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Energy Intensive High-tech Buildings ”\|\

Cleanrooms

......

\
Laboratories ; Healthcare

SR T

Data Centers

EEEEEEEsssss——— L. AWRENCE BERKELEY NATIONAL LABORATORY I



Sy

Opportunities Are Real ’\l\\

LBNL Example:

40% reduction in energy use per square foot from 1985
baseline

$4 million/year more research based on 1985 energy
prices

Improved worker productivity

2 Ernest Orlando Lawrence
Safer environment Berkeley Nafigual & &L

Improved reliability
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LBNL's High-tech Buildings Initiative —
a wide breadth of activities

Cleanroom 1

. a At |
’7\ y:,é‘frs‘, ERE aad

LBNL Website: http://hightech.Ibl.qov
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High-Tech Buildings Program Sponsors ..

]
:::::::: !

Pacific Gas & Electric Co.

San Diego Gas and Electric Co.

California Institute for Energy and Environment
California Energy Commission

Department of Energy (BT, ITP and FEMP)
Environmental Protection Agency

Northwest Energy Efficiency Alliance

New York State Energy Research & Development
Authority

Private Industry (Organizations and Companies)
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Why High-tech Buildings? cereer?]

S

BERKELEY _

B High-tech buildings
are energy intensive

B Continuously

operating Comparative Energy Costs
High-Tech Facilities vs. Standard Buildings

B “Process” load driven 10000
with unique
environmental needs I e
v £ . Observed Median
B Growth industries with Range T 1
gt |
rnsing energy use Annual Energy g0 | S S
. . $/m?2- (T + C)
B Ripe for improvement ©"” ! B
L 2 Laboratory eanroom
- 40-50% energy 10 oo office | Hospital agclb_aalsst_zt-s ””””””
savings potential school Al Oriy)
B Technology leaders .
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Cleanrooms: The Opportunity ’\l\

 Up to 100x more energy-intensive
than typical buildings (Class-1
cleanroom can be up to 600 ac-h)

» Promising Measures

— Govern ventilation by performance
rather than rules of thumb

— Improved process load projection to
right size

— More efficient HVAC
— Low-pressure-drop design




Opportunities are Significant ’\|\

Cleanroom End-Use Energy Breakdowns
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Cleanroom Activities "\|\

Facility 1

Office
(Lights, Plugs)

« Benchmarking and Best Practices

 Fan-filter unit test procedure

SSSSSS

« Demand-controlled filtration
e Minienvironments

« Demonstration projects
— Fan-filter testing
— Demand controlled filtration
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Benchmarking: .
Reveals a wide range of efficiencies cecere] 5

BERKELEY __

For example: cleanroom recirculation systems

Choice of air delivery strategy strongly
influences energy intensity

11000

10000 Averages (cfm / kW)
Fan-Filter Unit: 1664

9000 Ducted: 1733
o Pressurized Plenum: 5152
£ 8000
o 7000 Avg: Pressurized Plenum
I 6000 /
(o)
‘= 5000
< 4000 4
< 3000 4 Ducted & FFU
=
G 2000 /

e mE I

Fac. A Fac. A Fac.B.1 Fac.B.1 Fac.B.2 Fac.B.2 Fac. C Fac. D Fac. E Fac. E Fac. F Fac. F Fac. F Fac. F
Class 10 Class 100 Class 100 Class 100 Class 100 Class 100 Class 100 Class 10 Class 100 Class 100 Class 10 Class 10 Class 10 Class 10k
Press. Press. Ducted FFU Ducted FFU Press. Ducted FFU Press. Press. Press. Press.

Al e e e Al Al Al

Comparison of ISO Class 5
Cleanrooms (ACH)
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What Is the cost impact? ceeeerd] B
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Annual energy costs - recirculation fans
(Class 5, 20,000ft2)

450,000

400,000

350,000 -

300,000

250,000 -

200,000 -

150,000

Annual kwWh Cost based on 0.1$/kWh, $

100,000

50,000 -

| | [ ]

ducted HEPA ducted HEPA fan filter fan filter fan filter pres. PI. pres. Pl. pres. Pl.

Recirculation system type
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Fan-filter units S S
|

Total 40
;c:c_es_sure r Airflow Note: each curve
iclency : Range represents a
(%) 60-90 fpm different
fan filter unit
0.3-0.45m/s operated
over a range of
airflow
exit speeds.

