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ABSTRACT 
 
 
This project was conducted by the Institute for Research and Technical Assistance 
(IRTA) and was sponsored by the California Air Resources Board and U.S. EPA.  It 
involved conducting a technology assessment of the alternative processes to 
perchloroethylene (PERC) dry cleaning.  PERC is classified as a suspect carcinogen and 
it is being increasingly regulated in California.  The alternatives that were evaluated in 
the project include hydrocarbon, Pure Dry, Green Earth, glycol ether, traditional wet 
cleaning, icy water, Green Jet and carbon dioxide.  IRTA focused on 14 case studies of 
cleaners that had adopted the alternative technologies.  Nine of these plants converted 
from PERC to the alternative and five started up using the alternative.  IRTA analyzed 
the performance and cost of the alternatives and compared them to the plants’ costs prior 
to conversion.  IRTA developed stand alone case studies for each of the 14 facilities.  
IRTA performed a model plant analysis that extended the results of the case studies to the 
industry as a whole.  This analysis included a small model plant cleaning 40,000 pounds 
of clothing annually and a large model plant cleaning 100,000 pounds of clothing 
annually.  Several of the technologies were found to be lower, comparable or slightly 
higher in cost than PERC dry cleaning.  All of the case study cleaners were satisfied with 
the alternative technologies they had adopted. 
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EXECUTIVE SUMMARY 
 
 
Perchloroethylene (PERC) is the most widely used dry cleaning agent.  The chemical is a 
potential carcinogen, it is classified as a Hazardous Air Pollutant by EPA and a Toxic Air 
Contaminant in California.  PERC is a contaminant at numerous dry cleaning sites and 
landlords are increasingly reluctant to allow cleaners to use the technology.  For this 
reason and because regulations are becoming more stringent in California, cleaners have 
begun converting to alternatives. 
 
Under the sponsorship of the California Air Resources Board (CARB) and U.S. EPA, the 
Institute for Research and Technical Assistance (IRTA), a technical nonprofit 
organization, conducted this project to evaluate and assess the alternative technologies to 
PERC dry cleaning and to compare their performance and cost.  CARB is evaluating 
whether or not to strengthen the state PERC dry cleaning regulation and EPA is interested 
in pollution prevention and alternatives analysis.  
 
During the project, IRTA evaluated eight different alternatives to PERC including 
hydrocarbon, Pure Dry, Green Earth, glycol ether, traditional wet cleaning, icy water, 
Green Jet and carbon dioxide.  IRTA worked with 14 cleaners that had adopted the 
alternative technologies.  Nine of these case study plants converted from PERC dry 
cleaning to one of the alternatives and five of them adopted the new alternative upon 
startup.  IRTA evaluated the performance and cost of the alternative technologies for all 
14 case study facilities and compared the performance and cost of the alternative 
technologies  to PERC dry cleaning for nine of the facilities.  IRTA prepared stand alone 
case studies for all of the facilities.  The findings indicate that all of the cleaners that 
adopted the alternatives were satisfied with the new technologies, even those cleaners 
that increased their costs through the conversion. 
 
IRTA also generalized the results of the case study facilities to the industry as a whole by 
performing a model plant analysis.  A small model plant cleaning 40,000 pounds of 
clothing annually and a large model plant cleaning 100,000 pounds of clothing annually 
were evaluated.  The effects of the increasing price of PERC because of a fee and the 
grants provided by the South Coast Air Quality Management District and CARB were 
incorporated into the analysis.  In general, the results of the model plant analysis indicate 
that the cost of some of the alternative technologies are lower than, comparable to or 
slightly higher than the costs of PERC dry cleaning.  These include hydrocarbon, Green 
Earth, Green Jet, icy water and traditional wet cleaning.  The glycol ether and carbon 
dioxide technologies had higher costs than PERC dry cleaning. 
 
Table E-1 summarizes and compares the performance and cost of PERC dry cleaning and 
the alternative technologies based on the results of the case studies and the model plant 
analysis.  The eight technologies evaluated during the project are included in the table.  
One additional technology—hydrocarbon with tonsil—was also evaluated.  Tonsil is an 
absorbent material used by some cleaners that employ the hydrocarbon technology.  The 
table indicates whether the cleaning capability of each technology is aggressive, gentle or  
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very gentle.  It also ranks three cost elements of each technology as low, medium or high.  
Two of the cost elements that were analyzed, spotting and finishing labor costs, were 
determined to account for the majority of total facility costs.  Table E-1 also presents the 
advantages and disadvantages of each of the technologies. 
 
IRTA partnered with the Los Angeles County Sanitation Districts (LACSD) to sample 
and analyze certain waste and discharge streams that arise from use of the alternative 
technologies.  The sampling was performed at a limited number of facilities so the results 
should be judiciously extended to the industry as a whole.  In California, wastes are 
classified as hazardous if they exhibit aquatic toxicity.  The findings indicated that the 
still bottom generated from distillation of the glycol ether, Green Earth and carbon 
dioxide exhibited aquatic toxicity whereas it did not for the hydrocarbon.  Another waste 
stream, separator water from the glycol ether, Green Earth and hydrocarbon processes, 
did not exhibit aquatic toxicity.  Four wash and rinse effluent samples from wet cleaning 
facilities were also analyzed.  Although they did not exhibit aquatic toxicity, some of the 
streams contained PERC and/or trichloroethylene (TCE), another toxic chlorinated 
solvent.  If wet cleaning effluent streams contain PERC and TCE above a certain 
threshold level, they would be classified as hazardous waste and they could not be 
discharged.  The likely origin of the PERC and TCE is spotting chemicals.  Work on 
alternative spotting chemicals is required to address this issue. 
 
IRTA did only limited analysis of the toxicity of the alternatives in this project and the 
information in presented in Chapter IV..  The Office of Environmental Health Hazard 
Assessment in California is evaluating the toxicity of the chemical alternatives to PERC 
dry cleaning at the request of CARB and the results were not available at the time of 
publication of this document. 
 
The project findings indicate that many cleaners have successfully converted from PERC 
dry cleaning to alternative technologies.  The cleaners are satisfied with the performance 
of the alternatives even in cases where the technology is more expensive to use.  Many of 
the technologies have costs that are lower, comparable to or only slightly higher than the 
cost of using PERC dry cleaning. 
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I.  INTRODUCTION AND BACKGROUND
 
 
There may be as many as 5,040 dry cleaning facilities in California and most of them 
perform cleaning on the premises.  The California Air Resources Board (CARB) recently 
completed a survey of the industry.  The survey results indicate that more than 92 percent 
of the cleaners have one dry cleaning machine and 85 percent of them use 
perchloroethylene (PERC) exclusively.  About four percent of the cleaners use both 
PERC and another alternative.   
 
PERC is a potential carcinogen and it is classified as a Toxic Air Contaminant (TAC) in 
California.  The chemical is also a Hazardous Air Pollutant (HAP) according to the U.S. 
Environmental Protection Agency (EPA).  PERC is a listed hazardous waste under the 
Resource Conservation and Recovery Act (RCRA).  The chemical is a contaminant in 
soil and groundwater in many locations in the U.S. 
 
PERC has been used by the dry cleaning industry for many years.  It is compatible with 
numerous textiles and it is a relatively aggressive cleaner for oil based soils.  The 
advantage of PERC over low flash point petroleum solvents that were used before PERC 
became the dry cleaning solvent of choice is that PERC has no flash point.  The use of 
PERC allowed cleaners to open shops in minimalls and other heavily populated areas 
where facilities need to be fortified in various ways if solvents with low flash points are 
used.  PERC rapidly penetrated the dry cleaning market and it is used by the vast 
majority of dry cleaning facilities today. 
 
In 1993, CARB adopted a regulation on PERC dry cleaning.  The regulation focused on 
requiring PERC dry cleaners to use certain types of equipment that minimized PERC 
emissions.  It also included provisions for inspecting the equipment regularly and 
preventing and repairing leaks in a timely manner.  The regulation also required every 
dry cleaning facility to have a certified operator who must attend a class describing 
various procedures for handling PERC every three years. 
 
In 1993, the U.S. EPA promulgated the National Emission Standards for Hazardous Air 
Pollutants (NESHAP) for PERC dry cleaning facilities.  The so-called Maximum 
Achievable Control Technology (MACT) standard is technology based and it applies to 
all cleaners in the U.S that use PERC.  EPA is currently assessing the risks PERC dry 
cleaners pose after implementing the NESHAP and may develop additional regulations to 
further reduce the risks from this sector. 
 
In 2002, the South Coast Air Quality Management District (SCAQMD) substantially 
amended their PERC dry cleaning regulation, Rule 1421.  The regulation requires 
cleaners to convert to more emission minimizing equipment by 2007 and it phases out the 
use of PERC dry cleaning by 2020.  The SCAQMD also established a financial assistance 
program to provide grants to cleaners to assist them in adopting alternative technologies. 
 



In 2002, CARB initiated an effort to examine whether or not to strengthen the 1993 
regulation on PERC dry cleaning.  In that light, CARB developed and conducted a survey 
of the dry cleaning industry to obtain information on the industry’s current status.  CARB 
also assembled a working group composed of dry cleaners, equipment manufacturers, 
alternative technology representatives and government agency representatives.  CARB 
has held several working group meetings and has solicited input from the working group 
members on related issues. 
 
CARB is also responsible for implementing Assembly Bill (AB) 998, “Non-Toxic Dry 
Cleaning Incentive Program” which was signed by the Governor in 2003.  AB998 
requires CARB to develop and administer a fee-funded grant and demonstration program.  
The fee on PERC for the dry cleaning industry is $3 per gallon the first year and it is to 
increase by $1 per gallon each year thereafter through 2013.  CARB began assessing the 
fee on the manufacturers and importers of PERC in August 2004.  CARB will use the 
funds to provide $10,000 grants to assist dry cleaners in switching to non-toxic and non-
smog forming alternative cleaning technologies.  CARB will also use some funds to 
establish a demonstration program to showcase these alternative technologies.     
 
As part of their regulatory evaluation, CARB contracted with the Institute for Research 
and Technical Assistance (IRTA) to perform an assessment of the alternative cleaning 
technologies to PERC in dry cleaning.  The project is funded by CARB and U.S. EPA.  
IRTA is a technical nonprofit organization that identifies, tests and demonstrates 
alternatives to ozone depleting solvents, chlorinated solvents and VOC solvents in a 
variety of different industries.  IRTA also sought and received additional funding for a 
project with U.S. EPA to further evaluate the alternative cleaning technologies.   
 
Over the last 15 years, alternative dry cleaning agents and technologies appropriate for 
the dry cleaning industry have been developed.   Faced with increasingly stringent air and 
toxics regulations, soil contamination cleanup costs and the reluctance of landlords to 
renew leases of PERC cleaning shops, some dry cleaners, particularly in California have 
begun to adopt the alternatives.  A number of the technologies are fairly mature at this 
stage and others are still emerging.  Eight different alternative technologies were 
examined during IRTA’s CARB and EPA project. 
 
IRTA’s  work for EPA involved developing six case studies of cleaners using the 
alternative technologies.  IRTA was to compare the performance and cost of PERC dry 
cleaning and the alternatives used by the six cleaners.  After an initial investigation, 
IRTA determined that 14 case studies would be required to adequately define the 
alternatives available to the industry.  IRTA developed the additional case studies under 
the CARB project.  The CARB project also involved designing two model plants, a large 
and a small dry cleaner using PERC.  The costs to the small and large representative dry 
cleaners in converting to the alternatives were assessed.  Finally, the CARB project also 
included a limited investigation of the waste and discharge streams of the alternative 
technologies.  IRTA was assisted in this effort by the Los Angeles County Sanitation 
Districts (LACSD); the LACSD lab analyzed the samples collected by IRTA.   
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This document combines the results of IRTA’s EPA and CARB project.  The project is 
enhanced by integrating the results of the two efforts.  Section II of the document 
provides more detailed information on the alternative technologies.  Section III presents 
the case study analysis for the 14 cleaners that participated in the project.  Section IV 
provides details on the results of the waste and discharge stream analysis and discusses 
the grant programs that have been established to assist cleaners in converting to 
alternative technologies.  Section V focuses on the model plant analysis and discusses the 
results. Finally, Section VI summarizes the results and findings of the project. 
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II.  ALTERNATIVE CLEANING PROCESSES 
 
 
There are several alternative cleaning processes available today to the dry cleaning 
industry.  Some of the new technologies have been adopted by many cleaners and others 
are still emerging and do not yet have widespread use.  Eight technologies were evaluated 
in this project.  They include the following processes: 
 •  Hydrocarbon 
 •  Pure Dry 
 •  Green Earth 
 •  Glycol Ether 
 •  Traditional Wet Cleaning 
 •  Icy Water 
 •  Green Jet 
 •  Carbon Dioxide 
 
The technologies that were selected for evaluation are technologies that cleaners are 
using in place of PERC dry cleaning.  These technologies are considered viable based on 
the fact that cleaners are using them and their customer base appears to accept them.  It’s 
worth noting that all technologies, including PERC dry cleaning, have advantages and 
disadvantages and no technology is ideal.  Cleaners can select the best technology based 
on their particular needs and requirements. 
 
In the course of the project, IRTA staff visited 32 cleaning facilities that used one or 
more of the alternative processes.  The cleaners included: 
 •  Nine Hydrocarbon facilities 
 •  One Pure Dry facility 
 •  Seven Green Earth facilities 
 •  One Glycol Ether facility 
 •  Eight Traditional Wet Cleaning facilities 
 •  One Icy Water facility 
 •  Two Green Jet facilities 
 •  Three carbon dioxide facilities 
 
IRTA collected information for the technology assessment from all of these facilities.  
IRTA collected much more detailed information from 14 of the facilities to conduct a 
cost analysis of particular alternative technologies.  IRTA selected facilities for the more 
detailed analysis based on whether they had cost information and were willing to make it 
available for the project.  IRTA wanted to focus on all technologies that were used in 
California in 2003.  In some cases, the cleaner had used PERC and the information could 
be used to perform a comparative cost analysis; in other cases, the cleaners had started up 
their facility with the new technology so no comparative cost analysis was possible. 
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ALTERNATIVE CLEANING AGENTS AND METHODS
 
This section presents information on the PERC dry cleaning process as a baseline for 
reference and then discusses the alternative technologies evaluated during the project. 
 
PERC Dry Cleaning Technology
 
PERC is an aggressive solvent for oil based contaminants.  It has no flash point and it has 
a boiling point of 250 degrees F.  In the dry cleaning process, PERC is combined with a 
small amount of water and detergent which functions as the cleaning agent.  The process 
involves a wash step where the garments are washed, an extraction step where the PERC 
is extracted from the garments and a drying step at elevated temperature in which the 
garments are dried.  A typical cycle for cleaning with PERC is 45 minutes. 
 
In California, PERC is used in dry-to-dry closed loop machines.  A picture of a PERC 
machine is shown in Figure 2-1  The garments are loaded into the wheel of the machine, 
the door is closed and the wash, extract and dry cycles are completed.  At the end of the 
cycle, the door is opened and the garments are removed.  The closed loop equipment 
includes a refrigerated condenser; the PERC is routed to the condenser where it is 
condensed and stored for reuse in the next cleaning cycle.  Equipment with so-called 
secondary controls also has a small carbon adsorber.  Before the door is opened at the end 
of the cycle, the PERC in the wheel is routed to the carbon adsorber.  It is desorbed from 
the carbon for reuse.  Emissions of PERC generally occur from leaks in the machines and 
from the wheel of the machine when the door is opened at the end of the cycle. 
 

 
Figure 2-1.  PERC Dry Cleaning Machine 
 
Equipment for use with PERC has filters that remove the insoluble material like dirt and 
hair.  Some machines have cartridge filters and the newer equipment uses spin disk 
filters.  The equipment also has a distillation unit which is used to separate the PERC 
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from the higher boiling material like oils.  The filters and still bottoms are disposed of as 
hazardous waste.  Separator water is also generated in the PERC dry cleaning process.  
Water is introduced into the system in the PERC to clean water soluble contaminants, 
water is on the garments and water is generated when the refrigerated condenser operates.  
This water is put into a separator and the PERC, which is heavier than water, is 
physically separated from the water.  The PERC is reused in the cleaning process and the 
water, which still contains some PERC, is evaporated or disposed of as hazardous waste. 
 
In PERC dry cleaning, cleaners use spotting agents to remove the spots before they dry 
clean the garments in the machine.  PERC is an aggressive solvent, it is easy to use and it 
is very forgiving.  Even when a cleaner is not especially good at spotting, the PERC 
machine will remove many stains.  After the cycle is completed, the garments, which are 
fully dry, are removed from the machine and finished with standard equipment. 
    
Hydrocarbon Technology
 
This technology is the most widely used alternative to PERC dry cleaning.  CARB 
estimates that there may be 400 cleaners in California using the hydrocarbon process.  In 
the SCAQMD grant program, about 80 percent of the cleaners who have received grants 
have adopted the hydrocarbon process. 
 
Before PERC was adopted as the dry cleaning agent of choice, the industry relied on 
petroleum solvents for cleaning garments and other items.  These petroleum solvents had 
flash points that were below 140 degrees F.  When a cleaner wanted to locate in strip 
malls, the petroleum solvents could not be used because of fire regulations.  The industry 
converted to PERC which does not have a flash point and could be used in strip malls. 
 
The dry cleaning industry is experienced in using petroleum solvent cleaning and it was 
logical to pursue similar materials as an alternative to PERC.  Exxon-Mobile, Chevron 
and Shell have developed hydrocarbon dry cleaning agents that have flash points above 
140 degrees F.  Because of their higher flash points, they can be used in strip malls.  The 
new cleaning materials are isoparaffins, synthetic hydrotreated aliphatic hydrocarbons 
without an odor.  The solvent is hydrotreated to remove trace quantities of aromatic 
components which are more toxic than aliphatic hydrocarbons and they give off an odor. 
A material safety data sheet (MSDS) for the Exxon Mobil product, called DF-2000, is 
shown in Appendix A. 
 
The hydrocarbon process was the first chemical alternative to PERC to emerge and, at 
this stage more than 400 cleaners in California are now using it in place of PERC.  The 
National Fire Protection Association (NFPA) classifies the hydrocarbon as a Class IIIA 
solvent and the equipment must be designed accordingly.  The equipment for use with the 
new solvent is different from the equipment used with PERC.  Because the hydrocarbon 
has a flash point, most equipment sold for use with the new solvent contains nitrogen 
which can be used to suppress the flammability in the machine in the event of ignition.  
Some equipment, like PERC equipment, has a refrigerated condenser and other 
equipment does not.  Distillation of the hydrocarbon must be performed in a vacuum in 
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all the equipment because the boiling point is much higher than the boiling point of 
PERC.  A picture of a dry cleaning machine using hydrocarbon is shown in Figure 2-2. 
 

 
Figure 2-2.  Hydrocarbon Dry Cleaning Machine 
 
The machines sold for use with the hydrocarbon process originally had a longer cycle 
time than PERC machines.  Because the hydrocarbon is a less aggressive solvent and 
because it does not evaporate as readily, the cycle time was longer.  As discussed above, 
PERC machines have a cycle time of about 45 minutes and hydrocarbon machines have a 
cycle time ranging from one hour to 75 minutes.  Some equipment manufacturers now 
provide hydrocarbon machines that have the same cycle time as a PERC machine.  This 
has been achieved by increasing the blower capacity which speeds up the drying cycle.  
 
The hydrocarbon solvent is not as aggressive as PERC for grease and oil contaminants.  
This has advantages and disadvantages.  The disadvantage is that it is not as aggressive a 
cleaner as PERC for very dirty garments with oil based stains.  More pre- or post-spotting 
of such garments is likely to be necessary.  The advantage is that the hydrocarbon solvent 
can be used to clean delicate garments like silks, wedding gowns, drapes, suedes and 
leathers and beaded garments whereas PERC cannot.  It can also be used with garments 
with fugitive dyes that might bleed with PERC.  Cleaners using the hydrocarbon report 
that the “hand” or the feel of the garments cleaned with hydrocarbon is better than the 
hand of garments cleaned with PERC.  This can affect the finishing of the garments. 
 
An issue with hydrocarbon solvents is that their use can support bacteria growth.  
Systems using the hydrocarbon should remain free of water.  Storage tanks should be 
bottom drained frequently and cleaners should distil the solvent frequently.  Another 
method of controlling the water in hydrocarbon solvent is to use an absorbent material 
called tonsil.   
 
A number of hydrocarbon cleaners are using tonsil.  Cleaners using other technologies 
have recently started to use the material.  Tonsil is an absorbent made of natural calcium 
bentonite material that is acid activated.  An MSDS for the material is shown in 
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Appendix A.  The cleaners using tonsil use it in a 50 percent tonsil/ 50 percent 
diatomaceous earth blend.  The suppliers claim the blend has four major advantages.  
First, it apparently absorbs moisture in the hydrocarbon solvent and makes it much easier 
to control bacterial growth.  Second, it makes distillation unnecessary, apparently because 
it selectively absorbs the soluble contaminants that would be removed through 
distillation.  Because distillation is not necessary, the equipment for use with tonsil is 
smaller; a picture is shown in Figure 2-3.  Third, it makes the use of detergent 
unnecessary.  Fourth, it readily scavenges dyes that would cause bleeding.  IRTA 
included two hydrocarbon cleaners, one using tonsil and one not using tonsil, in the case 
study analysis to examine the effects of tonsil.  IRTA has also recently initiated a project 
sponsored by Cal/EPA’s Department of Toxic Substances Control, to further investigate 
the effects of tonsil use in hydrocarbon processes. 
 

 
Figure 2-3.  Dry Cleaning Machine for Hydrocarbon with Tonsil 
 
Pure Dry Technology 
 
This process is a variation of the hydrocarbon process.  It uses a solvent similar to the 
solvent used in the hydrocarbon process but it contains two additional materials in small 
quantities.  One of these materials is a hydrofluoroether (HFE) which is apparently added 
to accelerate drying and the other is a perfluorocarbon (PFC) which is apparently added 
to suppress the flash point of the hydrocarbon.  An MSDS for the Pure Dry solvent is 
shown in Appendix A.  Only a few cleaners in California have adopted this process. 
 
Equipment similar to the hydrocarbon equipment described above has been designed for 
use with this solvent.  It is not clear that the solvent maintains its composition over time.  
The HFE and PFC are much more volatile than the hydrocarbon and may evaporate from 
the mixture during use and particularly during distillation.  Some cleaners and vendors 
have reported that the flash point of the material, listed as 350 degrees F in the MSDS, 
declines to the 140 degree range during use. Unless the HFE and PFC form an azeotrope 
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with the hydrocarbon at their particular concentration in the blend, they would simply 
evaporate and not be retained in the mixture.  An azeotrope is a blend of two materials 
that has the same composition in the liquid as in the vapor.  The MSDS for the Pure Dry 
material indicates that the vacuum distillation temperature must remain below 80 degrees 
F or the flashpoint will change to the 140 to 200 degrees F range.  This indicates that the 
material is not an azeotrope and the HFE and PFC are likely to be lost from the mixture.  
 
The characteristics of the Pure Dry process are similar to the characteristics of the 
hydrocarbon process.  The Pure Dry process can be used to clean delicate items and the 
so-called hand of the garments cleaned with the process is very good.  The Pure Dry 
solvent, like plain hydrocarbon, is not as aggressive for oil based contaminants as PERC.  
The suppliers of the process claim that the cycle time for the process is shorter than for 
hydrocarbon and this would be so only if the PFC is retained in the mixture and aids in 
drying.   
 
The price of the plain hydrocarbon solvent is between $5 and $6 per gallon.  The price of 
the Pure Dry solvent is much higher, at about $15 per gallon, presumably because the 
HFE and PFC, although present in small quantities, are very expensive. 
 
Green Earth Technology
 
This technology relies on a volatile methyl siloxane called decamethylcyclopentasiloxane 
or D5 as the cleaning solvent.  An MSDS for the material is shown in Appendix A.  The 
flash point of the D5 solvent is higher than the flash point of the hydrocarbon solvent, at 
171 degrees F.  Like the hydrocarbon solvent, D5 is classified as a combustible liquid.  It 
should be used in equipment designed to handle combustible solvents like the 
hydrocarbon equipment described earlier. 
 
Several cleaners have converted from PERC to D5 over the last several years.  The 
cleaner, like hydrocarbon, is less aggressive for oil based contaminants than is PERC.  As 
for the hydrocarbon, this leads to advantages and disadvantages.  Delicate items can be 
cleaned in the solvent but more spotting is likely to be required.  According to cleaners, 
the D5 gives a very good hand which refers to the feel of the garment;  the hand is 
reportedly even better than hydrocarbon, and it makes finishing garments much easier. 
 
