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EXECUTIVE SUMMARY

There are more than 16,000 screen printers in tlse &hd almost 2,000 of them are in
California. The vast majority of screen printers amall businesses with fewer than 20
employees. Screen printers use various typesksftim print on a variety of substrates
including fabric, paper, metal, glass, wood, cecmrand plastics. Some small screen
printers print by hand but most commercial scre@mtgrs use automated presses.

During printing, screen printers use cleanup sdlveéa clean the excess ink from the
screens. All screen printers remove the ink frém $creens after printing when the
screens are saved for the next run or recycledeimse. The cleaners that are used today
may contain toxic materials that pose a risk tok&ms and community members and
virtually all of them are classified as VOCs thanhtribute to smog.

The South Coast Air Quality Management District f&IMD) regulates VOC emissions
in four counties in southern California. One o ®CAQMD regulations specifies VOC
limits for cleanup solvents used in screen printifidne VOC limit is presently set at 500
grams per liter. On July 1, 2006, the limit wile beduced to 100 grams per liter.
Companies in Southern California must find altexest that meet the much lower VOC
level.

The Institute for Research and Technical AssistdtiR€A) is a nonprofit organization
that assists companies and whole industries inifghagafer alternatives in cleaning,
adhesive, coating, dry cleaning and paint stripm@pglications. The South Coast Air
Quality Management District (SCAQMD) contracted IwilRTA to work with three
screen printers to identify, test, develop and destrate alternative low toxicity, low-
VOC cleanup materials. In an earlier project, sooed by Cal/EPA’s Department of
Toxic Substances Control and U.S. EPA, IRTA workeith nine screen printers to
demonstrate alternatives. In the SCAQMD projeBTA worked with three textile
printers, including Totally Ink, Applied PressuradaPowerhouse. The printers that
participated in the two projects used a range témint inks and printed on a variety of
different substrates. This report summarizesesalts of both projects.

The low toxicity, low-VOC alternatives that werestied were of three types. First, water-
based cleaners were tested in several facilities fannd to be effective. Second,
vegetable based cleaners composed of soy perfowatdor cleaning certain types of

inks. Third, acetone, a chemical not classified &OC and low in toxicity, was blended

with other materials and found to effectively cleeaditional solventborne inks.

Table E-1 shows the 12 facilities that participatedthe project. It also presents a

description of the type of printing the facility ek and the type(s) of inks used by each
facility. Finally, it summarizes the alternative{eat performed effectively in each of the

participating facilities.  Three of the companie®wens-lllinois, Texollini and



Powerhouse, elected to convert to the alternativas were tested in the course of the
project.
Table E-1
Participating Company Description and
Successful Safer and Low-VOC Alternatives

Company Printing Ink Type Successful Alternatives
Description
Owens-lllinois Prints on plastig uv Soy Based Cleaner
cosmetic Bottles

Southern Californi{Prints on papeand uv Water-Based Cleaner, Soy Based Clepner

Screen Printing plastic

Com-Graf Prints on variety dSolventborng  Soy/Acetone/Mineral Spirits Blend

different substratgs
Serendipity Prints on variety d Solvent and Acetone/Mineral Spirits Blend
different substratgsWaterborne
Oberthur Prints on plasti¢ Solvent and  Acetone/Ethyl 3-ethoxy propionate
credit cards | Waterborne Blend

Texollini Prints on fabric | Waterborne Water-Based Cleaner

Hino Designs Prints on textiles Plastisql Waterd®h€leaner, Soy Based Cleaner

Quickdraw Prints on textiles Plastiso Soy Baseel@er, White

Oil/Acetone/Mineral Spirits Blend

LCA Promotions Prints on textiles Plastisal Soy &h€leaner, Water-Based

Cleaner, White Oil/Acetone/Mineral
Spirits Blend
Totally Ink Prints on textileg Plastisol Soy Basgldaner, Water-Based
Cleaners
Applied Pressure Prints on textiles Plastispl Wa@sed Cleaner
Powerhouse Prints on textilgs Plastisol Water-B&edner

IRTA analyzed and compared the costs of the altewsm and the cleaners that are

currently used by the facilities. In nine casésg, ¢tost of using an alternative was lower

or about the same as the cost of using the cutteaer. In three cases, the cost of using
the alternative cleaner was higher than the cossiofy the current cleaner.

The results of the project indicate that low-VOGQwItoxicity alternatives are available
and cost effective for screen printing facilitiesGalifornia. Water-based cleaners, soy
based cleaners and acetone blends which are lowtexicity and low in VOC content
perform well in removing the different types of inked by the screen printing industry
today.
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l. INTRODUCTION AND BACKGROUND

The printing industry is one of the largest mantifang industries in the United States.
The industry is dominated by small and medium-sibadinesses, most of them with
fewer than 20 employees. In 2002, according tdBilneau of Census, approximately 83
percent of the screen printing industry was congprrisf small businesses. The Info USA
Power Business Database estimates the numbereasdsprinters in 2002 in the U.S. at
16,341. California has 1,886 screen printing distaiments.

Volatile Organic Compound (VOC) emissions from solv cleaning operations
contribute significantly to the South Coast Air Bes emission inventory. The South
Coast Air Quality Management District (SCAQMD orsiict) periodically adopts an Air
Quality Management Plan (AQMP). This AQMP calls $gynificant reductions in VOC
emissions from cleaning and degreasing operatigr2)b0 to achieve attainment status.

The SCAQMD regulates VOC emissions from busineksssied in the four county area

including Los Angeles County, Orange County, SamBelino County and Riverside

County. One of the SCAQMD rules, Rule 1171 “Sotv@reaning Operations,” regulates
the VOC content of screen printing cleanup solveniBhe VOC content of screen

printing cleanup solvents is currently set at 5@8nts per liter. The District plans to

reduce the allowed VOC content to 100 grams per bh July 1, 2006. Lowering the

VOC content to 100 grams per liter would reducessions of these solvents by about
1.3 tons per day. By July 1, 2006, screen printesouthern California must convert to
alternative low-VOC cleanup materials.

The Institute for Research and Technical AssistgiiRgA), a nonprofit organization,

was established in 1989 to assist industry in adgpsafer alternatives to ozone
depleting, chlorinated, other toxic and VOC solgentlRTA staff have worked with

hundreds of facilities in the South Coast Basindentify, test and develop alternatives.
IRTA runs and operates the Pollution Preventiont&€@e(PPC), a loose affiliation of

local, state and federal governmental organizatimusa large electric utility.

The SCAQMD contracted with IRTA to work with thréextile printers to test and
demonstrate low-VOC alternatives that would meet 100 gram per liter VOC limit.
IRTA worked on three earlier projects that focusmd finding alternative cleanup
materials in screen printing. First, Cal/EPA’s Bgment of Toxic Substances Control
(DTSC), with DTSC and U.S. EPA Region IX fundingntracted with IRTA to work
with screen printers to identify, test, develop aednonstrate alternative low-VOC, low
toxicity cleanup solvents. Second, IRTA workedhwlt).S. EPA on a project that
involved working with a few screen printers. TRitBRTA worked on an earlier project
with SCAQMD that included screen printers. In galier SCAQMD project, IRTA was
not able to complete the work with textile printiragpe category of screen printing.



IRTA undertook the current SCAQMD project to condtesting of alternatives with
three additional textile printing companies. TH@cument presents the results of the
project sponsored by Cal/EPA’'s DTSC and U.S. EPA the results of the testing with
the three new textile printers.

