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ABSTRACT

1'd LI NG 2F GKS /T FEAF2NYAL ! AN wSaz2dinedBal . 21 NR
Warming Solutions Act of 200@he agency sponsored projects focused on developing an
inventory of greenhouse gases (GHGSs) in California. This project, iwhgaht of that effort,
involved developing bottom up estimates of emissions of GHGs for 2010 and 2020 for solvent,
fire protection and other applications. The approach used here relied on local air district
permits and information from equipment instals and suppliers to generate emission
estimates for solvents and fire protection equipment and the bank of agents in fire protection
equipment. The results demonstrated that emissions will declinkoith of the applications

that were analyzed over thegpiod because of trends already underway. Cumulative emissions
from solvent and fire protection applications are estimated &t8& and 0.363nillion metric

tons of carbon dioxide equivalent respectively over the ten year perfddmulative emissions

from other applications that were analyzed are estimated at 0.017 million metng &b carbon
dioxide equivalent The project also involved investigating R@GHG alternatives and
alternatives that are reasonably cost effective were identified for mostiegpbns. CARB
could adopt policies to reduce emissions further, particularly in solvent applications.
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EXECUTIVE SUMMARY

Background

In 2006, the California Legislature passed ABtB2,Global Warming Solutions Aathich

charges the California Air Reurces Board (CARB) with developing and implementing a plan for

the state of California for reducing emissions of greenhouse gases (GHGs) to 1990 levels by
HAHN® t NG 2F /!'w. Q& ¢2N] Ay RS@St2LIAy3 (KS
different types of GHGs with high global warming potentials (GWPs) used in a variety of
applications in California. CARB sponsored this research as part of that effort. The Institute for
Research and Technical Assistance (IRTA), a technical environmentabfitammganization,
performed the research. The focus of the project was to develop an inventory for the bank and
emissions of GHGs used in solvent, fire protection and various other applications.

Methods

There are three solvent applications that rely the use of GHGs, including film cleaning, vapor
degreasing and disk lubing. Solvents used in these applications are hydrochlorofluorocarbons
(HCFCs), hydrofluorocarbons (HFCs), hydrofluoroethers (HFEs) andrpesitbons (PFCs). In

film cleaning, oe HCFC and HFEs are used by the movie industry to clean original negative and
archived film during processing to remove fingerprints and particle contaminants. In vapor
degreasing, an HCFC, HFEs and HFC solvents and their blends are used to remove various
contaminants like oils, flux and particles from metal and plastic parts in general and precision
cleaning. In disk lubing, PFC and HFE solvents act as carriers for a lubricant which is deposited
on hard computer disks.

This project involved developingpttom up estimates of emissions from solvent applications.
Using information from permits from local air districts in California and discussions with
industry representatives, emissions from the three applications were developed for a baseline
year, 200, and were projected under a business as usual (BAU) scenar2026x. Two
alternative emissiongprojectiorns were also developed to take into account other potential
conditions and trends during the period. The analysis also involved investigatingipbteon

GHG alternatives and alternative processing methods for reducing emissions and estimating the
cost of using them. For all three solvent applications, IRTA estimated cumulative emissions
over the ten year period.

There are two fire protection gpications that rely on the use of GHGs and these include fixed
total flooding systems and portable fire extinguishers. GHG fire protection agents used in these
applications include halons, an HCFC, various HFCs padl@oroketone In total flooding
systems, the GHGs are usathinlyto protect expensive electronics equipment and data that
could be destroyed in the event of a fire. Portable fire extinguishers are used in a variety of
places including marine and aerospace facilities for local fire ptiote.
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equipment in the state in 2010, the baseline year. IRTA worked with system installers to
estimate the number of systems and the types of GHGs usdthlifornia. It also involved
developing projections of the 2020 bank under BAU conditions. Based on the size of the bank

and losses from the equipment, estimates of 2010 and 2020 emissions were estimated. Two
alternative scenarios for total flooding ¢ms and portable extinguishers were developed for

the size of the bank and emissions in 2020. The analysis also included analyzing and
investigating the GHG alternatives and comparing the cost of using them. For both
applications, IRTA also estimatathaulative emissions over the ten year period.

IRTA identified three other applications that rely on the use of stockpiled GHGs which are ozone
depleting substances. The applications are dry cleaning of delicate garments and costumes in
the movie industry, use of inert material in implantable devices by medical device
manufacturers and cleaning of energized electrical equipment. For these three applications,
IRTA analyzed potential alternatives, estimated the amount of stockpiled material and
estimated cumulative emissions over the ten year period based on knowledge of the industries.

Results

The project results indicate that emissions of solvents from film cleaning will decline over the
ten year period from 2010 to 2020 because of the trend igitel technology. Emissions from
vapor degreasing will also decline because of a production ban for an HCFC with a relatively
high GWP. Emissions from disk lubing are expected to remain constant over the period. Total
solvent emissions willetline fran about 0.028 to 0.01million metric tons of carbon dioxide
equivalent from 2010 to 2020. Cumulative emissions over the period from this application are
estimated at 0186 million metric tons of carbon dioxide equivalent. In all three applications,
non-GHG and low GWP alternatives are available and cost effective.

The project results show thahe size of the bank of GHGs in total flooding systems is high,
nearly three mllion metric tons of carbon dioxide equivalent.missions from total flooding
systems are expected to decline from 0.053 to 0.013 million metric tons of carbon dioxide
equivalent from 2010 to 2020. Emissions from portable fire extinguishers are expectésb
show a decline, from 0.006 to 0.005 million metric tons of carbon dioxide equivalent. In both
applications, there will be a reduction in the availability of ozone depleting substances which
have relatively high GWP#n the total flooding systemapplication, there is also a trend toward
low GWP and noiGHG alternatives.Cumulative emissions frorfire protection applications
over the ten year period are estimateat 0.363 million metric tons of carbon dioxide
equivalent. In the case of total fldong systems, nol&HG and low GWP alternatives are
available and reasonably cost effective. For portable extinguishers, alternatives have not yet
emerged.
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For the three other applications that rely on stockpiled ozone depleting substances, the results
indicate that cumulative emissions over the temay period could amount to 0.01willion
metric tons of carbon dioxide equivalent. Alternatives, in all three applications, are available.

The emissions estimates that were developed during the project wenepared with estimates

FNRY 9t! IyR G662 GNIRS a2a20AlF0A2yaod C2NJ azf
YdzOK f2¢6SNJ GKIy (GK2&aS FNRBY 9t! Qa +Aydl3Iay3a vy
HFC emission estimates comparedsonablywell with trade association estimates and both of

these estimates wergomewhatt 2 6 SNJ 6 KI'y (K2&S 2F 9t ! Qa Ay ll :
FANSE LINRPGSOGAZ2Y I Lomtthosedof aSradé as¥dcidtiong theR weFeTthigielS R~ F N
than the trade assaation emission estimates for Halon 1211 and lower than the trade
association emission estimates for Halon 1301.

Conclusions
This project illustrates that emissions from the solvent, fire protection and stockpiled
applications analyzed here will declirever the next decade because of trends already

underway. For most of the applications, alternatives are available and reasonably cost
effective. CARB could adopt policies to reduce emissions further in a few of the applications.
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Section 1. Introduction

Climate change is recognized by scientists as one of the most challenging issues over the next
several decades. Emissions of greenhouse gases (GHGs) will increase substantially over the
period. California is the twelfth largest soarof GHGs in the world. The state is a major
contributor to the problem and is also a leader in addressing environmental issues.

hy WdzyS M3 wnnpX [/ FtATF2NYAIBOEwhiehzdISINH ”rdudtidgnA 3y SR
of GHG emissions to 2000 & by 2010, a reduction in GHG emissions to 1990 levels by 2020

and a reduction in GHG emissions to 80 percent below 1990 levels by 2050. In 2006, the
California Legislature passed AB, 32e Global Warming Solutions Acethich charges the

California AiResources Board (CARB) with developing and implementing a plan for the state of
California for reducing GHG emissions to 1990 levels by 2020.

The original focus for GHG emission reductions was on carbon dioxide, methane and, to a
smaller extent, hydroflarocarbons (HFCs). HFCs have been and will be used widely in a
number of applications as alternatives to ozone depleting substances (ODSs) that have been or
will be phased out over the next several years. CARB became aware that other substances
including perfluorocarbons (PFCs), perfluoropolyethe(®FPESs), sulfur hexafluoride (SF6),
nitrogen trifluoride (NF3), hydrofluoroethers (HFEs) and ODSs are being used and emitted in
various industriabnd commerciabpplications. All of these materials are GH&d seductions

in emissions may help CARB meet the requirements of AB 32.

CARB contracted with the Institute for Research and Technical Assistance (IRTA), a technical
environmental nonprofit organization, to focus on certain applications where HFCs, HHRES;,

PFPEs, SF6, NF3 and ODSs are used and emitted. Although emissions of these materials are
lower than emissions of carbon dioxide, their Global Warming Potential (GWP) is much higher
on a pound for pound basis. CARB sponsored separate projects fabichon GHG emissions

from refrigeration and air conditioning and foam applications.

The aim of the project was to develop a bottom up inventory for the GHGs of concern used in
California. Some of the applications that were included in the origimarkplan were
addressed by CARB in pursuing AB 32 early action meaguresised workplan adjusted for
those changes in scope enabled IRTA to conduct more analyses comparing other estimates of
GHG stockpiles and uses from industry groups and the U.SViBR#ging Model. One of the

early action measures undertaken by CARB, adopted in 2009, was the Semiconductor
Perfluorocarbon Emissions Reduction Strategy. It addressed PFCs and PFPEs used in heat
transfer processes and NF3 used by the semiconductorsingu In 2010, CARB adopted a
regulation for SF6 used by electric utilities in electricity generation. The CARB consumer
products group indicated that they would focus on GHG use in aerosol applications; this
addressed the use of HFCs as propellants H6#Cs, HFCs and HFEs used in aerosol cleaning
applications. After the project was initiated, IRTA determined there were no HEFC
production plants in California which indicated there are no 28Gmissions from such
operations. IRTA also determinedaththe HCFCs used in handwipe applications were
stockpiled uses of GHGs for electrical equipment cleaning. In the course of the project, IRTA

1



also determined that use of PFCs and HFCs in one dry cleaning process was discontinued. The
project areas of fags that remained included solvent, fire extinguishant and stockpiled use
applications.

Table 11 summarizes the targeted GHGs and their potential applications. The table shows the
general use category, the type of GHG, whether the GHG contributesaimstheric ozone
depletion and the more specific use of the GHG type. The use categories that were considered
included solvents, fire extinguishing agents and a range of other uses.

In solvent applications, GHG emissions were estimated for three appfisa The first
application is film cleaning. Two GHG solvents, HFEs and an HCFC are used to clean movie film
when it is processed in various ways. The studios and post production facilities that perform
cleaning are concentrated in the Los Angelesar&he second application is vapor degreasing,
which relies on halogenated solvents to clean metal and precision parts during manufacture
and assembly operations. Three GHG solvents, an HCFC, HFEs and an HFC are used for this
purpose. Companies usingetlvapor degreasing process are concentrated primarily in the Bay
Area, the Los Angeles area and the San Diego area. The third application is disk lubing, where
solvents act as carriers for a lubricant that is deposited on computer hard disks. Two GHG
solvents, a PFC and an HFE, are used by two companies located in the Bay Area in northern
California. IRTA relied on permit information from local California air districts and some
discussions with suppliers to develop the estimates.

In fire protection appt OF GA2y&ax GKS &aiaAl S 2F G4KS DID aol yyl.
two applications. The first application is total flooding systems. These systems are used in
instances where it is important to protect data or valuable equipment in case of fireh Suc
systems use two HFCs, Halon 1301, an ozone depleting substance and PFCs. The second
application is portable fire extinguishers. These devices rely on one HFC and an HCFC and
Halon 1211, both ozone depleting substances, to protect from fire. Theritegtion agents

are held in the total flooding systems and extinguishers and they form a bank of GHGs. With
assistance from equipment installers, recyclers and trade associations, IRTA developed
estimates of the bank and emissions in California. IREA atimated emissions from
operations designed to recycle fire protection agents in California which is another source of
GHG emissions.

There still exist stockpiles of certain ozone depleting substances that are also GHGs. IRTA
identified three applichons where stockpiles of a CFC and an HCFC are still used. These
include dry cleaning of delicate garments, medical device manufacturing and energized
electrical equipment cleaning. IRTA estimated emissions for these applications.

For solvent and firgorotection applications, the approach inved estimating emissions for a
baseline year, in this case 2010. Based on a business as usual (BAU) scenario, emissions were



Table 1-1
Targeted GHG Types and Potential Applications

Use Category GHG Type ODS Specific Use
Solvents PFCs no heat transfer process
dry cleaning process
PFPEs heat transfer process
HCFCs yes handwipe cleaning

aerosol cleaning
film cleaning
vapor degreasing

HFCs no aerosol cleaning
vapor degreasing

disk lubing
HFEs no aerosol cleaning

heat transfer process
film cleaning

disk lubing

dry cleaning process

CFCs yes stockpile-dry cleaning
stockpile-medical devices

Fire Extinguishants PFCs no total flooding systems
portable fire extinguishers

HFCs no total flooding systems
portable fire extinguishers

HCFCs yes total flooding systems
portable fire extinguishers

Fluoroketone no total flooding systems

Halons yes total flooding systems
portable fire extinguishers
Other SF6 no electric utility applications
semiconductor applications

HFCs no aerosol propellants

HFC-23 no HCFC-22 production

NF3 no semiconductor applications

projected for 2020. In the case of fire protection, theesof the baseline and BAU projected
were also estimated. In each application that was analyzed, two alternative emission
projection scenarios were developed based on possible future behavior and trends. The project
also involved investigating low GWP rmn-GHG alternatives for all the targeted applicason

In all cases, IRTA performed a cost analysis and comparison of using these alternatives.

Section 2 of this document presents the analysis for the three solvent applications that were
analyzed. tl summarizes the baseline and projected emission estimates and the cost
comparison of the alternatives. Section 3 focuses on the analysis for fire protection
applications. It summarizes baseline and projected bank and emission estimates and discusses
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the costs of using the alternatives. Section 4 provides a short discussion of the other stockpiled
uses of GHGs and estimates emissions. Section 5 presents information on other estimates of
SYrAaarzya | @FLAfroftS FTNRBY 9t ! Ilisgidh ediivaes areNI RS
compared with the emission estimates of these other sources. Finally, Section 6 summarizes
the results and conclusions of the analysis.



Section 2. Greenhouse Gas Use in Solvent Applications

There are two major solvent applications where GHGs are used and one minor application.
These solvents are much more expensive than other types of solvents and this limits their use
to various high technology applications. The first application where &i@nts are used is

film cleaning in which contaminants are removed from movie film. The second application is
vapor degreasing of certain critical metal and plastic parts. The third application is disk lubing.
The three applications are discussedriore detail below.

2.1. Film Cleaning

For many years, the motion picture film processing industry has printed and cleaned film for
theater, television and feature films. Various types of operations, including motion picture
laboratories, postproduction facilities, studios, film preservation facilities and laboratories,
regularly conduct film printing and cleaning operations. Most of the facilities in California that
perform these operations are located in and around areas of Los AngelesyCauatare
concentrated in Burbank, Hollywood and Santa Monica. Very few, if any, facilities that clean
film are located in other parts of the state.

Film consists of a plastic base which supports an emulsion. Film requires cleaning periodically
and thecleaning operation removes dirts such as processing sludge, lubricating oils, adhesive
from tape, wax from crayons, fingerprints and lint (Fassett et. al, 1958). Historically; 1,1,1
trichloroethane (TCA) was used in virtually all operations for clearimg fThe solvent is fairly
aggressive and can remove oil based contaminants as well as particulates. It is also compatible
with the film base and emulsion material. In 1996, production of TCA was banned because the
chemical contributes to stratospherizone depletion.

Over the next several years, industry tested many alternatives that could potentially replace
TCA. One of the major alternatives that was adopted by the industry is perchloroethylene
(PERC); the solvent had been used for years in filntipgi and the industry was familiar with it

and knew it was compatible with and would not damage film. PERC is a carcinogen, is listed on

t NELI2AAGAZ2Y cp FYR FLIWSEFNR 2y /FTEAT2NYAlI Qa ¢2
Air Pollutant (HAP)st. Although most film cleaning was performed using PERC after the TCA
production ban, some facilities later converted to a range of other alternatives including
isopropyl alcohol (IPA) and various hydrocarbon solvents. Other alternatives that werte@ddop

later are GHG solvents including HFEs and, to a small extent226FC

2.1.1. Requlations on Film Cleaning Solvents

There are no federal regulations that directly affect the use of film cleaning solvents. Virtually
all the film cleaning operations the state are located in the jurisdiction of the South Coast Air
Quality Management District (SCAQMD). SCAQMD regulates air contaminants in Los Angeles,
Orange, San Bernardino and Riverside County.

In 2000, the South Coast Air Quality Management BisttSCAQMD) Governing Board
approved an Air Toxics Control Plan and in 2001, adopted amendments to SCAQMD Rule 1402
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staff was directed to investigate the dewpiment of source specific rules for several industries,
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add-on control equipment that had an overall control efficiency of 85 percent.

A technology assessment conducted as part of the rulemaking identified 50 facilities that
printed or cleaned motion picture film with organic solvents in the South Coast Basin (Rogozen,
2000). Table -4 summarizes the estimates of the total amount of the different solvents used
by the industry at the time and the average consumption per machine

Table 2-1

Solvent Use for Film Cleaning in South Coast Basin in 2000

Solvent/Solvent Type Annual Use Consumption Per Machine
(gallons/yr) (gallons/yr)

PERC 6,070 83

TCA 2,900 126

IPA 600 37

Other VOC Solvents 2,890 NA*

HFE 7200 370 NA*

*NA is not available.
Source: Rogozen, 2000

The values of Table-2 show that the most widely used solvent for film cleaning in 2000 was
PERC. This was before the SCAQMD adopted their regulation requiring controlssklvém.

Even though the production ban on TCA had been effective for four years, the table shows that
TCA was still used extensively. The ban applied to production but did not apply to use and
many companies and suppliers had supplies of the solvergdeeral years after the ban. The
figures also illustrate that other VOC solvents were as widely used as TCA for film cleaning at
the time. HFE 7200, a GHG solvent, had begun to penetrate the market although its use in 2000
was still low compared with #other solvent options. The HFE was the first GHG solvent to be
used by the industry; later HCR225 was also adopted, but to a smaller extent. The advantage

to facilities in using HFE solvents and HZPEE is that the solvents are exempt from VOC
regultions because of their longer atmospheric lifetimes and they are not classified as TACs in
California. Thus no controls are required when they are used.

Film cleaning equipment consists of an enclosed cabinet that cleans the film under negative
pressure The film is conveyed between a feed and takeup reel and is cleaned with heated
solvent, often using ultrasonic energy. fdkonics are very effective in cleaning contaminants

in blind holes and crevices and are a good choice for film. The film, betodaes the machine,

is passed through a squeegee submerged in the solvent bath to remove most of the solvent
adhering to the film. Finally, when the film passes out of the solvent bath, it is sprayed with a
solvent jet.



Virtually all of the solvenused in the film cleaning operation was emitted in the older
equipment. At the time the SCAQMD developed their regulation on PERC film cleaning and
printing, the equipment used to clean film was fairly emissive, as demonstrated by the values
for consumpton in Table 2. Since then, newer equipment has been developed and it is
designed to limit emissions. This was necessary, particularly for users of the GHG solvents,
because they are far more expensive than the other solvents that had been used for film
cleaning in the past. A picture of a newer film cleaning machine is shown in Figjure 2

Source: Lipsner Smith
Figure 2-1. CF3000-MKVI Film Cleaning Machine

2.1.2 Emission Inventory Baseline

IRTA contacted suppliers of the GHG solvents usditirincleaning to determine if they were
willing to provide information on the amount of solvent used in the industry. The suppliers
were reluctant to provide any information because it constituted proprietary market data.
Because supplier data were novalable, IRTA approached the problem of estimating the
emission inventory baseline in a different way.

Virtually all of the facilities that perform film cleaning are located in Southern California in the
jurisdiction of the SCAQMD. Film cleaning madchimegardless of the solvent used in the

cleaning operations, are required to have a permit as specified in SCAQMD Rule 219
GOl dZALIYSY G b20 wSHdZANARY3I | 2NAGISY t SNXYAG t dz
develop the bottom up baseline inventofgr the solvents used in the industry, IRTA requested

the permit information for the companies with film cleaning machines from SCAQMD.

The permit information does not always provide definitive information on the identity of the
solvent that is being gl in each of the film cleaning machines. IRTA conducted a telephone
survey of all of the facilities with permitted equipment to gather additional information on the
identity of the solvent being used. In some cases, the listed contact was no longey wees

not the person in charge of the operation or the facility refused to provide information. Three
of the facilities that have film cleaning machines are Title V facilities. The Title V permits



aggregate the emissions across all facility operatiams the identity of the solvents used in

film cleaning for the Title V facilities was difficult to determine. IRTA had discussions with the
SCAQMD permit engineers about additional information that could be used. IRTA also used
process knowledge to help identifying the identity of the solvents.

In cases where the solvent is routed to an oxidizer, for instance, the solvent is probably a non
halogenated VOC solvent. Nbalogenated VOC solvents are lower in price than halogenated
solvents; it is nedy always more economic to destroy them and purchase new solvent than to
recover them for reuse. In cases where the solvent is routed to a carbon adsorber for recovery,
the solvent is likely to be PERC because of the SCAQMD regulation requiring cdleirbisn
adsorbers can meet the overall control efficiency of 85 percent. Carbon adsorbers also have
been commonly used to recover and reuse PERC in many other types of cleaning operations
where PERC is used. PERC, because it contains halogens, isanatlygeouted through
oxidizers because the destruction products include hydrochloric acid and chlorine. The oxidizer
would have to be constructed of titanium or another resistant metal and would be very
expensive. When oxidizers were specified, IRTAnasd the solvents were nehalogenated

VOC solvents; when carbon adsorbers were used, IRTA assumed the solvent was PERC. When
no controls were used, IRTA assumed the solvents were GHG halogenated solvents.

Based on the discussions with SCAQMD enginmegerding the Title V facilities and the permit
AYTF2NNIEGA2Y S GSESLIK2yS adz2NBSea F2N) 0KS 20§ KSNJ
IRTA made estimates of the solvent identity used in all of the machines. TFaldar@marizes

the facilities, tle number of film cleaning machines at each facility and the identity of the
solvent used in each machine at each facility. In some cases, the facilities have more than one

film cleaning machine and some of the facilities use more than one type of sotvéir film

cleaning machines. A few of the facilities still have machines that are permitted to use TCA.
There is not likely to be any remaining stock of TCA but it is common practice for facilities to not
surrender a permit, even when the equipmestrio longer used.

