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Abstract

This WPI MQP project evaluated the impact of purchasing and installing an additional Pall
Oenoflow Cross-flow XL Filter for the Gallo Winery Cellar in Modesto, California. During the
project a demonstration model filter was operated and benchmarked on site to determine its
filtration performance, and mainly the average flow rate, which was used to evaluate the
economic feasibility of investing in a similar wine filtration system. Additionally the
engineering framework for an online production dashboard to measure filter downtime and

capacity was designed.



Executive Summary

For the past two years, the E & J Gallo Modesto Cellar has used Pall Oenoflow Cross-
flow Filtration Systems to clarify wine and beverage products prior to bottling. Cross-flow
filtration has largely reduced Diatomaceous Earth (DE) pressure leaf filters through its consistent
quality, ease of use, and cost effectiveness. Currently the cellar has six 34-module cross-flow
filtration systems operating, each capable of running at an average flow rate of 4,000 gallons per
hour. However, due to recent shifts in the wine production patterns, an increasing amount of
filtration jobs are now smaller than 20,000 total gallons, which makes it difficult to achieve the
4,000 GPH flow rate. This results in a drop in total cellar filtration capacity, and also creates
problems finding empty tanks. To help alleviate the problem Gallo Cellar management has been
considering investing in a smaller, more flexible Pall cross-flow unit to be used on batches that

do not meet the targeted 20,000 gallon threshold.

This newer filtration system, the Pall Cross-flow 4A-XL, was tested on site for a period
of a month. The MQP team was responsible for learning how to operate the filter system, as well
as recording data on filtration flow rate, cleaning cycle times, process losses and overall
performance. To assist the team in learning how to operate the filter, a Pall Corporation

representative was available during the first week to demonstrate the use of the filter.

Over the course of four weeks, ten separate batches were filtered, ranging in size from
1,000 gallons to slightly over 20,000 gallons. Data was recorded on filtration times, volume of
concentrate produced, and differential membrane pressures. All data was recorded in a
spreadsheet to determine flow rate based on the type of wine filtered. Filtered batches were also

tested for quality control standards, including dissolved oxygen content and turbidity



measurements to ensure clarity. This data was then used to develop a capital project request to

purchase a cross-flow XL filtration system.

The capital project was based on the premise that a newer cross-flow XL filter would
help to replace industrial filter 3, which uses DE filter media. Although the smaller cross-flow
unit would not have the overall capacity to completely replace the industrial filter, it would still
generate a reasonable amount in yearly savings from smaller wine losses and DE associated
costs. Also included in the capital project request was the associated cost of operating an
additional XL filter, including utilities such as hot and cold soft water, nitrogen, compressed air,
and electricity. Cleaning chemicals used to regenerate the membranes were also included in the

projection as an additional cost.

Three separate capital project requests were submitted to Gallo as drafts, justifying the
purchase of a 4A-XL, 6A-XL, and 8A-XL filter. The only major differences between these three
units are the number of modules they utilize, and their expected flow rate. During 2008 the
majority of Gallo’s capital expenditures budget was already approved for other projects, so a
25% internal rate of return (IRR) would be required to approve a new cross-flow purchase. This
hurdle was not obtainable at the time of project completion; therefore, Gallo requested a draft

version of the project request form, to be used at a later time.

Along with helping the cellar optimize scheduling and filtering capacity, the MQP team
assisted with the creating of a web based production dashboard. This production dashboard will
allow the Modesto Cellar to track the status of each filter, including downtime, and calculate and
display overall efficiency. To help with the design of the dashboard the team was tasked with

designing the overall appearance of the application, as well as designing specific data points that



would be collected from each cross-flow unit. These data points, or tags, were then used in the

dashboard framework to calculate and display the required variables.

Along with helping to detail the setup and overall appearance of the production
dashboard, the MQP team was able to make recommendations as to how the dashboard would be
manipulated by the operators. Several suggestions were included with the dashboard framework,
such as the automatic input of batch data from the filter schedule, and logins for filter operators

to increase accountability.

The final stage of the project involved working with a sensitivity analysis software
package to determine the effect that an additional cross-flow filter would have on tank utilization
and filtering capacity. Because of the complexity of writing rules required to run the simulation,
the team was assisted in modifying the software to include an XL filter system. It was assumed
that all batches smaller than 50,000 gallons would be assigned to the smaller cross-flow filter,
while the remaining batches would be divided up between the larger 34-module filters. The data
provided by this type of analysis was helpful in predicting the capacity requirements for the

Modesto Cellar in the next 5 years.
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1.0 Introduction

For over 4500 years, civilizations have been cultivating, harvesting, and fermenting
grapes to make wine. Records dating back as far as 2500 BC indicate that the Ancient Egyptians
were well familiar with the use of grapes to make wine. Furthermore wine is frequently
referenced in the Old Testament, and was even incorporated into the religious ceremony of
Christian churches following the fall of the Roman Empire; a practice which some historians
believe helped to maintain the industry. (HoneyCreek Vineyard and Orchard 2004) Essentially,

the history of wine is almost as old as history itself.

Despite humanity’s long history of making wine, the complex chemical process by which
wine is produced, fermentation, has been understood for only a little more than 150 years. A
more complete understanding of how sugars are converted into alcohols by living organisms,
yeasts, allowed winemakers to modernize, and improve, the methods by which wine is produced.
(MacNeil 2001) Constantly evolving technology has furthered the ability of wineries to create
larger batches of wine, while helping to ensure quality, and even crafting a desired aroma, flavor,
texture, and finish to the final product. E&J Gallo Winery, based in Modesto, California, is one
of many modern wineries to embrace new technology and developments in wine making, a
business strategy that has enabled it to become the world’s largest family-owned winery.
(MacNeil 2001) Annually, E&J Gallo produces close to 70 million cases a year — about the same

as the entire country of Portugal. (MacNeil 2001)

As the wine industry continues to grow and change, E & J Gallo must also change, by
constantly reinventing and refining their manufacturing methods. A recent change in the

technology employed at E&J Gallo involved the installation of six separate 34—module Pall
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Oenoflow cross-flow filter systems, to replace the pressure-leaf filters that utilized diatomaceous
earth (DE) as the filter media. These filter systems work very successfully if provided with large
enough batches of wine where a 4,000 gallon per hour (GPH) flow rate can be achieved.
Typically, this means that the batch of wine must be in excess of 20,000 gallons. Recently,
however, changes in E&J Gallo’s business and production patterns have resulted in smaller
batches of wine, where it is difficult to attain a 4,000 GPH flow rate. This project focused on the
evaluation of a smaller, 4-module Pall Oenoflow XL cross-flow filter system, for use in filtering
smaller batches of wine. The WPI MQP team will be responsible for bench marking the
performance of the 4-module system, and developing a capital project justification for the unit.
Furthermore, the team will be working with E & J Gallo to create a production dashboard for the
six filters already in place, and developing a sensitivity analysis tool to help predict the impact of
future changes in production. The production dashboard will utilize GE’s Proficy Portal
software to display and record the real time status of each filter system, so Gallo cellar staff can

analyze and report production data more efficiently.
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2.0 Background

2.1 The Wine Making Process

The commercial production of wine involves several stages and the use of large vessels
and equipment to accommodate the larger batch volumes. Wineries oversee and control every
aspect of the wine-making, or vinification process from the growing of the grapes to the bottling
of the final product. The processes for the production of the varieties of wines vary according to

the characteristics of the wine desired and the targeted consumer market

2.1.1 Growing and Harvesting

The quality of a wine is a direct consequence of the care taken in producing it. Great
wine starts with careful handling and harvesting of the grapes at the perfect stage in their
development. The optimum time for harvest varies with the grape variety as well as the type of
wine to be produced. From harvest, the grapes must be handled carefully including their
transport to the winery. Proper wine grapes and their juices need to be kept cool in transport and
must arrive in good condition with undamaged skins and little juice leakage. In some cases,
stemming and crushing will occur before transport to the winery but it is also common practice
to ship the grapes on the stem and process them on site. The stemming and crushing process
frees the juices in the grapes and facilitates extraction in later stages. The ease with which
grapes can be stemmed and crushed depends on the variety. Several types of grapes have
particularly tough skins or long stems that can prove problematic to the moving, mechanical
parts of wine making equipment. The crushed grape product (known as a “must”) is collected

and treated with sulfur dioxide (SO;). The sulfur dioxide is added to control unwanted
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microorganisms and inhibit the harmful browning enzymes within the fruits. SO, is also

responsible for the wine’s healthy antioxidants. (Amerine and Singleton 1977)

2.1.2 Pressing
All stages before fermentation take place in rapid succession. As soon as the must is

treated with SO, it is ready for pressing. The goal of the pressing process is the removal of the
solids (pomace) from the must and the extraction of the juices for the wine making. The timing
of the pressing stage varies for the type of wine desired. For white wines, the pressing occurs
directly after the production of the must; for red wines, the solids remain for an extended period
and are removed after fermentation using the same pressing equipment. By increasing pressure
on the must, for example along the length of a screw press, the juices are extruded and collected

for fermentation. (Amerine and Singleton 1977)

2.1.3 Fermentation

For the production of white wines, fermentation begins soon after pressing. The extruded
juices from the grapes are fed with a wine yeast inoculation to a large fermenting container. For
red wines, the must from the harvest is fed to a container in the same manner. Special care is
taken to leave enough head space in the container to allow for the CO, produced by the yeast and
the expansion of volume. As the yeast work exothermically on converting the fruit sugars to
ethanol, a particular concern with the temperature within the container arises. Careful regulation
and cooling of the fermentors ensures that the yeasts cannot create undesirable flavors which can
occur during the generation of large amounts of heat and subsequent increases in temperature.

(Amerine and Singleton 1977)
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2.1.4 Aging and Clarification

The final steps in the preparation of wine for bottling are filtration and clarification. The
sediments of yeast and remaining grape solids are allowed to settle while the wine is stored in
large barrels and racked. The yeasts remain active in this stage and allowance is made for the
yeast-produced CO, to escape without exposing the wine to the air. Pressure relief “bungs” are
installed in the barrels for this purpose. The storage barrels are often made of oak specifically
for its diffusive properties and its ability to allow in minimal amounts of air over time and
naturally age the wine while creating complex flavors. (Amerine and Singleton 1977) After a
sufficient settling and aging period, the wine is thoroughly filtered in order to produce the
resultant clear product for bottling. Unsightly yeast and particle sediment is removed to suit

common consumer preference.

2.1.5 Bottling

Wine is ready for bottling after a final polishing filtration and the addition of a small
amount of sulfur dioxide or other desirable antioxidants. Wineries often choose dark, tinted
bottles to counter the sun’s harmful effects on the liquid. The bottling process is carried out
mechanically under sterile conditions. Bottles are filled with CO or nitrogen gas to prevent
exposing the product to the air. The bottles are then sealed under vacuum with screw caps or
with cork, if the wine is intended for further aging. The winery can then store the bottles for 6
months as a quality control measure and may prolong the storage for aging or may immediately

affix the bottles with labels and ship them out to distributors. (Amerine and Singleton 1977)
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2.1.6 Table Wines
Most processes previously discussed apply directly to standard wines known as table
wines. Produced from grapes grown in cooler growing regions, table wines are distinguished by

fresh, fruity flavors and are normally classified as dry or sweet.

White table wines are most often made from white grapes but paler varieties of red
grapes may be used to produce the white wine’s characteristic pale, golden color. The white
grape varieties used in the production of white wine are particularly susceptible to browning if
mishandled. For this reason, sulfur dioxide is added immediately to the must before the wine

making processes continue. (Amerine and Singleton 1977)

Fermentation for white table wines is a particularly long process. To prevent off-flavors
caused by excessive heat and exposure to air, the fermentation process is carried out in a cooled,
temperature controlled, closed, and often inerted fermentation tank. The cooling slows the

ethanol production and the fermentation must be allowed to run for four to six weeks.

The production of rosé table wines is more similar to the white wine process than it is to
the production of red table wines. Rosé table wines are typically bright pink to light red in color
and, like white table wines, are considered light, fruity, moderately sweet wines. Grapes used for
rosé wines tend to be paler red varieties and wines made with the ideal type of grape tend to be
of better quality overall than those produced by blending. Rosé grapes tend to be slightly less
susceptible to the browning enzymes that make the proper handling of delicate white wine grapes
so important. (Amerine and Singleton 1977) Brief fermentation over the grape skins produces

the distinctive pinkish color of rosé wines.
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Red table wines are typically produced from sweeter varieties of grapes. Red table wines
tend to be more robust in flavor and are richer in color. Fermentation of red table wines takes
place on the grape skins. The color of the grape is extracted for a prolonged period and, as a
result, the wine has higher tannin content. Red table wines are aged in previously used oak

barrels so as not to introduce any off-flavors. (Amerine and Singleton 1977)

2.1.7 Sparkling Wines

Sparkling wines, often known as champagne, are a class of wine that have high carbon
dioxide (COy) levels and the distinctive “sparkle” of tiny bubbles. The high CO; is normally
produced with one of two methods: artificial carbonation or yeast fermentation. A stock wine
(often a white, dry table variety) is artificially carbonated by passing a moderately pressurized
stream of CO, at low temperatures through it and bottling the wine immediately. Yeast
fermentation is more preferable, however, because the exposure to off-flavors is reduced. Still
laden with active yeasts, sparkling wines may be carbonated in stoppered bottles. Strong, thick
glass bottles are filled with the wine and wired tightly shut with cork in order to withstand the
increased pressure of the CO, production in the wine. The bottles are racked horizontally for a

period until the carbonation level meets standards. (Amerine and Singleton 1977)

Most hand labor involved in the sparkling wine production comes from the need to
remove the sediment from the newly sparkling wines. Bottles are subjected to riddling, where a
sharp spin of the bottle promotes the settling of the sediment in a fine layer on the cork. Bottles
are stored neck down for this procedure. A process of disgorging is then used to rapidly remove

the cork and sediment without wasting the CO,. The wine, still in its original bottle, is then
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dosaged with sugar syrup in order to bring the sparkling wine up to the desired sweetness level.

(Amerine and Singleton 1977)

An alternative to costly hand labor of sparkling wine production is the transfer process.
Several wine bottles at a time, having already endured the riddling process, are discharged into a
large, closed tank for removal of the sediment by filtration. By way of mixing in the tank, a
uniform wine product is then bottled in the previously used, washed bottles. Through increased
exposure to air, a transfer-processed bottle of sparkling wine is often thought inferior than a
“fermented-in-this-bottle” wine. (Amerine and Singleton 1977) Therefore, when premium wine
is desired, the bulk filtration process is used mainly for pink or red wines that would prove

difficult to clarify otherwise.

2.1.8 Dessert Wines

Dessert wines or “fortified” wines are a variety that have been injected with wine spirits,
producing an increased alcohol-by-volume percentage. The introduction of higher alcohol levels
enables the production of specialty products that would not otherwise be microbiologically
produced. Distilled wine spirits are added just before fermentation is complete. Fermentation
immediately ceases and the wine is left with very sweet flavor. (Amerine and Singleton 1977)
The production of dessert wines is linked to sweeter grape varieties and producers can normally

be found in hotter grape-growing regions.

The production of different shades of wines remains the same for dessert wines as it did
for table wines. Pink wines produced by blending and red wines produced by prolonged

fermentation over the skins are fortified once the desired color is attained and just prior to the
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completion of fermentation. Stored in wooden cooperage, dessert wines may be aged for up to

six years. (Amerine and Singleton 1977)

2.2 Methods of Filtration

During the clarification process, wine is filtered to remove suspended particles and
colloidal matter left over from fermentation. If left unfiltered, tables wines, and white wines in
particular, can appear cloudy or hazy which, to today’s common consumer, is undesirable. Also
if yeast is not removed prior to bottling, there is the possibility of a second fermentation taking
place in the bottle, as remaining residual sugars are converted to alcohol. Modern wineries have
several methods of filtration available for use, including diatomaceous earth (DE) filters, and

more modern cross-flow filtration systems.

2.2.1 Diatomaceous Earth Filters

Diatomaceous earth (DE) is a widely used industrial mineral which is composed
primarily of the skeletal remains of microscopic aquatic plants, or diatoms. Diatoms have the
unique ability to readily extract silica from water to form their own skeletal structures. Under
certain conditions diatom deposits accumulate, the water recedes and the deposits become
available to mine. (Alar Engineering Corp 2007) Diatomaceous earth is mostly composed of
silica (86%), but also contains sodium (5%), magnesium (3%), and iron (2%). (Maiorano and

Martinelli 2007)

Because DE is chemically inert, and leaves no detectable taste or odor, it is ideally suited
for use as a filtering media in almost all industrial applications, including the wine industry.
Furthermore, the use of diatomaceous earth as a filter media typically does not necessitate the

use of a coagulant chemical. Filtering with DE is achieved by first placing a solid cake of the
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material on the filter leaves, which allows a thin layer of DE to collect on the filter septum. This
is called pre-coat filtration, and is important because this is where the primary separation of the
particulate matter will occur. Once pre-coating is completed, the process fluid is pumped
through the filter, along with a small amount of DE. During filtration particulate matter is
collected and adsorbed into the filter media, resulting in a gradual increase in pressure. Once the
maximum pressure drop is reached, the filtration process is stopped, and the filter is backwashed
to clean the cake from the septum. The cake is disposed of, and then the pre-coating process is
repeated again before filtering resumes. (Bhardwaj 2001) This process of filtering with DE has
been successful in the winemaking industry because of its relatively low capital cost. See Figure

1 for a schematic of a typical horizontal drum, rotary filtration system.

