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Lawrence Berkeley National Laboratory Cleanroom
Benchmarking

Close to 20 cleanroom facilities benchmarked
Electronics, Biotech, Research

Contacts — Bill Tschudi and Dale Sartor
http://ateam.lbl.gov/cleanroom/
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LBNL Cleanroom Benchmarking Data

Facility 2

Office
(Lights, Plugs) Total Chilled
9% Water

Other Misc. 20%

10%

Process
9%

Cleanrooom Hot Water, Steam

Lights and Cafeteria
1% 17%
Compressed Air
7% Tvol .
ypical Lab Electrical Use by Category
Boiler, Liaht
u isc. ights
Cleanroom Fans P

27 %

Lab Equip.
13%

Cooling
24%

Fan Energy consists of
Make-up and Recirculation

Requirements

Ventilation
52%




Make-up Air Performance Comparison
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Recirculation Air Performance Comparison

Averaqges (cfm / kW)
FFU: 1664
Ducted: 1733
Pressurized Plenum: 5152
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Strategies for Lowering Fan System Energy Use

The Basics:

Fan Power = CFM x Pressure Drop (in inches)
6345 x Fan Eff x Motor Eff
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The Obvious Strategies

Use Premium Efficiency Motors
Motor master software

Select the fans for high efficiency
Typical fan efficiency 60% to 70%
Best Practice > 75%

Use VFDs

Rumsey Engineers, Inc.
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The Less Obvious Strategies
Most of the Savings Are Here

Lower pressure drop
Selection of system
Duct layout and sizing
Low face velocity Air Handlers

Lower air flow
Air change rates
Exhaust Optimization
Demand Controlled Filtration
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Lower Pressure Drop

Fan Power = CEM x Pressure Drop (in inches)
6345 x Fan Eff x Motor Eff
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System Type Selection

Recirculation Air Handling Systems in Cleanrooms
Pressurized Plenum
Ducted Hepa
Fan Filter Units

Averages (cfm / kW)

r FFU: 1664
9000 Ducted: 1733

F Pressurized Plenum: 5152
8000 ¢
7000 *

6000 *

CFM / kW (higher is better)
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Press. 100 100 100 100 100 100 Ducted 100 FFU 100 Press. Press. Press. 10k
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What Is the cost impact?

Annual energy costs - recirculation fans
(Class 5, 20,000ft2)
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Recirculation system type
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Pressurized Plenum

Sensible Cooling/
Makeup Supply
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Duct Layout and Sizing

Pressure drop o 1
duct dia >

1000 CFM

1000 CFM

Image Courtesy of EHDD Architects Rumsey Engineers, Inc.




Low Face Velocity Air Handlers

Pressure drop o velocity?
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Efficient Design
f‘*xv / 6 ROWS
= 250 f >
;rassurap[nnss under 0.2" w.g. l ,
Standard Design

)
@Hﬁ l - 75% less energy

. - Smaller fans

- Longer filter life

N “‘*~""*|
) - Quieter
v= 500 fpm
Pressure Loss of 0.8" w.g. .

12 Rﬂ?g'/
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Low Face Velocity Example
43,500 CFM Make-up air handler

Face Velocity = Unit CFM
Coil or Filter Face Area

Coil Sizes for 43,000 CFM Air Handler

300 fpm
425 fom 350 fpm
5?3% fgfm he 124 sf 145 f

9.3’ square 10.1’ square 11.1’ square 12’ square

Courtesy of Greg Owen, Jacobs Engineering Rumsey Engineers, Inc.




Cost Impacts of Low Face Velocity Air Handlers

Component

Larger Casing

Cost Impact

» Increase Capital Cost

Larger Coils

Increased Filter Count

> Increase Capital Cost

> Constant Life Cycle Cost

Smaller Fan Motors

Reduced Infrastructure

" Decreased Capital Cost

.,

Decreased Capital Cost
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Fan Motor Sizing Impacts

Face Velocity

500 FPM

425 FPM

350 FPM

300 FPM

Brake Hp
65.0

55.6

46.0

41.8

Rumsey Engineers, Inc.




Cost Comparison Results

500 FPM

425 FPM

350 FPM

300 FPM

Base Cost

+$4.820

-$1,610

+$9.450
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Lower Air Flow

Fan Power = CEM x Pressure Drop (in inches)
6345 x Fan Eff x Motor Eff
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Comparison of ISO Class 5 Cleanrooms
(LBNL Benchmarking Data)
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Compare Recommendations to Actual Practice

Cleanroom Benchmarking Data
ISO Class 5 (Class 100) Cleanrooms

500

iTYPICAL RECOMMENDED DESIGN RANGEi
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Results of Recent Exhaust Optimization

lon Implant Tool - 1,612 to 1,232 scfm

& s

t Bench -5

i

Vertical Furnace - 628 to 474 scfm

Courtesy of Northwest Energy Efficiency Alliance Website (www.nwalliance.org) Rumsey Engineers, Inc.




Demand Controlled Filtration
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Fan Filter Units
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Fan Filter Units
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Talwanese Performance Comparison of FFUs

4'X2' FFU
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Efficient FFU Design Minimizes System Pressure
Drop

Fan Filter Units

20" X 20" X 2"
Pre-Filter

HEPA Filter — ] Sensible
Cooling
Cleanroom Coil

Tool
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How to Select an Efficient FFU?

To compare FFU energy performance, provide
manufacturers with:

The airflow — define the method of measurement, hood
or velgrid at set distance from filter with a defined
assumed active filter area (6.5 sq. ft. or less for a 2’'x4’)

The filter requirement (HEPA, ULPA, “nines”)
External system pressure drop — this is crucial!

Require a written specification of the FFU’s power
consumption at above criteria

Coming Soon — FFU Efficiency Testing Standard from LBNL
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Conclusion

Use Efficient fans and Motors
Lower pressure drop

Selection of system

Duct layout and sizing

Low face velocity Air Handlers
Lower air flow

Air change rates

Exhaust Optimization

Demand Controlled Filtration
FFU Systems

Not all FFUs are created equal...

The largest and most cost effective efficiency strategies are not the most obvious
ones
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THANK YOU!

PETER RUMSEY, P.E.
Rumsey Engineers, Inc.
99 Linden Street
Oakland, CA 94607

(510) 663-2070

www.RumseyEngineers.com
prumsey @ RumseyEngineers.com
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