The information in Table-2 indicates that there are four machines at one company that use
HCF&25, 18 machines at nine companies that use an unidentified HFE and three machines at
three companies that use HFER200. Because the HFEsdaHCF225 are GHG solvents, IRTA
investigated the solvent use in these facilities further.

Table 23 summarizes the facilities and film cleaning machines using GHG solvents for film
cleaning and provides estimates of the amount of solvent emitted fraohemachine. The
amount of solvent used or emitted by a facility is not provided in the permit information. Many
of the machines have a permit limit which is the maximum amount of solvent that can be
emitted from the machine for a given period. In soo@ses, the permit limit was not provided

in the permit information but other information required for risk calculations and other



Table 2-2

Companies and Film Cleaning Machines in South Coast Basin in 2010

Number of Film Cleaning

Company 3 Solvent
Machines

4 HCFC-225
Fotokem Industries 1 PERC

1 TCA
Technicolor Inc. 3 HFE

9 PERC
Deluxe Laboratories 8 Other VOC

7 HFE
Warner Brothers Studio Facilities 1 HFE
70 MM Inc. 1 PERC
The Post Group 1 HFE
Modern Videofiim Inc. 1 HFE
Golden Era Productions 1 PERC
Ascent Media 1 PERC or IPA

1 HFE
Triage Archival Restoration Service 1 PERC
MSCL Inc., RIOT 2 IPA
MSCL Inc., Encore Hollywood 2 IPA
YCM Laboratories 1 IPA
Pro-Tek Film Vaults 1 IPA
Matchframe Video 1 IPA
Film Technology Co., Inc. 1 PERC
High Technology Video 1 HFE-8200
DKP Tomm Inc. 1 HFE-8200
4AMC Company 3, Inc. 1 HFE-8200

1 IPA
International Video Conversions 1 IPA

1 PERC
Technicolor Creative Services 1 IPA
UCLA Film & TV Archives 1 PERC
Efilm LLC. 1 PERC
Laser Pacific Media Corp. 1 HFE
Cinetech, Ascent Media Mgmt. Srvc. 3 PERC
Cinesite, Ascent Media 1 HFE
Laser Pacific Media Corp., a Kodak Qp. 1 TCA
Laser Pacific Media Corp, Pacific 2 PERC
Post Logic Studios 1 Naphtha
Technicolor Creative Services 1 HFE
Universal City Studios, LLC. 1 Naphtha

1 HFE




purposescould be used to estimate emissions. Because many companies obtain a permit limit
that is higher than they really need, the values in the table may be overestimates of the actual
emissions.

Table 2-3
Facilities and Film Cleaning Machine Solvent Emissions
Company Number of Fi.lm Cleaning Solvent Emissions
Machines (pounds/yr)
Fotokem Industries 4 HCFC-225 710
Technicolor Inc. 3 HFE 2,605
Deluxe Laboratories 7 HFE 2,605
Warner Brothers Studio Facilities 1 HFE 4,335
The Post Group 1 HFE 2,842
Modern Videofim Inc. 1 HFE 725
Ascent Media 1 HFE 8,694
High Technology Video 1 HFE-8200 358
DKP Tomm Inc. 1 HFE-8200 358
4AMC Company 3, Inc. 1 HFE-8200 4,302
Laser Pacific Media Corp. 1 HFE 3,536
Cinesite, Ascent Media 1 HFE 2,842
Technicolor Creative Services 1 HFE 2,842
Universal City Studios, LLC. 1 HFE 427

The unspecified HFE in Table3 4s either HFZ200 or HFB200. According to 3M, the
manufacturer and supplier of the HFEs, these two HFEs, although they have a different
designation, are the same chemical. MSDSs fori2BB and HFB200 are shown in gpendix

A. They are a mixture of two isomers with a GWP of 55. An MSDS fo2PECIEGilso shown

in Appendix A. The HCFC is also a mixture of two isomers;226€&€and HCFZ25b. The
GWP of HCFE25 is 370.

Using a GWP for HGRE5 of 370 and asuming each of the four machines using the chemical
emits 710 pounds per year as indicated in Tablg fhe baseline emissions of HCELD are

2,840 pounds per year or 477 metric tons per year of carbon dioxide equivalent. Emissions of
the HFE from theafcilities listed in Table-2 amount to 57,311 pounds per year. Using a GWP

of 55 for HFEZ200/8200, baseline emissions for the 21 machines using the chemical amount to
1,430 metric tons per year of carbon dioxide equivalent. The total baseline emiss@hH07

metric tons per year of carbon dioxide equivalent emissions. This is about 0.002 million metric
tons of carbon dioxide equivalent. TabletZummarizes the 2010 baseline emissions of the
two solvents and the carbon dioxide equivalent emissimnghis industry.
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Table 2-4
Baseline GHG Sol vent Emi ssions fro
Solvent Global Warming | Annual Emissions Emissions
Potential (GWP) (pounds) (metric tons CO2elyr)
HCFC-225 370 2,840 477
HFEs 55 57,311 1,430
Total 1,907

2.1.3 Business as Usual (BAU) Emission Projections

In the last several years, there has been a strong movement in the movie industry to digital
recording. Instead of recording to film, as has been the practice historically, digital cameras are
used and the recording is captured on a digital medium liked hdrives or other digital
recording devices. At this stage, virtually all editing and special effects are composed on
computers and no splicing of film is needed. Currently, there is a movement to 3D; all 3D
cameras are digital and there are no prints.

IRTA contacted industry sources familiar with the trends in the industry over the next 10 years.
Knowledgeable industry sources estimate that, by 2020, the use of film and the need for film
cleaning will be reduced by about 90 percent. At that stagpositories of original negative,

rare or newly discovered film will be the only facilities that may need a cleaning capability. The
film will be archived and stored and there will be very little need for cleaning.

The other issue that will affect thesa of the GHGs for film cleaning is that Section 605 of the
Clean Air Act prohibits U.S. production and importation of all HCFCs for solvent uses by 2015
(CAAA, 1990). One of the companies cleaning film has four machines using23CH®€ior to

the 2015production phaseout, the company will probably begin looking for alternatives. There
may still be a supply of HGRE5 so it is likely the company can continue using the solvent for a
few additional years.

Taking the two trends into account, IRTA assdri&t, in 2020, emissions of the GHGs used in
film cleaning will decline by 90 percent. The rate of the decline was assumed to be uniform
over the period. IRTA assumed that all use of HEZ=Gor film cleaning will stop at the end of
2017. To be conseative, IRTA assumed that the HERSG will be replaced by HFE200 and

that the emissions of HCFX25 and HFRB200 in a given machine are the same. On this basis,
Table 25 shows the BAU projected emissions for 2020 and compares the projections with the
baseline emissions shown in Tabld.2

The values of Table-2 verify that there will be a significant decline in emissions of GHG
solvents in film cleaning operations over the decade. As described in the cost analysis below,
there is no need to contireithe use of GHG solvents in this industry because there are viable
alternatives that could be used for the limited cleaning that will still be necessary in 2020.
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Table 2-5
Baseline and BAU Projections of GHG Solvent Emissions from Film Cleaning Operatio
2010 2020
Ib/yr metric tons of CO2e/yr Ib/yr metric tons of CO2e/yr
HCFC-225 2,840 477 - -
HFE 7200/8200 57,311 1,430 6,015 150
Total 1,907 150

2.1.4 Cost Comparison of Film Cleaning Solvents

As indicated in Table-2, the major solvents used in film cleaning are PERC, IPA and the GHG
az2t gSyitao I FS¢ YIOKAYySa dzaS (KS LISINRTt Sdzy
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whereas IPA and naphtha are classified as VOCs. As the analysis illustrates, there will be a
significant decline, estimated at 90 percent, in the need for film cleaning over the next 10 years.
At that stage, some, but not all companigmat clean film today, will continue the practice. To
investigate the issue further, IRTA performed a cost comparison and analysis for three different
film cleaning agentsHFEs, PERC and-HAthe future.

Research Technology International (RTI) ovavesal companies including Lipsner Smith which
sells nearly all of the film cleaning equipment used in California (Mike Ruffolo, Lipsner Smith, 7/
2010). Lipsner Smith recently developed a new, low emitting machine called the 19220

for cleaning filmwith HFE. The machine heats the solvent to about 100 degrees F, cleans the
film in a bath with ultrasonics, has a refrigerated freeboard chiller and has &matined
distillation system. The equipment supplier estimates that the machine cleansQO&6t of

film per gallon of solvent consumed. The cost of the machine is $89,500. Lipsner Smith
recommends that any HFE user that needs a new machine purchase this model rather than an
older version that could also use HFE. The new machine has ketission controls and will
minimize solvent use for the user. A picture of the machine is shown in Figlre 2

Source: Lipsner Smith

Figure 2-2. LS9220-PLC Film Cleaning Machine
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The company has another film cleaning machine, the CF 8200P, which is designed for use with
PERC. According to the supplier, the machine can be easily and inexpensively modified to
operate with HFE which Lipsner Smith considers the environmentally pedfawlvent. This
equipment also cleans ultrasonically, has a refrigerated freeboard chiller and has a distillation
system. The supplier estimates this machine cleans 60,000 feet of film per gallon of PERC used.
The cost of the machine is $90,750. Auyme of this machine is shown in Figure32

Source: Lipsner Smith
Figure 2-3. CF8200P Film Cleaning Machine

Lipsner Smith also sells a machine for use with IPA called the Excel 2000. In this machine, the
film first passes through molded polymer piaulate transfer rollers to remove dirt. The film

then is cleaned with eight softnap rotary buffers wetted with IPA. Unlike the machines
designed for use with HFE or PERC, the film is not immersed in the liquid, no ultrasonic cleaning
is used and theras no refrigerated freeboard chiller or still. The supplier estimates this
machine cleans 30,000 feet of film per gallon of IPA used. The cost of the machine is $55,000.
A picture of this machine is shown in Figuré.2

Source: Lipsner Smith

Figure 2-4. Excel 2000 Film Cleaning Machine
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For the cost analysis, the amount of solvent used in the HFE machine for a typical facility is
assumed to be 100 gallons per year. This value is slightly less than the average solvent use of
129 gallons per year fdahe facilities using GHG solvents listed in Tabk 20ver the next
several years, the solvent use will decline because of the movement to digital technology. A
value of 100 gallons per year is likely to be representative for a user over the next 10 yea
period. More PERC would be required for the typical user, about 166 gallons per year to clean
the same amount of film based on the machine consumption values. Even more IPA would be
required, about 333 gallons per year, to clean the same amount of &itpain based on the
machine consumption values.

For film cleaning machine purchases, IRTA assumed that the cost of capital is four percent and
that the useful life of the machine is 10 years for the cost analysis. On this basis, the annualized
capitalcost for the HFE, PERC and IPA machines is $9,308, $9,438 and $5,720 respectively.

Two scenarios were considered for the PERC equipment. In addition to film cleaning, the post
production industry also prints film and the solvent used in the printingrapon is always
PERC. The SCAQMD regulation requires control equipment for both film cleaning and film
printing equipment using PERC. Some of the facilities that have film cleaning equipment,
perhaps as many as 25 percent of the companies, also dgfiiting. These companies have
already purchased and are operating control equipment for the film printing machines and the
PERC used in their film cleaning equipment could also be routed to the control equipment. The
first scenario would apply to compgs which already have control equipment; in this event,
they would not have to purchase control equipment since they already have it. The second
scenario would apply to companies that have to purchase control equipment to use PERC in a
film cleaning malsine.

The commonly used control equipment for PERC is carbon adsorption. PERC is routed to a
carbon adsorber through a duct in the top of the film cleaning machine. The PERC is adsorbed
to the carbon. In some cases, where the PERC stream is varyitarguld be cost effective to

have an adsorption/desorption system. When the carbon is full, steam is traditionally used to
drive the PERC off the carbon, the PERC is condensed, separated from the water and reused in
the process. In cases where theRRESstream is smaller, an adsorptiomly system would be

used. The PERC is adsorbed to the carbon bed. When the bed is full, the carbon is removed
and fresh carbon is placed in the bed. The used carbon is shippsitieadind burned.

IRTA contacted Claon Resources, a carbon supplier, to obtain an estimate for the cost of a
carbon adsorption system for a PERC film cleaning machine (Walsh, 7/ 2010). According to
Lipsner Smith, the flow rate in the vent at the top of the PERC film cleaning machineesverag
about 100 cubic feet per minute. Using this value, together with the usage of 166 gallons per
year and the isotherm for PERC, Carbon Resources recommends an adsompti@ystem

which would consist of two GaurdianMO00 units in series and a blowfer vacuum operation.

This system would include all necessary piping, valves, gauges and a simple on/off control
panel. A picture of a typical system of this type is shown in Figére Phe cost of a system
would be between $12,000 and $15,000, inchgldelivery and set up. Again, assuming a cost

of capital of four percent and a 10 year life for the equipment, the annualized cost for the

14



carbon adsorption system using the higher figure of $15,000 to be conservative, would amount
to $1,560.

SourceCarbon Resources

Figure 2-5. Typical Carbon Adsorption System for Film Cleaning Machine

In addition to the capital costs of the equipment, a typical facility using film cleaning equipment
would also have operating costs. IRTA assumed the operating, dixst electricity use and

filter replacement, would be similar across the different types of machines. One operating cost
that would be substantially different is that the PERC carbon adsorption system would require
replacement and disposal of the spenarbon. Based on the systems quoted by Carbon
Resources, the company estimates this cost at between $1,250 and $2,000 annually based on
whether or not the spent carbon is classified as hazardous waste. Since PERC is a listed waste in
the Resource Recomeand Control Act, it would be classified as hazardous waste by definition.
IRTA used the higher value of $2,000 per year for the regeneration/disposal cost.

Another operating cost that would vary is the cost of purchasing the solvent. According to a
chemical supplier who supplies solvent to this industry, the companies generally purchase their
solvents in drum quantities (Isaacs, 7/2010). The HFE is very expensive, about $15,000 per
drum. The price of a drum of PERC is about $900 per drum and itee gdrIPA is $450 per

drum. Assuming a drum contains 55 gallons, the cost of using 100 gallons of HFE annually is
$27,273. The cost of using 166 gallons of PERC is $2,716 annually and the cost of using 333
gallons of IPA is $2,725 per year.

As mentione above, the HFE and PERC machines have a distillation system which recovers the
liquid solvent for reuse. The still bottom from the distillation process requires disposal as
hazardous waste. For the HFE, IRTA assumed that 30 percent of the HFE @8egdaltons,

would be disposed of as still bottom. Solids like still bottoms are incinerated at a cost of about
$1 per pound. Assuming a solvent density of 12 pounds per gallon, the cost of disposal of the
HFE still bottom would amount to $360 per yedfor the PERC still bottom, about 50 gallons
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per year would require disposal. Using 13.6 pounds per gallon for the PERC density, the cost of
disposal for the PERC would be $677 annually. The IPA cleaning system does not have
distillation so all of the IP& assumed to evaporate.

The cost of using each of the three solvents is summarized in TableThe table shows the
annualized cost of purchasing the cleaning equipment and the control equipment. It also
shows the carbon disposal cost for the PERSEegy, the annual cost of solvent purchases and

the still bottom disposal costs which do not apply to the IPA system. If the company already
had a control system for PERC because it was needed for film printing operations, the company
would not have to purhase control equipmenfcalled PERC With Control in the tabl€)he
company would still have to dispose of the spent carbon from the film cleaning operation,
however, and the annualized cost of using the PERC system would be $14,831 instead of
$16,391.

Table 2-6
Annualized Cost Comparison for Film Cleaning Solvents
HEE PERC Without PERC With IPA
Control Control

Cleaning Equipment Cost $9,308 $9,438 $9,438 $5,720
Control Equipment Cost - $1,560 -
Carbon Disposal Cost - $2,000 $2,000 -
Solvent Cost $27,273 $2,716 $2,716 $2,725
Still Bottom Disposal Cost $360 $677 $677 -
Total Annualized Cost $36,941 $16,391 $14,831 $8,445

The figures of Table-@ show that the lowest cost option is to use IPA for film cleaning. The
disadvantage of the IPA system, however, is that it does not clean as well as the other systems
because the film is not immersedtine solvent and it is not cleaned with ultrasonic energy. On

the other hand, the HFE is an extremely gentle solvent and is not effective in removing many
types of contaminants so it would not be as effective a cleaner as PERC in an immersion system.
Thecost of using the PERC system, even with the requirement that the PERC be controlled, is
less than half the cost of using the HFE system.

2.1.5 Advantages and Disadvantages of Alternative Film Cleaning Methods

The solvents used in film cleaning poseaaiety of health and environmental problems. The

HFE is a GHG but it is low in toxicity. IPA is also relatively low in toxicity but it is a VOC. ltis
likely that a company using IPA in a film cleaning machine would use less than the SCAQMD
thresholdfor required offsets. The typical usage assumed in the cost analysis above would be
gStt 0St2¢g (KAA GKNBaAaK2fRO® t 9w/ A& OflaaAafTas
TAC list and is listed on Proposition 65. Other industries usaghbmical have been heavily

regulated and SCAQMD has required a high degree of control for the PERC emissions in this
industry. Workers in the movie industry will be exposed to PERC while filling the machine,
during the film cleaning operations and whesmoving the still bottom after distillation.
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The solvents also vary as far as performance and cost are concerned. As mentioned above, HFE
is a very noraggressive cleaning solvent and will not remove heavy contamination. IPA is a
better cleaner for par contaminants like fingerprints but also cannot remove oil based
contaminants very effectively. PERC is an aggressive cleaner and can remove heavy oil based
contaminants. All three solvents are safe for use on the film base. The cost of the HRE is ver
high; the cost of the other solvents is much lower.

Table 25 shows that the need for solvent cleaning will decline substantially by 2020. Use of the
HFE at that stage will amount to only 150 metric tons of carbon dioxide equivalent per year
based on bout 2.7 metric tons of HFE use. Because PERC is a carcinogen, it poses a risk to
workers and community members surrounding the facilities where it is used so it is not a good
alternative to the HFE. IPA, on the other hand, is relatively low in toxicity. major
disadvantage is that it is a VOC. It is a viable alternative to the HFE, however. If it were to
completely replace the HFE, its use in 2020 would increase by about 9.1 metric tons or about
0.025 metric tons per day.

2.1.6 Alternative 202@mission Projection Scenarios

Two alternative projection scenarios were analyzed for film cleaning. The first scenario involves
replacing the existing equipment using HFEs with the more conservative equipment available
from Lipsner Smith today. The secb scenario involves substituting the riokkind
alternatives, PERC and IPA, for the HFE.

2.1.61. Adoption of lower emitting equipment

Under this scenario, the companies using HFEs would replace their machines with lower
emitting equipment. The eéw equipment, the LS922BLC, as described above, is priced at
$89,500. The annualized cost of this equipment was determined above, assuming a 10 year
useful life and a four percent cost of capital. This amounts to an annualized machine cost of
$9,308. Most companies using HFEs purchased the older equipment model which has a higher
consumption rate for the solvent. The equipment supplier (Ruffolo, 10/2010) indicates the old
machine cleans about 60,000 feet of film per gallon of solvent used; the ctpaaie is
considerably higher, at 100,000 feet per gallon of solvent, with the new machine. For the
analysis conducted earlier, it was assumed that the typical HFE user used about 100 gallons of
solvent per year in the new equipment. On this basis, theEHonsumption in the old
equipment would amount to 167 gallons based on the consumption figures. Again, assuming
the cost of a 55 gallon drum of HFE is $15,000, solvent purchases would amount to $27,273
annually with the new equipment and $45,545 per yedth the old equipment. For purposes

of analysis, it was assumed that the cost of still bottom disposal with the two machines is the
same.

Table 27 presents the annualized cost comparison for the new and old equipment. The newer
less emissive equipme is the LS 9220LC and the older equipment is the CF 9200. The
companies with older equipment do not have a capital cost for the equipment but they do have
higher solvent use.
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Table 2-7
Annualized Cost Comparison for HFE With Newer and Older Equipme nt
LS 9220-PLC CF 9200
(New Equipment) (Older Equipment)
Equipment Cost $9,308 -
Solvent Cost $27,273 $45,545
Total Annualized Cost $36,941 $45,545

The values of Table2 show that the cost ofsing the newer equipment is lower than the cost

of continuing to use the older equipment, even though the new equipment is expensive. The
reduction in solvent purchases more than offsets the capital cost of the machine. Lipsner Smith
indicates that, in sme cases, where users fully optimize use of the newer machine, the
consumption can be higher than 100,000 feet per gallon and may be as high as 130,000 feet per
gallon.

In the baseline emissions estimate presented earlier, emissions of HFE 7200/8200 were
projected to be 6,015 pounds per year or 150 metric tons of carbon dioxide equivalent per year
in 2020. This is a reduction of 90 percent over the ten year periodl HF& users purchased

the new more efficient machines, emissions would be reduced from 6,015 pounds per year to
3,602 pounds per year, a reduction of 40 percent. Emissions would be reduced from 150 to 90
metric tons of carbon dioxide equivalent per year.

2.1.62.. Substitution of PERC or IPA for HFE

For the BAU emission projection scenario, the film cleaning emissions of HFE were estimated to
decline to 6,015 pounds per year or 150 metric tons of carbon dioxide equivalent in 2020.
Under this scenao, if PERC or IPA were to substitute completely for the HFE, there would be a
reduction in HFE emissions of 6,015 pounds per year or 150 metric tons of carbon dioxide
equivalent. If IPA were the alternative, there would be an increase in IPA emissi@istohs

per year or 0.025 metric tons per day. The consequence, if IPA were used, would be a small
increase in VOC emissions. If PERC were the alternative, the increase in PERC emissions would
amount to 11,316 pounds or about 5.1 metric tons per ye&@n a daily basis, the PERC
emissions for the industry would be 0.014 metric tons. The consequence, if PERC were used,
would be an increase in emissions and risk posed by a carcinogen.

2.1.7. Summary of BAU and Alternative Projection Scenarios

Table 28 presents and summarizes the emissions of the three different projection scenarios.
The BAU scenario assumes a decline in solvent use of 90 percent and a conversion from HCFC
225 to the HFEs by 2020. The first alternative scenario is based on repatigg HFE
equipment with newer HFE equipment that minimizes emissions. The second alternative
scenario is based on the industry converting away from HFEs to PERC or IPA.
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Table 2-8
Comparison of BAU and Alternative Emission Projection Sce narios
. Emissions Emissions
Scenario : .
(metric tons/yr) (metric tons of CO2elyr)
BAU 2.7 150
Purchase Better Equipment 1.6 90
Substitute PERC for HFEs 51 -
Substitute IPA for HFEs 9.1 -

2.2. Vapor Degreasing

For many years, companies have used vapor degreasers to clean metal and plastic parts in
fabrication and repair and maintenance cleaning operations. In general, the types of
operations where vapor degreasers are most widely used have been higher technolog
industries such as metal fabrication, electronics and precision cleaning of various kinds.