The vapor pressure of D5 is lower than the vapor pressure of PERC and the hydrocarbon.  
Because of this, the cycle time is longer than the cycle time for PERC machines.  As 
mentioned above, new equipment has been designed with larger blowers that can shorten 
the cycle time.  Even when these blowers are used, however, the cycle time when D5 is 
used is somewhat longer than the cycle time of the hydrocarbon.  
 
The Green Earth solvent and water have similar specific gravity.  This means that 
separation of the solvent and water is more difficult.  Separators for use with the 
technology have been designed to accommodate this feature. 
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One equipment supplier is offering the option of converting PERC equipment so it can be 
used with D5.  In the case study analysis, IRTA included two cleaners using D5, one 
using a converted PERC machine and the other using a new machine designed for 
combustible solvents. 
 
Glycol Ether Technology
 
This cleaning technology is based on use of a mixture of substituted aliphatic glycol 
ethers.  The trade name for one of the glycol ether technologies is Rynex.  It is not clear 
what glycol ethers make up the cleaner.  A complicating factor is that the supplier of 
Rynex has changed from one mixture to another in the past. An MSDS for the material is 
shown in Appendix A. There is only one facility in California using the technology 
presently. 
 
In principal, a glycol ether technology would be the best dry cleaning technology from a 
cleaning perspective.  Glycol ethers are aggressive solvents for oil based contaminants.  
Glycol ethers are infinitely miscible in water so they can remove water soluble soils very 
effectively as well.  As discussed later, the one dry cleaner using Rynex in California 
does not require detergent because the glycol ethers carry water and the combination can 
remove oil based and water soluble soils.  The chemicals have a flash point so they 
should be used in equipment designed to handle combustible solvents. 
 
The fact that the Rynex mixture is miscible in water poses problems for the water 
separation process.  The specific gravity of water and glycol ethers is similar so physical 
separation is slow.  The California cleaner using Rynex has had problems in the 
distillation process because equipment that can handle combustible solvents has not been 
designed specifically to handle the Rynex solvent.  During distillation, the solvent/water 
combination boils over instantly.  The boiling point of water is 212 degrees F so, in a 
vacuum system, the water will come over very quickly.  The Rynex, which has a much 
higher boiling point will not come over until the higher temperature is reached.  The 
traditional combustible solvent equipment must be modified to route the water to one 
chamber and the glycol ether to another based on their boiling point differences.  Until 
suitable equipment is designed, cleaners using Rynex will not be able to separate the 
water from the solvent and will experience boil over during distillation. The distributor 
for Rynex recently reported that the equipment problem has been solved. 
 
The Rynex process has been available for many years but it has been adopted by very few 
dry cleaners.  The vapor pressure of Rynex is low so the cycle time for the solvent is 
longer than for PERC.  Because there is an issue of water separation, finishing of the 
garments which may contain high concentrations of water could be more difficult.  
 
Traditional Wet Cleaning 
 
Traditional wet cleaning, often referred to as professional wet cleaning, has been 
available as an alternative to PERC for more than a decade.  It relies on water, 
conditioners, degreasers and detergent for cleaning the garments.  Wet cleaning is an 
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aggressive cleaning method and it is effective on both oil based and water soluble soils.  
Although wet cleaning has been adopted fairly widely as a supplementary technology to 
PERC dry cleaning, only a few cleaners have implemented the technology as an 
exclusive cleaning method.  Almost all of the cleaners that have adopted wet cleaning 
exclusively are relatively small facilities. 
 
There are several equipment manufacturers that make equipment designed for wet 
cleaning.  A typical set of wet cleaning equipment is shown in Figure 2-4.  The process 
generally consists of a computer controlled washer and dryer and specialized finishing 
units called tensioning equipment.  In order to prevent dimensional change and to make 
finishing easier, many garments are dried with a residual of moisture. Garments that are 
dried completely may shrink and are difficult to finish. The dryers include moisture 
sensors and can be shut off at a particular moisture level. After they are removed from the 
machine, the still wet garments are hung and later finished using tensioning equipment.  
The tensioning equipment helps to form garments and restore constructed garments 
during finishing and helps to prevent them from shrinking.  The wet cleaning equipment 
can also be used for processing garments that are laundered. 
 

 
Figure 2-4.  Wet Cleaning Equipment 
 
Advantages of wet cleaning, are that it is an aggressive cleaning method, it eliminates 
most health and environmental problems (see Section IV), delicate items like wedding 
gowns and suede and leather garments can be cleaned effectively with the technology and 
the equipment is generally less costly than the equipment used for alternative solvents.  
Disadvantages of wet cleaning are that cleaners must learn entirely new processing 
methods, the garments with residual moisture must be hung and this requires space and 
the finishing is more difficult and time consuming with certain garments like structured 
jackets. 
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Icy Water Technology
 
This technology is similar to traditional wet cleaning but incorporates other features.  
Like traditional wet cleaning, the icy water technology relies on water, detergent, 
conditioners and degreasers to accomplish cleaning.  The company supplying the 
technology has two types of equipment.  One of these is a wash unit and a separate dryer; 
the other is a combined unit that washes and dries the garments.  One facility in 
California is currently using this technology. 
 
Some of the features of the icy water technology have been designed to minimize or 
eliminate garment shrinkage.  Garments shrink if they are not conditioned, if the process 
involves heat and if they are agitated.  The icy water technology equipment has been 
designed to minimize temperature and agitation.  Garments that are commonly dry 
cleaned are processed in icy water (water at a temperature of 38 degrees F) and are dried 
in cold air.  The washer is fitted with a refrigerated condenser so it can operate with the 
water at lower temperature.  In the dryer, the garments are partially dried in heated air 
and cold air, generated with a compressor, can be used to eliminate the residual moisture.  
The washer has three settings; it can use hot water or tap water for garments that will not 
shrink and icy water for garments that are commonly dry cleaned.  The garments are 
agitated with only one revolution per minute in the washer and only 60 revolutions per 
minute in the dryer.  The facility using this technology in California purchased tensioning 
equipment but does not need to use it for finishing the garments with the icy water 
technology. 
 
The dryer also includes a feature that allows so-called chemical cleaning.  This is the 
same as the Green Jet technology described below.  In chemical cleaning, garments that 
are not very dirty can be processed using a mist of water and detergent in the icy water 
technology dryer.  An MSDS for the detergent used in this type of cleaning is provided in 
Appendix A.  The cleaner using the icy water equipment processes half of the garments 
received in the dryer using the chemical cleaning method.  The remaining 50 percent of 
the garments are processed with the immersion methods in the icy water technology 
washer. 
 
This technology has the same advantages as the traditional wet cleaning technology.  In 
addition, it is more forgiving than traditional wet cleaning.  Finishing with the icy water 
technology is easier than with traditional wet cleaning and the garments that are not very 
dirty can be chemical cleaned in the dryer.  The garments can be fully dried in the dryer 
and they do not have to be hung with residual moisture.  When the garments are fully 
dried, however, the drying cycle is quite long. 
 
Green Jet Technology
 
The Green Jet Technology involves the use of chemical cleaning and drying in one 
machine.  A picture of a Green Jet machine is shown in Figure 2-5.  As described above, 
the process involves using a mist of water and detergent to clean the garments; they are 
not immersed in liquid.  This process is appropriate only for processing garments that are 
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lightly soiled.  The machine cycle is shorter than the cycle for PERC.  This process uses 
the same detergent as the chemical cleaning described above in the icy water technology. 
 

 
Figure 2-5.  Green Jet Equipment 
 
Advantages of the technology are that the equipment is less expensive than the equipment 
for other technologies and the finishing is much easier than for other technologies.  The 
disadvantage is that spotting is more difficult because the cleaning process--a mist--is not 
aggressive. 
 
Carbon Dioxide Technology
 
This technology relies on liquid carbon dioxide under a pressure of 700 pounds per 
square inch to clean garments.  Many oil based contaminants are soluble in carbon 
dioxide.  The equipment for use with the carbon dioxide process is pressurized prior to 
the cleaning cycle and depressurized after the cleaning cycle.  The contaminants are 
separated from the carbon dioxide, which is now a gas.  The cycle time for carbon 
dioxide is about the same as the cycle time with PERC dry cleaning.  Because the 
equipment is pressurized, the equipment for use with carbon dioxide is expensive; it is 
made of stainless steel and must be capable of holding pressure.  The equipment includes 
filters for removing particulate contaminants and a distillation unit for separating the 
soluble contaminants. 
 
The technology does not involve heat so the carbon dioxide is a gentle cleaner.  The 
detergent used in the carbon dioxide process is relatively expensive and is reported by 
some cleaners using the technology as not aggressive enough.  More spotting is required 
with carbon dioxide than with PERC.  Because the carbon dioxide is a gentle cleaner, it 
can be used for cleaning delicate items with a proviso.  Some materials, like vinyl, rubber 
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or beads, swell during the cleaning process.  Once the pressure is released at the end of 
the cycle, some of these materials do not revert to their original shape.  Some acetate 
materials cannot be cleaned with carbon dioxide and some garments have acetate linings; 
this material will undergo dimensional change in carbon dioxide.  Triacetate materials 
can experience a color change with carbon dioxide.  Finishing requirements for the 
carbon dioxide process are similar to finishing requirements with PERC dry cleaning. 
 
The carbon dioxide for use in the process can be stored in a bulk storage tank by the 
cleaner or the cleaner can use a service which regularly changes out the empty tanks 
when more carbon dioxide is needed.  Some of the equipment requires a large amount of 
space but one machine is about the same size as a PERC dry cleaning machine.  A picture 
of the smaller carbon dioxide machine is shown in Figure 2-6. 
 

 
Figure 2-6.  Carbon Dioxide Equipment 
 
The carbon dioxide technology is still emerging and the equipment representatives report 
that changes are underway.  One change that is being considered is removal of the filters 
from the equipment.   
 
TECHNICAL COMPARISON OF ALTERNATIVE TECHNOLOGIES 
 
Table 2-1 summarizes certain features of each of the alternative technologies and 
compares them to PERC and to each other.  The cleaning technologies are defined as 
aggressive, gentle or very gentle.  A cleaning system is aggressive if it removes 
contaminants from garments effectively.  A cleaning system is gentle if it removes 
contaminants from garments less effectively.  Note that gentle cleaning systems can be 
used on a wider range of garments than aggressive cleaning systems.   
 
Each of the technologies in the table is classified as an in-kind or a not-in-kind 
technology.  PERC is a solvent based technology.  The other solvent based technologies 
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are classified as in-kind technologies.  Although cleaners must learn some different 
procedures to use these technologies, they still involve using a solvent for cleaning.  The 
garments are placed in a machine containing the solvent and they are washed and dried 
and removed from the machine at the end of the cycle.  The other technologies are 
classified as not-in-kind technologies.  These are technologies that use water or carbon 
dioxide as the cleaning medium and cleaners must learn more new practices to use them.   
 
The health and environmental characteristics are not provided in the table.  These are 
discussed in Section IV.  
 

Table 2-1 
Comparison of Alternative Cleaning Processes 

 
Technology    Cleaning Capability               Advantages              Disadvantages
PERC   aggressive        process easy to use           not good for delicates 
 
Hydrocarbon     gentle         can clean delicates     can have bacteria growth 
      good hand                    longer cycle time 
            in-kind technology 
 
Pure Dry     gentle        can clean delicates      can have bacteria growth 
      good hand                    longer cycle time 
          in-kind technology         possible change in 
                        composition 
 
Green Earth     gentle        can clean delicates                   longer cycle time 

very good hand     
        in-kind technology 

 
Glycol Ether  aggressive      cleans water soluble                  longer cycle time 
           and oil based soils        water separation difficult 
            in-kind technology              distillation boil over 
 
Traditional Wet aggressive        can clean delicates         finishing more difficult 
     Cleaning                  not-in-kind technology 
 
Icy Water  aggressive        can clean delicates     longer drying cycle 
       may not need tensioning     not-in-kind technology 
                  equipment 
 
Green Jet  very gentle       can clean delicates                   doesn’t clean well 
               less finishing            not-in-kind technology 
 
Carbon Dioxide    gentle             good hand            detergent issues 
         problems with acetate 
         expensive equipment 
                   not-in-kind technology 
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III.  CASE STUDIES OF ALTERNATIVE CLEANING TECHNOLOGIES 
 
 
This section presents 14 case studies of alternative technologies that have been adopted 
by cleaners.  Table 3-1 summarizes the facilities that provided performance and cost 
information for the case studies.  The facilities are listed in alphabetical order.  They 
include one cleaner that uses the Rynex glycol ether technology, two cleaners that use the 
hydrocarbon technology, one cleaner that uses the Pure Dry hydrocarbon technology, 
three cleaners that use the Green Earth technology, three cleaners that use traditional wet 
cleaning, two cleaners that use carbon dioxide, one cleaner that uses the icy water 
technology and one cleaner that uses the Green Jet system.  Nine of the 14 cleaners that 
were analyzed converted from PERC to the alternative technology.   Five of the 14 
cleaners started up their shops with the new technology and did not use PERC at the shop 
previously.  Some of these cleaners, however, have operated PERC dry cleaning plants in 
the past. 

 
Table 3-1 

Case Study Cleaners 
Cleaning Facility    Technology      PERC Used Previously 
Blackburn’s Town & Country Cleaners  Glycol Ether          No 
Crown Drapery Cleaners   Hydrocarbon         Yes 
Cypress Natural Cleaners   Wet Cleaning          No 
Doheny Dry Cleaners     Green Earth         Yes 
Fay Cleaners     Wet Cleaning         Yes 
Hangers Cleaners    Carbon Dioxide         No 
Hollyway Cleaners     Green Earth         Yes 
Imperial Dry Cleaners & Lndry     Icy Water         Yes 
Larsen’s Cleaners     Green Earth         Yes 
Nature’s Best Cleaners   Wet Cleaning         Yes 
Royal Cleaners of Brentwood   Carbon Dioxide        Yes 
Sterling Dry Cleaners    Hydrocarbon         Yes 
Sunny Fresh Cleaners         Pure Dry Hydrocarbon         No 
Village Dry Cleaners       Green Jet          No   
 
The information was collected from the cleaning facilities over the period from October 
2003 to June 2005.  The analysis and the case studies represent each facility at a point in 
time and are a snapshot.  In some cases, the cleaning facilities have made changes since 
the data were collected.  These changes were not incorporated into the analysis or the 
case studies.  Many of the technologies discussed here are still evolving and there may be 
additional changes in the future.  
 
This section focuses on the case studies.  It first discusses the assumptions that were 
made in the cost analysis and comparison.  It then presents the analysis, cost or cost 
comparison for each of the case study facilities.  It summarizes the results of the analysis 
based on the pounds of garments cleaned.  Finally, it discusses and compares the costs of 
the alternative technologies. 
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COST ANALYSIS ASSUMPTIONS 
 
The capital costs and operating costs for each facility are explicitly detailed in this 
section.  The costs are all presented as annualized costs. 
 
Capital Costs 
 
Capital costs evaluated in the case studies included the cost of alternative cleaning 
equipment, the cost of installation and, in some cases, the cost of associated equipment.  
A few cleaners purchased chillers to facilitate use of the alternative technology.  The two 
cleaners that adopted the carbon dioxide technology purchased or leased equipment for 
storing the carbon dioxide.  The companies that adopted wet cleaning purchased 
tensioning equipment used to finish the garments.  All of these costs were included in the 
capital cost of the alternative technology.  The SCAQMD had a grant program for 
cleaners to assist them in purchasing alternative technologies, as mentioned earlier.  
Some of the case studies analyzed here took advantage of the grant program and the 
capital cost of the equipment was reduced accordingly.  
 
The capital costs of the alternatives were annualized by amortizing the cost over a 15 
year period under the assumption that the equipment would have a lifetime approximately 
that long.  The cost of capital was assumed to be four percent based on the rate of interest 
between January 2004 through June 2004 reported in the Federal Register, Volume 68, 
Number 249, page 75317.  Cleaners generally do not pay for their equipment in this way.  
They often use a leasing agency with a shorter payoff period and a higher interest rate.  
To achieve consistency throughout the case studies, however, IRTA adopted the 
assumptions outlined above. 
 
Capital costs for the alternatives were included in the case study analysis presented below 
but capital costs for the PERC process were not included.  Companies purchased their 
PERC equipment many years ago and IRTA wanted to adopt a uniform method of 
evaluating the costs.  In Section V, which presents the model plant analysis, IRTA 
focuses on the PERC capital costs and compares them with the capital costs of the 
alternative processes.   
 
Operating Costs 
 
Operating costs for the cleaners participating in the project included: 
 •  Solvent Cost 
 •  Licensing Fee 
 •  Detergent Cost 
 •  Electricity Cost 
 •  Gas Cost 
 •  Spotting Labor Cost 
 •  Finishing Labor Cost 
 •  Maintenance Labor Cost 
 •  Maintenance Equipment Cost 
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 •  Compliance Cost 
 •  Hazardous Waste Disposal Cost 
 
IRTA initially decided to also include the cost of the spotting chemicals.  After 
investigation, it was determined that cleaners purchase very small quantities of spotting 
agents and that this cost could be neglected.  The operating costs that were included were 
those costs that might have differences when PERC dry cleaning and cleaning with the 
alternatives were compared. 
 
The solvent or cleaner cost (in the case of a blend of solvents) is the cost per gallon of the 
fluid used to perform cleaning.  This cost does not include detergent or water. 
 
One of the technologies, Green Earth, has an annual licensing fee.  This $2,500 fee was 
included for the cleaners using the Green Earth technology. 
 
Detergent cost is the cost of purchasing detergent which is added to the solvent, cleaner 
or water-based cleaner to aid in soil removal. 
 
The owners or operators of the facilities estimated their annual electricity and gas costs or 
based them on actual bills and this was the cost that was included in the case studies.  
Electricity and gas are used for other purposes than cleaning in a facility.  A few of the 
facilities involved in the project have air conditioning, all have lighting and several have 
multiple computers.  Some of the facilities also provide laundry services which use gas 
and some electricity.  It was not possible to separate the energy use for cleaning and for 
the other activities.  IRTA collected the data primarily to compare the electricity and gas 
use with PERC and with the alternative technologies. 
 
Finishing and spotting labor were included in the analysis because they account for a very 
large portion of the total costs of operating a cleaning facility and IRTA wanted to 
examine differences in these costs based on the technology and the particular facility.  As 
discussed in more detail later, the owners and family members in small cleaning facilities 
often perform some or all of the spotting and finishing for the business.  In these cases, 
IRTA asked the owners to quantify their labor hours so the spotting and finishing costs 
could be included in the analysis.  The owners and family members are not usually paid 
for their labor but they must devote their time to the activities and it is a real cost of the 
operation.  The owners and family members in large cleaning facilities generally do not 
perform spotting or finishing; workers are hired to perform those tasks.  The spotting 
labor cost is the cost of labor for spotting the garments.  Similarly, the finishing cost is 
the cost of labor for finishing the garments.  
 
The maintenance labor cost is the cost of labor to perform routine maintenance activities.  
This cost does not include maintenance labor for breakdowns or repairs.  Maintenance 
equipment costs are the costs of equipment used in routine operation of the equipment. 
 
The compliance cost is the labor cost for recordkeeping, reporting and routine machine 
inspection. 
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The hazardous waste disposal cost is the cost to the facility for disposing of hazardous 
waste.  
 
CASE STUDY ANALYSIS 
 
The performance and cost analysis conducted for each of the 14 participating facilities is 
presented below.  As discussed above, nine of the facilities used PERC before they 
adopted the alternative technology and five of the facilities did not.  For eight of the 
facilities that did use PERC, a cost comparison is presented.  Stand alone case studies for 
each of the facilities are presented in Appendix B. 
 
IRTA collected the cost information, generally from the owners of the facilities that 
adopted the alternative technologies.  In some cases, when the values did not appear to be 
reasonable, IRTA contacted the facilities again and the owners checked their records and 
were able to provide modified figures.  As discussed later, the costs provided by two 
facilities could not be verified.  In one case, IRTA does not present the costs.  In the other 
case, IRTA presents the costs but does not use them in the subsequent analysis. 
 
Blackburn’s Town & Country Cleaners 
 
Blackburn’s Town & Country Cleaners, located in Porterville, California, is the only dry 
cleaning facility in the state that relies on the Rynex cleaning solvent.  Rynex is a 
propylene glycol ether and the identity of the chemical is stated to be a trade secret on the 
MSDS.  The facility cleans 46,800 pounds of clothing per year. 
 
Bob Blackburn purchased and installed a machine using Rynex about 18 months ago.  He 
visited a New York dry cleaner that was using Rynex as part of the investigation into the 
new technology.  He was impressed by what he saw there and decided to start up his new 
facility with Rynex.  Mr. Blackburn did not use PERC at the new facility but he was a 
PERC dry cleaner for many years at other locations. 
 
Bob Blackburn purchased a 55 pound Bergparma machine for use with Rynex for 
$56,000.  The installation cost for the dry cleaning machine was $3,500.  The total capital 
and installation cost for the machine amounted to $59,500.  Assuming an average life of 
15 years for the machine and a cost of capital of four percent, the total annualized cost of 
the purchase and installation amounts to $4,125 per year. 
 
The cleaning facility uses 52 gallons of Rynex annually.  At a cost of $15 per gallon, the 
cost of purchasing solvent amounts to $780 per year.   
 
The Rynex is an aggressive cleaner that carries water well.  Mr. Blackburn has found that 
he does not need to use detergent. 
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The dry cleaning facility currently has an electricity bill of about $1,000 per month or 
$12,000 per year.  This includes the electricity cost of a swamp cooler that cools the 
entire shop.  The gas bill for the shop is $800 per month or $9,600 per year. 
 
The spotting labor with the Rynex is very low because the chemical can remove solvent 
and water soluble soils.  For Blackburn’s shop, spotting labor is only about one hour per 
week or 52 hours per year.  At the shop’s average labor rate of $10 per hour, the annual 
spotting labor cost amounts to $520. 
 
Rynex and water are infinitely miscible.  It is difficult to separate the Rynex from water 
so sometimes the garments, after the cleaning cycle, have a residue of water.  In those 
cases, finishing would be more difficult than with a dry cleaning agent like PERC which 
does not carry much water.  In spite of this potential problem, Blackburn’s finishing labor 
is low.  It averages about 30 hours per week or 1,560 hours per year.  Assuming a labor 
rate of $10 per hour, the annual finishing labor cost is $15,600. 
 
The equipment purchased by the cleaning facility has never worked optimally with the 
Rynex cleaner.  Maintenance labor is very high, at 21 hours per week.  The facility owner 
believes that if the machine performed properly, maintenance labor would amount to 
about one hour per day.  Assuming the 21 hours of maintenance labor per week or 1,092 
hours per year and a labor rate of $10 per hour, the annual maintenance cost is $10,920. 
 
The facility has not purchased any maintenance equipment since they started up the 
operation.  The company has not disposed of any hazardous waste since startup.  There 
have been no regulatory costs associated with using the Rynex process since startup. 
 
Table 3-2 shows the annualized costs of operating the Rynex process. 
 

Table 3-2 
Annualized Costs for Blackburn’s Town & Country Cleaners 

 
            Cost    
Annualized Capital/Installation Cost      $4,125 
Cleaner Cost             $780 
Detergent Cost             - 
Electricity Cost       $12,000 
Gas Cost          $9,600 
Spotting Labor Cost            $520 
Finishing Labor Cost       $15,600 
Maintenance Cost       $10,920 
Compliance Cost             - 
Hazardous Waste Disposal Cost           -    
Total Cost        $53,545 
 
Note:  When the cost analysis was performed, the facility had not yet disposed of 
hazardous waste. 
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Crown Drapery Cleaners 
 
Crown Drapery Cleaners is located in Huntington Beach California.  The owner, Matt 
Borgerson, replaced two 55 pound PERC machines with two 35 pound hydrocarbon 
machines.  The store cleans 168,000 pounds of clothing per year and is open six days per 
week. 
 
The capital cost of the two 35 pound hydrocarbon machines was $90,000.  Crown also 
purchased a chiller at a cost of $10,000.  The chiller helps with efficiency in cooling the 
solvent more rapidly and shortens the cycle time.  The cost of installing the two machines 
and the chiller was $5,000.  The total capital cost amounted to $105,000.  Assuming a life 
for the equipment of 15 years and a cost of capital of four percent, the annualized capital 
cost is $7,280. 
 
