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Abstract:

Pactiv Corporation, along wiilks key project partners NYSERDA, The Energy Office Of Michigan, Cellulose
Productend Services LLC, Western Michigan University
Engineering, have successfully conipressurizedlOzarand) r a nt
Compressed Air Flotatiowith Membrane Filtratiorior Industrial Process Water Treatmenhé Forest Products
Facilityo. The proj @JE§De pvarst rha mtdStald Tedbnolegyp gdvanhcemyentt h e
Collaborative $TAC) program(administered by the National Association of State Energy OfficiBllASEO)

and New York State Energy Reseaanld Development Authority (NYSERDA) funding as well as Pactiv
Corporate funding.The project objective was to design, install andraponally demonstrate a full scale new
technology system that used pressurized ozone along with clarification and filtration to effectively tataiove
dissolved solidsTDS) from mill process water, compile the data and results for evaluation anchofia§en to
interested water i nt ensjNevweYoikAOdan per day nreotded fideranllf actmgdas
the host site, has successfully completed an installation and evaluation of the new technology application
system for cleaning diy mill process water and producing both clean process water and a fresh water substitu
formilluse.Each day, roughly 10% of the mill 6s process
water entering at city water supply temperature in thgearf 55 degrees F and must be warmed to mill
operating temperatures (representing approximately a 50 degree F inc@@ased! of TDS is a crucial step

for reducing (or eliminating entirely) the daily purge.

The new technology system actually ingdlbnd evaluated uses pressurized ozone injection in conjunction
with dissolved air flotation (DAF) clarification and reverse osmosis (RO) filtration to convert total dissolved
solid (TDS) contaminants in the ([M$9),klévengforreasiere s s w
removal of the contaminants as TSS to clean the process water. The new technology application allowed for
capability to clean and reuse the mill process water internally, and also was found to have the capability to m
a fresh water substitute out of mill process water, suitable for replacing purchased fresh water. The technoloc
capability has the potential to provide significant energy and production cost saving and environmental benef
that have wide ranging applicatian the Pulp and Paper Industry and other water intensive industries
worldwide. This technology allows for the reduction of effluent discharged from the mill, or potentially has the
ability to run the mill &s pr oeffusnsdiseharge@ater consenatios | o
will yield energy savings at the mill, at the city water supply plant, and at the city wastewater treatment plant.

Project results showed that TDS removal during pilot studies using the pressurized ozone ardA&roft
component of the system was 28% to 35%. Pilot studies also showed that the used of the pressurized ozone
Krofta DAF could protect a spiral wound RO membrane filtration system so that the clean process water coul
be further processed and cleanBlde actual full scale system installed at the Plattsburgh mill with pressurized
ozone, Krofta DAF clarification and spiral wound RO membrane filtration resulted in the full scale capability tc
remove almost 100% of the TSS, TDS and mineral contaminaatfraduce a fresh water substitute, while
allowing cost effective production efficiencies and flow rates from the water cleaning system. The system wa:
estimated to produce process water and fresh water substitute cheaper than available processweaater trea
and purchased fresh water costs, resulting in savings of between $67,000 and $99,000 per year for the mill.

The pressurize ozone, Krofta DAF and RO membrane filtration technology application was shown to hold gre
promise for Pulp and Paper Indysand other water intensive industriectmvert dirty mill process water
TDS to TSS for more efficient removal and for the production of clean process water and fresh water substitu
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N ARRATIVE

The Pactiv Corporation mill site in Plattsburgh, New York, acting as the host site, has successfully completed
an installation and evaluation of a new technology application system for cleaning dirty mill process water. Tr
gran funded project, titled fAiThe Use Of Pressuri zc¢
Filtration For I ndustri al Process Water Tred&d&men
Depart me nt Statd Tedinolegy §dvanment CollaborativeTAC) program(administered by the
National Association of State Energy OfficialNASEO)and New York State Energy Research And
Development Authority (NYSERDA) funding as well as Pactiv Corporate funding.

Pacti v Cor plurglaniliiscad@®ten pét Hag indlded fiber mill that like many Pulp and Paper
Industry mills uses significant quantities of water in their manufacturing process. The buitdtad dissolved
solids TDS) in industrial mill process water isthe mainreas mi | | s fipurgeo their d
as to not detrimentally affect mill production and qualdtherwise, buileup of salts can cause crusting and
clogging of spray nozzles, etdhe Plattsburgh mill thus needs to continuously purge pidgess water as
effluent and replace this with fresh water for their production and operatit@th day, roughly 10% of the
mill s process water is discharged and replaced,
temperature in the range 9% degrees F and must be warmed to mill operating temperatures (representing
approximately a 50 degree F increase). Control of TDS is a crucial step for reducing (or eliminating entirely)
the daily purge.

The new technology system actually installed emaluated uses pressurized ozone injection in conjunction

with dissolved air flotation (DAF) clarification and reverse osmosis (RO) filtration to convert total dissolved
solid (TDS) contaminants in the miladllawegforeasieress w
removal of the contaminants as TSS to clean the process water. The new technology application allowed for
capability to clean and reuse the mill process water internally, and also was found to have the capability to m
a fresh weer substitute out of mill process water, suitable for replacing purchased fresh water.