In the 1960s, halogenated solvents began to be used extensively for cleaning purposes. These
solvents included trichloroethylene (TCE), PERC, methylene ch(btiEieH) and TCA. Vapor
degreasers were developed to capitalize on the physical properties of halogenated solvents.
These solvents generally do not have flash points and they can be heated to their boiling point
for more effective cleaning.

A schematic ba typical opertop vapor degreaser is shown in Figuré.2 The simplest type of
vapor degreaser is a large stainless steel tank with a heater that heats the solvent to its boiling
point. The degreaser has a set of cooling coils above the liquid zahedhdenses the solvent
vapors back into the tank. The parts are lowered into the vapor zone, the solvent vapor
condenses on the cooler parts and carries the contaminants into the liquid solvent below.
Some vapor degreasers also have a spray wand wdanhbe used to spray the parts in the
vapor zone. Sometimes the parts are lowered into the liquid solvent as well as the vapor zone.
The advantage of cleaning in the vapor zone is that the liquid solvent contains the contaminants
and the solvent vapor isomparatively clean.

The soils build up in the liquid solvent and eventually the solvent becomes too contaminated
for further use. At that stage, the solvent is distilled in arsdr distillation system or is sent
off-site where it is distilled by eecycling firm. The distillation procedure separates the pure
solvent from the higher boiling contaminants which may be oils, greases or flux. The
contaminants remain in the still bottom and it is disposed of as hazardous waste.

Solvent emissions occur from the top of the vapor degreaser during operation and solvent is
also dragged out on the parts that are removed from the degreaser. Many degreasers,
particularly those used today with more expensive materials like the GHG sghag much

more sophisticated and they have features like refrigerated freeboard chillers, a much higher
freeboard height to better contain the solvent and automated handling systems to substantially
reduce dragout. These features are designed to mzegneimissions.
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Source: Hoogheem et. all., 1979
Figure 2-6. Typical Open Top Vapor Degreaser

Prior to 1996, the most widely used halogenated solvent in vapor degreasers in California was
TCA. The solvent is exempt from VOC regulations whereas, &g TCE and PERC were
regulated as VOCs. METH was also used in some processes; like TCA, METH was exempt but it
is a much more aggressive solvent so it was not compatible with as many materials as TCA. In
the 1970s, evidence emerged that TCE, PERQViETH are carcinogens and TCA was even
more widely adopted since it was not classified as a VOC and it was considered to be lower in
toxicity. CF@13, also exempt from VOC regulations, was extensively used in vapor degreasing
for electronics and precisionleaning, but it was never used as widely as TCA because of its
higher cost.

In 1996, production of TCA and GE3 was banned because the solvents contribute to
stratospheric ozone depletion. Many users continued to use the solvents as long as a supply
was still available. Over the next several years, the remaining TCA arid &€re exhausted

and companies had to find, test and implement alternatives. Most companies adopted-water
based cleaning processes as alternatives. Some companies convef®EtRIC, which was by
then classified as VOC exempt, but toxics regulations prevented widespread conversion to the
solvent.

New solvents that had lower or no ozone depletion potential were developed as suppliers saw
a market opportunity. These includddCFCs, a brominated solvent callegrapyl bromide
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(nPB), HFCs and HFEs. Many companies began usingl4H®FG vapor degreasing as a
replacement for TCA, like TCA, it was not classified as a VOC and it was low in toxicity. The
solvent had a fairly hilgozone depletion potential (about the same as that of TCA) and its use
was banned in many cleaning applications in 2003. Some companies began usirR2ZRbICFC
which was similar in cleaning properties to €AG. The HCFC is not classified as a VOCs It ha

a fairly low ozone depletion potential but production is scheduled to be banned in 2015. nPB
was marketed as a replacement for TCA in vapor degreasing applications and a number of
companies adopted it. The solvent is classified as a VOC and has esmcéobnd to be a
reproductive toxin and to cause nerve damage (HESIS, 2003).

HFG4310 and a few HFEs were marketed as alternatives to the ozone depleting solvents.
Because they are gentle cleaners, however, they were generally used in combinatioris2wvit

trans dichloroethylene (DCE), a chlorinated solvent with a flash point. The combinations do not
have flash points so the solvents can be used in vapor degreasers. DCE is classified as a VOC
whereas HF@310 and the HFEs are exempt from VOC reguisti

2.2.1. Cleaning Characteristics of Vapor Deqgreasing Solvents

The GHG solvents used in vapor degreasing today include-285FEIF€1310 and the HFEs.

Other solvents used to some extent in California include nPB and the traditional chlorinated
sdvents, PERC and TCE. TCE, PERC and nPB are aggressive solvents and they are used to clean
oil, grease or buffing compound from parts. The components that make these solvents
aggressive cleaners are the chlorine and the bromine they contain. nPB issatoto some

extent, for precision cleaning but its uses are somewhat limited in this arena because it is
aggressive. This means that it can be incompatible with certain types of plastic which are often

used in the fabrication of precision parts.

HO-G225 is the most aggressive of the global warming solvents; it is aggressive because it
contains chlorine; even so, it is much less aggressive than the chlorinated solvents or nPB. HFC
4310 and the HFEs are very raggressive since they contain no airie or bromine. They are
virtually always combined with DCE and other solvents, like alcohols, that increase their
cleaning capability. The cleaning capability of HEFCis also sometimes enhanced by the
addition of DCE and/or alcohols. H#E&10 andthe HFEs alone are sometimes used to rinse
parts after the contaminants have been cleaned with another solvent and they enhance drying.
The GHG solvents have very high vapor pressures so they evaporate quickly, leaving a dry part.

The GHG solvents are anty always used for precision cleaning of higher value parts rather
than for heavy cleaning tasks. This follows from the fact that they areaggnessive cleaners
and they are also much more expensive than PERC, TCE and nPB.

2.2.2. Requlationsn Vapor Degreasing Solvents

There are two types of regulations that affect the pattern of solvent use in California. First, EPA
regulations on ozone depleting and global warming solvents have affected the choice of
solvents. Second, the local air dists in California regulate air contaminants from stationary
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sources. None of the air districts regulates global warming solvents per se. They do have
NBIdzZA F GA2yas K2gSOSNE GKFG TFFSOG | O2YLI yeQa
these tpes of regulations is described below.

2.2.2.1. EPA Reqgulations

In 1994, EPA published the first major regulation that defined certain alternatives to ozone
depleting substances as acceptable, acceptable with certain limits or unacceptable (EPA, 1994

The Significant New Alternatives Policy (SNAP) program passed several additional regulations in
the years thereafter that focused on other alternatives. EPA designated certain PFCs as
acceptable in electronics cleaning and precision cleaning as attees to CFQ13 and TCA

with certain limitations (EPA, 1994). The PFCs were acceptable for high performance, precision
SYaAySSNBR FLJJX AOFGA2ya aG2yfeée oKSNBE NBFazylof
alternatives are not technically feaskl RdzS (2 LISNF2NXI yOS 2NJ al FSi
time, EPA was concerned about the high global warming potential of the PFCs and wanted
users to adopt other alternatives where possible. EPA did not deem the PFCs acceptable in
metals cleaning. Thehtee categories, metals cleaning, electronics cleaning and precision
cleaning, are the only categories of cleaning covered by EPA. EPA did not define other
categories where PFCs might be used and remained silent on the acceptability of their use. An
exanple of a category not considered by EPA is disk lubing which is discussed later in the next
section. Some companies were using PFCs for this application at the time and they could
continue doing so if they desired.

EPA took two other actions on alternagis in later reviews. First, the agency deemed HCFC

141b unacceptable for neaerosol cleaning purposes; EPA later extended the phaseout date to
January 1, 1997. Because of HOFCM 0 Q& KA 3IK h5t X AdGa LINPRdAzOGA 2
1, 2003. Secondjnder Section 605 of the Clean Air Act, EPA prohibits U.S. production and
importation of all HCFCs for solvent uses by 2015. This prohibition affects2d&F8ecause

it is a production/importation ban, as long as stockpiles of HZFCremain, the soknt will

continue to be used.

2.2.2.2. Local Air District Regulations

The SCAQMD regulates roughly half the stationary sources in the state. SCAQMD Rule 1122
G{2ft @Syl 5SIANBIFIASNERE NB3IdzA FGSa G(GKS az2ft gSyida
1997, the District established a 25 gram per liter VOC limit for solvents used in open top vapor
degreasers but included several exemptions. Over the next several years, the exemptions were
tightened and are fairly narrow today. The exemptions apply daolywery small vapor
degreasers with an open top surface area less than 1.0 square foot or with a capacity of less

than two gallons that are used for certain types of cleaning activities. Companies in the South
Coast Basin could continue to use higher \@Oftent solvents but they were required to use

them in airless/airtight degreasers rather than the open top degreasers that are widely used.
These airless/airtight degreasers are much more expensive than open top degreasers.
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At the time the SCAQMD relgtion was amended, many companies in the Basin were using
nPB and, since the solvent is a VOC, these companies had to convert away from the solvent.
Also at the time, most of the HCR2@5, which is a gentle cleaner, was combined with VOC
solvents and thé/OC content of the blends exceeded the 25 gram per liter limit. Some of the
companies using the solvent converted away from HEFblends. The suppliers were able

to reformulate the HCFE25 blends to the 25 gram per liter limit eventually and thetnts

were effective in some of the applications. Today, some companies are usingRPlECRIone

or in a 25 gram per liter blend, usually with alcohol. HZFID and the HFEs were rarely used
alone prior to 1997. Again, the solvents are very faggress/e and require substantial
quantities of DCE to perform effectively. After the SCAQMD 1997 lower VOC limit was adopted,
nearly all companies in the South Coast Basin converted away from these solvents. A few
companies, who used the solvents in the navrexemptions or in airless/airtight degreasers,
continued to use the blends.

The SCAQMD is the only air district that has limits on the VOC content of vapor degreasing
solvents. Other air districts in the state do not have such regulations so a widetyvaf
solvents are used in the rest of the state. nPB is more widely used in other parts of California
because it is a much less expensive solvent than 225HF&I310 and the HFEs and it is also
much more aggressive. The higher VOC content bleht#CF&25, HF&310 and the HFEs

are also used to some extent in the jurisdiction of other California air districts.

2.2.3. Emission Inventory Baseline

The suppliers of vapor degreasing solvents were reluctant to share comprehensive information
on solent use because of competitive market concerns. IRTA had to use a different approach
to develop a baseline inventory of the solvent emissions. Vapor degreasers generally require
permits from local air districts. To gather data for the bottom up inventestimates, IRTA
requested the list of vapor degreaser permits from major air districts in the state where
virtually allof the industrial activity is likely to occuit is in these air districts where vapor
degreasers are likely to be operated. In particular, since the GHG solvents are relatively
expensive compared with other vapor degreasing solvents, the focus was on air districts where
there is high technology dustrial activity. The air districts targeted for the data collection
included SCAQMD, the Bay Area Air Quality Management District (Bay Area AQMD), the
Sacramento Metropolitan Air Quality Magement District (Sacramento MetropolitskQMD),

the San Dieg&ounty Air Pollution Control District (San Diego County APCD) and the Ventura
County Air Pollution Control District (Ventura County APCD).

The lists of permitted vapor degreasers often do not identify the types of solvents used so IRTA
requested addibnal information from the air districts on the permit conditions. In some cases,
even this information did not identify the solvent used. For instance, some air districts group
certain solvents into one category so all that can be determined is thatonepany with the

vapor degreaser is using one of a number of solvents. In other cases, companies obtain vapor
degreaser permits which allow them to use more than one solvent. To be conservative, in
these cases, if one of the options was a GHG chemiclihenother was not, IRTA assumed the

GHG chemical was used. In certain instances, IRTA had to use judgment and process knowledge
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of how solvents are used to decide what solvent is used in a particular vapor degreaser. IRTA
then eliminated the vapor degasers using solvents that are not GHG chemicals from further
consideration.

In virtually all cases, there is no information on the actual usage and emissions of the solvents
from the vapor degreasers. IRTA used the information from the air distridtseopermit limits

placed on the vapor degreasers to estimate the annual emissions. The permit limits are
generally given in gallons per year. In some cases, the solvent is a blend of a GHG solvent and a
non-GHG solvent. For instance, as described eati€&c4310 and the HFEs are commonly
combined with VOC solvents to achieve greater cleaning aggression. Thus, a large fraction of
the blend would not be a GHG solvent. In these cases, IRTA used only the amount of the GHG
solvent to determine the baseknemissions.

To augment the air district information on permits, IRTA also had conversations with some of
the suppliers of chemicals and equipment. In some cases, the suppliers were helpful in
identifying the type of solvent used. An issue that ardseing the analysis is that many
companies in the South Coast Basin are under the impression that they do not need a permit
for a vapor degreaser if they are using it with a solvent that is exempt from VOC regulations.
This is not the case; permits areqrered for vapor degreasers even when the solvent used is
exempt. IRTA encountered one company using a large amount of a GHG solvent that did not
have a permit. This indicates that there may be other companies using GHG solvents in vapor
degreasers withot a permit. They would not be included in the analysis.

2.2.3.1. Sacramento Metropolitan AQMD

There are apparently no vapor degreasers in the jurisdiction of the Sacramento Metropolitan
AQMD.

2.2.3.2 Ventura County APCD

In the jurisdiction of tle Ventura County APCD, there are six companies using seven vapor
degreasers. Five of the vapor degreasers use nPB, one uses PERC and one uses TCE. There are
no vapor degreasers using GHG solvents.

2.2.3.3 San Diego County APCD

In the jurisdiction ofthe San Diego County APCD, there are 18 companies using 28 vapor
degreasers. Eight of the companies are using nine vapor degreasers that rely upon GHG
solvents. The permits in this air district, in many cases, do list the solvent and even the
tradename @ the solvent that is used. Table92shows the vapor degreasers in the jurisdiction

of the San Diego County APCD that use GHG solvents. It lists the company name, the
tradename of the solvent used in the vapor degreaser and the type of solvent. Icasee

AEM, Inc., the air district was unable to locate the permit file so it is not possible to determine
what solvent the company is using. Although the company is listed in T&hléRTA did not
consider the vapor degreaser used by the company further
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Table 2-9

Vapor Degreasers Using GHG Solvents in San Diego County APCD Jurisdiction

Company Solvent Name Solvent Type
General Atomics Rhotron 225TM HCFC-225
Deutsch ECD HFE-71DE HFE
BAE Systems Vertrel SMT HCFC-4310
Teledyne KW Microwave Rhotron 225TM HCFC-225
Remec Broadband Wireless Rhotron 225TM HCFC-225
Rhotron 225TM HCFC-225

Ectron Corp. HFE-72DE or Vertrel SMT HFE or HFC-4310

Interface Displays & Controls Ing. Rhotron 225TM HCFC-225
AEM Inc. NA* NA*
GDE Systems, Inc. Vertrel SMT HFC-4310

*NA is not available

As discussed earlier, the SCAQMD has a regulation that restricts the VOC content of solvents
used in vapor degreasers. The San Diego County APCD does not have such a regulation so
companies can use GHlvents in blends with VOC solvents. Virtually all of the solvents in
Table 29 are blends with a fairly high content of the VOC solvent. An MSDS for Rhotron 225TM

is shown in Appendix A. Itis a blend of HCE&Ewith DCE and methanol as well asabsizer,
nitromethane. MSDSs for HFEDE (called HFELD in the air district files) and HFEDE are

shown in Appendix A. These two materials are blends of HFEs and DCE. Finally, an MSDS for
Vertrel SMT is shown in Appendix A. Itis a blend of48C with DCE and methanol.

Table 210 shows the permit limit or the requested limit for the daily solvent emissions in

pounds or gallons for the GHG solvents used in San Diego County APCD. It also shows the
emissions of GHG solvents in pounds per year. As the MSDSs for the fomsulsed by the

companies indicate, the solvents contain several ingredients and only some of them are GHG
solvents. For Ectron Corp., the company is allowed to use eithef7HPE or Vertrel SMT.

Because HFZ310, the GHG solvent in Vertrel, has ehleigGWP than the HFEs, it was assumed

GKS O2YLIlye gla dzaiAy3ad +SNINBEf {a¢ G2 0SS O2y:
solvent use was excluded from Tablel@ because the air district could not locate the
O2YLIl yeQa FTAfSO®

Table 211 shows the compaes emitting GHG solvents, the identity of the solvent and the
annual emissions of GHG solvents in metric tons of carbon dioxide equivalent. A GWP of 370
was used for HCFZ25, a GWP of 55 was used for the HFEs and a GWP of 1,500 was used for
HFC4310 in he calculations. The values indicate that 5.3 thousand metric tons of carbon
dioxide equivalent GHG solvents are emitted from companies in the San Diego area each year.
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Table 2-10
Estimated Emissions of GHG Solvents in San Diego County APCD Jurisdiction
Permit or Requested | GHG Solvent Emission
Company .. e
Solvent Emission Limit (pounds/yr)
General Atomics 10 pounds/day 3,322
Deutsch ECD 9.15 pounds/day 1,449
BAE Systems 7.6 pounds/day 1,449
Teledyne KW Microwave 0.3 pounds/day 100
Remec Broadband Wireless 0.5 galiday 1825
0.5 galiday 1,825
Ectron Corp. 1.5 pounds/day 3,246
Interface Displays & Controls Inc. 10 pounds/day 3,322
GDE Systems Inc. 0.25 gal/day 541
Table 2-11

Estimated Weighted Emissions of GHG Solvents in San Diego County APCD Jurisdictior
GWP Weighted Emissions

Company GHG Solvent )
(metric tons CO2e/year)

General Atomics Rhotron 225TM 558
Deutsch ECD HFE-71D 36
BAE Systems HFC-4310 986
Teledyne KW Microwave Rhotron 225TM 17
Remec Broadband Wireless Rhotron 225TM 306

Rhotron 225TM 306
Ectron Corp. Vertrel SMT 2,209
Interface Displays & Controls Inc. Rhotron 225TM 558
GDE Systems Inc. Vertrel SMT 368
Total 5,344

2.2.3.4 Bay Area AQMD

Table 212 summarizes the companies with vapor degreasers using GHG solvents in the
jurisdiction of the Bay Area AQMD. In one case, the vapor degreaser permit was {1 TFC
and this facility was eliminated from further consideration. As discussedegattiere is
virtually no supply of CFC13 available and companies are reluctant to surrender permits. Itis
likely that this company is no longer using the vapor degreaser or is using another solvent in the
degreaser but is not aware that the permit ndgges modification. In either case, there is no
way to determine the solvent the company is actually using if the vapor degreaser is still in use.

Table 213 shows the permit or requested limit of solvent emissions for each of the GHG
solvent vapor deggasers in the Bay Area AQMD jurisdiction. The information from the Bay

| NBI !'va5 AYRAOIGSEA GKS 3AFfft2ya LISNI 8SF N 2NJ
Beyond the name of the solvent, there is no information on the tradename of the solvent or
blend that is being used. For purposes of analysis, it was assumed that th43HF-Glend

used by each facility was Vertrel SMT which is composed of about 52 percedBHE-CWhen
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Table 2-12
Vapor Degreasers Using GHG Solvents in Bay Area AQMD Jurisdiction
Company Solvent Type

Hitachi Global Storage Tech. Inc. HFE, HFC-4310
HFC-4310

Agilent Technologies fully halogenated hydrocarbons
HFC-4310

Teledyne Microwave HCFC-225
HCFC-225

Anritsu Company HCFC-225
HCFC-225

Rockwell Collins Display Systems HCFC-225

Seagate Technology, LLC perfluorocarbons
HFC-4310

Space Systems/Loral HCFC-225

CHA Industries fully halogenated hydrocarbons

Coherent Inc. HCFC-225

Giga-tronics, Inc. HCFC-225

WD Media, Inc. perfluorocarbons

Oclara, Inc. HFE, nPB

JDS Uniphase HFE

JEM America Corp. HCFC-225

Bio-Rad Laboratories HFC-4310, IPA

Americal Medical Systems HCFC-225

SV Probe HCFC-225

Highland Technology, Inc. HCFC-225

Cobham Defense Electronic Syst. fuly halogenated hydrocarbons
HCFC-225

the listed solvent was HFE, IRTA assumed the solvent wag HFEwhich contains 50 percent
HFE. MSDSs for each of these blends are shown in Appendix A. In a few cases, twe-solvents
one a GHG solvent and the other a PBHG solventwere used. In these @tances, IRTA
assumed that half of each solvent was used.

2 KSy GKS a2t @gSyid o6l a aLISOAFASR | a a¥FdzZ t& KIf
additional information on the identity of the solvent by calling the company representative.
Agilent Technlmgies no longer uses either of their vapor degreasers. CHA Industries is using

nPB, a notGHG solvent, in their vapor degreaser. Cobham Defense Electronic Systems is using
HCF&25 in the vapor degreaser now and IRTA assumed the company is emittind @& ga

per year of the solvent, the permit limit. With this information in mind, IRTA eliminated Agilent
Technologies and CHA Industries from further consideration. IRTA included Cobham Defense
Electronic Systems in the analysis as using 225C
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Table 2-13
Estimated Weighted Emissions of GHG Solvents in Bay Area AQMD Jurisdiction
Company Permit or Requested Solve| GWP Weighted Emissions
Limit (metric tons CO2e/yr)
1.7 pounds/day HFE and 8

Hitachi Global Storage Tech. Inc 1.8 pounds/day HFC-4310 224
1.8 pounds/day 447
Teledyne Microwave 32.15 gallyr 70
58.8 gallyr 128

Anritsu Company 85 galyr 184
83 gallyr 180

Rockwell Collins Display Systems 195.8 gallyr 425
Space Systems/Loral 33.85 gallyr 73
Coherent Inc. 115 gallyr 249
Giga-tronics, Inc. 20 gal/yr 43

Oclara, Inc. 15 gallyr 1

JDS Uniphase 260 gallyr 37
JEM America Corp. 50 gal/yr 108
Bio-Rad Laboratories 25.5 gallyr 51
Americal Medical Systems 98 gallyr 213
SV Probe 110 gal/yr 239
Highland Technology, Inc. 12 gallyr 26
Cobham Defense Electronic Syst. 38 galyr 61
20 gallyr 43

Total 2810

IRTA also called facility representatives at the two companies listed as using
GLISNFt d2NROIF Nb2y adé 25 aSRAI LyOo® RzZuya y2i
halogenated GHG solvent as a carrier medium for disk lubidgffeaent application. Seagate
Technology no longer has production capability in this country and is using31eCand the

PFC in disk lubing operations for R&D testing purposes. The facility would not provide any
more information so IRTA assumed thergaany is emitting it at the levels permitted. With this

in mind, IRTA classified the two facilities into a new category, disk lubing, which is considered
later in the next section.

The GWP weighted emissions were determined using a GWP of 370 fo2PE;ROGWP of 55

for the HFEs and a GWP of 1,500 for4B®). On this basis, the values of TablE3Zndicate

that somewhat less than three thousand metric tons of carbon dioxide equivalent GHG solvents
are emitted each year in the Bay Area AQMD.

