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== Cycles of Concentration
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® Also Touch on Additional Benefits —

— Removal of all hazardous chemicals
— Minimization of infectious disease hazard
— Reduced maintenance



‘;r"fsiw Chiller Plant Study
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SHE rL,- IE t of this study was to demonstrate the
‘; Jact of Bio=film on water cooled condenser heat
'—t‘raﬂsfer surfaces in an electric driven chiller plant
, “and the associated increase in electrical usage.






1ergy Conservatio ——
University Chiller Plant Study

inisistidy was designed to demonstrate if
IR :39. OIf Ozone as a stand alone treatment
S /:Jre  to provide superior Bio-film control
= and resultant increase in heat transfer
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==X |C|ency IS a viable and benefical option.
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" The study measured Fouling Factor and Bio-Film
on operational water chillers.



University Chiller Plant Study Process Description

oI loWerRr WaterIS reciiculated fifom)/to; tie toWer SUmp: In
[9)/9eISSHOOP!
SEIOWERWALEIRSI G OSECMIti (‘z.gne IRStRISTECIREUiatiNgNO0P!
o @zonerls manuiactired en Site DY EedIng dry, OXYJen FICh
JaS o 2l plaskiialDIock: Jzurw generator
— ©Ozone J.L) ISFArAWRNNLO tEYPASSHO0P By NEJatiVe prESSUrEViara
Venturer

SENSsor
— ORP set point'is maintained by vVarying electrical charge in the
Ozone generator

e Conductivity of the cooling water is controlled by a

TDS/Conductivity monitor and bleed valve

— Conductivity set point is calculated to maintain
® [angelier Saturation Index and
® Phosphate Saturation Point




University Chiller Plant Study Process Description
SHVentnly seEVIcE rEdUIFEMERLS

— [iest: oxygen  generator fieed gasiconcentration
~NCF E ~ '.G W/=t

— Check Approach Temperature

— Bacteria and/or Corrosion Coupon liesting




University Chiller Plant Study

SISYSIEM COMPORNENLS
= OzoeneNrEatment Packade
sHiwerS00rgpmi circtiation pumps
sEoUrr OXygen generators providing S6: 1PV

s [wo Plasma Block ©Ozone generators providing a
total of 120 gmy/hr

® ORP controller for linier control of Ozone
production

— pH Control
® Replace 66° Baume™ Sulfuric Acid with CO:










Why use Fouling Factor?

SIOUF primary concEMNS BIOZHIManaNt’s
apllity toreuiranainSUiate CONAENSER
CUES:

With measured and recorded Fouling

Factor we get demonstrable, not

theoretical, but actual energy savings.
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Concept for Use of Fouling Factor

eErEeUING N FaCtoISHNUEPENCEN O
|0adIngs, Aemanas and degree days: Less
3u~nJm On the tukes means arlower Fouling

=actor with measurable improvement or
heat transfer with corresponding reduction

of energy. consumption.
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The Fouling Factor Formula Used

. - =
S8 (Fouling|Facton i =— _l./ U — | Uc

= \\hererisitherFeatiliransierCoelicientanditierClean/INewsHeatanansier:
COETICIENT rESPECHIVELY:

U = Q/(A X r X LMTD) IS used to calculate

Where Q is the Condenser: Load, A is the Condenser Heating Area, E is the

Temperature Correction Factor, and LMID'is the Log Mean Temperature
Difference.




Significance of Bio-Film to Energy Loss

SI@IarthIRKINGE
—BIo-fillMmWas!ar CORCENN:

— New data and studies indicate that Bio-
film Is the single biggest contributor to

energy. loss.




Power of Bio-Film

SHIIREfmaIs ConatcuVIty.

—(@alcilm EarpPenate 2,6
= CalcltimPnoespnate 2.6
2.8

— CalciumiSuliate
— [ron Oxide .
— Bio-film 0.6

® Bio-Film is 5 times more insulating than

scale.