The dry cleaning facility previously used 50 gallons of PERC per month or 600 gallons 
per year.  At a cost of $8 per gallon for PERC, the annual cost of purchasing the solvent 
was $4,800.  The facility now uses 55 gallons per month or 660 gallons per year of 
hydrocarbon solvent.  At a cost of $5.37 per gallon, the solvent cost is now $3,544. 
 
Crown purchased 220 gallons per year of detergent for use with PERC.  At a cost of $26 
per gallon, the annual cost of detergent was $5,720.  The cleaner now uses a solid 
absorbent called Tonsil that makes it unnecessary to use detergent with the hydrocarbon 
solvent. 
 
When Crown Cleaners used PERC, the electricity cost for the facility was $980 per 
month or $11,760 per year.  After the facility converted to the hydrocarbon solvent, the 
electricity cost was lower, at $800 per month or $9,600 per year. In both cases, the 
electricity bills also include facility lighting and cooling.  In addition to eliminating the 
need for detergent, use of the tonsil allows the cleaner to avoid distillation because the 
tonsil absorbs the oil. 
 
When Crown Cleaners used PERC, the gas bill was $450 per month or $5,400 per year.  
After the conversion to the hydrocarbon, the gas bill is slightly lower, at $425 per month 
or $5,100 per year. 
 
The cost of spotting labor is the same with the hydrocarbon solvent as it was with PERC.  
Spotting labor amounts to 60 hours per week or 3,120 hours per year.  At Crown’s labor 
rate of $10 per hour, the annual spotting cost is $31,200. 
 
The cost of finishing labor is also the same with the hydrocarbon solvent as it was with 
PERC.  The finishing labor with both solvents is 120 hours per week or 6,240 hours per 
year.  At the labor rate of $10 per hour, the annual cost of the finishing labor is $62,400. 
 
When the shop used PERC, the maintenance labor amounted to about 2.5 hours per week 
or 130 hours per year.  At the labor rate of $10 per hour, the cost of maintenance labor 
was $1,300.  With the hydrocarbon machine, the maintenance labor has been reduced to 
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about one hour per week or 52 hours per year.  At the labor rate of $10 per hour, the 
maintenance labor now amounts to $520 per year. 
 
When Crown used PERC, the shop replaced six filters every two months.  At a cost for 
each filter of $35, the annual cost of filter replacement was $1,260.  With the 
hydrocarbon process, Crown purchases one 55-pound bag of tonsil every two months.  At 
a cost of $117 per bag, the annual tonsil purchase amounts to $702.  The tonsil is 
combined with diatomaceous earth; the facility purchases 50 pounds per month.  At a 
cost of $30 per 50 pounds, the cost of the diatomaceous earth is $360 per year.  The total 
cost of the tonsil and diatomaceous earth is $1,062 annually. 
 
When the shop used PERC, compliance required five hours per week labor.  At a labor 
cost of $10 per hour, the annual compliance cost was $2,600.  Compliance costs with the 
hydrocarbon machines have been reduced to 15 minutes per day.  The annual compliance 
costs are now $650 per year. 
 
When PERC was used, the facility disposed of 110 gallons of hazardous waste every 
three months at a cost of $900.  The annual disposal cost was $3,600.  With the 
hydrocarbon, the facility disposes of two drums of hazardous waste every three months at 
a cost of $400.  The annual cost of disposal is $1,600. 
 
Table 3-3 shows the annualized cost comparison of using PERC and hydrocarbon for 
Crown Cleaners. 
 

Table 3-3 
Annualized Cost Comparison for Crown Drapery Cleaners 

       PERC  Hydrocarbon   
Annualized Capital Cost        -        $7,280 
Solvent Cost      $4,800        $3,544 
Detergent Cost     $5,720   - 
Electricity Cost              $11,760        $9,600 
Gas Cost      $5,400        $5,100 
Spotting Labor Cost              $31,200      $31,200 
Finishing Labor Cost              $62,400      $62,400 
Maintenance Labor Cost    $1,300           $520 
Maintenance Equipment Cost    $1,260        $1,062 
Compliance Cost     $2,600           $650 
Waste Disposal Cost     $3,600        $1,600   
Total Cost             $130,040    $122,956 
 
Cypress Natural Cleaners 
 
Cypress Natural Cleaners is located in Cypress, California.  The shop converted from the 
Valclene process which relies on CFC-113 to a wet cleaning process several years ago.  
The shop operates six days a week and cleans 31,200 pounds of clothing per year.  The 
costs of the Valclene process were not available. 
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When Cypress converted to wet cleaning, the shop purchased a 65 pound wet cleaning 
machine for $15,000.  This capital cost included installation.  Cypress also purchased 
tensioning equipment for finishing for $8,000.  The total capital cost amounted to 
$23,000.  Assuming a 15 year life for the equipment and a four percent cost of capital, the 
annualized capital cost is $1,595. 
 
Cypress uses about seven gallons of detergent, sizing and conditioner per month or 84 
gallons per year.  The average cost of the materials is $15 per gallon.  The annual 
detergent/supplies cost for the shop is $1,260. 
 
The facility pays $150 per month for electricity.  This amounts to an electricity cost of 
$1,800 per year. 
 
The cost of gas is $350 per month or $4,200 per year. 
 
Cypress spends 12 hours per week or 624 hours per year spotting.  Assuming a labor cost 
of $10 per hour, the annual spotting cost is $6,240. 
 
The shop spends 45 hours per week or 2,340 hours per year finishing the garments.  
Assuming a labor cost of $10 per hour, the annual finishing cost amounts to $23,400. 
 
Cypress spends one hour per week or 52 hours per year in maintenance labor.  At a labor 
rate of $10 per hour, the cost of maintenance labor is $520 per year. 
 
The facility does not purchase any maintenance equipment, does not generate waste and 
does not spend time on compliance. 
 
Table 3-4 presents the annualized costs for the wet cleaning process at Cypress. 
 

Table 3-4 
Annualized Costs for Cypress Natural Cleaners 

 
         Wet Cleaning   
Annualized Capital Cost           $1,595 
Detergent/Supplies Cost           $1,260 
Electricity Cost            $1,800 
Gas Cost             $4,200 
Spotting Labor Cost            $6,240 
Finishing Labor Cost          $23,400 
Maintenance Labor Cost              $520   
Total Cost           $39,015 
 
Doheny Dry Cleaners 
 
Doheny Cleaners, located in Hollywood, historically used PERC.  The PERC machine 
was retrofitted to use Green Earth.  The shop cleans 78,000 pounds of clothing per year. 
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The PERC machine was retrofitted to use Green Earth at a cost of $15,000.  Assuming a 
life for the equipment of 15 years and a four percent cost of capital, the annualized capital 
cost is $1,040. 
 
Doheny used five gallons per month or 60 gallons per year of PERC.  At a cost of $6.50 
per gallon, the annual PERC purchases amounted to $390.  Doheny uses four gallons per 
month or 48 gallons per year of Green Earth solvent.  At a cost of $16.50 per gallon, the 
cost of the solvent is $792. 
 
Doheny pays a licensing fee of $2,500 per year to use the Green Earth solvent. 
 
Doheny uses the same amount of detergent, eight gallons per month or 96 gallons per 
year, with Green Earth as with PERC.  At a cost of $30 per gallon for the detergent, 
Doheny’s detergent cost is $2,880 per year. 
 
Doheny’s electricity use has not changed with the conversion from PERC to Green Earth.  
The bill is $800 per month or $9,600 per year. 
 
When Doheny used PERC, the gas bill was $850 per month or $10,200 per year.  With 
Green Earth solvent, the gas bill increased to $1,000 per month or $12,000 per year. 
 
The spotting labor with PERC amounted to 40 hours per week or 2,080 hours per year.  
Assuming a labor rate of $12 per hour, the annual cost of the spotting labor is $24,960.  
Spotting labor has doubled with Green Earth to 80 hours per week or 4,160 hours per 
year.  Again, assuming a labor rate of $12 per hour, the cost of spotting labor is now 
$49,920 annually. 
 
When Doheny used PERC, the finishing and maintenance labor was 160 hours per week 
or 8,320 per year.  Using a labor rate of $12 per hour, the annual cost of finishing labor 
was $99,840.  After Doheny converted to Green Earth, the finishing and maintenance 
labor did not change. 
 
With PERC, Doheny changed out six filters every three months or 24 filters per year.  
Assuming a filter cost of $35, the maintenance equipment cost was $840 annually.  With 
Green Earth, Doheny changes out nine filters every three months or 36 filters per year.  
Again, assuming a cost of $35 per filter, the annual cost of filters is now $1,260. 
 
When Doheny used PERC, compliance labor amounted to two hours per week or 104 
hours per year.  At a labor rate of $12 per hour, the compliance cost was $1,248 per year.  
When the facility converted to Green Earth, the compliance cost was reduced by half to 
$624 annually. 
 
Waste disposal has not changed with the conversion to Green Earth.  Doheny generates 
one drum of filters every three months or four drums per year.  At a disposal cost of $300 
per drum, the waste disposal cost amounts to $1,200 annually. 
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Table 3-5 shows the cost comparison of PERC and Green Earth for Doheny. 
 

Table 3-5 
Annualized Cost Comparison for Doheny Dry Cleaners 

 
        PERC  Green Earth  
Annualized Capital Cost         -             $1,040 
Solvent Cost        $390          $792 
Licensing Fee           -       $2,500  
Detergent Cost               $2,880       $2,880 
Electricity Cost               $9,600       $9,600 
Gas Cost              $10,200     $12,000 
Spotting Labor Cost             $24,960     $49,920 
Finishing/Maintenance Labor Cost           $99,840     $99,840 
Maintenance Equipment Cost      $840       $1,260 
Compliance Cost               $1,248          $624 
Waste Disposal Cost               $1,200       $1,200  
Total Cost            $151,158   $181,656 
 
 
Fay Cleaners 
 
Fay Cleaners, located in Long Beach, California used PERC in the past and now has a 
wet cleaning machine.  When PERC was used at Fay, the shop processed 39,000 pounds 
of clothing per year.  The shop now processes the same amount of clothing, all through 
the wet cleaning process. 
 
Fay purchased a 45 pound wet cleaning machine for $52,000 and tensioning equipment 
for $10,000.  The installation cost for the machine was included in the $52,000 price.  
The cleaner received a $10,000 grant from the South Coast Air Quality Management 
District.  The net cost of the capital equipment was $52,000.  Assuming a 15 year life for 
the equipment and a four percent cost of capital, the annualized capital cost of the 
equipment is $3,605. 
 
Fay used five gallons of PERC per month or 60 gallons per year.  At a cost of $8 per 
gallon, the solvent cost was $480 annually. 
 
Fay did not purchase detergent when the PERC process was used.  The detergent 
requirement for the wet cleaning process is 15 gallons per month or 180 gallons per year.  
At a cost of $13 per gallon, the annual detergent cost is now $2,340. 
 
When Fay used PERC, the electricity cost was $300 per month or $3,600 per year.  The 
electricity cost has decreased to $200 per month or $2,400 per year with the wet cleaning 
process. 
 

 25



With PERC, the gas bill for Fay amounted to $250 per month or $3,000 per year.  With 
wet cleaning, the gas bill has increased to $350 per month or $4,200 per year. 
 
Spotting labor for Fay when PERC was used was 12 hours per week or 624 hours per 
year.  At a labor rate of $10 per hour, the spotting labor cost was $6,240 annually.  With 
wet cleaning, the spotting labor has increased to 15 hours per week or 780 hours per year.  
Again, assuming a labor rate of $10 per hour, the spotting labor cost is now $7,800 
annually. 
 
When Fay used PERC, the finishing labor and maintenance labor was 48 hours per week 
or 2,496 hours per year.  At a labor rate of $10 per hour, the finishing labor cost was 
$24,960.  After Fay converted to the wet cleaning process, the finishing labor and 
maintenance labor increased to 60 hours per week or 3,120 hours per year.  Using the 
labor rate of $10 per hour, the finishing labor cost is now $31,200. 
 
Fay indicates that no filters were used in the PERC machine so there was no maintenance 
equipment cost. 
 
The compliance requirement when Fay used PERC was one hour per week or 52 hours 
per year.  At a labor rate of $10 per hour, the compliance cost was $520 annually.  There 
are no compliance costs with wet cleaning. 
 
When Fay used PERC, the shop disposed of one 55 gallon drum every four months.  At a 
cost of $200 per drum, the annual disposal cost was $600.  There is no disposal 
requirement with wet cleaning. 
 
Table 3-6 shows the annualized cost comparison for PERC and wet cleaning for Fay. 
 

Table 3-6 
Annualized Cost Comparison for Fay Cleaners 

 
        PERC  Wet Cleaning  
Annualized Capital Cost          -       $3,605 
Solvent Cost        $480            - 
Detergent Cost           -       $2,340 
Electricity Cost               $3,600       $2,400 
Gas Cost                $3,000       $4,200 
Spotting Labor Cost               $6,240       $7,800 
Finishing/Maintenance Labor Cost           $24,960     $31,200 
Compliance Cost       $520            - 
Waste Disposal Cost       $600            -   
Total Cost              $39,400     $51,545 
 
Note:  The capital cost figure includes a $10,000 grant from SCAQMD. 
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Hangers Cleaners 
 
Hangers Cleaners, located in San Diego, California, operates with a 60 pound carbon 
dioxide machine.  The shop is a new location and PERC was not used there although the 
owner of the facility did use PERC at other locations in the past.  Hangers cleans 
approximately 117,000 pounds of clothing per year. 
 
The San Diego business purchased the Hangers franchise and the 60 pound machine for 
$25,000 and $150,000 respectively.  The franchise fee allows the San Diego Hangers 
facility to open other facilities in San Diego County.  The owner plans to open at least 
two other shops so only one-third of the franchise fee, or $8,333, is assumed to apply to 
this facility.  The shop also purchased a chiller for $15,000.  Installation was an 
additional $1,000.  The total capital investment amounted to $174,333.  Assuming a 
useful life for the equipment of 15 years and a four percent cost of capital, the annualized 
cost of the capital investment is $12,087. 
 
Hangers uses 20,790 pounds of carbon dioxide per year.  The Hangers owner indicates 
that he pays $1.80 per load of clothing processed or 3.6 cents per garment.  Assuming 
each garment on average is one pound, the annual cost of purchasing carbon dioxide is 
$4,212.  The shop also pays $125 per month or $1,500 per year for carbon dioxide 
storage containers.  The cost of using the carbon dioxide is $5,712 per year. 
 
Hangers purchases 520 gallons per year of detergent for addition to the carbon dioxide.  
Assuming the cost of the detergent of $24.36 per gallon, the annual cost of detergent 
amounts to $12,667. 
 
The cost of electricity is $2,000 per month or $24,000 per year.  The electricity cost 
includes air conditioning and lighting for the entire shop. 
The cost of gas at the facility is $900 per month or $10,800 per year. 
 
Spotting labor at Hangers is 10 hours per week or 520 hours per year.  At a labor cost of 
$11.50 per hour, the annual cost of spotting labor is $5,980. 
 
Finishing labor is 144 hours per week or 7,488 hours per year.  Assuming a finishing 
labor rate of $9 per hour, the cost of finishing labor is $67,392 per year. 
 
The maintenance labor at Hangers is one hour per week or about 52 hours per year.  At 
the maintenance labor rate of $11.50 per hour, the annual maintenance labor cost is $598. 
 
Hangers spends $1,800 per year for carbon filters and $417 per year for bag filters.  The 
total annual maintenance equipment cost amounts to $2,217. 
 
Hangers disposes of 45 gallons of waste every two months.  At a cost of $270 per pickup, 
the annual cost of disposal is $1,620. 
 
Table 3-7 shows the annualized costs for Hangers. 
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Table 3-7 
Annualized Costs for Hangers Cleaners 

 
         Carbon Dioxide  
Annualized Capital Cost              $12,087 
Carbon Dioxide Cost                 $5,712 
Detergent Cost               $12,667 
Electricity Cost               $24,000 
Gas Cost                $10,800 
Spotting Labor Cost                 $5,980 
Finishing Labor Cost               $67,392 
Maintenance Labor Cost        $598 
Maintenance Equipment Cost                $2,217 
Waste Disposal Cost                 $1,620   
Total Cost              $143,073 
 
Hollyway Cleaners 
 
Hollyway cleaners is located in Hollywood, California.  The shop has two 60 pound 
Green Earth machines.  In the past, Hollyway had two PERC machines, one a 35 pound 
machine and the other a 60 pound machine.  IRTA did not perform a cost analysis for 
Hollyway Cleaners because the data could not be verified.  A stand alone case study for 
the cleaner is included in Appendix B.  
 
Imperial Dry Cleaners & Lndry 
 
Imperial Dry Cleaners & Lndry is located in Los Angeles.  The shop has a 55 pound 
Feori wet cleaning machine, the so-called “icy water” technology, and a 55 pound PERC 
machine.  In the past, the shop had a 35 pound PERC machine and the 55 pound PERC 
machine that is still used.  This analysis compares the costs of using the two PERC 
machines on the one hand and the Feori machine and the PERC machine on the other 
hand.  Imperial cleans 312,000 pounds of clothing per year. 
 
Imperial purchased the 55 pound Feori machine for $29,500 and two dryers for $20,000 
each.  The dryers include technology that allows dry cleaning of clothing.  The 
installation cost amounted to $4,500.  Imperial did not believe they needed tensioning 
equipment with the icy water technology but did purchase it for $10,000 because it is 
required under the SCAQMD grant.  Imperial received a $10,000 grant from SCAQMD 
to help with the purchase of the equipment.  The total capital investment amounted to 
$74,000.  Assuming a useful life for the equipment of 15 years and a four percent cost of 
capital, the annualized capital cost is $5,131.  
 
When Imperial had two PERC machines, the shop used 60 gallons of PERC per month or 
720 gallons per year.  At a PERC price of $7 per gallon, the annual PERC cost was 
$5,040.  The cost of purchasing PERC currently is half the cost or $2,520 per year. 
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When Imperial used PERC exclusively, detergent use was 20 gallons per month or 240 
gallons per year.  At a cost of $14.50 per gallon, the annual detergent cost was $3,480.  
With the new wet cleaning machine, Imperial switched detergents and now uses eight 
gallons per month or 96 gallons per year of the PERC detergent.  At a cost of $30.80 per 
gallon, the PERC detergent cost is now $2,957 per year.  Imperial uses three gallons per 
week of detergent and one gallon per week of a degreaser for the wet cleaning machine.  
The cost of the detergent and the degreaser is $25 and $30 per gallon respectively.  On 
this basis, the supplies for the wet cleaning machine amount to $5,460 annually.  The 
total cost for the PERC and wet cleaning detergent is $8,417 per year. 
 
The electricity bill, at $2,000 per month or $24,000 per year, is the same as it was when 
the shop had two PERC machines. 
 
The gas bill, at $2,000 per month or $24,000 per year, has also remained the same. 
 
The spotting labor is the same as it was before.  It amounts to 60 hours per week or 3,120 
hours per year.  At a labor rate of $10 per hour, the annual spotting labor cost is $31,200. 
 
The finishing labor is also the same as it was previously.  It is 200 hours per week or 
10,400 hours per year.  At a labor rate of $10 per hour, the finishing labor cost is 
$104,000 per year. 
 
When Imperial used PERC exclusively, the maintenance labor was three hours per week 
or 156 hours per year.  At a labor rate of $10 per hour, the annual cost of maintenance 
amounted to $1,560.  The maintenance labor was cut in half when the facility purchased 
the wet cleaning machine so the cost is now $780 per year. 
 
When Imperial used PERC exclusively, both PERC machines used spin disc filters.  One 
cartridge filter was used to clean the whites.  The cartridge filter was changed out every 
six months or twice a year.  At a filter cost of $35, the annual maintenance equipment 
cost amounted to $70.  Imperial now cleans the whites in the wet cleaning machines and 
has no filters. 
 
The compliance cost for the facility has not changed.  Imperial devotes two hours per 
week or 104 hours per year to compliance.  At a labor rate of $10 per hour, the 
compliance cost amounts to $1,040 annually. 
 
When Imperial used PERC exclusively, the facility generated two 55 gallon drums of 
sludge waste every three months or eight drums per year.  The facility also generated one 
drum every six months or two drums a year of filter waste.  At a disposal cost of $275 per 
drum, the annual disposal cost was $2,750.  At this stage, Imperial generates one drum of 
waste every three months or four drums per year and has no filter waste.  At a disposal 
cost of $275 per drum, the yearly waste disposal cost is now $1,100. 
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Table 3-8 shows the annualized cost comparison for Imperial. 
 

Table 3-8 
Annualized Cost Comparison for Imperial Dry Cleaners & Lndry 

 
       PERC         PERC and Wet Cleaning 
Annualized Capital Cost         -   $5,131 
Solvent Cost      $5,040   $2,520 
Detergent Cost     $3,480   $8,417 
Electricity Cost              $24,000            $24,000 
Gas Cost               $24,000            $24,000 
Spotting Labor Cost              $31,200            $31,200 
Finishing Labor Cost            $104,000          $104,000 
Maintenance Labor Cost    $1,560      $780 
Maintenance Equipment Cost         $70         - 
Compliance Cost     $1,040   $1,040 
Waste Disposal Cost     $2,750   $1,100   
Total Cost             $197,140          $202,188 
 
Note:  The capital cost figure includes a $10,000 grant from SCAQMD. 
 
Larsen’s Cleaners 
 
Larsen’s Cleaners is located in Irvine, California.  The shop currently operates a 75 
pound Green Earth machine.  Larsen’s used Valclene for three years in 1990.  The shop 
converted to PERC and used the solvent for about 10 years.  About a year ago, the 
cleaner converted to Green Earth.  Larsen’s cleans about 54,000 pounds of clothing per 
year and this volume has not changed since the conversion to Green Earth. 
 
Larsen’s owner submitted information to the landlord on Green Earth cleaning and the 
landlord indicated that Green Earth was the preferred cleaning agent from an 
environmental perspective.  Larsen’s purchased a 75 pound machine for use with Green 
Earth for $80,000.  This price is for the machine, a cooling tower, tax, installation and 
freight.  Assuming a life for the machine of 15 years and a cost of capital of four percent, 
the annualized capital cost is $5,547. 
 
The dry cleaning facility previously used 70 gallons of PERC per year.  At a cost of $6 
per gallon, the annual cost of purchasing PERC amounted to $420.  Larsen’s now uses 
about 40 gallons of Green Earth each year at a cost of $17 per gallon.  The annual cost of 
purchasing the Green Earth solvent is $680. 
 
Larsen’s pays a licensing fee of $2,500 to use Green Earth. 
 
When the facility used PERC, Larsen’s purchased five gallon containers of detergent 
three or four times each year.  Assuming three five gallon containers per year and a cost 
of $30 per gallon for the detergent, the annual cost of the detergent amounted to $450.  
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With Green Earth, the shop uses the same amount of detergent but the cost is $45 per 
gallon.  On this basis, the annual cost of detergent with Green Earth is $675. 
 
The electricity cost for Larsen’s was $750 per month or $9,000 per year with PERC and 
this cost has not changed since the shop converted to Green Earth.  The gas cost of $800 
per month or $9,600 per year similarly did not change when the facility converted to the 
new solvent. 
 
When Larsen’s used PERC, the spotting labor amounted to nine hours per week or 468 
hours per year.  Assuming Larsen’s labor rate of $10 per hour, the annual cost of spotting 
with PERC was $4,680.  When the shop converted to Green Earth, the spotting labor 
approximately doubled to 18 hours per week or 936 hours per year.  Again, assuming the 
$10 per hour labor rate, the cost of spotting labor is now $9,360. 
 
The finishing labor with PERC was 39 hours per week or 2,028 hours per year.  At a 
labor rate of $10 per hour, the finishing labor cost was $20,280.  After the conversion to 
Green Earth, the finishing labor remained about the same as it was with PERC.  The 
finishing labor cost with Green Earth is also assumed to be $20,280. 
 
Maintenance labor at Larsen’s with PERC was one hour per week or 52 hours per year.  
At a labor rate of $10 per hour, the annual maintenance labor cost is $520.  The 
maintenance labor has doubled with Green Earth because there are filters that must be 
changed and the system must be cleaned more often.  Maintenance labor with the Green 
Eath is now $1,040. 
 
When Larsen’s used PERC, the machine had spin disk filters so there was no 
maintenance equipment cost.  The Green Earth equipment has three filters.  Although 
Larsen’s has not changed out the filters yet, the owner estimates they will be changed out 
every 12 months.  Assuming a price for filters of $35, the annual maintenance equipment 
cost is now $105. 
 
The compliance cost with PERC amounted to about one hour per week or 52 hours per 
year.  Assuming a labor rate of $10 per hour, the annual compliance cost was $520.  The 
compliance cost has been cut in half with Green Earth because there is less bookkeeping 
and reporting; it amounts to $260 annually. 
 