This technology allows for the reduction of effluent discharged from the mill, or potentially has the ability to
run the mill &ds pr oc es sithwaoe#luent disthame. The techreldgy tapabilty hasa
the potential to provide significant energy and production cost saving and environmental benefits that have w
ranging application in the Pulp and Paper Industry and other water intensiviei@sdwsrldwide. Water
conservation will yield energy savings at the mill, at the city water supply plant, and at the city wastewater
treatment plant.

ORIGINAL PROJECT GOA LS AND VARIANCE

The project objective was to design, install and operationally demada a full scale new technology system

that used pressurized ozone along with clarification and filtration to effectively remove TDS from mill process
water, compile the data and results for evaluation and dissemination to interested water intarstivesintio
achieve that objective, the following specific goals were identified:

¢ Perform necessary research and development, including pilot trial work

¢ Design and engineer a pressurized ozone, clarification and membrane filtration system
¢ Procure constru@nd install the system at the Pactiv Plattsburgh mill

e Start up and operate the system at the Plattsburgh mill using mill process water

e Compile and analyze operational data, document and report on the results

¢ Provide for technology transfer and outreazimdustry and interested parties
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All of the above technical and performance goals have been accomplished. The project work included
significant research and devel opment work alongs
Paper Industry Rat Plant that resulted in design and value engineering improvements to the original system.
These i mprovements exceeded the original project
whereby not only the system could provide cleanggsavater but even a fresh water substitute. The improved
system design was installed in the Plattsburgh mill, started up and run operationally, with data complied and
analyzed, and the initial results being positive.

The project was funded in part by thepartment of Energy STAC prograwmhich provided for $380,750 in

grant funding, with NYSERDA providing $214,422, with Pactiv Corporation providing the remainder of the
project funding total. The total project actual cost $920,173 was slightly highehthariginal $848,132
estimated, however the grant funded portions were in line with the original budget. Table 1 provides that
projectds grant funding budget and use had minor

Table 1: Grant Funding Budg et and Use

Project NYSERDA Grant Funds Percent Grant
Cost DOE-STAC Used Project Funded Budget
Item Budget Funds | Start Through Remaining
June 30 2007

Pactiv Labor $0 $0 0%
Pactiv Travel $0 $0 0%
Contract Services $184,450 $190,042 -3%
Equipment $340,000 $342,069 -1%
Supp/Mat $70,000 $63,060 10%
Pactiv Misc. $722 $0 100%
Total $595,172 $595,172 0.0%

The project partners and key vendors that participated in the project are listed and provided in Appendix A.

PROJECT BACKGROUND A ND TECHNOL OGY BASIS

The use of ozone for water treatment has been available for decades. Ozone, consisting of three oxygen atol
is a highly reactive molecule. Ozone is a powerful oxidizing agent and can react effectively to provide oxidize
complexes to the TDS ganics in the process water typically forming carboxyl and hydroxyl groups. These
charged organics can then agglomerate and flocculate to form TSS patrticles. Figure 1 provides a schematic
how the ozone based technology application works.
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Figure 2: Ozone Injection Based Technology Schematic
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The ozone work for TDS/TSS removal described above involves four basic steps:

1. Removal of Large Fiber and Suspended Solidghe initial step involves for the removal of cellulose fiber

and large suspended stsiin the process water. In this step, the process water can be provided from a low
suspended solids operation in the mill were solids are removed by using coarse filtration or screening or fiber
based flotation. The process water may come from a pellation such as a saveall, sidehill screen, filtration
device, or clarifier. At the end of clarification, the water appears less cloudy or dirty, but it still contains
significant quantities of organic and inorganic dissolved solREmoving TSS throdgeasy mechanical

screening techniques can recover wood fiber for use in making the products, and minimizes the demand for
moreexpensive ozone in subsequent treatment steps.

2. Oxidation of Dissolved Solids through Ozone Injectio@zone is injected intthe clarified process water.

Once in the water, the ozone oxidizes some of dissolved solids in the water. Some organic dissolved solids :
converted into carbon dioxide. Other organic and inorganic solids are modified into complexes so that they
morereadily coagulate or precipitated in the following steps.

3. pH SwingInduced Coagulation/Precipitation of Oxidized Solid3.he pH of the ozonated water is then
changed in order to convert the oxidized complex dissolved solids into coagulated arithfgd@pspended
solids, or convert TDS to TSS, here through process chemistry changes including the addition of acid or base

4. Dissolved AirFlotation (DAF) Clarification and Removal of Precipitated Solids'he newly coagulated

and precipitated TSS mde removed in the same manner as the suspended solids in the first step preferably |
using a DAF where the dissolved air along with appropriate chemistry and polymer addition is used to float th
precipitated solids to the surface where they are thems&d from the surfaceThe floating scum thus

harvested consists of ingredients that cannot fused in making the product, and therefore must be disposed
of.

Past work has been done with ozone and process water based on the above sequence [didNigstern
Universitybés Paper I ndustry Pilot Plant that thi
The past work showed that ozone treated process water can result in as much as 42% removat of TDS
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conversion to and then remowa TSS, this when the TSS removal included steps such as pH induced
clarification, which were performed on the TDS converted to TSS post ozone injection. Table 2 provides a
graph example of the results of previous ozone based pilot work performed at WM psingduced DAF
clarification step for the TDS/TSS removal operation.

