











Hydrocarbon Flammability Hazards

A major hazard identified with the hydrocarbon solventsistheir potential flammability. The
National Fire Protection Association (NFPA) ranks chemicals on a scale of 0 to 4 for flammability.
NFPA gives hydrocarbon solvents agrading of “2,” indicating that they must be moderately heated
or exposed to relatively high ambient temperatures before ignition can occur. For comparison, perc
receives agrade of “0” for flammability, which indicates that it will not burn.

Of the hydrocarbon chemicals examined, DF-2000 has the highest flashpoint, followed by
140°F solvent and Stoddard solvent. Two dry-to-dry equipment variations have been developed to
reduce the likelihood of explosion by reducing the oxygen concentration in the machine. These
variations are nitrogen injection and oxygen vacuum systems. No information has been found in the
published literature for these systems. The following descriptions are based upon limited personal
contacts and assumptions. The nitrogen injection and oxygen vacuum is expected to be used only
during the drying cycle when air containing hydrocarbon vapor is heated.

Drycleaning equipment with nitrogen injection injects nitrogen into the cleaning chamber in
combination with hydrocarbon. The addition of nitrogen lowers the concentration of oxygen,
reducing the chance of explosion (Abt, 1994). Drycleaning equipment with oxygen vacuum lowers
the pressure in the cleaning chamber. The partial vacuum resulting from the reduced pressure
reduces the concentration of oxygen, which greetly lowers the flashpoint of the solvent and reduces
the chance of explosion (Abt, 1994).

Professional Wetcleaning Processes and Equipment

During the 1990s, severa agueous-based processes were explored as substitutes for
drycleaning of some garments. One of these processes, previously called “multiprocess
wetcleaning,” relied heavily on hand labor to remove soil from garments. This process used a
variety of different technigues depending on the individual characteristics of the garment. These
techniques included steaming, immersion and gentle hand washing in soapy water, hand
scrubbing, tumble drying, and air drying. This process also used spotting and pressing asin any
of the fabricare technologies. The spotter-cleaner determined which technique was most
appropriate for each garment, given the fabric, construction, and degree of soiling. A number of
different techniques may have been used on any one garment (Abt, 1994). Multiprocess
wetcleaning has not gained acceptance as a commercially viable cleaning method. However,
some of its techniques have been used to supplement the second, more widely-accepted agueous
process, which is called wetcleaning (Environment Canada, 1995).

The currently-employed wetcleaning process differs from multiprocess wetcleaning by
using machinery instead of hand labor in the washing process. The basic differencein the
machinery from traditional laundering unitsis that the agitation applied to the clothesis reduced
(Abt, 1994). The following example of wetcleaning process equipment is particular to a
Miele/Kreussler system, one of the earliest systems developed for this process. Although the
eguipment specifics mentioned in this section are particular to this example system, the process
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equipment functions for this system are expected to be generally applicable to other wetcleaning
systems.

The example system consists of a washer/extractor and a separate dryer, which both
control mechanical action and temperature (Patton et a., 1996). The principle of the system is
that “spinning” clothes during both water-based washing and drying can thoroughly clean and dry
the clothes without incurring the damage to delicate fabrics caused by agitation and tumbling.
The washer/extractor developed for the example system has holesin its drum to provide
optimum protection for the garment being washed and to facilitate chemical flow and active
cleaning. The temperature and the water level are each monitored and controlled. The
washing/extracting process is fully automated, and aliquid detergent is dispensed by two pumps
at apredetermined time. After the garment washing step, the wash water containing soils, oils,
and detergentsis extracted and discharged to the sewer. After the garment rinsing step, rinse
water may be discharged to the sewer or may be recovered and reused using storage and filtrating
systems (Patton et al., 1996). The dryer in the example system monitors the moisture of itemsin
the drum, and air passes horizontally through the drum. A fraction of drying air is recycled, and
automatic drum reversal isintended to dry the load evenly and help prevent creasing. Figure 4
below illustrates the process for wetcleaning.

Figure 4: Simplified Process Flow Diagram for Machine Wetcleaning

Detergents
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Extractor
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Water,
Optional Water Button particles, and
Reuse Tank Trap detergent

Sources: Adapted from EPA, 1997, for the U.S. Environmental Protection Agency’s Office of Pollution
Prevention and Toxics. Training Curticulum for Alternative Clothes Cleaning.
With consultation from Star, 1998.
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Emerging Technologies

There are several new technologies under development. Some involve substituting
solvents coupled with modifications to existing machinery, while others involve the use of newer
machinery. This document briefly describes liquid carbon dioxide (CO,), agueous ultrasonic
fabricare technologies, and new solventsin development. There may be others, but these are the
only ones for which EPA had information in June of 1998, at the time the CTSA was published.
These technologies are in various stages of commercia development, therefore, information is
l[imited and may be speculative.

Carbon dioxide (CO,) processes that use CO, in aliquid state have been developed for
fabric cleaning. Since the publication of the CTSA, at least one liquid CO, process has become
commercially available. [EPA has developed a case study summarizing available information on
this new technology.] Ongoing studies should eventually present a clear determination of the
actual capabilities of drycleaning with liquid CO, (Williams et al., undated).

Extensive information on CO2 processesis not yet available. However, initial
information indicates that the closed-loop machine configuration significantly reduces CO,
emissions by recovering and recycling the solvent in which the garments are washed (Chao,
1994; Micell, 1997). In addition, research has shown that liquid CO, processing had no
deleterious effects on test fabrics, had acceptable shrinkage, and removed more soil than standard
perc drycleaning. Because the liquid CO, technologies under development are proprietary,
complete process operating parameters are not available.

Aqueous-based ultrasonic washing processes have been used in industrial cleaning
applications for many years. They are now being researched for garment cleaning. Ultrasonic
cleaning uses a high-intensity sound wave in a fluid medium to create mechanical forces that
dissolve and displace contaminants on clothing. Detailed descriptions of ultrasonic process
equipment are not available.

Surfactants, detergents, and/or ozone theoretically may be used in an ultrasonic aqueous
solution to clean stationary garments. Free-floating items tend to reduce ultrasonic energy in
solutions, and this reduction would not allow for the sound wave energy needed to create
mechanical agitation. A combination of blended detergents and ultrasonics may allow polar and
non-polar contaminants to be removed at temperatures between 90°F and 122°F (32°C to 50°C)
without damage (Abt, 1994). If developed, a machine that could accomplish cleaning in this way
would be an alternative to the washer in the wetcleaning system, and extraction and drying would
need to be incorporated into this system.

