important

—Using controls, storage, and demand management to 
design a system that meets peak requirements but 
also operates efficiently at part loads is key to a high 
performance compressed air system.



What is the Supply Side?

• Consists of components 
prior to and including 
the primary receiver and the primary receiver and 
the pressure/flow 
controller if present



Compressor Selection

• Demands are often intermittent but the “worst case 
scenario” must also be considered

• Centrifugal and rotary are better suited for continuous 
base load type of service

• Reciprocating air compressors are better suited to 
swings in loadswings in load



Prudent Compressed Air Investment

—Life Cycle Expense = 10 times Initial Cost
—Full Load Efficiency is Only One Factor
—Part Load Performance for Intended Application
—Oversized Compressors Waste Power
—Avoid Multiple Modulating Compressors
—� bar = � Power � 6% per 1 bar—� bar = � Power � 6% per 1 bar
—� bar = � Artificial Demand � 2% per .3 bar

—What’s your Investment? 



What Is the Demand Side?

• Includes all the 
components after the 
primary receiver  or primary receiver  or 
pressure/flow 
controller, if present



A Typical 
Compressed Air System

• Supply side
—Compressors and air 

treatment
• Demand side

—Distribution and storage
—End use equipment—End use equipment

• A properly managed supply 
side
—Results in clean dry stable 

air being delivered at the 
appropriate pressure in a 
cost effective manner



A Typical 
Compressed Air System

• A properly managed 
demand side.
—Minimizes wasted air.
—Uses compressed air for 

appropriate applications.
• Improving and maintaining • Improving and maintaining 

peak compressed air 
system performance 
requires addressing both 
the supply and demand 
sides and how they interact.



Typical Components of Demand

Artificial
Demand
10-15%

Inappropriate
Uses
5-10%

Production
50%

Leaks
25-30%



Leaks & How Demand 
is Affected by Pressure

—Leaks are proportional 
to the system pressure

—higher pressure = 
greater leak flow

—lower pressure = less 
leak flowleak flow

—control the waste due to 
leaks by minimizing the 
system pressure

—all unregulated end 
uses will use more air 
when pressure 
increases



Supply Demand
110 psig

100 psig

Operating range 
of compressors

Pressure drop from:  
aftercooler, 

System Pressure Flow Profile (typical)

90 psig

aftercooler, 
separator, dryer, filter

85 psig

70 psig

Distribution system 
pressure drop (un-
regulated end uses)

FRL,valve, hose, and 
disconnect pressure 
drop (regulated end 
uses)



Common Leak Locations

Pipe joints

Couplings, hoses
fittings

FRL’s
drains



Computing Energy Costs

Annual Electricity Cost (simple formula)

bhp x 0.746 x hours x cost
motor efficiency

Where:
bhp = motor full load horsepowerbhp = motor full load horsepower
0.746 = kW/hp
hours = annual hours of operation
cost = electricity cost in $/kWh
motor efficiency = motor full load efficiency



Computing Energy Costs

Annual Electricity Cost (simple formula

bhp x 0.746 x hours x cost
motor efficiency

Example:
200 hp compressor, 95% efficient motor, 4160 200 hp compressor, 95% efficient motor, 4160 
hours per year and $ 0.05/kWh  electricity cost

200 x 0.746 x 4160 x .05
0.95

= $ 32,667 per year



Reducing Operating Costs

What you don’t know will hurt you!
• The Foundry Compressed Air Use

• Sand transport system
• Pneumatic controls and cylinders
• Hand tools
• Combustion Air• Combustion Air

• Compressed air system
• One 150 hp and one 200 hp lubricated rotary screw 

compressor
• 6 inch schedule 40 distribution line



Reducing Operating Costs

The Foundry
• Performance improvement measures

• Reduce leaks
• Install fans to replace compressed air used to supply 

combustion air
• Adjust compressor control unloading points• Adjust compressor control unloading points

• Performance improvement summary:
• Energy consumption reduced by 36%
• $ 16,300 in annual energy cost savings
• 1.3 year simple payback for the project



Fundamentals of Compressed 
Air Systems Training

Participating facility engineers, operators and maintenance 
staff will be able to implement a seven step action plan 
designed to decrease the costs of compressed air 
systems at their plants.



Fundamentals of Compressed 
Air Systems Training

As a result of the Fundamentals training, the participants will:
• Explain the benefits of improving compressed air 

system performance
• Estimate the current cost of compressed air for their 

plant
• Identify the the pros and cons of different compressor 

typestypes
• Describe the components on the supply side and 

demand side
• Recognize inappropriate uses of compressed air and 

common leak locations



Fundamentals of Compressed 
Air Systems Training

• Explain the measurement points for baselining
• Determine the impact of different compressor control 

types
• Identify steps for proper system operation and 

maintenance
• Assess quick and simple cost cutting measures and • Assess quick and simple cost cutting measures and 

tailor a system management action plan
• How they can achieve 15-25% cost savings through 

proper operation and control



Seven Step Action Plan

1. Develop a basic block diagram
2. Measure your baseline (kW, pressures and leak 

load) calculate energy use and costs with tools 
available

3. Work with your compressed air system specialist to 
implement an appropriate compressor control 
strategystrategy

4. Once controls are adjusted, re-measure to get 
more accurate readings of kW and pressures, and 
to determine leak load.  Recalculate energy use 
and costs



