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I.
Introduction

Rule 1102 contains both equipment and operating requirements for dry cleaning operations that use solvent other than perchloroethylene
.  Rule 1102 was originally adopted by the South Coast Air Quality Management District (AQMD) on January 6, 1978, and amended five times, with the most recent amendment occurring on November 17, 2000, to reflect the many advances in dry cleaning equipment and solvent technology that have occurred over the past 10 years.  

For example, dry cleaning operations using solvent other than perchloroethylene historically used a petroleum-based solvent known as ‘Stoddard solvent’ in what is commonly referred to as transfer machines (i.e., a separate washer and dryer).  New dry cleaning technology has moved away from the transfer process and the use of Stoddard solvent and instead uses a variety of specialized solvents (some petroleum-based, some not) in closed-loop machines (i.e., one machine that both washes and dries the material).  Eliminating the transfer process provides an opportunity to substantially reduce emissions from this type of dry cleaning operation.

The November 2000 amendments to Rule 1102 required the phase-out of most transfer machines by January 1, 2003.  All affected facilities have complied with this requirement and no longer use their transfer machines.  However, Rule 1102 also contained a provision that allowed a delayed compliance date of January 1, 2005, which only applies to one unique facility, M.L. Winters Industrial Cleaning (Winters) located in Pico Rivera, that cleans reusable soiled textile materials in accordance with California Health and Safety Code (HSC) §25144.6 (b).  Winters is substantially different from the neighborhood commercial dry cleaner because it is a large industrial facility that uses Stoddard solvent to clean industrial gloves and absorbents, and recovers and recycles oils that would otherwise be disposed of as hazardous waste if the gloves and absorbents were thrown away.  The delayed compliance date was included in the rule amendment for this facility because closed-loop technology for use with Stoddard solvent had not yet been developed for this type and size of industrial application.  

As part of the November 2000 amendments, the Governing Board directed AQMD staff to prepare an implementation status report to assess the availability, cost-effectiveness and feasibility of closed-loop machines and other appropriate technologies for replacing the transfer machines at Winters in time to meet the January 1, 2005 compliance date.  This assessment focuses on Winters’ facility and examines the availability and feasibility of closed-loop machines for replacing the existing transfer machines.

II.
Facility and Process Description

With respect to Rule 1102, Winters is unique because it is a large industrial drycleaner that also acts a hazardous waste facility.  Winters has a relatively high throughput operation with two machines than can each wash up to 700 pounds of materials per load and 10 separate reclaim dryers to dry the washed materials.  Each load consists of a variety of reusable soiled textile materials such as gloves, kevlar sleeves, and other similar items that are contaminated with various oils and solvents.  As part of the dry cleaning process, Winters collects and recovers the oils and solvents, transfers the waste off-site to a recycling facility, and distills and re-uses the Stoddard solvent.  The quantity of waste generated during this process far exceeds a standard commercial dry-cleaning facility due to the nature of the incoming materials. For example, during the cleaning process, Winters’ cleaning system recovers approximately 220,000 gallons of oily waste per year and transfers it to an oil recycling facility.  Due to the high volume of solvent used for cleaning and the amount of waste recovered, it is regulated by the AQMD and the Division of Toxic Substances Control (DTSC).  

The materials to be cleaned go through the following steps: 1) initial receiving and sorting through an automatic device that shakes out large pieces of debris
; 2) manually transferring to the washing machines to remove oils, solvents, et cetera, and any additional solid debris; 3) manually transferring or moving the ‘wet’ cleaned materials to the various dryers for drying; 4) manually transferring the collected debris to storage containers for later transport to a metal recycling facility, 5) routing the collected oily waste to a storage tank for later transfer to an oil recycling facility; 6) routing the used Stoddard solvent to outside storage tanks to be distilled and stored for re-use; 7) packaging and returning the clean, dry materials to the customer; and, 8) transferring the collected distillation bottoms for transport to a recycling facility.