Bulk fluid

Streamer
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Biofilm Prevention and Removal




What i1s Ozone?

® (05 = an UnStaBlE OO OXYgENWIGH
thrEe atoms
J RJWr‘ITJJ JXJJJ_/.JI _J _)L)\,JJ‘—‘

® Short life in evaporative cooling water
(around 15 minutes)

® Environmentally Safe - breaks down to
oxygen




How Is Ozone Produced?

SENauliraliyapreduceEd
— Uligs)lell=e Klejpje
S OZOnENaYEr:
= LLigntRing (EIecthc aiScharge)
® On-site GEnErauon

— Ozone Generator
® (Corona discharge
— High' Efficiency.
— Automatically: controlled 0zone output
— Oxygen Fed




Biofilm Prevention and Removal

SIKEEP SYStEmiclean
— JV echnanically = pnysicalfremoval
mJWJJJy~ MICFO=DIOCIGES, AISPErSANtS
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— Ejltration
— Oxidation

— |_ocation of Equipment
— Process Leaks




o HelpstKeep)systemlcleaner:

=sVechaniCally A= VAEmoVInG e CLlEaNiOMIGIE
system)mechanical cleaningisimuchreasier

— Ehemically = remoeyesineed o nazardousichemicals
WhIlE previding SUPErON PEOHMaNCE

' Redlce Food
— Filtration) = often not necessary

— Oxidation = far superior to chlorine, bromine, chiorine
dioxide, etc. Not effected by system debris of pH

— Location of Equipment - still must be addressed, but
not as critical

— Process Leaks — oxidizes organic process leak
materials, reducing food and fouling 23






Study Data Collection

SEEeUlING Factor:
SHDatal ColIECLEE PO LOICiaNGEOVER LONOZONE
o [Data’ collected aliterr changeoVertorOzone
o Bio=film
¢ Readingsi collected withithe use of a coupon and results

from a 15 minute reaction — all readings in BMR, or Bio-
Mass Reading

® Range — from <0.3 indicating no problem to >4.0

Indicating severe Bio-fouling
® Average readings prior to changeover to Ozone
® Average readings after changeover to Ozone




o' Jihe Cniller Plant maintains Sensers; onrthe Chillers
Installed termoeniterralifnEcessary datal— System
tEmpEeratunes; lifit, approach tEmMpEeratlures — NECESSARY o
Calculaterther EE

¢ Since some of the necessary constants are considered
proprietary by the Chiller manufacturer, they have built
the calculations inte their programming so that we can
log EF for before and after comparison.

¢ [he data collection software provides a readout of this
calculated number on the Dashboard of the University’'s
monitoring programs, allowing University personnel to
see the FF at any given time.

A



BMR - BIOMASS READING
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Corrosion Rates - Corrator Readings
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o ElectncallSavings o 5:58%0

S ERUIING Factor Improvement oy Y6 OVer
Chemical Pregiam

s Significantly’ Higher Savings When Chiller Load
Aboyve 840 Toens (on a 1200 Ton Chiller)

o Bio-film Readings Significantly’ Reduced

® Corrosion Rates Maintained in the Excellent
Range

e Eddy Current Test Results Identify No Impact

— Results of Test Backed by Excellent Copper Corrosion

Results
29
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o> COgLINE U\\ ERADAS
— oz POJJJ *Ioadmg | 1,000 tons
s OPElCUIN g ours/day 24
— O,)r’rJEEI d tlays/year 365
MJ’ &l water cost/1000 gals: $2.85
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= = Sewer cost/1000 gals: $6.49

T — ___(--y

"*’f" — Flectricity cost/kw hour: $ .075
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Cyclas of rur ~entrat|on 3 6