Screen Printing

Screen printing is a short-run process that pontalmost any substrate including fabric,
paper, leather, metal, glass, wood, ceramic anstiptda It is used for printing art prints,
posters, greeting cards, labels, menus, programerspwallpaper and textiles such as
clothing, tablecloths, shower curtains and drageri&ome screen printing is done by
hand with very simple equipment consisting of ddabcreen frame and squeegee. Most
commercial printing is performed on automated messOne type of automated press
uses flat screens that move in an indexed mann#éradank of different colors can be
applied. Another type uses rotary cylindrical so® with the squeegee mounted inside
the cylinder. The ink is pumped in automatically.

Screens are prepared before printing by the sqaaters. The screens can be various
sizes and they are generally made of polyesterriabteith a wood or metal frame. A
light sensitive emulsion is put onto the screen insl cured with light. The emulsion
forms a so-called stencil which serves as the pafte printing. During printing, ink is
forced through the screen and a pattern is priatethe substrate. The emulsion masks
the part of the screen so that ink cannot passugifwo Some companies also use a
material called blockout to touch up the emulsion.

Most companies save the screens after a printingsouthey can be used next time the
customer orders a job. The emulsion is not remdrad these screens and the screens
are stored for future use. Some companies renf@/ermulsion each time the screen is
used for printing.

Four types of inks are commonly encountered inesthgrinting. One type of ink is
solventborne ink which is used by many printersnother type of ink, called Plastisol
ink, is used in textile printing applications; thik is also solventborne. Textile printers
account for about two-thirds of the screen printeég®me screen printers use ultraviolet
(UV) curable ink which contains photoinitiators tlae cured using light. Finally, a few
screen printers use waterborne inks.

There are two places in the process where soleeatased to clean ink from the screens.
During printing, many companies clean the scream®gically when the ink builds up.
After printing when the screens are recycled or gletely cleaned, solvents are used to
remove the ink from the screens. Plain water dembdased cleaners are used to clean
waterborne ink from the screens. Other materiads used to remove the emulsion,
blockout and ghost image.



Participating Facilities

Nine facilities that have screen printing operagioparticipated in the DTSC/EPA

sponsored project and three additional facilitiagipipated in the SCAQMD sponsored
project. Table 1-1 shows a list of these fac#itiegether with a description of the type of
printing they perform and the type of ink they uséhe results of the testing for the first
nine facilities were reported in the final repast the DTSC/EPA project; the results for
the last three facilities are reported here forfitse time.

Table 1-1
Facilities Participating in Project
Company Printing Description Ink Type
Owens-lllinois Prints on plastic cosmeticthast uv
Southern California Prints on paper andtota uv
Screen Printing
Com-Graf Prints on variety of different substrates Solventborne
Serendipity Prints on variety of different subsdsa  Solvent and waterborne
Oberthur Prints on plastic credit cards Solvent and waterborne
Texollini Prints on fabric Waterborne
Hino Designs Prints on textiles Plastisol
Quickdraw Prints on textiles Plasitis
LCA Promotions Prints on textiles Sisol
Totally Ink Prints on textiles Plasl
Applied Pressure Prints on textiles lastrsol
Powerhouse Prints on textiles Pdasti

The facilities have a variety of different processeSome, like Oberthur and Texollini
manufacture goods and perform screen printing asgbaheir operations. Six of the
facilities, Hino Designs, Quick Draw, LCA PromotmnTotally Ink, Applied Pressure
and Powerhouse, are small textile printers who grilgn print on T-shirts. Com-Graf
prints on a variety of different products includigtass and ceramics. Serendipity is a
small one-person shop that does various printibg.joOwens-Illinois prints on a range
of different plastic cosmetic bottles. SouthertifGania Screen Printing prints very large
plastic and paper banners. Plastisol ink is ugethd six T-shirt printers. UV curable
ink is used by two of the participating facilitie¥hree facilities use waterborne ink, three
facilities use more traditional solventborne ink.

Project Approach

The first step in the project was to visit eachihed participating facilities. During these
visits, IRTA toured the facility and focused paui@rly on the screen printing process.
IRTA discussed the substrates and ink types useshbly facility. IRTA also discussed
the types of emulsions and blockouts used by ttiétfas. These are the parameters that



affect the type of cleaner that can be used. IR§duested a sample of ink or inks from
the facilities.

The second step in the project was to performpreary tests at the IRTA office using
the ink and several alternative cleaning agents.th’s stage, IRTA wanted to screen
alternative cleaning materials to see if they caidghn the ink. IRTA obtained a typical
screen from a screen printer and this screen web insthe preliminary testing. The ink
was applied to the screen and different cleanirap&gwere rubbed on the screen with a
wipe cloth to determine if they could effectivelgnmove the ink. This test procedure
allowed IRTA to determine which alternatives miglet effective in cleaning ink at each
facility.

The third step in the project was to visit the lifes and conduct initial tests with the

alternatives that appeared effective in the prelary testing to clean the ink in the screen
printing process. The initial testing generallyotved limited testing by hand cleaning

screens that did not need to be saved for a fyslre Some of the alternative cleaners
can remove emulsion or blockout, depending onytpe bf emulsion or blockout used by

the facility. Most facilities do not want the eraugn or the blockout to be removed so
they can save the screens for the same custontefutite jobs.

The initial facility testing generally involved tegg two to 15 cleaning alternatives that
have low-VOC and are relatively low in toxicity.f & cleaning agent cleaned the ink
effectively but removed the emulsion or the blodkioucases where the facilities wanted
to preserve the screen, it was eliminated from idenation. In almost all cases, IRTA
tested the alternatives in the same manner thityacsed the current cleaning agent. In
some cases, however, it was necessary to modifgdhditions. Water-based cleaners
work much more effectively when they are heated #irad initial facility testing was
generally performed with a heated cleaner.

The fourth step in the project was to perform mexeensive or scaled-up testing of the
alternative cleaning agents that appeared to efedgtremove the ink. IRTA provided
the facilities with a week’s supply or more of ttleaning agents so they could test them
under production conditions. In some cases, IRT@viped equipment to the facility for
the scaled-up testing which lasted for several week

The fifth step in the project was to analyze anchgare the cost and performance of the
alternative and currently used cleaners. Sectiohthis document presents this analysis
for the twelve facilities participating in the pect.

Current Cleanup Solvents

Solvents used by the screen printing industry feamup in the U.S. include mineral
spirits, methyl ethyl ketone, toluene, xylene, glyethers, terpenes, heptane and hexane.
All of these solvents are classified as VOCs andyrad them are toxic. Mineral spirits
contain trace quantities of benzene, toluene afehgy Benzene is an established human



carcinogen; toluene and xylene are listed on Qaliéés Proposition 65. Hexane causes
peripheral neuropathy, a nervous system disease.

SCAQMD is concerned about the VOC emissions fromdblvents. The DTSC/EPA
project sponsors were concerned about VOCs andsaexpm®f workers and community
members to the cleanup materials. The aim of tbgeg was to identify, develop, test
and demonstrate low-VOC, low toxicity alternativeanup materials.

Alternative Cleanup Materials

The alternative low-VOC, low toxicity cleanup maéés IRTA tested during this project
can be classified into three categories. The Gaégory is water-based cleaners. The
second category is solvents that are exempt fror@ V&yulations. The third category is
methyl esters which are vegetable based cleanénsawiery low VOC content. Each of
these categories of cleaners is discussed in netad delow.

Water-Based Cleanerd hese cleaners generally contain a certain anufumater. They
are sometimes diluted further with water when taey used for cleaning. Some water-
based cleaners are based on surfactants; othdesrcarsmall amount of solvent. Water-
based cleaners are most applicable for cleaningplastisol ink used by the textile
printers or ultraviolet (UV) curable ink used byrs® printers.

IRTA tested one water-based cleaner, called Ard#0%-V and made by Chemetall
Oakite, at two textile printing facilities. Bothikb Designs and LCA Promotions tested
the water-based cleaner in a heated parts cleab@r@ercent concentration. This water-
based cleaner cleaned the ink effectively wherstheens were being recycled.