2.2.35. SCAQMD

Table 214 summarizes the companies and the GHG solvents used in the jurisdiction of the
SCAQMD. Some of the companies have permits forlC&E@nd/or CFQ1. IRTA assumed,
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since it is unlikely there is any remaining CFC, that these companies are simply leaving their

permits active (not cancelling them) but are not actually using the CFCs in the vapor degreasers.

One company has a permit for a degreaser using HZER. Ths solvent has not been used

for cleaning for several years, so that degreaser was excluded from the analysis. In some cases,
the identity of the solvent is not available and these cases are indicated by NA in the table.

When companies were allowed tose more than one solvent or when there was no
information on the identity of the solvent, IRTA had to make assumptions about the GHG
solvent use.Plasma Technology Inc. has a permit to use PERC, TCE, methylene chloride, nPB or
HFE72DE in their degreaseidRTA assumed that the HFE was used for two months during the
year and that the other four solvents, which have greater solvency, were used for the
remainder of the year The SCAQMD regulation limits the solvents used in open top vapor
degreasers to formlations with a VOC content of 25 grams per liter. Plasma Technology has an
airless/airtight degreaser and would be allowed to use-HZEE which has a high VOC content.
Navigation Systems Division has a permit that allows the use of-PEF-0CE and BPand

that company also has an airless/airtight degreaser. It was assumed that the company uses
HCF&25 for half the year. Daico Industries uses-HAEED; an MSDS for the material, a blend

of two isomers, is shown in Appendix A. There was no informati@ilable on the identity of

the solvent used in three of the Northrup Grumman degreasers or the Pratt & Whitney
degreaser. It was assumed that these degreasers do not use GHG solvents.
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Table 2-14
Vapor Degreasers Using GHG Solvents in SCAQMD Jurisdiction
Company Solvent Type
Vacco Industries HCFC-225
Navigation Systems Division HCFC-225 and non-GHG
Plasma Technology Inc. HFE-72DE and non-GHG
The Aerospace Corp. HCFC-225
Bryant Racing Inc. HCFC-225
Raytheon Company HCFC-225
HCFC-225
Daico Industries HFE-7100
Shimadzu Precision Instruments, Inc. HCFC-225
Western Digital Corp. HCFC-225
Prototype and Short-Run Services, Inc. HCFC-225
Brasstech Inc. HCFC-225
L-3 Communications Electron Tech Inc. HCFC-225 or HFC-4310
Microsemi Corp-Power Mgmt Grp. HCFC-225
HCFC-225
NMB Technologies Corp. HCFC-225
HCFC-225
HCFC-225
HCFC-225
Northrop Grumman Systems NA*
NA*
NA*
Tri-Star Electronics HCFC-225
Pratt & Whithey Rocketdyne, Inc. NA*

*NA is not available

Table 215 shows the GHG solvent emission limits for the vapor degreasers used by each of the
companies. It also shows the GWP weighted emissions of the GHG solvents. There was no
information on usage or emissions for Brasstech In8.,dommunications|&ctron Tech. Inc.

and NMB Technologies Corp., so IRTA assumed that each company emitted the average annual
amount from the other facilities using HGEE5. L3 Communications Electron Tech. Inc. is
allowed to use both HCFX25 and HF@310. IRTA assumdte company uses HCR25
exclusively; the VOC limit on solvents used in open top vapor degreasers is low ad819FC
requires a higher VOC content to clean adequately. For Navigation Systems Division, it was
assumed that the company used half the anhaerage usage of HGEE5 since the company

also uses noiGHG solvents.

30



Table 2-15
Estimated Weighted Emissions of GHG Solvents in SCAQMD Jurisdiction
GWP Weighted
Company Solvent Emission Limit Emissions
(metric tons CO2e/yr)
Vacco Industries 2 pounds/day 123
Navigation Systems Division 1,731 pounds/yr 291
Plasma Technology Inc. 20 gal/mo 2
The Aerospace Corp. 4,368 pounds/yr 733
Bryant Racing Inc. 239 pounds/yr 40
4,914 pounds/yr 825
Raytheon Company 4 galday 3.168
Daico Industries 8 gal/mo. 30
Shimadzu Precision Instruments, Inc. 1,960 pounds/yr 329
Western Digital Corp. 7.6 gal/mo. 198
Prototype and Short-Run Services, Ing. 12 gal/mo. 313
Brasstech Inc. 3,461 pounds/yr 624
L-3 Communications Electron Tech Ing. 3,461 pounds/yr 624
Microsemi Corp-Power Mgmt Grp. 9 gal/mo. 234
3,461 pounds/yr 624
NMB Technologies Corp. 3,461 pounds/yr 624
3,461 pounds/yr 624
Northrop Grumman Systems 3.5 pounds/day 214
3.5 pounds/day 214
Tri-Star Electronics 55 gal/mo 1,432
Total 11,266

2.2.3.6 Summary of Weighted GHG Solvent Emissions

Taking into account the GHG solvents emitted in the California air districts, Telfe 2
summarizes the results. The values show that weighted emissions of GHG solvents used for
vapor degreasing in California amount to more than 19 thousand metric tooarbbdn dioxide
equivalent per year or about 0.02 million metric tons of carbon dioxide equivalent.

Table 2-16

Estimated Emissions of GHG Solvents in Vapor Degreasing

Applications in 2010

GWP Weighted Emissions (met

AIr District tons CO2e/yr)
San Diego County APCD 5,344
Bay Area AQMD 2,810
SCAQMD 11,266
Total California 19,420
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2.2.4. Business As Usual (BAU) Emission Projections

There is one major change that will occur between 2010 and 2020wiHlathange the mix of
solvents used in vapor degreasers. In 2015, production and importation of-2RE5R@ill be
banned because the solvent contributes to stratospheric ozone depletion. As discussed earlier
for film cleaning, use of the solvent is noarmed so there may be stockpiled materials for
perhaps two years after the ban. As was the case when TCA antil@FCoduction were
banned, some users will begin examining alternatives a few years before the scheduled ban and
others may not switch to adirnatives until the supply of HCR2@5 is depleted. For purposes of
analysis, it will be assumed that all HERS5 users will adopt alternatives by 2020. Apart from

the production ban of HCFZ25, there is no reason to expect an increase or decreassdroli
solvents in vapor degreasing.

Slightly more than half the companies using GHG solvents in the jurisdiction of San Diego and
the Bay Area use HCEE5. The vast majority of the GHG solvent users in the South Coast
Basin use HCFX25. The regulatianin the SCAQMD, as discussed earlier, restrict the VOC
content of the solvents used in open top vapor degreasers. The regulations in SCAQMD also do
not allow the use of chlorinated solvents (like TCE and PERC) in open top vapor degreasers.
Companies ithe South Coast Basin will have to work within these restrictions when they select
an alternative cleaning method when HCEZ is phased out.

2.2.4.1. SCAQMD Jurisdiction

Baseline 2010 emissions of HEFS in the SCAQMD amount to 10,319 metric tonsabon
dioxide equivalent. IRTA has visited several FHE2BQusers over the last several years. Many

of these users could convert to watbased cleaning systems if they did the testing required to
find suitable cleaning equipment and a water cleaneprapriate for their operation. Most of

the HCF@25 users do not believe they can use water cleaning systems, however, so some of
them will not be willing to do the testing. The production ban on HEEwill bring this issue

to a head and force the HCRR25 users to reevaluate their process. For the BAU scenario for
2020, IRTA assumed that chalf of the HCF@25 users will actually undertake the testing
program and successfully convert to watesed cleaning systems and, further, that half the
HCF25 emissions will be eliminated as a result of the conversion.

Companies in the South Coast Basin using F22BEhat decide they want to continue using a

vapor degreasing process will have to purchase an airless/airtight vapor degreaser. They can
then use either PERC, TCE or nPB on the one hand or HFE/HFC with DCE on the other hand.
Again, the reason they have to use an airless/airtight degreaser with the HFE or HFC is that the
cleaning power of the solvents is very low and it needs enhancement watiDE which is a

VOC. Virtually all users who purchase an airless/airtight degreaser will opt to use PERC, TCE or
nPB. These solvents clean more effectively than the HFC or HFE blends and they are far less
expensive. For the BAU scenario, IRTA assuhadalf the HCFE25 users in the South Coast

Basin will purchase airless/airtight degreasers and use solvents like PERC, TCE or nPB. These
conversions eliminate emissions of HEXS altogether.
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In the South Coast Basin, in 2020, there will be doly companies that use solvents other
than HCF@25 listed in Table-24. After the production ban of HCR225, Navigation Systems
will use the norGHG solvent the company is permitted to use. L3 Communications will
exclusively use the HF310 blend hat is about 52 percent HFH310. Assuming the company
emits the allowed 3,461 pounds per year of solvent and a GWP fodBIRLCof 1,500, the
contribution from this company amounts to 1,225 metric tons of carbon dioxide equivalent.
Plasma Tech will coinue using HFE2DE and a neGHG solvent and Daico will continue using
HFE7100and will contribute 2 and 30 metric tons of carbon dioxide equivalévirtually none

of these users is likely to convert to other GHG solvents. On this basis, the renesmgasgns

of GHG solvents in the South Coast Basin in 2020 will be 1,257 metric tons of carbon dioxide
equivalent.

2.2.4.2. San Diego APCD and Bay Area AQMD Jurisdiction

Outside the South Coast Basin, in the San Diego area and the Bay Are228Q5€s have

more choices. If they have an open top degreaser, they can use nPB or the HFC/HFE blends
with DCE because there are no restrictions on the VOC content of solvents used in open top
degreasers. There would be more barriers to using PERC or dQ#hitop vapor degreasers
because the facilities would have to meet certain risk requirements for the two TACs. Outside
the South Coast Basin, it was assumed that-fangth the HCF@225 use will be converted to
water cleaning, ondourth will be convered to nPB Thus, onénalf of the HCF225 use will be
converted to noRGHG cleanersThe remaining halivill be converted to the HFC or HFE blends.

It will be further assumed thatalf of this GHG solvent usell be converted to an HFC blend

and halfto an HFE blend. The most commonly used HFC blend is 52 perce#8HFCThe

most commonly used blend of HFE is HEBE which is 50 percent HFE.

In San Diego, baseline 2010 emissions of F&2BCamount to 1,745 metric tons of carbon
dioxide equivalent. Half will be converted to noGHG cleaners. Half of the remaining GHG
solvent use or 436 metric tons, will be converted to HFEs aatf to HFG4310. On this basis,
emissions of GHG solvents in 2020 in the San Diego area wo@kllimeetric tons per year of
carbon dioxide equivalent.

In the Bay Area, in 2010, emissions of HZE&Zamount to 1,981 metric tons of carbon dioxide
equivalent. Agaimaking the assumptions described above, half of this amount or 991 metric
tons will ke converted to norGHG solvents.Half the remaining GHG solvent use will be
convertedto an HF&310 blend andhalf to an HFE blend. Emissions b&tHFC blend will
amount to 1,044metric tons of carbon dioxide equivalent in 2020 and emissionh®fHFE
blends will amount to 37metric tons of carbon dioxide equivalent in 2020. Total GHG
emissions from HFZ310 and HEs in the Bay Area will be 1,08tktric tons per yeaof carbon
dioxide equivalent.
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2.2.4.3. Summary of BAU Emission Projections

Table 217 summarizes and compares the GHG solvent emissions for 2010 and the 2020 BAU
scenario. The values show that there will be a decline of total emissions of GHGtssolven
emissions from vapor degreasers, from 19,42@ @39 metric tons per year of carbon dioxide
equivalent under the BAU scenari®his amounts to a reduction of3§ercent over the period.

The major reason for the reduction is the production and imptotaban on HCFE25. Many
companies that currently use that solvent witlgpt not-in-kind alternatives.

Table 2-17
Baseline and BAU Scenario GHG Solvent Emissions in Vapor Degreasi
Air District GHG Solvent Emissions (metric tons of CO2ely
2010 2020
South Coast AQMD 11,266 1,257
Bay Area AQMD 2,810 1,081
San Diego APCD 5,344 951
Total 19,420 3,289

2.2.5. Cost Comparison of Vapor Degreasing Solvents

IRTA performed a cost analysis and comparison of alternativeshéorvapor degreasing
application. IRTA evaluated three different alternative approaches for cleaning parts. These
included using an open top vapor degreaser with HZE%; the most commonly used GHG
solvent, purchasing and using an airless/airtight dagez that uses a neGHG or GHG solvent

and purchasing and using a waiesised cleaning system.

The case study that will be evaluated for the H2BE vapor degreasing application is a facility
that makes contacts and specialty connectors for military erdian applications. As part of

the assembly process, the connectors, which vary in size and have a very small internal
diameter, are currently cleaned in an open top vapor degreaser. The company cleans about
1,000 contacts and runs an average of a@ds through the degreaser per day. The contacts
are made of a variety of metals including brass, copper and stainless steel.

2.2.5.1. Using an Open Top Vapor Degreaser With 22%C

Many companies in California are currently using HEECin opentop vapor degreasers and

this is the baseline case. The company purchases 55 gallons or one drum e?23CG#Ch

month or a total of 660 gallons per year. One supplier of HE25Gndicates that the current

price of a drum of the solvent is $9,800 @sa, 10/2010). On this basis, the annual cost of the
solvent is $117,600. The company already has an open top vapor degreaser and, for purposes
of analysis, it was assumed that it is paid off.

The vapor degreaser is used for four hours per day. dtdaine kW heater and a one kW
ultrasonic generator for a total electric load of 10 kW. Assuming a cost of 12 cents per kWh,
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the electricity cost is $4.80 per day. The degreaser operates five days a week for 52 weeks a
year. On this basis, the total mmal electricity cost is $1,248 per year.

The worker who operates the vapor degreaser spends part of the time the degreaser is
operating doing other tasks. The total labor time spent for loading and unloading the parts and
starting the degreasing cycig two hours per day or 520 hours per year. At a labor rate of $15
per hour, the annual labor cost is $7,800.

The company must dispose of the waste solvent. About 75 percent of the solvent is lost

through emissions and 25 percent goes out as waste. This implies that there is 165 gallons of
waste annually. According to one waste hauler (Isaacs, 10/2010), theottdssposing of a

drum of liquid solvent is $225 to $300 and the cost of disposing of the solid contaminants is 90

cents to $1 per pound. Assuming the midpoint of the range, the liquid disposal cost would be

$43,313 per year. Assuming a 30 percent aarihation level, a liquid density for the solvent of

12 pounds per gallon and the midrange for the solids disposal, the annual cost for the solids

disposal amounts to $806. The total disposal cost is $44,119.

The total cost to the company of usingettopen top vapor degreaser includes the cost of
purchasing the solvent, paying for the electricity, paying the worker and the cost of disposal.
The total cost amounts to $170,767 per year.

2.2.5.2. Purchasing an Airless/Airtight Degreaser

One of thealternative options is to purchase and use an airless/airtight degreaser and use a
non-GHG or a GHG solvent. IRTA obtained a price for a small airless/airtight Tiyoda degreaser
from F1 Service Company (Ohkubo, 11/2010). A picture of the degreaser is ishBigure 27.

The price of a small F1 system with a chamber that is 12 inches in diameter and a working
depth of seven inches is $125,000. Assuming a cost of capital of four percent and a 10 year life
for the equipment, the annualized cost of purchasthe F1 system is $13,000.

Use of the airless/airtight degreaser would reduce solvent emissions by at least 90 percent but
the amount of waste generated would remain the same. Solvent use would be about 215
gallons per year. According to a solveapglier, if the solvent is the blend of the HFC or HFE
with DCE, the cost for a drum of solvent would amount to $9,800 and the cost of a drum of
PERC would be $900 (Isaacs, 11/2010). The cost of purchasing 215 gallons per year in drum
quantities would be$38,309 for the GHG solvent and $3,518 for PERC.
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Source: F1 Clean Tiyoda

Figure 2-7. F1 Airless/Airtight Vapor Degreaser

The labor time spent in cleaning, the electricity cost and the disposal costs are unlikely to
change. On this basis, the tbtzost of using the airless/airtight degreaser with a GHG solvent

would amount to $104,476 per year.

2.2.5.3. Purchasing a WaiBased Cleaning System

A waterbased cleaning system suitable for cleaning contacts is offered by a company called
Ramco.It has a wash, rinse and dry section. The wash is ultrasonic and the dryer consists of a
blower with air knives. A picture of the system is shown in FigeBe Zhe system also has a

belt oil skimmer that removes the oil from the wash bath. The cosh@fsystem ranges from
$45,000 to $48,000 depending on the features. Assuming the upper bound for the cost, a cost
of capital of four percent and a 10 year life for the equipment, the annualized cost of the
system amounts to $4,992.

Source: Cleaningechnology Industries

Figure 2-8. Water System for Contact Cleaning
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A waterbased cleaner made by Brulin is designed to clean multiple metals and would be
suitable for cleaning the contacts. An MSDS for the cleaner, called Brulin 1896hBwn in
Appendix A. The cost of the cleaner is $19 per gallon and an 11 percent concentration would
be required. The wash bath has a 40 gallon capacity. In addition to the-beded cleaner,
one-tenth of one percent of a copper brightener, at ast of $20 per pint, would be added to

the bath. The wash bath would need to be emptied and replenished every month. On this
basis, 4.4 gallons of cleaner would be required each month. The annual cleaner use would
amount to 52.8 gallons and the cost wdube $1,003 per year. Including a pint of copper
brightener each year, the total cost for cleaning materials would be $1,023 annually.

To clean 1,000 contacts per day, the machine would need to operate about four hours per day
and the cleaner would bkeated to about 135 degrees F. The machine is rated at 90 amps and
the voltage requirement is 240 for a total energy use of 86.4 kWh per day. Using a cost of 12
cents per kWh, the electricity cost per day would be $7.78 and the annual cost would be
$2,6%.

In the case of the water cleaning system, the labor requirement would probably be higher and a
worker would likely have to operate the machine for the full four hours of cleaning time each
day. Using a labor rate of $15 per hour, the annual laborwostd be $15,600.

The water cleaning bath needs to be changed out every month. The bath has a 40 gallon
capacity. On this basis there would be 480 gallons of waste each year. The cost for disposal of
water waste amounts to about $1.50 per gallon. Tdust of waste disposal would be $720
annually.

The total cost of using the watdrased cleaner includes the equipment purchase cost, the
cleaner cost, the electricity cost, the labor cost and the disposal cost. This amounts to $25,031
per year.

2.2.5.4 Summary of Vapor Degreasing Alternatives

Table 218 presents the annualized cost comparison for the three different options. The cost of
using the open top vapor degreaser with HEXS is the highest cost option, largely because of

the high solvenemissions and the high solvent cost. The cost of using the alternative HFE or
HFC in the airless/airtight degreaser is the next highest cost option. Although emissions are
much lower, the solvent cost is still relatively high. The cost of using PERCGairess/airtight
degreaser is lower because the solvent is much less costly. The lowest cost option by far is use
of the waterbased cleaning system. This option is less than half the cost of using the
airless/airtight degreaser with PERC.

37



Table 2-18
Annualized Cost Comparison for Vapor Degreaser Alternative s
Open Top Airless/Airtight Water-Based
Vapor Degreaser Degreaser Cleaning Syster
GHG | PERC
Annualized Equipment Cosg - $13,000 $4,992
Solvent/Cleaner Cost $117,600 $38,309 | $3,518 $1,023
Electricity Cost $1,248 $1,248 $2,696
Labor Cost $7,800 $7,800 $15,600
Disposal Cost $44,119 $44,119 $720
Total Cost $170,767 $91,476 | $56,685 $25,031

2.2.6. Alternative 2020 Emission Projection Scenarios

The BAU emission projection estimates were developed based on the likely behavior of GHG
solvent users in the different air districts with different regulations, taking iateount the
phaseout of HCFZ25. Two alternative emission projection scenarios were examined. Under
the first scenario, all vapor degreasing GHG solvent users in California would convert to non
GHG solvents or alternative watbased cleaning processedJnder the second scenario, all
GHG solvent users would purchase an airless/airtight degreaser and continue using the GHG
solvents. The details of each of the alternative scenarios are discussed below.

2.2.6.1. Conversion to N6BHG Cleaners

Under ths alternative projection scenario, GHG solvent vapor degreaser users would convert to
water-based cleaning processes or RGHG solvents. The n@HG solvents are either TACs or
VOCs or both. Most air districts allow limited emissions of TACs and c@msmgamverting to a

TAC would probably have to purchase an airless/airtight degreaser to be granted a permit. The
only nonGHG VOC solvent that could be used in an open top vapor degreaser, because it has
no flash point, is nPB. Other VOC solvents, bezduey do have flash points, would have to be
used in an airless/airtight degreaser with a vacuum to prevent ignition or explosion. Although
the SCAQMD is currently the only air district with a VOC regulation for vapor degreasers, many
of the air distri¢s in California end up adopting regulations similar to the SCAQMD regulations
at a later date. Given these conditions, for this scenario, it was assumed that companies
converting to a TAC or a VOC solvent would purchase an airless/airtight degreaser.

For this scenario, it was assumed that in 2020, there would be no remaining use of GHG
solvents in vapor degreasing applications in the state. All of the GHG solvents would be
converted either to wateibased cleaners or to alternative ngsHG solvents wbin would be

used in airless/airtight degreasers.

The cost of the conversions for this scenario are shown in Tallle 2Some users would
convert to solvents like TCE, nPB or other VOCs rather than to PERC. The cost of the alternative
solvents would varydepending on the solvent used. The costs of PERC are similar to the cost
of TCE and nPB but are probably higher than the cost of commonly used VOC solvents. Thus,
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the cost of the conversion to PERC may be an upper bound of the cost of converting to an
alternative solvent combined with use of an airless/airtight degreaser. The emissions of GHG
solvents from this snario would decline from 19,42@etric tons of carbon dioxide equivalent

in 2010 to zero.

Table 2-19
Annualized Cost of Options for Eliminating Emissions of GHG Solvents in 2020
Conversion to PERC Conversion to Water-
In Airless/Airtight Degrease| Based Cleaning Systel
Annualized Equipment Cost $13,000 $4,992
Solvent/Cleaner Cost $3,518 $1,023
Electricity Cost $1,248 $2,696
Labor Cost $7,800 $15,600
Disposal Cost $44,119 $720
Total Cost $56,685 $25,031

2.2.6.2. Use of Aess/Airtight Degreaser With GHG Solvents

Under this scenario, current users of GHG solvents would continue to use them but they would
purchase airless/airtight degreasers which would reduce emissions. By 2020, all GHG solvent
users in California wouldo longer use HCFZ25. Some of the HCR25 users, as described in

the BAU emission projection scenario, will convert to HFCs or HFEs which will be combined with
DCE, a VOC. Because of the SCAQMD regulation on VOC content, all users of GHG solvents in
the South Coast Basin will already have airless/airtight degreasers. In the two other air districts,
virtually all users will be using the GHG solvents in open top vapor degreasers.