III.
  Closed-Loop Machine Availability and Feasibility
For commercial applications, closed-loop machines are designed with a built-in solvent vapor recovery system that also functions as an air pollution control device.  Some machines are equipped with a condenser, either refrigerated or water-cooled, or a chilling coil capable of cooling down the temperature of the solvent vapor/air mixture exiting the drum.  The solvent vapor recovery system normally operates throughout the entire drying cycle to reclaim solvent vapors.  This means that during the drying cycle, the solvent vapor/air mixture passes through the condenser or chilling coil causing the solvent to return to a liquid state while the solvent-free air is re-heated and re-circulated back through the dryer to start the entire process again until the drying of the materials is complete.  The recovered solvent is later sent to a vacuum distillation unit for purification and filtration.

Due to the combustibility of the various solvents used for dry cleaning, the closed-loop machines are also equipped with either a fire suppressant or prevention system configured to standards established by the National Fire Protection Association (NFPA).  A fire suppressant system injects an inert gas (e.g. nitrogen or argon) that acts as a blanket and displaces available oxygen to keep the concentration of oxygen present below eight percent by volume.  The timing of the inert gas injection depends on the solvent used in the machine and is linked to a percentage of the solvent’s assigned lower explosive limit (LEL).  Some closed-loop machines are equipped with a fire prevention system that maintains the operating equipment under a vacuum to remove oxygen so that its concentration is lowered to below eight percent by volume.

With respect to Winters’ operation, in order to comply with Rule 1102, the operators will need to convert to a closed-loop system that can work with their current waste collection and solvent distillation systems.  Winters has been collaborating with two dry cleaning machine manufacturers to determine if closed-loop technology can be applied to its operations.  The following discusses the findings of this collaboration.

A.  Wientjen Machines

Winters has been working with Böwe-Permac (Böwe), a manufacturer of dry cleaning equipment, to locate equipment that meets the closed-loop technology requirements in Rule 1102.  Böwe worked with Winters to first determine the needs of the facility and whether or not commercially available equipment could be used for its unique application.  Over the course of a year of examining numerous machines, Böwe determined that there were no existing machines certified for use in the United States that would meet the facility’s needs as well as satisfy the requirements in Rule 1102.

Subsequently, Böwe representatives sought out European possibilities and located a used closed-loop machine that is designed to use Stoddard solvent.  It is manufactured in the Netherlands by Wientjen and is under consideration as a potential replacement for one of the transfer machines at the Winters facility.  It is equipped with a fire suppressant system that injects a nitrogen blanket to displace available oxygen to keep the concentration of oxygen present below eight percent by volume.  However, at a 220-pound per load capacity, the size of the equipment under consideration is not equivalent to one of the transfer machines at Winters.  Thus, the operators at Winters would need to purchase more than one machine or consider increasing their daily operating shifts to three per day, five days per week, to maintain their current material throughput for one of the transfer machines.  

The manufacturer and Winters spent approximately six months examining the design of the used machine and redesigning or retrofitting certain elements to create a system that is expected to be adequate for the facility’s needs while meeting the closed-loop requirements of Rule 1102.  A retrofitted machine is ready to be shipped to the facility for on-site testing, but it first needs to be certified for use within the United States prior to beginning operations.  Also, because the Wientjen machine is taller than the existing structure at Winters, the roof may need to be raised in order to accommodate its height.
There is one concern about the potential for emitting VOCs due to the large volume of debris that gets routed to the ‘button trap’ on the retrofitted machine.  Winters handles large volumes of incoming material with a substantial amount of debris such as metal, lint, glass and other random items that are initially embedded or stuck on the material and eventually become separated and subsequently get removed during the washing process
.  As the materials are tumbled in the washer, the metal separates out or drops off into the button trap to prevent re-entrainment and recirculation with the solvent.  This separation step is necessary because if the debris is allowed to pass through the system, the equipment, especially the solvent recirculation pumps, would get clogged and permanently damaged.  