When Larsen’s used PERC, the shop generated one 55 gallon drum and one 16 gallon 
drum of hazardous waste per year.  The cost of disposal for the 55 gallon drum was $250 
and the cost of disposal for the 16 gallon drum was $75.  The total cost of disposal was 
$325.  Larsen’s waste disposal with the Green Earth is about the same as with PERC. 
 
Table 3-9 shows the annualized cost comparison of using PERC and Green Earth for 
Larsen’s Cleaners. 
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Table 3-9 
Annualized Cost Comparison for Larsen’s Cleaners 

       PERC  Green Earth  
Annualized Capital Cost        -      $5,547 
Solvent Cost        $420         $680 
Detergent Cost       $450                $675 
Licensing Fee          -      $2,500 
Electricity Cost               $9,000      $9,000 
Gas Cost                $9,600      $9,600 
Spotting Labor Cost               $4,680      $9,360 
Finishing Labor Cost             $20,280    $20,280 
Maintenance Labor Cost       $520      $1,040 
Maintenance Equipment Cost         -         $105 
Compliance Cost        $520         $260  
Waste Disposal Cost        $325         $325  
Total Cost               $45,795    $59,372    
 
Nature’s Best Cleaners 
 
Nature’s Best Cleaners is located in Alta Loma, California.  For several years, the store 
relied on perchloroethylene (PERC).  About five years ago, the facility converted to a wet 
cleaning process.  Nature’s Best cleans about 104,000 pounds of clothing per year. 
 
When the owner of Nature’s Best found out his site was contaminated, he decided to 
investigate alternatives to PERC.  He focused on wet cleaning.  He spent four years 
looking into equipment and processes and spent $450,000 on equipment before he settled 
on the equipment he uses today.  Because there is a learning curve with wet cleaning, the 
first year he used the wet cleaning process, he paid out $10,000 in damages.  At this 
stage, he has five stores and four of them have wet cleaning equipment and one has a 
hydrocarbon machine. 
 
Nature’s Best purchased a 42 pound wet cleaning machine for $36,000.  The shop spent 
an additional $16,000 on tensioning equipment and $15,000 for installation.  The total 
capital cost amounted to $67,000.  Assuming a 15 year life for the equipment and a four 
percent cost of capital, the annualized capital cost is $4,645. 
 
When Nature’s Best used PERC, the shop purchased 10 gallons per month or 120 gallons 
per year of the solvent.  At a cost of $6 per gallon, the total annual PERC purchases 
amounted to $720. 
 
When Nature’s Best used PERC, the shop paid $0.13 per load or $451 per year for 
detergent.  The shop now spends $0.06 per load or $173 per year for detergent for the wet 
cleaning process. 
 
The electricity cost when PERC was used was $600 per month or $7,200 per year.  The 
electricity cost now that wet cleaning is used is only $180 per month or $2,160 annually. 
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The gas cost with PERC amounted to $700 per month or $8,400 per year.  With wet 
cleaning, the gas cost is lower at $600 per month or $7,200 per year. 
 
When Nature’s Best used PERC, the spotting labor was 40 hours per week or 2,080 hours 
per year.  Assuming the shop’s labor cost of $10 per hour, the annual spotting labor cost 
is $20,800.  With wet cleaning, the spotting labor has decreased to 40 minutes per day or 
208 hours per year assuming the facility operates six days per week.  Assuming the labor 
rate of $10 per hour, the spotting labor cost is now $2,080. 
 
With PERC, Nature’s Best spent 80 hours per week or 4,160 hours per year finishing the 
garments.  At the labor rate of $10 per hour, the finishing labor cost amounted to 
$41,600.  The owner claims that finishing labor is the same with wet cleaning. 
 
When PERC was used, the maintenance labor was two hours per week or 104 hours per 
year.  Assuming the labor rate of $10 per hour, the maintenance labor cost was $1,040 
per year.  Maintenance labor with wet cleaning has remained the same. 
 
When the shop used PERC, eight filters were replaced every 20,000 pounds of clothing 
cleaned or about five times a year.  Assuming a cost of $35 per filter, the maintenance 
equipment cost was $1,400 per year.  There is no maintenance equipment cost with wet 
cleaning. 
 
With PERC, Nature’s Best spent about 15 minutes per day or 78 hours per year on 
compliance.  Assuming a labor cost of $10 per hour, the compliance cost was $780 per 
year.  There is no compliance cost with wet cleaning. 
 
When PERC was used, Nature’s Best disposed of one 55 gallon drum every three 
months.  At a cost of $250 per drum, the annual waste disposal cost amounted to $1,000 
per year.  There is no waste disposal cost with wet cleaning. Table 3-10 summarizes the 
cost comparison of PERC and wet cleaning for Nature’s Best. 

 
Table 3-10 

Annualized Cost Comparison for Nature’s Best Cleaners 
        PERC  Wet Cleaning 
Annualized Capital Cost          -         $4,645 
Solvent Cost         $720   - 
Detergent Cost        $451            $173 
Electricity Cost                $7,200         $2,160 
Gas Cost                 $8,400         $7,200 
Spotting Labor Cost              $20,800         $2,080 
Finishing Labor Cost              $41,600       $41,600 
Maintenance Labor Cost               $1,040         $1,040 
Maintenance Equipment Cost               $1,400   - 
Compliance Cost        $780   - 
Waste Disposal Cost                $1,000   -  
Total Cost               $83,391       $58,898 
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Royal Cleaners of Brentwood 
 
Royal Cleaners, located in Santa Monica, California, had a 55 pound PERC machine in 
the past and now has a 60 pound carbon dioxide machine.  The shop cleans 104,000 
pounds of clothing per year. 
 
Royal purchased a 60 pound carbon dioxide machine for $150,000.  The cost of a carbon 
dioxide storage tank was $5,000.  The installation cost was $25,000.  Royal also received 
a grant from the South Coast Air Quality Management District of $20,000.  The total 
capital cost was $160,000.  Assuming a 15 year life for the equipment and a cost of 
capital of four percent, the annualized cost of the equipment is $11,093. 
 
When Royal used PERC, the facility used 100 gallons per year.  At a cost of $6.50 per 
gallon, the annual cost of PERC was $650.  Royal uses 200 pounds of carbon dioxide per 
week or 10,400 pounds per year.  Assuming a cost of 18 cents per pound, the cost of 
carbon dioxide amounts to $1,872 per year. 
 
When Royal used PERC, the shop used one gallon per week or 52 gallons per year of 
detergent.  At a cost of $25 per gallon, the annual cost of detergent was $1,300.  With 
carbon dioxide, Royal uses two gallons of detergent per week or 104 gallons per year.  At 
a detergent cost of $40 per gallon, the annual detergent cost is now $4,160. 
 
With PERC, Royal’s electricity cost was $400 per month or $4,800 per year.  With 
carbon dioxide, the electricity cost has increased to $650 per month or $7,800 per year. 
 
The gas cost for the facility has not changed.  It amounts to $275 per month or $3,300 per 
year. 
 
With PERC, Royal’s spotting labor was 12 hours per week or 624 hours per year.  
Assuming a labor rate of $13 per hour, the annual spotting labor cost was $8,112.  The 
spotting labor cost with carbon dioxide has doubled to $16,224 per year. 
 
When Royal used PERC, the finishing labor was 144 hours per week or 7,488 hours per 
year.  At a labor rate of $13 per hour, the finishing labor cost was $97,344 per year.  
When Royal converted to carbon dioxide, the finishing labor cost did not change. 
 
With PERC, the maintenance labor amounted to one hour per week or 52 hours per year.  
At the labor rate of $13 per hour, the maintenance labor cost was $676 annually.  With 
carbon dioxide, normal maintenance labor is still one hour per week or 52 hours per year.  
Additional labor of one hour every two weeks for carbon dioxide filling is now required.  
The annual cost of maintenance labor is now $1,014 per year.  
 
When Royal used PERC, the shop replaced 12 filters every three months or 48 filters per 
year.  Assuming a cost of $35 per filter, the maintenance equipment cost was $1,680 per 
year.  There is no maintenance equipment cost with carbon dioxide. 
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The compliance costs with PERC and carbon dioxide are the same.  The shop spends 
three hours per week in compliance activities and two hours per month at meetings.  
Assuming a labor rate of $13 per hour, the annual compliance cost is $2,340. 
 
With PERC, Royal’s waste disposal costs amounted to $550 every three months or 
$2,200 per year.  Although Royal has not yet disposed of waste with the carbon dioxide, 
the shop expects to dispose of one drum every six months.  At a cost of $250 per drum, 
the waste disposal costs would total $500 per year. Table 3-11 shows the annualized cost 
comparison for Royal. 
 

Table 3-11 
Annualized Cost Comparison for Royal Cleaners of Brentwood 

        PERC          Carbon Dioxide 
Annualized Capital Cost          -      $11,093 
Solvent/Carbon Dioxide Cost       $650        $1,872 
Detergent Cost                $1,300        $4,160 
Electricity Cost                $4,800        $7,800 
Gas Cost                 $3,300        $3,300 
Spotting Labor Cost                $8,112      $16,224 
Finishing Labor Cost              $97,344      $97,344 
Maintenance Labor Cost       $676        $1,014 
Maintenance Equipment Cost               $1,680   - 
Compliance Cost                $2,340        $2,340 
Waste Disposal Cost                $2,200           $500  
Total Cost             $122,402    $145,647 
 
Note:  The capital cost figure includes a $20,000 grant from SCAQMD. 
 
Sterling Dry Cleaners 
 
Sterling Dry Cleaners, located in Westwood, California, operated with two 45 pound 
PERC machines for several years.  Almost three years ago, Sterling purchased two new 
hydrocarbon machines; one is a 60 pound machine and the other is a 90 pound machine.  
The store processes 254,800 pounds of clothing a year and operates seven days a week. 
 
The capital cost of the two new hydrocarbon machines amounted to $100,000 and this 
includes installation.  Assuming a 15 year machine life and a two percent cost of capital, 
the annualized capital cost is $6,933. 
 
When Sterling used PERC, the facility purchased 825 gallons per year.  Assuming a cost 
of $8 per gallon for PERC, the annual cost of solvent purchases amounted to $6,600.  
Sterling now purchases 330 gallons per year of the hydrocarbon solvent.  At a cost of $6 
per gallon, the solvent purchases are $1,980 per year. 
 
Sterling uses the same amount of detergent with the hydrocarbon solvent as with PERC.  
About 200 gallons of detergent are used annually.  At a cost of $25 per gallon, the annual 
detergent cost is $5,000. 
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When Sterling used PERC, the electricity cost for the shop was $21,100 and the gas cost 
was $19,100 per year.   After Sterling converted to the hydrocarbon, the electricity cost 
increased to $26,600 and the gas cost increased slightly to $21,800. 
 
When Sterling used PERC, the shop spent 80 hours per week or 4,160 hours per year 
spotting.  Assuming Sterling’s labor cost of $10.60 per hour, the annual spotting cost was 
$44,096.  Spotting labor did not change when the shop converted to the hydrocarbon 
process. 
 
With PERC, Sterling’s finishing labor totaled 264 hours per week or 13,728 hours per 
year.  Again assuming the labor rate of $10.60 per hour, the annual cost for finishing 
labor was $145,517.  Finishing labor with the hydrocarbon process has not changed. 
 
Maintenance labor at Sterling, at two hours per week or 104 hours per year, has not 
changed since the shop adopted the hydrocarbon process.  Assuming Sterling’s labor rate 
of $10.60 per hour, the annual maintenance labor cost amounts to $1,102. 
 
When Sterling used PERC, the shop replaced 14 filters per year.  Assuming a cost of $35 
per filter, the annual maintenance equipment cost amounted to $490. 
 
When Sterling used PERC, compliance with regulations required five hours per week or 
260 hours per year.  At a labor rate of $10.60 per hour, the annual compliance cost was 
$2,756.  Compliance costs since the facility converted to the hydrocarbon process remain 
the same. 
 
The cost of hazardous waste disposal for the facility has not changed.  The cleaner 
disposes of 110 gallons of hazardous waste every two months at a cost of $600.  The total 
annual cost is $3,600.  Table 3-12 shows the annualized cost comparison of PERC and 
hydrocarbon for Sterling. 
 

Table 3-12 
Annualized Cost Comparison for Sterling Dry Cleaners 

       PERC  Hydrocarbon   
Annualized Capital Cost         -        $6,933 
Solvent Cost      $6,600        $1,980 
Detergent Cost     $5,000        $5,000 
Electricity Cost              $21,100      $26,600 
Gas Cost               $19,100      $21,800 
Spotting Cost               $44,096      $44,096 
Finishing Cost             $145,517    $145,517 
Maintenance Labor Cost    $1,102        $1,102 
Maintenance Equipment Cost       $490   - 
Compliance Cost     $2,756        $2,756 
Waste Disposal Cost     $3,600        $3,600   
Total Cost             $249,361    $259,384   
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Sunny Fresh Cleaners 
 
Sunny Fresh Cleaners is located in San Marcos, California.  The shop opened about a 
year ago and uses the Pure Dry process.  Sunny Fresh Cleaners cleans about 31,200 
pounds of clothing per year. 
 
The cleaner purchased a 35 pound hydrocarbon machine that was specified by the Pure 
Dry process vendor.  The cost of the machine was $53,000 and installation was another 
$5,000.  Assuming a 15 year life for the equipment and a four percent cost of capital, the 
annualized capital cost is $4,021. 
 
Sunny Fresh uses 30 gallons per year of the Pure Dry solvent.  At a cost of $15 per 
gallon, the annual cost of solvent purchases amounts to $450. The shop uses no separate 
detergent. 
 
The combined cost of electricity and gas for Sunny Fresh is $500 per month or $6,000 
per year. 
 
Spotting labor at Sunny Fresh is two hours per week or 104 hours per year.  At the shop’s 
labor rate of $9.50 per hour, the annual spotting labor cost is $988.  Finishing labor at 
Sunny Fresh amounts to 48 hours per week or 2,496 hours per year.  Again, assuming a 
labor rate of $9.50 per hour, the annual cost of finishing labor is $23,712. 
 
Maintenance requires 0.5 hours per week or 26 hours per year.  Using the $9.50 per hour 
labor rate, annual maintenance labor is $247. 
 
Sunny Fresh replaces one filter every 1,500 pounds of clothing cleaned.  On this basis, 
the shop uses an average of 20.8 filters per year.  At a cost of $35 for each filter, the filter 
replacement cost is $728 per year. 
 
The shop generates one 55 gallon drum of waste every six months.  At a disposal cost of 
$250 per drum, the annual disposal cost amounts to $500.  Sunny Fresh has no 
compliance costs. Table 3-13 shows the annualized costs for Sunny Fresh. 
 

Table 3-13 
Annualized Costs for Sunny Fresh Cleaners 

          Pure Dry  
Annualized Capital Cost         $4,021 
Solvent Cost               $450 
Electricity and Gas Cost         $6,000 
Spotting Labor Cost              $988 
Finishing Labor Cost         $23,712 
Maintenance Labor Cost             $247 
Maintenance Equipment Cost             $728 
Waste Disposal Cost              $500  
Total Cost          $36,646  
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Village Dry Cleaners 
 
Village Dry Cleaners, located in Santa Clarita, California, uses a 35 pound Green Jet 
machine.  The shop cleans 31,200 pounds of clothing per year.  Village started up using 
the Green Jet process and PERC was never used there. 
 
Village purchased a 35 pound Green Jet machine for $17,000.  Installation was included 
in the price.  Assuming a 15 year life for the equipment and a four percent cost of capital, 
the annualized capital cost is $1,179. 
 
Village uses five gallons of detergent per month or 60 gallons per year in the Green Jet 
machine.  At a cost of $34 per gallon, the annual detergent cost amounts to $2,040. 
 
The shop pays $300 per month for electricity or $3,600 per year. 
 
Village pays $400 per month for gas or $4,800 per year. 
 
The spotting labor at Village amounts to three hours per day six days per week.  
Assuming a spotting labor rate of $10 per hour, the annual cost of spotting labor is $9,360 
per year. 
 
The finishing labor totals five hours per day six days per week.  Assuming a finishing 
labor rate of $10 per hour, the annual finishing labor cost is $15,600. 
 
Maintenance labor amounts to one hour per week or 52 hours per year.  At a labor rate of 
$10 per hour, the annual cost of maintenance labor is $520. 
 
Village estimates that routine equipment replacement amounts to $1,000 per year. 
 
Table 3-14 shows the annualized capital cost for Village’s Green Jet system. 
 

Table 3-14 
Annualized Costs for Village Dry Cleaners 

 
         Green Jet System  
Annualized Capital Cost            $1,179 
Detergent Cost             $2,040 
Electricity Cost             $3,600 
Gas Cost              $4,800 
Spotting Labor Cost             $9,360 
Finishing Labor Cost           $15,600 
Maintenance Labor Cost               $520 
Maintenance Equipment Cost            $1,000   
Total Cost            $38,099 
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RESULTS OF THE CASE STUDY ANALYSIS 
 
Table 3-15 summarizes the results of the case study analysis for 13 of the cleaners.  The 
first column lists the cleaner’s name.  The second column lists the technology used by the 
cleaner.  In some cases, where the cleaner used PERC prior to converting to the 
alternative technology, there are two entries, one for PERC and one for the alternative 
technology.  The third column provides the pounds of clothing cleaned annually by each 
cleaner.  The fourth column lists the annualized capital cost incurred by the cleaner in 
adopting the alternative technology.  Note that there are no capital costs for the PERC 
process and these are included later in the model plant analysis.  Columns five through 14 
show the annual cost figures for each of the operating cost items listed earlier.  Column 
15 shows the total cost including the contributions from both the capital and operating 
costs.  Column 16 shows the total cost per pound of clothing cleaned.  Finally, column 17 
shows the total operating cost per pound of clothing cleaned.  The values in column 17 
exclude the capital cost numbers which were included only for the alternative technology 
and not for PERC dry cleaning. 
 
IRTA included a facility, Hollyway Cleaners that converted from PERC to Green Earth 
in this document.  The cost information provided by Hollyway could not be verified so 
the cost analysis is not presented.  Since there are no cost data, Hollyway is not included 
in Table 3-15 . 
 
The values of Table 3-15 illustrate that spotting labor costs and finishing labor costs are a 
very large portion of the total costs that were considered here for nearly all cleaners.  
Utilities also represent a relatively high cost.  It is important to include these costs in a 
comparison of PERC and the alternatives to see if there are differences. 
 
IRTA believed it was important to include a large exclusive wet cleaner in the analysis to 
examine whether there might be differences between large and small wet cleaning 
facilities.  At the start of the project, IRTA visited a very large exclusive wet cleaner.  
This cleaner, however, decided he could not operate the facility in a cost effective manner 
with wet cleaning.  The only other large wet cleaner in the area is Nature’s Best.  This 
facility provided cost information that could not be verified.  The Nature’s Best 
information is provided in Table 3-15 but is not used in the subsequent analysis. 
 
Comparison of PERC With Alternative Technologies 
 
Table 3-16 summarizes some of the information from the larger Table 3-15.  It includes 
information from the seven facilities (excluding Nature’s Best and Hollyway Cleaners) 
that used PERC and then converted to one of the alternatives.  The facilities are presented 
in the table in order of decreasing pounds of clothing cleaned per year. 
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Table 3-16 
Annualized Cost Comparison of PERC and Non-PERC Alternatives 

 
Facility Technology   Pounds Total Cost    Total Cost   Operating Cost 
      Per Year      Per Pound       Per Pound  
 
Imperial     PERC 312,000 $197,140      $0.63      $0.63 
  PERC/icy  312,000 $202,188      $0.65      $0.63 
     water 
 
Sterling     PERC 254,800 $249,361      $0.98      $0.98 
  hydrocarbon 254,800 $259,384      $1.02      $0.99  
 
Crown      PERC 168,000 $130,040      $0.77      $0.77 
  hydrocarbon 168,000 $122,956      $0.73      $0.69 
 
Royal      PERC 104,000 $122,402      $1.18      $1.18 
          carbon dioxide 104,000 $145,647      $1.40      $1.29 
 
Doheny     PERC   78,000 $151,158      $1.94      $1.94 
           Green Earth   78,000 $181,656      $2.33      $2.32 
 
Larsen’s     PERC   54,000 $45,795      $0.83      $0.83 
           Green Earth   54,000 $59,372      $1.08      $0.98 
 
Fay      PERC   39,000   $39,400      $1.01      $1.01 
  wet cleaning   39,000   $51,545      $1.32      $1.23  
 
Five of the facilities increased their operating cost per pound cleaned through the 
conversion, one reduced the cost and the cost for one facility remained the same.  For 
those facilities that increased their cost, the cost increase ranged from about one percent 
for Sterling to 31 percent for Fay.  The magnitude of the cost increase for Fay excluding 
the equipment cost amounted to about $8,500 per year.  The data suggest that some 
cleaners will experience a cost increase in converting from PERC to an alternative but it 
is not a large cost increase. 
 
Large Cleaners 
 
Table 3-17 presents the costs for the large cleaning facilities, those cleaners that process 
more than 100,000 pounds of garments per year. 
 
The total cost per pound of clothing cleaned with PERC ranges from $0.63 to $1.18.  The 
total cost per pound of clothing cleaned for the alternatives ranges from $0.65 to $1.40.  
Royal and Hangers have the highest total cost per pound of clothing cleaned for the 
alternatives and both clean with carbon dioxide.  The equipment for use with carbon 
dioxide is more costly than the equipment for any of the other alternatives so this is not 
surprising.  Hangers and Royal also have the highest operating cost per pound of clothing 
cleaned for the alternatives.  Both Royal and Hangers are located in very high end areas 
and would be expected to charge higher prices for cleaning. 
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Table 3-17 
Annualized Cost Comparison for Large Cleaners 

Facility Technology   Pounds Total Cost    Total Cost   Operating Cost 
      Per Year      Per Pound       Per Pound  
 

Imperial     PERC 312,000 $197,140      $0.63      $0.63 
         PERC/icy water 312,000 $202,188      $0.65      $0.63 
 

Sterling     PERC 254,800 $249,361      $0.98      $0.98 
  hydrocarbon 254,800 $259,384      $1.02      $0.99  
 

Crown      PERC 168,000 $130,040      $0.77      $0.77 
  hydrocarbon 168,000 $122,956      $0.73      $0.69 
 

Hangers        carbon dioxide 117,000 $143,073      $1.22      $1.12 
 

Royal      PERC 104,000 $122,402      $1.18      $1.18 
          carbon dioxide 104,000 $145,647      $1.40      $1.29  
 
The total operating cost for the other facilities for the alternatives are all less than $1 per 
pound.  These large facilities are very efficient operations regardless of the technology 
they use. 
 
Small Cleaners 
 
Table 3-18 shows the costs for the small cleaning facilities, those cleaning less than 
100,000 pounds of clothing per year.  The total cost per pound of clothing cleaned and 
the operating cost per pound of clothing cleaned are more than $1 per pound for PERC 
and all other technologies with the exception of Larsen’s.  In general, the costs for the 
small facilities are higher than the costs for the large facilities with the exception of 
Hangers and Royal.  It is reasonable to assume that smaller facilities are less efficient 
than large facilities. 
 

Table 3-18 
Annualized Cost Comparison for Small Cleaners 

Facility Technology   Pounds Total Cost    Total Cost   Operating Cost 
      Per Year      Per Pound       Per Pound  
 

Doheny     PERC   78,000 $151,158      $1.94      $1.94 
           Green Earth   78,000 $181.656      $2.33      $2.32  
 

Larsen’s     PERC   54,000 $45,795      $0.83      $0.83 
           Green Earth   54,000 $59,372      $1.08      $0.98 
 

Blackburn’s    Rynex   46,800 $53,545      $1.14      $1.06  
 

Fay      PERC   39,000   $39,400      $1.01      $1.01 
  wet cleaning   39,000   $51,545      $1.32      $1.23  
 

Cypress          wet cleaning  31,200 $39,015     $1.25     $1.20 
 

Sunny Fresh  Pure Dry  31,200 $36,646     $1.17     $1.05 
 

Village  Green Jet  31,200 $38,099     $1.22     $1.18  
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Spotting and Finishing Labor Costs 
 
Table 3-19 shows the spotting and finishing labor costs for the facilities both for PERC 
and the alternative technologies.  In this table, the facilities are listed from largest to 
smallest in terms of pounds of clothing cleaned annually. 

