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Overview - Compressed Air Systems

Why care about compressed air systems?

n Wide application

- Very inefficient

Compressed air systems
= Compressors
. Compressor controls

= Dryers

Energy savings opportunities
= How to use less (demand side)
= How to generate compressed air more efficiently
(supply side)
- Others

= Dominion Energy VA utility incentives



Why Care about Compressed Air Systems?

= Wide applications (e.g.)
= Conveyers
= Pneumatic tools
= Machine actuators
= Paint sprayers
= Robotic arms
= Comparing to electrical
= Smoother power

= \Variable speed and torque
control

= No potential hazards of

electric shock



Why Care about Compressed Air Systems?

= Consumes 5-20% of a plant electricity

= Very inefficient

Maintenance
12%

Electricity

Equipment 76%

12%




Compressed Air Systems Approach
plant efficiency: energy >> product

There are two basic ways to reduce the energy consumption of a compressed air system: produce
compressed air more efficiently; and consume less compressed arr.

Energy “ Compressed

Product
Electricity Air
Powerhouse / Compressor Station Manufacturing Plant
l v
Producers of Compressed Air Consumers of Compressed Air
l v
Produce Air More Efficiently Use Less Compressed Air
‘ Total Energy
Savings



Components Of An Industrial Compressor System

Pressure-Flow
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Compressed Air
Supply Side




1. Compressors

* Proper sizing - Air Capacity and Air Pressure are critical
* Minimum, normal and maximum air demand should be considered

* Minimum turndown of at least 20% and pressure rise of a min. of 10% to avoid blow-off
and guarantee an optimal EE operation of the unit.

* Compressor type needs to be determined:
* Reciprocating: Low-volume applications and intermittent; piston & common
* Rotary Screw: Continuous duty cycles, high volume, high efficiency and low maintenance;
often used in industrial settings
* Centrifugal: Cost-effective for very high-volume applications.
* Scroll: Quiet, high efficiency, low maintenance; best for clean and dry air end-uses



Types of Compressors

Compressor
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[ Displacement ] [ Dynamic ]
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2. Compressor Controls:

Main Function: Matching supply with demand thereby reducing energy waste

Goal of Control Strategies:

* Maximize energy efficiency

* Run only compressors that are needed, when they are needed, only for as
long as needed

« Secondary benefit of reduced equipment run = less maintenance

* Minimize system pressure range

* Minimize the total range of pressure control so that average pressure is
reduced

* Secondary benefit to process from less variation in pressure=» Stable
pressure at the lowest power use possible



Compressor
Controls:
Operation
Mechanism

Modes of Control

Depend On the Type and
Uses of Compressors

Compressor Controls

On/Off controls

= Turns on at low end of pressure range and turns off at the high end
= Available on reciprocating or rotary compressors

= Efficient if load is intermittent

Load and unload
= Unloads the compressor when discharge pressure is adequate.

= |nefficient since ~50% power is drawn when compressor is unloade

Inlet modulation

= Modulation of inlet valve in response to system pressure variation

Variable speed controls
» Can regulate capacity from 15% to 100%

= Provide a soft start and very stable pressure band

= Qperate in start/stop mode when it is below 15%




VSD as an example of Controls:

Two Ways to set up a VSD compressor with Fixed Speed Units

If VSD is equal in size to the base units If VSD is bigger in size to the base units
110- o1 VSD
v 110- ’ St
Unload UC y b-oo
4 R nica
108 c2 s
Unload ] G -
Unload
106 N K VSD 106 -T-
Stop
104 104
& 102 & 102
100- 100 -
Target Target
98 el Start 98 e Start
Load Load = Load
96 - b 96 - et
Load Load

In both cases the VSD target pressure is nested with the bands of the two other compressors.
Assumption: That the load or start setting for the VSD is the same as the target pressure.



VSD as a Trim Compressor in a Multiple-Compressor Scenario

A
I + Less pressure band
I required with a \/SD.
C

Demand

Pressure

v \/SD is last to run as
flow Increases

Time

Baseload Trim
VSD

To provide efficient VSD regulation over the complete range of the air

profile, the range of the VSD from min to max should be sized equal or
greater than the load/no load machine.