IRTA tested another water-based cleaner, calledeix@ntal Commercial Printing
Cleaner NP 2520, which is made by Mirachem. THhesreer was tested at Southern
California Screen Printing in a recirculating bruspplication system at full
concentration. It worked very effectively in cléagp the UV curable ink when the
screens were being recycled. The same water-lidsader was tested at three textile
printing facilities, Totally Ink, Applied Pressusnd Powerhouse. At Totally Ink, the
cleaner was applied by hand in concentrate forn&pgtied Pressure and Powerhouse,
the cleaner was used in a heated parts clean€r p¢rgent concentration. Powerhouse
has since converted to this cleaner and has besgitifor several months.

IRTA tested a third water-based cleaner, calledX8B0 and made by Brulin, during the
project. The cleaner worked effectively for cleanthe semi-cured water-based ink at
Texollini. The company converted to the cleanat &ns used in a high pressure spray
process at about one-third concentration.

Exempt Solvents. There are a number of solvents that have beecifigpdy deemed
exempt from VOC regulations by U.S. EPA and localifGrnia air districts. Some of
these contribute to ozone depletion and their o has been banned. The use of




others, perchloroethylene and methylene chlorglseverely restricted because they are
classified as carcinogens. Still others, one o tlolatile methyl siloxanes and
parachlorobenzothrifluoride, have potential toxigtoblems.

One solvent that is exempt from VOC regulations teased during the project. Acetone
is an aggressive solvent that is very low in tayicompared to other organic solvents. It
evaporates readily and its disadvantage is its flash point. IRTA tested acetone
extensively during this project and it is a verfeefive ink cleaner.

Acetone evaporates too quickly to effectively remawk from the screens when it is used
by itself. When IRTA tested acetone during thisj@ct, it was combined with small
guantities of other VOC solvents to prevent sughd@&vaporation. A blend of acetone
was tested for on-press cleaning at three printdirsp Designs, Quick Draw and LCA
Promotions. It effectively cleaned the ink at tefothese facilities. An acetone blend
was also tested at Com-Graf, Oberthur and Serdpdipd it worked effectively on the
ink at those facilities.

Methyl Esters. This class of chemical generally contains me#sgers that have a 16 to
18 carbon chain length. Materials like soy, carmlarape seed oil and coconut oil are
composed of methyl esters. These materials cleast types of inks very effectively.
During this project, IRTA relied heavily on soy kdscleaners and soy was selected
because it is more widely available and lower thah some of the other methyl esters.
Several different formulations were tested for V@@htent by SCAQMD and the VOC
content ranged from five to 25 grams per liter.

Two soy based cleaners were tested with the sith@ftextile printers. One of the
cleaners, called Soy Gold 2000 and made by Ag Bnriental, effectively cleaned the
plastisol ink. A second soy based cleaner, dedigméoe rinsed more easily, called Soy
Gold 2500, was effective at ink removal at Totallyk, Applied Pressure and
Powerhouse. Use of the soy cleaners did, howesgujre an additional rinsing step for
the textile printers. Soy cleaners are oily argytmust be rinsed before the screens are
ready for printing. Soy Gold 2000 was also effeetior cleaning the UV curable ink at
Owens-lllinois and the company converted their apen to use the vegetable based
cleaner. Another soy based cleaner, called Autbw@sand made by Seibert, was tested
for cleaning the UV curable ink at Southern Califar Screen Printing. This cleaner
worked almost as effectively as the current cleahénat facility.

Cleaner Performance

Performance of the alternative cleaning agentselt écility was evaluated on a case-by-
case basis. In each instance, the plant persoprmlided information on their
requirements for the cleaning process. In all €agewas important for the cleaning
agent to effectively clean the ink from the screena reasonable period of time. The
facility personnel were the judges of which cleaneleaned effectively. In addition,



when cleaners were tested during printing, IRTAistesl that the facility print after
cleaning to make sure the print quality was acddeta

Cost Analysis

IRTA performed cost analysis for each of the alékes that was successfully tested at
each of the facilities participating in the projecthe types of costs that were evaluated
included:

 capital cost

* cleaner cost

* labor cost

« utilities cost

« disposal cost
These costs were evaluated and compared when ste were different for the current
solvent and the alternative cleaners.

In some of the cases, it was assumed that therlelwela capital equipment requirement.
In these instances, the cost of the capital equbmas spread over a 10 year period,
which was assumed to be the life of the equipmenite interest rate for the cost of
capital was assumed to be four percent.

In virtually all cases, there was a differenceha tost of the current solvent and the cost
of the alternative cleaner. In some cases, the® avdifference in labor costs and, in
these instances, the different costs were compdred.few cases, there was a difference
in electricity costs and these were noted and coagpaFinally, in some instances, there
was a difference in disposal costs and these wetlgzed where appropriate.

Report Organization

Section Il of this report provides detailed infotioa on the analysis that was performed
for each of the companies participating in the gebj The cost of the current and
alternative process was evaluated and comparedtioBdll summarizes the results of

the tests and demonstrations at the facilities. pefylix A includes MSDSs for the

alternative products that were tested or adoptethdyparticipating facilities. Appendix

B provides the stand alone case studies for thiréleedfacilities that opted to convert to

alternatives.



. ANALYSIS OF THE ALTERNATIVE CLEANING AGENTS

This section presents analysis of the performamck cost of the alternative cleaning
agents that were tested during the project. lvides a description of each of the
facilities where the testing was conducted, tharuley agents that are used currently, the
alternatives that were tested and the alternathagswere most effective. It also provides
a cost comparison of the current and alternatiearers. The alternative cleaners were
tested for a few weeks in most of the facilitiesitss unknown whether other problems
would arise if they were tested for a longer peridthe alternative cleaners have been
used for a much longer period, for more than a,yaawo facilities, Owens-lllinois and
Texollini. These two facilities elected to convéot the alternatives. At three of the
textile printing facilities, the cleaners were &sbtfor at least a month; in one case,
Powerhouse, the company decided to convert toltemative and has been using it for
several months.

Owens-lllinois

The Owens-lllinois Plastics Group operates a mantufeng facility in La Mirada,
California. The company manufactures plastic cdgmigottles for various types of
products like shampoo and other personal producta humber of customers. Owens-
lllinois has several extrusion and blow molding imaes that are used to make the
bottles. The company uses a range of plastic mitancluding HDPE, PET, LDPE,
PVC and polypropylene. The bottles have varioapsh including cylinders and ovals.

Owens-lllinois has several automated in-line de@aganachines that are used to screen
print on the plastic bottles. For a number of geéine company has exclusively used
ultraviolet (UV) curable inks. The machines applye color of ink to the bottle as it
passes through the ink delivery system. Some ebtiitles require five colors so they
pass through five screens in the machine, eachaméhcolor. The bottles pass under a
screen and squeegees applied to the top of thenstwece the ink through the screen to
color the pattern on the bottles. After the inkajgplied, the bottles pass through an
ultraviolet light which cures the ink. A picturétbe process is shown in Figure 2-1.

Owens-lllinois performs two types of cleaning. \k&ms monitor the screens at the
machines. Periodically, when the screens are nongded, the worker uses a cleaner on
a rag to wipe the excess ink from the lower pathefscreen; this is in-process cleaning.
After the run, the screens are removed from thehimac workers remove the ink from
the top and bottom of the screens and they areepsed further so they can be reused.

IRTA began working with Owens-lllinois on a projesgonsored by the South Coast Air
Quality Management District (SCAQMD). One of the/ AQMD regulations, Rule 1171,
specifies that the VOC content of the cleaners deedcreen printing cleanup have a
VOC content of 100 grams per liter or less begignimJuly of 2006. Owens-lllinois was



using a high VOC cleaner and IRTA worked with tlmenpany to test alternatives that
met the 100 gram per liter future VOC limit.