» Efficiencies
vary by a
factor-of-four

3 L I I I
b I I

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Airflow Speed at FFU Exit (m/s)
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Laboratories: The Opportunity ”},\

« Labs are 5x as energy-
Intensive as typical
buildings; fume hoods use
>3x as much energy as
typical home

Berkeley Hood
installed at UCSF

« Promising Measures
O Low-pressure-drop design

4 Ventilation and hood flows
governed by performance s

rather than rules of thumb N —
O Minimize or eliminate reheat ﬁs
O Right size
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Laboratory Activities e ¢

ll
1

BERKELEY LAB
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LBNL’s Geoffrey Bell performing
dynamic side-by-side tests
comparing 6-foot Berkeley Hood
with a standard hood.

maaasssssssssssssy L AWRENCE BERKELEY NATIONAL LABORATORY I



High Performance Fume Hood Hoods

5 MM

e

Objective:

Reduce fume hood air
flow requirements at
least 50%
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The Berkeley Hood eeen §

EEEEEEE
e Patented push/pull design N -
e Utilities sponsored demonstrations M“\\m / Eﬁ“‘ﬂﬁLﬁj
- PG&E UCSF \ ?
- SDG&E San Diego State /
N
- Not accepted by Cal/OSHA k y %
_ ' " ROOM AIR IN BAFFLE %
/
il e

|
ROOM __,/' /
AR IN
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The Berkeley Hood is Not Alone! —

BERKELEY __

Innovations coming from
Industry

Labconco “Protector Xstream”
Fisher Hamilton “Pioneer”
LabCrafters “Air Sentry”

>> All have been tested per
ASHRAE 110-1995 and pass
ANSI/AIHA Z9.5-2002 at 60 FPM

High Performance/Low Flow
hoods accepted in all other
states but many institutions
specify a minimum face velocity
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A joint EPA/DOE-FEMP program to
Improve the environmental performance
of U.S. laboratories

—Optimize whole building efficiency on a life-
cycle basis

—Assure occupant safety

—Minimize overall environmental impacts of
new and existing laboratories

—LBNL and NREL provide core technical
support

www.labs21century.gov
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Labs21 Program Components ey £

4
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 Partnership Program

—Draws together lab owners and designers committed to
Implementing high performance lab design.

e Training Program
—Includes annual technical conference, training
workshops, and other peer-to-peer opportunities.

e Tool Kit for Sustainable Design
—Resources for owners, designers, and operators
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Labs21 Toolkit ceccer?]
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LABORATORIES FOR THE 21sT CENTURY:
CASE STUDIES
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Data Centers: The Opportunity ceeeny]
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 Design loads are often
significantly higher than actual

« Observed energy intensities vary
by a factor of 10 or more

e Power conversion losses are one-
third of server load

Heat load per product footprint - watts/m?

Heat load per product footprint - watts/ft?

60
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year of Product Announcement

] PrOmISIHQ Measures Source: Uptime Institute
O Opportunities range from UPS, to
power supply, cabinet - RMI Charette: Feb 2003
design/layout, to facility HVAC 0Ps & ter
5 3 0 . . o) ]
choice and sizing, to lighting & 5 apvac
envelope improvements £ 10
g 100 |
g N ﬁ
|_
- T T
Current Practice Best Practices with Projected with
Current Products Advanced Concepts
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Data Center Activities "\|\

« Benchmarking and Best
Practices

 UPS Efficiency
« Power Supply Efficiency

 Performance metrics —
computing “horsepower” and |
energy use

« Demonstration Projects

— Remove heat from servers
without fans and at warmer
temperatures

—DC powering
—Wireless monitoring and control

AB CD E F
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Summary ”\,\\

Hi-Tech Industries are important

...growing economic driver in most
(all?) states

Cleanrooms/Laboratories/ Data
Centers are energy intensive

...nhuge energy savings opportunities

Bridging the “Valley of Death”
Collaboration with CEE Members

» Genesis of program >1995 (CIEE)

» Benchmarking (PG&E)

 Demonstrations (PG&E, SDG&E)

» Training (PG&E, SCE, SMUD, Austin
Energy)

e Tool development (PG&E, SCE, Sempra)
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Contact Information: ooy

Dale Sartor, P.E.

Lawrence Berkeley National Laboratory
Applications Team

MS 90-3011
University of California
Berkeley, CA 94720

DASartor@LBL.gov
(510) 486-5988
http://Ateam.LBL.gov

maaasssssssssssssy L AWRENCE BERKELEY NATIONAL LABORATORY I


mailto:DASartor@LBL.gov

	Slide Number 1
	Slide Number 2
	Opportunities Are Real�
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Opportunities are Significant
	Slide Number 9
	Benchmarking:�Reveals a wide range of efficiencies
	What is the cost impact?
	 
	Slide Number 13
	Slide Number 14
	High Performance Fume Hood Hoods
	The Berkeley Hood
	Slide Number 17
	Labs21 Program
	Labs21 Program Components
	Labs21 Toolkit
	Slide Number 21
	Data Center Activities
	Summary
	Slide Number 24