Flow



3. Air Dryers:

Work by removing moisture from the air stream,
preventing condensation and ensuring the air

remains dry and usable for various applications

* Methods of Drying:
* Cooling
* Adsorption
* Membrane separation




Refrigerant-Type Dryers

Mostcommon

= | ow capital and operating costs

Cools air to 35-40°F, removes
moisture and reheats the air
= Reheat should use hot
iIncoming air
Almost always air cooled (nho
cooling tower)

= Condensing temperature can

be very high

Source: GSA



Desiccant-Type Dryers

= Desiccant medium to absorb or adsorb

moisture
= Most common design: twin tower
regenerative
= One is used while the other is regenerated

= Uses large amount of compressed air to

regenerate

= Lower dew points (often to -40 F), but

More costly than refrigeration type .,...
=

k

= Heated regens are more efficient

= | ess purge air (5% vs 15% for unheated) Source: Vortex



Membrane Air Dryers

* Utilize a semi-permeable membrane to allow
water vapor to pass through, while

compressed air continues to the point of use. —
Discharge
£2)
04 .
o o o o N ~—— Membrane Dry Air
* Energy-Efficient: known for energy efficiency H [ Gover Gas Output
and quiet operation. — 7 | ki

. =1
- | L
* Applications: food processing and other Metering Orifice

Cover Gas
. . . . . Brian S. Elliott 18
industries for smaller applications and single et
points-of-use.



Compressed Air System Performance Improvement Opportunities

Air Leaks

Sizing of Receiver
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System-Wide Problems

e

[

Type of Control

System

How Much Air, At What Quality
and Pressure?

Life Cycle Cost Operator Experiencing
Low Pressure

Baselining Your System




Compressed

Alr
Performance
Improvement

Produce More Efficiently = Supply side

Lower Pressure of the System
Lower Inlet Temperature
Improve compressor control

Provide Appropriate Quality of Air— Do Not
over dry

-l o

Use Less Compressed air = Demand side

5. Remove Inappropriate demand
6. Reduce Leaks
7. Recover Heat




Supply Side




1) Lower Pressure Setpoints

= Lower pressure reduce leakage and usage rates
= Every additional 2 psi costs 1.5% to 2% in energy

= Things to check
= Check pressure drops through dryers, filters and piping systems
= Applications that need higher pressure

= Measures to lower compressed air pressure

= Modify high pressure applications to operate at lower pressure

= Use an amplifier or booster to serve the single high-pressure

point of need



2) Lower Compressor Inlet Air Temperature

= Relocate compressor intake to cooler place

= |f plant is conditioned, intake air from inside in the summer and outside in the

winter
= |f plant is not conditioned, intake air from outside both in the summer and in the

winter
= EXxceptions are some rotary screw compressors that can be damaged by the

exposure to moisture and extreme cold

Because cooler air is more dense, compressors

do less work compressing the air

Lowering inlet temperature by 10 o F saves energy by ~ 2%



Demand
Side




5) Remove Inappropriate Air Demands

= |nappropriate Uses
= (Cabinet cooling
= Liquid agitation or stirring
= Vacuum generation
= Unregulated Open Blowing
= Air Motors
=  Atomizing
= Many applications can be served
more efficiently by:

= | ow pressure air from a fan or
blower

= A vacuum pump

Electric motors



6: Reduce Leakage Losses; Account for > 20% of Total

Compressed Air Consumption

Cost From Leakage Discharge of air through an orifice (SCFM)

Size Flow Rate (cfm) CostperYear 1/64” | 1/32” | 1116” | 18" | %" | 3/8”

. e e 1 045 70psi | .300 | 120 | 479 | 192 | 76.7 | 173
| 80psi | 335 | 134 | 536 | 214 | 857 | 193

® & % $4,190 90psi | 370 | 148 | 592 | 238 | 948 | 213
100 psi | 406 | 162 | 649 | 260 | 104 | 234

@ 104 $16.784 125psi | 494 | 198 | 790 | 316 | 126 | 284

Costs calculated using electricity rate of $0.10 per
kilowatt=hour, assuming 8,760-hour operation, a perfect
orifice at 100 psi, and an efficient compressor. Leaks are a function of the supply pressure in an uncontrolled system

Higher pressure = greater flow
Lower pressure = less leak flow



6) ldentifying Leaks — Three Good Ways

= Routinely have maintenance walk the system looking
for hissing noises
= Ultrasonic probes can help

= Start an employee tagging program for air leaks

= Reward workers where possible

= Perform bleed down test on the compressed air
system when plant is not operating