Seven Step Action Plan

5. Walk through to check for obvious preventive 
maintenance items and other opportunities to 
reduce costs and improve performance

6. Identify and fix leaks and correct inappropriate 
uses - know costs, re-measure, and adjust controls 
as above

7. Re-evaluate above steps, begin implementation of 7. Re-evaluate above steps, begin implementation of 
awareness and continuous improvements 
programs, and report results to management



Check List to Slash Compressed Air 
Operating Cost

� Audit the System
� System Dynamics
� Control Characteristics
� High Volume Intermittent Demands
� Potentially Inappropriate Air Use
� General Piping PracticeGeneral Piping Practice
� Overall System Leakage

� Balance System Operation
� Stabilize Operating Pressure
� Engineer Appropriate Storage Capacity
� Optimize Compressor Control Response
� Potentially Inappropriate Air Use



� Eliminate Inappropriate Demands
� Replace Blow-off Applications with Blowers
� Optimize Remaining Blow-offs with Nozzles
� Replace Air Operated Vacuum Generators
� Replace Venturi Style Cabinet Coolers

� Leak Management & Piping Practices

Check List to Slash Compressed Air 
Operating Cost

� Leak Management & Piping Practices
� Identify & Repair Major Leaks
� Upgrade Distribution Piping
� Adopt Good Point of Use Piping Practice
� Replace Venturi Style Cabinet Coolers



� Reduce System Operating Pressure
� Review Demands, Minimize Required Pressure
� Optimize Individual Applications Performance

� Training and Education
� Develop Awareness of Compressed Air Cost
� Promote Pressure Reduction Opportunities

Check List to Slash Compressed Air 
Operating Cost

� Promote Pressure Reduction Opportunities
� Discuss Improved Productivity Through Consistent 

Stable System Performance



� Establish an Air System Monitoring and 
Maintenance Program

� Implement Performance Monitoring with
On-line Data Acquisition

� Schedule Regular Performance Audits
� Establish Ongoing Leak Management

Check List to Slash Compressed Air 
Operating Cost

� Establish Ongoing Leak Management
� Monitor Compliance with Established Piping 

Practice
� Schedule Periodic Performance Review



Check List to Slash Compressed Air 
Operating Cost

� Audit the System
� System Dynamics
� Control Characteristics
� High Volume Intermittent Demands
� Potentially Inappropriate Air Use
� General Piping PracticeGeneral Piping Practice
� Overall System Leakage

� Balance System Operation
� Stabilize Operating Pressure
� Engineer Appropriate Storage Capacity
� Optimize Compressor Control Response
� Potentially Inappropriate Air Use



� Supply Side Operational Baseline
� Energy Consumption of Compressors for Typical 

Operating Days
� Airflow, Average Demand, Peak Demand
� Pressure, Part Load Compressor Response 

� Pressure & Flow Dynamic Profiles

Check List to Slash Compressed Air 
Operating Cost

� Pressure & Flow Dynamic Profiles
� Identify Characteristic Signatures
� Characterize Drawdown Rates, magnitude and duration 

of events
� Quantify Transient Supply Deficits, evaluate benefits of 

increased storage
� Correlate Known Demand Events with demand side 

performance upsets and supply side control response



Reducing Cost of
Compressed Air Systems

• Key Points
—Compressed air energy is a significant investment 

including capital, energy, maintenance, and 
productivity costs.

—In today’s highly competitive world economy, timely 
compressed air system management information is 
essential.essential.

—Multiple compressor systems can be very inefficient if 
not properly controlled.

—Compressed air demand and pressure profile data can 
help identify potential areas for improvement.



Reducing Cost of
Compressed Air Systems

• Key Points
—Auditing the air system defines performance and 

current method operating costs.
—Balancing system operation provides stable 

performance and reduces energy cost.
—Inappropriate compressed air demands must be 

identified and replaced with more energy efficient identified and replaced with more energy efficient 
alternatives.

—Leak management, correctly sized distribution piping, 
and good point of use piping practice improves air 
application performance.



Reducing Cost of
Compressed Air Systems

• Key Points
—Reducing system operating pressure to the lowest 

optimum pressure necessary to supply productive air 
demands, will reduce energy cost.

—Training and education must raise awareness of 
compressed air cost, opportunities to lower air 
pressure, and improve system performance.pressure, and improve system performance.

—Monitoring compressed air system performance 
provides necessary management information to keep 
the air system operating efficiently, and reliably.



Compressed Air Challenge Resources

• Training
—Fundamentals of Compressed Air System –WE

• 4- part instructor led, web-based training
—US/Canada only- classroom training 

• Fundamentals of Compressed Air Systems
• Advanced Management of Compressed Air Systems• Advanced Management of Compressed Air Systems

• Publications
—Best Practices for Compressed Air Systems 

• Comprehensive technical desk reference 
—Sourcebook for Improving Compressed Air System 

Performance
See www.compressedairchallenge.org



Summary

—Compressed Air is a frequently overlooked source of  
cost savings and production benefits

—Compressed Air System management starts with 
looking at your end uses

—Baselining is essential to manage a compressed air —Baselining is essential to manage a compressed air 
system

—Compressed Air Systems can be controlled
—The efficiency of a compressed air system can be 

maintained
—By developing a plan, you can ensure that your 

compressed air system is efficient and cost effecti ve