Table 2: WMU Ozone Pilot Trial Data

TDS N

Sidehill Krofta MTR (7x) pHto 10 Krofta
Source: WMUI' This ozone pilot trial reduced TDS by 42%.

Many Pulp and Paper Industry mills and other water sienindustrial mills use DAF clarifiers and
Compressed Air Flotation (CAF) clarifiers to remove TSS from their mill process water. Few if any mills use
pressurized ozone tied to a DAF/CAF clarifier to remove TDS as TSS. One problem with the use ozgdessur
ozone and DAF/CAF clarification to remove TDS as TSS was that the TSS was removed in a low solids form
creating material dispositicand handlingoroblems when disposing of liquid slurijowever, steps can be
taken to dewater and thicken this wastteam, which serves to improve handleability as well as reduce the
volume and weight to be disposed dhe new technology application thus originally sought to include a
tubular ultrafiltration membrane filtration step to take the DAF waste and reasveuch liquid as was
possible, feeding it back in front of the pressurized ozone step, and then allowing for the solids to be cost
effectively thickened and dried. Figure 2 provides the original process flow diagram showing the pressurized
ozone unitopext i ons in front of the millds CAF clarifie
the CAF waste stream containing the removed TDS.

Figure 2: New Technology Applicationi Original Process Flow Diagram and Concept
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The original procesddw diagram and system concept was shown to have some significant limitations and
operational problems that the eventual research and development, pilot trial work and engineering work both
exposed and resolved. Some of the issues resolved were as follows:

e The placement of the pressurized ozone unit operations after the gravity screen unit operation and in
front of the CAF clarifier meant a significant amount of cellulose fiber was still present in the process
water, and the ozone injected into the psscwater had as much opportunity to react with the cellulose
fiber as it did reacting with the TDS. This reduced the effectiveness of the availableandomasted
otherwise recoverable valuable fiber

e While the tubular ultrafiltration membrane filtr@n unit was very forgiving per the amount of TSS and
could run without plugging its membranes, it had a low permeate or accept stream, between 10% to
30%, and a high reject stream, between 70% and 90%, which caused flow consideration problems pe
processwater recirculation volume. This led to the investigation into spiral wound membrane
technology for ultrafiltration, nanofiltration and reverse osmosis filtration, which became a preferred
option flow wise. Spiral wound membrane technology has more membtaface area and the
permeate or accept stream of 70% to 90% was deemed far better flow wise for this application if the
membranes could be protected from plugging.

e The mill needto reclaim as mucheusablecellulose fiber as possible from the CAlarification for
raw material needs and cost effective molded fiber produ@inoethe design called fahe
pressurized ozone stépprecede the CAF unit operaticany TDS thatconverts to TS$ the CAF
would mixwith therecoverectellulose fiberand thus would simply rdissolve in the process water
whenthat recovered fiber was-used in the mill.
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The preliminary technical and pilot work addressed these and other issues and provided for improvements to
final new technology application desidater detailed in Figure.4Qustifications for this improved design, along
with the actual process flow diagram agreed to as the best design to pursue for installation purposes, are
provided in the next two sections.

WMU PILOT TRIAL EVAL UATION

Western Mich gan Uni versitybés Paper I ndustry Pilot plar
clarification using their Krofta DAF, and also prepared process water for further membrane filtration pilot trial
work. This pilot trial work was done on tanker trugkesquantities of approximately 4,000 gallons from

Pl attsburghés mill process water, shipped in to
used in various trial run programs ancaesywtegnslhrdat i o
Krofta DAF clarification capability available at the WMU facility along with additional pilot trial pressurized
ozone equipment provided by ESTR. This equipment allowed for a simulation of any proposed system desigr
the Pactiv Plattsburgh rhimight consider. The WMU pilot plant trial work was done to evaluate the following
basic process parameters to assist in system design improvements:

e Determine and evaluate the Plattsburgh mill process water responsiveness to the pressurized ozone
injecion reactions, the effect of the pressuri zecf
TDS into TSS, to assist in understanding the
temperature, etc., assist in system design requirenagratgssist in equipment sizing of the unit
operations including ozone generator sizing requirements, Krofta DAF sizing requirements and spiral
wound membrane filtration sizing requirements for the full scale facility.

e Evaluate standard venturi type ozongctors against the ESTR patented hydrosparge ozone injector.
The justification for this was the standard venturi ozone injector used considerable amounts of energy
make it work properly, while the patented ESTR hydrosparge ozone injector could phevedene
ozone injector performance at a fraction of the energy requiremeaitandard venturi. Appendix B
provides a patent drawing on the ESTR hydrosparge.

e Produce treated process water for further membrane filtration work to be carried out bytlESTR,
evaluate spiral wound membrane filtration for ultrafiltration, nanofiltration and reverse osmosis
membrane filtration on the post DAF process water. This work was done to understand and confirm if
the DAF clarification unit operation provides adatg protection to this type of membrane filtration
operation so it can be incorporated into the system, with the goal of greatly improved process water
cleanliness and the potential to produce a fresh water substitute from the clean process water.

Table3 provides results data for the pilot trial wo

the WMU pressurized ozone injection and Krofta DAF capability, for both a standard venturi ozone injector ar
the ESTR hydrosparge ozone injector.