= Determine total leak rates with an estimate of system volume



7) Recover Waste Heat Recovery — Air Cooled

= Compressors can be ducted for

waste heat recovery




7) Recover Waste Heat — \Water Cooled

= Up to 180F hot water

= Better year-round usage




General Action Plans to Improve Compressed Air System

Develop a basic

diagram of your

compressed air
system

Measure your
baseline: kW,
Pressure, Demand
Profiles, Leak Load
and calculate energy
use and costs

Implement a control
strategy

Remeasure: kW,
Pressure, Demand
Profiles, Leak Load

and calculate energy
use and costs

Audit for leaks
and correct
inappropriate
uses

Adjust controls
again

Implement the
continuous
improvement
program
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Dominion Energy-VA Incentives
for Compressed Air Custom
Projects
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Measures for Compressed Air Systems

Non-Residential Prescriptive Enhanced
Program Bundle

DEW-DEMNC-MNRPES-BLMRDILE-MEASLIRE S w022,

Eligible for
hterm MNMeasure MNMame Minimum Reqguiremeants Pl Incentive™
Construction
= Must be a new installation or replace standard nozzles.
Efficient Compressaed = High efficiency nozzles must us= less than or egual o the
1 Adr NMozzles Tollowing ratimgs at 80psig: 127 11 SCFMN, 1574 29 SICFMV, es
BM1E™ BE SCFMW, 1/2™ 140 SOCFMN.
- Oy retrofit projects are eligible.
— o s s s s L Sl - Leaks must be identified through an auditvstudy and repairecl L
= Mlewe and retrofit projects are 2ligible.
3 MNo-loss Condensate Drains = Drainmns must not alloww condansate to escape whean purgead. es
= Oy retrofit projects are eligibile.
£ iﬁ_déigrr:' IECﬂmpressed - Oy com pressors with load/mo-load controls arse eligible. Mo
g = Pust increass total system storage o at least B ga et .
Compraessor Pressure - Ony retrofit projects are eligible.
B Setpoint Reduction - Pressure setting om the compressor muust e chamngeaed. Pl
= Mlewy and retrofit projects are 2ligibleae.
= Pressure setting om the compressor muust e chamnged to
— e B ) account Tor lovwear pressure o rop. e
- Mlewe Tilter muust hawve an initial pressure drop of 3 PSI1 or laess. .
Inmncentives for
7 Heat of Compression Dryer = Plenww and retrofit projects are eligible. vas Adl Measures
are up o
- Pleww projects are eligible. F0_OF r
a8 Cwycling Refrigerataed Dryer - Raetrofit projects must be replacimg existing nonmn-cyclimao "was kWh-S I .
refrigerated air dryer. aninmgs
Desiccant O r = Mleww and retrofit projects are 2ligible.
=1 Drawn int C::?rﬁmls = Daewpoint controls muust be installed on a desiccant was
F dryer, overriding or replacimg tirmer controls.
= Mewr and retrofit projects are eligible.
= Retrofit projects must imnwvoalve installing neww comprassors
that hawve more efficient control schameaes or operatimg
profiles than the existing com pressors.
= One-Tor-one compressor replacerme nts must invollve a meww
10 Efficient Alr Comprassor compressor of lesser or equal horse power thham the existing veos
com pressor. Compressors of a larger horsepowwer wwill e
Treated as mew construction projects.
= For neww construction projects, only WiFD-comtrolled
com pressor installations are ligible, and the meww
COMm pressor muust not opaerate solaly at full-load.
= Project must sawve enaergy versus existing systermnmeg uipme nt
or baseline systernmdaq uiprmenit.
1 Custom = Sawvings will be calculated by prograrmrm staftf. Wes
= Scoditiomnal documeantation mMmay be reqguired.



Contact

To discuss your compressed air projects you can reach out to:

Nandini Mouli, Ph.D.
Consultant to TRC
Dominion Energy Programs
Nandini@eSai.Technology
Phone: 443 691 7664

Hannah Aiken

Outreach Coordinator/Inspection Specialist

Hannah@eSai.Technology
Phone: (804) 944-4600

Kristian Cusimano

Outreach Coordinator/Inspection Specialist
Kristian@eSai.Technology

Phone: (240) 802-6967



mailto:Nandini@eSai.Technology

Thanks for joining!

M) TRC

Dominion
Energy
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