Drainage Deck
Housing

Cake Wash =
Gas/Liquid
~Removal
Single Cell )
Drum Design !
Filter Media
T

R —

.\\ ’ 7 =

Pneumatic
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Valve

=< Wash Collection
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Figure 1: Cutaway of a Horizontal Tank Filter with Dry-Cake-Discharge.
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The use of diatomaceous earth has several drawbacks however. DE is classified as a
group | carcinogen for humans by the IARC (International Agency for Research on Cancer), and
has also been known to cause silicosis with long term inhalation. Furthermore, restrictions on
the safe and costly disposal of DE vary widely, making the potential savings for eliminating the
use of DE in a wine-making operation substantial.(Wine Communications Group 2007) Beyond
the health and safety problems associated with DE, there are other issues as well. Often times,
winemakers using DE filters find that one pass through the filter does not adequately remove all
of the solids, and instead they are required to make multiple passes through the filter unit for the
same batch. Making multiple filter runs greatly increases production time, and thus increases

production and labor costs as well.

2.2.2 Cross-flow Filter Systems

Because of the mounting problems associated with the use of diatomaceous earth as a
filter media, E & J Gallo winery made the decision to switch to cross-flow filtration systems.
Industrial application of cross-flow filtration is not a new concept in food processing, or the wine
industry in fact. Many wineries experimented with cross-flow technology during the mid 1980s,
however, the units were often difficult to operate, and had the potential to damage the wine by
excessive heating and allowing oxygen pickup. (Wine Communications Group 2007) Lately
however, the redesigning of cross-flow filtration specifically for the wine industry has solved

many of the earlier problems.

One of the most attractive features of cross-flow filtration over the use of diatomaceous
earth filters is the ability to filter batches of wine in a single pass. Furthermore, the cross-flow
systems developed today are almost completely automated. Operators can simply set the desired
parameters depending on the batch of wine being filtered, and the process will automatically

21



provide the desired filtration. One experiment using cross-flow filtration to clarify apple juice
reduced the filtering time from 28 hours using a traditional filter, to 2 hours in a cross-flow filter.

(R. Ben Amar 1990)

2.2.2.1 Basic Principles of Operation of Cross-flow Filtration

Cross-flow filtration is achieved over a filter membrane that is typically classified as
either hollow fiber, tubular, plate-and-frame or spiral. The filter membrane contains pores,
available in sizes varying from several nanometers to only a few micrometers. Often time pores
can be very small, which can require a significant pressure to force liquid through the channels.
Much like a typical filter, pressure is applied perpendicularly to the membrane, as the filtered
liquid passes through the membrane. As filtration continues, however, the surface of the
membrane collects debris, which blocks the pores of the membrane and slows the rate at which
fluid can pass through. During cross-flow filtration, however, the buildup of solid particles on
the surface of the membrane, also referred to as fouling, is slowed by the feed stream, which is
flowing parallel to the membrane at a high velocity. This is called tangential flow filtration.
During tangential flow filtration, the feed stream acts to clean the surface of the membrane and
subsequently provides a higher permeate flow rate. The tangential flow filtration is also more
economical since it reduces the need to buy filter membranes as often, because it extends the life

of the membrane significantly.

2.2.2.2 Engineering Principles of Cross-Flow Filtration

Filtration through the hollow fiber membrane is achieved primarily through difference in
pressure across the surface of the membrane, which acts as the driving force. The nominal pore
size of the cross-flow membranes is 0.17 pum and is highly uniform along the membrane (Pall
Corporation 2007). Although Fickian diffusion is relevant to any membrane separation process,
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advective and viscous flow dominates the process of porous membrane filtration used in cross-
flow units (Robert H. Perry 1997). Error! Reference source not found. shows a diagram of a

typical hollow fiber membrane filtering under countercurrent conditions.

concentrate
Qiy, 1,
Piw

permeate
Q3,3

feed /
solution

Do, €y Plac

Figure 2: Visual Representation of Hollow Fiber Membrane Filtration. (Porter 1990)

The yield for a batch filtering process can be obtained through comparing the initial volume with

the volume recovered after clarification.

v = (]I//_O)(Ri—l) _ (i);—l 1)
Ry= =2 2)

Error! Reference source not found. and Error! Reference source not found. are used
to determine the yield of each filtration batch, which is then converted to process loss
percentage. (Rousseau 1987) In Error! Reference source not found. and Error! Reference
source not found., ¢ = solute concentration (C,, initial; ¢y, bulk; c,, permeate), and V = volume

(V,, initial).
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The underlying processes behind cross-flow filtration depend on several fluid flow
forces. Each of these forces governs the membrane separation of a solvent from a solution
through physical laws. A summary of the central forces can be seen visually in Error!

_ Reference source not found..
High Prezzure Low Pressure

— :{>
Solvent

J” O=motic
Solute Flow
largely Gmm—
rejected

Figure 3: Diffusion across a Semi-Permeable Membrane (Cussler 1997)

The pressure gradient on opposing sides of the membrane drives the diffusion of solvent
from an area of high pressure across the membrane to an area of lower pressure. In this case, the
membrane is selectively permeable to the solvent and, therefore, largely prevents the crossing of
the solute to the right side. The right side of the membrane is very dilute. The resulting
concentration gradient across the membrane triggers osmotic flow, which counteracts the
pressure-driven diffusion of the solvent across the membrane and acts opposite the pressure

gradient. (Cussler 1997)

An underlying understanding of Fick’s Law provides the basic relationship of the
processes behind mass transfer in fluid systems and the determination of flux, defined as a
volume per unit time per unit area. Adolf Fick, through experimentation, defined total one-

dimensional flux, J;, as

3, =Aj,=-AD %

oz (3)
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where A is the area for diffusion, j; is the flux per unit of area, c;is the concentration, z is
distance and D is the diffusion coefficient. (Cussler 1997) Simplified slightly, Fick’s Law for
one-dimensional diffusion in Cartesian coordinates is defined as
-
or (4)
One-dimensional diffusion does little to completely model the complex processes

concerning cross-flow filtration. There are many forces that ultimately combine to produce an

accurate representative model of membrane diffusion in cross-flow filtration.

One of the applicable fluid flow forces used in constructing a model of membrane
separation is steady state diffusion across a thin film. Figure 4 depicts the situation of the

simplest diffusion problem with discussion to follow.

Figure 4: Steady-State Diffusion across a Thin Film (Cussler 1997)

On both sides of a thin film, a well-mixed, dilute solution of one solute exists. Solute
flows from left to right, from a region of higher concentration to one of lower concentration. As

shown in Figure 4, solute diffuses across the thin film from points of higher concentration (z < 0)

25



to points of lower concentration (z > |). Consider a thin layer, Az, within the film. Writing a
mass balance this thin layer will lead to determination of the solute concentration profile and the
flux across the thin film. (Cussler 1997) The mass balance in the thin layer is as follows
solute B rate of diffusion rate of diffusion
accumulation = | intothelayeratz | - out of layer
at z #hz
For the simplest diffusion case, the process is at steady state and solute accumulation will

be 0. The rates of diffusion within the formula are found by multiplying the diffusion flux by the

film’s area as in Error! Reference source not found..

0=A( j1|z - j1|z+Az) (5)
I
Rearranging Error! Reference source not found. after dividing by the film’s volume,
AAz, yields
0= j1|z+Az B j1|z
| (z+42)-2
(6)

As Az becomes increasingly smaller and approaches 0, the equation takes the form of

Error! Reference source not found.
and becomes the definition of the derivative.

d .
O:__Jl

dz @)

Error! Reference source not found.
Combining with Fick’s Law,
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= Dﬁ
dz (8)

In the simplest case, for a constant diffusion coefficient, D

dz? 9)
The two governing boundary conditions are
z=0,c1=Cyo
z=1,¢c1=cy

Integrating Error! Reference source not found. twice yields a general form of the

concentration profile
c1=a+thbz (10)

Through use of the boundary conditions, the concentration profile for the thin film case

may be found.

z
G, =Cyp + (Cll _Clo)l_

(11)
Error! Reference source not found.
Differentiating the concentration profile in yields
the flux
. dc, D
h=- _1=_(C10 _Cll)
dz | (12)
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With the system in steady state, the flux is constant. This mathematical operation proves
fairly simple in the case of the thin film. However, with cross-flow filtration through hollow-
fiber, porous membranes, the case for finding the concentration profile and flux is complicated

slightly. (Cussler 1997)

Error! Reference source not found. _
The same mass balance from IS subject to more

complex boundary conditions in the case of membrane diffusion.
z=0,c= HClo
Z :|, CL= HC1|

H, defined as the partition coefficient, must be introduced to account for the fact that the
membrane is chemically different from the solutions on either side. The partition coefficient is
mathematically defined as the value of the concentration in the membrane divided by that in the
adjacent solution. In order to apply the partition coefficient, it must be assumed that the system

is in equilibrium. (Cussler 1997)

Applying the new boundary conditions to the general concentration profile in Error!
Reference source not found. yields the concentration profile for the case of a porous membrane,

Error! Reference source not found..
Z
C = HClO + H(Cll _Clo)T

(13)

The flux is then determined as before.
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) dc, DgH
Ji =Dy L= = (ClO _Cll)
dz I (14)

In the case of the thin film, a quantity, D, defined as the one-dimensional diffusion
coefficient was incorporated into Fick’s Law. In the case of a porous membrane however,
allowance for diffusion through the membrane’s pores is not included in a one-dimensional
diffusion coefficient. A new term defined as the effective diffusion coefficient, D, is therefore
introduced in order to account for diffusion through the tubular pores. The effective diffusion
coefficient accounts for the local geometry of the membrane’s pores and encompasses the

necessary tortuosity factors. (Cussler 1997)

For the diffusion of a dilute solution across a thin membrane at constant temperature and

pressure, the term Cy becomes 0 and leads to the flux equation.

dz | (15)

Diffusion across a thin membrane also involves the concept of osmotic pressure.
Osmotic pressure gradients arise in the thin membrane separation of solvent from solute where

the membrane is permeable to the solvent yet impermeable to the solute.
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Figure 5: Osmotic Pressure (Cussler 1997)

Chemical potential is constant at equilibrium so when applying the concept of osmotic
pressure to Error! Reference source not found., this consideration must be taken into account.
Osmotic pressure in relation to chemical potential may be expressed as Error! Reference

source not found.

H2 (Tvp) = M2 (Top + AH) (16)

where |, is chemical potential and A]] represents the osmotic pressure gradient. On the pure
solvent side of the membrane, the chemical potential is at standard state. Adjustments must be
made, however, to represent the chemical potential on the solution side. Solute concentration
and pressure must be incorporated into Error! Reference source not found. and Error!

Reference source not found.. (Cussler 1997)

K2’ (T,p) = K2° (T.p + A[]) + RT In x, (17)

,° is the chemical potential at standard state and x, is the concentration of the solvent.

K2” (T.p) = H2° (T.p) +V2A[] + RT In (1 - xy) (18)
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Incorporating V», the partial molar volume of the solvent, allows for determination of a
relationship between osmotic pressure and solute concentration to be determined for an ideal

solution. This relationship is presented in Error! Reference source not found..
VoA[] =-RT In(1-xq) (19)

Integrating the concept of osmotic pressure into Error! Reference source not found.
yields an important relationship between flux and osmotic pressure. Determining this
relationship begins with setting the osmotic pressure difference, A[], equal to RT(Cyg)and
defining a term for solute permeability, ®, with the same units as a mass transfer coefficient.

(Cussler 1997)

DH
w=——
IRT (20)
o defined in Error! Reference source not found. can then be placed with A[] in Error!
Reference source not found. and form a new relationship between flux and osmotic pressure

shown as Error! Reference source not found..
J; = oAl (21)

In addition to diffusion and osmotic pressure, solvent transport presents a third facet of a
complete cross-flow filtration model. Consider a case where pure water is pushed through a

membrane solely by a pressure difference. The water flux would then be expressed as:

. volume _ water /time v
' area__membrane

2
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where jy is a volumetric flux. The water flux j, can then be attributed to diffusion or to flow
through the membrane’s pores. (Cussler 1997) If the water flux is attributed to diffusion, the

flux is given by Error! Reference source not found..

P,

jz = Cz jv =
' (22)

where C, is the water concentration outside of the membrane and Ac, is the water concentration
gradient within the membrane. Equilibrium is assumed across each membrane-solution
interface, so the pressure and chemical potential of water are each constant. Equating the solvent

and membrane sides of the boundary yields Error! Reference source not found..
1) +V,,p+RTINC, = 1, +V, p+RT Inc, (23)

where the superscript ° refers to the solvent and * refers to the membrane phases. When

rearranged, Error! Reference source not found. yields Error! Reference source not found.
C, = [He(\Tzo _\72*)( p- ﬁ)/ RTk:z (24)
where H is the partition coefficient at some average reference pressure, p.

H = elud-u+(s-)p)iRT

(25)
Expansion of these relations in a Taylor series of pressure distribution leads to Error!
Reference source not found.. (Maiorano and Martinelli 2007)
c, = H{u\%(p— ﬁ)}cz
(26)
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Through simplification, Error! Reference source not found. yields Error! Reference

source not found..

s, PO
RT @7)

where Ap represents the pressure difference across the membrane, p—p. (Maiorano and
Martinelli 2007) When Error! Reference source not found. is combined with the volumetric
flux equation, Error! Reference source not found., the result is Error! Reference source not
found..

. DH(V.° -V,)

o = {— == |Ap

RTI 28)

Consolidation of the bracketed terms of Error! Reference source not found. into one

term, Ly, for a coefficient of solvent permeability yields Error! Reference source not found..

Error! Reference source not found. describes solvent transport across the membrane
solely through diffusion. In the case of a porous membrane containing small tubes of diameter, d,
the flux is calculated in a different manner. The velocity across the membrane could be modeled
simply as fluid flow through a cylinder and would be governed by the Hagen-Pouiseuille law,

Error! Reference source not found..

(30)
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In comparing Error! Reference source not found. and Error! Reference source not
found., it is apparent that the parameters which contribute to solvent permeability through pores
differ greatly from those in diffusion transport. Identifying which of the types of solvent
transport is applicable is often difficult. Determination of the partition coefficient and pore size
of a thin selective layer is very difficult and often presents complications. (Maiorano and

Martinelli 2007)

Reverse osmosis is often accurately described by solvent transport solely through
diffusion. For cross-flow filtration, the assumption holds that the membranes contain pores and
should be described using the Hagen-Pouiseuille equation (Error! Reference source not
found.) and corrections made with the appropriate tortuosity factors. It is more common when
working with porous hollow-fiber membranes (as in the Oenoflow systems) to use the Hagen-

Pouiseuille equation to best model the fluid behavior. (Maiorano and Martinelli 2007)

Total flux equations for membrane transport can be developed through a combination of

the actions of osmotic pressure, solute diffusion and solvent transport.

The total flux, jy, for the solvent involves the combination of the pressure-driven solvent

transport and its counteracting force, osmotic pressure.

jv = Lp(Ap_GAH) (31)

In Error! Reference source not found., o represents the reflection coefficient with
specific characteristics of the membrane. If the membrane is completely impermeable to the
solute but permeable to the solvent, then o equals 1. If the membrane is equally soluble to both

the solute and solvent, then ¢ will equal zero. (Maiorano and Martinelli 2007)
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The total solute flux, ji1, involves combining solute diffusion and convection across the

membrane into Error! Reference source not found.
j, = @ATI(1-6")C, j, (32)

where C, is the average solute concentration [(C1o+Cx)/2] and o’ is the transport coefficient.
Despite the theoretical merit of Error! Reference source not found. and Error! Reference
source not found., these relationships have proved to be inconvenient and difficult to implement
in practice. (Cussler 1997) Therefore, within industry and specifically at E & J Gallo Wineries,
theoretical calculation is supplanted by experimentation with small-scale testing equipment and

direct observation.

2.2.2.3 Pall Oenoflow XL 4-Module Cross-Flow Filter System

The 4-module Pall Oenoflow XL filter is different from the 34-module filters already
installed in the Gallo cellar in several ways. The 34-module cross-flow filters contain
membranes each with 8.2 m? of surface area available for filtration. Each module on the 34-

module system is 1.17 meters in length and 0.19 meters in diameter.