Conversion to an airless/airtight degreaser will reduce emissions lgs@mated 90 percent.
Emissions from such degreasers occur only when they are opened to load parts and emissions
at that time are minimal. Based on an emission reduction of 90 percent, 2020 emissions of
GHG in the San Diego County APCD would be redtm®ad4,551 metric tons of carbon dioxide
equivalent to 451 metric tons annually. Emissions of GHG solvents in the Bay Area APCD would
be reduced from 1402 to 140 metric tons of carbon dioxide equivalent by universal adoption of
airless/airtight degreasers

Table 220 shows the cost comparison for the case of a user with an open top vapor degreaser
and a user with an airless/airtight degreaser. The informatianssbset of the informatiom

Table 218. Although the cost analysis in Tabld& for the case of the open top vapor
degreaser was for HCR25, the cost of the HFC or HFE blends is similar; even though the HFC
and HFE themselves are more expensive, the cost of DCE is much lower. The figures ef Table 2
20 show that the annualized cost of ngithe open top vapor degreaser is much higher than

the annualized cost of using the airless/airtight degreaser. This follows from the fact that the
solvent is very expensive and the airless/airtight degreaser reduces emissions substantially.

39



Table 2-20
Annualized Cost Comparison for Open Top and Airless/Airtight Degreaser
Open Top Degreaser Airless/Airtight Degreaser
Annualized Equipment Cost - $13,000
Solvent Cost $117,600 $38,309
Electricity Cost $1,248 $1,248
Labor Cost $7,800 $7,800
Disposal Cost $44,119 $44,119
Total Cost $170,767 $91,476

2.2.6.3. Summary of Alternative Projection Options

Table 221 summarizes the GHG solvent emissions in 2020 for the BAU and alternative
projection scenarios. The values indicate that teenariofor conversion to Notn-Kind
alternativeseliminates GHG solvemimissions altogethein 2020. Tere is a reductio in GHG
solvent emissions of 56ercent in 2020 if users purchase airless/airtight degreaséygain,
because SCAQMD already regulates /i@©®pen top vapor degreasers, there is no reduction in
GHG emissions in the South Coast Basin.

Table 2-21
BAU and Alternative Projection Scenarios in Vapor Degreasing in 2020
Air District GHG Solvent Emissions (metric tons of CO2e per year
BAU Scenario Convgrsion to Not-In Pgrc?hase of Airless
Kind Cleaners Airtight Degreaser
South Coast AQMD 1,257 0 1,257
Bay Area AQMD 1,081 0 108
San Diego APCD 951 0 95
Total 3,289 0 1,460

2.3. Disk Lubing

One additional application of solvents in California is disk lubing. Although in the past, there
was a largenanufacturing operation in California, the production capacity has been moved off
shore. There are only a few disk lubing operations left in the state at this point.

All of the hard disks that are manufactured are coated with a lubricant that needs apjiiesd

evenly on the disk surface. This process is critical to the performance of the hard disk. A
specialized lubricant is first dissolved in a carrier medium, which is generally a GHG solvent.
The disks are lowered into the mixture at a slow con¢blspeed and the mixture is deposited

on the disks. The disks are removed from the bath, again at a controlled rate which determines
the thickness of the coating mixture. The carrier, the GHG solvent, is fast drying and it
evaporates, leaving behind aven coating of the lubricant.

Historically, PFCs were used as the carrier in these operations. More recently, with increasing
concern over the high GWPs of the PFCs-4810 and the HFEs have been substituted for the
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PFCs. Because the alternativeséhaimilar properties, the lubricants have high solubility in
them as well and the HFC and HFEs are viable alternatiVhsre are no regulations that
regulate disk lubing as such.

2.3.1. Emission Inventory Baseline

IRTA became aware of two disk lubiogerations in California while collecting data on the
vapor degreasing applications. Seagate Technology and WD Media, Inc. both use GHG solvents
in disk lubing operations and both companies are located in the Bay Area. The Bay Area AQMD
permits the equipnent as a vapor degreaser even though the disk lubing operation uses the
GHG solvents unheated and the GHG solvents are heated to their boiling point in vapor
degreasers. It is unlikely there are other disk lubing operations in other parts of Califéhea.

Bay Area is the likely location for companies performing this type of activity.

Seagate Technology has two disk lubing operations. The company has moved their production
operations out of the country and apparently only performs R&D activitiehatfacility in
Fremont, California. IRTA contacted the company to talk about the usage of GHG solvents but
the company would not provide any information. IRTA instead used the information from the
Bay Area AQMD permits. According to the permits, oeegbf equipment emits a maximum

of 148 gallons per year of a PFC; the other emits a maximum of 260 gallons per year of an HFE.
Another company, WD Media Inc., uses an HFE in the disk lubing operation and emits a
maximum of 50 gallons per year.

The PFCaed most often in disk lubing operations is-3¥60. An MSDS for this material is
shown in Appendix A. One HFC, ¥B@0, and one HFE, HFEDO, have both also been used in
disk lubing operations. MSDSs for both materials are shown in Appendix A.

Assuning the HFE used by the two companies is HFE 7100 and the PFC used by Seagate
Technology is PF 5060, the emissions from the two sources are shown in £4bleThe GWP

for HFE7100 is assumed to be 55. GWPs for specific PFCs are not well characterized o
available; one source estimates that the GWP fosB80 is 7,400 (EPA, 2010). On this basis,
total weighted GHG solvent emissions from this category amount to a little more than seven
thousand metric tons of carbon dioxide equivalent. The emissiam this category are very

high because of the high GWP for the PFC.

Table 2-22
Estimated Emissions of GHG Solvents from Disk Lubing Operations in 2010
. . Emissions (metric tons
Company GHG Solvent Emission Limit of CO2e)
Seagate Technology, LL PF-5060 148 gallyr 7,044
HFE-7100 260 gal/yr 81
WD Media Inc. HFE-7100 50 gallyr 16
Total 7,141
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2.3.2. Business as Usual (BAU) and Alternative Scenario Emission Projections

Since Seagate Technology would not discuss their operations, IRTA has no basis for assuming
the emissions in 2020 would be different from those in TabBLZor 2010. IRTA also assumed

that WD Media would continue to use and emit the same amount of th& kh 2020. For an
alternative scenario, IRTA assumed that Seagate would us& HIPEor HF@310 instead of
PF5060 for disk lubing. The HFE and the HFC both apparently perform as well as the PFC for
disk lubing and there is no reason to expect eitheemical would not be suitable for Seagate

¢t SOKy2f238Qa wg5 (SaidAiy3do

Table 223 shows the BAU projection and the alternative projection scenario under the
assumption that Seagate Technology uses only the HFE in 2020. Tablaésents the BAU
projection and the alternative scenario under the assumption that Seagate dlgyuses
HFG4310 in place of the PFC. The values of TabRk& @&hd 223 show that conversion from

the PFC to the HFE results in a reduction in 2020 over the 2010 baseline of 99 percent. The
values of Tables-22 and 224 show that conversion from th®FC to the HFC results in a
reduction in 2020 over the 2010 baseline of 81 percent.

Table 2-21
BAU and Alternative Projection Scenarios in Vapor Degreasing in 2020

Air District GHG Solvent Emissions (metric tons of CO2e per yeai
BAU Scenario Conversion to Not-In] Purchase of Airless
Kind Cleaners Airtight Degreaser
San Diego APCD 4,551 - 455
Bay Area AQMD 1,402 - 140
South Coast AQMD 1,257 - 1,257
Total 7,210 - 1,852
Table 2-24

2020 BAU and Alternative Scenario Emission Projections for Disk Lubing Operations
Replace ment of PFC with HFC

Metric Tons of Carbg

Company GHG Emission Limit Dioxide Equivalent
Seagate Technology, LLC HFC-4310 148 gallyr 1,327
HFE-7100 260 gallyr 81
WD Media Inc. HFE-7100 50 galiyr 16
Total 1,424
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2.3.3. Cost Comparison of Alternatives

For the cost analysis and comparison, a case study of usingHBEor HF&310 in place of
PF5060 was evaluated. Seagate Technology and their PFC operation was used as the case
study. Three cost scenarios were evaluated. These include uses@bBfeonversion to HFC

4310 and conversion to HFEO00. In this case, since the GHG materials are used for coating,
they do not become contaminated and require disposal antrast to the vapor degreasing
application where they are used for cleaning and tbataminants build up in the bath. In this

case, therefore, the emissions are equivalent to use. It makes sense, for the case study, to
simply compare the cost of purchasing the different GHG solvents used in the disk lubing
process. Other factors likenergy costs for the operation and purchase costs of the lubricant

are likely to be identical or similar for the different GHG materials.

The cost of HF€310 and HFEZ100 are both currently about $17 per pound and the cost of PF
5060 is about $19 per podn(Wolff, 11/2010). The specific gravity of-560 is 1.7 and the
specific gravity of HFELOO and HF@310 are 1.5 and 1.58 respectively. On this basis, Pable
25 presents the cost of using and emitting 148 gallons per year of the three differenércarr
materials annually.

Table 2-25
Annual Cost Comparison of GHG Materials for Disk Lubing Operation
PF-5060 HFE-7100 HFC-4310
Amount of Carrier (pounds) 2,098 1,851 1,950
Cost of Carrier $39,862 $31,450 $33,150

The values of Table-Z5 show that the highest cost carrier is the-3#60. Both of the
alternatives are lower cost than the PFC. There should be no disadvantage to using the
alternative lower GH@naterials in the operation. The alternative conversion scenarios reduce
the GHG solvent emissions substantially and the cost of using the lower GWP alternatives is
lower.
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Section 3. Greenhouse Gas Use in Fire Protection Systems

Halons are halogenated chemicals that have been used for many years as gaseous fire
extinguishing agents in a range of different fire and explosion protection applications. Halons
contribute to stratospheric ozone depletion and they are also GHGs. The adesrmthalons

are that they are electrically neconductive, they dissipate instantly without leaving a residue,
they are safe for limited human exposuvéhen used properlyand they are very efficient in
extinguishing fires.

There are five classes of firaad halons are used effectively on three of them. Class A fires are
fires in common combustible materials like wood, cloth, paper, rubber and many plastics. Class
B fires are fires in flammable liquids, oils, greases, tarsbasid paints, lacquers dn
flammable gases. Class C fires are fires that involve energized electrical equipment. Halons are
not recommended for use on the other two classes of fires, Class D fires of combustible metals
and Class K fires, which involve cooking appliances.

Halonshave also been used in fixed systems that are called total flooding systems. In these
systems, an extinguishing agent is applied to an enclosed space in order to achieve a
concentration of the agent adequate to extinguish the fire. These systems capdyated
automatically by detection or other controls, or manually by the operation of a system
actuator. Total flooding systems are used to protect electronic and telecommunications
equipment like computer facilities, medical facilities, traffic contr@wers, military
applications, oil production facilities, record storage areas and flammable liquid storage areas.
Halon 1301 was and still is widely used in these systems. An advantage of Halon 1301 is that it
can be used in situations where there mmited human exposure since the material itself is low

in toxicity.

Halons have also been used in portable fire extinguishing systems and are referred to as
streaming agents in this application. In local application, the agent is applied directly argo a f

or into the area of the fire. The most common method of local application is by manually
operated portable or wheeled fire extinguishers. Portable or wheeled fire extinguishers are
used in offices, retail stores, manufacturing facilities, homes aambspace and marine
applications. Halon 1211 was and still is extensively used in this application.

Halons are also used in aviation systems for protecting aircraft from fires. Halon 1301 has been
is used in systems for lavatory trash receptaclesjregyand cargo compartments. Halon 1211
is used in handheld fire extinguishers on aircraft.

The U.S. banned the production and importation of Halon 1211 and Halon 1301 in 1994 under
the Clean Air Act in compliance with the Montreal Protocol On Subsgaiibat Deplete the
Ozone Layer (EPA, undated). Since the halon production bans, new alternatives have been used
in place of Halon 1211 and Halon 1301. The halons are still in many of the systems because
there has been no reason to replace them. In ngygtems, however, a range of different
alternatives have substituted for the halons.
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Alternativesto Halon 1301 in total flooding systems include#mekind materials like powdered
aerosols, water sprinklers, water mist systems and foams. Carbon disxigged in some
systems in unoccupied spacelert gasessuch asargon and nitrogen, are also used in new
systems. A range of-kind alternatives are also used in total flooding systems. PFCs were used
as replacement agents in the years after the protion ban but are not used in new systems
today except in narrow niche applications. The most common Halon 1301 alternatives used
today in new systems are H2@7ea and HRC25. One additional agent, perfluoroketone,
perfluoroethyl isopropyl ketone dFk5-1-12, is also now being used in new systerk5-1-12

does not cause ozone depletion and has a very low GWP.

The alternatives that replaced Halon 1211 in portable fire extinguishers includenkotd
materials like dry powder, carbon dioxide awdter. PFCs were used in new fire extinguishers
but are no longer used in newquipment today. One HCFC, HCEZ3, is used in new
extinguishers One HFC, HFX36fa, is also used in new extinguishevday.

The GWPs for the GHG agents used in firequtodn are shown in Table-B a few of the

agents also contribute to ozone depletion and the ODP is shown as well. Tine-kiaod
materials and the inert gases have zero GWP so they are not included in the table. The GWPs
for the chemicals are givenlegive to carbon dioxide which has a defined GWP of 1. The ODPs
for the chemicals that contribute to ozone depletion are given relative to-TOF@hich has a
defined ODP of 1.0.

Table 3-1
Global Warming Potential of GHGs used for Fire Protection
Agent Chemical Formula ODP GWP

CFC-11 CCRF 1 4,000
Carbon dioxide CO2 0 1
Halon 1211 CF2CIBr 3 1,300
Halon 1301 CF3Br 10 6,900
PFC-14 CF4 0 6,500
PFC-3-1-10 C4F10 0 7,000
HCFC-123 C2HCI2F3 0.01 77
HFC-23 CHF3 0 11,700
HFC-125 CHF2CF3 0 2,800
HFC-134a CF3CH2F 0 1,300
HFC-227ea CF3CHFCF3 0 2,900
HFC-236fa CF3CH2CF3 0 6,300
FK-5-1-12 C2F5C(O)CF(CF3)2 0 ~1

Sources: U.S. CAR, 2010; IPCC, 2010.

IRTA has divided the GHGs used in fire protection applications into two major categories. These
include fixed applications where total flooding systems are used and streaming applications
where portable extinguishers are used. Each of these applicasodscussed in more detail
below. IRTA did not analyze fire protection in aviation applications further since the agents
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used in this sector are not in fixed California locations and are not likely to be contributing
significantly to emissions in the séa

3.1. Fixed Total Flooding Systems

Halon 1301, in addition to acting as an ozone depleting substance, is also a GHG. Although
Halon 1301 is no longer used in new total flooding systems, there are still many systems
installed in California at variouscations. A picture of a typical Halon 1301 total flooding
system is shown in Figurel3 The 1994 ban applied to production, not use, so when systems
are dismantled, the Halon 1301 they contain is sent to a recycler. The recyclers remove the
moistureand other contaminants and sell the Halon 1301 back into the market. In cases where
users still have installed Halon 1301 systems, the recycled Halon 1301 may be used in servicing
to replace leakage or to ptace discharges from existing systems. Tistesys that still contain

Halon 1301 represent part of the GHG bank.

Source: Bimbo Bakeries

Figure 3-1. Typical Halon 1301 Total Flooding System

Other GHG agents that have been used in total flooding systems since the Halon 1301
production ban ard’FC 31-10 and HF@23. These alternative agents are no longer used in new
systems today. One industry source indicates there may be as many as 25 systems left in
California that contain the PFCs (Gerard, 1/2011). The only GHGs used now in new total
flooding systems are HCHAR5, HF@27ea and F&-1-12 and systems containing these agents
also form part of the GHG bank.
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3.1.1. Background on Total Flooding Systems

Before 1994, virtually all total flooding system applications relied upon Halon 1301. aldre h

is referred to as a clean agent which means it does not leave a residue when the system is
discharged. This can be very important in cases where expensive equipment requires fire
protection. When the ozone depleting substance production ban becaffextre, many
alternatives to Halon 1301 were investigated. As discussed earlier, the alternatives included
PFCs and a variety of HFCs. Some of these alternatives were discontinued either because they
had very high GWPs, because they posed toxicity lprob or because they were not efficient

to use in the total flooding system application.

In 1993, a congressional tax was placednemwly producedhalons, making them extremely
expensive to use. The last Halon 1301 systems were installed in that le@22Fea began to

be used in new systems in 1993. HRA5 was introduceéround the same time as HR227ea

but gained more widespread use iew systemsstarting in 2004 In the first few years after
1993, some PFC systems were also installed. Theresigrai§icant concern about the PFCs,
however, because of their high GWPs, so no new systems containing them have been installed
in California for many years. Only in the last few years hd&sTFK2 been used in new systems.

Many total flooding systemsra in unoccupied spaces or do not contain expensive equipment
that may require use of a swalled clean agent. These systems have been converted tmnot
kind alternatives like water mist systems, sprinklers or carbon dioxide. New systems that may
be in occupied spaces or have equipment that could be damaged are using clean agents
including HCRC25, HF227ea, FK-1-12 or an inert gas system. The commonly used inert gas
systems are 1665 which is 50 percent argon and 50 percent nitrogewl IG541 whch is 50
percent nitrogen, 42 percent argon and eight percent carbon dioxide.

An MSDS for Halon 1301, which is bromotrifluoromethane, is shown in Appendix B. MSDSs for
HFG125, called by the tradename 25, and HFQ27ea, called by the tradename FA00,are

also provided in Appendix B. The appendix also shows MSDSs-%at-EK called by the
tradename Novec 1230, &b, called by the tradename Argonitand 1G541 which is called by

the tradename Inergen.

In the analysis presented here, IRTA usedo#om up method to estimate the current
inventory of GHG agents in total flooding systems in California and to estimate the emissions.
IRTA worked with a company that installs systems in Southern California to derive estimates of
the Halon 1301, HFC, $BKl-12 and inert gas system installed bank and emissions (Facilities
Protection Systems, 2009 and 2010). The company has an affiliated company in Northern
California and together, the two companies may account for as much as 30 percent of the
market in Cafornia. This approach constituted the botteap inventory estimate and the
analysis is discussed in more detail below.
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3.1.2 Total Flooding System Bank
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bank of agents in 2020 first involved estimating the number of total flooding systems containing

each of the agents used today. Based on an average system ctigrdmnk of agent in total

flooding systems was estimated for 2010. IRTA then estimated the size of the 2020 bank under

a BAU scenario.

3.1.2.1. Number of Total Flooding Systems

Before 1993, it is estimated that 5,000 Halon 1301 systems were ettallCalifornia. Since
then, about 80 percent of these systems, or 4,000, have been decommissioned. When Halon
systems are decommissioned, the tank containing the agent is sent to a recycling company
where the agent is removed for recycling and reuséis leaves 1,000 Halon 1301 systems that
are still being used in California.

The total number of systems in California has probably not changed over the last 15grears
one major reason. Computer related equipment has become substantially smatlethare

has been a movement to modular systems and cloud computing. Companies that have data
centers or telecommunications equipment that are protected by total flooding systems have
reduced the amount of space they require for their computerized systefssa result, the size

of the protected space has declined and fewer total flooding systems are needed for
protection. The decline in the number of systems has been offset by growth in the number of
companies adding new systems so the total number ofesys has remained approximately
constant over the period.

Assuming the total number of systems has remained constant and that there are 1,000
remaining Halon 1301 systemthere are about 4,000 HFC, -BK-12 and inert gas systems
today. It is estimatedhat 3,000 of these systems are HFC systems and about 1,000 are inert
gas or F¥-1-12 systems. As many as 90 percent of the HFC systems ai22A&Cand 10
percent are HFQ25. On this basis, the total number of HEZZea systems amounts to 2,700
and the total number of HFRT25 systems is 300. Over the last few years5-EK 2 has
penetrated the market and there may be about 250 systems in California. There are about 750
inert gas systems, 90 percent of which are5Hd and 10 percent of which are-B5. The
number of 1G541 systems is 675 and the number ofA&systems is 75. There may be as many
as 25 PFC systems still in place in California.

3.1.2.2 Average System Charge

With the assistance of system installers, IRTA estimated the averagems\yize for each
system type to determine the amount of each agent in the bank. The majority of the HFC
systems in California are one tank systems which contain between 20 and 1,000 pounds of
agent. The average is assumed to be 500 pounds. The awgragef a Halon 1301 system is
300 pounds and the average size of arbFK12 system is 650 pounds. The average room size
for the inert gas systems is about 7,000 cubic feet which translates into about eight tanks. This
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implies an average inert gas s3® charge of 3,480 cubic feet. The average size of the PFC
systems is estimated at 300 pounds.

3.1.2.3. Estimate of Baseline Agent Bank Size

Table 32 summarizes the number of systems of each type in California, the average system
charge and the sizef the bank by agent. The agent with the largest bank is28€a, which

is the most widely used agent in new systems. Halon 1301 systems still account for a fairly
large portion of the bank. HFI25 is not used as widely as HEZ7ea but still accoustfor a
reasonable portion of the bank. FK1-12 is taking a growing portion of the bank. The
remaining PFC systems are a small fraction of the bank.

Table 3-2

Bank of Agents in Total Flooding Systems in California --2010
System Type [System Number Avercs;lﬂzrjgstem Bank Size
Halon 1301 1,000 300 pounds 300,000 pounds
HFC-227ea 2,700 500 pounds 1,350,000 pounds
HFC-125 300 500 pounds 150,000 pounds
FK-5-1-12 250 650 pounds 162,500 pounds
PFC 25 300 pounds 7,500 pounds
IG-541 675 3,480 cu.ft 2,349,000 cu.ft.
IG-55 75 3,480 cu.ft. 261,000 cu.ft.

Table 33 provides the estimates of the size of the bank, weighted byGkéPs for each of the
GHG agents. Referring to Tabld,3he GWP for Halon 1301 is 6,900. The GWPs for-HCFC
227ea and HREC25 are 2,900 and 2,800 respectively. The GWP t&FK2 is 1. The GWP for
the 12 PFC systems still in place was assumed 1, &0, the average GWP for PECand
PFE3-1-10. Since the inert gases are not GHGs, their GWPs are zero.

The values of Table3show that the total size of the bank, when weighted in terms of carbon
dioxide equivalent emissions, is 2.8dllion metric tons. The major contributor to the bank is
HFG227ea and Halon 1301 is still a large contributor.