Figure 2-1. Printing Process at Owens-lllinois

In preliminary tests, IRTA found that high soy cemt cleaners cleaned Owens-Illinois’
ink very well. IRTA performed scaled-up testingarfe of the cleaners, Soy Gold 2000,
at the facility. SCAQMD tests determined that ¥@C content of this cleaner is less
than 20 grams per liter which easily meets ther&ugffective VOC limit. This product
can be rinsed with water which is necessary foyalewy the screens. After successful
on-site testing, IRTA provided five gallons of thtternative cleaner to the facility for
further testing. The results indicated that theankr performed well for both the in-
process cleaning and the cleaning at the end gbribeess. An MSDS for the cleaner is
provided in Appendix A.

IRTA followed up with Owens-lllinois in the currergroject and the company had
converted to the alternative soy based cleanee clé¢aner has been successfully used for
about a year. One advantage of the alternativ@neleis that it protects the emulsion
which forms the pattern on the screen better tharhtigh VOC cleanup solvent used in
the past.

The only element in the cost that has changed thdhadoption of the new cleaner is the
price of the cleaner. Owens-lllinois uses aboutgéBons of cleaner per week under
normal production conditions. The cost of the WEDC solvent is $13 per gallon. On
this basis, the annual cost of using the high VORent was $10,140. The cost of the
soy alternative cleaner is less, at $10.90 peogallThe same amount of the new cleaner
is used so the annual cost for cleaning now amdorts,502.



Table 2-1 shows the annualized cost comparisooléaming with the high VOC cleaner
and the soy based cleaner for Owens-lllinois. ddmapany reduced their costs by about
16 percent through the conversion.

Table 2-1
Annualized Cost Comparison for Owens-lllinois

High VOC Cleaner Soy Cleaner
Cleaner Cost $10,140 $8,502
Total Cost $10,140 $8,502

A stand alone case study for Owens-lllinois is shawAppendix B.

Southern California Screen Printing

Southern California Screen Printing (SCSP) is kedah Fontana, California. SCSP has
six-color presses that provide in-line printing &bility. The company prints high
quality, high volume, large format work and theustomers include the movie and
advertising industries. Products printed by SQ8Rude very large banners, posters and
bus advertising. SCSP uses UV curable ink foofatheir operations. The screens used
by the company for printing are very large, perhbpg$eet long and seven feet high.

At the end of the screen printing process, SCSP mneumsove the ink from the screens.
Currently the company has a large bay where thedntoval and other screen recycling
operations occur. A picture of the cleaning bashiswn in Figure 2-2. SCSP, for several
years, has used a high VOC glycol ether cleandre YOC cleaner is applied using a
pump attached to a brush for scrubbing the scre@ine cleaner is applied to only one
side of the screen except in the case of black When black ink is used, both sides of
the screen must be cleaned to remove the ink.r &feeink is cleaned, the stencil on the
screen is removed and rinsed. The ghost imagbeoadreen is then removed, the screen
is rinsed again and then is vacuum dried.

IRTA conducted screening tests on SCSP’s ink anddcseveral alternatives that might
be suitable. IRTA tested these alternatives bydheeaning screens at SCSP. The
results of this testing indicated that only oneanker, Seibert Autowash #3, was effective
in cleaning the ink. The cleaner is a blend of swmthyl esters and surfactants. An
MSDS for the cleaner is shown in Appendix A. Alager time, IRTA identified a new
water-based cleaner that cleaned the ink very wHllis cleaner was also tested by hand
on the screens at SCSP and it was effective imiclgahe ink. An MSDS for the water-
based cleaner, called Mirachem Experimental ComiadePeinting Cleaner NP 2520, is
also shown in Appendix A.

IRTA arranged for scaled-up testing at SCSP ofdte based product and the water-
based product. IRTA provided the company with dlloms of each formulation. The
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soy based cleaner worked acceptably but more lalagr required. The water-based
cleaner worked well and no additional labor wasinesgl.

Figure 2-2. Cleaning Bay at Southern Californiee®o Printing

IRTA analyzed the costs of the alternatives andpamed them to the costs of the current
cleaner. SCSP uses 55 gallons per month of soar@hthe cost of the solvent is $12.60
per gallon. The annual solvent usage is 660 galéod, on this basis, the annual cost of
the cleaning solvent is $8,316. The cost of thebssed alternative is $7 per gallon. The
cost of the water-based cleaner, which is not pehrercialized, is estimated by the

supplier at $12.50 per gallon. Assuming the sameumt of the alternative cleaners

would be required, the annual cost of the soy proewould be $4,620 and the annual

cost of the water-based alternative would be $8,250

SCSP has one worker who spends seven hours peledayng screens. The worker’s
labor rate is $20 per hour. Assuming there are\26fking days per year, the annual
labor cost for the cleaning process amounts to4886,

SCSP provided estimates of the labor breakdownhircleaning process. The worker
spends 20 percent of his time on ink removal, 2@e# of his time on stencil removal
and rinsing, 20 percent of his time on ghost imegaoval, 13 percent of his time on
final rinsing and seven percent of his time onvheuum drying operation. For the cost
analysis, it was assumed that the worker would gpeice the time when the alternative
soy based cleaner was used on the ink removabpéais job. On this basis, use of the
soy based cleaner would add 1.4 hours of work pgrtd the cleaning process. The
annual labor cost would amount to $43,680. Indase of the water-based cleaner, the
labor would be the same as with the current cleaner
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Table 2-2 shows the annualized cost comparisorthircurrent high VOC cleaner, the
soy based alternative and the water-based alteenalihe lowest cost option is use of the
water-based cleaner. It is slightly less costhntluse of the current VOC solvent. The
cost of using the soy based cleaner is eight pethsgher than the cost of using the VOC
solvent. The soy based cleaner is lower in caat the VOC solvent but the labor cost
increase raises the total cost of using the altemabove the cost of using the VOC
solvent.

Table 2-2
Annualized Cost Comparison for Southern CaliforniaScreen Printing
Current VOC Soy Based Water-Based
Cleaner Cleaner Cleaner
Cleaner Cost $8,316 $4,620 $8,250
Labor Cost $36,400 $43,680 $36,400
Total Cost $44,716 $48,300 $44,650

Com-Graf, Inc.

Com-Graf is located in Torrance, California. Thenpany uses a variety of inks to print
with fine mesh screens on various items includirgtiés and cups. The company
specializes in printing on very difficult items d&ikthe surface of a walnut to a multi-
angled chassis. Most of the ink used by Com-Ggafinyl but the company also uses
enamel and epoxy inks for printing. The cleanerantly used by the company is a high
VOC material.

IRTA conducted preliminary testing with the ownef Gom-Graf. A variety of
alternatives were tested including a soy basedelea white oil and a blend of acetone
an mineral spirits. IRTA also performed testinghmthe Com-Graf workers during
production. IRTA tested various blends of soy,taee and mineral spirits. The blend
that worked best was composed of 80 percent acet@ngercent Soy Gold 2000 and 10
percent mineral spirits. IRTA provided the compavith larger quantities of the blend
and it was tested for a longer period. The worlkedscated that it performed well and
that no additional labor was required to use theradtive. MSDSs for acetone, Soy
Gold 2000 and the mineral spirit, called VM&P, at®wn in Appendix A.