Figure 6: Cutaway of a Pall Hollow Fiber Module. (Robert H. Perry 1997)
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The 4 modules on the Oenoflow XL filter each contain approximately 19.7 m? of
effective filtration area, which is roughly 2.4 times the surface area of the 34-module unit filters.
See Error! Reference source not found. for a diagram of a Pall hollow fiber membrane. The
Oenoflow XL unit is estimated to provide a filtration rate of 5,000 — 7500 L/hr. (Pall Corporation
2007) Furthermore the XL unit is designed to have a smaller footprint than the 34-module
filters, because it requires fewer modules to operate. Although the unit that will be delivered to
E & J Gallo in December will have 4-modules, Pall manufactures Oenoflow XL systems with as
many as 30 modules, and also has the capability to design larger units upon request. (Pall

Corporation 2007) (See Figure 7)

Figure 7: Picture of the 4-module Oenoflow XL Cross-flow Filter.
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2.3 Operating the Oenoflow XL 4-module Cross-flow Filter

Operating the Oenoflow XL filter is similar to operating the currently installed 34-
module filters located in the Cellar. Both units require the same utilities to operate; three phase
power, soft, hot and cold water, nitrogen, and compressed air. Cleaning cycles are also very
similar between the two machines, as well as the different production modes used during
operation. One difference that prevented the current operators from assisting with the Oenoflow
XL unit was the different software installed on the smaller unit. On the 34-module units Gallo
replaced the original manufacturer software with a specially designed version to suit the
company’s specific needs. Because the 4-module unit is a Pall demonstration model it included

Pall’s software package which was unfamiliar to the cross-flow operators.

The Oenoflow XL filter is controlled through the use of a touch screen LCD panel, a type
of Human-Machine Interface (HMI). Using the HMI operators are able to set the specific
production program they want the filter to run, and indicate variables such as backflush settings,
flow rate, and batch size. Cleaning cycles are also selected in a similar manner, using
preprogrammed cleaning routines. Operators also have the option of creating a unique cleaning
routine using the Oenoflow XL software. All production and cleaning cycles are started using
the green “ play” button and the bottom of the screen. One advantage of the Oenoflow XL is the
addition of a pause feature, which allows the operator to pause a cleaning cycle or production
cycle if changes need to be made. Operators than can resume the cycle by pressing play again.
The 34-module filters do not have this feature available, and must be stopped completely if

settings need to be adjusted, which takes valuable time away from production.
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3.0 Methodology

Evaluating the Oenoflow XL filtration system occurred in three different steps, each with
its own timeline and Gallo requested deliverables. First, the Oenoflow XL skid was bench
marked for a period of three weeks, with the on-site and phone support of Pall personnel. The
data gathered during the testing phase was used to evaluate whether it was economically feasible
for E & J Gallo to invest in an Oenoflow XL system for their cellar. The second section of the
project entailed the design and initial development of a production dashboard for the six
Oenoflow systems already in place, so equipment operators will have easy access to information
regarding the performance of the units, including downtime, flow rate, and operating pressures.
The final part of the project was focused on creating a sensitivity analysis tool to help determine

how future changes in production would affect filtration capability.

3.1 Bench Marking the Oenoflow XL Filter System

Bench marking the Oenoflow XL filter system took place in two separate stages. First,
production data was gathered using the 4-module filter over a period of three weeks. This
production data was carefully logged and analyzed to provide an average filtration rate and
process loss percentage, two important production variables employed at E & J Gallo. The
second stage involved analyzing the production data obtained from experimentation and
extrapolating the data in order to create a capital project justification, to determine if it is

financially advantageous for Gallo to invest in an Oenoflow XL unit.

3.1.1 Gathering Production Data
Bench marking the operation of the Oenoflow 4A-XL cross-flow filter system occurred

over a period of four weeks, the first of which a Pall field engineer was on site at the plant to
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provide training for the MQP team. When the team arrived at the winery, the Oenoflow XL
filter skid was already in place, but was not connected with utilities such as hot soft water, cold
soft water, nitrogen, and compressed air. Pall representatives assisted with setting up the
filtering unit, and then demonstrating the various rinse and chemical cleaning cycles available on
the filter. This allowed the team to get timings on how long each cleaning procedure took so that

they could be used when calculating average flow rate later.

The week of January 14" — 18", 2008 was dedicated to training the team to operate the
filter. During this time period 3 batches of wine were filtered; 15,000 gallons of Twin Valley
Merlot, 1,300 gallons of Mirassou Pinot Noir, and 13,000 gallons of Dancing Bull Merlot.
Between each batch different cleaning procedures were used to regenerate the filter membranes,

and to help the team become familiar with proper cleaning routines.

During each run, data was recorded every 15 — 30 minutes, using the log sheet (See
Appendix A: Batch Data Sheet). Key variables to measure included:

e Trans-membrane pressure (ApT)

e Pressure difference across the module (ApM)
e Temperature of raw wine in (T;)

e Temperature of filtrate out (T,)

o Filtrate flow rate

e Total filtrate volume

e [Feed pressure.

During filtering runs, quality assurance tests were conducted as well, which measured
NTU and PPM, both used to measure suspended particles in wine. Oxygen concentration tests

were also carried out to determine oxygen pick up during filtration. These quality tests were
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taken from three sampling ports for each run: feed tank (unfiltered wine), tank 2 on the

Oenoflow XL unit (freshly filtered wine), and at the product tank. Figure 8 shows the process

flow diagram, including the location of sampling ports. Taking measurements at different

locations allowed the team to determine if transporting the wine from the filter to the product

tank had any impact on quality, which would not be attributed to the filter system itself.
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Figure 8: Oenoflow XL Filtration Process Flow Diagram
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During the week of January 21% — 25", 2008, the MQP team was responsible for running

the XL filter system independently, without Pall support. During this period three more small

batches were filtered, including; a 38,000 gallon batch of Turning Leaf White Zinfandel, a

12,000 gallon batch of Turning Leaf Chardonnay, and a 6,500 gallon batch of Mirassou Merlot.
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The large batch of white zinfandel was broken into two smaller batches, approximately 19,000
gallons each, and filtered on separate consecutive days both for convenience and in order to

ensure adherence to the project scope of 20,000 gallon batches.

The next week of testing the Oenoflow XL filter was January 28" — February 1%, 2008.
During this week, two more batches of wine were filtered, a 33,000 gallon batch of Gallo Family
Cabernet/Zinfandel blend, and a 41,000 gallon batch of Twin Valley White Wine. Because both
of these batches were above the 20,000 gallon limit that was the basis for the project, data was
collected for only the first 20,000 gallons filtered, and the remaining volume was filtered by
swing shift operators under direction of the WPI project team. Swing shift operators were
provided with verbal instruction and given contact information for the WPI project team should

any problems have surfaced.

The final week of testing was February 4™ — February 8", 2008. During this time period
30,000 gallons of Gallo Family Zinfandel was filtered early in the week. Because the filter was
scheduled to be moved and trialed at another company site on Wednesday, February 13", it was
determined that the Gallo Family Zinfandel batch would be the last work order the unit would
complete. After the filtration, the unit was cleaned and rinsed with phosphoric acid to preserve

the membranes during transport.

3.1.2 Developing a Capital Project Justification

The MQP team was responsible for constructing capital project justifications for the
purchase of a 4A-XL, 6A-XL, and 8A-XL Oenoflow Cross-flow Filter. The 6A-XL and 8A-XL
models were very similar to the 4A-XL model tested during the four week trial period, except

that they had more modules (6 and 8 respectively), and therefore were capable of providing a
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higher flow rate. For each filter system, a Gallo Project Request Form and a Gallo Financial
Model were completed. For the project to be approved in 2008, an internal rate of return (IRR)
of at least 25% would be required to approve the filter purchase. This unusually high return rate

was due to the large amount of capital that had already been invested by E&J Gallo in 2008.

After data was gathered on the 4A-XL cross-flow unit, it was entered into a spreadsheet
so that all process variables could be calculated. An average flow rate was calculated by
dividing the total filtered gallons by the total operating time, including time used to clean the
filter after each batch. Average flow rate was also estimated for the 6A-XL and 8A-XL models
by assuming that the 6 A-XL would have the ability to filter wine 50% faster than the 4A-XL
filter. A similar assumption was made for the 8A-XL model, that it would filter 100% faster
than the 4A-XL. This only affected the time spent filtering however, and did not change the time
required to clean. It was assumed that cleaning cycles were similar enough in length on all XL
models to be considered identical. Pall engineer Don Acebedo later confirmed that the only
differences between cleaning cycles would be the slight variation in time required to fill the
larger 6 or 8 module systems with water. Error! Reference source not found. below shows
how average flow rate would be calculated for the 4A-XL for a 15,000 gallon batch of wine that
filtered for 6 hours and cleaned for 2 hours. Error! Reference source not found. and Error!
Reference source not found. show the average flow rate calculations for the 6A-XL and 8A-XL

units respectively.

15,000 gal

6 filter hrs+2 clean hrs = 1,875 GPH (33)
15,000 gal
& Filter hirs % = 2,500 GPH (34)

15 +2 clean hrs
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15,000 gal
6 filter hrs
2

= 3,000 GPH (35)

+2 clean hrs

Average process loss percentage was also calculated for the 4A-XL skid, which is a
measure of the volume of concentrate pumped to grape distillation material (DM) compared to
total volume of wine filtered. Because the 4A-XL, 6A-XL, and 8A-XL filters all use the same
single module final concentration process, it was assumed that the process loss percentage would

be similar for each filter system.

The next step towards completing the capital project justification was estimating the
overall initial project cost, expected project savings, and expected costs to be incurred by running
an additional filter. Budgetary estimates on purchase costs for the 4A-XL, 6A-XL, and 8A-XL
filters were provided by Pall representative Steve Mullen, however these estimates were not
configured to include the additional software and hardware that Gallo would require on a cross-
flow filter. To compensate for this, an expense of 25% was added to the base cost of the filter.
Additional expenses such as installation and transportation were also not included, and had to be

accounted for on the financial model as well as a contingency expense.

Expected project savings were calculated based on the reduced amount of DE filter media
that would be utilized on filter #3, and the savings in wine loss. These savings were estimated to
be significant because each time filter #3 is operated, 250 gallons of wine is lost as holdup
volume, and 1,500 pounds of DE is consumed, as well as about $100 in pre-filtering materials.
(Kollmeyer 2008) The average cost for DE was calculated based on January Cellar Material
Inventory Reports, and the average cost of wine was taken from a previous project justifying

cross-flow filtration. (Ramirez 2007)
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Finally, the costs of operating the filter were calculated as well, which primarily included
utilities such as compressed air, nitrogen, hot soft water, cold soft water, and electricity. The
cost of cleaning chemicals such as caustic sodium hydroxide (50% NaOH), citric acid (50%),

and hydrogen peroxide (35% H,0,), were also factored in.

3.2 Developing a Production Dashboard

Concurrently with the capital project justification, the development of a production
dashboard for use by filter operators and managers began. Using sophisticated software, namely
GE FANUC’s Proficy Portal and Proficy Historian, a visual, interactive dashboard was designed
to give filter operators remote viewing access to important process variables for purposes of
monitoring the six Oenoflow 34-module systems. Data from each skid’s Programmable Logic
Controller (PLC) is collected by Proficy Historian. Process variables within the filter’s PLC are
marked with “tags” in order to facilitate collection by Historian. The process data is logged on
servers, where it is accessible over the plant network via Proficy Portal or Microsoft Excel for
data analysis and reporting. Such data analysis tools are collected in the production dashboard
interface. Ultimately, tag data from the skids will be used to analyze process trends and help
eliminate crippling bottlenecks in production. See Error! Reference source not found. for a

visual representation of the data collecting and logging process.
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The production dashboard itself is a software interface that displays updated equipment
status and process variables in real-time. Several indicators allow users with proper access
credentials to monitor differential pressure, flow rates and other gauges of performance. Links
are provided within the panel through which, users are brought to trend screens showing up-to-
date visual representations of performance. Differential pressure can be monitored on the trend
screens to see if the membranes are beginning to become plugged. A measure of the flow of
water through the membranes on cleaning cycles, known as water flux or, more commonly, H,O
flux, may also be monitored via trend screens. Reductions in H,O flux values often warrant
adjustment of cleaning practices. Also included within these screens are trends for average flow

rate, turbidity measurements, and equipment status summaries including down-time.

Development of the dashboard began with bench marking the 4-module Oenoflow XL
system. Familiarity with the Oenoflow XL system made apparent the important process
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variables and enabled use of the same process variables with analyzing the larger 34-module
Oenoflow systems. Knowledge of which data values to collect and analyze is crucial in creating
a valuable tool such as a production dashboard. A list of the important variables including
equipment status, differential pressure, flow rates and volumes in/out was generated. Initial
design for integration of the process tags into the production dashboard was completed using a
spreadsheet. A visual map of the conceptual production dashboard interface and its utilities was
completed at this stage in order to communicate the desired outcome to programmers.
Programmers were then tasked with developing the code for acquiring the desired process tags
from the PLC of each skid and integrating them with information from separate resources into a

functional production dashboard.

Integration of several data sources and cooperation of several departments has been
recommended for the development of an effective production dashboard. It has been
recommended that the Wine Process Management group integrate its filtration scheduling within
the production dashboard, enabling data logging and analysis with the inclusion of information
directly from the filter schedule. Though it may prove unrealistic, it is also recommended that
filtration scheduling be completed automatically through a computer equipped with desired
heuristics. Though scheduling may remain a manual task, automatic scheduling would make data
analysis and the recommendations that come from it more effective. If automatic scheduling is
not a viable option, there is a form within the dashboard dedicated to input of the filter schedule
by the Process Management group. With key information from the schedule, the production
dashboard, ideally, would then be able to visually queue work orders, display scheduled tasks

and enable logging of the wine description for analysis of average flow rate by wine type.
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An input form for filter operators has also been included within the plan for the
production dashboard. Within the already existing Human-Machine Interface (HMI) on each
filter, cellar operators are able to select the current work order on-screen from those that are
queued via the filter schedule. In an effort to increase accountability, filter operators will also be
required to login and take responsibility for each filter at the start of each shift. Accurate time
logging will be made possible as operators will be required to enter down-time reason codes
within the interface in order to analyze the largest source of process bottlenecks, unscheduled
down-time, etc.. Down-time descriptors will also be automatically updated by each filter’s PLC

for reasons such as rinsing, concentration and product recovery.

Measures of efficiency will be included within the production dashboard and reports can
be generated for viewing of results. As the relationship between actual production output and a
skid’s potential output, percent utilization is often a good measure of total operating efficiency.
Extremely high percent utilization figures cause fears of overutilization. Actual production
converges on potential output and leaves little room for fluctuations in demand. Often, high
percent utilization figures can be used to justify purchase of an additional filter or expansion in
tank farm capacity. Low percent utilization figures may point to ineffective scheduling of filter

resources or excessive unscheduled down-time.

Overall Equipment Effectiveness (OEE) is another numerical efficiency indicator

calculated within the production dashboard. OEE is defined as follows:

OEE = Availability x Performance x Quality

where

Availability = Operating Time / Planned Production Time
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Performance = (Total Pieces / Operating Time) / Ideal Run Rate

Quality = Good Pieces / Total Pieces.

The Quality calculation requires the definition of a “piece” of output. In the case of
Gallo Wineries, the “piece” would be a gallon of filtered wine while “good pieces” would be
those gallons that are ready for bottling as-is and would not require extra, unscheduled filtering
to meet quality standards. By industry and especially Gallo standards, the quality value should

always be at least 99.99%

On the production dashboard interface, current OEE will be compared with average OEE
and “world-class” figures as defined by Vorne Industries, Inc. It is important to note that OEE is
not itself a definitive measure of performance but its components must also be taken into

consideration (Vorne Industries, Inc. 2008)

3.3 Creating a Sensitivity Analysis Tool

The final stage of the project was centered on working with a sensitivity analysis tool. A
sensitivity analysis tool is often used to study the outcome of a model when variation is
introduced in one or more of the inputs. In other words, it is a study of the sensitivity of a model
or system to foreseeable changes in variables such as capacity, addition of equipment or demand
changes. This study is very useful in determining present production capacity of an operation as
well as raising any concerns over predicted future trends. A sensitivity analysis tool was
developed for Gallo Wineries in order to help determine the impact of forecasted production
requirements (i.e. demand, capacity) on the proposed addition of an Oenoflow XL system into

Cellar Operations.
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The sensitivity analysis was completed through the assistance of the Operations Research
department at Gallo of Modesto. Using complex software packages, namely AIMMS Modeling
Software by Paragon Decision Technology, the engineers in Operations Research were able to
insert the 4-module Oenoflow XL filter into the current state of production and view sensitivity
results based on forecasted demand. The analysis centered on determining the sensitivity of
production capability and tank farm capacity when a new piece of equipment was introduced into

the system.