 
Table 3-19 

Annualized Cost Comparison for Spotting and Finishing Labor Costs 
 
Facility Technology   Pounds Spotting Finishing Total Cost  
      Per Year       Labor Cost       Labor Cost    
 
Imperial     PERC 312,000   $31,200 $104,000 $197,140  
        PERC/icy water   312,000   $31,200 $104,000 $202,188  
 
Sterling     PERC 254,800   $44,096 $145,517 $249,361  
  hydrocarbon 254,800   $44,096 $145,517 $259,384 
 
Crown      PERC 168,000   $31,200   $62,400 $130,040  
  hydrocarbon 168,000   $31,200   $62,400 $122,956  
 
Hangers        carbon dioxide 117,000     $5,980   $67,392 $143,073  
 
Royal      PERC 104,000     $8,112   $97,344 $122,402  
          carbon dioxide 104,000   $16,224   $97,344 $145,647  
 
Doheny     PERC   78,000    $24,960   $99,840 $151,158  
            Green Earth   78,000    $49,920   $99,840 $181,656 
 
Larsen’s     PERC   54,000      $4,680   $20,280   $45,795 
            Green Earth   54,000      $9,360   $20,280   $59,372 
  
Blackburn’s    Rynex   46,800        $520   $15,600   $53,545  
 
Fay      PERC   39,000      $6,240   $24,960   $39,400  
  wet cleaning   39,000      $7,800   $31,200   $51,545  
 
Cypress          wet cleaning  31,200      $6,240   $23,400   $39,015  
 
Sunny Fresh  Pure Dry  31,200         $988   $23,712   $36,646  
 
Spotting labor costs range from one percent of total costs for Blackburn’s glycol ether 
process to 17 percent for Sterling’s hydrocarbon process.  The two Green Earth cleaners, 
Larsen’s and Doheny, experienced a doubling of spotting labor costs when they 
converted from PERC.  Hanger’s and Royal both have fairly low spotting labor costs 
with their carbon dioxide processes, four and eleven percent of total costs respectively.  
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Sunny Fresh, with the Pure Dry process, also has low spotting costs, at three percent of 
total costs.  The spotting costs for the cleaners that converted from PERC to hydrocarbon, 
Crown and Sterling, stayed the same. 
 
Finishing labor costs account for a significant fraction of total costs.  They range from 34 
percent of total costs for Larsen’s Green Earth cleaning process to 80 percent for Royal’s 
carbon dioxide costs.  When Larsen’s and Doheny converted from PERC to Green Earth 
cleaning, the finishing labor cost remained the same.  Finishing labor costs for Crown and 
Sterling remained the same when the shops converted from PERC to hydrocarbon.  When 
Fay converted to wet cleaning, the finishing labor cost increased somewhat.  When 
Imperial converted to icy water, the finishing cost stayed the same. 
 
As discussed earlier, owners and family members often perform spotting and finishing 
activities at small cleaning facilities.  Although these individuals are generally not paid 
for their work, their labor is a real cost for the facilities.  The spotting and finishing labor 
costs explicitly include the labor hours the owners and family members devote to spotting 
and finishing. 
 
Alternative Technology Cost Comparison 
 
Table 3-20 shows the cost comparison for all of the alternative technologies evaluated 
during the project in order of lowest to highest total cost per pound of clothing cleaned. 
 
The total cost per pound in Table 3-20 is lowest for the icy water technology.  Referring 
back to Table 3-15, the spotting labor cost and finishing labor cost for Imperial are lower 
than they are for other facilities on a per pound basis.  As mentioned earlier, spotting and 
finishing labor costs are the highest costs for the facilities analyzed.  Note also that 
Imperial has a PERC machine and an icy water machine in contrast to the other facilities 
that do not have a PERC machine. 
 
Crown has the second lowest total cost per pound in Table 3-20.  Referring back to Table 
3-15, this is because the cleaner is using hydrocarbon with tonsil.  There are no detergent 
costs and the utility costs are lower because the facility does not distill the solvent.  
Crown’s electricity and gas costs both declined when the facility converted from PERC 
to hydrocarbon.  Sterling, the other hydrocarbon facility that was analyzed, does not use 
tonsil and the electricity and gas costs increased after the conversion.  Even so, Sterling is 
a very efficient cleaner and the shop has the third lowest cost on a per pound basis. 
 
Larsen’s, a cleaner that converted from PERC to the Green Earth technology, has the 
fourth lowest total cost per pound.  Larsen’s did experience an increase in the spotting 
labor cost after the conversion to PERC but had no increase in finishing labor cost.  
Doheny, the other facility that converted to Green Earth cleaning, also experienced a 
substantial increase in spotting labor. 
 
The hydrocarbon and Green Earth solvents are both more gentle solvents than PERC.  
The industry is aware that, as a consequence, the spotting labor cost should increase when 
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these alternatives are adopted.  The spotting labor cost did not increase when Crown and 
Sterling converted to hydrocarbon but the spotting labor cost for Larsen’s and Doheny 
did increase upon conversion to Green Earth. 
 

Table 3-20 
Annualized Total Cost Comparison for Cleaners 

 
Facility Technology   Pounds Total Cost    Total Cost   Operating Cost 
      Per Year      Per Pound       Per Pound  
 
Imperial PERC/icy  312,000 $202,188      $0.65      $0.63 
     water 
 
Crown  hydrocarbon 168,000 $122,956      $0.73      $0.69 
 
Sterling hydrocarbon 254,800 $259,384      $1.02      $0.99 
 
Larsen’s Green Earth   54,000 $59,372      $1.08      $0.98  
 
Blackburn’s    Rynex   46,800 $53,545      $1.14      $1.06 
 
Sunny Fresh  Pure Dry  31,200 $36,646      $1.17      $1.05 
 
Hangers        carbon dioxide 117,000 $143,073      $1.22      $1.12 
 
Village  Green Jet  31,200 $38,099      $1.22      $1.18  
 
Cypress            wet cleaning  31,200 $39,015      $1.25      $1.20 
 
Fay  wet cleaning   39,000 $51,545       $1.32      $1.23 
 
Royal           carbon dioxide 104,000 $145,647       $1.40      $1.29  
 
Doheny Green Earth   78,000 $181,656       $2.33      $2.32  
 
Blackburn’s, using the Rynex technology, has the fifth lowest cost.  The facility does not 
use detergent because of the good cleaning ability of the glycol ether.  The spotting labor 
cost is very low, again because the solvent cleans oil based and water soluble soils 
effectively.  The reason Blackburn’s is not the lowest cost technology is because the shop 
has a very high maintenance labor cost.  This labor cost is high because the solvent 
contains water which boils over during distillation.   
 
Sunny Fresh, with the Pure Dry process, has the sixth lowest cost.  The shop does not use 
detergent and has a relatively low spotting labor cost. 
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Hangers and Village have the next highest cost.  Hangers uses the carbon dioxide 
technology which has a high equipment cost.  The cost of the carbon dioxide technology 
is also fairly high but the spotting labor cost is low.  The electricity cost for Hangers is 
very high, primarily because the facility is air conditioned; most cleaning facilities in 
southern California are not air conditioned.  Village uses the Green Jet technology which 
is not an aggressive cleaning method.  The detergent costs and the spotting labor costs for 
this technology are high.  The finishing labor cost is low because the garments are not 
immersed in water but, rather, are misted with a mixture of water and detergent. 
 
The next two highest cost facilities are Cypress and Fay, which use the traditional wet 
cleaning process.  The spotting labor cost with wet cleaning is slightly higher than with 
PERC and the finishing labor cost is higher than with PERC.  Since spotting and 
finishing labor costs represent a significant portion of total costs for cleaners, the total 
cost per pound for traditional wet cleaning facilities is slightly higher. 
 
Royal, a facility using carbon dioxide, has the next highest cost.  As was the case for 
Hangers, the equipment cost and the cost of carbon dioxide are high.  The finishing labor 
cost is high for Royal. 
 
The highest cost facility is Doheny, a cleaner using the Green Earth technology.  
Doheny’s total cost per pound is high both when the facility used PERC and after the 
conversion to the Green Earth solvent.  Spotting costs are high for the facility because the 
Green Earth technology is not very aggressive.  The facility also has high finishing costs 
compared with other facilities.  
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IV.  HEALTH AND ENVIRONMENTAL EFFECTS OF ALTERNATIVES AND 
OTHER ISSUES AFFECTING THEIR USE 

 
 
This section focuses on the health and environmental impacts of the alternatives to PERC 
dry cleaning.  The section first presents some information on the toxicity of the 
alternatives and then discusses the results of an analysis project IRTA conducted with the 
Los Angeles County Sanitation Districts (LACSD).  Finally, the section discusses the 
grant programs established in California to assist cleaners in adopting the alternatives   
 
TOXICITY/ENVIRONMENTAL EFFECTS OF ALTERNATIVES 
 
From an overall health standpoint, traditional wet cleaning, the icy water technology, the 
Green Jet technology and carbon dioxide cleaning are the best technologies.  The first 
three of these technologies rely on water containing detergent as the cleaning medium.  
The detergent is low in toxicity.  Carbon dioxide is not toxic but it is classified as a global 
warming gas.  Use of the carbon dioxide dry cleaning process, however, does not result in 
a net gain of global warming gases.  The carbon dioxide is taken from other processes 
where it would otherwise be emitted.   
 
The other alternative cleaning processes rely on chemicals to perform the cleaning.  At 
the request of CARB, the Office of Environmental Health Hazard Assessment (OEHHA) 
is evaluating the toxicity of the alternative solvents used in this industry.  OEHHA is 
reviewing the existing toxicity information for the hydrocarbon used in the hydrocarbon 
and Pure Dry processes, the glycol ether used in the Rynex process and a chemical called 
D5 that is used in the Green Earth cleaning process. 
 
The Occupational Safety and Health Administration (OSHA) has not established an 
exposure limit for the hydrocarbon which is used in the hydrocarbon dry cleaning 
process.  The chemical is an isoparaffin and, as the MSDS shown in Appendix A 
indicates, Exxon Mobil recommends an exposure limit for the chemical of 171 ppm.  The 
isoparaffin is classified as a VOC which contributes to smog.   
 
A similar hydrocarbon is used in the Pure Dry process.  In addition, as discussed earlier 
in Section II, the process also has two chemical additives, a perfluorocarbon or PFC for 
flash point suppression and a hydrofluoroether (HFE) which is used to enhance drying.  
The PFC and, to a smaller extent, the HFE, contribute to global warming.  PFCs have 
been banned in industrial cleaning applications by EPA because of their high global 
warming potential. 
 
The MSDS for Rynex indicates that it is a mixture of azeotropes of substituted aliphatic 
glycol ethers.  The Rynex Principal was issued a patent (U.S. Patent Application 
20020083531) for dry cleaning solvents containing a mixture of dipropylene glycol ter-
butyl ether (DPTB) and water on July 4, 2002.  Lyondell offers a mixture of 90 percent 
DPTB and two other glycol ethers called DPTB-90.  This may be the glycol ether used in 
the Rynex process.  OSHA has not established an exposure level for the chemical and 
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Lyondell does not recommend one on the MSDS.  DPTB is classified as a VOC which 
contributes to smog. 
 
D5 is not classified as a VOC and is exempt from VOC regulations.  As indicated on the 
MSDS shown in Appendix A, GE Silicones, one of the manufacturers of D5, 
recommends an exposure level for the solvent of 10 ppm which is much lower than the 
level for most other solvents.  This level is apparently based on liver toxicity observed in 
animal toxicity tests.  According to the MSDS, “these biochemical pathways are more 
sensitive in rodents than in humans.”  OEHHA evaluated the data and found there were 
increases in liver weight for male and female rodents.  On this basis, the agency 
calculated a proposed chronic reference exposure level of 46 ppb for D5.    
 
The D5 MSDS indicates that, in a chronic toxicity and carcinogenicity inhalation study in 
rats, “a statistically significant increase in the trend for uterine endometrial tumors was 
observed in female rats exposed for 24 months at the highest dose level of 160 ppm.”  
The MSDS also states that “whether or not this increase in incidence is truly related to the 
exposure to D5 is questionable and yet to be determined.”  The toxicity testing of D5 has 
been completed and submitted to OEHHA in California for evaluation. 
 
ANALYSIS OF WASTE STREAMS 
 
For the EPA and CARB project, IRTA and LACSD conducted an investigation of some 
of the waste streams of the alternative technologies.  IRTA collected samples from 
appropriate facilities using the alternative technologies and LACSD analyzed the samples 
in their lab.  The protocol for the sampling and analysis program is described below and 
the results of the analysis are presented and discussed. 
 
Protocol for Sampling and Analysis Program 
 
The waste streams generated in the PERC dry cleaning process include the distillation 
still bottom, filtration waste, separator water and lint.  Under RCRA, spent PERC 
solutions are listed hazardous wastes.  Thus, waste streams that are derived from PERC 
are classified as hazardous wastes and must be disposed of properly.  Dry cleaners 
generally dispose of their PERC-containing waste as hazardous wastes and they are 
transported by registered hazardous waste haulers.  In some cases, separator water is 
handled differently.  It can be evaporated and most cleaners use this method of disposal. 
 
No work has been done to date to characterize the waste streams from the PERC dry 
cleaning alternative processes.  IRTA and LACSD decided to perform a limited 
investigation.  Waste streams from the PERC chemical alternatives including 
hydrocarbon, glycol ethers, D5 and carbon dioxide are not listed hazardous wastes under 
RCRA so they would not automatically be classified as hazardous wastes.  After the 
cleaning process, the wastes could contain metals at high enough concentrations that the 
stream would be classified as hazardous waste.  Title 22 of the California Health and 
Safety Code of Regulations defines Soluble Threshold Limit Concentration (STLC) for 
various metals.  Wastes with STLCs above their respective STLC are classified as 
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hazardous waste.  IRTA and LACSD decided to analyze the waste streams for copper, 
lead, nickel and zinc.  The still bottoms and separator water from the alternative cleaning 
processes were analyzed for soluble metals.  The STLCs for the four selected metals are 
shown in Table 4-1. 
 

Table 4-1 
STLC Levels in Title 22 for Certain Metals 

 
   Substance   STLC (milligrams per liter)  
 Copper and/or copper compounds         25 
 Lead and/or lead compounds         5.0 
 Nickel and/or nickel compounds         20 
 Zinc and/or zinc compounds        250    
 
California also has additional criteria for waste streams.  If the waste exhibits the toxicity 
characteristic by being aquatically toxic, it is classified as hazardous waste.  This 
involves exposing fathead minnows for 96 hours to a sample of the waste and calculating 
the LC-50, which is the concentration of waste at which 50 percent of the fish die.  A 
waste exhibits the characteristic of toxicity due to its aquatic toxicity if it has an acute 96-
hour LC-50 less than 500 milligrams per liter.  The smaller the LC-50 value, the more 
toxic to fish is the waste.  The LACSD lab tested the still bottoms from the distillation 
process from the hydrocarbon, glycol ether, Green Earth and carbon dioxide processes 
and the separator water from the hydrocarbon, glycol ether and Green Earth processes.  
The carbon dioxide process does not generate separator water. 
 
The still bottoms and separator water from the chemical alternative processes were also 
tested for toxic volatile and semi-volatile organics.  These are organics, including 
chlorinated solvents like PERC, that are considered to be toxic. 
 
IRTA and LACSD also developed a protocol to test the effluent from wet cleaning 
processes.  Both the wash and the rinse effluent from four wet cleaning facilities were 
sampled.  The samples were analyzed for the same metals identified above.  They were 
also tested for toxic organic compounds and for aquatic toxicity. 
 
Results of the Chemical Alternative Process Sampling 
 
IRTA sampled the distillation still bottoms and separator water at one hydrocarbon 
facility, one Green Earth cleaning facility and one glycol ether cleaning facility.  Table 4-
2 shows the results of the analysis of the distillation still bottom samples collected from 
facilities using the alternative chemical processes. 
 
The values of Table 4-2 show that in only one case did the metals concentration exceed 
the allowed STLC.  The STLC for lead is 5.0 milligrams per liter according to Table 4-1.  
The lead concentration found in the still bottoms from the Green Earth process was 5.18 
which exceeds the STLC.  The source of the lead concentration is unknown.   
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Table 4-2 

Alternative Chemical Process Analysis Results--Still Bottoms 
 
Process      Soluble Metals (milligrams per liter)          Aquatic Toxicity LC-50 
  Copper       Lead Nickel  Zinc  (milligrams per liter)  
Hydrocarbon    0.62      < 5.00   < 1  36.2   > 750 
Green Earth    1.32        5.18   < 1  15.9    123 
Glycol Ether     6.4      < 5.00   < 1  38.4    97.6 
Carbon Dioxide     -          -      -     -      61   
 
The values of Table 4-2 also show that the aquatic toxicity LC-50 was higher than the 
threshold cutoff level for the hydrocarbon process.  This means that the still bottoms from 
the hydrocarbon process do not exhibit the characteristic of toxicity due to its aquatic 
toxicity.  In contrast, the still bottoms from the Green Earth, glycol ether and carbon 
dioxide processes did exhibit aquatic toxicity since the LC-50 values were all less than 
500 milligrams per liter.  This indicates that the still bottoms from these processes would 
be hazardous wastes whereas the still bottoms from the hydrocarbon process would not 
be hazardous wastes. 
 
In the carbon dioxide process, the still bottoms are composed of the contaminants from 
the cleaning process and residual detergent.  There is likely to be very little carbon 
dioxide in the still bottoms since carbon dioxide is a gas at room temperature.  The source 
of the aquatic toxicity is likely to be the concentrated detergent.  In earlier studies on 
water-based cleaners, IRTA and LACSD found that certain surfactants exhibit aquatic 
toxicity because they can penetrate the fishes gills.  Some surfactants are aquatically toxic 
before they are used but are not after they have been used for cleaning.  Other surfactants 
are not aquatically toxic before they are used but are after they have been used for 
cleaning.  In this instance, the detergent used by the cleaner where the sampling was 
conducted clearly was aquatically toxic after it was used for cleaning. 
 
Table 4-3 shows the results of the analysis of the separator water samples collected from 
the same facilities.  Note that no separator water sample was collected from the carbon 
dioxide facility since separator water is not generated in the cleaning process. 
 

Table 4-3 
Alternative Chemical Process Analysis Results--Separator Water 

 
Process      Soluble Metals (milligrams per liter)          Aquatic Toxicity LC-50 
  Copper       Lead Nickel  Zinc  (milligrams per liter)  
Hydrocarbon    1.46         0.3  < 0.2  0.46   > 750 
Green Earth     1.3        < 4   < 4            < 1.0   > 750 
Glycol Ether   11.4        < 2   < 2   2.5   > 750  
   
The values of Table 4-3 illustrate that the concentrations of soluble metals in the 
separator water from the alternative chemical processes were all lower than the STLCs 
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specified in Table 4-1.  The values also show that the separator waters from the three 
processes did not exhibit the characteristic of toxicity due to its aquatic toxicity.  This 
indicates that the separator water from the alternative processes will not be hazardous 
wastes.  Since many cleaners use evaporators for the separator water, this practice could 
simply be continued.   
 
It is not surprising that the separator waters for the three alternative processes were not 
aquatically toxic whereas the still bottoms for two of the processes--Green Earth and 
glycol ether cleaning--were aquatically toxic.  Separator water, if the physical separation 
has been performed properly, is very dilute in the chemicals of interest.  In contrast, there 
can be higher concentrations of the dry cleaning chemical in still bottoms.  
 
The analysis results for both the still bottoms and the separator water for the alternative 
chemical processes showed that there were no toxic volatile and semi-volatile organics 
that exceeded the detection limits.  The samples were very dirty, however, and the 
LACSD lab had to dilute them extensively so the analysis could be performed.  Thus the 
fact that no toxic volatile and semi-volatile organics were detected does not necessarily 
mean they were not present in the samples.  They may have even been present at levels 
that exceeded regulatory limits. 
 
Results of the Wet Cleaning Process Sampling 
 
Two different rounds of sampling were conducted for the wet cleaning effluent analysis.  
In the first round, samples were collected from the wash and rinse water in the process.  
They were analyzed for the same four metals listed above and for toxic volatile and semi-
volatile organics.  Table 4-4 presents the results of the analysis. 
 

 
The results indicate that in all four cases, the wash and rinse samples did not contain 
metal concentrations that exceeded the STLCs.  The results of the analysis for toxic 
volatile and semi-volatile organics indicated that in three cases, wet cleaner #1, wet 
cleaner #2 and wet cleaner #4, PERC or trichloroethylene (TCE) were found.  TCE, like 
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PERC, is a chlorinated solvent with very good cleaning capability for oil based stains.  
Like PERC, TCE is classified as a Toxic Air Contaminant in California.  No other toxic 
organics were found in the effluent streams.  Concentrations of PERC exceeding 0.7 
milligrams per liter and concentrations of TCE exceeding 0.5 milligrams per liter are 
classified as hazardous waste.  It is illegal to discharge hazardous waste to the sewer. 
 
IRTA investigated further to determine the origin of the PERC and TCE in the wet 
cleaning effluents.  Wet cleaner #1 and wet cleaner #4 had both a PERC dry cleaning 
machine and a wet cleaning machine when the samples were taken.  Wet cleaner #2 and 
wet cleaner #3 had only wet cleaning machines when the samples were taken.  At wet 
cleaner #1 and #4, the cleaners may have cleaned certain garments first in the PERC 
machine and then in the wet cleaning machine.  PERC could have remained on the 
garments during the wet cleaning and was discharged in the effluent stream.  One of these 
facilities, wet cleaner #4, also uses spotting chemicals containing PERC.  Another 
explanation for the presence of PERC is that in facilities with both PERC and wet 
cleaning machines, the PERC may simply be present in the air and discharge streams.  
Wet cleaner #2 was using a spotting chemical that contained TCE so the origin of the 
TCE in the effluent stream is clear.   
 
During the second round of effluent testing at the four wet cleaning facilities, the samples 
were again analyzed for PERC and TCE.  In addition to the toxic organics, all four wash 
and rinse streams were also analyzed for aquatic toxicity.  It is illegal to discharge 
hazardous waste so if the wet cleaning effluent streams exhibited aquatic toxicity, the 
effluent would have to be captured and disposed as hazardous waste. 
 
Table 4-5 presents the results of the second round of wet cleaning effluent testing. 
 

Table 4-5 
Wet Cleaning Effluent Results--Second Round Analysis 

 
      Cleaner  Toxic Organics (microgram per liter)  Aquatic Toxicity 
        PERC   TCE          (milligrams per liter) 
           wash     rinse  wash      rinse wash     rinse   
Wet Cleaner #1           480    < 100  510     < 100 > 750    > 750 
Wet Cleaner #2          < 20      < 20 < 20      < 20 > 750    > 750 
Wet Cleaner #3         < 200     < 200         < 100     < 100 > 750    > 750 
Wet Cleaner #4 83        82  < 20      < 20 > 750    > 750  
 
Before the second round of effluent sampling, wet cleaner #1 had removed its PERC 
machine.  In addition, the spotting and finishing supervisor at wet cleaner #1 left the 
facility and a new supervisor was hired.  The values of Table 4-5 show that the effluent 
from this facility still contained PERC and it also contained TCE.  It is likely that the 
PERC and TCE are present in spotting chemicals used by the new spotting supervisor.  
Wet cleaner #2 stopped using the TCE spotting chemical and TCE was not found in the 
effluent.  Wet cleaner #4 still had a PERC machine but did not put the garments through 
the PERC machine first during the sampling.  Even so, the effluent from this shop 
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showed a small concentration of PERC.  The PERC could be present in spotting 
chemicals. 
 
Table 4-5 shows that the wash and rinse effluents from all four of the wet cleaning 
facilities did not exhibit aquatic toxicity.  As discussed earlier, it is likely the 
concentrated detergent in the carbon dioxide still bottom caused the still bottom to exhibit 
aquatic toxicity.  The wet cleaning effluent is more dilute than the still bottom from the 
carbon dioxide facility so even if the detergents contribute to the toxicity, they might not 
be present in sufficient concentration to cause a problem.  It might also be that the 
facilities that participated in the sampling did not happen to use detergents that cause 
aquatic toxicity. 
 
Summary of Sampling Results 
 
Still bottom samples from four dry cleaning facilities using chemical alternatives to 
PERC were analyzed for certain metals, toxic organics and aquatic toxicity.  Lead that 
exceeded hazardous waste cutoff levels was found in the still bottoms from the Green 
Earth facility.  No toxic organics were found in the still bottoms.  The still bottom from 
the hydrocarbon facility did not exhibit aquatic toxicity but the still bottoms from the 
Green Earth, glycol ether and carbon dioxide facilities did exhibit aquatic toxicity. 
 