Table 3: WMU Pilot Trial Results for Plattsburgh Process Water
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Dissolved O2| Conductivity Total
SAMPLE TYPE pH Temp *c ml/g mu Solids %
System Feed
T1 Process Water 7.44 31.2 7.03 0.909 0.15
T2 Process Water 7.44 325 7.02 0.909 0.19
T3 Process Water 7.44 325 7.00 0.909 0.16
T4 Process Water 7.44 325 6.99 0.909 0.16
T5 Process Water 7.44 325 6.99 0.909 -
avg 7.44 32.24 7.01 0.909 0.16
Krofta DAF
Accepts
T1 Venturi O3 7.89 32.3 7.95 0.876 0.10
T2 Venturi O3 7.89 32.3 7.95 0.876 0.12
T3 Venturi O3 7.89 32.3 7.94 0.876 0.11
T4 Venturi O3 7.89 32.3 7.93 0.876 0.10
T5 Venturi O3 7.89 32.3 7.92 0.876 -
avg 7.89 32.3 7.94 0.876 0.11
% Reduction 3.6 35.1
Krofta DAF
Accepts
T1 Hydrosparge O3 7.84 31.1 7.60 0.699 0.11
T2 Hydrosparge O3 7.84 31.1 7.59 0.699 0.12
T3 Hydrosparge O3 7.84 31.1 7.59 0.699 0.13
T4 Hydrosparge O3 7.84 31.1 7.58 0.699 0.11
T5 Hydrosparge O3 7.84 31.1 7.58 0.699 -
avg 7.84 31.1 7.59 0.699 0.12
% Reduction 23.1 28.6

The sample test results for the trial work showed that the Plattsburgh mill process water was responsive to th
pressurized ozone per conversion of the TDS to TSS and subsequent removal by the Krofta DAF. TDS remo
of approximately 285% was constent with past historical data and TDS removal results. Additionally, both
the TDS removal and the dissolved oxygen content in the process water samples were similar for both the
standard venturi injector and the ESTR hydrosparge injector. Thus the ¢xpestss that the ESTR

hydrosparge injector could be used in place of a standard venturi with similar ozone response accomplished
using far less energy.

Table 4 provides the test results for a series of spiral wound membrane filtration evaluationafiloratitbn,
nanofiltration and reverse osmosis filtration, carried out by ESTR at their laboratory facility, using samples of
process water from the post Krofta DAF pilot plant process water samples developed at the WMU pilot plant.

Table 4. ESTR Pilot Trial Results for Spiral Wound Membrane Filtration

Sample pH TSS TDS Turbidity | Conductivity Salinity COD

Infeed 7.37 562 429 739 0.787 0.4 940

Ultra-filtration 7.37 14 480 20 0.881 0.5 370
Nano-filtration 7.37 BMDL 159.9 17 0.229 0.2 63
Reverse Osmosis 7.37 BMDL 6.6 6 0.134 BMDL 2

BMDL = Below MethodDetection Limits
In the above spiral wound membrane filtration trial work results of Table 4, note that care was taken to prepal
infeed samples to the appropriate levels required for simulating whht oucur in actual full scale operations.
For instance in the reverse osmosis sample the TSS present in the infeed would have to first be reduced to
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acceptable levels, typically less than 10 ppm. The results and evaluation did show the spiral woundenembra
technology would have advantages in that is would have very good water quality improvements at a much
higher permeate or accept rate. This fit well with the system flow requirements. The reverse osmosis membrz
filtration results also provided for aesh water substitute potential that was considered very attractive for
reali zing significant savings against Plattsburg
clarification and filtration series to be called out in the systengdeBigure 3 provides a photo of the actual
water sample set results represented in Table 4 above.

Figure 3: ESTR Pilot Trial Membrane Filtration Water Sample Results

The visual results of Figure 3 put the test results of Table4erspective per water quality that is attainable
from the millds process water. The use of pressu
reverse osmosis provided for the best opportunity for water and energy cost savings ladtshergh mill.

SYSTEM DESIGN

November 25, 2008 Pressurized Ozone/DAF Clarification/RO Membrane Mill Process Water Project Report 8



Based on the research, pilot trial work and value engineering work, a new improved system design was
developed that was simple yet effective, and incorporated the use of three key unit operation steps, a pressu
ozone wit operation, a Krofta DAF clarification unit operation, and reverse osmosis membrane filtration unit
operation, all in series. These three unit operations are described individually as follows:

Pressurized Ozone Unit OperationThis unit operation consis of an ozone generator, which generates a
continuous amount of ozone gas and feeds it to an ozone injector that then injects the ozone gas into the pro
water flowing in a pipeline. This ozone injection step is best pravimein conjunction with asizeable

retention tank where the process water flow can have adequate time to undergo TDS and ozone reaction anc
subsequent mixing to maximize agglomeration and flocculation of the TDS into TSS. The ozone injection can
be done in a pipeline that feeds tiank directly or in a recirculation line that is connected to the reaction vessel
tank. Appendix C provides the Ozone Water System ozone generator specifications for the project.