SVEPOlation! fiate-gals/day 43,200 43,200
_)lov\/Jovy; ate -gals/day 21,600 8,640
_,M,h&,ﬁ sewer cost/year $118,575 $/4,393
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=== | Total annual water cost savings: $44,182
== Total water saved: 4,730,400 gallons
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~ Chenmicals Ozone
Ozorla ¢Jy) e.r: 1on cost /year: 0 $3,750
Crilller e J,);s 2] |ng cost/year: $525,600 $504,576

,—ir'rﬂ

= | ency Improvement Factor of only 4% used)
ife ytal! ne_rgy Costs: $525,600 $508,326
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:Eriergy savings with ozone: $17,274/year
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= - Chemicals Ozone
SEE=UEn b COSt/yr $17,500 $3,750
Totzl] Or)r: s mg Cost/yr.: $644,175 $578,969
L)u}:é“% iyr $661,675 $582,719
il gs 5 with ozone: $78,956/yr
= (Slmple payback: 13.1 months to recoup a
capital outlay of $85,700 for ozone system)
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What are Evaporative Cooling Towers?

e \Water Conservation Tools
— Reuse water by rejecting process heat

— (Chillers, Refrigeration, Manufacturing Processes,
etc.)

® Release water’s latent heat through
evaporation

® Cooling Towers may use 40-80% of building’s
water

® | ow cost energy users vs. air cooled cooling
systems

34



Water Conservation by Increased Cycles of
Concentration

With the use of Ozone

- System is kept significantly Cleaner

- Bio-Film is removed from heat transfer surfaces
- No “glue” to attach scale to tubes
- No insulating biofilm

- (Can increase the saturation index, allowing higher levels
of scaling minerals in the tower water

- Increased minerals = higher COC = Decreased bleed
- Bleed can be discharged to environment or reused

35



Water Conservation in a 1,000 Ton
Cooling Tower

93,000
88,000
83,000
78,000
73,000
68,000
63,000
58,000
53,000
48,000

43,000
Gallons/Day

Cycles of Concentration




Cooling Tower Problems

Corrosion:

— reduces equipment service life

Scaling:

— increases energy cost

— 1 mm scale = 10% increase in electrical demand
Deposits

— Decreased efficiency

— Increased labor costs

Microbiological growth- Biofilm

— Reduced heat exchange
® Up to 5X more than the same thickness of mineral scale
— Liability (Legionella and other infectious diseases)

57



Water Treatment Solutions

® Short Comings of Standard Solutions

— Chemicals
® Hazardous and requires handling precautions
® Requires substantial facility labor
¢ Continual high cost for quality program
¢ Environment precautions necessary

— Filtration
® Must always be combined with other programs

— Mechanical/Electromechanical

® No proven effectiveness against biological growth
(see University of Pittsburg study)

38



Ozone Cooling Water Treatment

® Replaces all chemical programs for the tower

® Reduces water usage

— @ 2.5 to 5.0 million gallons/year per 1,000 tons of
cooling tower)

® Provides safer, more effective:
— Microbiological control
— Corrosion control
— Scale control

® Protects welfare of clients and staff by
reducing potential for airborne contagion
(Legionella) and toxic chemicals

e Environmentally friendly
® | ess maintenance required-fewer cleanouts

39




What does the ozone actually do?

® Disinfects the water- no bacteria is known to be
Immune to ozone

® (Oxidizes organics- Cold Combustion
— Bacteria and Nutrients

® Permits “cycling up” cooling tower water

— “Cycling up” is when system water is allowed to
evaporate until the mineral salt concentration is 5-12
times that of the makeup water. (cycles of
concentration) The water is now alkaline. The pH is
high, so general corrosivity of the water is reduced.
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Scale Control

Scale is composed of organic and inorganic
material found in cooling water

® Needs a “glue” to stick to surfaces.
e That glue is provided by biofilm. (bacteria)

® There is virtually no bacteria in ozone-treated water.

No glue. No scaling.

® The scale materials are expelled with the blowdown
water.
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