The retrofitted machine, like Winters’ current machines, requires the button trap to be opened periodically for the manual removal of the wet, solvent-laden debris.  Because the button trap is so small relative to the high volume of materials that Winters processes, it has a tendency to quickly fill up with debris.  If the button trap is not emptied regularly, the debris will create a plug in the solvent drain line, subsequently causing the solvent to overflow and spill out of the machine and emit VOCs into the atmosphere.  Winters currently removes the wet debris from the button trap, manually transfers it to a separate reclaim dryer and then stores it for later transfer to a metal recycling facility.  

To date, there have been no successful research and design efforts from any of the various manufacturers of dry cleaning equipment to create an automatic handling system that can handle the type and large volume of debris from the incoming materials received by this facility to solve the manual button trap removal issue.  Thus, the operators at Winters expect that they will need to maintain a separate dryer to handle drying the collected debris which presents a significant design challenge in terms of preventing VOC emissions.  Rule 1102 does not explicitly provide for or disallow this practice with respect to the material collected by the button trap. 

B.  Columbia Machines

Columbia Manufacturing also produces a dry cleaning machine that may be suitable for the Winters facility.  Columbia’s approach to Winters’ situation is to use two smaller machines, each at 160-pound capacity, and connect them to one distillation system.  A unit of this scope is in the process of being pilot tested at a facility in Jackson, Michigan.  However, it is designed to use ‘DF-2000,’ a hydrocarbon-based solvent manufactured by ExxonMobil and also operates with a nitrogen blanket to reduce the oxygen content in the cleaning system and thus prevent buildup of an explosive atmosphere.  The manufacturer has indicated that its custom-built machine should be capable of handling Winters’ throughput needs.  However, the machine needs to be tested to ensure that it can perform as expected to meet both the facility’s needs and the requirements in Rule 1102.

Initial discussions with Columbia suggest that its closed-loop machine can handle the type of service similar to that seen by Winters, with the exception of the high volume of debris loading the button trap.  Also, because this machine hasn’t been built yet and the manufacturer’s claims have not yet been achieved in practice, it is unclear if the Columbia machine will be capable of handling the large volumes of material overall.  In addition, the effectiveness of the drying cycle and the button trap drain system will need to be evaluated further.
C.  Conclusion

Currently, there are no closed-loop machines commercially available in the United States capable of handling soiled textile materials like those processed at the Winters facility.  Though the performance of these machines has not been tested in practice, initial tests suggest that they have potential to satisfy Winders’ design needs and comply with Rule 1102.  However, if the size and the performance of the closed-loop machines can meet Winters’ performance needs, preliminary capital and operating cost data suggest that compliance with Rule 1102 may be very expensive.
IV.
Cost-Effectiveness of Using Closed-Loop Machines

The operators at Winters are considering replacing their existing dry cleaning machines with the prototypes of the closed-loop machines described in the preceding section.  Due to the size of the existing equipment (two machines each rated at 700-pound capacity per load), the facility is expecting to purchase two Wientjen machines (each rated at 220-pound capacity per load) plus two Columbia machines (each rated at 160 pound capacity per load).  In addition, to continue handling the large volume of incoming material, Winters is considering extending the work day from one shift to as many as three shifts per day.  Part of the revised operating schedule will include an additional sorting step to segregate the incoming materials into two process streams.  Stream one will consist of the more heavily soiled material and will be routed to the Wientjen machines.  The remaining less heavily soiled materials will be routed to the Columbia machines. 

To accommodate the proposed Wientjen machines in the existing building structure, the operators at Winters estimated that they will need to increase the height of the roof by approximately 10 feet.  Due to the nature of the materials used for this task, there are specific fire code requirements that must be met; in particular, the materials of construction, fireproofing, and sprinkler system to be installed are heavier duty than for standard industrial construction.