Com-Graf uses 55 gallons per month or 660 gall@rsypar of the high VOC solvent.
The cost of the cleaner is $486 per drum or $5@32year. IRTA estimated the cost of
the low VOC alternative from the cost of the indwal components in the blend. The
cost of Soy Gold 2000 is $9 per gallon. The cédstoetone is also $9 per gallon and the
cost of mineral spirits is $6 per gallon. The cokthe blend, based on these costs, is
$8.70 per gallon. Assuming the same usage ratthéoalternative as for the high VOC
cleaner, the annual cost of the alternative is45,7

Table 2-3 shows the annualized cost comparisorCton-Graf. The cost of using the
alternative cleaner is slightly lower than the aafstising the high VOC cleaner.
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Table 2-3
Annualized Cost Comparison for Com-Graf
High VOC Solvent  Soy/Acetone/Mineral

Spirits Blend
Cleaner Cost $5,832 $5,742
Total Cost $5,832 $5,742

Serendipity

Serendipity is a small specialty screen printingiliix located in Santa Fe Springs,
California. The company prints on a range of sabss including wood and metal items
and skateboards with solventborne ink includingxgpend flat fabrics with water-based
ink. The owner performs all of the operations.

Each time a screen is used, it is recycled. Theamd the stencil are removed. The
owner uses a glycol ether followed by lacquer teimio clean the screens.

IRTA conducted preliminary testing and identifiedrious alternatives that might be
suitable for cleaning the screens. IRTA tested rhast promising alternatives at
Serendipity on a clear solventborne ink, an epaekyand an ink designed to print on
plastic. The alternative that worked best wasemdblof 92 percent acetone and eight
percent mineral spirits. IRTA provided Serendipitigh larger quantities of the cleaner
and it was tested for a few months. The ownerceted that it turned the emulsion white
but this had no effect on the screen when it waycied and reused. The cleaner
effectively cleaned the ink. MSDSs for acetone ®iM&P mineral spirits are shown in
Appendix A.

Serendipity uses one gallon of cleaner every twathmoor six gallons per year. The cost
of glycol ether is about $10 per gallon and thet @ddacquer thinner is about $6 per
gallon. Assuming half the cleaner used currendlyglycol ether and half is lacquer
thinner, the cost of the VOC cleaners is $48 par.yeThe cost of the alternative low
VOC cleaner is $54 per year based on a cost obfadetone and $6 for mineral spirits.
The owner indicated there are no labor differemecessing the alternative cleaner.

Table 2-4 shows the annualized cost comparisorthierhigh and low VOC cleaning
formulations. The cost of using the low VOC claaisel3 percent higher than the cost of
using the glycol ether and lacquer thinner.

Table 2-4
Annualized Cost Comparison for Serendipity
Glycol Ether/ Acetone/Mineral
Lacquer Thinner Spirits Blend
Cleaner Cost $48 $54
Total Cost $48 $54
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Oberthur Card Systems

Oberthur Card Systems is located in Rancho Doming@alifornia. The company has
several lithographic presses and two automateceisgoeinting presses for printing on
plastic used to make credit cards of all types.pi&ure of one of the screen printing
presses is shown in Figure 2-3.

Figure 2-3. Automated Printing Press at Oberthur

In the screen printing operation, Oberthur uses$ baterborne inks and solventborne
inks. The company uses plain water to clean theer@ased inks and has historically
used a VOC solvent for cleaning the solventboriks.inAs part of a project sponsored by
U.S. EPA and Cal/EPA’s Department of Toxic SubstanControl, IRTA worked with
Oberthur to identify, develop and test alternative'-VOC cleaners. SCAQMD Rule
1171 requires cleanup materials used in screerimqgino have a VOC content of 100
grams per liter by July 1, 2006 and IRTA testedeamals that would meet this level.

IRTA obtained samples of Oberthur's solventborneeee ink for preliminary testing.
The tests indicated that soy based cleaners andnacperformed well. Over a several
month period, IRTA worked with Oberthur to testariety of cleaners. The soy based
cleaners cleaned the ink effectively. They lefiody residue on the screens that was not
absorbed by the plastic substrate, however, andptiming was not acceptable. It
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became clear that soy based cleaners even in loeentrations in the formulation could
not be used. IRTA then tested a number of diffef@mulations based on acetone. The
best performing acetone formulation was composeabotit 88 percent acetone and 12
percent ethyl 3-ethoxy propionate (EEP) by weighhis cleaner has a VOC content less
than 100 grams per liter. MSDSs for acetone and &t shown in Appendix A.

IRTA conducted testing with the blend with Obertland it appeared to perform well.
More of the alternative cleaner was required. IR3¥rAvided five gallons of the blend to
Oberthur for scaled-up testing and the companyedeshe cleaner. It performed
effectively but the workers found that more of #iernative cleaner was necessary.

Oberthur uses 150 gallons of the VOC cleaner ahnualthe screen printing cleanup.
The cost of the cleaner is $20.50 per gallon. l@skasis, the cost of the cleanup solvent
is $3,075 annually. For the alternative cleanBTA assumed that 50 percent more
would be required. This indicates that OberthuruMouse 225 gallons of the
acetone/EEP blend annually. Although this blendasyet a commercial product, the
blender estimates that the cost of the cleanerdvoel$7.28 per gallon. The annual cost
of the alternative cleaner, taking into accountttlgier use level, is $1,638.

Table 2-5 shows the annualized cost comparisorihi®rcurrent VOC cleaner and the

alternative cleaner for Oberthur. The values shbat conversion to the alternative

would reduce Oberthur’s cleaning cost substanti@jy47%. Even if Oberthur required

twice as much of the alternative cleaner as thesnticleaner, the annual cleaning cost
would still be much lower at $2,184 than the cureaning cost.

Table 2-5
Annualized Cost Comparison for Oberthur

Current VOC Cleaner Alternative Cleaner

Cleaner Cost $3,075 $1,638
Total Cost $3,075 $1,638
Texollini

Texollini is a knitting mill located in Long Beacl@alifornia. The company provides
fabric development, knitting, dying, finishing, fab print design and printing
capabilities. Part of Texollini’'s operations invel screen printing on fabrics the
company makes for their customers. A picture efddmpany’s screen printing system is
shown in Figure 2-4.

Texollini uses water-based inks exclusively forith&creen printing operations. The
water-based inks are applied on a conveyor linethadnk is cured in an oven. The
screens are on a cylinder on the conveyor lindeyTare removed and cleaned using cold
water in an automated system. In certain casesnkhdries on the screen and cannot be
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Figure 2-4. Printing Operation at Texollini

removed with water. The company cleaned theseessreith a VOC solvent using a
hand-held spray wand.

IRTA conducted preliminary testing with Texolliniiek and identified several water-
based cleaners that cleaned the ink effectivelgred of the water-based cleaners were
tested in the hand-held spray cleaner. All thiearers were more effective in cleaning
the ink than the VOC solvent. IRTA provided larggrantities of the cleaner that
performed the best for scaled-up testing. Afteeelmonths of testing, Texollini decided
to convert to the alternative cleaner. An MSDStfar cleaner, called Brulin GD 1990, is
shown in Appendix A.

Texollini used 132 pounds of the VOC cleaner pearys a cost of 89 cents per pound.
The annual cost of the cleaner amounted to $1Exollini uses the water-based cleaner
in a 25 percent concentration with water. Totahual usage is 41 pounds per year.
Assuming a density for the cleaner of nine pounelsgallon and a price of $12.75, the
annual cost of the alternative water-based cleiarks8.

When the VOC solvent was used, Texollini had on@leyee who spent 1.5 hours per
week cleaning ink from the screens. Assuming arlaste of $10 per hour, the labor cost
for cleaning with the VOC solvent was $780 per ye&ess labor is required with the
water-based cleaner. One employee now spends abmihalf hour per week in

cleaning. This amounts to an annual labor co$26D.
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The spray applicator requires 120 volts and two sampich translates into 0.24 kW per
hour. With the VOC solvent, the spray wand wasldee 78 hours a year. Assuming an
electricity cost of 15 cents per kWh, the annuakteicity cost was about $3 per year.
With the water-based cleaner, the spray wand wed fe less time, 26 hours per year.
Again, assuming an electricity rate of 15 centsiiW¥h, the annual electricity cost is now
$1 per year.