Krofta DAF Clarification Unit Operation: This unit operation consists okaofta DAF clarifier or

equivalent flotation style clarifier. The goal of the Krofta DAF clarification step is to efficiently remove as
much TDS as TSS as is possible to prodileanprocess water suitable forose in the mill. The Krofta DAF

also hasas goal to reduce the TSS to levels necessary to protect the reverse osmosis membrane filtration uni
operation. Typically a TSS less than 5 ppm is required so as not to plug the spiral wound membranes. The
Krofta DAF clarification will also act to redudke TDS loading on the reverse osmosis membrane filtration

unit operation and allow it to run more efficiently, with a higher permeate or accept percent, and more
importantly the lowest possible membrane filtration reject stream. This will maximize tbenpemnce and life

of the membrane filtration unit and reduce operational and maintenance costs. Appendix D provides the Kroff
DAF vendor specifications and information.

Reverse Osmosis Membrane Filtration Unit Operation:This unit operation takes the afeed DAF process

water and uses spiral wound membrane filtration to produce a fresh water substitute. The reverse osmosis ul
operation typically consists of two stations, a prefilter skid station and the reverse osmosis skid station. The
prefilter skidstation uses 300 mesh to 500 mesh sweco filters and/or a series of bag filters from 5 microns do
to 1 micron in size, this to protect the expensive reverse osmosis membranes from TSS. The reverse osmosi
skid station can run at a high or low pressurigh) & higher efficiency that increases permeate or accept water
and decreases concentrate or reject water accomplished running at a high pressure. Permeate or accept rate
above 90% are possible. However there are situations where the preference nray la¢ adower pressure, to
save on energy costs for instance, particularly if recirculation of the concentrate stream flow is possible.

Based on the above three key unit operations, a system design was developed for the Plattsburgh mill using

existing al new equipment. Figure 4 provides the process flow diagram of the new technology application
system integrated into some of the mills existing unit operations required for system support.

Figure 4. ESTR Pilot Trial Membrane Filtration Water Sample Results
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As shown in the above process flow diagram, the system consists of the following unit operations:

Sidehill Screens (existing) the sidehills screens are fiber removal screens that remove large cellulose fiber
from the process water costatfively, using a simple gravity filtration based mechanical action.

CAF Clarifier (existing) i the CAF clarifier removes most of the TSS as cellulose fiber and ash from the
process water, down to approximatelyi2B0 ppm TSS, and provides for a procesger stream that has

mostly TDS containing. This helps to maximize the use of the pressurized ozone at the injection point so that
the ozone is reacting on TDS as opposed to TSS.

Krofta Feed Tank i This tank acts as both the feed to the Krofta DAF aadéehction vessel for the
pressurized ozone treated mill process water to have some retention time for agglomeration and flocculation
TDS into TSS, this prior to moving forward to the Krofta DAF for clarification removal efforts.

Ozone Generator and Pessurized Ozone Injectiori The ozoneyenerator produces ozone gas and sgnds
the ozone injector point, here an ESTR hydrosparge injector. The ozone is injected into the process water in-
recirculation pipe and is looped back into the Krofta Fee# tvhere it can realize some retention time.

Krofta DAF Clarification T The Krofta DAF clarifier takes the pressurized ozone treated process water
whereby as much TDS has been converted to TSS as is possible, and uses bubble flotation clarification
methal ol ogy to fl oat TSS to the surface forming a n
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Accept water is returned to the mill as clean process water or sent forward to the reverse osmosis membrane
filtration step.

RO Prefilter Skid i The prefilter skid has a sweco vibrating screen with a small mesh size of between 300 an
400 and a series of 5 micron to 1 micron bag filters to protect against failure of the Krofta DAF removing TSS
and potentially plugging up the reverse osmosis spirahdanembranes. Process water from the prefilter skid
can be taken from the sweco vibrating screen accept flow or the bag filter accept flow to provide a very clean
process water that is suitable for mill shower water, etc..

RO Membrane Filter Skid T The RO membrane filter skid processthe water from the prefilter skid using

the spiral wound membranes. The permeate or accept flow from this unit operation is a fresh water substitute
quality, suitable for replacing fresh water applications in areas likmicatadditive makedown, pump seal

water, etc.

The above pressurized ozone, DAF clarification and reverse osmosis system was installed and integrated int

the Plattsburgh mill, with the new technoesfor@ay ap
photo |l og of the installed systemb6s unit operat:.

PROJECT RESULTS

The full system was run operationally using mill process and sample sets where taken to provide for analytice
test result. For the purposes of sampljfige sample points where used as indicator points, with the tracking
labels as follows:

e MST1 This sample point was the Main Storage Tank, which is also the CAF Feed Tank, which
represents the used mill process water starting point for théreatmensystem.

e CAFT This sample point was the CAF clarifier accept flow, which represents the process water for the
mill s current conf i gur aisrenoneddurifgthps siagend rgsidualh e m
TSSisin the range of 20 ppm, however there is little to no TDS removal.

e Kroftal This sample point was the Krofta DAF clarifier accept flow, which represents the process wate
after it has been treated with pdssavedarr fiotaterd o z
The residual TSS in the Krofta DAF accept stream is at or below 5 ppm, and typically you will see a
25% to 35% reduction in TDS from the upstream pressurized ozone step converting TDS to TSS.