Other new solvents are being developed. One, based on glycol ethers, has beenin
development for some time. It isintended to be a drop-in substitute for perc in modified perc

eguipment. There are other solventsin development. EPA has no independent data on any of
these processes other than manufacturers’ claims.

Release and Exposure

Releases occur when chemicals are no longer contained within the process or are no
longer under the control of the facility using those chemicals. The assessment of releases
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involves the estimation of magnitude, frequency, and medium (e.g., to air, to water, or in solid
waste for off-site disposal to landfill, incineration, or recovery processes) of releases.

Perc and Hydrocarbon Releases

Because perc is defined as a hazardous air pollutant by the Clean Air Act (CAA) and a
hazardous waste by the Resource Conservation and Recovery Act (RCRA), releases from perc-
based systems are a significant concern. Drycleaners can release perc and hydrocarbons to the
air, as both vented and fugitive emissions, and to water mainly as separator wastewater. In
addition, certain perc and hydrocarbon waste waters can be discharged to sewers and may leak to
ground water before reaching a publicly owned treatment works (POTW) for treatment (Wolf,
1992). Some facilities also dispose of separator water as hazardous waste. Facilities generating
more than 220 pounds per month of hazardous waste are required to dispose of such waste
through a RCRA-approved waste handler. Hydrocarbon solvent wastes generated from certain
cleaning processes are also defined as a hazardous waste.

Both processes al so create chemicals that are discarded by drycleanersin the form of
solid wastes, such as distillation still bottoms and used cartridge filters. Amounts of these
releases vary widely between individual facilities and may be affected by equipment differences,
such as cleaning machine capacity, vapor recovery devices, operating temperatures, separator
size, filter type, number of cleaning machines, and still type. In addition, differences in operating
conditions, such as number of articles cleaned per load, number of loads per day, drying time,
residence time in water separator, and differences in maintenance and general housekeeping, all
affect releases. Both perc and hydrocarbon processes have a multitude of machine configurations
for which EPA has developed release estimates. Figure 5 and Figure 6 outline some of the major
configurations and their release estimates.

Wetcleaning Releases

Clothes cleaners using the wetcleaning process are expected to release detergents,
finishes, water softeners, and other cleaning and processing aids primarily to water during the
wash and rinse cycles of the machines. Most chemical constituentsin the various wetcleaning
formulations are likely to be non-volatile. Releases of chemical constituents such as fragrances
to air and chemicals from the formulations in solid wastes would also be expected to be relatively
small.

Because wetcleaning technologies are relatively new to commercial cleaning, no actua
environmental release data are available for these processes. However, two existing studies
contain enough information to calcul ate formulation use rates (Environment Canada, 1995;
Gottlieb et al., 1997). In these studies, modeling was used to estimate releases of detergents from
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Figure 5: Estimated Releases from Perc Model Facilities
with Various Machine Types and Emission Controls

Releases
Perc Total Volume
Total Total
To In Hazardous Perc Wastewater Total Hazardous
To Air? Water® Waste © Loss Volume® Waste Volume °©
Machine Type and Control Technology (gallyr) (gallyr) (gallyr) (gallyr) (gallyr) (gallyr)
Transfer
No RC or CA - Option Perc-Al 501 0.007 127 627 75 658
With CA - Option Perc-A2 342 0.100 127 469 1,500 667
With RC - Option Perc-A3 290 0.014 127 417 150 658
Dry-to-Dry
No RC or CA - Option Perc-B1 434 0.007 127 561 75 658
With CA - Option Perc-B2 228 0.100 127 355 1,500 667
Converted to Closed-Loop - Option Perc-B3 176 0.014 127 303 150 658
Closed-Loop with no CA or with Door Fan and Small
CA - Option Perc-C 83 0.014 127 210 150 662
Closed-Loop with Unvented Integral Secondary CA -
Option Perc-D 51¢ 0.014 127 178 150 662

RC = refrigerated condenser; CA = carbon adsorber; see text for further explanation of equipment.

2 Based on Table 4 of CEPA, 1993, assuming that the transfer and vented dry-to-dry emission estimates would be representative of CA-controlled machines. Total air emissions are the
sum of vented emissions and fugitive emissions. For transfer machines with no CA or RC, vented emissions were assumed to be 50% of fugitive emissions; for dry-to-dry machines
with no CA or RC, vented emissions were assumed to be equal to fugitive emissions. Vent control efficiencies were assumed to be 95% for CA. The difference in emissions between
transfer with CA and transfer with RC was assumed to be the same as the difference between dry-to-dry with CA and dry-to-dry converted to closed-loop. Average “model” and
California facilities are estimated to clean 53,333 and 51,460 Ibs/yr clothes, respectively, and CEPA emissions data were scaled proportionally from California throughput to “model”
facility throughput.

Based on 150 gal/year for RCs (EPA, 1997) and 1,500 gallyear for CAs (EPA, 1993), and assuming water-cooled condenser generates 50% of volume generated by RC; also, based on
150 ppm perc average in wastewater and 3.78 kg/gal water and 6.1 kg/gal perc.

Based on the International Fabricare Institute estimate of 3.2 Ib of perc is lost in hazardous wastes from filters and distillation residues per 100 Ib clothes cleaned (CEPA, 1991) plus CA
waste, as applicable, of less than 10 Ib perc annually, based on an average 275 Ib carbon bed (EPA, 1991b), spent carbon is 10% perc by weight (assumed based on CEC, 1992), and
a carbon change-out frequency of 5 years for CAs used without RCs and 10 years for CAs used as integral secondary controls. Hazardous waste is assumed to average 40% perc by
weight (based on Safety Kleen, 1986, and PEI, 1985) and to average 2.94 kg/gal (assuming that the non-perc portion has the density of diatomaceous earth, 0.834 kg/gal).

CEPA, 1993, estimates that secondary control reduces emissions for a closed-loop machine by almost 40% (drum levels of 300 ppm for secondary control vs. 8,600 ppm for no
secondary control is equivalent to 96.5% removal; emissions from drum are 40% of total facility emissions).