Within AIMMS, the utilization of each filter is governed by set rules and heuristics. The
software was configured in such a way that all forecasted jobs with batch volume less than
50,000 gallons would be assigned to the XL filter, if available, or else to a larger 34-module
cross-flow system. Such a rule was built into the program’s heuristics in order to realize a
sufficient increase in efficiency for the larger cross-flow units and also maximize the reduction in
the use of DE filters. Operations Research provided data for changes in necessary tank capacity
as well as changes in the percent utilization for each of the cellar’s filter resources. These data
were incorporated into determining the effect of the addition of an Oenoflow XL system on the

cellar’s handling of future demand.
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4.0 Results and Discussion

After benchmarking the Pall 4A-XL Oenoflow Filter, data was compiled into a single
Microsoft Excel workbook, where all process variables such as cycle times, flow rate, and wine
loss were calculated. Because of the wide variety of table wines filtered during the four week

trial period, average values were taken which included all runs.

4.1 Cross-flow XL Cycle Times

The cleaning cycle times for the 4A-XL cross-flow filter were experimentally determined
during the first week the filter was operated at Gallo. Error! Reference source not found.
shows the values recorded for the 4A-XL model; however, they are assumed close enough to be

accurate for the 6 A-XL and 8A-XL models as well.

Table 1: 4A-XL Measured Cleaning Cycle Times

4A-XL Measured Cleaning Cycle Times

Cycle Time (hr:min)
Cold Rinse 0:26
Hot Rinse 0:28
Solo Backflush 0:04
Double Backflush 0:08
Drain System 0:08
Clean in Place 2:50

During a cold rinse, the system is filled with approximately 150 gallons of cold soft
water, and the water is circulated throughout the membranes before being drained. A hot rinse is
similar, except hot soft water is used instead of cold water. During a solo backflush, the filtrate
side of the system is filled with cold soft water, while the membrane tubes are filled with

pressurized air. Then the cold water is forced backwards through the membrane to dislodge any
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particles trapped on the surface of the membrane. A double backflush simply repeats this

procedure twice.

A clean in place (CIP) cycle is used to chemically clean the wine residue and particulate
matter from the filter membranes after production. Typically, Gallo recommends a complete
CIP when switching from a red to white wine, to prevent the red color from being carried over
into the white wine. CIP is also used at the end of the week, to store the machine over the
weekend, or when the flux rate becomes too low to continue filtering at a reasonable rate. A CIP
involves filling the system with soft water, dosing caustic (NaOH) and hydrogen peroxide
(H20,), and allowing the chemicals to circulate around the system for an extended period of

time. Then, the caustic is neutralized by citric acid, diluted by more soft water.

4.2 Cross-flow XL Average Flow Rate

Using the data collected from the 4A-XL model cross-flow filter, average flow rates were
calculated for all three filter models being compared. For each filter, two flow rates were
obtained. The expected flow rate was the value that Gallo operators could anticipate if they ran
the XL filter similarly to the 34-module filters already in place. This assumed one rinse after
each job and an average of two CIP procedures each week. Error! Reference source not
found. shows the expected average flow rate for the 4A-XL cross-flow filter. The flow rate was
calculated based on 10 different filter jobs, each below or around 20,000 gallons. The average
flow rate was calculated at 1,739 GPH, which resulted in an average yearly capacity of 7.8
million gallons, assuming 75% uptime and 50 operating weeks per year. In each case, average
flow rate was taken as the sum of the filtered gallons, divided by the sum of the total time taken

to filter and clean.
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Table 2: Oenoflow 4A-XL Expected Flow Rate

Oenoflow 4A-XL (Expected Case)

Filter Total Flow

Wine Type | Volume Time Time Rate

Gal Hr hr GPH
Merlot 15,266 5.83 6.56 | 2,327.73
Pinot Noir 972 3.00 3.58 271.26
Merlot 12,594 7.73 8.55 | 1,472.41
White Zin 20,452 5.60 6.31 | 3,239.52
White Zin 18,135 5.47 6.17 | 2,937.71
Chardonnay | 12,015 4.03 4.67 | 2,573.72
Merlot 6,605 7.78 8.61 767.50
Cabernet 20,000 7.87 8.69 | 2,300.61
White 22,790 6.75 7.52 | 3,030.25
Zinfandel 11,940 18.88 20.26 589.31
Avg Flow 1,739

The second flow rate calculated was the worst case scenario, in which it was assumed
that after each job a full CIP procedure was required, which could be the result of either a switch
in blends, or a low water flux rate after filtration. Under normal operating conditions, the worst
case scenario would not be reached; however, it provided a good method in which to judge the
range of the filter. Error! Reference source not found. shows the lowest conceivable operating
flow rate for the 4A-XL filter, which was calculated at 1,390 GPH. This resulted in an average

yearly capacity of 6.3 million gallons of wine.
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Table 3: Oenoflow 4A-XL Worst Case Flow Rate

Oenoflow 4A-XL (Worst Case)

Filter Total Flow

Wine Type | Volume Time Time Rate

Gal Hr hr GPH
Merlot 15,266 5.83 8.67 | 1,761.46
Pinot Noir 972 3.00 5.83 166.63
Merlot 12,594 7.73 10.57 | 1,191.86
White Zin 20,452 5.60 8.43 | 2,425.16
White Zin 18,135 5.47 8.30 | 2,184.99
Chardonnay | 12,015 4.03 6.87 | 1,749.76
Merlot 6,605 7.78 10.62 622.14
Cabernet 20,000 7.87 10.70 | 1,869.16
White 22,790 6.75 9.58 | 2,378.09
Zinfandel 11,940 18.88 21.72 549.81
Avg Flow 1,390

For the Oenoflow 6A-XL filter system, it was assumed that the flow rate during
production would be 50% higher than the 4A-XL, due to the increase in membrane surface area.
Cleaning cycle times would remain the same between each unit however, which implied that the
average flow rates from the 4A-XL to the 6A-XL would not see the same 50% increase. Error!
Reference source not found. shows the predicted filter times (6A-XL Time), and total filtration
and cleaning times (Total Time) for the 6A-XL filter. The average flow rate was calculated at

2,541 GPH, which corresponds to an average yearly capacity of 11.4 million gallons of wine.
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Table 4: Oenoflow 6A-XL Expected Flow Rate

Oenoflow 6A-XL (Expected Case)
4A-XL 6A-XL Total Flow
Wine Type | Volume Time Time Time Rate
gal hr hr Hr GPH

White Zin 20,452 5.60 3.73 4.35 | 4,698.06
White Zin 18,135 5.47 3.64 4.26 | 4,257.15
Chardonnay | 12,015 4.03 2.69 3.26 | 3,689.36

Avg Flow 2,541

For the 6A-XL model filter, the worst case flow rate was calculated as well. Error!
Reference source not found. shows the results, with the average flow rate at 1,829 GPH or 8.2

million gallons per year of average capacity.
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Table 5: Oenoflow 6A-XL Worst Case Flow Rate

Oenoflow 6A-XL (Worst Case)

4A-XL 6A-XL Total Flow

Wine Type | Volume Time Time Time Rate

gal hr hr Hr GPH
Merlot 15,266 5.83 3.89 6.72 | 2,270.98
Pinot Noir 972 3.00 2.00 4.83 201.10
Merlot 12,594 7.73 5.16 7.99 | 1,576.44
White Zin 20,452 5.60 3.73 6.57 | 3,114.55
White Zin 18,135 5.47 3.64 6.48 | 2,799.64
Chardonnay | 12,015 4.03 2.69 5.52 | 2,175.75
Merlot 6,605 7.78 5.19 8.02 823.34
Cabernet 20,000 7.87 5.24 8.08 | 2,475.93
White 22,790 6.75 4.50 7.33 | 3,107.73
Zinfandel 11,940 18.88 12.59 15.42 774.21
Avg Flow 1,829

For the 8A-XL model filter, the average flow rate was calculated based on the
assumption that it would filter 100% faster than the 4A-XL unit. As with the 6A-XL the
cleaning times remained unchanged. Error! Reference source not found. shows the calculated
filter times, as well as the average flow rate at 3,302 GPH, or 14.9 million gallons per year of

capacity.
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Table 6: Oenoflow 8A-XL Expected Flow Rate

Oenoflow 8A-XL (Expected Case)
4A-XL 8A-XL Total Flow
Wine Type | Volume Time Time Time Rate
gal hr hr Hr GPH

White Zin 20,452 5.60 2.80 3.37 | 6,062.91
White Zin 18,135 5.47 2.73 3.30 | 5,490.04
Chardonnay | 12,015 4.03 2.02 2.55 | 4,710.23

Avg Flow 3,302

Error! Reference source not found. shows the calculated worst case flow rate for the
8A-XL filter unit, which is estimated at 2,172 GPH, or 9.8 million gallons of average yearly

capacity.

Table 7: Oenoflow 8A-XL Worst Case Flow Rate

Oenoflow 8A-XL (Worst Case)
4A-XL 8A-XL Total Flow
Wine Type | Volume Time Time Time Rate
gal hr hr Hr GPH

White Zin 20,452 5.60 2.80 5.63 | 3,630.57
White Zin 18,135 5.47 2.73 5.57 | 3,257.86
Chardonnay | 12,015 4.03 2.02 4.85 | 2,477.32

White 22,790 6.75 3.38 6.21 | 3,670.87
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Zinfandel | 11,940 |

18.88

9.44

12.28

The total expected filtration flow rate, and yearly capacity for each filter model is shown

below in Error! Reference source not found..

Avg Flow

Table 8: Comparison of Expected Filter Capacity

Filter
Model Typical Worst Typical Case | Worst Case
GPH GPH million GPY | million GPY
4A-XL 1,739 1,390 7.8 6.3
6A-XL 2,541 1,824 11.4 8.2
8A-XL 3,302 2,172 14.9 9.8

4.3 Cross-flow XL Process Loss Percentage

Calculating process loss percentage was accomplished by measuring the volume of
concentrate that was pumped into DM (distillation materials) tank after each filtration. Using a
tape measure, the team was able to determine the level in the DM tank and multiply that by 3.5
gallons per inch. The volume of concentrate was then divided by the total batch size, and
multiplied by 100 to convert it into a percentage. Error! Reference source not found. shows

the calculated process loss percentages for each filter job, as well as the average process loss

percentage, which was calculated to be 0.03% of the total filtered volume.
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Table 9: Oenoflow XL Process Loss Percentage

Oenoflow XL Process Loss
Concentrate Process Loss
Wine Type | Volume Volume Percentage
Gal gal %

Merlot 15,266 9.50 0.06
Merlot 12,594 5.25 0.04
White Zin 20,452 4.00 0.02
White Zin 18,135 4.00 0.02
Chardonnay | 12,015 2.63 0.02
Merlot 6,605 8.75 0.13
Cabernet 20,000 5.84 0.03
White 22,790 5.00 0.02
Zinfandel 11,940 3.50 0.03
Avg Process Loss % 0.03

4.4 Error Analysis

Throughout the testing of the Pall 4A-XL filter system, error was controlled as best as
possible by carefully recording data using the same procedures each time. This helped to ensure
consistency and accuracy so that data from different runs could be compared with a reasonably
small degree of uncertainty. However, during several runs there were problems that occurred
when the filter stopped, either due to an error message or a pause command from an operator.
Stop times were recorded as best as possible, as well as the time the filter was restarted, so that
the downtime could be removed from calculations. This leaves room for error because the filter
was checked every 15 minutes during operation, so it was not always possible to determine the
exact stop time. Because an average flow rate was determined based on the entirety of the
batches filtered, the team does not believe that the difference in stop times would have a large

effect on the flow rate calculation.
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4.5 Cross-flow XL Capital Project Justification

Because purchasing an Oenoflow XL filter unit would require spending capital project
funds, Gallo required a capital project request form to be completed, which serves to demonstrate
the project savings and clearly states all assumptions used to calculate yearly savings. For a
capital project to be approved in 2008 Gallo budgetary constraints requires that a capital project
had to provide an internal rate of return of at least 25%, because of the large capital expenditures
already having taken place this year. Because none of the filter skids would be able to meet the
required IRR to be considered in 2008, the team was asked to provide a draft of the project

request form which could be submitted for approval sometime in the future.

The initial filter skid cost estimates were provided by Pall Corporation; however they did
not include the cost of retrofitting the filters to include Gallo standard pumps, valves, and
software. (Mullen 2008) To estimate the cost of retrofitting the filters the base cost was
multiplied by 25%. Cost to install the filters was assumed around $100,000 each, regardless of
filter size. Contingency costs were calculated as an additional 10% of the total cost, including
filter cost, retrofit cost, and installation. Below Error! Reference source not found. shows the

total first year spending estimated for each filter skid.

Table 10: Cross-flow XL Filter Skid Cost Estimates

Filter

Model Base Cost Retrofit | Installation | Contingency Total
4A-XL $215,000 $53,750 $100,000 $36,875 $405,625
6A-XL $232,000 $58,000 $100,000 $39,000 $429,000
8A-XL $257,000 $64,250 $100,000 $42,125 $463,375

For each filter model, the estimated savings was based on the assumption that filter jobs

currently run on the DE pressure-leaf filter 3 would be moved to the cross-flow XL filter. This
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would generate a savings in filter powder (DE), wine loss, prefilter materials, and reduced
downtime. The filter jobs completed in 2007 on filter 3 were used as a basis to estimate the
volume and quantity of future work orders. In 2007 filter 3 completed 209 work orders ranging
in size from 5,800 gallons to 1,000,000 gallons. Although the XL filters could not reach the
overall total yearly volume capacity of filter 3, a cross-flow skid could remove some of the
smaller jobs from the filter, resulting in savings from raw materials and wine loss. To determine
how many jobs a particular model cross-flow filter would be able to remove from filter 3, the
smallest batches from the 2007 work orders were added together until the expected yearly

capacity of each filter was met.

4.5.1 Oenoflow 4A-XL Project Request

The estimated capital savings used to justify the purchase of a 4A-XL model cross-flow
filter were based on the assumption that the skid would be able to remove 122 work orders from
filter 3 in the average operating year. These 122 work orders range from 5,800 gallons to
137,000 gallons in size, and total 7.8 million gallons, the expected total yearly capacity of the 4-
module filter. Each filter job is assumed to run an average of 1.5 cycles, with each cycle using
approximately $100 in prefiltering materials, 1500 Ibs of DE, and contributing to an average of

250 gallons of wine lost.

cycles

122 jobs X 1'5ﬁT = 183 cycles (36)

183 cycles X $100 prefilter materials = $18,300 (37)
183 cycles x 1,500 lbs DE x $0.14 per Ib = $38,430 (38)
183 cycles x 250 gal wine lost x % = $73,658 (39)
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Error! Reference source not found., Error! Reference source not found., Error!
Reference source not found., and Error! Reference source not found. show the calculations
for total yearly savings based on the available 2007 filter data. This results in a total of $130,388

per year in material and wine savings.

Also included in the financial model calculations are the added costs that would be
incurred from operating an additional cross-flow filter. These costs include electricity, hot and

cold soft water, nitrogen, and compressed air.

days wks kW h

19.5 kW x 2041 x 5925 » 502 — 97 500 L0 (40)
day wk yr yr
kWh
97,500 x $0.0686 per kWh = $6,689 (41)

Error! Reference source not found. and Error! Reference source not found. show the
total cost of electricity on a yearly basis, which was calculated to cost an average of $0.0686 per

kwWh. (Avery 2008)

9al_ 3T ¢ 5% 504 = 112,5004% (42)
rinse day wk yr yr
gal = $1.68
12,5002 x oo = §189 (43)

Error! Reference source not found. and Error! Reference source not found. show the
calculated costs associated with hot soft water, assuming 3 hot rinse cycles are carried out per
day on average. The value of $1.68 per 1000 gallons of hot soft water was estimated at double

the cost of cold soft water, because no recent data was available.

150 2L « 3;‘ x 54 o 50””% - 112,500%1 (44)

rinse ay wk
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112,500 %% x 328 _ 495 (45)
yr 1000 gal

Error! Reference source not found. and Error! Reference source not found.
demonstrate the calculated estimate costs for the usage of cold soft water, which is priced at
$0.84 per 1000 gallons. (French 2008) Again 3 cold rinses per day were assumed, which,

depending on batch size, is a reasonably accurate estimation.

3 ; 3
5 LN, x 6022 x 2045 x 5295 50¥% — 1500,000 L= (46)
min hr day wk yr yr
ft3  $418
1,500,000 - X T00073 = $6,270 47

Error! Reference source not found. and Error! Reference source not found. show the
calculated cost estimate for the additional nitrogen that would be utilized by the filter. The cellar
is supplied with a significant amount of N by the Gallo glass manufacturing plant, however
additional nitrogen is purchased for $4.18 per 1000 ft*. Here we have assumed that all additional
nitrogen used by the XL filter will need to be purchased, however, this may not always be the
case. Therefore although the expected cost for nitrogen is high, it is most likely an
overestimation. There was some consideration for inerting the wine storage tanks with Nitrogen,

which would require future on-site generation capability.