e Swecoi This sample point is thedDB®T 400 mesh sweco vibrating screen accept stream, which helps to
protect the reverse osmosis membrane. Typically this stream is similar to the Krofta DAF accept,
however it may differ if there are upsets to the Krofta DAF that allows TSS to pass through.

e Bagi This sample point is the bag filter accept stream, which is after the 5 micron and 1 aigron
filters. The badilter also worksto protect the reverse osmosis membrane filtration unit. Typically the
bag filter will remove any residual TSS, evemall particle TSS but allows TDS to pass through.

e Membrand This sample point is the permeate or accept stream of the reverse osmosis membrane
filtration unit. This stream typically has test results equivalent or even superior to fresh water.

e Corcentrated This sample points is the concentrated reject stream from the reverse osmosis membran
filtration. This stream should be the most contaminated in the system since the reverse osmaosis unit
removes contaminants from as much as 90% of the flove@mckntrates it in the remaining 10%.

Figure5 shows a photograph of the typical sample set take as per the list of sample points above, and thus
moving left to right shows the general improvement in water quality as you move forward through the system
with the obvious exception of the concentrate sample on the far right.
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Figure 5: Sample Set Example Photo

The system generally performed well and exceeded expectations per output. The Krofta DAF is specified to
have an output of about 350 gallon pgnute and readily exceeded that flow rate, producing as much as 450
gal l ons per minute in output flows of quality pr
specified at 85 gallons per minute but it was producing as much as 200 galionsute at times. What this
signifies is the system is working well together to reduce the loading and thus improve the overall outputs ant
efficiencies, and increasing the capacity of the system to produce clean process water and fresh water substi

The analytical test results generally showed a very good quality improvement in the process water quality.
However it should be mentioned that at the time of these samples the mill had a sizable excess of chemical
additives and dispersant in their nplocess water, and this seemed to interfere with the pressurized ozone unit
operations capability to convert the TDS to TSS and thus the typical reduction in TDS at the Krofta was not
realized. However the upset showed the system was robust enough poddrepng quality clean process

water and fresh water substitute while a mill upset was occurring.

Table 5 shows the results for the TSS analytical testing. A large amount of TSS as cellulose fiber is containec
the mill process water at the MST sampéent. This is removed at the CAF clarifier and returned to the mill for
raw material use. Note that the CAF T&&rageamount of 18.3 mg/L would be detrimental to the reverse
osmosis unit if allowed to pass though, however the Krofta DAF clarifier resnalvout 75% of the remaining

TSS and the result is a very l@averagel' SS value of 4.8 mg/L in the Krofta DA&€ceptsBy the time the
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process water passes through the bag filter there is no TSS remaining, thus the reverse osmosis unit operatis
fully protected.

Table 5: TSS Analytical Test Results (mg/L)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 924 10 5 6 <4 <4 <4

2 1230 18 4 <4 <4 <4 6

3 1360 27 4 <4 <4 <4 <4

4 1470 18 6 6 <4 <4 9
Average 1246.0 18.3 4.8 3.0 0.0 0.0 3.8

Table6 shows the TDS analytical test results for the process water. There are only minor TDS drops through
the system until you get to the reverse osmosis unit operation, where the TDS drops to only 11 mg/L. Note he
high the TDS level rises in the concentraféhile a dramatic drop in TDS in direct response to ozojeetion

was not observea¢mparison of the CAF and Krofta samples does not show direct conversion of TDS to TSS
it is possible that key reactions of ozone do occur to prepare the TDS foralemlater treatment stages.

Future experiments would be warranted to vary the dosing of ozone (inclxgiegments where complete
elimination of ozone dosing is attempted) in order to isolate its specific contribution to the overall treatment
train.

Table 6: TDS Analytical Test Results (mg/L)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 522 526 504 466 474 <20 2040

2 506 524 504 460 474 <20 5060

3 524 484 486 456 423 22 1230

4 454 426 412 366 422 20 4840
Average 502 490 477 437 448 11 3293

The analytical test results for turbidity obviously see the biggest drop in the CAF clarifier, due to the large
amount of cellulose fiber removed. However turbidity does drop by significant amounts on a percentage basis

through the rest of thesyt e més unit operations, until it reach
or accept flow. This matches up well with the visual effects in the sample photo of Figure 5.
Table 7: Turbidity Analytical Test Results (NTU)
Sample MST CAF KROFTA SWECO Bag Membrane | Concentrate
1 866 9.11 5.85 4.38 1.98 <1 6.32
2 890 8.41 3.8 4.73 2.1 <1 26.6
3 907 5.43 4.18 3.32 1.73 <1 3.89
4 971 10.2 6.1 7.58 1.5 <1 12.8
Average 908.5 8.3 5.0 5.0 1.8 0.0 12.4

Table 8 provides the analytical test resultsdanductivity. Conductivity can indicate excesses in both organic
and inorganic ionic materighndcan be very detrimental to chemical additive use, interfering with sizing

November 25, 2008 Pressurized Ozone/DAF Clarification/RO Membrane Mill Process Water Project Report 13



chemical or retention aid polymer use for example. While a small improvemeatized at each unit
operation, as expected the largest gain is seen at the reverse osmosis membrane unit operation.