Figure 6: Estimated Releases from Hydrocarbon Model Facilities with
Various Machine Types and Emission Controls

Releases
Hydrocarbon Solvent Total Volume
Total Total Total
Hydro- Waste Solid
_ To In Solid | carbon Water Waste
Machine Type and Control To Air®  Water® Waste® Loss Volume®  Volume®
Technology (gallyr)  (gallyr)  (gallyr) | (gallyr) (gallyr) (gallyr)
Transfer
w/ Standard Dryer - Option
Hydrocarbon-Al 1,839 < 0.0001 320 2,159 415 1,415
w/ Recovery Dryer - Option
Hydrocarbon-A2 678 0.0001 320 998 829 1,415
Dry-to-Dry
Closed-Loop w/ Condenser -
Option Hydrocarbon-B 194 0.0001 320 514 829 1,415

a

Based on emission factors in EPA, 1982. Total air emissions are the sum of vented emissions and fugitive emissions. The
CTSA's “model facility” throughput of 53,333 Ib/yr clothes was used to estimate these releases. Air release from dry-to-dry
closed-loop is based on air release from transfer with recovery dryer multiplied by the ratio of perc dry-to-dry closed-loop to perc
transfer with refrigerated condenser.

Based on 3.4 Ib water recovered per 100 Ib clothes for a system with a recovery dryer, and the same recovery assumed for dry-
to-dry; hydrocarbon losses based on 0.036 ppm hydrocarbon average in waste water, 3.78 kg/gal water and 3.0 kg/gal
hydrocarbon, and 10% of total water volume recovered from a system with no condenser relative to recovery from a system with
a condenser.

Based on emission factors in EPA, 1982. Total solid waste loss includes spent cartridge filters and vacuum still bottoms.
Hazardous waste is assumed to average 40% hydrocarbon by weight (EPA, 1982) and to average 1.71 kg/gal (assuming that
the non-hydrocarbon portion has the density of diatomaceous earth, 0.834 kg/gal).

two model facilities. It was assumed that all detergents were released to water. Only one
primary factor affecting release quantities was found, that is, the percentage of clothes cleaned by
immersion in water. The Environment Canada study estimated a detergent release of 29.5
galons per year from amodel facility that machine washes less than 100 percent of the clothes
cleaned. The study by Gottlieb et a. estimated a detergent release of 95.4 gallons per year from a
model facility that machine washes 100 percent of the clothes cleaned. It is not known whether
the estimated releases are representative of the universe of wetcleaning processes. Asissimilar
to perc and hydrocarbon processes, the modeling indicates that wetcleaning releases will vary
between individual facilities.

Exposure

Exposure is defined by EPA as contact between a chemical and the skin, nose, or mouth
of aperson over agiven period of time. The assessment of exposure is the estimation of the
magnitude, frequency, duration, and route of exposure. The exposure assessment describes who
comes into contact with the chemicals used in the various cleaning processes and, thus, who may
experience the effects related to the chemicals.
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Figure 7: Exposure Scenarios Evaluated for Human Health Effects

Population Exposed

Exposure Routes and Pathways

Inhalation Exposure

Ingestion Exposure

Dermal Exposure

to the Chemical Residence Workplace Nursing (Infants) Drinking Water Bathing Workplace
Perchloroethylene
Workers v v
Co-located Adults v v v
Co-located Elderly, Infants, and
Children v v
General Population - Adults v v v
General Population - Elderly,
Infants, and Children v
Hydrocarbon
Workers v v
General Population - Adults v v
General Population - Elderly,
Infants and Children v v
Wetcleaning Chemicals
Workers V4

v Indicates that the pathway-population combination is considered by EPA in the Cleaner Technologies Substitutes Assessment.




Populations exposed to clothes cleaning chemicals include workers, co-located residents,
and the general public. People who have the highest rate of exposure include workersin an
establishment that uses a solvent, such as perc, and children and other people who live in the
same building or adjacent (“co-located”) to an establishment that uses a solvent such as perc.
The general population is also thought to come into contact with clothes cleaning chemicalsto a
lesser degree. Environmental exposures for the general population are not generally high,
therefore, this document emphasi zes human health concerns for workers and co-located
populations.

Health and Environmental Risk

The full CTSA provides areview of the relative human health, environmental, and other
(e.g., flammability) hazards or effects of various fabricare technologies, and provides a basic
description of those potential effects. In short, adverse outcomes can include the ability of a
chemical to cause cancer, developmental and/or neurological effects, respiratory illness, or injury
such as repetitive stress syndrome. Effects can aso be environmental in nature, such asthe
ability of achemical to cause harm to aguatic organisms.

The CTSA does not contain estimates of the absolute level of risk for various
technologies. Relative risk assessments for the various cleaning technol ogies were conducted at a
“screening level” of review, using readily available information and standard analyses for
comparison purposes only. The risk assessments and characterizations present an idea of the
relative risks to human health and the environment, offer a basis for comparison, and give a
rough idea of the potential risks associated with each of the processes. Careful interpretation is
necessary given that the extent and type of hazard, exposure data, and uncertainties associated
with each process differ widely. Also, the absence of information on a technology does not mean
that it has no risks.

Risk Assessments

This summary organizes information on the relative health, environmental, and property
risks of clothes cleaning processes so that they can be compared. Characterizing these risks
involves gathering a variety of information. A risk assessment is an interactive process that
generaly includes the following components of analysis:

| Hazard assessment and characterization to determine if exposure to achemical can
cause adverse health effects in humans and the environment.

| Dose-response assessment and characterization to define the relationship between
the dose of a chemical and the incidence and severity of adverse health effectsin the
exposed population. From the quantitative dose-response relationship, toxicity
comparison values are derived and are used in the risk characterization step to
estimate the likelihood that adverse effects will occur in humans at a variety of
anticipated exposure levels.
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| Exposure assessment and characterization to identify populations exposed to a
chemical, describe their composition and size, and present the types, magnitudes,
frequencies, and durations of exposure to the chemical.

| Risk characterization to integrate hazard, exposure, and dose-response information
into qualitative expressions of risk. A risk characterization includes a description of
the major assumptions and key issues, scientific judgments, strengths and
weaknesses of data and analyses, and the uncertainties embodied in the assessment.

Perchloroethylene Solvent

Human data indicate that perc is absorbed into the body viainhalation, from the
gastrointestinal tract following ingestion, and through the skin. There is human evidence that
perc can cause neurotoxicity and kidney effects. Perc has been shown to cause other effects,
including cancer, developmental toxicity, and liver effectsin laboratory animals.