3 : 3
0.5 ©— x 6028 x 2012 x 5925 502 = 150,000 L= (48)
min hr day wk yr yr
3
150,000 ’;L X $f}°f33 = $3,450 (49)

The expected costs for compressed air for use opening and closing the pneumatic valves

on the cross-flow XL was calculated using Error! Reference source not found. and Error!
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Reference source not found.. The cost for compressed air was provided at $0.023 per cubic

foot. (Avery 2008)

Along with utilities, the cost of additional cleaning chemicals was also included.
Chemicals using in cleaning routines include; caustic (NaOH), citric acid and hydrogen peroxide.
For each CIP procedure it was assumed that 150 gallons of water would be used to dilute the
cleaning solutions. Pall recommends using a 1.5% strength NaOH solution, a 1% strength citric

acid solution, and a 1% strength H,O, solution.

150 gal H,0 x 0.015 222" — 5 95 gal NaOH (50)
gal H,0
1 gal causti .
2.25 gal NaOH X % = 4.5 gal caustic per CIP (51)
gal CIP wk gal
4'5()1_PX2WX50y_r_450_yr (52)
4509 x 3107 _ 4482 (53)
yr gal

Error! Reference source not found. and Error! Reference source not found.
demonstrate that 4.5 gallons of 50% NaOH solution is required per clean in place cycle.
Assuming a twice weekly cleaning schedule, Error! Reference source not found. and Error!
Reference source not found. calculate that 450 gallons of caustic solution will be consumed
annually, costing an additional $482. Chemical pricing data was taken from current cellar

material invoices.

1 gal Citric Acid

150 gal H,0 x 0.0 2l H,0

= 1.5 gal Citric Acid (54)
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1 gal Citric

1.5 gal Citric Acid X 0% gad Citric Acid — 3 gal Citric per CIP (55)
3§j;xzﬂx50—_ 3009‘” (56)
300%’ x 22 = $1,023 (57)

Using Error! Reference source not found. and Error! Reference source not found.
we calculated that each CIP would require 3 gallons of 50% strength citric acid. Error!
Reference source not found. and Error! Reference source not found. give the annual cost of

citric acid at $1,023 assuming a cost of $3.41 per gallon. (French 2008)

150 gal H,0 X 0.01 g“ll ZZZZ = 1.5 gal H,0, (58)
1.5 gal H,0, X Loal Triax _ 43 gal Triax per CIP (59)
0.35 H,0
439% % 2P w502k = 429 9% (60)
T cip wk yr yr
4292 24 x 2256 — $5,383 (61)

Using Error! Reference source not found. and Error! Reference source not found.
we calculated that each CIP would require 4.3 gallons of 35% hydrogen peroxide solution.
Error! Reference source not found. and Error! Reference source not found. estimate the

yearly cost at $5,383 using the current chemical prices from the cellar material inventory.

The total cost for yearly utilities is estimated at $16,692, and chemicals are expected to

cost another $6,887 annually. The total estimated operating cost per year is $23,579.
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Error! Reference source not found. below summarizes the project benefits and costs

for the 4A-XL filter purchase on a yearly basis.
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Table 11: 4A-XL Summary of Benefits and Costs

Summary Table (4A-XL)
Prefilter Savings $18,300.00
DE Savings $38,430.00
Wine Loss Savings $73,657.50
Total Savings $130,387.50
Electricity Cost (56,688.50)
Hot Soft Water Cost (5189.00)
Cold Soft Water Cost (594.50)
Nitrogen Cost ($6,270.00)
Compressed Air Cost (53,450.00)
Total Utilities Cost (516,692.00)
Caustic Cost (5481.50)
Citric Acid Cost (51,023.00)
Hydrogen Peroxide Cost ($5,382.86)
Total Chemical Cost ($6,887.36)
Total Operating Cost (523,579.36)

Please refer to Appendix B: 4A-XL Project Request Form for the completed draft of the

project request form.

4.5.2 Oenoflow 6A-XL Project Request

The capital savings used to justify the purchase of a 6A-XL filter were similar to the
assumptions used for the 4A-XL model; however more savings were expected because of the
larger yearly capacity. Both the 4A-XL and 6A-XL use the same tank sizes, therefore rinse
volume is assumed to be identical between the two models. This resulted in no extra costs

incurred through additional use of nitrogen, hot or cold soft water, compressed air, or chemicals.

Because the 6A-XL has an average yearly capacity of 11.4 million gallons of wine, it

would require 145 filter jobs from the 2007 filter 3 data to be running at full capacity. Error!
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Reference source not found. shows that this would result in an average of 217.5 cycles on filter

3.
145 jobs X 1.5% = 217.5 cycles (62)
217.5 cycles x $100 prefilter materials = $21,750 (63)
217.5 cycles x 1,500 lbs DE X $0.14 per lb = $45,675 (64)
217.5 cycles x 250 gal wine lost X $91'T611 = $87,544 (65)

Error! Reference source not found., Error! Reference source not found. and Error!
Reference source not found. calculate the total expected yearly savings at $154,969 for the 6A-
XL unit. Below, Error! Reference source not found. summarizes the cost and benefits of a
6A-XL filter. Because the utilities cost are identical to the 4A-XL filter, the equations have been

omitted.

Table 12: 6A-XL Summary of Benefits and Costs

Summary Table (6A-XL)
Prefilter Savings $21,750.00
DE Savings $45,675.00
Wine Loss Savings $87,543.75
Total Savings $154,968.75
Electricity Cost (56,688.50)
Hot Soft Water Cost (5189.00)
Cold Soft Water Cost ($94.50)
Nitrogen Cost (56,270.00)
Compressed Air Cost ($3,450.00)
Total Utilities Cost ($16,692.00)
Caustic Cost (5481.50)
Citric Acid Cost ($1,023.00)
Hydrogen Peroxide Cost (55,382.86)
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Total Chemical Cost (56,887.36)
Total Operating Cost (523,579.36)

Please refer to Appendix C: 6A-XL Project Request Form for the completed draft of the

project request form.

4.5.3 Oenoflow 8A-XL Project Request

Calculating the total yearly savings for the 8A-XL model filter was similar to the
previous modes, however because it was calculated to reach a 14.9 million gallon yearly
capacity, it was able to compensate for 163 of the filter jobs from industrial filter 3. Error!
Reference source not found. shows that 244.5 cycles would be required in completing these

work orders.

163 jobs x 1.5 Cj;zlbes = 244.5 cycles (66)

244.5 cycles x $100 prefilter materials = $24,450 (67)
244.5 cycles x 1,500 lbs DE x $0.14 per lb = $51,345 (68)
244.5 cycles x 250 gal wine lost X % = $98,411 (69)

Error! Reference source not found., Error! Reference source not found. and Error!
Reference source not found. calculate the total expected project benefit to be $174,206 for the

8A-XL skid.

The capital project request for the 8A-XL filter was slightly different from 4A-XL and

6A-XL models because of the differences in tank volume between the units. Although the 4A-
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XL and 6A-XL share the same tank dimensions, the 8A-XL is slightly larger, and therefore uses
175 gallons of water per rinse or cleaning cycle. This difference, although relatively small, had

to be accounted for, as it affected several utilities and all cleaning chemical costs.

gal rinses days wks gal
52 X 3T X 50T X 502 = 131,250 (70)
131,250 %L x 168 _ 4221 (71)
yr 1000 gal

Error! Reference source not found. and Error! Reference source not found. calculate

the cost of hot soft water at $221 per year, compared to $189 annually for the 4A-XL model.

90l 3T ¢ 5% 502 = 131,2504% (72)
rinse day wk yr yr
131,250 2% x 228 _ 4110 (73)
yr 1000 gal

Error! Reference source not found. and Error! Reference source not found. calculate
the expected cost of cold soft water at $110 per year, compared to $95 annually with the 4A-XL

filter.

| NaOH
175 gal H,0 x 0.015 9;al ;20 = 2.625 gal NaOH (74)

1 gal caustic

2.625 gal NaOH X 05 gal NaOH 5.25 gal caustic per CIP (75)
5.259% 5 298 w502k = 5594 (76)
CIP wk yr yr
525 9% 5 3197 _ ¢562 (77)
yr gal
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Error! Reference source not found. and Error! Reference source not found. calculate
that each CIP will require 5.25 gallons of 50% NaOH, compared with 4.5 gallons for the smaller
units. Error! Reference source not found. and Error! Reference source not found. determine

the annual cost of caustic solution at $562 per year, as opposed to $482 for the 4A-XL.

gal Citric Acid

175 gal H,0 x 0.01 P 1.75 gal Citric Acid (78)
1.75 gal Citric Acid X 0 ;;]laéiizichid = 3.5 gal Citric per CIP (79)
3.5%x2%x50”§—f=350% (80)

350 gyil X t’—‘*ll = $1,194 (81)

Using Error! Reference source not found. and Error! Reference source not found. it
was determined that the larger filter would require 3.5 gallons of citric acid per cleaning cycle, as
compared to 3.0 for the smaller units. Error! Reference source not found. and Error!

Reference source not found. calculate the annual cost for citric acid at $1,194, as compared to

$1,023.
gal H202 _

175 gal H,0 x0.01 W = 1.75 gal H,0, (82)

1 gal Tri .
1.75 gal H,0, X #Hzl;: = 5.0 gal Triax per CIP (83)

gal cip wk gal
5.0 P X 2_Wk X SOy_r =500 _yr (84)
50092 x 1236 _ 6280 (85)

yr gal
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Error! Reference source not found. and Error! Reference source not found.
determine that 5.0 gallons of hydrogen peroxide solution would be required per cleaning cycle
on the 8A-XL filter, compared with 4.3 gallons. Error! Reference source not found. and
Error! Reference source not found. calculate the annual cost of hydrogen peroxide at $6,280

for the larger filter, compared with $5,383 with the smaller units.

Below, Error! Reference source not found. shows the expected costs and benefits for
the 8A-XL model filter. Overall the 8A-XL is expected to cost $1,196 more per year to operate,

however the expected return would compensate for the additional operating costs.
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Table 13: 8A-XL Summary of Benefits and Costs

Summary Table (8A-XL)
Prefilter Savings $24,450.00
DE Savings $51,345.00
Wine Loss Savings $98,411.25
Total Savings $174,206.25
Electricity Cost (56,688.50)
Hot Soft Water Cost ($220.50)
Cold Soft Water Cost (5110.25)
Nitrogen Cost (56,270.00)
Compressed Air Cost ($3,450.00)
Total Utilities Cost (516,739.25)
Caustic Cost ($561.75)
Citric Acid Cost (51,193.50)
Hydrogen Peroxide Cost (56,280.00)
Total Chemical Cost ($8,035.25)
Total Operating Cost (524,774.50)

Please refer to Appendix D: 8A-XL Project Request Form for a completed draft of the

project request.

4.6 Production Dashboard

During the testing of the 4A-XL model filter, the MQP team was also working to
determine how to best develop the production dashboard for the current cellar operations.
Running the XL filter provided the team with a valuable first-hand experience in operating cross-
flow equipment, which provided an invaluable perspective when designing what would become

the central operating point for all cellar cross-flow units.

4.6.1 Proficy Historian Excel Add-In

The exercise in producing a production dashboard for use by shift managers and filter
operators began with bench marking the Oenoflow XL 4-module system. Status indicators
deemed necessary for operation were recorded and a list of necessary tags was generated. The

list of tags may be found in Appendix E: Tag List & Descriptions where tag names and
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descriptions highlighted in blue are, as of yet, not currently programmed for collection but have

been recommended and will need to be added.

Once tag names and descriptions are programmed within each filter’s PLC and are
subsequently programmed to be collected by Proficy Historian, data analysis can begin with the
Proficy Historian Microsoft Excel Add-in. The basic order of operations for collecting and
analyzing data within Microsoft Excel is to, first, search for applicable tags on the server, add

them into the worksheet, and begin querying data.

The first step in analyzing data with Microsoft Excel is to search for tags. The Proficy
Historian Add-in inserts a menu within the top menu bar of Microsoft Excel that includes each

function of the add-in in a drop-down menu as shown in Figure 10.

vHigtorian \ Help
Search Tags... I\

Query Current Values...
Query Raw Data...

Query Alarms & Events...
Query Calculated Data...
Query Filtered Data...
Administration »
Help

Options

About

Figure 10: Search Tags

Clicking the Search Tags item brings up the Search Tags Dialog box in Figure 11 on the

next page.
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Proficy Historian Tag Search

Tag Mask - Server[Opt]
[=f21= =] | BotPrDOOE] = |
Available: Selected:

MOD_WIN_CLL_CF_F21_FT4 Flw MOD_WIN_CLL_CF_F21_FT1_Flw

MOD_WIN_CLL_CF_F21_LT1_Lvl

MOD_WIN_CLL_CF_F21_LT2_Lvi

MOD_WIN_CLL_CF_F21_P30ut_CV

MOD_WIN_CLL_CF_F21 PT1 Prs

MOD_WIN_CLL_CF_F21_PT2_Prs

MOD_WIN_CLL_CF_F21 PT3_Prs
MOD_WIN_CLL_CF_F21_PT4_Prs

MOD_WIN_CLL_CF_F21_QIC3_pH

MOD_WIN_CLL_CF_F21_QIC4_Cnd

MOD_WIN_CLL_CF_F21_FT2_Flw
MOD_WIN_CLL_CF_F21_FT3_Flw

>

<<

MOD_WIN_CLL_CF_F21_TT1_Tmp
MOD_WIN_CLL_CF_F21_XT1_Trb

&k Rl Rl

Found: 15
Search Display: - Output With
% Tag Names (" Tag Descriptions " Formula % selected Tags
-~ Qutput Range - 7 |~ Output Orientation - ] Output Display ]
‘o Tagname
Tags!SAS2 -l * Columns Description !
" Rows Engineering Units LI
oK | Help | Cancel |

Figure 11: Search Tags Dialog Box

The selected tags within the right-hand-side of the dialog box will yield the flow rates
collected from Cross Flow Filter #21. Notice how in the Output Display section, the Tagname
and Description items are highlighted. Table 14 shows the output of the selected items in the
selected Output Range.

Table 14: Search Tags Output

|Tagname Description

{MOD_WIN_CLL_CF_F21_FT1_Filw Cellar Cross Flow Filter #21 Filtrate at Filters Flow
IMOD_WIN_CLL_CF_F21_FT2_Flw Cellar Cross Flow Filter #21 Concentrate Flow
IMOD_WIN_CLL_CF_F21_FT3_Flw Cellar Cross Flow Filter #21 Filtrate Out Flow

Once the desired tags have been found, the querying of data from a chosen tag will allow
for process monitoring and reporting. The Historian add-in is used to query several types of data

from the Historian server.
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To begin querying data, one must select a Tag Name to gather data from and a time frame
for which to monitor as in Table 15. For purposes of this exercise, Cellar Cross Flow Filter #21
Filtrate at Filters Flow was chosen and monitored for a period of 24 hours beginning on February

21.

Table 15: Data Query Parameters

Tag Name MOD_WIN CLL CF_F21 FT1 Flw |
|Start 2/21/2008 8:41
End 2/22/2008 8:41

There are several different modes with which the Historian Add-in can gather and display
relevant filter information. One of the most useful, for an instantaneous look at the process, is

the Current Value Query.

| Historian Ldelp

Search Tags...

l Query Current Values...

Query Raw Data...
Query Alarms & Events...

Query Calculated Data...
Query Filtered Data...

|
‘:
| Administration »
|
| Help

|

Options

About

Figure 12: Current Values Query

Selected from the Historian drop-down menu as shown in Figure 12, the Query Current
Values item will output the most recent collected data point for a given tag name. The dialog

box for entering such a query is shown in Figure 13.
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Proficy Historian Current Value Query

Server[Opt]

[ otPro006] ~ |

Tag Name(s)
|Datalses1 =

QOutput Display
Tagname !
Timestamp |
Value
Quali 'l

Output Cell Output Orientation
o
I—_]Data! sass| = * Columns

" Rows

OK I Help I Cancel

Figure 13: Current Values Query Dialog Box

As shown in the Output Display portion of Figure 163, the current values to be displayed
will be Tag Name, Timestamp, Value and Quality. The Quality parameter is always a useful tool
to determine whether a given data value may be trusted (Good) or ignored (Bad). The output for

the dialog in Figure 13 is shown in Figure 14.

Tagname Timestamp Value Quality
MOD_WIN_CLL_CF_F21_FT1_Flw '22-Feb-08 12:13:20 0.171401978 Good

Figure 14: Current Values Query Output

The trending capabilities of the Historian Add-in and, ultimately, the production
dashboard rely heavily on collecting and recording data from given sources as time progresses.
A Raw Data Query will output all data collected for a given tag within a given time period. To
query raw data, one must choose the Query Raw Data item under the Historian drop-down menu

as in Figure 155.
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Historian | Help

Search Tags...

Query Current Values...

| QueryRawData...

Query Alarms & Events...
Query Calculated Data...
Query Filtered Data...
Administration >
Help

Options

About

Figure 15: Raw Data Query

Within the Raw Data dialog box, one may select the tag name, time frame and desired
output for the given query, as shown in Figure 16. The desired output as in most data querying

cases will be Tag Name, Timestamp, Value and Quality.