Table 8: Conductivity Analytical Test Results (microhos/cm)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 645 626 612 598 590 <20 2190

2 622 625 604 562 578 27.8 4540

3 625 602 607 551 540 26.5 1390

4 577 536 509 484 524 25.9 4400
Average 617 597 583 549 558 20 3130

Tables 9, 10, 11, and 12 provide the analytical test results for hardness, total calcium, dissolve@udlcium

dissolved magnesium. Once again only minor improvements are realized through the system until the revers

0smosis unit operation is reached. The hardness, calcium and magnesiamiththie process water can be a
severe detriment to mill productiday fouling fiber molds or equipment, leading to significant downtime.

Table 9: Hardness Analytical Test Results (mg/L)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 200 199 209 210 200 <5 853

2 198 200 207 183 203 <5 2080

3 209 189 206 193 176 <5 545

4 191 191 184 161 185 <5 2030
Average 200 195 202 187 191 0 1377

Table 10: Total Calcium Analytical Test Results (mg/L)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 117 70 62.8 67.4 64.5 <1 272

2 106 68.1 62.9 63.1 61.9 <1 709

3 108 67.7 64 59.3 55.4 <1 171

4 92 62.8 56.5 52.2 56.5 <1 632
Average 106 67 62 61 60 0 446

Table 11: Dissolved Calcium (mg/L)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 65.1 62.4 67.2 66.6 63.8 <1 268

2 63.6 64.6 66.2 57.5 64 <1 678

3 66.8 60.3 65 59.8 54.5 <1 172

4 60.2 58.9 56 48.9 56.6 <1 634
Average 64 62 64 58 60 0 438
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Table 12: Dissolved Magnesium (mg/L)

Sample MST CAF KROFTA | SWECO Bag Membrane | Concentrate
1 9.2 9.4 10.1 10.5 10 <0.5 44.3

2 9.5 9.4 10.2 9.5 10.6 <0.5 95.2

3 10.3 9.3 10.5 10.5 9.6 <0.5 28.1

4 9.9 10.7 10.7 9.4 10.7 <0.5 108
Average 10 10 10 10 10 0 69

Appendix G provides a preliminary analysis of cost saving estimates based on the Pactiv Plattsburgh
installation. These cost savings estimaessummarized in Table 12. This estimate is based only on the
savings realized from producing clean process water and fresh water substitute. The clean process water wo
mean that a similar amount of dirty process water does not have to be disckazffecbat, and thus a saving

on effluent treatment charges, and the fresh water substitute means a savings on a similar amount of fresh w
purchases. The analysis uses reverse osmosis membrane life expectancies of one year and two year duratio
Thisresults in yearly savings of $67,000 to $99,000 depending on how long the membranes last.

Table 12: Systems Savings Estimate per Year

Period Fresh Process Total Treatment System Savings
gallyr gallyr gallyr $lyr $lyr $lyr

System (1yr)
75,600,000 | 100,800,000 | 176,400,000 $ 311,119 $244,101 | $67,018

System (2yr)

75,600,000 | 100,800,000 | 176,400,000 $311,119 $212,101 $99,018

The saving analysis in Table 12 does not include energy sathiagcould be realized. For instance the biggest
process water cost in the mill is to heat fresh water to process water operational standards. Typically this
represents a temperature rise of 50 degrees, which based on current energy costs for prdnyenggsteam
could provide for $100,000 to $400,000 in addit:]i
process water and fresh water substitute is used. For instance if Pactiv Plattsburgh was able to use all the fre
water substitute as friesvater and eliminate the need to heat fresh water up to process water operational
standards, an additional $150,000+ in savings could be realized. Also, the savings due to improved chemical
additive costs, reduced maintenance downtime and productiotsrefedd also add tens of thousands of
dollars to the millds bottom | ine.

CONCLUSIONS AND FUTU RE WORK

The technology as implemented exceeded the expectations of the original grant proposal per its technical
capability. More work needs to be done to optienthe technology and fully understand the technology
capabilities and industri al appl i cat cleameprocess Wwater. o r
The actual technology implemented here produced a far superior series of clearss watees suitable for
production requirements and even suitable for higher quality shower waters, etc., and it also allowed for the
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production of a fresh water substitute from the dirty process wiatgure work with the technology
installation should ansist of the following tasks:

Perform minor equipment and control modifications and upgrades to the system to allow the system tc
operate in production at optimum levels fully integrated into the mill environment.

Develop a better understandingtioé process chemistry associated with the system per ozone reactions
for optimizing TDS to TSS conversion, pH interactions, DAF chargeewnsoval efficiency, etcin

particular, vhile a dramatic drop in TDS in direct response to ozone injection wadsetved

(comparison of the CAF and Krofta samples does not show direct conversion of TDS to TSS), it is
possible that key reactions of ozone do occur to prepare the TDS for removal in later treatment stages
Future experiments would be warranted to vaeydosing of ozone (including experiments where
complete elimination of ozone dosing is attempted) in order to isolate its specific contribution to the
overall treatment train.

The evaluation of results for the new technology using pressurized ozone|&#iEation and reverse
osmosis membrane filtration allow for the following conclusions:

The use of the pressurized ozone and DAF unit operationsicamize solidsloading toa reverse
osmosis membrane filtration unit and allow for the morieiefit production of a fresh water substitute
from dirty process water, helping to reduce the amount of fresh water purchases.