3.1.2.4 BAU Agent Bank Size in 2020

Over the next decade, some of the GHG systems that are used today will be decommissioned
because compaes move or have different requirements. In other cases, new systems will be
installed. The total number of systems is likdly remain constant through 2020; although
there will be growth in the number of companies needing systems, this increaseevofifdet

by the continuing trend toward smaller computer related equipmenhis implies there will
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Table 3-3
Bank Size i n Carbon Dioxid
. Bank Size
Agent Bank Size (pounds GWP (metric tons of CO2e
Halon 1301 300,000 pounds 6,900 939,201
HFC-227ea 1,350,000 pounds| 2,900 1,776,316
HFC-125 150,000 pounds 2,800 190,563
FK-5-1-12 162,500 pounds 1 74
PFC 7,500 pounds 6,750 22,970
IG-541 2,349,000 cu.ft. 0 0
IG-55 261,000 cu.ft. 0 0
Total 2,929,124

still be 5,000 systems in that yeaFhis estimate, that the total number of systems will remain
constant, is actually conseative and there may, in fact, be a decline in the number of systems
over the next 10 years.

The makeup of theystemsin place in 202@vill change substantially. Over the last 16 years,
there has been an 80 percent decline in the number of Halon 13§t&reg. By 202@ssuming

the same rate of declinet is not likely there will be any remaining Halon 1301 systems. The
systems are still maintained today with existing recycled Halon 1301 but there is no longer a
supply of mechanical and electrical coomgnts for the systems. Thus, when components
require repair, the systems must be decommissioned. IRTA assumed that all of the Halon 1301
systems remaining today will be replaced by 2020 with other system types. Although there
may be as many as 25 PRGtems today, as is the case with Halon 1301 systems, all of these
systems will be decommissioned by 2020 and they will be replaced with other types of systems.

Under the BAU scenario, in the absence of regulation, there is likely to be a decline in the
number of HFC systenisr two reasons. Firsf KS | C/ & I NB LISNOSAQPSR (2
the alternatives. Many companies in California have corporate policies that require a move
toward more sustainable operations and greener systems. Second, thesebeen few, if any,
HFG227 systems installed in the six months or so because of a shortage of fluorspar which is
used to manufacture the HFC. This shortage may continue for some héhe 3,000 HFC
systems, about 20 percent or 600 systems wildbeommissioned. Companies replacing these
systems or installing new systems will usk5-1-12 which has a much lower GWP and is
consdered to be a greener product; there will be 600 additional5FK12 systems. Of the

1,000 Halon 1301 systems that remaoday, 75 percent or 750 systems will be replaced by FK
5-1-12 and 25 percent or 250 systems will be replaced by one of the inert gas systems. Thus,
under the BAU scenario, in 2020, there will be no Halon 1301 systems and no PFC systems,
there will bel,600 FK5-1-12 systems, there will be 1,000 inert gas systems and there will be
2,400 HFC systems. The HFC systems will still have the same proportions as they do today
which indicates that 90 percent or 2,160 will be HEXZea and 240 will be HAR5. For
purposes of analysis, it was assunthadt the system replacement wouldccur uniformly over

the periodsince there is no information that would suggest otherwise
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Because there will be no Halon 1301 or PFC systems in 2020 and because the number of HFC
systems will decline, the characteristics of the installed base in 2020 will be very different. The

number and types of systems in 2020 is shown in Taldle 3

Table 3-4
Bank of Agents in Total Flooding Systems in California Under BAU Scenario -- 2020
System Type System Number | Average System Chargb Bank Size
HFC-227ea 2,160 500 pounds 1,080,000 pounds
HFC-125 240 500 pounds 120,000 pounds
FK-5-1-12 1,600 650 pounds 1,040,000 pounds
1G-541 900 3,480 cu ft 3,132,000 cu ft
IG-55 100 3,480 cu.ft. 348,000 cu.ft.

Table 35 shows the size of the bank weighted by the GWP for each of the agents. Based on the
GWPs of 2,900 for HRZ27ea and 2,800 for HFK25, the HFC contribution to the bank is
almost 1.6 million metric tons of carbon dioxide equivalent. The HFCsruihe BAU
assumptions, account for virtually the entire bank in 2020.

Table 3-5
Bank Size in Carbon Dioxide EQ(@
Bank Size
Agent Bank Size GWP (metric tons of CO2e
HFC-227ea 1,080,000 pounds| 2,900 1,421,053
HFC-125 120,000 pounds 2,800 152,450
FK-5-1-12 1,040,000 pounds 1 472
IG-541 3,132,000 cu ft 0 0
IG-55 348,000 cu ft 0 0
Total 1,573,975

The values of Table®and Table & show that there will be a substantial decline of 47 percent

in the size of the bank by 2020 under the BAU scenario. Although HFCs with fairly high GWPs
will be the major contributors, there are no longer any Halon1L80PFC systems. Because the
GWPs for Halon 1301 and the PFCs are much larger than the GWPs for the HFCs, there is an
overall reduction in the size of the bank.

3.1.3. Agent Baseline Emissions

There are two types of emissions from total floodisgstems. First, emissions occur during
discharge of a system, either because of a fire or an inadvertent release. One installer indicates
that an upper bound estimate dhese emissionss 0.5 percent of the installed basgerard,
12/2010). Second, essions occur during refilling to replace leakage losses and during
decommissioning of systems. The same installer estimatespper bound estimate dhese
emissions at 0.3 percent of the installed base. Using these estimates, the total emissions from
total flooding systems amount to 0.8 percent. These estimates are for the systems that are
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installed currently or have been installed in the last decade or so. Over the years, since Halon
1301 was found to be a significant ozone depleter, the system iilyeas been improved.
Emissions from older Halon 1301 systems that are still used today and have not been
decommissioned, are likely to be higher, perhaps as high as four percent of the installed base.
Another source estimates emissions of all ageritéwa percent of the installed base (EPA,
2004). Since this earlier estimate was made, additional improvements in handling systems and
agent have been made and the actual loss for systems installed more recently is likely to be
lower. Taking this into @ount, IRTA used the estimate of 0.8 percent for the emissions of HFCs
in 2010 and used the higher estimate of four percent for emissions of Halon 1301 in 2010.

Table 36 summarizes the emissions in 2010, the baseline year. The values take into account
the four percent emissions from the installed base for Halon 1301 and the 0.8 percent
emissions from the installed base for the HFCs5-#KL2 and PFCs. The emissions frorbAK

12 are negligible. The total emissions amount to 0.053 million metric ¢bresrbon dioxide
equivalent.

Table 3-6
Baseline Emissions From 1
Emissions
(metric tons of CO2e)
Halon 1301 37,568
HFC-227ea 14,211
HFC-125 1,525
FK-5-1-12 -
PFC 184
Total 53,488

3.1.4. Projected Emissions Under BAU Scenario

Emissions of GHG agents in 2020 will be significantly lower than the emissions in 2010 for three
reasons. First, there will be no total floodingteyss that contain Halon 1301 by then; they will

all have been decommissioned. Halon 1301 has a very high GWP and emissions from the older
systems containing the agent are higher than for more recently installed systems. Second,
there will be no PFC sysis remaining and PFCs also hastatively high GWPs. Third, there

will be fewer total flooding systems containing the HFCs which also have reasonably large
GWPs.

Table 37 shows the emissions from total flooding systems for 2020 under the BAU scenario.
The values are based on the 0.8 percent figures for emission losses from total flooding systems
and the 2020 bank estimates in Tabks.3 Emissions from total flooding systems will amount to
0.013 million metric tons of carbon dioxide equivalent in 208@mparing the figures of Table

3-6 and 37 shows there will be a total reduction in emissions between 2010 and 2020 of about
76 percent.
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Table 3-7
Baseline Emissions From Total Flooding Systel]
Under BAU Scenar.i
Emissions

(metric tons of CO2e)

HFC-227ea 11,368

HFC-125 1,220

FK-1-5-12 4
Total 12,592

3.1.5. Cost Comparison of Alternative Total Flooding System Agents

IRTA worked with sypiers and system installers to perform a cost analysis and comparison of
the five most commonly used agents for fixed total flooding systems. The cost analysis is useful
for evaluating policy options involving substitution. IRTA compared the costsirg fige
different agents including HFZ27ea, HFQ25, FK5-1-12 IG55 and 1Gb41. These are the
agents likely to be used in new systems over the next decade. IRTA used two different room
volumes to represent a small and large system. The small spasel® square feet in area

with a 10 foot high ceiling for a total of 4,000 cubic feet. The large space was 6000 square feet
in area with a 10 foot high ceiling for a total of 60,000 cubic feet.

3.1.5.1. Factors Contributing to System Costs

Two elements that contribute to the cost of using an agent were considered. The first is the

installation cost which consists of:
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All of these cost components are the same for eaclheffive agents except the mechanical
equipment cost and the mechanical installation costs. The amount of agent needed varies and
is determined by the size of the system and the concentration of agent required to extinguish a
fire which is determined byhie National Fire Protection Association (NFPA). The difference in
the amount of agent required is a function of the extinguishing capability of the agent and the
physical properties of the agent. The mechanical equipment cost varies because the agents
may require a different number of tanks and different piping. The cost of the mechanical
equipment installation costs will be different because of the agent characteristics and
mechanical equipment requirements.

The second element that contributes to thest of using an agent is the recharge cost. If the

agent is lost becawsof an accident or a fire, thethe facility will have a recharge cost
associated with refilling the equipment. The cost of recharge varies because of the difference
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in cost of the gent, the amount of agent required and the parts and labor needed for refilling
the tank.

For the recharge cost, the number of cubic feet required for the inert gas agents is determined
by multiplying the number of cubic feet that is being protected bgaor specified in the NFPA
regulations. The number of pounds of the other agents are determined by multiplying the
number of cubic feet of space that requires protection by the factor for each ageme.factor
for an agent required to protect a givenLJr OS aAl S A& ol aSR 2y GKS
to extinguish fires.The cost components of the recharge cost are:

1 cost of the agent which depends on the number of tanks that must be refilled

1 cost of the parts associated with the recharge

1 cost d the labor for the recharge

Costs of using the alternative agents were estimated below. The costs were determined for two
types of systems, a small 4,000 cubic foot and a large 60,000 cubic foot system. The costs were
compared for each of the agents forew system installations and for recharging existing
systems.

3.1.5.2. System Cost Comparison for New System Installations

The costs for the two cases of new system installations are shown in T8bén@ Table 3.

Table 38 shows the costs for th4,000 cubic foot space and Tabk® 3hows the costs for the
60,000 cubic foot space. The amount of agent required determines the number of tanks that
require installation and this is determined by the NFPA specifications. The table entries are the
cost of the electronics, the electrical, the mechanical equipment, the mechanical installation
and the total cost. The only cost components that vary are the mechanical equipment cost and
the mechanical installation cost.

Table 3-8
Cost of New System Installation in 4,000 Cubic Foot Space
Cost Element IG-55 IG-541 HFC-125 | HFC-227ed FK-5-1-12
Electronics $5,000 $5,000 $5,000 $5,000 $5,000
Electrical $10,000 | $10,000 | $10,000 [ $10,000 $10,000

Mechanical Equipment | $10,000 | $13,000 | $6,000 $8,000 $9,000
Mechanical Installation $8,000 $9,000 $7,000 $7,000 $7,000
Engineering & Supervision $5,000 $5,000 $5,000 $5,000 $5,000
Total Cost $38,000 | $42,000 | $33,000 $35,000 $36,000
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Table 3-9
Cost of New System Installation in 60,000 Cubic Foot Space

Cost Element IG-55 IG-541 |HFC-125 |HFC-227ea| FK-5-1-12
Electronics $7,500 $7,500 $7,500 $7,500 $7,500
Electrical $30,000 | $30,000 | $30,000 | $30,000 $30,000

Mechanical Equipment $93,500 | $124,500| $39,000 | $52,000 $67,000
Mechanical Installation $44,000 $53,000 | $15,000 $15,000 $21,000
Engineering & Supervision $5,000 $5,000 $5,000 $5,000 $5,000

Total Cost $180,000 | $220,000 | $96,500 | $109,500 | $130,500

The values of Table@and 39 show that for small spaces that require protection, the cost of a
new installation is roughly comparable across all agents. For large spaces that require
protection, the differences in the costssea much more pronounced. The system cost of
installation for the inert gases, &b and 1G541, is much higher than the cost of installation for
systems based on the other agents. As the system becomes larger, more tanks to hold the inert
gas are necesspa and this raises the installation cost considerably. The space required for an
inert gas system is significantly larger than the space required for the other agents. One
advantage that offsets this cost disadvantage to some extent is that the inent ageks can

be located remotely from the site whereas the tanks of the other agents must be in the room
that is being protected. The inert gas tanks could be placed in another part of the building since
it is possible to pump them further, as much as 4©€x.

For the larger system, the cost of a new installation for HIE®is less than half the cost of a
new installation for I&41 and is slightly more than half the cost of a new installation f&s3G
A comparison of the three neimert gas agent stems shows that the cost of a new installation
for HFCL25 is the lowest of the three and that the cost of a new installation fes-EKL2 is the
highest. The cost of a new installation for5K-12 is about 35 percent higher than the cost of
a new ingallation for HFEL25.

The higher cost of F&1-12 systems compared to HFC systems is due to two factors. First, for
a given fuel, a larger volume of BKL-12 is required. Second, the cost of manufacturingpFK
1-12 is higher on a per pound basis ththe cost of manufacturing the HFCs.

3.1.5.3. System Cost Comparison for Recharging Existing Systems

As discussed earlier, the cost of recharging a system depends on the cost of the agent, the parts
cost and the labor cost. The cost of the agent isedeined by its price and by the amount of
the agent required in the NFPA regulations to protect a space of a given size.

Tables 310 and 311 show the costs of the recharge for the 4,000 cubic foot space system and
the 60,000 cubic foot space system resfeely. Each tank of &b holds 572 cubic feet and
each tank of 1641 holds 435 cubic feet. The fee for filling each tank €f9& $350 per tank;

for IG541, it is $300 per tank. The cost of HE25 is about $20 per pound. The cost of HFC
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Table 3-10
Recharge Cost for 4,000 Cubic Foot Space
IG-55 1IG-541 HFC-125 |HFC-227ea| FK-5-1-12
NFPA Factor 0.42 0.46 0.0274 0.0341 0.0379
Amount of Agent| 1,680 cf 1,840 cf 110 Ib. 241 Ib. 281 Ib.
Number of Tank: 3 5 1 1 1
Cost of FillAgent  $1,050 $1,500 $2,200 $3,288 $4,256
Parts Cost. $100 $100 $500 $500 $400
Labor Cost $1,488 $1,488 $1,488 $1,488 $1,488
Total Cost $2,638 $3,088 $4,188 $5,276 $6,144
Table 3-11
Recharge Cost for 60,000 Cubic Foot Space
IG-55 IG-541 [|HFC-125 HFC-227ea| FK-5-1-12

NFPA Factor 0.42 0.46 0.0274 0.0341 0.0379
Amount of Agent | 25,200 cf | 27,600 cf |1,644 Ib. 2,046 b| 2,274 Ib.
Number of Tanks 45 64 2 2 3
Cost of FillAgent | $15,750 $19,200 | $32,880 | $49,104 $63,672
Parts Cost. $500 $500 $1,000 $1,000 $1,500
Labor Cost $7,000 $7,000 $2,976 $2,976 $2,976
Total Cost $23,250 $26,700 | $36,856 | $53,080 $68,148

227ea is higher, at about $24 per pound, and the cost e5-EKL.2 is even higher, at $28 per
pound. The factor specified in the NFPA regulations is also given in the tables.

The values of Table B showthat for the small system requiring protection, the recharge cost
for the inert gases is lower than the recharge cost for the GHG agents. The values ofThble 3
show a similar pattern. The cost for recharge for5FK12 is the highest of the three @&H
agents.

3.1.5.4. Discussion of Cost Analysis

The results of the cost analysis show that the cost of a new system installation is comparable
for all five agents for small spaces. For larger spaces, the cost of a new installation for the inert
gases isubstantially higher. If there are no recharge costs over the life of the system, then
these conclusions will be valid. As discussed earlier, very few systems are discharged
inadvertently or for a fire each year. If there is one recharge over thefitee system, the

total cost for system installation and recharge for the small space is still comparable across
agents. On this same basis, the total cost for system installation and recharge for the large
space is higher for the inert gases but is efos cost to the GHG gases. If two recharges are
required over the life of the system, the costs of using the inert gases and the GHG agents are
comparable.

This cost analysis and comparison information is summarized in Tdlddd@ the 4,000 cubic
foot system and in Table-B3 for the 60,000 cubic foot system. The first column is the cost for
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a new system installation only. The second column is the cost for a new system installation and
one recharge over the life of the system. The third colusithie cost for a new system
installation and two recharges over the life of the system. The correct procedure for comparing
the cost over the life of the system would be to amortize the cost over the life of the system
and annualize the costs. This apach would change the values slightly; the approach used
here is simpler and it provides a good idea of the relative costs.

Table 3-12
Cost Over Life of Small System
Agent New System | New System Installatior] New System Installatior]
Installation and One Recharge and Two Recharges
IG-55 $38,000 $40,638 $43,276
IG-541 $42,000 $45,088 $48,176
HFC-125 $33,000 $37,188 $41,376
HFC-227ea $35,000 $40,276 $45,552
FK-5-1-12 $36,000 $51,696 $57,840
Table 3-13
Cost Over Life of Large System
Agent New System [ New System Installatiol New System Installatio
Installation and One Recharge| and Two Recharges
IG-55 $180,000 $203,250 $226,500
IG-541 $220,000 $246,700 $273,400
HFC-125 $96,500 $135,356 $172,212
HFC-227ea $109,500 $162,580 $215,660
FK-5-1-12 $130,500 $198,640 $266,796

The results of the cost analysis show that the cost of a new system installation is comparable
for all five agents for small spaces if there are no discharges over the life of the system. For
larger spaces, the cost of a new installation for the ineregas substantially higher if there are

no discharges. If there is one recharge over the life of the system, the total cost for the small
space is comparable across agents. If there is one recharge over the life of a system for the
large space, the cosif using the inert gases and the-BK-12 is comparable; the cost of using

the HFCs is lower. For the small system, if there are two discharges, the cost of usingthe FK
1-12 is higher than the cost of using the other four agents. For the large syst#imtwo
recharges, the cost of using the-B81 system and the Fi1-12 are the highest.

3.1.6. Alternative Bank and Emission Projection Scenarios

IRTA examined two alternative scenarios for 2020 projections for the bank and for emissions.
Under the first scenario, there would be a complete conversion away from the high GWP HFCs
by 2020. Under the second scenario, HFCs will replace all of the Halon 1301 and PFC systems
that are still used today. Each of these scenarios is discussed in morebeétail
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3.1.6.1. Conversion Away from high GWP HFCs

Under this scenario, new systems would no longer use the high GWP HFCs. 3M is the supplier
of FK5-1-12 and it is an example of an-kind material that ha a very low GWP. 3M is the
manufacturer andthe company may banvestigating other fluoroketones that would be
appropriate as fire protection chemicals. DuPont is the supplier of the two HFCs used today in
total flooding systems. That company is investigating HFC alternatives that would bdesuitab
for use as agents and would have very low GWPs of close to one.

This scenario assumes that all new system conversions would rely-511-EK or new agents
developed by 3M and/or DuPont with low GWPs. As assumed under the BAU scenario, 75
percent of the Halon 1301 and PFC systems will be converted-3e1FAKR or oneof the other

new alternatives and 25 percent will be converted to the inert gases. There will be a larger
decline in the number of HFC systems than assumed under the BAU scenario. Half of these
systems will be converted to FK12-1, other fluoroketone Hernatives or other HFCs with

GWPs of one. For these systems, it was assumed that the average system charge is the same as
it is for FK5-12-1.

Under these assumptions, Tablel3 shows the number of systems of each type and the bank
size in 2020. Tabl315 shows the bank size in terms of metric tons of carbon dioxide
equivalent for this scenario. The values of TablE83Zhow that the bank in 2020 , under this
scenario, is less than one million metric tons of carbon dioxide equivalent, which ig@hpe
lower than the BAU bank projection.

Table 3-14
Bank of Agent in Total Flooding Systems Under Altemative Low GWP HFC/Fluoroketonsg
Conversion Scenario -- 2020

System Type System Number [Average System Charge Bank Size
HFC-227ea 1,350 500 pounds 675,000 pounds
HFC-125 150 500 pounds 75,000 pounds
Other In-Kind 2,525 650 pounds 1,641,250 pounds
IG-541 900 3,480 cu.ft. 3,132,000 cu.ft.
IG-55 100 3,480 cu.ft. 348,000 cu.ft.

Note: Other In-Kind refers to fluoroketones or HFCs with GWPs of one.

Assuming emissions amount to 0.8 percent of the installed bas@ssepons under this
alternative projection scenario would be 0.008 million metric tons of carbon dioxide equivalent.
Weighted emissions under this scenario would decline by 37 percent compared to emissions in
Table 37 for the BAU scenario. Use of the high GWP HFCs would decline and they would be
replaced with very low GWP-kind alternatives.
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Table 3-15
Wei ghted Bank Under Alternative Low GWP
. Bank Size
Agent Bank Size GWP (metric tons of CO2e)
HFC-227ea 675,000 pounds 2,900 888,158
HFC-125 75,000 pounds 2,800 95,281
Other In-Kind 1,641,250 pounds 1 745
IG-541 3,132,000 cu.ft. 0 0
IG-55 348,000 cu.ft. 0 0
Total 984,184
Note: Other In-Kind refers to fluoroketones or HFCs with GWPs of one.

The costs ofising the other irkind alternatives are not known so a cost for the scenario cannot
be determined. The costs of this scenawould not likely be very different from the costs
under the BAU projection. There is no reason to expect thatrative inkind fluoroketones

and HFCs with low GWPs would be substantially more expensive, particularly if large quantities
of the chemicals were needed to supply the demand.

3.1.6.2. Conversion to high GWP HFCs

As discussed in the baseline bankjpobion scenario above, all of the systems still using Halon
1301 or PFC will be decommissioned by 2020. Higls HFC usscenario assumes that all of
these systems will be replaced by HEZ7ea and HRC25. Ninety percent of the systems will
use HFQ27 and 10 percent will use HAR5, the breakdown assumed for the BAU conversion.
There will be the same number of inert gas and5FK12 as there are in the 2010 baseline
bank estimates.

On this basis, TableI® presents the number and types of systeamsl the size of the bank in

2020. Table A7 presents the bank size in carbon dioxide equivalents under these
assumptions. The values show that the size of the bank in 2020 under this scenario is about
2.64 million metric tons of carbon dioxide equivate This can be compared with the 2010

bank which was estimated at 2.98illion metric tons of carbon dioxide equivalent. The 2010

bank is large because a significant portion of the systems still contain Halon 1301 which has a
higher GWP than the HFCl.can also be compared with the bank for the BAU scenario which
amounts to 1.57 million metric tons of carbon dioxide equivalents. The BAU bank is smaller
because the Halon 1301 and PFC systems and even some of the HFC systems are converted to
the inertgases and to FB-12-1.