The results of a number of monitoring studies indicate that the concentrations of percin
indoor air can be elevated in dwellings located in the same building as drycleaners, but are not as
high as concentrations found in drycleaning workplaces (BAAQMD, 1993; NY SDOH, 1993;
Schreiber et al., 1993; Wallace et al., 1995). The excess cancer risk over alifetimeis estimated
to be higher than 1 in 1 million for residents living in co-location with drycleaning
establishments, particularly if they live in such dwellings for more than afew years. Risks
appear to be higher for residents living above transfer machines and poorly maintained dry-to-dry
machines than for the general population. Children, infants, and the elderly who spend most of
their day within the residence are thought to be at a slightly greater risk for both cancer and non-
cancer effects due to increased exposure duration relative to adults in general. The cancer risk
analysis approach used to derive these conclusionsistied to an upper bound lifetime excess
cancer risk estimate, and there is the possibility that the lifetime excess cancer risk isaslow as
zero.

Co-located residents are also at risk through a variety of perc exposures that the general
public experiences, in addition to their exposures related to co-location with drycleaning
facilities. Risks potentially experienced by the general population, such as drinking perc-
contaminated water, would be added to the risks due to co-location.

Thereis areasonable basis for concluding that there could be a health risk for cancer and
some non-cancer effects to workers from the relatively high perc exposures observed on average
in the drycleaning industry. This conclusion is based on monitored worker inhalation exposure
data from several sources, from information about the circumstances of dermal exposuresin the
workplace and the absorption potential of perc through the skin, combined with evidence from
animal studies. The risk analysis approach used to derive these conclusionsistied to an upper
bound lifetime excess cancer risk estimate, and there is the possibility that the lower bound is as
low as zero.

In arecent study conducted by the National Institute for Occupational Safety and Health
(NIOSH), researchers found that operator/cleaners generally have higher exposures relative to
most non-operators (e.g., pressers, spotters). NIOSH observed a general decreasing trend in
exposure levels and permissible exposure limit (PEL) excursions over time. In the study,
operators in facilities with transfer machines tended to have higher exposures than workersin
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facilities with dry-to-dry machines. Closed-loop machines with integral carbon adsorbers
resulted in significantly lower worker exposures than all other machine configurations currently
available (NIOSH, 1997). The researchers found that as the number of machines increased,
exposure levels aso increased.

Although no studies or data are available that quantify dermal exposuresto perc for
drycleaning workers, models have been devel oped to estimate dermal exposure. Results of these
models suggest that dermal exposure is not a significant source of perc exposure for drycleaning
workers. Workers are usually exposed during routine activities that include, but are not limited
to, transferring wet articles from the washer to the dryer and cleaning the bottom trap and still (or
muck cooker) (EPA, 1991b).

Several EPA studies have suggested that the general public’ s exposure to perc (via
inhalation and ingestion) presents low risks for cancer and non-cancer toxicity. Therisk analysis
approach used to derive these conclusionsistied to an upper bound lifetime excess cancer risk
estimate, and there is the possibility that the lower bound is aslow as zero.

Risks to aquatic organisms are expected to be low if drycleaning wastewater effluents are
sent to publicly-owned treatment works (POTWS). Thisis expected to be the case for most
drycleaning establishments. |f wastewater effluent is not sent to a POTW, there would be health
risks to aguatic organisms from high perc concentrations in surface waters.

Hydrocarbon Solvents

In the full CTSA, the health risks for hydrocarbon solvents are based upon findings for
Stoddard solvent. There are no data suitable for drawing conclusions concerning carcinogenic
potential. [Since the June 1998 publication of the full CTSA, EPA has attempted to obtain
carcinogenic testing information for newer hydrocarbon solvents, and it appears that no such
testing has been conducted.]

Hydrocarbon solvents are used much less often than perc in commercia drycleaning, and
lessinformation is available for them. According to a NIOSH study, the number of workers
exposed to hydrocarbon solventsin facilities that dryclean clothesis estimated to be between
21,000 and 49,000. The most significant route of exposure for workersis expected to be
inhalation, although they may also be exposed through dermal (skin) absorption (NIOSH, 1980;
OCIS, 1994, 1998).

There is evidence indicating that Stoddard solvent is absorbed into the body via
inhalation, the gastrointestinal tract, and the skin. Some human data indicate that this chemical
can cause neurotoxic effects and is an irritant to the eyes, mucous membranes, and skin. Kidney
toxicity has also been reported in animal studies (ATSDR, 1995).

Weighing thisinformation, there is areasonable basis for concluding that there is a health
risk for non-cancer toxicity in workers due to the relatively high hydrocarbon solvent exposures
observed in the drycleaning industry. This conclusion is based on monitored workers inhalation
exposure data from several sources, information about the circumstances for dermal exposuresin
the workplace, the potential for Stoddard solvent to be absorbed through the skin, and evidence
that Stoddard solvent can be toxic in laboratory rodents.

21



Chronic health risks to the general population from estimated inhalation exposures to
hydrocarbon solvents are considered low. Risks from ingesting drinking water contaminated
with hydrocarbon solvents are also considered low, given the very low projected rel eases of
hydrocarbon solvents to surface waters. These conclusions are based on modeled exposure
scenarios, combined with evidence indicating that Stoddard solvent can cause toxicity in
laboratory animals. However, conclusions about these risks are hampered by the lack of actual
exposure data.

It is possible that co-located residents have ambient air exposures to hydrocarbon
solvents, and therefore would have health risks, although no data are available for this exposure
scenario.

Asisthe case with perc, the data available do not indicate whether health risks due to
hydrocarbon solvent exposures differ significantly between special sub-populations (such as
infants, children, and the elderly) and average adults. Therefore, risks to specia sub-populations
due to hydrocarbon solvent exposures should be treated the same as those for other adults.

There is apotential flammability hazard associated with hydrocarbon solvents. The Fire
Protection Guide to Hazardous Materials of the National Fire Protection Association (NFPA)
ranks chemicals on a scale of 0 through 4 for flammability. Materials ranked O will not burn, and
those ranked 4 include flammable gases, pyrophoric liquids, and flammable liquids. All of the
hydrocarbon solvents discussed here are ranked 2, meaning that they have alow flashpoint (that
is, they must be moderately heated before ignition will occur) and that they give off ignitable
vapors. Stoddard solvent is also considered ignitable based upon the standard outlined in EPA
regulations (Protection of Environment, RCRA, Identification and Listing of Hazardous Waste,
Characteristic of Ignitability). Under this standard, achemical is considered ignitableif it “isa
liquid, other than an agueous solution containing less than 24 percent alcohol by volume and has
aflash point less than 60°C.” DF-2000 and 140°F solvent are considered to have a non-ignitable
ranking.