The estimated capital costs involved with the purchase of the machines described above, the modifications to the existing building that are required, and other miscellaneous costs are shown in the following tables:

Table 1

Capital Costs for Changing to Closed-Loop Machines
	Description
	Capital Cost ($)

	Wientjen machines (2 @ $300,000 each) 1
	600,000

	Columbia machines (2 @ $150,000 each 2 
	300,000

	Roof modification for Wientjen machines
	300,000

	Shipping and installation cost of Wientjen machines 3
	300,000

	Shipping and installation cost of Columbia machines 3
	150,000

	TOTAL
	1,650,000


Notes:

1 Equipment cost from Wientjen representative.

2 Equipment cost from Winters discussion with Columbia.

3 Shipping and installation cost estimated at 50% of purchase prices of equipment.

Table 2

Annual Operating Costs for Changing to Closed-Loop Machines
	Description
	Operating Cost ($)

	Estimate from facility for increased annual operational costs1
	120,000

	TOTAL
	120,000


Notes:

1 Estimate provided by M. L. Winters and includes increases to items such as utilities, insurance,
    and supervisory staff (3 shifts instead of 1 shift).
Because the capital and annual operating cost data provided is preliminary and could change substantially pending further evaluation of the prototype equipment, staff recommends deferring the preparation of a cost-effectiveness analysis until after the equipment evaluation is complete.  

V.
Timeframe

Both manufacturers of the prototype machines estimate that the machines may be built, shipped and installed between 16 to 24 weeks from the date of order.  Given this timeframe, it is entirely possible that the prototype machines can be tested and operating to meet the requirements of Rule 1102 by January 1, 2005.  However, the following circumstances may affect the January 1, 2005 timeframe for the full conversion to closed-loop dry cleaning equipment:

· The proposed retrofitted Wientjen and Columbia machines are currently untested technologies for a heavy industrial workload relative to typical commercial dry cleaning operations;

· The outcome of the performance of the each prototype machine will determine if the second existing transfer machine will be replaced with the other prototype machines from either manufacturer;

· Winters has not tested the efficacy of using DF-2000 solvent as compared to Stoddard solvent for cleaning the soiled materials in the Columbia machines;

· Extensive building modifications will be required that have not yet been started;

· Winters has not yet applied for any AQMD permits to construct for the proposed equipment; and,

· Winters has not applied for a building permit from the City of Pico Rivera.

VI.
  Conclusion and Recommendation

Though the performance of these machines has not been tested in practice, initial tests suggest that they have potential to satisfy Winders’ design needs and comply with Rule 1102.  However, if the size and the performance of the closed-loop machines can meet Winters’ performance needs, preliminary capital and operating cost data suggest that compliance with Rule 1102 may be very expensive.  The current status of the new prototype machines suggests that closed-loop technology for Winters’ industrial applications may be available by January 1, 2005.  The timing of compliance and the feasibility of the prototype machines is dependent upon a number of factors, including but not limited to when the equipment can be permitted, installed and tested.  Therefore, staff recommends that a status report be prepared by January 2004 to provide the Board with information on the status of the new equipment and Winters’ compliance efforts with respect to meeting the January 1, 2005 compliance date contained in Rule 1102. Further, based on the preliminary information on the equipment costs provided for prototype equipment, staff recommends that the preparation of a cost-effectiveness analysis be deferred to the January 2004 status report.  In addition to performance, further analysis on compliance costs and impacts on the facility is warranted.
� Rule 1102 does not apply to dry cleaning operations using perchloroethylene as a cleaning solvent.  These operations are regulated by Rule 1421 - Control of Perchloroethylene From Dry Cleaning Systems.


� The materials that Winters processes are laden with significant quantities of solid debris, consisting primarily of lint and metal pieces, that are removed from the washers, dried and transferred to a metal recycling facility.  Between six and 10 tons per year (or approximately two to three drums per month) of this debris is collected and sent to a metal recycler.


� The button-trap design is meant to handle a small quantity of solid debris in the incoming material.
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