Weighting the bank by the GWP for each agent and assuming emissions amount to 0.8 percent

of the installed base, emissions under this scenario are 0.021 million metric tons. This is
significantly higher than the emissions of 0.Qi#ler the BAU scenario
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Table 3-16
Bank Size Under Alternative Higl
System Type System Number Averélazégstem Bank Size
HFC-227ea 3,623 500 pounds 1,811,500 pounds
HFC-125 402 500 pounds 201,000 pounds
FK-5-1-12 250 650 pounds 162,500 pounds
IG-541 675 3,480 cu.ft. 2,349,000 cu.ft.
IG-55 75 3,480 cu.ft. 261,000 cu.ft.
Table 3-17
Bank Size in Carbon Dioxide Equivalents Under Altemative High HFC
Conversion Scenario 1 2
Agent Bank Size GWP Bank Size
(metric tons of CO2e)
HFC-227ea 1,811,500 pounds 2,900 2,383,553
HFC-125 201,000 pounds 2,800 255,354
FK-5-12-1 162,500 pounds 1 74
IG-540 2,349,000 cu.ft. 0 0
IG-55 261,000 cu.ft. 0 0
Total 2,638,981

3.2. Portable Fire Extinguishers

As discussed earlier, most clean agent portable handheld and wheeled fire extinguishers in the
past relied upon Haloi211. When the production ban became effective, most applications
where clean agents were not necessary were converted to-inddind alternatives likedry
chemical,water and foam, wet chemical and water mist. There are still many HbkA
portable fire extinguishers in use today in commercial buildings, computer rooms, electronic
spaces, communication facilities, museums, marine, utility and rail industries. A typical halon
portable fire extinguisher is shown in Figure23and an MSB for the material, which is
bromochlorodifluoromethane, is provided in Appendix B.

Halotron | was developed to replace Halon 1211 and it is the most widely used alternative
streaming agent. Like Halon 1211, it can be used on A, B and C fires. Thalnsaseblend of

about 97 percent HCF{23, two percent PRC4 and one percent argon (Hughes Associates,
2009). An MSDS for Halotron | is shown in Appendix B. The figures of -TaindiGte that
HCF&23 has a GWP of 77 and PHEChas a GWP of 6,50@n this basis, assuming a zero GWP

for argon, the GWP of Halotron | is about 205. It is not strictly correct to calculate a weighted
average of the GWPs for an agent that is a combination of two GHGs. Each GHG with its GWP
should be considered separdye Treating them separately and summing their contribution to

the bank or emissions, however, will lead to the same results as using a weighted average for
the GWP. Recognizing this, a weighted average GWP was assigned to Halotron | for the analysis
that follows.
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Source: Amerex Product Catalog
Figure 3-2. Typical Halon 12-11 Portable Fire Extinguisher

The other alternative that has been used in portable streaming systems for A, B and C fire
suppression is HFZ36fa which has a GWP of 6,300; an M&D$his agent, which is called by

the tradename FB6, is shown in Appendix B. These GWPs can be compared with the GWP of
1,300 for Halon 1211. To a small extent, another agent calle@®Mwhich is based on HFC
227ea, is used in portable fire extinghers; use of this agent is very small, however, and it is
ignored in the analysis that follows.

3.2.1. Background on Portable Fire Extinquishing Systems

When the production ban became effective, virgin Halon 1211 could no longer be used in
portable fre extinguishers. Many such systems were in place, however, and recycled Halon
1211 is still used today to service them. Halon 1211 is recycled by several companies and new
extinguishers are still manufactured for use with recycled Halon 1211.

For the secalled clean streaming agents used today, including Halon 1211, Halotron | and HFC
236fa, portable handheld and wheeled systems are available in a range of different sizes. As is
true for total flooding systems, the different agents have different chiamastics and varying
amounts of the agents are required to protect a space of a given size. Most Halon 1211
systems are available in sizes ranging from 1.25 pounds to 20 pounds. Fire extinguishers based
on Halotron | range in size from 1.4 pounds to5Slpounds. Fire extinguishers based on HFC
236 range from 2.5 pounds to 13.25 pounds in size. One supplier indicates that clean agents,
without taking into account carbon dioxide, represent between one and three percent of the
portable extinguishers thaare used in California (Vallette, 8/2009); another source indicates
clean agents account for seven percent (Gilbert, 12/2010).
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3.2.2 Streaming Agent Bank and Emissions

IRTA conducted a bottomp estimate of the bank of portable fire extinguishers fofifGenia.

This involved estimating the amount of each of the agents used in portable extinguishers in
California and estimating the number of fire extinguishers by holding discussions with installers,
companies who service fire extinguishers, recycleis suppliers.

3.2.2.1. Portable Extinquisher Bank in 2010

There may be as many as 28,000 fire extinguishuenstaining high GH&ompoundsin
California (Sherley2010). Assuming an average fire extinguisher size of nine pounds, the
amount of agent in portable fire extinguishers in California is estimated at 252,000 pounds.
Most sources agree on the approximate breakdown of the agent use in California. One
company that installs and services extinguishers estimates that 75 percent of the agent is Halon
1211, 20 percent of the agent is Halotron | and five percent is2380(Gilbert, 12/2010).
Another company that services and installs systems estimates the dweak at 80 percent
Halon 1211 and 20 percent Halotron | (Vallette, 8/2009); this company does not offe238FC

so the chemical is not included in his estimates. A third company estimates the breakdown at
75 percent Halon 1211, 20 percent Halotron | aine percent HF236 (Sherley, 11/2010).

At one stage, there were portable fire @xguishers containing HER27ea andPFCs in
California. One source indicates there are not likely to be any systems containing those agents
any longer (Sherley, 11/2010).

Taking these estimates into account and the figure for the total amount of agent, IRTA assumed
that 75 percent of the agent in portable extinguishers is Halon 1211, 20 percent is Halotron |
and five percent is HFEZ36. On this basis, Tablel8 presents stimates of the bank of
streaming agent in 2010 weighted according to their GWPs.

Table 3-18
Bank of Streaming Agents i1
Number of |Amount of Agen| Bank Size
Agent Extinguishers (pounds) GWP (metric tons of CO2e
Halon 1211 21,000 189,000 1,300 111,419
Halotron | 5,600 50,400 205 4,688
HFC-236 1,400 12,600 6,300 36,016
Total 28,000 252,000 - 152,123

3.2.2.2. Portable Extinguisher BAU Bank Size in 2020

Two events will influence the size and makeup of the bank in the future. First, the amount of
Halon 1211 available for portable fire extinguishers will continue to decline. One source
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estimates that the amount of Halon 1211 used in fire extinguishin@ailifornia will decline by

90 percent between 2000 and 2020; the source also estimates there will be a decline of 30
percent between 2010 and 2020 (Sherley, 11/2010). Second, new production oflBE @I
decline substantially by 2015 and must effeclveease in 2020 under the Montreal Protocol
agreements. Since HGEE3 is the major ingredient of Halotron I, only recycled HCELwill

be able to be used thereafter. There should be no decline in the use of Halotron | over the next
10 years becauseemw Halotron | can still be used and there will be ample recycled agent
available.

Companies that are removing Halon 1211 systems currently are simply decommissioning them
and often replacing them with dry chemical systems. As the cost analysis beloat@sdithe

cost of a Halon 1211, Halotron | or HEEGfa system is very high and companies are simply not
willing to pay for them unless it is essential. Although carbon dioxide systems are also clean
agents, these systems are not rated for use on Tyffieed so users are not converting to that
technology; they are simply forgoing the clean agent option. The BAU projection assumes there
will be no decline in the use of Halotron | between now and 2020. The use €136H€ very
limited and the bank in@20 will remain the same as the bank in 2010.

Assuming there will be a declinf 30 percentin the number of Halon 1211systemsand
constant continuous use of the other two agents, Tabl&93provides estimates of the 2020
bank under the BAU scenario.or@paring the values of Tables18 and 319 indicates that
there will be a decline in the overall weighted agent bank of about 22 percent between 2010
and 2020.

Table 3-19
Bank of Streaming Agents in Calif
Number of [ Amount of Agen Weighted Agent
Agent Extinguishers (pounds) GwP (metric tons of CO2¢
Halon 1211 14,700 132,300 1,300 78,035
Halotron | 5,600 50,400 205 4,688
HFC-236 1,400 12,600 6,300 36,016
Total 21,700 195,300 - 118,739

3.2.2.3. Baseline and BAU Projected Emissions

One source that istalls systems in California estimates emissions during fires of 0.5 percent of
the installed base, two percent for accidental discharges and one to 2.8 percent from leakage
(Sherley, 11/2010). Another source indicates that emissions of Halon 1211 thrertent
discharges and fires amount to about one ton per year (Chelman, 12/2010). This translates into
emissions of about 1.8 percent of the installed base and this value excludes leakage. Another
source estimates that overall emissions from streamiggras amount to about four percent of

63



the installed base each year (Cortina, 2/2011). These values are reasonably consistent with one
another.

Using a value of four percent of the installed base for overall emissions, T@tlepRvides
emissions foeach of the agents and emissions weighted in terms of their GWPs for 2010. The
values assume the four percent loss for each of the individual agents.

Table 3-20
Emi ssions and Weighted Emi ssi
Emissions Weighted Emissions
Agent (pounds) GWP (metric tons of CO2 equiV
Halon 1211 7,560 1,300 4,459
Halotron | 2,016 205 188
HFC-236fa 504 6,300 1,441
Total 10,080 - 6,088

The figures of Table-30 show that the dominant weighted emissions areHaflon 1211. This
follows from the fact that it accounts for 75 percent of the installed base currently. Weighted
emissions for HFZ36fa are also significant; even though this agent accounts for only a small
percentage of the installed base, its GWPasgyvhigh. The total weighted emissions for 2010
are somewhat more than six thousand metric tons of CO2 equivalents. This can be compared
with the baseline emissions from total flooding systems of 53,488 metric tons of carbon dioxide
equivalent in Table-8.

There is no reason to expect the percentage emissions to decline by 2020. On this basis,
assuming emissions still represent four percent of the installed base, TaklesBows the
emissions under the BAU scenario for 2020. Comparing the valuesblgfsT320 and 321,

there will be a weighted emission reduction of 22 percent over the period 2010 to 2020.

Table 3-21
Emi ssions and Weighted Emi ssions of St
e Weighted Emissions
Agent Emissions (pounds) GWP (metric tons of CO2e)
Halon 1211 5,292 1,300 3,121
Halotron | 2,016 205 188
HFC-236fa 504 6,300 1,441
Total 7,812 - 4,750

3.2.3. Cost Comparison of Alternative Streaming Agents

IRTA conducted a limited cost analysis and comparison ofalfeenative streaming agents
which should be useful for comparing policy options. Halon 1211, Halotron | an@38FRC
systems are expensive to install compared with the @G alternatives. These materials are
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generally only used when it is absolutelgcessary. In a small space of about 2,000 square feet
where fire protection is needed, two extinguishers would be required. In a larger space of
about 5,000 square feet, five extinguishers would be necessary. The cost of installing one of
the GHG agenfire extinguishers is about $500 and it is the same for all three agents. In
contrast, the cost of installing a dry chemical fire extinguisher is about $75 (Cranston, 11/2010).
As mentioned earlier, there is currently a movement away from the GHG agerte dry
chemical systems because of the high cost of the GHG agents.

Under NFPAQO, every six years, the GHG stored pressure extinguishers must be emptied and
subjected to a maintenance procedure. The agent is emptied into a recharge/recovery system
and a bulk supply cylinder with sufficient empty capacity to accept the contents of the
extinguisher (Amerex, 2008). A picture of one of the recycling machines that is used to process
the agent, a machine made by Getz, is shown in FiguBe 3Companies esvicing the
extinguishers must have one machine for processing Halon 1211 and another separate machine
for processing Halotron I. Machines for Halon 1211 can also be modified to process Halotron |
but each machine must be dedicated to a particular agefthe maintenance procedure is
carried out and recycled agent is put back into the fire extinguisher. Every 12 years, the
extinguisher must be evacuated and undergo hydrostatic testing to ensure it is not leaking. The
most common source of leaks is vava stems.

Source: Getz Manufacturinggww.getanfg.com

Figure 3-3. Getz Machine for Recovering Halotron |

IRTA obtained cost estimates for conducting the six and twelve year maintenance from two
companies who offer the service. One company indicates the cost of either service amounts to
$25 for the Halon 1211, HRX36fa and Halotron systems and $15 for dremtical (Cranston,
11/2010). Another service company indicates the cost of servicing an extinguisher containing
one of the three clean agents at $26 and the cost of servicing an extinguisher containing dry
chemical at only $6 (Gilbert, 12/2010). If thetieguisher is found leaking, replacement of
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agent may be necessary and would be an additional cost. The cost of replacing one of the clean
agents is estimated at $12 per pound (Cranston, 2/2011).

The case studies used for the cost analysis are a comiatyrequires two portable fire
extinguishers in a 2,000 square foot data room and a company that requires five portable
extinguishers in a 5,000 square foot space. The cost of installing two clean agent extinguishers
is $1,000 for the two extinguishersid $2,500 for the five extinguishers. The cost of installing
two and five dry chemical extinguishers is much lower, at $150 and $375 respectively.

Assuming a life for the portable extinguishers of 20 years, two six year tests and one twelve
year testmust be conducted. The cost to the 2,000 square foot facility for conducting the
testing for two clean agent portable extinguishers is estimated at about $150. The cost to the
5,000 square foot facility for the clean agent testing is about $375. Tekéngidpoint for the
estimates of the cost of the test for the dry chemical extinguishers at $10.50, the cost to the
2,000 foot facility and the 5,000 foot facility for the testing would be $63 and $158 respectively.

Table 322 summarizes the cost of iradling and testing the extinguishers over the 20 year life

of the systems. The total cost for both sizes of facility is more than five times higher for the

clean agent extinguishers than for the dry chemical extinguishers. If some of the agent has
Table 3-22

Cost Comparison for Portable Fire Extinguishers

2,000 Square Foot Space 5,000 Square Foot Space

Clean Agent Dry Chemical Clean Agent | Dry Chemical
Installation Cost $1,000 $150 $2,500 $375
Testing Cost $150 $63 $375 $158
Total Cost $1,150 $213 $2,875 $533

leaked, the cost for the clean agent system over the lifetime would be even higher. The correct
approach for conducting the cost analysis would be to amortize the costs over the life of the
system and annualize the cost. Thapproach used here is simpler and it does give a
representative cost comparison for the agents.

3.2.4. Alternative Bank and Emission Projection Scenarios

IRTA examined two alternative bank and emissions projection scenarios for streaming agents.
Underthe first scenario, there will be a reduction in the use of Halotron I over the next decade
because production of the agent is scheduled to decline significantly in 2015. Users, in
anticipation of the ban, will begin moving away from the Halotron I. Betw2010 and 2020,
there will be a reduction in the use of the agent of 20 percent. Tweeths of the Halotron |

will be converted to dry chemical extinguishers and-bmérth will be converted to HF236fa.

Table 323 presents the results of this athative scenario for the 2020 bank and emissions for

the three agents. Comparing the values of TablE83and 323 shows that there will be a
decline of 18 percent in the weighted bank between 2010 and 2020 under this scenario.
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Comparing the figures ofable 320 and 323 shows a similar decline in weighted emissions
between 2010 and 2020. Comparing the values of Taldl® 8nd 323 shows that under this
scenario, the weighted 2020 bank is larger than the weighted bank under the BAU scenario.
This folbws from the fact that the GWP for HFZ36fa is higher than the GWP For Halotron |
which it is replacing.

Table 3-23
Declining Halotron | Al ternative B
Agent Bank Weighted Bank Emissions | Weighted Emissions
(pounds) |(metric tons of CO2¢ (pounds) | (metric tons of CO2¢
Halon 1211 132,300 78,035 5,292 3,121
Halotron | 40,320 3,750 1,613 150
HFC-236fa 15,120 43,220 605 1,729
Total - 125,005 - 5,000

The manufacturehas commissioned a study that argues for the continued use of HIEFC

the major ingredient of Halotroh, because of its relatively low GV@P77 (Hughes Associates,
2009). There are currently no alternatives on the immediate horizon because it takes at least
five years for an agent to undergo all the required testing and be qualified for use in this
application. Although major manufacturers are undoubtedly investigatingind alternatives,

they will take some years to penetrate the market. Under the second alternative scenario, IRTA
assumed that either an exemption is approved for continued use ofcHE8 or one or more

low GWP alternatives is qualified within the next five years. All of the Halon 1211 and HFC
236fa extinguishers witkquire at least one six year maintenance procedure during the next 10
years. If Halotron | obtains an exemption iblow GWP alternatives are developed, these
materials could replace all of the extinguishers using Halon 1211 an@3@f&that are used
today.

Table 324 shows the weighted bank and weighted emissions for 2020 based on this scenario
under the assumpon that other inkind alternatives have the same GWéapproximately 205)

as Halotron I. Comparing the values of Tabl3and 324 shows that under this scenario,
there will be an 85 percent reduction in weighted emissions from the BAU emissions scenari
The reduction might even be greater because the Halotron | and potential alternative low GWP
agents are expensive and there is a conversion to dry chemical extinguishers that is taking place
today and this movement is likely to continue in the futurBince dry chemicals have a zero
GWP, the reduction in weighted emissions would be even greater than that shown in Table 3
24 if there is more conversion to dry chemical.
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Table 3-24
Conversion to Halotron | or Other Low GWP Agents Altemative Bank and Emission

Scenari o I 2020
Bank Weighted Bank | Emission| Weighted Emissions
Agent (pounds) |(metric tons of CO2q (pounds)| (metric tons of CO2e)
Halotron |
Or other Low GWP Agen 195,330 18,168 7,813 727

3.3. Other Emissions From Fire Protection Applications

When production of the Halons was banned, companies began developing alternakielin

clean agents which were introduced into the market over the last 25 years. As discussed

earlier, the bank of halons, PFCs, HFCs arsIFKis very large dependinghovhen the agent

began being used and emissions are relatively low. Over the last several years, a vigorous
market for recycling and reusing the clean agents has developed because of their high value in
use. There are six companies in the U.S. that atisreecycle one or more of the agents. Most

of the recyclers recycle all of the agents but one, Pacific Scientific, that is located in California,

recycles only Halon 1301 from aviation applications.

Three of the six recycling companies have facilities in California. Pacific Scientific performs all of
their recycling operations in California. Another company, H3R, is also based in California and
has their recycling operation there. The third compa@Bl Fire Equipment, has facilities in
California but does the recycling of the agents at plants in other parts of the country.

There are emission losses when the agents are recycled. Various sources estimate this loss at
less thanone percent of theamount of agent recycled (Cortina, 2/2011). Pacific Scientific, the

one recycler that processes only Halon 1301, has an estimated annual recycling volume of
ManInnn Ll2dzyRa LISNJ @SFENI owA OKI NR&az2ys HnnyoL®
Califania may process as much as diféh of the market. Agents processed by this facility
include Halons, HFCs and%-K-12.

For total flooding systems, over the next 10 years, the installed base of Halon 1301 will decline
by 30,000 pounds per year, assmgia uniform decline as illustrated by the figures of Tabk 3

and Table 3 for the BAU projection. Pacific Scientific, the company that exclusively recycles
Halon 1301 from the aviation industry, recycles 100,000 pounds of Halon 1301 annually. The
ingalled base of HFZ27ea will decline by 8,100 pounds per year over the period and the
installed base of HFT25 will decline by 3,000 pounds per year. The installed base of the PFCs
will decline by 750 pounds per year. For the analysis, it was assuraedllt of the agent used

in total flooding systems that comes from decommissioned systems will be recycled and that
H3R, the noraviation recycler with a plant in California will recycle 20 percent of these
amounts.

For streaming agent applications, twvalues of Tables-B8 and 319 show that the bank of
Halon 1211 will decline by 56,700 pounds over the next 10 years. The banks for Halotron | and
HFC236 will remain constant over the period. Assuming the bank of Halon 1211 declines
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uniformly over the riod, the volume available for recycling when systems are dismantled will
amount to 5,670 pounds per year. Assuming the California recycler processes 20 percent, the
volume recycled in California is 1,134 pounds annually.

Table 325 shows the recyclingpsses under these assumptions. Applying the one percent
figure to the volume processed indicates that emissions amount to 3,359 metric tons of carbon
dioxide emissions per year or .003 million metric tons of carbon dioxide equivalent annually.
The emis®ns are dominated by the Halon 1301 from aviation applications.

Table 3-25
Annual Recycling Volume in Califomia
Agent Recycled Agent GWP Recycled Ageht Emissions

(pounds/year) (metric tons of CO2e)
Halon 1301 106,000 6,900 331,851 3,319
HFC-227ea 1,620 2,900 2,132 21
HFC-125 600 2,800 762 7
PFC 150 6,750 459 5
Halon 1211 1,134 1,300 669 7
Total 335,873 3,359
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Section 4. Greenhouse Gas Use in Other Applications

The major applications of the GHGs included in this report were discussed in earlier sections.
The solventapplications, including film cleaning, vapor degreasing and disk lubing, were

analyzed in Section 2. Fire protection applications of GHGs, including fixed total flooding
systems and portable extinguishers, were analyzed in Section 3. This sectioriegentiéw

other applications of GHGs which are generally lower use and which rely on stockpiled
materials. These applications are discussed below.

4.1. Dry Cleaning of Garments

PERC is the major solvent that has been and is used for the dry cleamiloghofg and other

fabrics. CARB has adopted an Airborne Toxic Control Measure (ATCM) that phases out the use
of PERC in California gradually by 2023. As a result of this regulation, the industry is adopting
alternatives. At this stage, at least hdiketcleaners in California are using alternatives. Major
alternatives include hydrocarbon, Green Earth, which is a silicon based solvent called D5, water
cleaning processes like wet cleaning and Green Jet, carbon dioxide and Rynex, a glycol ether
process orris and Wolf, 2005).

PERC is a relatively aggressive solvent which is especially suited for dry cleaning of garments but
it may be too aggressive a cleaner for certain delicate garmeBefore the production ban on
chlorofluorocarbons (CFCs) becaniteetive in 1996, another solvent was used for cleaning a
reasonably large portion of the garment stream, perhaps five to 10 percent. The solvent, sold
under the tradename of Valclene, was based on-CEX This solvent was mentioned in
Section 2 as usef for precision cleaning. The advantage of -CE& in garment cleaning is

that, because it is a gentle solvent, it was used for dry cleaning drapes and other delicate fabrics
and trims. Some companies, in anticipation of the production ban, stockpf€1 T3 so they

could continue using the solvent in dry cleaning when necessary. IRTA has identified at least
one company, in the movie industry, that still uses stockpiled-TIBCfor cleaning costumes

and other delicate garments worn by actors in movid$ere may be other companies in the
movie industry who do the same.