Although fire potential isacommonly recognized hazard of hydrocarbon solvents, data
are not available to assess the potential for the hydrocarbon solvents to ignite and cause afire
(Ahrens, 1998).

The potential risk to the environment from hydrocarbon solvents is estimated to be low.
The projected releases of hydrocarbon solvents to surface water are very small. The resulting
concentration of hydrocarbon solvents in surface water is also small and is not expected to
exceed the toxicity concern concentrations for aquatic organisms. Thus, thereisalow risk of
toxicity to aguatic species.

Wetcleaning Detergent

Very little toxicity data are available on the chemical constituents of the formulations
(detergent) used in most wetcleaning processes. Workers are expected to be the population most
highly exposed to wetcleaning detergent formulations. Dermal exposures are expected, but
currently there are no data on actual worker dermal exposures. Inhalation exposure of workersis
not expected because of the low volatilities of the component chemicals and because the
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chemicals are in an agueous solution. Dermal exposures to wetcleaning formulations can be
modeled, and the results suggest that dermal exposures are relatively low for wetcleaning
workers. However, there could be possible risks to workers of eye and skin irritation from wet
process formulations based upon findings associated with the example detergents.

In general, several characteristics of surfactants may affect the likelihood of human health
and environmental effects. These chemicals can differ in inherent toxicity, persistence, and
bioaccumulation potential, any of which can be a concern. Surfactants that minimize these
characteristics are presumed to be more desirable. A desirable property of surfactantsis that they
can be easily destroyed, either through conventional treatment processes or through
biodegradation. Those that are easily destroyed are less likely to persist in the environment.

Selected Federal Regulatory Requirements

Professional clothes cleaners may be subject to numerous Federal requirements, including
the following Federal air, water, waste management, and occupational health and safety
regulations: Clean Air Act (CAA); Clean Water Act (CWA); Safe Drinking Water Act —
Underground Injection Control Regulations (SPWA-UICR); Resource Conservation and
Recovery Act (RCRA); Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA); Occupational Safety and Health Act (OSH); and the Federal Trade
Commission’s Care Labeling Rule. Compliance with these requirements will affect operational
costs. Owners and operators of drycleaning facilities are encouraged to consult EPA’s Plain
English Guide for Perc Drycleaners. A Sep by Step Approach to Under standing Federal
Environmental Regulations and Multimedia Inspection Guidance for Drycleaning Facilitiesfor a
more detailed discussion of perc drycleaning regulations.

In addition, cities and municipalities have enacted zoning restrictions that may affect all
types of fabricare operations, and many localities have adopted some, or al, of the National Fire
Protection Association’ s standards for drycleaning equipment and operations (NFPA-32). These
restrictions and requirements may affect costs and liabilities.

The chart below lists Federal regulations that may affect clothes cleaning operations
covered in the CTSA for Professional Fabricare Processes. The two most prevalent technol ogies,
perc cleaning and hydrocarbon (petroleum) cleaning are most affected by Federal regulations.
Wetcleaning currently has fewer requirements that are directly applicable. There currently are
few Federal regulations governing the use of the emerging cleaning technologies (e.g., liquid CO,
and ultrasonic cleaning). It isunclear how requirements may change as industry use of these
technol ogies changes.
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Figure 8: Summary of Regulations Related to Fabricare Technologies?

Care Labeling
Fabricare Option CAA | CWA | RCRA | CERCLA | OSH Rule Other
Perc Cleaning V4 V4 v v v Ve NFPA-32
Hydrocarbon Cleaning V4 v v v v v NFPA-32
Wetcleaning NA v NA NA NA 4 NA

v Indicates that a technology is regulated specifically by the statute.
NA Indicates that although the statute applies to the technology, there are no specific regulatory requirements.

#The list of regulations covered in this booklet should not be considered exhaustive and may not cover all regulated aspects of
the fabricare industry.

The Clean Air Act (CAA) and subsegquent amendments are a regulatory framework
established to protect and improve ambient air quality in the United States. The CAA was
passed in 1970 and amended with significant provisionsin 1977 and 1990. Section 111 of the
CAA established new source performance standards and best achievable technology standards for
sources of specific volatile organic chemical compounds (i.e., fabricare establishments). These
standards require establishments that emit volatile chemicals to establish and maintain records,
make reports, install/use/maintain monitoring equipment, sample locations, and provide this
information to applicable regulatory agencies.

The Clean Water Act (CWA) isthe Federal law designed to protect the chemical,
physical, and biological quality of surface watersin the United States. The original statute and
subsequent amendments evolved from the Federal Water Pollution Control Act of 1972 (PL 92-
500). The CWA regulates both waste water discharges directly into surface waters viathe
National Pollutant Discharge Elimination System (NPDES) and discharges into municipal sewer
systems. The CWA designates and regulates pollutants in waste water effluent according to the
following three categories:

m  Priority Pollutants - 126 toxic chemicals;

m  Conventional Pollutants - include biological oxygen demand, total suspended solids,
fecal coliform bacteria, fats/oils/greases, and pH; and

m  Non-conventional Pollutants - any pollutant not identified as priority or conventional.

The Safe Drinking Water Act (SDWA) prohibits the injection of contaminants through
wells that will cause a public water supply system to violate a national drinking water standard or
otherwise endanger public health or the environment. This statute requires EPA to set maximum
levels for contaminants in water delivered to users of public water systems. Such standards are
health-based for drinking water and require water supply system operators to come as close as
possible to meeting these standards by using the best avail able technology that is economically
and technologically “feasible.” Primary enforcement responsibility may be delegated to states
that request it, if they adopt drinking water regulations no less stringent than the national
standards and implement adequate monitoring and enforcement procedures.

Passed in 1976, the Resour ce Conservation and Recovery Act (RCRA) isthe primary
waste management statute in the United States. RCRA regul ates the management and disposal
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of hazardous (Subtitle C) and solid (Subtitle D) wastes. It establishes a“cradleto grave” system
for tracking the production, management, and disposal of hazardous waste. Detailed definitions
are provided for both hazardous and solid wastes, as well as specific requirements related to
waste generation, management, storage, and disposal. The Hazardous and Solid Waste
Amendments of 1984 strengthened RCRA’ s waste management provisions and added Subtitle |,
governing the management of underground storage tanks.

The Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA), known more commonly as Superfund, is the Federal statute that established a
variety of mechanisms to clean up sites contaminated with improperly discarded chemical
wastes. This 1980 statute authorizes EPA to respond to releases, or threatened releases, of
hazardous substances that may endanger public health, welfare, or the environment. CERCLA
also enables EPA to force responsible parties to clean up environmental contamination or
reimburse EPA’ s Superfund for emergency response costs. The Superfund Amendments and
Reauthorization Act (SARA) of 1986 revised various sections of CERCLA, extending the taxing
authority for the Superfund and creating an additional free-standing Federal law (SARA Title 111
- Emergency Planning and Community Right to Know Act).

The Occupational Safety and Health Administration (OSHA) was established in 1970
under the U.S. Department of Labor to reduce occupational fatalities, injuries, and illnesses and
to develop health and safety standards and training programs for the protection of workersin the
United States. Section 6 (@) of the Occupational Safety and Health Act (OSH) enabled OSHA
to promulgate existing Federal and national consensus standards as OSHA standards. Under the
authority of this provision, the Health Standards program of OSHA established exposure limits
for genera industry air contaminants (29 CFR 1910.1000 Subpart Z).

The Care Labeling Rule (16 CFR 423) was promulgated by the Federal Trade
Commission in order to establish uniform care instructions for textile garments and accessories.
This rule requires clothing manufacturers to label garments with an acceptable cleaning method,
supported by a“reasonable basis.” The reasonable basis for labeling a garment with a particular
cleaning method can be based upon either the historical success with a particular cleaning
technology or actual test results that take into consideration fiber, fabric, and garment
construction variables.

Costs

Assumptions

The costs of running a professional clothes cleaning business include rent, basic operating
expenses, equipment, and labor. The equipment capacity, equipment type, and location of the
facility will affect the costs and economic viability of a professional cleaning operation. While
some fabricare technologies have been in use for many years, others are still prototypes and have
not yet been commercially marketed. As manufacturers gain expertise with new machines, and
their production quantities increase, it is expected that there will be a decrease in the cost of
production of new machines relative to established technologies and therefore a decrease in the
cost of these options to fabricare operators (Pindyck and Rubinfeld, 1989).
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The cost estimates for the hydrocarbon machines assume a 40-pound (18.1-kg) nominal
capacity machine that includes a washer/extractor (with filter and explosion kit) and abasic
dryer. The solvent machines are assumed to operate at 80 percent capacity (Jenkins, 1994),
resulting in adaily throughput of six loads per day.

The cost estimates for wetcleaning machines assume a 30-pound (13.6-kg) nominal
capacity. Manufacturer estimates indicate that wetcleaning equipment is designed to be operated
at 100 percent capacity, resulting in adaily throughput of six loads per day.

Cost Factors

Capital EqQuipment

Capital costs for equipment and the costs of retrofitting machines with control
technologies are converted to annual cost equivalents using a 7 percent real cost of capital and a
15-year lifespan (equivalent to using a capital recovery factor of 0.1098), to be consistent with
previous clothes cleaning analyses (EPA, 1993).

Maintenance

The International Fabricare Institute (IFl) estimates annual equipment maintenance costs
for perc-based operations to be 2.27 percent to 3.26 percent of total annual revenue, based on an
annual sales volume of $100,000 to $300,000 (IFl, 1992). For the purpose of the CTSA, perc
and hydrocarbon annual equipment maintenance costs are calculated as 3 percent of total annual
revenues.

Energy

Energy costs are based on the national average commercia electricity price of $0.0764
per kilowatt-hour (EIA, 1997). Energy use estimates for each technology include only actual
cleaning and drying equipment and do not include non-cleaning processes such as pressing. In
cases Where data are available, energy costs are provided for machines and emissions control
technologies, based on estimates by equipment manufacturers and suppliers.

Installation costs are included in the cost of retrofitting machines with emissions control
technologies, as these costs are a necessary and unavoidable part of the retrofitting process. For
the purpose of this analysis, installation costs are not included for new equipment because the
installation costs of a new machine vary significantly.

Installation
In this summary, the model clothes cleaning plant for each technology is assumed to

process an annual average clothing volume of 53,333 pounds.* This annual clothing volume for
the average facility is derived by dividing the total volume of clothes cleaned using perc and

1The total throughput of the model plant is 66,666 pounds, of which 80% is dry cleaning or another process and 20% is washing (Faig, 1998). It is assumed that the revenue per
pound is constant at $3, generating a revenue per facility of $200,000.
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[ ] chemistry of additives (detergents, surfactants),
[ ] use of spotting agents, and
[ ] process controls (time, temperature, and mechanical actions).

These factors work interactively to provide arange of cleaning abilities for all clothes
cleaning processes.

In general, non-aqueous (solvent-based) cleaning processes are effective in dissolving
non-polar soils (e.g., ails, fatty stains). Aqueous (water-based) cleaning processes tend to
dissolve polar soils (e.g., sugar, salt, perspiration) with greater success. Neither process type
removes particulate soils significantly better than the other (Wentz, 1996). However, the
cleaning ability of a particular process option may be enhanced with the use of spotting agents,
detergents, surfactant additives, and other process modifications such as cleaning time,
temperature, or mechanical action.

Non-agueous cleaning processes are most effectively used with textiles that contain
hydrophilic fibers, low-twist yarns, low-count fabrics, and polar colorants. Aqueous cleaning
processes are effective with textiles containing hydrophobic fibers, high-twist yarns, high-count
fabrics, and non-polar colorants (Wentz, 1996).

Water-based cleaning methods tend to cause expansion of natural and cellulose fibers,
leading to aloss of strength, wrinkling, color loss, and dimensional change (shrinkage,
stretching). However, such alterations are not necessarily apparent when synthetic fibers are
subjected to similar water-based cleaning methods. Textile manufacturers have developed a
number of fiber treatments and modifications that may minimize such alterations. For synthetic
fibers, non-agueous cleaning methods may not be appropriate due to potential fiber deterioration
(Wentz, 1996).

Other process characteristics that affect cleaning performance include detergent type,
mechanical action of equipment, cleaning time, and temperature of cleaning medium. Such
characteristics affect not only soil and stain removal, but also potential damage to garments.
These individual factors vary in importance according to the cleaning method (Hohenstein,
undated).