A sequence ote pressurized ozone, DAF clarifier and reverse osmosis membrane filtration can be
used coseffectively and povide overall savings to a mill while improving production related to water
quality.

The technology potentially has a broad applicatiothéPulp and Paper Industry and other water
intensive industrieto allow process water to be-used in the milto reduce peliminate effluent
discharge or to produce fresh water substitute as an energy and cost saving measure.
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Appendix A
Project Partners and Key Vendors List

New York State Energy Research and Development Authority

17 Columbia Circle, Albany, &v York

Contact: Dr Dana Levy, Senior Project Manager, erdil@nyserda.org

NYSERDA provided matching funds and senior project management as well as technical expertise to the
project. NYSERDA acted as interface between the Pactiv project team anepheirient of Energy STAC
program. NYSERDA also assisted Pactiv in the cost effective procurement of the Reverse Osmosis membrar
filtration unit.

The Energy Office, Michigan Department of Consumer and Industry Service

Contact: John Trieloff, email erdifo@michigan.gov

The Energy Office worked with the Michigan based project team members and will provide technology transf
and outreach to interested industrial parties and entities.

Pactiv Corporation, 74 Weed Street, Plattsburgh, New York

Contact: Mark_owther, Plant Engineer, eméilMLowther@Pactiv.com

The Pactiv Corporationbés Plattsburgh, New York m
Corporation is the Host Site where the new technology application system was installed atedi opactiv
provided the required in kind matching cost share. Pactiv provide management, technical engineering,
purchasing, maintenance and operational staff to support the project activities.

Cellulose Products and Services LLC304 Kings Hwy, Wyandogt, M

Contact: Peter Rudy, Senior Consultant, email: pjrudy@wyan.org

Cellulose Products and Services LLC, with representation by Peter Rudy, who created/developed the
intellectual property and is a leader in the field of dissolved solids removal tectasolblyi Rudy served as
Principal Investigator for the project, and is the primary technology contact. Mr. Rudy has many affiliations
with industry representatives who work with or possess new technologies applicable to dissolved solids
problems.

Western Michigan University, Paper Industry Pilot Plant, Kalamazoo, Ml

Jan Walter, General Manager, emajan.walter@wmich.edu

Western Michigan Universityodos Department of Pape
Walter, provided the Paperdrust ry Pi |l ot Pl antds water recycling
pl ant all owed for ozone study and evalwuation and
prestigious Department of Paper Science and Engineering is thizpRartp and Paper research university in
North America, and was awarded a $1.3 million EPA grant to study just this kind of industrial recycled proces
water usage and treatment technologies. The Paper Industry Pilot Plant located at Western lsatea full s
pressurized ozone system available for pilot trial work on process waters.
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Key Vendors:

GEA Filtration, NirolInc, 1600 O6Keefe Road, Hudson, Wi

Contact: Bob Keefe, Market Manager, emajk@niroinc.com

Niro Inc. supplies membrane filtration equipment to the industry and supplied retrofit and maintenance servic
startup and operational assistance for the RO filtration unit, and Reverse Osmaosis filtration expertise to the
project.

Ozone Water Systems Inc5401 South 39 Street, Suite 1, Phoenix, AZ

Contact: John Overby, emaibverby@ozonewatersystems.com

Ozone Water Systems Inc provided the ozone generator system along with expertise in ozone chi@mistry.
system along with all peripheral ozone equipment requirements such as ozone destructor units was provided
The ozone generator unit included the capability to produce oxygen from mill air to use as the ozone raw
material.

Krofta Technologies LLC, POBox 7, 401 South Street, Dalton MA,

Contact: Rick Ziomek, Sales Manager, emasiomek@kroftatech.com

Krofta Technologies provided the Krofta DAF along with expertise on DAF clarifier and flotation tegkinol
and assisted with equipment upgrades and recommendations.

Environmental Systems Technology & Research Inc1824 Brussels Road, Brussels WI

Contact: Gaylen LaCross, President, emastrinc@itol.com

Environmental Systems Technology & Research Inc provided the hydrosparge which was used for ozone
injection, as well as provided pilot plant and on site sampling, laboratory and analytical testing capability to
assist in the evaluation of the new technology.

November 25, 2008 Pressurized Ozone/DAF Clarification/RO Membrane Mill Process Water Project Report 18


mailto:rjk@niroinc.com
mailto:overby@ozonewatersystems.com
mailto:rziomek@kroftatech.com
mailto:estrinc@itol.com

12)

Appendix B
ESTR Injector Patent Drawing
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57) ABSTRACT

An acrator has a housing which contains a fluid inlet nozzle
and a fluid discharge nozzle positioned on either side of an
air inlet formed in a T-pipe. The fluid inlet nozzle has a bore
with a flared inlet, and a cylindrical outlet, in which a spiral
groove or rifling is formed which extends to the end of the
inlet nozzle, allowing the infed contaminated water to pass
through, being swirled by the spiral groove, and then exit
into an expansion chamber in communication with the air
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having a rectangular tank with a serpentine flow path.
Dissolved oxygen meters provide data to a Programmable
Logic Controller to control the pumps recirculating liquid
within the tank. Pumps are turned on and off to achieve
target minimum levels of dissolved oxygen.
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