Separator water samples from three dry cleaning facilities using chemical alternatives to 
PERC were analyzed for certain metals, toxic organics and aquatic toxicity.  In all cases, 
the metals concentrations and the toxic organic concentrations were below detection 
limits.  In all three cases, the separator water did not exhibit aquatic toxicity. 
 
The wash and rinse effluents from four wet cleaning facilities were analyzed for certain 
metals, toxic organics and aquatic toxicity in two rounds of sampling.  None of the 
samples contained metals concentrations that exceeded hazardous waste levels.  PERC 
and/or TCE were found in the effluent from three of the wet cleaning facilities.  In some 
cases, the concentrations of these toxics exceeded hazardous waste levels.  The origin of 
the TCE and at least some of the PERC is spotting chemicals that are used to prespot 
garments.  A few of the facilities had both wet cleaning and PERC machines and the 
PERC may have been entrained in garments cleaned in the wet cleaning machine.  The 
analysis indicated that effluent samples from all four facilities did not exhibit aquatic 
toxicity despite the presence of PERC and/or TCE.   
 
OTHER ISSUES 
 
Three other issues may affect the decisions cleaners make in switching to the alternatives.  
First, the SCAQMD modified their PERC dry cleaning rule on December 6, 2002 to 
phase out the use of PERC dry cleaning machines by December 31, 2020.  In the South 
Coast Basin, where about half the PERC dry cleaners in California operate, cleaners have 
begun adopting alternatives.  The SCAQMD regulation requires that by November 1, 
2007, all PERC machines must have both primary and secondary controls.  The CARB 
survey data indicates that only about one-third of the statewide dry cleaners currently 
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operate machines with secondary controls.   Some cleaners may adopt an alternative 
system instead of buying a new PERC machine with secondary control.  The SCAQMD 
regulation also requires dry cleaners to meet certain risk limits.  Most cleaners with a 
PERC machine will not meet the limit and this may also spur conversion to alternative 
processes.  CARB is evaluating the state regulation to determine if it should be 
strengthened.  If CARB adopts a more stringent regulation or decides to phase out PERC 
dry cleaning, many dry cleaning facilities in the rest of the state would eventually convert 
to alternative processes. 
 
Second, two programs have been established to provide grants to encourage cleaners to 
convert to alternative technologies.  SCAQMD implemented a financial assistance 
program for PERC dry cleaners for purchasing equipment for use with the alternatives.  
The District provided grants to cleaners of $20,000 for carbon dioxide cleaning, $10,000 
for wet cleaning and $5,000 for hydrocarbon or glycol ether cleaning.  No grants are 
provided for the Green Earth technology pending evaluation by OEHHA on the toxicity 
of the solvent.  The SCAQMD has used all of the original funds in the program at this 
time but may allocate additional funds to the program in the future. 
 
CARB is also establishing a grant program under the auspices of Assembly Bill 998 (AB 
998), the Non-Toxic Dry Cleaning Incentive Program.  AB 998 requires CARB to 
develop and administer a fee-funded grant and demonstration program.  CARB began 
assessing a fee of $3 a gallon on the manufacturers and importers of PERC for dry 
cleaning operations on January 1, 2004.  The fee is designed to increase by $1 per gallon 
per year from 2005 to 2013 until it reaches $12 per gallon.  The majority of the fees will 
be used to provide $10,000 grants to assist dry cleaners in switching to non-toxic and 
non-smog forming cleaning technologies.  The technologies evaluated here that are 
eligible for grants include carbon dioxide, traditional wet cleaning, icy water and Green 
Jet.  The hydrocarbon and glycol ether technologies are not eligible for grants under this 
program because they are VOCs and contribute to smog formation.  The Green Earth 
technology is also not eligible for grants; the solvent is not classified as a VOC but there 
are toxicity issues that remain to be resolved. 
 
Third, the fee on PERC required by AB 998 is making it more expensive for dry cleaners 
to continue using PERC.  Cleaners may be induced to adopt the alternatives if they are 
unwilling to accept the increase in operating costs.  For the case studies of facilities 
analyzed here, if the $12 per gallon price increase were used in the analysis comparing 
PERC and the alternative, some facilities would show a lower operating cost for the 
alternative than with PERC.  These facilities include Imperial, Hollyway and Sterling.  
This issue is considered further in the model plant analysis in the next section. 
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V.  MODEL PLANT ANALYSIS 
 
 
This section presents the results of a model plant analysis conducted during the project.  
This analysis is based on the information gathered during visits to 32 facilities using the 
alternative technologies and on the more detailed analysis for the 14 case study facilities.  
The aim of the model plant analysis is to characterize two typical PERC facilities, a small 
and a large facility, and evaluate the cost to these facilities of adopting the alternatives.  
The purpose of the model plant analysis is to generalize the costs of using an alternative 
technology to the industry as a whole.  The information is useful for making decisions but 
it also may have limitations.  It is largely based on the 14 case study facilities that were 
analyzed in this project.  Other facilities using alternative technologies that were not 
analyzed might have different experiences and costs.  The assumptions and the results of 
the model plant analysis are presented and discussed below. 
 
MODEL PLANT DESCRIPTION 
 
Based on the data collected from the facilities during the project, IRTA developed two 
model plants.  The small model plant is a PERC dry cleaner that cleans 40,000 pounds of 
clothing annually.  The large model plant is a PERC dry cleaner that cleans 100,000 
pounds of clothing annually.  Additional assumptions are presented below. 
 
Small PERC Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 
 •  35 pound dry-to-dry closed loop machine with secondary control 
 •  27 loads per week or 1,380 loads per year 

•  purchased machine for $41,087 based on CARB survey data and paid $2,500 
for installation 
•  60 gallons of PERC used annually.  Cost of PERC assumed to be $10 per 
gallon. 

 •  50 gallons of detergent used annually.  Cost of detergent assumed to be $25 per 
 gallon. 
 •  annual electricity cost of $3,600 based on similar sized case study plants 
 •  annual gas cost of $3,000 based on similar sized case study plants 

•  spotting labor of 2.46 hours per day and $10 per hour labor cost based on 
similar sized case study plants.  Annual cost amounts to $6,400. 

 •  finishing labor of 9.85 hours per day and $10 per hour labor cost based on 
 similar sized case study plants.  Annual cost amounts to $25,600. 

•  Maintenance labor of one hour per week based on similar sized case study 
plants.  Annual cost amounts to $520. 

 •  Maintenance equipment cost assumed to be zero since the facility uses spin disk 
 filters. 
 •  Compliance labor of one hour per week at $10 per hour based on similar sized 
 case study plants.  Annual cost amounts to $520. 

•  Shop generates two drums of waste at a disposal cost of $275 per drum based 
on case studies of similar size.  Annual disposal cost amounts to $550. 
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Large PERC Model Plant Assumptions 
 
 •  50 pound dry-to-dry closed loop machine with secondary control 
 •  43 loads per week or 2,222 loads per year 

•  purchased machine for $48,481 based on CARB survey data and paid $2,500 
for installation 

 •  110 gallons of PERC used annually.  Cost of PERC assumed to be $10 per 
 gallon. 

•  125 gallons of detergent used annually.  Cost of detergent assumed to be $25 
per gallon. 

 •  annual electricity cost of $7,500 based on similar sized case study plants that do 
 not have air conditioning or computers.  PERC machine rated at 29 kW.  
 •  annual gas cost of $3,400 based on similar sized case study plants 
 •  spotting labor of five hours per day and $10 per hour labor cost based on similar 
 sized case study plants.  Annual cost amounts to $13,000. 
 •  finishing labor of 19 hours per day and $10 per hour labor cost based on  similar 
 sized case study plants.  Annual cost amounts to $49,400. 
 •  Maintenance labor of two hours per week based on similar sized case study 
 plants.  Annual cost amounts to $1,040. 
 •  Maintenance equipment cost assumed to be zero since the facility uses spin disk 
 filters. 
 •  Compliance labor of two hours per week at $10 per hour based on similar sized 
 case study plants.  Annual cost amounts to $1,040. 

•  Shop generates four drums of waste at a disposal cost of $350 per drum based 
on case studies of similar size.  Annual disposal cost amounts to $1,400. 

 
Model Plant Analysis of Plants Using Alternative Technologies 
 
Appendix C includes the detailed assumptions for the small and large model plants using 
the alternative technologies.  In general, the assumptions were based on the practices of 
similar sized facilities using the alternative technologies. 
 
Results of Model Plant Analysis 
 
Table 5-1 presents the results of the model plant analysis for the small facility that cleans 
40,000 pounds of clothing annually.  IRTA did not analyze the icy water technology for 
the case of the small plant.  IRTA did not analyze the Pure Dry technology separately 
because it is considered a derivative of the hydrocarbon process.  IRTA did not analyze 
the carbon dioxide technology for the small plant case; because of the high capital cost, it 
was assumed that small cleaners would not adopt the technology.  The values for the 
PERC plant are shown as the first row in the table.  
 
The values of Table 5-1 show that the hydrocarbon process that uses tonsil is the lowest 
cost alternative technology.  In fact, the annual cost of using this process is lower than the 
annual cost of using PERC.  The equipment cost for the process is about the same as the 
equipment cost for a PERC machine because the machine does not require a distillation  
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unit.  Many facilities using tonsil do not purchase detergent and their electricity and gas 
costs are lower than the electricity and gas costs of a PERC facility because distillation of 
the solvent is not necessary. 
 
The annual cost of using Green Jet is also lower than the annual cost of using PERC.  The 
cost of the Green Jet equipment is low.  The electricity and gas cost for the process are 
lower than the electricity and gas cost of a PERC plant.  The spotting labor is higher than 
the spotting labor for the PERC plant because Green Jet is not an aggressive cleaning 
method.  The finishing labor is lower than the finishing labor for PERC because the 
garments are not immersed in water so they are not wrinkled. 
 
The third lowest cost alternative process is hydrocarbon and the annual cost per pound of 
clothing cleaned is slightly higher than the same cost for the PERC process.  Electricity 
and gas costs are somewhat higher than for the PERC process and spotting and finishing 
labor costs are the same as the costs for PERC. 
 
The fourth lowest cost alternative technology is the Green Earth cleaning method.  The 
electricity and gas costs are higher than they are for the PERC process because the cycle 
time is longer and the solvent does not dry as readily as PERC.  The spotting labor cost is 
twice as high as the spotting labor cost for PERC, but the finishing labor cost is lower. 
 
The fifth lowest cost alternative technology is traditional wet cleaning.  The equipment 
cost is lower than the equipment cost for PERC.  The detergent cost for the wet cleaning 
process is higher.  The electricity cost for wet cleaning is lower than the electricity cost 
for PERC but the gas cost is higher.  Both the spotting labor cost and the finishing labor 
cost are somewhat higher than for PERC. 
 
The sixth lowest cost alternative technology is the glycol ether process.  There is no 
detergent cost for this technology.  Electricity and gas costs are higher than for PERC 
because the solvent has a high boiling point which requires a longer cycle time and more 
drying time.  The spotting labor cost is very low because the solvent can clean oil and 
water soluble stains.  The maintenance labor cost for the glycol ether process is very high 
because of the separation problem of water and the glycol ether. 
 
The total annual cost of using five of the alternative technologies--hydrocarbon, 
hydrocarbon with tonsil, Green Jet, Green Earth cleaning and wet cleaning--are 
comparable to the total annual cost of using PERC.  The cost of using the glycol ether is 
31 percent higher than the cost of using PERC.  In terms of absolute value, the cost of 
using the glycol ether is about $14,000 per year more than the cost of using PERC. 
 
Table 5-2 presents the annualized costs of the large model plant which cleans 100,000 
pounds of clothing per year.  IRTA did not analyze the costs of the large model plant for 
the Green Jet technology, the glycol ether technology or the Pure Dry technology.IRTA 
did not analyze the costs of the large model plant for wet cleaning; it was assumed that 
the labor cost would be too high to allow efficient operation for a large cleaner. 
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The first row of Table 5-2 summarizes the annualized costs for the large PERC model 
plant.  As was the case for the small model plant, the lowest cost alternative technology is 
the hydrocarbon technology with tonsil.  The cost per pound cleaned for this technology 
is lower than the cost per pound cleaned with PERC.  Three of the other alternative 
technologies--hydrocarbon, Green Earth and the icy water technology--are only slightly 
higher on a cost per pound basis than PERC cleaning.  The equipment cost and detergent 
cost of the icy water technology are higher than for PERC.  These are offset, to some 
extent, by lower costs for compliance and waste disposal.  The spotting and finishing 
labor cost for the icy water technology are equivalent to the spotting and finishing labor 
costs for PERC.  The cost per pound for carbon dioxide is higher than the cost per pound 
of the other technologies.  The cost for carbon dioxide is higher than the cost for PERC 
primarily because of higher capital equipment costs and higher spotting labor costs.  
 
The cost per pound cleaned for hydrocarbon with tonsil is about six percent lower than 
the cost per pound for PERC.  The cost per pound for hydrocarbon is about two percent 
higher than the cost per pound for PERC.  This translates into slightly more than $2,000 
per year.  The cost per pound of the icy  water technology is about five percent higher 
than for PERC or about $5,000 annually.  The  cost  per  pound  of  the  Green Earth 
technology is seven percent higher than the cost per pound for PERC; this translates into 
about $6,000 annually.  The cost per pound for carbon dioxide is 34 percent higher than 
the cost per pound for PERC; this amounts to $34,000 annually.  
 
LIMITATIONS OF MODEL PLANT ANALYSIS 
 
As mentioned earlier, the model plant analysis conducted here is heavily based on the 
specific case study plants that were studied in this project.  Other facilities using the 
alternative technologies could have different costs.  In certain cases, the glycol ether and 
the icy water technology, there is only one facility in California currently using the 
technology.  Furthermore, the facility using the icy water technology has a PERC 
machine as well.  For the large model plant analysis, IRTA was not able to use the data 
from the one facility using traditional wet cleaning that is large.  The values provided by 
the cleaner could not be verified.  
 
COST IMPLICATIONS OF PERC PRICE INCREASE AND GRANT PROGRAMS 
 
In the model plant analysis, IRTA used a price of $10 per gallon for PERC.  CARB 
increased the fee on PERC in August, 2004 by $3 per gallon.  The price of PERC is now 
reported to be $19 per gallon which is higher than the $3 per gallon fee would cause.  In 
the case of ozone depleting substances, Congress placed a tax on the materials to 
discourage use.  The price increased much further than the tax, apparently because of 
market uncertainty.  A similar effect seems to be observed in the dry cleaning industry 
with PERC.  In the years to come, as the fee is raised each year, the market price of 
PERC in the dry cleaning industry could increase much further than the fee would 
suggest.   
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The increase in the price of PERC will change the cost comparison for the small and 
large model plant analyses presented in Tables 5-1 and 5-2.  In the small model plant, for 
example, the plant uses 60 gallons of PERC annually.  The model plant assumed a cost of 
$10 per gallon for PERC.  The cost is $19 per gallon currently and it will increase one 
dollar each year until 2013.  Assuming a cost of $25 per gallon for the analysis, the 
annual costs for the small model plant will increase from $45,062 to $45,962.  Making 
the same assumption, for the large model plant, which uses 110 gallons of PERC 
annually, the annualized cost would increase from $84,540 to $86,190.  This raises the 
cost per pound of clothing cleaned for the small model plant from $1.13 to $1.15.  It 
raises the cost per pound of clothing cleaned for the large model plant from $0.85 to 
$0.86. 
    
In the model plant analysis, in the case of the small model plant, the hydrocarbon 
alternative with tonsil has a lower cost per pound of clothing cleaned than PERC.  The 
same holds true in the case of the large model plant.  SCAQMD provided grants of 
$5,000 to cleaners who adopted the technology.  Although SCAQMD has exhausted the 
funds in their grant program, they may allocate funds in the future for this purpose.  
CARB does not provide grants for the technology.  For a small or large cleaner located in 
the South Coast Basin, the cost of using the hydrocarbon alternative with tonsil would be 
reduced even further below the cost of using PERC.  Assuming SCAQMD starts another 
grant program and that the $5,000 grant is annualized over the 15 year period at a four 
percent cost of capital, the total annualized cost for the small and large model plants 
would be reduced by $347.  
 
The Green Jet technology has a lower cost per pound of clothing cleaned than PERC for 
the small model plant.  SCAQMD did not provide grants for this technology but CARB 
does provide $10,000 grants.  A CARB grant to purchase the Green Jet equipment would 
reduce the total annualized cost of the Green Jet process by $693.  This technology was 
not evaluated for the large model plant. 
 
In both the small and large model plant analysis, the total annualized cost of the 
hydrocarbon technology without tonsil taking into account the price increase in PERC is 
higher than the total annualized cost for PERC.  For the small model plant, the annualized 
cost of hydrocarbon is $46,255 compared with $45,962 for PERC.  For the large model 
plant, the total annualized cost of hydrocarbon at $86,810 is lower than the annualized 
cost for PERC of $86,190, taking into account the PERC price increase.  CARB does not 
provide grants for the hydrocarbon process.  The SCAQMD grant program provided 
$5,000 in grants to cleaners that adopted the hydrocarbon process.  For a cleaner located 
in the South Coast Basin, a grant from SCAQMD would reduce the total annualized cost 
of the hydrocarbon process without tonsil by $347.  For a cleaner in another part of the 
state, the annualized cost of the hydrocarbon without tonsil for the small plant would be 
slightly higher than the annualized cost for PERC.  The annualized cost of the 
hydrocarbon without tonsil for the large model plant would be lower than the annualized 
cost of using PERC. 
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The Green Earth technology for the small and large model plants has a higher cost per 
pound of clothing cleaned than PERC.  For the small model plant, the cost of the Green 
Earth technology is $1.23 per pound which can be compared with the cost of PERC of 
$1.15 per pound.  For the large model plant, the cost of the Green Earth technology is 
$0.91 per pound whereas the cost of PERC is $0.86 per pound.  SCAQMD did not and 
CARB does not provide grants for the technology pending analysis by OEHHA on the 
toxicity of the compound.  The cost of the Green Earth technology for both the small and 
large model plant would be higher than the cost of PERC. 
 
The glycol ether technology has a higher cost per pound of clothing cleaned than does 
PERC for the small model plant.  The cost of the glycol ether technology is $1.48 per 
pound whereas the cost of PERC is $1.13 per pound for the small model plant.  Cleaners 
that wish to adopt this technology would receive a grant of $5,000 from SCAQMD if the 
agency reinstituted the grant program but would not receive a grant from CARB.  For a 
cleaner in the South Coast Basin, the cost of adopting the glycol ether technology would 
still be higher than for PERC for the small model plant. The technology was not analyzed 
for the large model plant. 
 
The icy water technology, in the case of the large model plant, has a higher total 
annualized cost, $89,470, than does PERC at $86,190.  This technology was eligible for 
$10,000 grants from SCAQMD and from CARB.  A cleaner replacing a PERC machine 
with the icy water technology in the South Coast Basin could receive grant funding of 
$20,000.  Amortizing the grant funding over a 15 year period with a cost of capital of 
four percent, the total annualized cost for the icy water technology would be reduced to 
$88,083.  A cleaner replacing a PERC machine in another part of the state could receive 
grant funding of $10,000, reducing the total annualized cost of the technology to $88,777. 
 
The total annualized cost for traditional wet cleaning, at $49,347, is higher than the 
annualized cost for PERC of $45,962 for the small model plant.  In the South Coast 
Basin, a cleaner received grants of $10,000 from SCAQMD and could receive a grant of 
$10,000 from CARB.  The annualized cost of wet cleaning for the small model plant 
would amount to $47,960 which is still slightly higher than the annualized cost for PERC.  
Outside the South Coast Basin, the total annualized cost would be $48,654, again higher 
than the annualized cost for PERC.  
 
For the large model plant, the annualized cost of carbon dioxide amounts to $113,956 
compared with PERC at $86,190.  In the South Coast Basin, a cleaner could obtain a 
$20,000 grant from SCAQMD if the program were reinstituted and a $10,000 grant from 
CARB..  In the South Coast Basin, the grants would reduce the carbon dioxide 
annualized cost to $111,876 and outside the Basin, the annualized cost would be 
$112,571.  The large carbon dioxide model plant would still have higher costs than the 
large PERC model plant. 
 
Table 5-3 presents the results of the cost analysis for the alternative technologies taking 
into account the increased PERC price of $25 per gallon and the grants provided by 
SCAQMD and CARB. 
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The values of Table 5-3 show that a small cleaner in the South Coast Basin would reduce 
their cost per pound of clothing cleaned by converting to hydrocarbon with tonsil or the 
Green Jet technology.  Their cost would remain about the same if they converted to 
hydrocarbon.  Conversion to the Green Earth technology would result in a seven percent 
increase.  Conversion to traditional wet cleaning would result in a four percent increase.  
Conversion to the glycol ether technology would result in a 28 percent increase. 
 
The values show that a large cleaner in the South Coast Basin would reduce their cost per 
pound of clothing cleaned by converting to hydrocarbon with tonsil.  A cleaner would 
have about the same cost for hydrocarbon without tonsil as for PERC.  The cost of icy 
water and Green Earth are only slightly higher than the cost for PERC.  The cost per 
pound of clothing cleaned in the South Coast Basin is about 30 percent higher for carbon 
dioxide than for PERC.  
 

Table 5-3 
Annual Cost Comparison of Alternative Technologies With Higher PERC Price and 

Under Grant Program 
 
Process    Annualized Cost Per Pound     
    No Grant  CARB Grant           CARB and  
                   SCAQMD Grants   
 
Small Plant 
    PERC          $1.15      $1.15     $1.15 
    hydrocarbon with tonsil     $1.08      $1.08     $1.07 
    Green Jet       $1.10      $1.09     $1.09 
    hydrocarbon      $1.16      $1.16     $1.15 
    Green Earth       $1.23      $1.23     $1.23 
    wet cleaning      $1.23      $1.22     $1.20 
    glycol ether       $1.48      $1.48     $1.47 
 
Large Plant 
    PERC       $0.86      $0.86     $0.86 
    hydrocarbon with tonsil     $0.80      $0.80     $0.80 
    hydrocarbon      $0.87      $0.87     $0.86 
    icy water       $0.89      $0.89     $0.88 
    Green Earth       $0.91      $0.91     $0.91 
    carbon dioxide      $1.14      $1.13     $1.12   
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VI.  SUMMARY AND CONCLUSIONS 
 
 
PERC is the most widely used solvent today in the dry cleaning industry.  The chemical 
is coming under increased scrutiny by regulatory agencies, it has contaminated many dry 
cleaning sites and landlords are reluctant to renew leases in locations where PERC dry 
cleaning is used.  As a consequence, cleaners in California are increasingly adopting 
alternative technologies for cleaning. 
 
This document focuses on the alternative cleaning technologies.  Viable alternatives that 
were evaluated in this project are those technologies cleaners have adopted in place of 
PERC dry cleaning.  The technologies that were assessed include: 
 •  Hydrocarbon 
 •  Pure Dry 
 •  Green Earth 
 •  Glycol Ether 
 •  Traditional Wet Cleaning 
 •  Icy Water 
 •  Green Jet 
 •  Carbon Dioxide 
 
IRTA analyzed the performance and cost of the alternatives in 14 case study facilities.  
Nine of these facilities converted from PERC to one of the alternative technologies.  The 
costs for the PERC and alternative process were evaluated and compared.  Five of the 
facilities started up operation with a new technology and the costs for the new 
technologies were evaluated.  Stand alone case studies were developed for each of the 14 
facilities. 
 
For some of the case study facilities, the costs of the alternatives are comparable or lower 
than the costs for PERC dry cleaning.  These include the icy water technology, 
hydrocarbon with tonsil and hydrocarbon.  The Green Earth technology has a slightly 
higher cost than PERC dry cleaning and carbon dioxide and traditional wet cleaning both 
have higher costs than PERC dry cleaning for the case study plants.  The large cleaners 
that clean 100,000 pounds of clothing per year or more are more efficient, regardless of 
the technology used than small cleaners that clean less than 100,000 pounds of clothing 
annually.  Spotting and finishing labor costs for all case study facilities account for a 
significant fraction of the total costs.  Thus, changes in the spotting and finishing labor 
for the alternative technologies influence the cost strongly. 
 
Technologies that use detergent and water--traditional wet cleaning, Green Jet, icy water-
-and carbon dioxide have an advantage from an overall health standpoint.  OEHHA is 
evaluating the toxicity of the chemical alternatives including hydrocarbon, Green Earth 
and glycol ether technologies. 
 