Pre-treatment and post-treatment spotting is often necessary, regardless of the cleaning
method chosen. Spotting agents can be brushed, sprayed, or dripped onto clothing prior to final
rinsing, and are chosen based on the chemical nature of the target soils. The choice of spotting
agent and the application procedure are important considerations because they can cause color
changes and dye transfers (Hohenstein, undated).

Another factor in the success of a particular fabricare processis the skill and experience
of the clothes cleaning operators. Their ability to properly sort garments and to choose the
appropriate process conditions, as well as their knowledge of textiles and cleaning processes, will
have a decisive influence on the success of a particular cleaning method. Clothes cleaning
operators can also prevent potential damage to garments by being aware of adverse interactions
between textiles and cleaning methods (Wentz, 1996). Asindicated previously, the ability of
cleaning processes to successfully remove soils from avariety of textiles occurs within arange.
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Because human skill affects that range, textile properties alone cannot be used as a strict
guideline for evaluating the ability of a cleaning process (Wentz, 1996; Blackler et al., 1995).

Summary of Performance

Most researchers agree that many garments labeled “dryclean only” can be effectively
wetcleaned. The results from The Greener Cleaner, Cleaner by Nature, and other ongoing
demonstration studies indicate that the cleaning performance associated with modern
wetcleaning equipment makes this technology an acceptable cleaning process for a significant
fraction of consumer garments. There continues to be debate as to the actual percentage of
clothing types traditionally drycleaned that can be safely and effectively wetcleaned. Researchers
note that the debate should focus not necessarily on what percentage of clothing, but on which
types of clothing and fabrics can be successfully wetcleaned (Adamson, 1996; Riggs, 1998).

Given the limited number of performance studies available for comparing clothes
cleaning processes, it is difficult to draw conclusions. The variations associated with clothing
fibers and soils result in performance differences for all process options considered. A number
of studies mention that the skill of the cleaners follows a distinct learning curve, resulting in
greater performance as they adapt to new technology. Greater use of these cutting-edge
technologies in the fabricare industry will produce advancements in equipment design and
operator skills, resulting in increased cleaning performance.

Process Trade-Offs

In order to implement pollution prevention and possibly reduce exposures and/or risks
associated with the chemicals used in clothes cleaning, clothes cleaners may consider either
controlling emissions from their current technology and/or adding a different technology.
Cleaners must consider the costs of running an operation, the service that they can provide to
consumers, and at what cost. Choices made may be limited by regulatory requirements and
levels of necessary capital investment. Such decisions involve numerous trade-offs among
relative costs, performance, health and environmental risks related to a particular process, and
other factors unique to each drycleaning shop. These trade-offs are summarized in Figure 11.

Environmental Improvement Approaches

There are certain techniques that may be employed by fabricare operations to prevent
pollution, reduce chemical consumption, and minimize waste, particularly for perc and
hydrocarbon technologies.
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Perc and Hydrocarbon Drycleaners

On September 22, 1993, EPA finalized the NESHAP for perc drycleaners (58 FR 49354)
Thisregulation set standards for the reduction of perc emissions from drycleaning operations.
Included in the NESHAP were requirements that owners or operators of drycleaning machines
and control devices follow their manufacturers’ instructions for proper operation and
maintenance. Owners or operators are required to keep a copy of any manufacturers
specifications or operating and maintenance recommendations at the drycleaning facility.

EPA realized that some drycleaners may no longer have equipment manuals for older
drycleaning machines and control devices. However, owners or operators of older machines and
control devices should make every reasonable effort to obtain these manuals. These efforts
include contacting manufacturers, if the manufacturers are still in business, and contacting local,
state, and national trade associations.

In case efforts to obtain manufacturers manuals are unsuccessful, EPA’s Office of Air
Quality Planning and Standards has devel oped many recommendations for operating and
mai ntenance practices for owners and operators of perc drycleaning machines and emission
control devices. Many of these recommendations are summarized in Figure 12.

For more comprehensive details on this very important subject, please refer to Chapter 9

of the Cleaner Technologies Substitutes Assessment (CTSA) for Professional Fabricare
Processes.

Wetcleaning Processes
Information on pollution prevention opportunities, best management practices, and
control options for these emerging technologiesis very limited. Several of the following may be
considered but should not supersede available manufacturers' information:
[ ] Automated addition of water and chemicals to washing machines, particularly
decreasing the amount of human error due to spillage or addition of excessive

detergent amounts.

[ ] Good housekeeping practices, such as keeping detergent storage containers tightly
closed to reduce chance of spillage.

[ | Recycling/recovery of rinse water/steam condensate.
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Figure 11: An Overview of Trade-Off Factors for Alternative Cleaning
Technologies?

Characteristic

Perchloroethylene

Hydrocarbon

Wetcleaning

Health and
Environmental
Risks

Health: Risk of cancer to workers,
co-located residents. Risks of non-
cancer effects, including potential
for developmental and reproductive
effects for workers. Possible
cancer and non-cancer risks to co-
located children.

Environmental: Potential risk to
aquatic organisms for effluent not
treated by POTW.

Health: Risk of neurotoxic effects
and skin and eye irritation for
workers.

Fire: Highest for Stoddard
solvent, less for 140°F and DF-
2000, based on flashpoint.
Environmental: Potential to
contribute to smog and global
warming.

Health: Risk not evaluated
quantitatively. Potential
risks of skin and eye
irritation for workers.
Environmental: Potential
risk to aquatic organisms
from specific detergent
component releases.

Costs”

Potential Groundwater contamination and Fire damage. Damaged clothing labeled
Liability Costs worker illness. “Dryclean Only.”
Capital Costs® $38,511 $37,432 $11,102
Hazardous $4,594 $9,820 NA

Waste

Disposal’

Annual $14,077 $19,607 $5,089
Operating

Costs®

Total Annual $ 18,305 $23,717 $6,308

Costs'

Market Considerations

State of
Technology

Dominant in market.

Well-established in market; use
of some hydrocarbons may be
limited by local fire codes.

Commercial use since
1994 in U.S.; numerous
detergent suppliers.

Consumer Issues

Odor

Yes

Yes; may be less for particular
hydrocarbons

No

Cleaning
Performance

Wide range of clothes.

Wide range of clothes.