Table 2-6 shows the annualized cost comparisorTéxollini. The company reduced
their cleaning cost by 65 percent by convertintheowater-based cleaner.

Table 2-6
Annualized Cost Comparison for Texollini
VOC Solvent Water-Based Cleaner
Cleaner Cost $117 $58
Labor Cost $780 $260
Electricity Cost $3 $1
Total Cost $900 $319

A stand alone case study for Texollini is preseimedppendix B.

Hino Designs

Hino Designs is located in Gardena, California. e ompany is a textile printer that
develops and prints custom designs, primarily oshifts. Hino has one manual press
and one automated press.

The company uses a VOC solvent for cleaning theess during printing and after
printing when the screens are recycled. Duringrocess cleaning, the cleaner is applied
by hand with wipes. During final cleaning, Hinoessa recirculating cleaning system
with a pump and brush to clean the screens. Bet®8eand 40 screens are cleaned each
week.

IRTA conducted preliminary testing with Hino by lthileaning screens with various
cleaners to decide which ones should be tested clganers had to clean the ink well
and they also had to leave the emulsion intactiso Eould save the screens for printing
in the future. One of the cleaners, Mirachem Rosss Cleaner, removed the emulsion
when it was heated. Three other cleaners thanhdidemove the emulsion were also
tested.

The best alternative cleaner in the screening teatsSoy Gold 2000, a vegetable based
cleaner. An MSDS for this cleaner is shown in Apgig A. IRTA provided Hino with a
parts cleaner containing the soy and it was teBtedseveral weeks for cleaning the
screens after printing. The soy cleaned the img wesll but it caused a problem with the
screen tape. This tape is pulled off after proptamd it leaves a residue. With Hino’s
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VOC cleaner, the residue is simply left in placéhe soy liquefied the tape adhesive
residue and Hino was concerned that this wouldecaysroblem when the company tried
to reapply the emulsion. Hino did apply emulsitms&bout 60 screens with no problem
but the company was concerned that there couldgyeldem in the future. The residue
from the tape could be cleaned off with the soy thig would require increased labor.
The soy also needed to be rinsed which was aniadalitstep in the process.

IRTA tested another cleaner, a water-based cleaaked Super Scrub, in the parts
cleaner at a concentration of one-third. This redeadid not clean the ink effectively
enough. IRTA increased the concentration to 5@erbut the cleaner did not perform
as well as the current VOC cleaner.

IRTA tested a third cleaner, a water-based cleaaled Ardrox 405-V, at one-third
concentration in the parts cleaner. An MSDS fig theaner is provided in Appendix A.
It did not clean aggressively enough so IRTA inseshthe concentration to 50 percent.
This cleaner cleaned the ink as effectively asM& solvent. The operator, however,
did not like the smell. IRTA added a fragrancethie cleaner and this improved the
situation somewhat.

For the in-process cleaning, IRTA tested sevetal@htives. Hino is using an emulsion
that is removed by many solvents. IRTA identifemgbther emulsion that was solvent
and water resistant. IRTA provided Hino with a g&rbut Hino did not test it during the
project. IRTA did not identify an alternative fiorprocess cleaning at Hino.

IRTA analyzed and compared the cost of using th&€\&0lvent with the cost of using
the soy and the Ardrox 405-V at the end of thetprghprocess. Hino purchases about 60
gallons per year of the VOC cleaning solvent. dhaer estimates that 60 percent of the
solvent is used for in-process cleaning and 40gmtris used at the end of the printing
cycle. The cost for five gallons of the cleanimdyent is $62.50. The in-process solvent
cost is $450 annually. The cost of the solventfeaning after printing is $300 annually.

The operator that performs the cleaning at thedritie printing process spends about
eight hours per week cleaning. Assuming the cheais performed 52 weeks per year
and assuming Hino’s labor rate of $7.50 per hcwe, labor cost with the VOC solvent

amounts to $3,120 annually.

Hino pays an electricity cost for using the pumptlom cleaning system. IRTA estimates
that the annual electricity cost related to the pusn$10. This is based on the electricity
cost of a parts cleaner operating 1.6 hours per day

Hino could use the soy cleaner in the current ahgpaystem. Assuming the use of the
soy would be the same as the use of the VOC soltAnbd would require 24 gallons of

soy annually. At a cost of $9 per gallon for they,sthe annual cleaner cost would
amount to $216. Use of the soy would require aitiaxhal one-half hour each week for
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the rinsing. On this basis, the labor cost with oy would be $3,315. The electricity
cost for using the soy is the same as the costth@lVOC solvent.

The Ardrox 405-V, like other water-based cleaneexds to be heated to clean more
effectively. Hino would need to purchase a hetdemuse with their cleaning system to
use this cleaner. Assuming a heater cost of $4@dst of capital of four percent and a
useful life of 10 years for the heater, the anmeaalicost of purchasing the heater would
be $42. The cost of the Ardrox 405-V is $12.13 galion when purchased in small
guantities. Assuming the cleaner is used at 5@epérdilution and that 24 gallons of
cleaner would be required, the cost of the cle@&i46 annually. No additional labor
would be required for use of the Ardrox 405-V. Bese the water-based cleaner is
heated, the electricity cost for the pump and heatthe cleaning system would increase.
IRTA estimates the cost at $85 per year.

Table 2-7 shows the annualized cost comparisothfocleaning after printing for Hino.
The cost of the three options, the VOC solventsthebased cleaner and the water-based
cleaner is comparable. The cost of using the s®edb cleaner is about three percent
higher than the cost of using the VOC solvent. &b&t of using the water-based cleaner
is about one percent lower than the cost of ugiegtOC solvent.

Table 2-7
Annualized Cost Comparison for Hino
Current VOC Soy Based Water-based

Cleaner Cleaner Cleaner
Capital Cost - - $42
Cleaner Cost $300 $216 $146
Labor Cost $3,120 $3,315 $3,120
Electricity Cost $10 $10 85%
Total Cost $3,430 $3,541 $3,393
Quickdraw

Quickdraw is located in West Los Angeles, CalifarniThe company is a textile printer
and most of the work involves printing on T-shirtQuickdraw has three presses. A
picture of one of the presses is shown in Figue 2-

Quickdraw removes ink from the screens during thetipg process. The company, like
many other screen printers, also removes the iok fthe screens at the end of the
printing process so the screens can be recycledick@aw uses one VOC solvent for the
in-process cleaning, a blend of terpenes and nliserdats, and a second VOC solvent
for the end of process cleaning, an aerosol scogmmer. All of the cleaning is
performed by hand with wipes. After the wipes ased, they are sent off-site to an
industrial laundry.
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Figure 2-5. Automated Press at Quickdraw

IRTA conducted preliminary testing of several al&gives for cleaning after the printing
process. The operator decided that a soy basadeslealled Soy Gold 2000 performed
best. An MSDS for this cleaner is shown in App&rili IRTA provided Quickdraw

with the soy cleaner and the operator used it émesal months. He indicated that it
performed well. The soy is oily and must be ringeth water before the screen can be
reused.

Quickdraw uses 14 gallons per year of the VOC sulver cleaning the screens after
printing. The cost of the cleaner is $11.40 pdiloga The annual cost of purchasing the
cleaner is $160. The cost of the alternative, 4bg based product, is $9 per gallon.
Assuming the same amount of soy and the VOC solwentd be used, the annual cost
of using the soy would amount to $126.