The project involved sampling various waste streams from facilities using the alternative 
processes. LACSD analyzed the still bottoms and separator water from one cleaner each 
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using the hydrocarbon, Green Earth and glycol ether processes.  LACSD also analyzed 
the still bottom from one cleaner using the carbon dioxide process.  Lead that exceeded 
the hazardous waste limit was found in the Green Earth still bottom sample.  Still bottoms 
from three of the samples--Green Earth, glycol ether and carbon dioxide--exhibited 
aquatic toxicity which indicates they are classified as hazardous waste.  The still bottom 
from the hydrocarbon facility did not exhibit aquatic toxicity.  None of the separator 
water samples exhibited aquatic toxicity.  LACSD found no toxic volatile and semi-
volatile organics in any of the samples above detection limits. 
 
Four wet cleaning effluent samples were analyzed for volatile and semi-volatile toxic 
organics and aquatic toxicity.  None of the samples exhibited aquatic toxicity but three of 
the samples contained PERC and/or TCE.  The presence of PERC and TCE indicates that 
the effluent may be classified as hazardous waste and cannot be discharged to the sewer.  
In some cases, the likely source of the PERC and TCE is spotting chemicals.  Additional 
work on alternative spotting chemicals is required to resolve this issue. 
 
The results of the sampling and analysis are interesting but they also have limitations.  
First, samples were taken from only a few facilities and they may not represent the 
industry as a whole.  Second, some of the samples required substantial dilution before 
they could be analyzed because they were so dirty.  This indicates that the toxics may 
have been present but after dilution, they did not remain at detection levels. 
 
IRTA developed two model plants based on the information obtained from the case study 
facilities.  The model plant analysis was intended to provide information on the 
alternative technologies to cleaners that wish to convert from PERC dry cleaning to one 
of the alternative technologies.   Two model plants were analyzed, one a small cleaner 
cleaning about 40,000 pounds of clothing per year and the other a large cleaner cleaning 
about 100,000 pounds of clothing per year.  The effects of the increased price of PERC 
and the grant programs offered by SCAQMD and CARB were factored in to the analysis. 
 
The findings of the model plant analysis indicate that after taking into account price 
increases in PERC and the grants, cleaners with small plants would have lower or 
comparable costs if they converted from PERC to hydrocarbon with tonsil, hydrocarbon 
or Green Jet.  They would have slightly higher costs if they converted to Green Earth or 
traditional wet cleaning.  Converting from PERC to the glycol ether was more costly than 
PERC.  Large cleaners would have lower or comparable costs if they converted from 
PERC to hydrocarbon with tonsil or hydrocarbon.  Such facilities would have slightly 
higher costs if they converted to icy water or Green Earth.  The costs to a large facility 
for converting from PERC to carbon dioxide would be higher. 
 
The model plant analysis conducted during this project has limitations.  First, the analysis 
is based on the information IRTA acquired from the case study plants using the 
alternative technologies.  These case study facilities have certain experiences and costs 
and other facilities using the alternative technologies may have different experiences and 
costs.  The analysis generalizes from the case study plants to the industry as a whole and 
is based on a limited number of plants.  Second, there may be a learning curve in using 
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the alternative technologies, particularly not-in-kind technologies like traditional wet 
cleaning and carbon dioxide cleaning.  Some of the case study plants that were analyzed 
had been using the alternatives for less than a year.  The costs for some technologies are 
likely to decline over time as the cleaners adjust to the new practices. 
 
Table 6-1 summarizes and compares certain features of PERC dry cleaning and the 
alternative technologies based on the results of the case studies and the model plant 
analyses.  The table lists PERC and each of the alternative technologies in the first 
column.  The table classifies the cleaning capability of each technology as aggressive, 
gentle or, in one case, very gentle.  Three cost elements are compared in Table 6-1.  The 
spotting labor cost, the finishing labor cost and the capital equipment cost for each 
technology is ranked as high, medium or low.  The final two columns in the table identify 
other issues—advantages and disadvantages—of each of the technologies. 
 
The project findings indicate that a number of viable alternatives to PERC dry cleaning 
are available and are being used by cleaning facilities in California.  The costs of the 
technologies, in some cases, are lower or comparable to PERC dry cleaning.  The costs of 
some of the technologies are higher than the cost of using PERC dry cleaning.  It is worth 
noting that all of the owners of the case study facilities analyzed during the project 
indicated they were pleased with the alternative technology they had adopted.  This was 
true even for technologies where the cleaner had a higher cost.  This indicates that 
cleaners throughout California can convert successfully to the alternative technologies. 
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Appendix A 
Material Safety Data Sheets 
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MSDS for Hydrocarbon Solvent 
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MSDS for Tonsil 
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MSDS for Pure Dry Solvent 
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MSDS for Green Earth Solvent 
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MSDS for Rynex
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MSDS for Detergent Used in Icy Water and Green Jet Technologies 
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Appendix B 
Stand Alone Case Studies 
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BLACKBURN’S TOWN & COUNTRY CLEANERS STARTS UP WITH RYNEX 
 
 
Bob Blackburn, owner of Blackburn’s Town & Country Cleaners in Porterville, 
California, started up his operation with a new perchloroethylene (PERC) alternative 
called Rynex.  The shop has been operating for about a year.  Mr. Blackburn has been 
involved in the dry cleaning industry and operated PERC equipment for many years; he 
has taught dry cleaning techniques for the last several years. 
 
When Mr. Blackburn was considering opening a new facility, he decided he did not want 
to use PERC.  He investigated alternatives and was very interested in the Rynex process 
which uses a propylene glycol ether as the cleaning agent.  He arranged to visit a dry 
cleaner in New York who had been using the process for some time.  “I was very 
impressed with the Rynex process when I saw how well it worked for the New York dry 
cleaner,” says Mr. Blackburn. 
 
Mr. Blackburn purchased a Bergparma machine, the machine recommended by the 
Rynex supplier.  He has been happy with the Rynex cleaner but has had to modify the 
machine in many ways since it was installed.  “Equipment maintenance should take about 
one hour per day,” says Mr. Blackburn.  “Instead, maintenance labor is much higher, at 
21 hours a week.” 
 
Mr. Blackburn has found that Rynex is a good cleaner and does not need detergent to 
clean the clothing effectively.  He does no pre-spotting and only a little post-spotting.  
Says Mr. Blackburn, “the finishing with the Rynex solvent is about the same as it is for 
PERC.”    
 
The cycle with Rynex is longer, at about one hour and 10 minutes, than the 45 minute 
cycle for a PERC machine.  The Rynex solvent takes longer to dry than PERC.  The 
longer cycle is not a problem because the shop only runs about four loads per day and 
cleans 46,800 pounds of clothing a year. 
 
“I like the Rynex solvent very much,” says Mr. Blackburn.  “It’s a forgiving solvent and 
an excellent cleaner.” 

 
Annualized Costs for Blackburn’s Town & Country Cleaners 

 
           Cost 
Annualized Capital/Installation Cost               $4,125 
Cleaner Cost          $780 
Electricity Cost               $12,000 
Gas Cost                  $9,600 
Spotting Labor Cost         $520 
Finishing Labor Cost               $15,600 
Maintenance Cost               $10,920 
Total Cost                $53,545 
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CROWN DRAPERY CLEANERS SUCCESSFULLY CONVERTS TO THE 
HYDROCARBON DRY CLEANING PROCESS 

 
Crown Drapery Cleaners is located in Huntington Beach, California.  The current owner, 
Matt Borgerson, managed the shop for many years and purchased it from the owner a few 
years ago.  The shop had two 55 pound perchloroethylene (PERC) machines and Mr. 
Borgerson replaced them with two 35 pound hydrocarbon machines over a year ago. 
Crown cleans 168,000 pounds of clothing annually. 
 
“I didn’t want to use PERC anymore,” said Mr. Borgerson.  “When I bought the shop,  
there was PERC contamination and I cleaned up the site.  The PERC machines were 18 
years old and I didn’t want to replace them with new PERC machines.  I did some 
research and decided to go with the hydrocarbon process  I bought high speed extract 
machines which have a shorter cycle time than the PERC.”  The hydrocarbon machines 
have a 35 minute cycle time and Mr. Borgerson was able to buy hydrocarbon machines 
with less capacity than the PERC machines. 
 
Crown uses an absorbent material called Tonsil which scavenges dyes when they bleed, 
makes distillation unnecessary and allows the shop to avoid the use of detergent.  “I save 
almost $6,000 per year in detergent costs,” says Mr. Borgerson.  “I don’t have to do 
messy distillations and I never have to clean the water separator.”  Crown’s gas bills went 
down when Crown adopted the hydrocarbon process even though Mr. Borgerson added a 
new washer and hot water heater.  The electricity bill is also lower even though Mr. 
Borgerson added two chillers when he purchased the hydrocarbon machines.  “I like the 
tonsil very much,” he says.  “I would recommend it to everyone.” 
 
“A lot of industry people told me spotting would take longer because the hydrocarbon is 
not as aggressive as PERC,” says Mr. Borgerson.  “I was surprised to find my spotting 
labor is the same with the new process as it was with PERC.” 
 
“The hydrocarbon process is better for the environment and it’s also lower cost than 
PERC”, says Mr. Borgerson.  “I made the right decision.” 

 
Annualized Cost Comparison for Crown Drapery Cleaners 

        PERC  Hydrocarbon 
Annualized Capital Cost         -         $7,280 
Solvent Cost       $4,800         $3,544 
Detergent Cost      $5,720   - 
Electricity Cost               $11,760         $9,600 
Gas Cost       $5,400         $5,100 
Spotting Labor Cost               $31,200       $31,200 
Finishing Labor Cost               $62,400       $62,400 
Maintenance Labor Cost     $1,300            $520 
Maintenance Equipment Cost     $1,260         $1,062 
Compliance Cost      $2,600            $650 
Waste Disposal Cost      $3,600         $1,600 
Total Cost              $130,040     $122,956 
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CYPRESS NATURAL CLEANERS IS WET CLEANING PIONEER 
 
 
Joe Whang is the owner of Cypress Natural Cleaners, located in Cypress, California.  For 
the last six years, Cypress has operated a wet cleaning machine, one of the first shops in 
the nation that exclusively relies on wet cleaning.  The shop cleans 31,200 pounds of 
clothing per year. 
 
Before the conversion to wet cleaning, Cypress used the Valclene process.  This process 
used a chlorofluorocarbon, CFC-113, to clean the clothing.  Production of CFC-113 was 
banned in 1996 because the chemical contributes to stratospheric ozone depletion.  Six 
years ago, when he was faced with the ban and the increasing price of CFC-113, Mr. 
Whang considered the alternatives.  “I did not want to use perchloroethylene (PERC) 
because I think it’s dangerous,” says Mr. Whang.  “I investigated the alternatives and 
decided to use the wet cleaning process.” 
 
Mr. Whang purchased a wet cleaning machine and a humidity controlled dryer.  “I was 
one of the first wet cleaners,” he says.  “There was a learning curve.  The finishing was 
difficult and I decided to purchase tensioning equipment to make it easier.”  With wet 
cleaning, the garments are removed from the dryer when they still contains some 
moisture so they don’t wrinkle badly.  Mr. Whang hangs the garments overnight and 
finishes them the next day.  “The wet cleaning detergent and tensioning equipment helps 
to prevent shrinkage,” he says. 
 
Cypress has successfully performed wet cleaning for the past six years.  “I like wet 
cleaning,” says Mr. Whang.  “It’s better for health and the environment and it effectively 
cleans the garments.” 
 

 
Annualized Costs for Cypress Natural Cleaners 

 
          Wet Cleaning 
Annualized Capital Cost             $1,595 
Detergent Cost              $1,260 
Electricity Cost              $1,800 
Gas Cost               $4,200 
Spotting Labor Cost              $6,240 
Finishing Labor Cost            $23,400 
Maintenance Labor Cost                $520  
Total Cost             $39,015 
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DOHENY DRY CLEANERS CONVERTS 
PERC MACHINE TO USE GREEN EARTH 

 
 
Doheny Dry Cleaners is located in Hollywood, California.  The shop historically used 
perchloroethylene (PERC) and now uses Green Earth.  Doheny cleans 78,000 pounds of 
clothing per year. 
 
“We wanted to convert to an alternative solvent but we didn’t want to pay for a new 
machine,” says Eric Lavi, owner of Doheny.  “We took advantage of a package that costs 
only $15,000 and it converts a PERC machine to use Green Earth.”  With the conversion 
package, the still on the PERC machine is disconnected, a new filter housing is installed, 
an in-line filter is installed for the water separator and two temperature regulators are 
installed for the drying cycle.  Green Earth requires a higher drying temperature than 
PERC. 
 
“Finishing is a little easier with the Green Earth but the finishing labor hasn’t changed,” 
says Mr. Lavi.  “Spotting takes much longer because Green Earth is less aggressive than 
PERC.”  Post spotting is required on some of the garments. 
 
Mr. Lavi says, “the cycle time for the machine has increased a lot.  It takes about an hour 
and fifteen minutes instead of the 45 minutes it took with PERC.  The Green Earth 
solvent takes longer to dry.” 
 
Doheny’s overall costs have increased since the conversion.  “Even if the costs are 
higher, I’m pleased with the conversion,” says Mr. Lavi.  “We converted to a solvent 
that’s better for the environment.” 
 

 
Annualized Cost Comparison for Doheny Dry Cleaners 

 
        PERC    Green Earth 
Annualized Capital Cost         -        $1,040 
Solvent Cost         $390           $792 
Licensing Fee           -        $2,500 
Detergent Cost                $2,880        $2,880 
Electricity Cost                $9,600        $9,600 
Gas Cost               $10,200      $12,000 
Spotting Labor Cost              $24,960      $49,920 
Finishing/Maintenance Labor Cost            $99,840      $99,840 
Maintenance Equipment Cost       $840        $1,260 
Compliance Cost                $1,248           $624 
Waste Disposal Cost                $1,200        $1,200 
Total Cost             $151,158    $181,656 
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FAY CLEANERS CONVERTS FROM PERC TO WET CLEANING 
 
 
Fay Cleaners is located in Long Beach, California.  In the past, the shop used 
perchloroethylene (PERC) and processed about 39,000 pounds of clothing per year.  Fay 
now uses the wet cleaning process and processes the same amount of garments. 
 
“I didn’t want to use PERC anymore,” says Lisa Tsan, owner of Fay Cleaners.  “I wanted 
to start using the wet cleaning process.”  Fay installed a 45 pound wet cleaning machine 
and cleans all the clothing in that machine. 
 
“I used PERC for a year and my customers complained that the clothes were not clean,” 
says Ms. Tsan.  “The clothes are cleaner with wet cleaning and they smell better.” 
 
“There is more spotting and more finishing with wet cleaning,” says Ms. Tsan.  In the 
wet cleaning process, the garments are washed and dried for three minutes.  They are 
hung up to dry in the facility for two hours with a fan providing air movement.  The 
garments are then finished with the tensioning equipment. 
 
Ms. Tsan prefers the wet cleaning process even though it requires more labor.  “Wet 
cleaning is a good process,” she says.  “It’s better for the environment.” 
 

 
Annualized Cost Comparison for Fay Cleaners 

 
        PERC  Wet Cleaning 
Annualized Capital Cost         -        $3,605 
Solvent Cost          $480   - 
Detergent Cost          -        $2,340 
Electricity Cost      $3,600        $2,400 
Gas Cost       $3,000        $4,200 
Spotting Labor Cost      $6,240        $7,800 
Finishing/Maintenance Labor Cost             $24,960      $31,200 
Compliance Cost         $520   - 
Waste Disposal Cost         $600   -  
Total Cost                $39,400      $51,545  
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CARBON DIOXIDE CLEANING FACILITY STARTS UP IN SAN DIEGO 
 
 
Gordon Shaw is the owner of the Hangers dry cleaning facility in San Diego.  He has 
been a dry cleaner for many years and operated five different perchloroethylene (PERC) 
plants in other locations.  He sold the last PERC plant about a year before he opened the 
new facility.   When Mr. Shaw opened the Hangers shop, he started out using the carbon 
dioxide process and he performs the cleaning in a 60 pound machine. 
 
Mr. Shaw did not want to use PERC at his new location.  He investigated the carbon 
dioxide process and decided it was a good technology, particularly for the upscale 
clientele he anticipated the shop would serve.  “I liked the Hangers total concept,” says 
Mr. Shaw.  It includes everything in the shop like the flooring, computers and counters as 
well as the machine.” 
 
“Carbon dioxide is a gentle cleaner because the process doesn’t use heat,” says Mr. 
Shaw.  “The carbon dioxide process doesn’t remove as much heavily ground in soil as the 
PERC process.  An advantage is that it can do more delicate items than PERC.  Some 
fabrics, like triacetate cannot be cleaned with carbon dioxide.”  The Hangers facility has a 
wet cleaning machine that is used for laundry, wedding gowns and the triacetate items 
that cannot be cleaned in the carbon dioxide machine. 
 
The carbon dioxide machine operates at 700 pounds per square inch pressure to keep the 
carbon dioxide liquefied.  The cycle is 44 minutes, about the same as a PERC machine.  
“Finishing is the same with carbon dioxide and PERC,” says Mr. Shaw.  “When I started 
up, the limitation of the carbon dioxide process was the detergents.  They were costly and 
not very effective.  Hangers has a new detergent and it is lower cost and it works well.” 
 
Mr. Shaw is very happy with his carbon dioxide system.  He has one pickup store and 
plans to open more over the next few years. 
 

Annualized Costs for Hangers Cleaners 
 
         Carbon Dioxide 
Annualized Capital Cost            $12,087 
Carbon Dioxide Cost               $5,712 
Detergent Cost             $12,667 
Electricity Cost             $24,000 
Gas Cost              $10,800 
Spotting Labor Cost               $5,980 
Finishing Labor Cost             $67,392 
Maintenance Labor Cost                 $598 
Maintenance Equipment Cost              $2,217 
Waste Disposal Cost               $1,620 
Total Cost            $143,073 
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HOLLYWAY CLEANERS ADOPTS GREEN EARTH 
 
 
Hollyway Cleaners is located in Hollywood, California.  For several years, Hollyway 
used perchloroethylene (PERC) in a 35 pound and a 60 pound machine.  When he needed 
new machines, Amin Amersi, the owner of Hollyway Cleaners, decided to investigate 
alternative cleaning systems.  The shop now has two 60 pound machines that use Green 
Earth.  Hollyway has been using Green Earth for about four years and the facility cleans 
165,000 pounds of garments per year. 
 
“I investigated the alternatives and decided to go with Green Earth,” says Mr. Amersi.  
“The cycle time for the Green Earth is a little longer than it is with PERC.”  PERC 
generally has a cycle time of about 45 minutes whereas the high speed extract machines 
at Hollyway have about a 55 minute cycle time. 
 
“Green Earth is a gentler solvent than PERC,” says Mr. Amersi.  “I can clean leather, fur 
trim, sequins and wedding dresses more effectively now.”  “The only problem with the 
Green Earth is spotting,” he says.  The spotting labor cost with the Green Earth has 
doubled because the solvent is less aggressive than PERC.  Hollyway now must do some 
post spotting.  According to Mr. Amersi, “we have experimented with our spotting 
chemicals and have changed them three or four times over the last year.  We’re still 
looking for the best ones for the Green Earth process.”   
 
“Finishing is a little easier,” says Mr. Amersi.  “The feel of the garments with Green 
Earth is better.”  Less time is spent in delinting the garments. 
 
“It’s better for the industry to get away from PERC,” says Mr. Amersi.  “We need to use 
chemicals that are better for the environment.” 
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IMPERIAL CLEANERS ADOPTS INNOVATIVE 
“ICY WATER” CLEANING TECHNOLOGY 

 
 
Imperial Dry Cleaners & Lndry, located in Los Angeles, California, cleans 312,000 
pounds of clothing per year.  For several years, the shop had two perchloroethylene 
(PERC) dry cleaning machines, one a 55 pound machine and the other a 35 pound 
machine.  A few years ago, the shop replaced the 35 pound PERC machine with a 55 
pound wet cleaning machine that relies on icy water.  Imperial currently cleans about 
50,000 pounds of the clothing in the PERC machine and more than 250,000 pounds with 
the icy water machine. 
 
The so-called icy water technology is different from traditional wet cleaning technology.  
It tries to prevent the shrinkage of garments by adding conditioner, using “icy” water at 
about 36 degrees F and by minimizing agitation.  Both the washer and dryer have 
refrigerated condensers to reduce the temperature of the garments during the cleaning and 
drying cycles. 
 
The dryer includes a “chemical” cycle where garments that are only lightly soiled are 
tumbled in a mixture of 50 percent water and 50 percent detergent.  “I use the chemical 
cycle in the dryer for about half the clothing I clean each day,” says Anthony Kim, the 
dry cleaning operation supervisor at Imperial.  “I can also clean many of the other 
garments in room temperature water.”   
 
“We’re planning to get rid of the PERC machine soon,” says Alan Kim, the Manager at 
Imperial.  “We may decide to purchase another icy water machine but we are also 
evaluating other cleaning technologies.”  “I like the icy water system a lot,” says Anthony 
Kim.  “I can do all the laundry in the machine as well.  When I clean in the icy water, I 
can mix colors and fabrics.” 
 
“We got tensioning equipment because we had to for the grant,” says Anthony Kim.  We 
don’t need to use it because the clothing doesn’t shrink in the low temperature water and 
air.”  The shop has traditional finishing equipment and uses that much of the time on the 
garments that have been cleaned and dried with the icy water machine.  “Our spotting and 
finishing labor have remained the same as they were when we had the two PERC 
machines,” he says. 
 
“We’re very pleased with the new wet cleaning technology,” says Alan Kim.  “It’s better 
for the workers and the environment and we reduced our operating costs.” 
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Annualized Cost Comparison for Imperial Dry cleaners & Lndry 
 
       PERC         PERC and Wet Cleaning 
Annualized Capital Cost        -   $5,131 
Solvent Cost      $5,040   $2,520 
Detergent Cost     $3,480   $8,417 
Electricity Cost              $24,000            $24,000 
Gas Cost               $24,000            $24,000 
Spotting Labor Cost              $31,200            $31,200 
Finishing Labor Cost            $104,000          $104,000 
Maintenance Labor Cost    $1,560      $780 
Maintenance Equipment Cost         $70         - 
Compliance Cost     $1,040   $1,040 
Waste Disposal Cost     $2,750   $1,100   
Total Cost             $197,140          $202,188  
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CUSTOMERS AND LANDLORD PREFER GREEN EARTH 
 
 
Peter Lee is the owner of Larsen’s Cleaners in Irvine, California.  Mr. Lee has been a dry 
cleaner for many years.  He originally used Valclene and then converted to PERC which 
he used for more than 10 years.  About a year ago, the shop converted to Green Earth.   
 
“My landlord was concerned about environmental issues on the dry cleaners’ plant,” says 
Mr. Lee.  “I studied the alternative technologies and found hydrocarbon and Green Earth 
to be the best.  Based on environmental concerns, I though Green Earth was better.  I 
provided the landlord with information on the Green Earth technology.  I converted to 
Green Earth and I like the new technology very much.” 
 
Larsen’s Cleaners now has a 75 pound machine that uses Green Earth.  “The new 
machine was expensive but it performs well,” says Mr. Lee.  He has found the cycle time 
longer with Green Earth than with PERC.     
 
Mr. Lee has had several comments from his customers since he adopted the Green Earth 
solvent.  “They say they prefer the feel and odor of the garments with the Green Earth,” 
he says. “There is more spotting with Green Earth because it is not as aggressive as 
PERC.  The garments are softer and have a better hand.  “The finishing labor stayed 
about the same when I adopted Green Earth,” says Mr. Lee. 
 
According to Mr. Lee, “we should all be concerned about the environment.  I believe I’ve 
done the right thing in using Green Earth and my landlord and customers are happier 
too.” 
 

 
Annualized Cost Comparison for Larsen’s Cleaners 

 
        PERC  Green Earth  
Annualized Capital Cost         -       $5,547 
Solvent Cost         $420          $680 
Licensing Fee           -       $2,500 
Detergent Cost        $450          $675 
Electricity Cost                $9,000       $9,000 
Gas Cost                 $9,600       $9,600 
Spotting Labor Cost                $4,680       $9,360 
Finishing Labor Cost              $20,280     $20,280 
Maintenance Labor Cost       $520       $1,040 
Maintenance Equipment Cost          -          $105 
Compliance Cost        $520          $260 
Waste Disposal Cost        $325          $325  
Total Cost               $45,795     $59,372 
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NATURE’S BEST CLEANERS CONVERTS TO WET CLEANING 
TECHNOLOGY 

 
 
Nature’s Best Cleaners, located in Alta Loma, California, cleans about 100,000 pounds of 
clothing per year and has five full time employees.  In the past, the shop used PERC but 
converted to a wet cleaning process a few years ago. 
 