Proficy Historian Raw Data Query

— Server[Opt]
| EotPrD00E] >l .
— Tag Name
|DatalsBs1 =l
— Query Type - — Query Times —
@ Start Time:
>
B Time [pataiss2 =
" By Number Forward End Time:
" By Number Backward [atarsess =
— Qutput Display
Tagname
Timestamp
Value
Quali
— Output Range - — Output Sort 1 — Output Orientation
o« i o«
talSASE:SAS341] — * Ascending * Columns
" Descending " Rows
oK | Help I Cancel

Figure 16: Raw Data Query Dialog Box

Partial output for the raw data query given above is shown in Table 16.
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Table 16: Raw Data Query Output

Tagname

MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw

Timestamp

21-Feb-08 08:41:45
21-Feb-08 08:41:50
21-Feb-08 08:41:55
21-Feb-08 08:42:00
21-Feb-08 08:42:05
21-Feb-08 08:42:10
21-Feb-08 08:42:15
21-Feb-08 08:42:20
21-Feb-08 08:42:25

Value Quality
95.76531219 Good
95.6710968 Good
95.17643738|Good
95.22354889 Good
94.870224 Good

94 63467407 Good
93.92017365 Good
94.48548889 Good
94.28134918 Good

Raw data queries typically return vast quantities of data that are important to log for
record keeping and provide the data necessary for real-time trending. The large amounts of data,
however, prove daunting when quickly in search of a chosen metric. As shown in Table 16, with
data for the chosen tag collected every 5 seconds, the amount of data for a 24-hour period can

quickly become overwhelming and excessive.

The Query Calculated Data item under the Historian drop-down menu provides a much

clearer and transparent view of process events.

Historian L Help

Search Tags...

Query Current Values...

Query Raw Data...

Query Alarms & Events...

Query Calculated Data...

Figure 17: Calculated Data Query

Selecting the Query Calculated Data item brings up the Calculated Data Query dialog

box in Figure 18.

Query Filtered Data...
Administration

Help

Options

About
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Proficy Historian Calculated Data Query

— Server[Opt] 1
[ BoTPrD00E] =~ .

: Tag Name(s)
|patarsas1 =l

Query Times
Start Time: End Time:

|patarsas2 =| |patarses3 =

Sampling Type -
| calculated Sampling |

Calculation -

| Average _'_J

[ Calculation Interval i

% By Interval | 1
" By Sample Time Unit:

I Hours L’

— Output Display
Timestamp !
Value
Quali >

— OutputRange — — Output Sort - | — Output Orientation -

| ] {* Ascending ¢ Columns
!
Datal$A%6 - e scending

" Rows

oK l Help l Cancel

Figure 18: Calculated Data Query Dialog Box

The Calculated Data Query function within the Historian Add-in can provide a bevy of
tools for analyzing current process trends over a selected period of time. Several functions
within the dialog box include measuring the average value over a given interval, the
maximum/minimum value and standard deviations. Selecting to display the Average hourly
flow data for a given 23-hour period with 1 hour intervals will output a display similar to Table

17.
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Table 17: Calculated Data Query Output

Tagname

MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD_WIN_CLL_CF_F21_FT1_Flw
MOD WIN CLL CF F21 FT1 Flw

Timestamp

21-Feb-08 09:48:37
21-Feb-08 10:48:37
21-Feb-08 11:48:37
21-Feb-08 12:48:37
21-Feb-08 13:48:37
21-Feb-08 14:48:37
21-Feb-08 15:48:37
21-Feb-08 16:48:37
21-Feb-08 17:48:37
21-Feb-08 18:48:37
21-Feb-08 19:48:37
21-Feb-08 20:48:37
21-Feb-08 21:48:37
21-Feb-08 22:48:37
21-Feb-08 23:48:37
22-Feb-08 00:48:37
22-Feb-08 01:48:37
22-Feb-08 02:48:37
22-Feb-08 03:48:37
22-Feb-08 04:48:37
22-Feb-08 05:48:37
22-Feb-08 06:48:37
22-Feb-08 07:48:37

Value Quality
84.57097633 Good
32.71954007 Good

31.6373712 Good

28.82674787 Good

15.25202326 Good

0.16343857 Good
18.19002637 Good
1.758206309 Good
0.176961876 Good
0.175278978 Good
0.17736822 Good
0.176961876 Good
0.174550127 Good
11.78212489 Good
115.2471077 Good
108.5782656 Good
105.8439087 Good
36.97785034 Good
19.39593922 Good

29.67167831 Good
19.94990095 Good
112.4638584 Good

104.904211/Good

As shown with the data queries the Historian Add-in is a powerful utility and analysis of
Historian-collected data can be completed within Microsoft Excel. Users familiar with the
trending and graphing capabilities within the program can, after manually adding tags and
querying data, graph and display the desired process metrics. A production dashboard built upon
the Historian add-in, provides the same functionality but once set up, eliminates the need for

repeated manual data queries.

4.6.2 Production Dashboard Concept Design

The design of the production dashboard was carried out within a Microsoft Excel
spreadsheet. The concept design will serve as a guide throughout programming and
development of the fully functional production dashboard interface. Data collected for the
production dashboard display is supplied through a specially configured spreadsheet using the

Microsoft Excel Historian add-in.
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6.6.2.1 Human-Machine Interface

Through the cooperation and effort of filter operators, the HMI of each filter will serve to
supply Proficy Historian with data about the current process job. Operators will be required, at
the start of each job, to fill in several input fields within the HMI. Such an HMI interface would

be constructed as seen in Figure 19.

Input Screen Input Field Output to tag

Operator Name Input Field FT24_Current_Operator
PO # Input Field FT24_PO

Lot # Input Field FT24_Lot_Number
Wine Description Input Field FT24_Wine_Description
Feed Tank Input Field FT24_Feed_Tank
Product Tank Input Field FT24_Product_Tank
Total Volume Input Field FT24 Batch Size

Figure 19: Operator Input Form

Operators would be required to enter the necessary process data into the Input Fields
whenever required and the information would then be exported as the respective tags listed
within Figure 19. The Operator Name Input Field will need to have the capability to be changed
mid-production in order to accommodate shift changes and to facilitate accurate accountability
records. In the same vein, the HMI will be programmed to prompt the operator via pop-up input
screen, to select an applicable downtime reason code from a list. Such a pop-up would be

programmed, albeit within necessary HMI constraints and requirements, as shown in Figure 20.

Input Pop-up Input Field Qutput to tag
Down time Reason? Select from Values 1-12 FT24 Downtime Rsn Cd 1

Figure 20: Operator Input Downtime Pop-up

The list of 12 downtime reason codes that an operator may choose from within the HMI
is shown in Appendix F: Filter Status Indicators. In order to maximize accuracy, downtime logs
will also be updated from the filter’s PLC (as FT24 Downtime Rsn_Cd_2) for downtime events
inherent with production such as back-pulsing and cycle interim. Processing times will also be

logged via tag (FT24_Active_Program) in order for analysis and comparison.
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4.6.2.2 Production Dashboard Concept

The production dashboard will be the interface accessible through Proficy Portal to
anyone with the necessary network credentials. It brings together all relevant data collected by
Proficy Historian and displays it in a clear, real-time representation of all process conditions on
the cellar floor. As such, the design for such an interface must include all aspects of a process
that one would need to view remotely and understand the current state. Figure 21 shows a

conceptual design of the dashboard.

Source 1 Source 2 Source 3 XF 21 XF 22 XF 23 XF 24 XF 25 XF26  MaltRO Filter1 Candle Filter
status HMI FT24_Active_Program FT24_Downtime_Rsn_Cd_1 or 2
wo# Operator Input FT24_PO
Lot# Operator Input Wine Manager FT24_Lot_Number
Wine Desc Operator Input Wine Manager FT24_Wine_Description

Feed Tank Operator Input
Product Tank Operator Input
Flow FT_FT24_01_MSV
Target Vol FT24_Batch_Size
Actual Vol FT_FT24_03_TOTALIZER1
Diff Pressure PT_FT24_02_MSV
DM Vol FT_FT24_02_TOTALIZER1
H20 Flux FT24_Water_Flux
start Time FT24_Start_Time
Running Time  FT24_Running_Time
Time To Complete FT24_ETA
Current Operator Operator Input

Wine Manager
Wine Manager

FT24_Feed_Tank
FT24_Product_Tank

FT24_Current_Operator

XF 21 Status Light
Flow Rate  Est. Time To Complete]

XF 24 Status Light
Flow Rate Est. Time To Complete|

XF 22 Status Light
Flow Rate Est.Time To Complete]

XF 25 Status Light
Flow Rate Est Time To Complete|

Trend Screens Source XF 23 Status Light XF 26 Status Light
Flow Rate FT_FT24_01_MSV FlowRate _Est Time To Complete Flow Rate Est. Time To Complete]
Differential Pressure  PT_FT24_02_MSV

Turbidity AT_FT24_01_MSV

Status Summary Report Malt RO Status Light
Flow Rate Est. Time To Complete]

Candle Filter Status Light
Flow Rate Est. Time To Complete|

Filter 1 Status Light
Flow Rate Est.Time To Complete]

Figure 21: Production Dashboard Concept Diagram

All important process variables for each filter will be displayed here in a large table. The
lower portion of the screen will provide a single-glance view of the status of each filter along
with flow rate, and estimated time to completion. Links along the lower left side will lead to
screens for trends and analysis. Tag names and resources have been included under Source titles
in order to demonstrate the source location of the relevant data. Though rough and far-from-
concrete, the concept diagram closely resembles a sample, fully functional dashboard that can be

seen in Figure 22
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4.6.2.3 Production Dashboard Completion

Though development of the full production dashboard is beyond the scope of this project,
the design described has been an exercise in planning the necessary components in the
completion of such a project. Adjustments to the design can and will be made in the process of

creating the final product.

Following along with the design, the next step in producing the functional dashboard will
be the programming responsibilities. Programmers, given enough input and direction should be
able to transform the concept diagram in Figure 21 to a working interface such as the example in

Figure 22.
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Figure 22: Sample Centrifuge Production Dashboard

Real-time tag data is pulled, processed and collected in one clean, clear display through
Proficy Portal. Figure 22 shows the finished product of a production dashboard for centrifuge
operations at the Gallo Livingston location. Given full functionality, the dashboard design for
the Modesto cellar will behave similarly. The Microsoft Excel Historian Add-in will provide the
basic calculations for displaying the required trends and summaries. Trend Screen buttons will
bring the user to an interface where graphs of average flows, pressures and outputs can be
viewed for given time frames. Equipment Status Screen buttons will bring the user to equipment

status summaries such as Figure 233.
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Figure 23: Sample Equipment Status Summary

It is within these trend screens and status summaries that the full value of the production
dashboard will be realized. Downtime analysis and efficiency reporting will be based on these

screens and will be provided the most accurate, up-to-date data possible.

4.7 Sensitivity Analysis Tool

As of the writing of this report, a sensitivity analysis on the addition of an Oenoflow XL
system into Cellar Operations was incomplete. An unforeseeable problem with the modeling
routines of AIMMS and the difficulty of remedying such an involved snag made the timely

collection of data through Operations Research impossible. The significance of such critical data
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and the late hour at which the problem came to pass has, consequently, left proving assumptions
and forming any conclusions a remote possibility. It had been assumed that just as the ability of
the tank farm to handle the added capacity would suffer, the cellar’s filter efficiencies would,
almost without a doubt, increase with the additional Oenoflow XL unit. Unfortunately, without
data to apply assumptions and form conclusions, there were no results to report for sensitivity

analysis.

Gallo’s plans for completing a sensitivity analysis were being worked out as of this
writing. Fixing the programming bug appeared to be a daunting task and would continue to prove
a formidable obstacle in obtaining any meaningful results. After scheduling and allotting the
required amount of time to address the programming issue, the Operations Research department

will continue where the previous attempt failed and obtain the results for use at a future date.
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5.0 Conclusions and Recommendations

After working with many different aspects of the Modesto Cellar cross-flow filtering
operation the team made several recommendations to the staff. With the goal of continuing the
expansion of cross-flow filtration, one of the major recommendations was to gather more data to

justify the purchase of a cross-flow XL filter.

5.1 Justifying the Cost of the Cross-flow XL Filter

Although having a smaller cross-flow XL unit on site in the Modesto Cellar would make
filtering smaller batches of wine more efficient, it was unable to be financially justified due in
part to the high internal rate of return necessary to approve the project in 2008. To help approve
the purchase of the smaller filter skid in the future, the MQP team recommends that more data be
collected on the wine loss issues associated with DE filtration. In particular, the wine losses
associated with plugging finish filters prior to bottling was unable to be quantitatively expressed
with enough certainty to be included in the financial assumptions. However, if plugging issues
following DE filtration continue to persist it may prove to be a valuable part of justifying the

purchase of at least one additional cross-flow filter to help remove DE filtration completely.

Along with gathering more data on wine loss due to bottle polish filtration plugging, the
team recommends further studying the values of wine lost in holdup of filter 3, to help create a
more accurate capital project justification. This would include studying how much wine is lost
in the filter media, as well as the volume of wine unable to be forced through the filter itself.
Because of time constraints working with the Oenoflow XL filter, the team was not able to
devote the necessary time to completely studying wine loss on filter 3, so widely accepted

estimates were used.
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5.2 Production Dashboard

The production dashboard will prove, in the long run, to be a worthwhile investment. As
demand for smaller batches of wine continues to increase in the future and thereby increase the
need for critical improvements, an increase in the transparency and distribution of process data,
ultimately, facilitates faster communication, enables quicker adjustments and makes production
more efficient. Holding operators more accountable for process operations can only lead to
better practices. It is recommended that the development of the production dashboard proceed as
scheduled and completed as soon as possible. While programming within the PLC, it may be
worthwhile to attempt to collect every possible tag, even those not called for in the design, in
order to facilitate possible future expansion. Collecting as much data as possible yields more

accurate expectations and better prepares managers for informed decisions.

5.3 Sensitivity Analysis

The calculation of sensitivity analysis did not happen as planned and, therefore, there is
little to conclude. Without proper simulation, it can only be assumed that the additional
Oenoflow XL would, in fact, increase cellar efficiency and facilitate production. It is
recommended that the simulation using AIMMS be completed as time allows. Running the
simulation with the addition of an Oenoflow XL 4-module, 6-module and 8-module system
separately and in different combinations would enable the best decision on the proper action to
take in the future. It would also be worthwhile to, within the model, attempt to completely
replace the DE filters with new, efficient Oenoflow XLs. Though it may just be a want and not a
must, thorough testing of the simulation with different combinations of new filters is one

efficient method to ensure the best course of action in the future.
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Appendix A: Batch Data Sheet

Operator:
Winery:

What is the volume of wine to be filtered?

What type of wine?

OenoFlow System:

Modules/Filter Area:

Has the wine been fined? (e.g. bentonite, PVPP, carbon, gelatin) if yes, with what? (product and conc.)

Has the wine been pre-treated? (racked, barrel aged, rough filtered, etc.)

Is this wine typical of its kind? In not, why? (e.g. high in bret, ML bacteria, etc.)

Total
Feed Retentate Filtrate Filtrate
Time Pressure Pressure Temperature Flow rate Volume Comments
(Min) (PSI) (PSI) (°F) (GPM) (Gal)

Final Concentrate Volume:
% Solids Final Concentrate:
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09/20/07

Appendix B: 4A-XL Project Request Form

E. & J. GALLO WINERY
PROJECT REQUEST

Filter.

well.

*Continue on Page 2 if more space is needed

e  Purchase one new Pall Oenoflow XL 4-Module Cross-Flow

e The filter will operate continuously at 1700 GPH and will
be used primarily on small batches below 50,000 gallons.

e  Project will not require any additional labor as the current
cross-flow operators will be able to run the new unit as

Sponsor: Brian French Entity: Operations | Business Unit #: 5312 Initial Request? E
Date of Request: 2/29/08 Business Unit Name - Location of Assets: In Plan? Yes Supplemental Request? |:|

Cellar Plan Year: 2008 Original PR# __
Requested Project Project Justification:  Operating Necessity [ Capacity Maintenance [H]
Completion Date: Q3-2008 (Double Click & check one box) Process Improvement X Capacity Expansion O
SUMMARY DESCRIPTION AND SCOPE * PROJECT OBJECTIVES *

e  Further reduce DE filtration by removing small batches from
industrial filter 3.
o  Schedule Cross-flowfilters 21, 22, 23, 24, 25 & 26 more
efficiently by reducing the number of small batches they
have to complete.
e Allow cross-flow filters 21-26 to reach 4000 GPH flow rate
more frequently due to reduced cleaning time.

Go to the Attachment Checklist on the last page of this form.