Quickdraw spends about four hours per day cleastngens after printing. Assuming the
company operates five days per week and 52 weekgepe and that Quickdraw’s labor
rate is $10 per hour, the annual labor cost is4lD, Quickdraw estimates that an extra
hour of labor a day would be required to rinse sheeens after cleaning with the soy.
The labor cost for cleaning after printing with @y would amount to $13,000 per year.

For the in-process cleaning, Quickdraw uses ansakrcreen opening cleaner. The
company uses about one can every two weeks ancbgteof the cleaner is $7 per can.
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On this basis, the cost of using the screen opfarein-process cleaning amounts to
$182.

IRTA tested one alternative for in-process cleaniii@pe cleaner is a blend of 60 percent
white oil, 30 percent acetone and 10 percent mirspiats. An MSDS for the white oll,
acetone and VM&P mineral spirits are shown in AgiperA. Although the operator did
not like the odor, the blend did clean effectiveljhe cost of the white oil is $16.50 per
gallon. The cost of acetone is $9 per gallon d&edcost of the mineral spirits is $6 per
gallon. Taking these prices into account, the adshe blend amounts to $13.20 per
gallon. One aerosol can generally contains betw@emunces and one pound of product.
Using this assumption, and using a density fordieaner of about seven pounds per
gallon, Quickdraw uses about three gallons of screpener a year for in-process
cleaning. Assuming the same amount of the alterétend would be required, the cost
of using the alternative in-process cleaner wountdant to $40 annually.

Table 2-8 shows the annualized cost comparisoi®fockdraw. The cost of using the
alternative low-VOC cleaners is 23 percent highaant the cost of using the VOC
cleaners.

Table 2-8
Annualized Cost Comparison for Quickdraw
High VOC Cleaners Soy and White Oil Cleaners
Cleaner Cost $342 $166
Labor Cost $10,400 $13,000
Total Cost $10,742 $13,166

LCA Promotions Inc.

LCA Promotions is a textile printer located in Gvaorth, California. Much of the work
involves printing on T-shirts but the company afgints on woven shirts, sweaters,
activewear, headwear, outer wear and accessdteebdickpacks and aprons.

Until recently, LCA used lacquer thinner purchasemin Home Depot for in-process

cleaning during printing and after printing. Dugiand after printing, the cleaner was
applied by hand with wipes that are shipped o#-sit an industrial laundry. The owner
of LCA purchased a parts cleaner and is now usitdifferent VOC cleaner. A picture of

the new parts cleaner is shown in Figure 2-6.

IRTA performed preliminary screening tests with exaV alternative cleaners with the
owner of LCA. Three cleaners worked well and léfé emulsion intact. The first
cleaner, an emulsion of water and mineral spirgtsalled Hydroclean. IRTA provided
LCA with a parts cleaner containing a concentrabbidydroclean of 12.5 percent. The
cleaner was tested at the end of the printing goeead it did not perform well.
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Figure 2-6. Parts Cleaner at LCA Promotions

The second cleaner tested at LCA in the parts eleaas Soy Gold 2000, a vegetable
based cleaner. An MSDS for this cleaner is shawAppendix A. LCA tested the soy
cleaner for several weeks in the parts cleanetAlRIso provided the facility with the

soy based cleaner so it could be tested for harahtig as well. The cleaner performed
as well as their current cleaner. An extra step reguired to rinse the soy.

The third cleaner tested at LCA was a water-baseaner called Ardrox 405-V. An
MSDS for this cleaner is shown in Appendix A. IRTésted this cleaner in the parts
cleaner at a 50 percent concentration. It waseldetd about 105 degrees F and it
performed well.

For the in-process cleaning, IRTA tested a blend@fpercent white oil, 30 percent
acetone and 10 percent mineral spirits. MSDSdHerwhite oil, the acetone and the
VM&P mineral spirits are shown in Appendix A; liksoy, the white oil has very low
VOC content. The operator indicated that the lacdhinner worked a little better but
that the alternative did perform acceptably. Thaperation rate of the alternative in-
process cleaner was judged by the operator togbeigint.

IRTA analyzed and compared the cost of using tbguar thinner, the new VOC cleaner
and the alternative for cleaning during printingldhe two alternatives for cleaning after
printing. LCA used about 30 gallons per month 60 gallons per year of the lacquer
thinner. The owner estimates that 95 percent efcteaner was used at the end of the
cleaning process and five percent was used forangss cleaning. On this basis, 342
gallons of the cleaner were used after printing &8djallons were used during printing
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each year. The cost of the cleaner, which washaised in one-gallon quantities at
hardware stores, is $6 per gallon. The annual @ogurchasing the cleaner was $2,052
for cleaning after printing and $108 for in-procek=aning.

The new VOC cleaner is used in a parts cleaner avi8® gallon capacity for cleaning
after printing. LCA recently purchased a partsankr which is used with the new VOC
cleaner. The cost of the parts cleaner was $1,7%kuming a useful life for the parts
cleaner of 10 years and a cost of capital of farcent, the annualized cost of the parts
cleaner amounts to $156. IRTA estimates that @& WOC cleaner would require
changeout every three months. LCA would also rd€&edallons of the cleaner each year
for in-process cleaning. The cost of the cleare$10.50 per gallon. The cost of
purchasing the cleaner for in-process and aftettipg cleaning is $1,449 annually. The
unheated parts cleaner would use electricity fergamp and IRTA estimates this cost at
$50 per year.

LCA workers spend eight hours per day cleaning.sufsng a five day week and 52
weeks per year and adopting LCA’s labor rate ofp®8 hour, the labor involved in
cleaning activities amounts to $16,640 annually.

For the in-process cleaning, IRTA estimated the¢ obshe alternative based on the raw
material cost of the components purchased in sguahtities. The cost of the white oil
is $16.50 per gallon. The cost of acetone is #9gadon and the cost of the mineral
spirits is $6 per gallon. On this basis, the ocofsthe blend is $13.20 per gallon.
Assuming LCA purchases 18 gallons for in-processamhg, the annual cost of the
cleaner would amount to $238. The labor would iantize same for the alternative in
the in-process cleaning.

For cleaning after printing, it was assumed thatgby based cleaner would be used for
hand cleaning in the same manner as the lacquarethi The cost of the soy is $9 per
gallon. Assuming 342 gallons would be require@, @annual cost of purchasing the soy
for hand cleaning is $3,078. In this scenario, ldigor would increase because the
screens would require rinsing to remove the soy.

For cleaning after printing, IRTA also analyzed twust of using the soy cleaner or the
water-based cleaner in the parts cleaner. The wakrd cleaner, to be effective, needs to
be heated. If LCA purchased a heater for the mdeemner, it would cost $400. Making
the same assumptions as for the parts cleaneantinglized cost for the heater would be
$42. The parts cleaner with the added heatedldmase more electricity at a cost of
$466 annually based on a usage rate of eight lpzurday.

Based on the cleaning tests with the parts cledahersoy and the water-based cleaner
would require changeout every three months. Assgraicapacity of 30 gallons for the

parts cleaner and a cost of $9 per gallon for sy, annual cost of soy for the parts
cleaner would amount to $1,080 per year. The cb#te water-based cleaner is $7.50
per gallon for drum quantities and the cleanessisduat 50 percent concentration. On this
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basis, the annual cost of purchasing the waterebesaner for the parts cleaner would be
$450.

No additional labor would be required for using thiater-based cleaner. Because the
screens need to be rinsed after cleaning with dlyebased cleaner, there would be an
additional labor cost for the hand cleaning anddi@aning in the parts cleaner. The
increased labor is estimated at one-half hour pgr dOn this basis, the increase in the
labor cost would be $1,040 annually.