About five years ago, the owner of Nature’s Best, Hans Kim, began investigating 
alternatives.  “I wanted to convert to the wet cleaning process in this location,” says Mr. 
Kim.  “I bought two other wet cleaning machines before I purchased the one I have now.” 
 
Nature’s Best is one of the largest exclusive wet cleaners in the Southern California area. 
Mr. Kim trains other cleaners in wet cleaning.  “Cleaners must be properly trained to do 
wet cleaning,” he says.  “The first year I did wet cleaning, I damaged some garments.  It 
took me four years and a lot of effort to learn the best way to do wet cleaning.  You have 
to know what you’re doing for wet cleaning to work.  Some cleaners may never be 
willing to learn.” 
 
“When I get structured suit jackets in my Alta Loma store, I clean them in the 
hydrocarbon machine in one of my other stores,” says Mr. Kim.  “They can be finished 
with my tensioning equipment but they are more easily finished with the hydrocarbon 
process.” 
 
Says Mr. Kim, “the spotting compounds are different with wet cleaning.  They must be 
compatible with the process.”  He adds, “the oil based stains tend to remain on the 
garment through the wet cleaning process so we do some post spotting.” 
 
“Overall, I’m happy I switched to wet cleaning.  I save money, clean better and improve 
the environment all at the same time,” says Mr. Kim. 
 

 
Annualized Cost Comparison for Nature’s Best Cleaners 

        PERC  Wet Cleaning 
Annualized Capital Cost         -         $4,645 
Solvent Cost         $720   - 
Detergent Cost        $451            $173 
Electricity Cost               $7,200         $2,160 
Gas Cost                $8,400         $7,200 
Spotting Labor Cost             $20,800         $2,080 
Finishing Labor Cost             $41,600       $41,600 
Maintenance Labor Cost              $1,040   - 
Maintenance Equipment Cost              $1,400   - 
Compliance Cost       $780   - 
Waste Disposal Cost               $1,000   -  
Total Cost              $83,391       $58,898 
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ROYAL CONVERTS PERC FACILITY TO CARBON DIOXIDE 
 
 
Royal Cleaners has been located in Santa Monica, California since 1948.  Until recently, 
the facility had a 55 pound perchloroethylene (PERC) machine.  Several months ago, 
Royal moved to a new location in the same area and installed a 60 pound carbon dioxide 
machine.  Royal cleans about 104,000 pounds of clothing each year. 
 
“When we moved, we didn’t have room for a very large machine,” says Bobby Smerling, 
owner of Royal.  “We decided to purchase a Sailstar carbon dioxide machine because the 
footprint is about half the size of the footprint of the Hangers/Chart machine.”  Royal also 
installed a carbon dioxide storage tank. 
 
The cycle time of the new machine is very low, at about 35 minutes.  “The spotting labor 
is higher with the carbon dioxide system,” says Mr. Smerling.  “The finishing labor is 
about the same as it was with PERC.”  The detergents used with carbon dioxide are not as 
aggressive as those that are used with PERC.  “We need a better detergent,” says Mr. 
Smerling.  “Our supplier is working on that.” 
 
Mr. Smerling is very happy with the carbon dioxide machine.  “It took us about two 
months to learn the new machine and process,” he says.  “We’re in an upscale 
neighborhood and our customers appreciate the environmental benefits of our new 
process.” 
 

Annualized Cost Comparison for Royal Cleaners of Brentwood 
 
       PERC  Carbon Dioxide  
Annualized Capital Cost        -       $11,093 
PERC/Carbon Dioxide Cost      $650         $1,872 
Detergent Cost               $1,300         $4,160 
Electricity Cost               $4,800         $7,800 
Gas Cost                $3,300         $3,300 
Spotting Labor Cost               $8,112       $16,224 
Finishing Labor Cost             $97,344       $97,344 
Maintenance Labor Cost      $676         $1,014 
Maintenance Equipment Cost              $1,680   - 
Compliance Cost               $2,340         $2,340 
Waste Disposal Cost               $2,200            $500   
Total Cost            $122,402     $145,647 
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STERLING CLEANERS CONVERTS FROM PERC TO HYDROCARBON 
 
 
Sterling Dry Cleaners is located in a high end area in Westwood, California.  The facility 
operated with two PERC machines for many years.  About three years ago, Sterling 
purchased two new hydrocarbon machines, one a 60 pound machine and the other a 90 
pound machine.  The store cleans more than 250,000 pounds of clothing per year. 
 
“When I needed new machines, I decided it was time to start using an alternative to 
PERC,” says Barry Gershenson, owner of Sterling Cleaners.  “I investigated all of the 
alternatives and thought the hydrocarbon process was the best.” 
 
“The cycle time for the hydrocarbon machines is longer,” says Mr. Gershenson.  The 
PERC cycle time is typically about 45 minutes whereas the cycle time with Sterling’s 
hydrocarbon machines is about an hour and 15 minutes.  “The advantage is that the 
hydrocarbon is safer with beads, trim, wedding gowns and colors and the odor is great.  
The garments also feel better with the hydrocarbon.” 
 
“I expected to have to do much more spotting with the hydrocarbon,” says Mr. 
Gershenson.  “The hydrocarbon is a less aggressive solvent than PERC.  In fact, the 
spotting labor with the hydrocarbon is the same as it was with PERC.”  
 
Sterling cleans the separator weekly to prevent bacteria growth.  This was not a concern 
with PERC.  The electricity cost has also increased. 
 

 
Annualized  Cost Comparison for Sterling Dry Cleaners 

 
        PERC  Hydrocarbon 
Annualized Capital Cost         -          $6,933 
Solvent Cost       $6,600          $1,980 
Detergent Cost      $5,000          $5,000 
Electricity Cost               $21,100        $26,600 
Gas Cost                $19,100        $21,800 
Spotting Cost                $44,096        $44,096 
Finishing Cost              $145,517      $145,517 
Maintenance Labor Cost     $1,102          $1,102 
Maintenance Equipment Cost        $490   - 
Compliance Cost      $2,756          $2,756 
Waste Disposal Cost      $3,600          $3,600  
Total Cost              $249,361      $259,384 
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SUNNY FRESH CLEANERS ADOPTS NEW PURE DRY TECHNOLOGY 
 
 
Sunny Fresh Cleaners is located in San Marcos, California.  The shop was opened about a 
year ago and uses the Pure Dry technology.  Sunny Fresh cleans 31,200 pounds of 
clothing per year. 
 
The owner of Sunny Fresh, Hormoz Motazedi, did not use perchloroethylene (PERC) at 
his current location but he did use the solvent for two or three years in the past.  “I didn’t 
want to start up the new shop in San Marcos with PERC,” he says.  “I wanted to use a 
technology that was better for the environment.” 
 
The Pure Dry process vendors suggested that Mr. Motazedi purchase a hydrocarbon 
machine that was suitable for use with the cleaning agent.  “I bought a 35 pound machine 
and it seems to work well,” says Mr. Motazedi.  “I don’t have to use detergent with the 
solvent and I like the feel of the garments when they are clean.” 
 
Mr. Motazedi believes that the finishing with the Pure Dry solvent is about the same as 
with PERC.  “I think there is less spotting with Pure Dry than with PERC,” he says.  “I 
do only about 20 minutes of spotting in a day.” 
 
The cycle time of the machine is about 55 minutes which is a little longer than the 45 
minute cycle time with PERC.  This is not a limiting factor for Sunny Fresh, however, 
since the shop only runs between three and five loads per day. 
 
“I like the Pure Dry technology,” says Mr. Motazedi.  “It’s easy to use and I don’t have to 
worry about PERC anymore.” 
 

 
Annualized Costs for Sunny Fresh Cleaners 

 
          Pure Dry  
Annualized Capital Cost          $4,021 
Solvent Cost               $450 
Electricity and Gas Cost          $6,000 
Spotting Labor Cost              $988 
Finishing Labor Cost         $23,712 
Maintenance Labor Cost             $247 
Maintenance Equipment Cost             $728 
Waste Disposal Cost              $500  
Total Cost          $36,646 
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VILLAGE DRY CLEANERS OPTS FOR GREEN JET TECHNOLOGY FOR 
UPSCALE CLIENTELE 

 
 
Village Dry Cleaners is located in Santa Clarita, California.  The shop has a 35 pound 
Green Jet machine and cleans 31,200 pounds of clothing per year. 
 
John Lee, owner of Village, has a perchloroethylene (PERC) dry cleaning facility in 
Valencia.  “I wanted to open another store in the area,” he says.  “The city code in Santa 
Clarita doesn’t allow PERC so I decided to look into other cleaning methods.”  He ended 
up choosing the Green Jet technology which is most suitable for only lightly soiled 
garments.  “It’s an upscale neighborhood so I thought the Green Jet system would be fine 
there,” says Mr. Lee. 
 
The Green Jet machine performs washing and drying in one machine in a 30 minute 
cycle.  Instead of immersing the garments in a liquid, the Green Jet system sprays a 
mixture of water and detergent on the clothing.  Pads on the side of the machine absorb 
the contaminants from the garments. 
 
Village never used PERC but Mr. Lee used PERC for many years at his other store.  
“Because Green Jet is less aggressive than PERC, there is a lot more spotting, about 
double the amount of spotting with PERC,” he says.  “I take a few of the garments to my 
other store and clean them in the PERC machine.  These are generally the heavily soiled 
garments.” 
 
“I like the Green Jet technology,” says Mr. Lee.  “It does a good job for my customers 
and the new store has worked out well.” 
 

 
Annualized Costs for Village Dry Cleaners 

 
         Green Jet System  
Annualized Capital Cost                $1,179 
Detergent Cost                 $2,040 
Electricity Cost                 $3,600 
Gas Cost                  $4,800 
Spotting Labor Cost                 $9,360 
Finishing Labor Cost               $15,600 
Maintenance Labor Cost        $520 
Maintenance Equipment Cost                $1,000   
Total Cost                $38,099  
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Appendix C 
Assumptions for Model Plant Analysis 
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HYDROCARBON 
 
Small Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 
 •  35 pound machine at a capital and installation cost of $50,000 based on 
 •  purchased and installed 35 pound machine for $50,000 based on Crown 
 Cleaners cost of $47,500 for a 35 pound machine and $2,500 for installation 
 •  45 gallons of hydrocarbon used annually based on lower volatility compared to 
 PERC.  Cost of PERC assumed to be $5.69 per gallon based on average price for 
 case studies. 
 •  50 gallons of detergent used annually based on usage from case studies.  Cost of 
 detergent assumed to be $25 per gallon based on case studies. 

•  annual electricity cost of $4,538 based on Sterling’s increase of 26% over 
PERC and longer cycle time. 

 •  annual gas cost of $3,154 based on Sunny Fresh’s utility costs normalized for 
 40,000 pounds of clothing with the electricity cost removed 

•  spotting labor of 2.46 hours per day and $10 per hour labor cost based on 
similar sized case study plants based on case studies.  Annual cost amounts to 
$6,400. 

 •  finishing labor of 9.85 hours per day and $10 per hour labor cost based on 
 similar case study plants.  Annual cost amounts to $25,600. 

•  Maintenance labor of one hour per week based on case study plants.  Annual 
cost amounts to $520. 

 •  Maintenance equipment cost assumed to be the same as PERC. 
 •  Compliance labor cost assumed to be the same as PERC. 

•  Shop generates two drums of waste at a disposal cost of $275 per drum.  
Annual disposal cost amounts to $550. 

 
Large Model Plant Assumptions 
 
 •  100,000 pounds of clothing per year 
 •  50 pound hydrocarbon machine with a cost of $55,300 based on normalized 
 machine costs from case studies.  Assuming $2,500 installation cost, total capital 
 cost amounts to $57,800. 
 •  83 gallons of hydrocarbon used annually based on lower volatility compared to 
 PERC and case studies.  Cost of hydrocarbon assumed to be $5.69 per gallon. 
 •  125 gallons of detergent used annually based on case studies.  Cost of detergent 
 assumed to be $25 per gallon. 

•  annual electricity cost of $9,450, 26 percent higher than PERC, based on 
Sterling case study and longer cycle time. 

 •  annual gas cost of $3,876, 14 percent higher than PERC, based on Sterling 
 •  spotting labor of five hours per day and $10 per hour labor cost based on similar 
 sized case study plants.  Annual cost amounts to $13,000. 
 •  finishing labor of 19 hours per day and $10 per hour labor cost based on  similar 
 sized case study plants.  Annual cost amounts to $49,400. 
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 •  Maintenance labor of two hours per week based on similar sized case study 
 plants.  Annual cost amounts to $1,040. 
 •  Maintenance equipment cost assumed to be zero since the facility uses spin disk 
 filters. 
 •  Compliance labor of two hours per week at $10 per hour based on similar sized 
 case study plants.  Annual cost amounts to $1,040. 

•  Shop generates four drums of waste at a disposal cost of $350 per drum based 
on case studies of similar size.  Annual disposal cost amounts to $1,400. 

 
 
HYDROCARBON WITH TONSIL 
 
Small Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 

•  purchased and installed 35 pound machine for $50,000 based on Crown’s cost 
of $47,500 for a 35 pound machine and $2,500 for installation.  Deduct $7,000 
because no distillation unit is  required.  Capital cost amounts to $43,000. 
•  77 gallons of hydrocarbon used annually based on Crown's case study.  Cost of 

 hydrocarbon assumed to be $5.69 per gallon based on average price for case 
 studies. 
 •  no detergent used 
 •  annual electricity cost of $2,939 based on Crown’s decrease of 18% over PERC 
 •  annual gas cost of $2,833 based on Crown’s cost decline of six percent 
 •  spotting labor of 2.46 hours per day and $10 per hour labor cost based on 
 Sterling.  Annual cost amounts to $6,400. 
 •  finishing labor of 9.85 hours per day and $10 per hour labor cost based on 
 Sterling.  Annual cost amounts to $25,600. 

•  Maintenance labor of one hour per week based on Crown.  Annual cost 
amounts to $520. 
•  Hydrocarbon/tonsil cleaners must purchase 1.43 55-pound bags of tonsil at 
$117 per bag and 71 pounds of diatomaceous earth at $30 per 50 pounds for a 
total  annual maintenance cost of $210.  Based on Crown normalized to 40,000 
pounds. 

 •  Compliance labor cost assumed to be the same as PERC based on case studies. 
 •  Shop generates two drums of hazardous waste every six months at $400 per 
 pickup or $800 per year 
 
Large Model Plant Assumptions 
 
 •  100,000 pounds of clothing per year 
 •  50 pound hydrocarbon machine with a cost of $55,300 based on normalized 
 machine costs from case studies.  Assuming $2,500 installation cost and $7,000 
 reduction for distillation unit, total capital cost amounts to $50,800. 
 •  250 gallons of hydrocarbon used annually based on Crown case study.  Cost of 
 hydrocarbon assumed to be $5.69 per gallon. 
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 •  no detergent used based on Crown case study 
 •  annual electricity cost of $6,122, 18 percent lower than PERC, based on Crown
 case study 
 •  annual gas cost of $3,211, six percent lower than PERC, based on Crown 

•  spotting labor of five hours per day and $10 per hour labor cost based on 
Crown. Annual cost amounts to $13,000. 

 •  finishing labor of 19 hours per day and $10 per hour labor cost based on  similar 
 sized case study plants.  Annual cost amounts to $49,400. 

•  Maintenance labor of one hour per week based on Crown.  Annual cost 
amounts to $520. 
•  Hydrocarbon/tonsil cleaners must purchase 3.57  55-pound bags of tonsil at 
$117 per bag and 178.5 pounds of diatomaceous earth at $30 per 50 pounds for a 
total annual maintenance cost of $632.  Based on Crown normalized to 40,000 
pounds. 

   •  Compliance labor of two hours per week at $10 per hour based on similar sized 
 case study plants.  Annual cost amounts to $1,040. 
 •  Shop generates two drums of hazardous waste every three months at $400 per 
 pickup.  Annual disposal cost amounts to $1,600. 
 
 
GREEN EARTH TECHNOLOGY 
 
Small Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 
 •  35 pound machine at a capital and installation cost of $50,000 based on 
 case studies. 

•  45 gallons of Green Earth solvent used annually based on lower volatility 
compared to PERC and case studies.  Cost of Green Earth assumed to be $16 per 
gallon based on price for case study facilities. 
•  $2,500 annual licensing fee based on case studies. 

 •  50 gallons of detergent used annually based on usage from case studies.  Cost of 
 detergent assumed to be $25 per gallon based on case studies. 
 •  annual electricity cost of $4,538 based on longer cycle time. 
 •  annual gas cost of $3,225 based on 7.5 percent increase over PERC from case 
 studies 
 •  spotting labor of 4.92 hours per day, twice as high as PERC, and $10 per hour 
 labor cost based on case studies.  Annual cost amounts to $12,800. 
 •  finishing labor of 7.58 hours per day, a decrease of 23 percent from PERC, and 
 $10 per hour labor cost based on Larsen’s.  Annual cost amounts to $19,720. 

•  maintenance labor of one hour per week based on case study plants.  Annual 
cost amounts to $520. 

 •  maintenance equipment cost assumed to be the same as PERC. 
 •  compliance labor cost assumed to be zero 
 •  shop generates two drums of waste at a disposal cost of $275 per drum.  Annual 
 disposal cost amounts to $550. 
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Large Model Plant Assumptions 
 
 •  100,000 pounds of clothing per year 
 •  50 pound hydrocarbon machine with a cost of $55,300 based on normalized 
 machine costs from case studies.  Assuming $2,500 installation cost, total capital 
 cost amounts to $57,800. 

•  83 gallons of Green Earth used annually based on lower volatility compared to 
PERC and case studies.  Cost of Green Earth solvent assumed to be $16 per 
gallon. 
•  annual licensing fee of $2,500 based on case studies. 

 •  125 gallons of detergent used annually based on case studies.  Cost of detergent 
 assumed to be $25 per gallon. 

•  annual electricity cost of $9,450, 26 percent higher than PERC based on longer 
cycle time 

 •  annual gas cost of $3,655, 7.5 percent higher than PERC, based on case studies 
•  spotting labor of 10 hours per day and $10 per hour labor cost based on Green 
Earth solvent case study plants.  Annual cost amounts to $26,000. 
•  finishing labor of 14.6 hours per day, a 23 percent decrease from PERC, and 
$10 per hour labor cost based on Hollyway.  Annual cost amounts to $38,038. 

 •  maintenance labor of two hours per week based on case study plants.  Annual 
 cost amounts to $1,040. 
 •  maintenance equipment cost assumed to be zero 
 •  compliance cost assumed to be zero 

•  shop generates four drums of waste at a disposal cost of $350 per drum based 
on case studies.  Annual disposal cost amounts to $1,400. 

 
 
GREEN JET 
 
Small Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 
 •  35 pound machine at a capital and installation cost of $17,000 based on Village 
 •  process uses no solvent 
 •  77 gallons of detergent used annually based on Village.  Cost of detergent 
 assumed to be $34 per gallon based Village. 
 •  annual electricity cost of $2,400 based on PERC assumptions and adjusting 
 PERC machine 29 kW to Green Jet machine 14.4 kW. 
 •  annual gas cost of $1,800 based on PERC plant use and the fact that the Green 
 Jet machine itself uses no gas 

•  spotting labor of 6 hours per day and $10 per hour labor cost based on Village.  
 Annual cost amounts to $15,600. 
 •  finishing labor of 7.7 hours per day based on Village and normalized for 40,000 
 pounds of clothing cleaned annually and $10 per hour labor cost.  Annual cost 
 amounts to $20,020. 
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•  maintenance labor of one hour per week based on case study plants.  Annual 
cost amounts to $520. 

 •  maintenance equipment cost assumed to be zero 
 •  compliance labor cost assumed to be zero 
 •  hazardous waste disposal cost assumed to be zero 
 
 
TRADITIONAL WET CLEANING 
 
Small Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 
 •  45 pound machine at a capital and installation cost of $26,000.  Tensioning 
 equipment cost of $9,000 for a total cost of $34,000. 
 •  process uses no solvent 
 •  150 gallons of detergent used annually based on Fay and Cypress normalized to 
 40,000 pounds of clothing cleaned per year.  Cost of detergent assumed to be $14 
 per gallon based on Fay and Cypress. 
 •  annual electricity cost of $2,400 based on Fay 
 •  annual gas cost of $4.200 based on wet cleaning case studies 
 •  spotting labor of three hours per day based on case studies normalized and $10 
 per hour labor cost.  Annual cost amounts to $7,800. 
 •  finishing labor of 11.5 hours per day based on case studies normalized and 
 $10 per hour labor cost.  Annual cost amounts to $29,900. 
 •  maintenance labor of one hour per week.  Annual cost amounts to $520. 
 •  maintenance equipment cost assumed to be zero 
 •  compliance labor cost assumed to be zero 
 •  hazardous waste disposal cost assumed to be zero 
 
 
GLYCOL ETHER CLEANING 
 
Small Model Plant Assumptions 
  
 •  40,000 pounds of clothing per year 
 •  35 pound machine at a capital and installation cost of $50,000 based on 
 case studies 
 •  50 gallons of solvent used annually based on lower volatility than PERC and 
 Blackburn case study at a cost of $15 based on Blackburn 
 •  process uses no detergent 
 •  annual electricity cost of $10,260 based on Blackburn normalized to 40,000 
 pounds of clothing cleaned per year 
 •  annual gas cost of $8,208 based on Blackburn normalized 
 •  spotting labor of one hour per week based on Blackburn and $10 per hour 
 labor cost.  Annual cost amounts to $520. 
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•  finishing labor of 9.85 hours per day based on Blackburn normalized and $10 
per hour labor cost.  Annual cost amounts to $25,600. 

 •  maintenance labor cost is 18 hours per week based on Blackburn and $10 per 
 hour labor cost.  Annual cost amounts to $9,360. 
 •  maintenance equipment cost assumed to be zero based on Blackburn 
 •  compliance labor cost assumed to be one hour per week at $10 labor cost.  
 Annual cost amounts to $520 

•  shop generates two drums of waste annually at $275 per drum for an annual 
cost of $550 

 
 
ICY WATER TECHNOLOGY 
 
Large Model Plant Assumptions 
 
 •  100,000 pounds of clothing per year 
 •  55 pound icy water machine with a cost of $29,600 and tensioning equipment 
 cost of $9,000.  Assuming $4,500 installation cost, total capital cost amounts to 
 $43,100.  Costs based on Imperial. 
 •  process uses no solvent 

•  375 gallons of detergent used annually based on use at Imperial normalized.  
Cost of detergent assumed to be $25 per gallon based on Imperial. 

 •  annual electricity cost of $7,500 based on Imperial normalized 
 •  annual gas cost of $3,400 based on Imperial normalized 
 •  spotting labor of five hours per day based Imperial normalized and $10 per 
 hour labor cost.  Annual cost amounts to $13,000. 
 •  finishing labor of 19 hours per day based on Imperial normalized and $10 
 per hour labor cost.  Annual cost amounts to $49,400. 
 •  maintenance labor of two hours per week for an annual cost of $1,040 
 •  maintenance equipment cost assumed to be zero 
 •  compliance cost assumed to be zero 
 •  hazardous waste disposal cost assumed to be zero 
 
 
CARBON DIOXIDE CLEANING 
 
Large Model Plant Assumptions 
 
 •  100,000 pounds of clothing per year 

•  60 pound carbon dioxide machine with a cost of $150,000 and $5,000 for a 
carbon dioxide storage tank.  Assuming $25,000 installation cost, total capital cost 
amounts to $180,000. 
•  14,881 pounds of carbon dioxide used annually based on average of two case 
studies normalized to 100,000 pounds per year. 
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•  272 gallons of detergent used annually based on normalized average of two 
case studies.  Cost of detergent assumed at $32 per gallon based on average of 
two case studies. 

 •  annual electricity cost of $10,500 based on case studies. 
 •  annual gas cost of $3,173 based on average of two case studies and normalized 

•  spotting labor of 10 hours per day based on increase at Royal.  Assuming labor 
cost of $10 per hour, five days per week, 52 weeks per year, annual spotting labor 
cost amounts to $26,000. 
•  finishing labor of 19 hours per day based on Royal.  Assuming a labor cost of 
$10  per hour , five days per week and 52 weeks per year, annual finishing 
labor cost amounts to $49,400. 
•  maintenance labor of one hour per week based on Hangers.  Assuming labor 
cost of $10 per hour and 52 weeks per year, the annual maintenance labor cost is 
$520. 

 •  maintenance equipment cost assumed to be zero 
 •  compliance cost assumed to be zero 

•  two drums of hazardous waste generated each year.  At a cost of $250 per drum, 
annual cost amounts to $500. 
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