Wide range of clothes.

NA means that the cost category is not applicable for the technology or that data are not available at this time.

& Configurations for fabricare technology include perc dry-to-dry closed-loop with no carbon adsorber or with door fan and small carbon
adsorber (Perc-C), as required by the perc NESHAP regulation; hydrocarbon transfer with recovery dryer and condenser (Hydrocarbon-
A2); and Unimac UW30 washer and DTB50 dryer.

® The values include the price of equipment and services directly related to the various fabricare cleaning processes, but exclude costs for
pressing, storefront operations, and rent. All values are in 1997 dollars and all calculations assume a 53,333-pound (24,191-kg) annual
volume of clothes cleaned per facility.

¢ List price of 35-pound perc drycleaning system includes control equipment, distillation unit, and filters; list price of 35- to 40-pound
hydrocarbon drycleaning system includes control equipment, filters, and an explosion kit.

4 Hazardous waste disposal costs for perc and hydrocarbon based on $6.94-per-gallon disposal cost (Beedle, 1998) and volume
calculations from EPA engineering estimates, hydrocarbon solvent waste may not be considered hazardous waste under the Resource
Conservation and Recovery Act, therefore, this is a high-end estimate. Hazardous waste costs associated with spotting chemicals or
certain detergent components are not included.

¢ Includes solvent, energy, hazardous waste, filters, detergent, and maintenance costs. The cost of labor, another component of annual
operating costs, is omitted due to lack of data.

Includes all operating costs and annual capital costs.
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Figure 12: Maintenance Schedule for Drycleaning Equipment

Component Frequency Maintenance Procedure

Machine Component

Dry-to-Dry Machine Weekly Check door seatings and gaskets for leaks.
Cylinder
Monthly Check exhaust damper (vented machines) for leaks.
Transfer Washer/Extractor Weekly Check door seatings and gaskets for leaks.
Cylinder
Transfer Dryer (Reclaimer) | Weekly Check door seatings and gaskets for leaks.
Monthly Check exhaust damper for leaks.
(I-:|(e)ia|1;ing and Condensing Monthly Check for lint build-up.
Annually Clean coils.
Button Trap Daily Clean strainer.
Weekly Check lid for leaks.
Fans Annually Inspect and lubricate.
Lint Trap Daily Clean lint bag, check lint build-up on temperature probe, and
check ductwork for lint build-up.
Weekly Dryclean or launder lint bag.
Auxiliary Equipment
Filters a Clean and change filters (filters drained and muck stored in
sealed containers).
Distillation Unit Bi-weekly Check seals and gaskets for leaks.
Monthly Check steam and condensation caoils.
Semi- Clean steam and condensation coils.
annually
Muck Cooker Monthly Check steam and condensation coils.
Semi- Clean steam and condensation coils.
annually
Annually Lubricate motor and gear box.
Water Separator Weekly Clean separator tank.
Monthly Check vent.
Pumps a Check for vapor and liquid leaks.
Tanks a Check for vapor and liquid leaks.

Control Device

External Refrigerated Daily Clean any lint filters in air stream.

Condenser
Weekly Measure temperature on exhaust for dry-to-dry

machines/transfer dryer reclaimer. Measure temperature on inlet
and exhaust for transfer washer.

Weekly Check seals, gaskets, and diverter valve for leaks.

Monthly Check refrigerant coils for lint build-up.

Annually Clean refrigerant coils.

Carbon Adsorber Daily or Desorb.

before

saturation

Weekly Measure concentration of perc in exhaust air stream or in
?achlnekdrum, clean all lint filters, and check gaskets and

uctwork.

Source: EPA, 1994.2 Maintain according to manufacturer’s or media supplier’ s specifications or recommendations.
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Conclusion

Fabricare Industry Trends

Although the use of perc-based technol ogies continues to dominate the U.S. professional
fabricare industry, the industry is undergoing significant change. Until as recently as 5 years ago,
there were few to no hydrocarbon dry-to-dry machines or wetcleaning machines in use. Today,
the mgjor U.S. hydrocarbon equipment manufacturer is producing 60 percent hydrocarbon
clothes cleaning machines and more than 30 commercial fabricare facilities are performing
wetcleaning only.

The development of new and emerging solvents and cleaning processes was motivated by
stricter state and federal regulation of perc, aswell as by increasing evidence of perc’s negative
impact on human health and the environment. For example, many drycleaners are faced with the
financial liability stemming from the cleanup of perc-contaminated soil and ground water
surrounding their facilities. These concerns have made many property owners reluctant to renew
leases or to rent to drycleaners (Lummis, 1996). Also, many states have imposed taxes on perc,
resulting in as much as atwofold increase in perc prices.

The extensive adoption of wetcleaning and hydrocarbon solvents in Germany, in response
to strict perc regulation, may perhaps indicate the level of adoption likely to occur in the U.S.
However, direct comparisons among countries must be gauged within the context of differences
in garment type, fabric type, lifestyle, geography, and climate. Further, differing perceptions of
cleaning quality among countries will affect customer acceptance of new and emerging cleaning
technologies.

Increasingly, fabricare professionals are proving that many garments that were traditionally
drycleaned can now be wetcleaned effectively. Most professional cleaners possess a wetcleaning
washer and dryer and wetclean alarger fraction of the clothing stream than 5 years ago (Seitz,
1995). A mgjor challenge facing the professional fabricare industry is the continuing declinein
the total volume of clothing being drycleaned. Several reasons have been cited for this decrease,
including the increase in casual wear among office workers (Levine, 1997). The fabricare
industry is addressing this phenomenon by attempting to broaden the services offered to
customers. For example, some facilities emphasize pressing and finishing services rather than
cleaning services.

The professional fabricare industry is aso collaborating with clothing designers and
apparel manufacturersin an effort to make fabricare considerations an integral part of textile and
garment manufacturing decisions. By encouraging the use of fiber types, textile types, and
garment construction methods that are compatible with all professional clothes cleaning
techniques, the fabricare industry hopes to maintain and increase its economic viability.

Through the Agency’s Design for the Environment (DfE) Program and its Garment and
Textile Care Program (GTCP), EPA plansto continue partnering with the fabricare industry,
textile manufacturers, and garment designers. EPA hopes that the efforts of the GTCP
partnership will encourage improvement and expansion of new fabricare choices and remove
barriers that prevent the adoption of economically viable cleaning processes that also offer
environmental benefits.
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