LCA pays $45 per week for sending the soiled ragantindustrial laundry and receiving

fresh rags. The annual cost of this service ansoun$2,340. Use of the soy cleaner for
hand cleaning would lead to the same cost. Uskeeofleaners in the parts cleaner would
require disposal every three months when the péetner is changed out. For all three
cleaners, disposal of two drums of waste per yeardvbe required. The cost of disposal
is estimated at $200 per drum for an annual co$460. Use of the parts cleaner would
reduce the cost of the service for the rags. Assgithat five percent of the cleaning, the
in-process cleaning, would still need to be donid wnags, the cost of the rag service with
the parts cleaner would be $117 annually.

Table 2-9 compares the cost of five scenarios. fifsecase is the use of lacquer thinner
for hand cleaning. The second case is the cafedfigh VOC solvent used in the parts
cleaner. The third case is the use of soy for ldeahing. The fourth case is the use of
soy in the parts cleaner. The fifth case is the afsthe water-based cleaner in the parts
cleaner. The cleaner used after printing is reteto as Cleaner A in the table and the in-
process cleaner is called Cleaner B. The scenasmsme that the alternative in-process
cleaner is used for the last three cases.

Table 2-9
Annualized Cost Comparison for LCA Promotions
Lacquer Thinner VOC Solvent Soy Soy Witased
Hand Parts Cleaner HanartdCleaner Parts Cleaner
Capital Cost - $156 - $156 $198
Cleaner A Cost  $2,052 $1,260 $3,078 $1,080 $450
Cleaner B Cost $108 $189 $238 $238 $238
Labor Cost $16,640 $16,640 $20,617,680 $16,640
Electricity Cost - $50 - $50 $466
Disposal Cost ~ $2,340 $517 $2,340 $517 $517
Total Cost $21,140 $18,812 338 $19,721 $18,509

The lowest cost option in Table 2-9 is use of tletarbased cleaner in a parts cleaner.
The cost of this option is about 12 percent loviantthe baseline option of the lacquer
thinner cleaning by hand. Using the VOC solvenaiparts cleaner is also lower cost
than using the lacquer thinner for hand cleaninglbyut 11 percent. The cost of using
the soy based cleaner in a parts cleaner is alserlin cost by seven percent than
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cleaning with the lacquer thinner by hand. Clegninth the soy by hand is 10 percent
higher in cost than cleaning with the lacquer temioy hand.

Totally Ink

Totally Ink is a small textile screen printer loeatin Northridge, California. The
company prints on T-shirts, hats, jackets and miagmsegns. A picture of a press at
Totally Ink is shown in Figure 2-7.

#'w h I

Figure 2-7. Automated Press at Totally Ink

The practice at Totally Ink is to clean the screlpdand using wipe cloths. Historically,
the company used mineral spirits for cleaning theeens. The mineral spirits is
purchased from hardware stores and the companyalkseg one-fourth gallon of the
solvent per week or 13 gallons per year. The obsthe solvent is $11 per gallon. On
this basis, the annual cost of cleaning at Totakyis $143.

IRTA tested alternative low-VOC cleaners with Totdhk as part of a project sponsored
by the SCAQMD. IRTA provided one gallon each otifdifferent cleaners to the

facility over a period of several months. The ral&ive cleaners included three water-
based cleaners, Ardrox 405-V, Mirachem NP 2520 Biatalnox M6521, and a soy

based cleaner called Soy Gold 2500. MSDSs forfalt cleaners are provided in

Appendix A. The company tested each of the cleaned found them all acceptable.
The owner did indicate, however, that he liked Mieachem NP 2520 and the Soy Gold
2500 the best.
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The cost of the Ardrox 405-V is $12.13 per gallohew it is purchased in small
quantities. The cost of the Mirachem cleaner .90 per gallon. The cost of the Kyzen
cleaner is $16.20 per gallon and the cost of the Gald 2500 is $12 per gallon. The
alternative cleaners are not likely to evaporatguaskly as the mineral spirits so less of
these cleaners might be required. Assuming theesamount of the alternatives is
required, the annual cost of using the Ardrox 405Wé Mirachem, the Kyzen cleaner
and the Soy Gold 2500 amounts to $158, $163, $ad1Ha56 respectively.

Table 2-10 shows the annualized cost comparisorthiarcleaning at Totally Ink. The
mineral spirits, the high VOC cleaner used curkent the lowest cost cleaner. The
annual cost of using Soy Gold 2500 is nine pertegiter than the annual cost of the
mineral spirits. The annual cost of using the Argithe Mirachem and the Kyzen is 10,
14 and 48 percent higher respectively than theafassing the mineral spirits.

Table 2-10
Annualized Cost Comparison for Totally Ink

Mineral Spirits Ardrox Mirachem KyzenSoy Gold

405-V NP2520 M6521 2500

Cleaner Cost $143 $158 $163 $211 $156
Total Cost $143 $158 $168 $211 $156

Applied Pressure, Inc.

Applied Pressure is located in Chatsworth, CaliiarnThe company has provided screen
printing services to the contract apparel indusince 1990. Applied Pressure has 25
employees and 90 percent of the business involmesng on T-shirts. The company has
14 automated screen printing presses and a fewahprasses.

IRTA began working with Applied Pressure as paragiroject sponsored by the South
Coast Air Quality Management District. The purpo$éhe project is to identify, test and
demonstrate low-VOC, low toxicity alternative sarezeaning formulations.

Applied Pressure cleans between 60 and 70 scregrdap. The company leases a parts
cleaner that relies on mineral spirits for cleartimg screens. IRTA performed screening
tests of four different cleaners at the facilifpuring these tests, IRTA had an employee
clean screens by hand with a wipe cloth. The epeglavas asked to judge which cleaner
cleaned the best. IRTA provided the facility watiheated parts cleaner and four different
cleaners were tested in the course of the testimgyam.

The first cleaner that was tested in the partsneleavas a cleaner made by Kyzen. The
cleaner was heated and the concentration of tlenetewvas adjusted a few times. The
facility employees did not think this cleaner cledrthe ink effectively. The second
cleaner that was tested was a water-based cleafled Ardrox 405-V. This cleaner
performed more effectively but the employees intidahat it did not perform as well as
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the mineral spirits. The third cleaner that wasteleé was another water-based cleaner
called Mirachem NP 2520. The employees liked ¢heaner and it performed as well as
the mineral spirits. The fourth cleaner that wastdd was Soy Gold 2500. The
employees did not like this cleaner even thougtieaned the ink effectively because it
required rinsing. MSDSs for the four cleaners thiate tested are provided in Appendix
A.

Applied Pressure leases the mineral spirits pdesner from a service provider. The
service provider provides the parts cleaner anshfraineral spirits and changes out the
mineral spirits and disposes of it as hazardoustewasThe cost of this servicing
arrangement is $500 per month or $6,000 per year.

The most successful alternative was the Mirachem2B20 and IRTA compared the
current cost of using mineral spirits with usingrdtihem. Two types of heated parts
cleaner are available for water-based cleanerg nmitst common type of parts cleaner is
made of plastic. The screen industry, becausbeofriks, is very hard on parts cleaners
so IRTA analyzed both a plastic and a stainless g@rts cleaner which would probably
be more durable. IRTA assumed the company woutdhaise the parts cleaner rather
than lease it because this is generally a muchrl@est option. The cost of a plastic
parts cleaner is $1,675 and the cost of the st@rdteel parts cleaner is $3,800. The parts
cleaners should last for 10 years. Because Appliedsure would use the parts cleaner
so heavily, it is likely that four heaters and twoemps would require replacement over
the period. A pump could be replaced for $105 ameater for $90 including parts and
labor. The total cost of replacement parts andrlamuld be $570. The total capital cost
for the plastic parts cleaner including the rephaeet is $2,245. The total capital cost for
the stainless steel parts cleaner including thlacement is $4,370. Assuming a cost of
capital o