PROJECT MANAGER: Keith Bader

ENGINEER: Rene Ramirez

PROJECT TITLE: 4 Module Cross-flow XL Filter Purchase I PR ID #
EXPENDITURES SAVINGS AND RAB/CAB $
Description Expense Capital Total Operating Costs Bus.Unit#|  Account Savings
Indirect: Direct Labor:
Land/Land Improvement: Indirect Labor:
Buildings: Materials:
Computers: Other (a): Filter Mat. 5312 6016 $56,730
Equipment: (a) filter skid $268,750 $268,750 || Other (b): Wine Loss COGS $73,658
Equipment: (b) Parts: (a)
Equipment: (c) Parts: (b)
Freight/Tax: Utilities: 5326 6402 -$23,579
Asset Disposal: Total: | $104,309
Installation: $100,000 $100,000
Contingency (10 %) $36,875 $36,875 || Additional RAB/CAB: Current Proposed Net
Other:
Total Estimated Cost $405,625 $405,625 || Total Estimated Savings and RAB/CAB __$104,309 yr
GALLO FINANCIAL MODEL
NET PRESENT VALUE ($) INTERNAL RATE OF RETURN PAYBACK (YEARS)
Base Case $77,880 13.5% TS
20% Increase In Investment $14,464 9.7% 9.4
20% Decrease In Revenue/Savings -$1,112 8.9% No Payback
Est. Project Start Date: 2" atr 08 Est. In-Service Complete Date: 3" qtros Est. CIP Close-out Date: 4" Qtr 08
FOR REVIEW AND APPROVAL AUTHORITY USE ONLY
Project Submittal and Review Signature Date Project Approval Signature Date

Project Manager

Chief Technology Officer (Mary Wagner)

Business Unit Manager

VP Operations (Steve Kidd)

Sponsor (of Savings)

Business Unit VP GM (

) [>$100k]

Environmental (Chris Savage or Steve Sylvester)

CFO (Anthony Youga) {>$500k]

Finance (Matt Weeks)

CEO [>$500K]

VP Corporate Engineering (Mike Roland)

Supplier Development (Tom Cook)

CIP #




PR (CONTINUED) -2-
09/20/07

SUMMARY DESCRIPTION AND SCOPE (Continued from Page 1)

PROJECT OBJECTIVES (Continued from Page 1)

CURRENT SITUATION:

e |n 2007 industrial filter 3 processed 32 million gallons of wine. This was broken up into 209 batches ranging from 5,800 gallons
to 1,000,000 gallons. On average each filter job requires 1.5 cycles to complete, with each cycle consuming 1,500 Ibs of DE,
$100 in cellulose prefilter materials, and resulting in 250 gallons of wine lost. Furthermore operating the industrial filters
requires attention to detail sudden changes in flow rate or pressure can upset the operation.

e DE filtration can also result in wine lost to plugging issues downstream.

PROPOSED SOLUTION - Expected Results:
e Remove as many small jobs as possible from DE filtration and move them to the smaller cross-flow unit.
e Further reduce wine loss from DE filtration
e Because cross-flow technology is already utilized in the Modesto Cellar, the results

Project Measurables (What are the key measures for the project’s success?):
e Further reduction in DE usage
e Better scheduling for filters 21, 22, 23, 24, 25 & 26 which will result in a higher average flow rate

Project Risk Assumptions:
o Membranes will require replacement in 5 years, based on cleaning schedule. Membranes do have the potential to fail before 5

years.

Strategic/Business Plan Alignment:

PP&E ALLOCATION TO BUSINESS TEAMS (Capital Manager will complete):

Method:
International %
Premium %
Popular %
Value %
Glass %
GVI %

INVESTMENT CASH FLOW:
Q3-2007 Q4-2007 Q1-2008 Q2-2008 Q3-2008 Beyond
$0 $0 $0 $405,625 $0 $0

Will this project lead to investment in other business units? If yes detail:
No, this project will not require any additional investment outside of the Modesto Cellar.

Will any subsequent investment be required? (Consider impact to up-stream and down-stream eguipment.)
No, this project will not require any subsequent investment.

Will any additional annual costs be incurred? (Examples: additional energy usage, replacement parts, material usage, labor, maintenance)

e Yes, additional annual costs may be incurred due to energy and utility costs, replacement parts, maintenance, and additional
chemical usage. These costs have all been factored into the project assumptions.
e Reduction in filter 3 utilities is expected, however it is not accounted for in this project request.

SAVINGS CASH FLOW: (When will this project realize savings? Detail by quarter for the first year and then yearly for the life of the project).
If the project does not claim savings this section can be omitted.
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PR (CONTINUED) -3-

09/20/07
Business Unit & Account: | {Q1 I-2009} {Q2/2009} | {Q3/2009} | {Q4/2009} | 2010... 2016 2017
Material $14,183 $14,183 $14,183 $14,183 $56,730 $56,730 $56,730
Wine Loss $18,414 $18,414 $18,414 $18,414 $73,658 $73,658 $73,658
$ $ $ $ $ $ $

How were savings calculated? (Attach necessary documentation)

. cycles
122 jobs X 1.5

Tob = 183 cycles
183 cycles X $100 prefilter materials = $18,300
183 cycles X 1,500 lbs DE X $0.14 per Ib = $38,430

.61
183 cycles X 250 gal wine lost x T $73,658
ga
Total savings = $130,388
What assumptions were made?
On stream factor= 0.75
Capacity per unit= 1700 GPH
Operating weeks/year= 50
Operating days/wk= S)
Cycles per DE job= 18
Cellulose Prefilter Material= $100 per cycle
DE usage= 1,500 Ibs per cycle
DE cost= $0.14 per Ib
Wine loss= 250 gal per cycle

Average wine cost= $1.61 per gallon

Assumed that 2007 filter 3 data was representative of future use of filter 3.

Assumed that cross-flow filter would be able to remove an average of 122 DE jobs per year, based on 7.8 million gallon per year

capacity.

CAPACITY ANALYSIS: Modify the format below to suit the project.
If the project does not involve changes to production capacity, this section can be omitted.

Process or machine: Cross-flow

Capacity measure (gal./year, etc.). GPH

Year: 2008

Capacity required:

Current capacity: 24,000
Surplus/(shortfall)
Proposed Capacity: 25,700

DISPOSED ASSETS: List all assets that will be retired as a result of this project.

Asset Retirement Information

Estimated
Value ($)

Purchase
Date (Year)

Original

Equipment Manufacturer Asset Tag #

Removal
Expense ($)

Potential
Buyers/Uses

ALTERNATIVES: (What alternatives were considered and why was this the best choice?)
*  Purchasing a 6A-XL or 8A-XL cross-flow filter in place of the 4A-XL

LEGAL/ENVIRONMENTAL/COMPLIANCE:
o Wine loss will be further reduced due to carryover with DE, thus reducing VOC.
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PR (CONTINUED) -4-
09/20/07

IMPLEMENTATION PLAN:

SUB-ACCOUNT CODES FOR JDE JOB COST CIP: Click here for the list of available codes (Excel file
Expense | Capital Sub- Initial PR * Supple- * Total

1552 1551 Account | Sub-Account Description Budget mental PR Revised
# Budget Budget $

Filter Purchase $268,000

Mechanical and Electrical Installation $100,000

8001 Contingency $36,875

Total Budget: $ $405,625

* Fill in ali columns if this PR is a supplement to an existing project.

ATTACHMENT CHECKLIST (Appropriate supporting documents will vary depending on the project's complexity and risk.)

OOO00O00o0oOo oo O

Management of Change (regulatory checklist) A signed & dated MOC is REQUIRED by Environmental Affairs.
[ Link to form and procedure ]

RAB/CAB Financial Model required for return-based projects. [ Link to Model ]

Detail cost estimate which indicates the source of the estimate (such as quotes, consultant estimate, contractor estimate, historical
data, allowance, key assumptions, etc.)

Detail estimate of the savings and/or cost avoidance. Include assumptions & calculations.
Stagegate 4-Block

Relevant memos

Major quotes

Engineering studies

Layout and schematic drawings

Copies of prior approved Project Request forms associated with this project

Project Plan (from Project Management User Guide) [click here to open]

Success Criteria (from Project Management User Guide) [click here to open]

[other appropriate documents]

Information Resources: Gallo Accounting Policies-Fixed Assets & Capital Projects , Project Management Guide
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Appendix C: 6A-XL Project Request Form

E. & J. GALLO WINERY

well.

*Continue on Page 2 if more space is needed

be used primarily on small batches below 50,000 gallons.
e  Project will not require any additional labor as the current
cross-flow operators will be able to run the new unit as .

have to complete.

Go to the Attachment Checklist on the last page of this form.

PROJECT REQUEST
Sponsor: Brian French Entity: Operations | Business Unit #: 5312 Initial Request? X
Date of Request: 2/29/08 Business Unit Name - Location of Assets: In Plan? Yes Supplemental Request? D
Cellar Plan Year: 2008 Original PR #

Requested Project Project Justification:  Operating Necessity || Capacity Maintenance
Completion Date: Q3-2008 {Double Click & check one box) Process Improvement X Capacity Expansion []
SUMMARY DESCRIPTION AND SCOPE * PROJECT OBJECTIVES *

e Purchase one new Pall Oenoflow XL 6-Module Cross-Flow e Further reduce DE filtration by removing small batches from

Filter. industrial filter 3.
e The filter will operate continuously at 2500 GPH and will e Schedule Cross-flow filters 21, 22, 23, 24, 25 & 26 more

efficiently by reducing the number of small batches they

Allow cross-flow filters 21-26 to reach 4000 GPH flow rate
more frequently due to reduced cleaning time.

PROJECT MANAGER: Keith Bader

ENGINEER: Rene Ramirez

PROJECT TITLE:

6 Module Cross-flow XL Filter Purchase

| PRID%

SAVINGS AND RAB/CAB $

EXPENDITURES
Description Expense Capital Total Operating Costs Bus.Unit#|  Account Savings
Indirect: Direct Labor:
Land/Land Improvement: Indirect Labor:
Buildings: Materials:
Computers: Other (a): Filter Mat. 5312 6016 $67,425
Equipment: (a) filter skid $290,000 $290,000 [l Other (b): Wine Loss COGS $87,544
Equipment: (b) Parts: (a)
Equipment: (c) Parts: (b)
Freight/Tax: Utilities: 5326 6402 -$23,579
Asset Disposal: Total: | $128890
Installation: $100.,000 $100,000
Contingency (10 %) $39,000 $39,000 || Additional RAB/CAB: Current Proposed Net
Other:
Total Estimated Cost $429,000 $429,000 || Total Estimated Savings and RABICAB __ $128,890 yr
GALLO FINANCIAL MODEL - -
NET PRESENT VALUE ($) INTERNAL RATE OF RETURN PAYBACK (YEARS)
Base Case $152,682 17.0% 6.1
20% Increase In Investment $85,612 12.9% 7.6
20% Decrease In Revenue/Savings $55,075 12.0% 8.0
Est. Project Start Date: 2" qtr 08 Est. In-Service Complete Date: 3" qtros Est. CIP Close-out Date: 4" Qtr 08
FOR REVIEW AND APPROVAL AUTHORITY USE ONLY
Project Submittal and Review Signature Date Project Approval Signature Date
Project Manager Chief Technology Officer (Mary Wagner)
Business Unit Manager VP Operations (Steve Kidd)
Sponsor (of Savings) Business Unit VP GM ( ) [>$100K]
Environmental (Chris Savage or Steve Sylvester) CFO (Anthony Youga) {>$500k]
Finance (Matt Weeks) CEO [>$500k]
V/P Corporate Engineering (Mike Roland) CIP #
Supplier Development (Tom Cook)
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PR (CONTINUED) -2-
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SUMMARY DESCRIPTION AND SCOPE (Continued from Page 1

PROJECT OBJECTIVES (Continued from Page 1)

CURRENT SITUATION:

e |n 2007 industrial filter 3 processed 32 million gallons of wine. This was broken up into 209 batches ranging from 5,800 gallons
to 1,000,000 gallons. On average each filter job requires 1.5 cycles to complete, with each cycle consuming 1,500 Ibs of DE,
$100 in cellulose prefilter materials, and resulting in 250 gallons of wine lost. Furthermore operating the industrial filters
requires attention to detail sudden changes in flow rate or pressure can upset the operation.

e DE filtration can also result in wine lost to plugging issues downstream.

PROPOSED SOLUTION - Expected Results:
e Remove as many small jobs as possible from DE filtration and move them to the smaller cross-flow unit.
e Further reduce wine loss from DE filtration
e  Because cross-flow technology is already utilized in the Modesto Cellar, the results

Project Measurables (What are the key measures for the project’s success?):
e  Further reduction in DE usage
e  Better scheduling for filters 21, 22, 23, 24, 25 & 26 which will result in a higher average flow rate

Project Risk Assumptions:
e Membranes will require replacement in 5 years, based on cleaning schedule. Membranes do have the potential to fail before 5
years.

Strategic/Business Plan Alignment:

PP&E ALLOCATION TO BUSINESS TEAMS (Capital Manager will complete):

Method:
International %
Premium %
Popular %
Value %
Glass %
GVI %

INVESTMENT CASH FLOW:

S
Q3-2007 Q4-2007 Q1-2008 Q2-2008 Q3-2008 Beyond
$0 $0 $0 $429,000 $0 $0

Will this project lead to investment in other business units? If yes, detail:
No, this project will not require any additional investment outside of the Modesto Cellar.

Will any subsequent investment be required? (Consider impact to up-stream and down-stream equipment.)
No, this project will not require any subsequent investment.

Will any additional annual costs be incurred? (Examples: additional energy usage, replacement parts, material usage, labor, maintenance)
e Yes, additional annual costs may be incurred due to energy and utility costs, replacement parts, maintenance, and additional
chemical usage. These costs have all been factored into the project assumptions.
e Reduction in filter 3 utilities is expected, however it is not accounted for in this project request.

SAVINGS CASH FLOW: (When will this project realize savings? Detail by quarter for the first year and then yearly for the life of the project).
If the project does not claim savings this section can be omitted.
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Business Unit & Account: | {Q1/2009) | {Q2/2009} | {Q3/2009) | {Q4/2009} | 2010... 2016 2017
Material $16,856 $16,856 $16,856 $16,856 $67,425 $67,425 $67,425
Wine Loss $21,886 $21,886 $21,886 $21,886 $87,544 $87,544 $87,544
3 $ $ 3 $ 3 $

How were savings calculated? (Attach necessary documentation)

cycles

145 jobs X 1.5
A job

= 217.5 cycles

217.5 cycles x $100 prefilter materials = $21,750
217.5 cycles X 1,500 lbs DE X $0.14 per b = $45,675

$
217.5 cycles x 250 gal wine lost X 7
ga

Total savings = $154,969

What assumptions were made?

1
= $87,544

On stream factor= 0.75

Capacity per unit= 2500 GPH
Operating weeks/year= 50

Operating days/wk= S)

Cycles per DE job= 18

Cellulose Prefilter Material= $100 per cycle

DE usage= 1,500 Ibs per cycle
DE cost= $0.14 per Ib

Wine loss= 250 gal per cycle

Average wine cost=

$1.61 per gallon

Assumed that 2007 filter 3 data was representative of future use of filter 3.

Assumed that cross-flow filter would be able to remove an average of 145 DE jobs per year, based on 11.4 million gallon per year

capacity.

CAPACITY ANALYSIS: Modify the format below to suit the project.
If the project does not involve changes to production capacity, this section can be omitted.

Process or machine: Cross-flow

Capacity measure (gal./year, etc.). GPH

Year:

2008

Capacity required:

Current capacity:

24,000

Surplus/(shortfall)

Proposed Capacity:

26,500

DISPOSED ASSETS: List all assets that will be retired as a result of this project.

Asset Retirement Information

Original

Purchase

Estimated

Removal

Potential

Equipment Manufacturer Date (Year) Value ($) Asset Tag #

Expense ($)

Buyers/Uses

ALTERNATIVES: (What alternatives were considered and why was this the best choice?)
*  Purchasing a 4A-XL or 8A-XL cross-flow filter in place of the 6A-XL

LEGAL/ENVIRONMENTAL/COMPLIANCE:
o Wine loss will be further reduced due to carryover with DE, thus reducing VOC.
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IMPLEMENTATION PLAN:

SUB-ACCOUNT CODES FOR JDE JOB COST CIP: Click here for the list of available codes (Excel file
Expense | Capital Sub- Initial PR * Supple- * Total

1552 1551 Account | Sub-Account Description Budget mental PR Revised
# Budget Budget $

Filter Purchase $290,000

Mechanical and Electrical Installation $100,000

8001 Contingency $39,000

Total Budget: $ $429,000

* Fill in ali columns if this PR is a supplement to an existing project.

ATTACHMENT CHECKLIST (Appropriate supporting documents will vary depending on the project's complexity and risk.)

OOO00O00o0oo oo O

Management of Change (regulatory checklist) A signed & dated MOC is REQUIRED by Environmental Affairs.
[ Link to form and procedure ]

RAB/CAB Financial Model required for return-based projects. [ Link to Model ]

Detail cost estimate which indicates the source of the estimate (such as quotes, consultant estimate, contractor estimate, historical
data, allowance, key assumptions, etc.)

Detail estimate of the savings and/or cost avoidance. Include assumptions & calculations.
Stagegate 4-Block

Relevant memos

Major quotes

Engineering studies

Layout and schematic drawings

Copies of prior approved Project Request forms associated with this project

Project Plan (from Project Management User Guide) [click here to open]

Success Criteria (from Project Management User Guide) [click here to open]

[other appropriate documents]

Information Resources: Gallo Accounting Policies-Fixed Assets & Capital Projects , Project Management Guide
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Appendix D: 8A-XL Project Request Form

E. & J. GALLO WINERY

Filter.

well.

*Continue on Page 2 if more space is needed

e  Purchase one new Pall Oenoflow XL 8-Module Cross-Flow

e The filter will operate continuously at 3300 GPH and will
be used primarily on small batches below 50,000 gallons.

e Project will not require any additional labor as the current
cross-flow operators will be able to run the new unit as

PROJECT REQUEST
Sponsor: Brian French Entity: Operations | Business Unit # 5312 Initial Request? E
Date of Request: 2/29/08 Business Unit Name - Location of Assets: In Plan? Yes Supplemental Request? |:|
Cellar Plan Year: 2008 Original PR# __
Requested Project Project Justification:  Operating Necessity [ Capacity Maintenance [H]
Completion Date:  Q3-2008 (Double Click & checkone box)  Process Improvement X Capacity Expansion O
SUMMARY DESCRIPTION AND SCOPE * PROJECT OBJECTIVES *

e  Further reduce DE filtration by removing small batches from

industrial filter 3.

e  Schedule Cross-flow filters 21, 22, 23, 24, 25 & 26 more
efficiently by reducing the number of small batches they

have to complete.

e Allow cross-flow filters 21-26 to reach 4000 GPH flow rate

more frequently due to reduced cleaning time.

Go to the Attachment Checklist on the last page of this form.

PROJECT MANAGER: Keith Bader

ENGINEER: Rene Ramirez

PROJECT TITLE: 8 Module Cross-flow XL Filter Purchase I PR ID #
EXPENDITUR) SAVINGS AND RAB/CAB $
Description Expense Capital Total Operating Costs Bus.Unit#|  Account Savings
Indirect: Direct Labor:
Land/Land Improvement: Indirect Labor:
Buildings: Materials:
Computers: Other (a): Filter Mat. 5312 6016 $75,795
Equipment: (a) filter skid $321,250 $321,250 || Other (b): Wine Loss COGS $98,411
Equipment: (b) Parts: (a)
Equipment: (c) Parts: (b)
Freight/Tax: Utilities: 5326 6402 -$24,775
Asset Disposal: Total: | $146,931
Installation: $100,000 $100,000
Contingency (10 %) $42,125 $42,125 || Additional RAB/CAB: Current Proposed Net
Other:
Total Estimated Cost $463,375 $463,375 || Total Estimated Savings and RABICAB __ $146,931 yr
GALLO FINANCIAL MODEL
NET PRESENT VALUE ($) INTERNAL RATE OF RETURN PAYBACK (YEARS)
Base Case $194121 18.3% Dl
20% Increase In Investment $121,677 14.0% rail
20% Decrease In Revenue/Savings $82,853 13.2% 7.4
Est. Project Start Date: 2" Qtr 08 Est. In-Service Complete Date: 3" qtros Est. CIP Close-out Date: 4" Qtr 08
FOR REVIEW AND APPROVAL AUTHORITY USE ONLY
Project Submittal and Review Signature Date Project Approval Signature Date
Project Manager Chief Technology Officer (Mary Wagner)
Business Unit Manager VP Operations (Steve Kidd)
Sponsor (of Savings) Business Unit VP GM ( ) [>$100K]
Environmental (Chris Savage or Steve Sylvester) CFO (Anthony Youga) {>$500k]
Finance (Matt Weeks) CEOQ [>$500k]
V/P Corporate Engineering (Mike Roland) CIP #
Supplier Development (Tom Cook)
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SUMMARY DESCRIPTION AND SCOPE (Continued from Page 1

PROJECT OBJECTIVES (Continued from Page 1)

CURRENT SITUATION:

e |n 2007 industrial filter 3 processed 32 million gallons of wine. This was broken up into 209 batches ranging from 5,800 gallons
to 1,000,000 gallons. On average each filter job requires 1.5 cycles to complete, with each cycle consuming 1,500 Ibs of DE,
$100 in cellulose prefilter materials, and resulting in 250 gallons of wine lost. Furthermore operating the industrial filters
requires attention to detail sudden changes in flow rate or pressure can upset the operation.

e DE filtration can also result in wine lost to plugging issues downstream.

PROPOSED SOLUTION - Expected Results:
e Remove as many small jobs as possible from DE filtration and move them to the smaller cross-flow unit.
e Further reduce wine loss from DE filtration
e  Because cross-flow technology is already utilized in the Modesto Cellar, the results

Project Measurables (What are the key measures for the project’s success?):
e  Further reduction in DE usage
e  Better scheduling for filters 21, 22, 23, 24, 25 & 26 which will result in a higher average flow rate

Project Risk Assumptions:
e Membranes will require replacement in 5 years, based on cleaning schedule. Membranes do have the potential to fail before 5
years.

Strategic/Business Plan Alignment:

PP&E ALLOCATION TO BUSINESS TEAMS (Capital Manager will complete):

Method:
International %
Premium %
Popular %
Value %
Glass %
GVI %

INVESTMENT CASH FLOW:

S
Q3-2007 Q4-2007 Q1-2008 Q2-2008 Q3-2008 Beyond
$0 $0 $0 $463,375 $0 $0

Will this project lead to investment in other business units? If yes, detail:
No, this project will not require any additional investment outside of the Modesto Cellar.

Will any subsequent investment be required? (Consider impact to up-stream and down-stream equipment.)
No, this project will not require any subsequent investment.

Will any additional annual costs be incurred? (Examples: additional energy usage, replacement parts, material usage, labor, maintenance)
e Yes, additional annual costs may be incurred due to energy and utility costs, replacement parts, maintenance, and additional
chemical usage. These costs have all been factored into the project assumptions.
e Reduction in filter 3 utilities is expected, however it is not accounted for in this project request.

SAVINGS CASH FLOW: (When will this project realize savings? Detail by quarter for the first year and then yearly for the life of the project).
If the project does not claim savings this section can be omitted.

101



PR (CONTINUED)

=Fx

09/20/07
Business Unit & Account: | {Q1 I-2009} {Q2/2009} | {Q3/2009} | {Q4/2009} | 2010... 2016 2017
Material $18,949 $18,949 $18,949 $18,949 $75,795 $75,795 $75,795
Wine Loss $24,603 $24,603 $24,603 $24,603 $98,411 $98,411 $98,411
$ $ $ $ $ $ $

How were savings calculated? (Attach necessary documentation)

cycles

163 jobs X 1.5
jobs Tob

= 244.5 cycles

244.5 cycles X $100 prefilter materials = $24,450
244.5 cycles X 1,500 lbs DE X $0.14 per b = $51,345

$
244.5 cycles x 250 gal wine lost X 7
ga

Total savings = $174,206

What assumptions were made?

1
= $98,411

On stream factor= 0.75

Capacity per unit= 3300 GPH
Operating weeks/year= 50

Operating days/wk= S)

Cycles per DE job= 18

Cellulose Prefilter Material= $100 per cycle

DE usage= 1,500 Ibs per cycle
DE cost= $0.14 per Ib

Wine loss= 250 gal per cycle

Average wine cost=

$1.61 per gallon

Assumed that 2007 filter 3 data was representative of future use of filter 3.

Assumed that cross-flow filter would be able to remove an average of 163 DE jobs per year, based on 14.9 million gallon per year

capacity.

CAPACITY ANALYSIS: Modify the format below to suit the project.
If the project does not involve changes to production capacity, this section can be omitted.

Process or machine: Cross-flow

Capacity measure (gal./year, etc.). GPH

Year:

2008

Capacity required:

Current capacity:

24,000

Surplus/(shortfall)

Proposed Capacity:

27,300

DISPOSED ASSETS: List all assets that will be retired as a result of this project.

Asset Retirement Information

Original

Equipment Manufacturer

Purchase
Date (Year)

Estimated
Value ($)

Asset Tag #

Removal
Expense ($)

Potential
Buyers/Uses

ALTERNATIVES: (What alternatives were considered and why was this the best choice?)
e  Purchasing a 4A-XL or 6A-XL cross-flow filter in place of the 8A-XL.

LEGAL/ENVIRONMENTAL/COMPLIANCE:
o Wine loss will be further reduced due to carryover with DE, thus reducing VOC.
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IMPLEMENTATION PLAN:

SUB-ACCOUNT CODES FOR JDE JOB COST CIP: Click here for the list of available codes (Excel file
Expense | Capital Sub- Initial PR * Supple- * Total

1552 1551 Account | Sub-Account Description Budget mental PR Revised
# Budget Budget $

Filter Purchase $321,250

Mechanical and Electrical Installation $100,000

8001 Contingency $42,125

Total Budget: $ $463,375

* Fill in ali columns if this PR is a supplement to an existing project.

ATTACHMENT CHECKLIST (Appropriate supporting documents will vary depending on the project's complexity and risk.)

OOO00O00o0oo oo O

Management of Change (regulatory checklist) A signed & dated MOC is REQUIRED by Environmental Affairs.
[ Link to form and procedure ]

RAB/CAB Financial Model required for return-based projects. [ Link to Model ]

Detail cost estimate which indicates the source of the estimate (such as quotes, consultant estimate, contractor estimate, historical
data, allowance, key assumptions, etc.)

Detail estimate of the savings and/or cost avoidance. Include assumptions & calculations.
Stagegate 4-Block

Relevant memos

Major quotes

Engineering studies

Layout and schematic drawings

Copies of prior approved Project Request forms associated with this project

Project Plan (from Project Management User Guide) [click here to open]

Success Criteria (from Project Management User Guide) [click here to open]

[other appropriate documents]

Information Resources: Gallo Accounting Policies-Fixed Assets & Capital Projects , Project Management Guide
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Appendix E: Tag List & Descriptions

Phase | crossflow filters

Description

MOD WIN CLL CF F21 FT1 Flw

Flow between membranes and T2

MOD_WIN_CLL_CF F21 FT2 Flw

DM flow

MOD WIN_CLL_CF F21 FT3 Flw

Flow after pump P3

MOD WIN_CLL_CF F21 FT4 Flw

Flow incoming wine

MOD WIN CLL_CF F21 LT1 Lvl

Level Tank T1

MOD WIN CLL_CF F21 LT2 Lvl

Level Tank T2

MOD WIN_CLL_CF_F21 P30ut CV

Position of flow control valve 17

MOD_WIN_CLL_CF F21 PT1 Prs

MOD_WIN_CLL_CF_F21 PT2 Prs

Pressure during Concentration step

MOD WIN_CLL_CF_F21 PT3 Prs

Prefilter Pressure

MOD WIN_CLL_CF_F21 PT4 Prs

Backflush dP/P3

MOD WIN_CLL _CF F21 QIC3 pH

pH

MOD WIN_CLL_CF F21 QIC4 Cnd

Conductivity

MOD WIN_CLL_CF_F21 TT1 Tmp

Temperature Tank 1

MOD _WIN CLL_CF F21 TT2 Tmp

Temperature Tank 2

MOD WIN_CLL_CF_F21 XT1 Trb

Turbidity

MOD WIN_CLL CF F21_MA_ STACKL AMBER

Light stack status

MOD WIN_CLL CF F21 MA_STACKL GREEN

Light stack status

MOD_WIN CLL CF F21 MA STACKL RED

Light stack status

MOD_WIN_CLL_CF F21 FT1 Flw_Totalizerl

Flow between membranes and T2

MOD_WIN_CLL_CF _F21 FT2 Flw_Totalizerl

DM flow

MOD_ WIN_CLL_CF _F21 FT3 Flw_Totalizerl

Flow after pump P3

MOD_ WIN_CLL_CF _F21 FT4 Flw_Totalizerl

Flow incoming wine

MOD WIN CLL CF F21 Total Hectoliters Unit

Total_Hectoliters_Unit

MOD_WIN_CLL_CF_F21 Total_Production_Time

Total Production Time

MOD WIN CLL CF F21 Total Selected Batchsize

Total Selected Batchsize

MOD_WIN_CLL_CF _F21 Active_Program

Active Program

MOD_WIN_CLL_CF_F21 Active_Step Active Step
MOD _WIN_CLL_CF_F21_ Active_Parallel_Step Active Parallel Step
MOD WIN CLL CF_F21 PO PO#

MOD WIN_CLL CF_F21 Current_Operator

Logged-in Operator

MOD_WIN_CLL_CF_F21 Downtime Rsn_Cd_1

Downtime Descriptor (manual)

MOD WIN CLL CF F21 Downtime Rsn Cd 2

Downtime Descriptor (filter)

MOD WIN CLL CF F21 Running Time

Running Time

MOD_WIN_CLL_CF F21 ETA

Est. Time to Complete

MOD WIN_CLL_CF F21 Delta P

Differential Pressure

MOD_WIN CLL_CF _F21 Cycle Number

Number of Cycles

MOD WIN CLL CF F21 Cycle Volume

Cycle Volume

MOD WIN_CLL_CF F21 Batch Size

Batch size (production settings scrn)

MOD WIN _CLL CF F21 Water Flux

Current Water Flux value

MOD WIN CLL CF _F21 Feed Tank Feed Tank
MOD WIN CLL CF_F21 Product Tank Product Tank
MOD WIN_ CLL CF F21 Lot Number Lot Number
MOD WIN_CLL CF F21 Start Time Start Time
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MOD_WIN_CLL_CF_F21_End_Time

End Time

MOD_WIN_CLL_CF_F21_ Wine_Description

Phase Il crossflow filters

Description

AT FT24 01 _MSV

Turbidity

AT FT24 02_MSV

AT FT24 03_MSV

FCV10 Output

Position of flow control valve 17

FT _FT24 01 _MSV

Flow between membranes and T2

FT FT24 01 TOTALIZER1

Totalized Flow between membranes and

T2

FT_FT24 02 _MSV

DM flow

FT_FT24 02 TOTALIZER1

Totalized DM flow

FT_FT24 03 MSV

Flow after pump P3

FT _FT24 03 TOTALIZER1

Totalized Flow after pump P3

FT _FT24 04 MSV

Flow incoming wine

FT_FT24 04 TOTALIZER1

Totalized Flow incoming wine

LT FT24 01 MSV

Level tank T1

LT FT24 02 MSV

Level tank T2

PT_FT24 01_MSV

PT FT24 02_MSV

Pressure during Concentration step

PT FT24 03 MSV

Prefilter Pressure

PT_FT24 04 MSV

Backflush dP/P3

Total Hectoliters Unit

Total Hectoliters_Unit

Total Production Time

Total Production Time

Total Selected Batchsize

Total Selected Batchsize

TT_FT24 01_MSV

Temperature tank T1

TT FT24 02 MSV

Temperature tank T2

XL FT24 MA_STACKL_AMBER

Light stack status

XL FT24 MA_STACKL GREEN

Light stack status

XL _FT24 MA_STACKL RED

Light stack status

FT24 Active Program

Active Program

FT24 Active_Step Active Step
FT24 Active Parallel_Step Active Parallel Step
FT24 PO PO#

FT24 Current_Operator

Logged-in Operator

FT24 Downtime Rsn Cd 1

Downtime Descriptor (manual)

FT24 Downtime Rsn Cd 2

Downtime Descriptor (filter)

FT24 Running_Time

Running Time

FT24 ETA

Est. Time To Complete

FT24 Delta P

Differential Pressure

FT24 Cycle Number

Number of Cycles

FT24 Cycle Volume

Cycle Volume

FT24 Batch Size

Batch size (production settings scrn)

FT24 Water Flux

Current Water Flux value

FT24 Feed Tank

Feed Tank

FT24 Product Tank

Product Tank
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FT24 Lot Number

Lot Number

FT24_Start_Time

Start Time

FT24 End_Time

End Time

FT24_Wine_Description

Wine Description
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Appendix F: Filter Status Indicators

Status Descriptor

Source Tag

1 | blend not ready FT24 Downtime Rsn Cd 1
2 | no scheduled next job FT24 Downtime Rsn Cd 1
3 | tank not available FT24 Downtime Rsn Cd 1
4 | tank not sanitized FT24 Downtime Rsn Cd 1
5 | not enough settling time (champ) FT24 Downtime Rsn Cd 1
6 | filter down for maintenance FT24 Downtime Rsn Cd 1
7 | maintenance (other than filter) FT24 Downtime Rsn Cd 1
8 | mid-week CIP FT24 Downtime Rsn_Cd_1
9 | additional CIP required FT24 Downtime Rsn_Cd_1
10 | line not built FT24 Downtime Rsn Cd 1
11 | Pump not available FT24 Downtime Rsn Cd 1
12 | Other FT24 Downtime Rsn Cd 1
Back Pulse FT24 Downtime Rsnh Cd 2
Concentration FT24 Downtime Rsn_Cd_2
F Concentration FT24 Downtime Rsn Cd 2
Product Recovery FT24 Downtime Rsn Cd 2
Rinse FT24 Downtime Rsnh Cd 2
Processing FT24 Active Program
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