Many of the alternatives to PERC are very gentle cleaners and they could be used in place of the
stockpiled CRT13. Hydrocarbon is a gentle solvent but it is a VOC wheread I3A€xempt

from VOC regulations. This should not be a barrier, however. Carbon dioxide is an especially
gentle cleaning method and it could be used in place ofTBQry cleaning. The equipment

for using carbon dioxide is expensive, however, and no preduare offering new equipment

at this time. Wet cleaning is likely to be too aggressive but Green Jet is a gentlebast¢er
method that might be appropriate if the garments can tolerate water. Green Earth is a very
gentle cleaning method but D5, thelgent on which Green Earth is based, has caused cancer in
laboratory animals. On balance, hydrocarbon or Green Jet may be the most appropriate
methods to substitute for CFCL3.

A
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assuming a very large stockpile of five drums of-CECfor this appliation and assuming a
density of 13 pounds per gallon for GEQ3, the maximum amount that would be emitted is
3,575 pounds. Based on a GWP for-CEE of 5,000 (EPA, 2011), cumulative emissions over
the next 10 years could amount to eight thousand metoigs of carbon dioxide equivalent or
0.008 million metric tons of carbon dioxide equivalent.

4.2. Medical Device Manufacturing

Medical device manufacturing is a huge global market and it includes a range of products
varying in complexity and applicatisn Such devices are used for medical purposes in patients,
in diagnosis, therapy or surgery.

IRTA worked with a large medical device manufacturer several years ago to find an alternative
to CFCL13 for use as a carrier medium in an implantable medieaice. The requirements
were that the material be low in toxicity and relatively unreactive. The company needed an
alternative because of the production ban on ozone depleting substances. Alternatives at the
time included HCFCs and HFCs.

The companyhad stockpiled the CFC13 in two drums of product. Very little of the CEC3

was needed for the individual devices and it was anticipated that the stockpiled material would
last until the devices became obsolete. Other medical device manufacturershavayalso
stockpiled CRC13 for similar purposes. The characteristics of the fully halogenated materials
like CFE113, including its low toxicity and inertness, are the very characteristics tranad&e

it a strong ozone depleting ageahd global waming gas. Alternatives for future applications
going forward might be HFEs or HFCs with GWPs that are less than about 150.

For purposes of analysis, IRTA assumed that medical device manufacturers in California may
have as many as five drums of stockpil€8Cl13 for use in implantable devices or other
applications requiring inert substances. On this basis, similar to the analysis for dry cleaning
applications above, the emissions of €AG might amount to eight thousand metric tons or
0.008 million metic tons over the next ten years.

4.3. Electrical Equipment Cleaning

Utilities in California must routinely clean electrical equipment at generating stations. Excessive
dirt and contamination can cause a flash off in the electrical equipment andhbp@sgnition,
explosion and worker injuries. Historically, utilities used-CELand TCA for cleaning electrical
devices at generating stations. When production of the two Class | ozone depleting substances
was banned, the industry largely substitutedCHZ141b as the cleaning agent. Until 2003,
when production of the HCFC was banned, it was still used by many utilities for cleaning
electrical equipment. Many suppliers and utilities still have stockpiled H@HE and there

may be substantial quantitgeleft today.

IRTA worked on a project, sponsored by EPA, to find alternatives for cleaning electrical
equipment (Wolf, 2009). Neanergized electrical equipment was cleaned by many gt
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with HCF€141b although there was no need to use the solventw ¢ ! Qa4 FAYRAYy 3Ia AY
non-energized electrical equipment can be cleaned with any type of cleaner, including-water

based cleaners. It has been tradition to clean energized electrical equipment with substances,

like HCF@41b, without flash point@and with low conductivity so workers will not be injured.
Lwe¢! Qad FAYRAYIA AYRAOFGSR GKFGEZ Ay az2yY$sS Ayadl
with flash points and higheconductivity like acetone, sdyased cleaners and watéased

cleanes, can be used for cleaning some types of energized electrical equipment if careful
procedures are used. Mechanism cabinets and control panels can be cleaned with carbon
dioxide snow. Insulators and other energized electrical equipment can be cleanbd wit
deionized water which is not conductive, media blasting and carbon dioxide pellet blasting.

Utilities in California may have stockpiled as many as 10 drums of HBC It is likely that all

this stockpiled material will be emitted over the next 1Gay® Assuming a density of 10.4 for
the HCFC, this amounts to 5,720 pounds. Based on a GWP foll IOF@f 630 (EPA, 2011),
emissions over the next 10 years would be about one thousand metric tons or 0.001 million
metric tons of carbon dioxide equivalen

4.4. Summary of Stockpiled GHGs

IRTA knows of stockpiles of CEL3 and HCFCA1b in California that may be emitted over the
next 10 years. The applications for this material include a dry cleaning agent for delicate
garments, an inert medium in infgntable medical devices and a cleaner for energized
electrical equipment.Table 41 summarizes the GHGs used in these applications, the estimated
amount of the stockpile and the cumulative emissions of the GHGs over the next 10 years in
carbon dioxide egivalents. Total emissions over the next 10 years for these applications may
amount to 0.017 million metric tons of carbon dioxide equivalent. Assuming a uniform
emissions profileover the period annual emissions would be less than 0.002 million metric
tons.

Table 4-1
Emission Estimates for Stockpiled GHGs

Estimated Stockpilf Cumulative Emission
Application GHG (Number of Drums) (metric tons of CO2¢
Dry Cleaning CFC-113 5 8,110
Medical Device Manufacture] CFC-113 5 8,110
Electrical Equipment Cleaning HCFC-141h 10 630
Total 16,850
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Section 5. Comparison of Bottom Up Emission Estimates With Alternative Estimates

In Section 2, IRTA developed bottom up emissions estimates for three solvent applications of
GHGs for 2010 and projected emissions for 2020 under a BAU scenario. The three applications
included film cleaning, vapor degreasing and disk lubing. In S&tidRTA developed bottom

up bank and emissions estimates for two fire protection applications of GHGs for 2010 and for
2020. These applications included total flooding systems and portable fire extinguishers.

Several years ago, when the Montreal Pratbevas being implemented in the U.S., EPA
developed a tool for estimating the annual chemical emissions from industrial sectors that have
historically used ODSs in their products. Two of the sectors of focus are solvent and fire
protection applications (EA, 2001; Godwin eal., undated). According to EPA, the model has
evolved into a tool for estimating the decline in consumption and emissions of the ODSs and
the increase in consumption and emissions of some of the alternatives to ODSs, including HFCs
and PFCs. This section examines the estimates of emissions of the alternatives from this model
presented by EPA and compares them to the bottom up emissions estimates determined here.

IRTA also worked with two trade associations which provided top dogreggted information

for most of the GHGs used in total flooding systems and portable extinguishers. The trade
associations collected California specific information from their members for this project. The
results are summarized and compared with thétbm up emissions estimates developed here.

5.1. Differences in IRTA Bottom Up Emission Estimates and Other Data Sources

Lwe¢! QF 06200G2Y dzLJ SadAYFiSa FT2NI Syraarazya O2ya
this included HFEs, HFCs, PFCs &t0d. For fire protection applications, this included halons,
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and PFCs for both solvents and fire protection. The trade association information for fire
protection included data on halons, HFCs and PFCs. These factors were considered in the
analysis below.

5.2. EPA Vintaging Model Estimates

9t ! Q& *Ayuldl 3IAy3a az2RSt g¢la a2 ylIYSR FT2N Ada YS
of new equipment that enteinto service. It is a bottom up approach and it relies on use and
emissions of chemicals based on estimates of the quantity of equipment or products sold each

year that contain these chemicals. It also relies on the amount of chemical required to
manufadure and/or maintain equipment and products over time.

The Vintaging Model uses data from a variety of sources, including information from EPA
programs on alternatives, the United Nations Environment Programme (UNEP) Technical
Options Committees, reportspnference proceedings, a variety of trade associations and many

of their member companies. In some cases, the information is classified as Confidential
Business Information (CBI). As a consequence, the model results are aggregated so that CBI
cannot beRSGSNXY¥AYSR YR GKSNB A& y2 FdzZf Lzt A0 F
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approach means that it is not evident what the assumptions are and how the results are
determined. Only the aggregate results can be compared with the IRTA analysistguesen
here. The Vintaging Model also determines emissions for the U.S. as a whole. California
practices are different from practices in the rest of the country in a number of ways. The
+AYOF3aAy3a az2RSt NBadzZ Ga | NS O2YloWeN&Rd fieA (0 K
extinguishing applications.

5.2.1. Solvent Results Comparison

When the Vintaging Model was first developed, EPA assumed that solvents have a lifetime of
one year and that emissions are estimated to be only 10 percent of total solvegeus&/hat

this apparently means is that, of the solvent used in a particular year, only 10 percent is
emitted. EPA does admit that emissions may actually be much higher. In fact, emissions from
solvent applications are far higher. IRTA relied on enmsaormation from permits to
estimate the emissions. |If instead, IRTA had relied on usage data, IRTA would have assumed
that all the solvent used in a particular year was emitted (a 100 percent emissions estimate).
This is because there are really ohlo destinations for the solvent used in a given year; the
solvent is either emitted or it is destroyed.

Considering the applications examined here for the GHG solvents, very little of the solvent is
destroyed. The solvent in the still bottoms in thgugpment is recycled because of the high
value of the solvents and very little is left in the still bottom that is sent out of state for
destruction. The solvent in the still bottom is likely to be less than five percent which would
suggest an emissiongyfire of 95 percent. Although the solvents may actually have a life longer
than one year, after a steady state usage is established, there is little error in assuming that
solvents have a one year life and 100 percent of the solvent is emitted. Thesre$uhe
Vintaging Model would be expected to be very different from the results presented here.

The Vintaging Model results are presented by EPA for certain HFCs, PAHERP&wA 2001

EPA report used a figure of 2.1 million metric tons of carbon equivalent as a baseline for 1999
to generate emissions projections for 2000, 2005 and 2010 (EPA, 2001). Million metric tons of
carbon equivalent can be converted to million metrim$oof carbon dioxide equivalent by
multiplying by the ratio 44/12. The 1999 baseline estimate for emissions would be 7.7 million
metric tons of carbon dioxide equivalent. The 2010 emission projections are estimated at 2.7
million metric tons of carbon agvalent or 9.9 million metric tons of carbon dioxide equivalent.
This estimate is for the U.S. as a whole. The California population accounts for about 11
percent of the total U.S. population. Assuming the business activity that depends on solvents
canbe apportioned based on population, California emissions from solvent applications would
amount to 1.09 million metric tons of carbon dioxide equivalent.

Vintaging Model results for solvents are also estimated in a more recent report (EPA, 2004). In
this report, the model assumed that 90 percent of the solvent consumed in solvent applications
was emitted. This is a much more reasonable assumption than the earlier assumption
described above. In this report, EPA projected worldwide solvent emissiorZ0®ar, 2010,

2015 and 2020. The estimate for 2010 for U.S. emissions is 1.14 million metric tons of carbon
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equivalent or 4.18 million metric tons of carbon dioxide equivalent. Note that this estimate is
significantly lower than the estimate of 9.9 nati metric tons of carbon dioxide equivalent in

the earlier 2001 report. Making the same assumption as above for the California market leads
to an emissions estimate of 0.460 million metric tons of carbon dioxide equivalent.

Vintaging Model resudt are ado estimated in a 2010 EPA report (EPA, 201Bor 2009, the
emissions estimate for HFCs and PFCs from solvent applications in the U.S. are 1.3 million
metric tons of carbon dioxide equivalent. Note that this estimate is lower than the estimates
from both earlier EPA reports. Assuming California accounts for 11 percent of the U.S.
emissions, California emissions from solvent applications would be 0.143 million metric tons of
carbon dioxide equivalent.
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information on those GHGs are not included in the EPA estimates. Accordingly, it was assumed
there is no contribution from film cleaning in the IRTA estimates. IRTA estimated GHG
emissions from vapor degreasingpigations in 2010, the baseline year, at 0.019 million metric

tons of carbon dioxide equivalent. This value included a significant contribution from225FC

and a modest contribution from HFEs. EPA did not include HCFC or HFE solvents in their
estimates. Excluding HFEsand HGBRCp FNRY Lw¢! Q& @I L2 NJ RSINBI & A
an emissions estimate of 0.005 million metric tons of carbon dioxide equivalent. Emissions of
PFCs from disk lubing operations in Tabl#92are estimated at 0.007 mdl metric tons of

carbon dioxide equivalent. Summing the contributions from vapor degreasing and disk lubing
results in an IRTA HFC and PFC estimate of about 0.012 million metric tons of carbon dioxide
equivalent. This is far smaller than the EPA edisén the 20012004 and 2010 reports. The
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Table 5-1
Compari son of EPA Vintaging Model an
(million metric tons of CO2e)
U.S. California
EPA 2001 9.9 1.09
EPA 2004 4.18 0.46
EPA 2011 1.3 0.143
IRTA - 0.012
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5.2.2. Fire Protection Results Comparison

In the Vintaging Model, EPA originally assumed that both total flooding and streaming
applications have a 15 year life (Godwin &t, undated). What this apparently means is that
total flooding systems and ptable fire extinguishers last for 15 years. A report written at a
later time indicates the life of total flooding systems to be 20 years and the life of streaming
equipment to be 10 years. EPA assumes that emissions each year from total flooding systems
are 1.5 percent of the installed base of chemical and that emissions each year for streaming
applications are two percent of the installed ba@&PA, 2004) For the bottom up approach,

IRTA assumed that emissions of HFCs from total flooding systemsoumere &t 0.8 percent of

the installed base and that emissions from portable systems were four percent.

The Vintaging Model results are presented for PFCs and certain HFCs includ2fy el GHFC

236, HFE125 and HFQR3. Emissions estimates from tot&doding and streaming applications

are aggregated. An EPA report used 1995 historic estimates of 0.02 million metric tons of
carbon equivalent and projected emissions for 2000, 2005 and 2010 (EPA, 2001). For the three
years, the report estimates U.S. @&sions at 0.2, 0.64 and 1.2 million metric tons of carbon
equivalent respectively. Again, million metric tons of carbon equivalent can be converted to
million metric tons of carbon dioxide equivalent by multiplying by the ratio 44/12. On this
basis, thevalue for 2010 is 4.4 million metric tons of carbon dioxide equivalent.

A later EPA report estimated the global emissions from fire protection applications but broke
out the U.S. emissions. Again, the HFCs and PFCs were aggregated and projected, for 2005
2010, 2015 and 2020 (EPA, 2004). The U.S. values for 2010 and 2020 are 0.65 and 0.89 million
metric tons of carbon equivalent respectively. Converting these values leads to 2.38 and 3.26
million metric tons of carbon dioxide equivalent respectivelyoteNthat EPA has revised the

2010 value of 4.4 from the report in 2001 downward to 2.38 million metric tons of carbon
dioxide equivalent in the 2004 report.

A third and more recent EPA report estimates 2010 emissions of HFCs and PFCs from fire
protection applications at 0.8 million metric tons of carbon dioxideleglent for the U.S. (EPA,
2010. Note that EPA has again revised the figures downward from the EPA 2004 report. Based
on data discussed below, a trade association estimates that sales offétR@shargein fire
protection applicationsinto California in 2006 were about three perceot total U.S. sales
(HARC, 2020 Making this assumption, and using the estimates from the 2011 EPA report, the
Vintaging Model estimates California emission®&24 million metric tons of carbon dioxide
equivalent.
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for 2010 are 0.017 million metric tons. The EPA estimates also included emissions of PFCs but
L w ¢ éntsdions estimates of PFCs from these applications are negligible so including them
would not change the values. Tabl&Summarizes the EPA and IRTA estimates for emissions
from fire protection applications. The EPA value frdme ¥intaging Model fronthe 2010

report is 29 percent higher than the value determined by IRTA and the agreement is reasonably
good.
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Table 5-2
Comparison of EPA Vintaging Model and IRTA HFC Emission Estimates in Fire
Protection Applications--2010

u.Ss. California
EPA 2001 4.4 0.132
EPA 2004 2.38 0.071
EPA 2011 0.8 0.024
IRTA - 0.017

5.3. Trade Association Estimates

During this project, IRTA worked with the Halon Alternatives Research CorpofidéétCand

the Halon Recycling CorporatigflRCYo make estimates of emissions of GHGs used in fire
protection in California. HARC is a nonprofit trade association formed in 1989 to promote the
development and approval of environmentally acceptable haltiarnatives (www.HARC.org).
HRC is a voluntary nonprofit trade association formed by concerned halon users and the fire
protection industry to support the goals of the environmental community and the U.S. EPA
(www.Halons.org).

HARC overseas a voluntatgta collection effort, called the HFC Emissions Estimating Program

or HEEP (Cortina and Senacal, undated). Under this program, HARC collects data on sales of
HFC and PFC fire extinguishing agents for recharge as a method of estimating annual emissions
of HFCs and PFCs. The HEEP program defines emission as the quantity of agent sold for the
LJdzN1J2 A4S 2F GNBOKINHS: 2F FANBE &adzLlLINBaaiAzy O2
recharge is only required after an agent has been discharged or emittedegoipment. Thus,

the recharge sales should be a proxy for emissiofi$ie parties reporting the recharge
information include: 1) equipment manufacturers or distributors that perform the first fill of
original equipment and also recharge equipment and Berd suppliers or equipment
manufacturers that sell to distributors that only perform recharge. HARC acts as an
independent party for collecting the information. The data for the individual agents are

weighted by their GWPs and aggregated.

In April 201Q HARC issued a HEEP report which summarized the data collection for the period
2002 through 2008for the U.S. as a whole (HEEP, 2001th 2002, HARC sent a survey to
companies that would be possible reporting parties. A final list of 23 reportingepantas
identified. Data collection forms were sent to the 23 reporting parties asking for the pounds of
HFC and PFC fire protection agents sold for reeharghe years 2002 through 2008 able 53
summarizes the data that were collected for the peridche information included HFZ3, PFE

14, HFE125, HFE134a, HF@27ea, HFQ236fa and PRB-1-10. These agents are or have been
used in total flooding systems and/or streaming applications. Each of the agents was weighted
by its GWP and the values weaggregatedn the third column of Table-8.
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Table 5-3
HEEP Report Summary for 2002 Through 2007
Year Companies Sales for Recharge
Reporting (milion metric tons of CO2e
2002 22 0.53
2003 20 0.523
2004 21 0.625
2005 21 0.681
2006 21 0.589
2007 21 0.656
2008 21 0.622

HARC, as a practice, does not collect data for individual states. For this project, HARC did make
an exception, however, and the organization collected confidential data from 1Gaoies,
including 12 equipment manufacturers and four recyclers, on the number of pounds of four
different agents sold into California for fire protection in 2006 and 2009. The agents were HFC
23, HFE125, HF@227ea and HFE36fa. The information for eacagent was weighted
according to its GWP, combined and presented in terms of carbon dioxide equivalent
emissions. HARC has no information on whether these agents were actually installed in
equipment in California, or whether agents sold into a differstatte may have been installed

in equipment in California. In spite of these limitations, the data are very useful for developing

a top down approach to estimating emissions (HARC, 2011).

Table 54 summarizes the data collected by HARC expressed in wfrmglion metric tons of
carbon dioxide equivalent emissions. The GWPs used for each of the HFCs are 11,700 for HFC
23, 2,800 for HRC25, 2,900 for HFZ27ea and 6,300 for HFEX36fa.

Table 5-4
HARC Data for Fire Protection HFCs Sold into Califomia
(million metric tons of CO2e)

2006 2009
Sales for New | Sales for Recharge | Sales for New | Sales for Recharge d
Installations Existing Equipment Installations Existing Equipment
0.306 0.018 0.299 0.011

The HRC does not have a program for collecting data. Rather, the organization was established
to facilitate halon recycling, determine critical uses and act as an information clearinghouse for
halon recycling. HRC also worked with IRTA to collect sal@ag$at halons for fire protection in
California. In this case, confidential data were collected from five halon recyclers that are
members of HRC. There is one additional recycler that is not a member. HRC collected the
number of pounds of Halon 121ha@ Halon 1301 sold into California in 2008 and 2009. HRC
has no information on whether halons sold into a different state may have been installed in
equipment in California (HRC, 2011).
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Table 55 summarizes the data collected by HRC. In this caseatheade presented as pounds
of agent sold into California. Because halons are generally not used in new systems, the HRC
sales data effectively are emissions data.

Table 5-5
HRC Data for Fire Protection Halons Sold into Califomia
(pounds)
2008 2009
Halon 1211 Halon 1301 Halon 1211 Halon 1301
8,850 140,707 755 100,955

5.3.1. Fire Protection Comparison of HFC Emission Estimates

The two HFCs used in total flooding systems are-2#@a and HFRC25; the HFC used in
portable extinguishants is HFX36fa. The HFC data provided by HARC for 2006 and 2009 for
recharge are 0.018 and 0.011 million metric tons of carbon dioxide equivalemsions
respectively, according to Table45 This represents the California emissions of the combined
HFCs for those years. HARC did not include data on HCFCs so there is no information on the
Halotron | emissions. HARC also did not include data=@sRo there is no information on the

PFC emissions from total flooding systems. In the bottom up analysis, IRTA determined there
are no PFCs and no HEEused in portable extinguishers.

The HARC data do not include emissions from recycling that o@cu@alifornia. The
aggregated HARC data represent emissions of only three HFC&2F HFQ25 and HFC

Hoc Tl @ Lwe¢! Q& Said A lindi&testtigaNdmissions/of HRBIRBaYfront | 6 £ S
total flooding systems are 14,211 metric tons of carbawxile equivalent emissions, exclusive

of emissions from recycling operations. Emissions of EGrom total flooding systems were
MZpHpP YSGUNRO G2ya 2F OIFINb2y RAZ2EARS SljdzA gt f
estimates for 2010 for HFZ36fa from portable fire extinguishers are 1,441 metric tons of
carbon dioxide equivalent emissions from Tabl2®B The IRTA estimate for total 2010
emissions of HFCs from fire protection equipment using the bottom up figures is 17,177 metric
tons of carbon @xide equivalent or about 0.017 million metric tons of carbon dioxide
equivalent.

The IRTA bottom up emission estimates are summarized in Teblansl compared with the
HARC HFC estimates. The IRTA isthigher than the figure of 0.011 million nniet tons of
carbon dioxide equivalent emissions provided by HARC for 2009 and is lower than the figure of
0.018 million metric tons of carbon dioxide equivalent emissions provided by HARC for 2006.
Taking into account that there may be year to year vaia, the bottom up estimate is within

the range of the 2006 and 2009 HARC values.
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Table 5-6
Comparison of IRTA and HARC HFC Emission Estimates

(metric tons of CO2e)

IRTA HARC

2010 2006 2009
HFC-227ea 14,211 - -
HFC-125 1,525 - -
HFC-236fa 1,441 - -
Total 17,177 18,000 11,000

5.3.2. Fire Protection Comparison of Halon Emission Estimates

The HRC data for the halons are information provided by recyclers for sale ahtorr@a.

There are virtually no new halon total flooding systems and only a few new halon fire
extinguishers sold each year. HRC sales data, which largely represents emissions data, for
Halon 1211 in 2008 and 2009 are 8,&5@ 755 pounds respectivel}HRC sales data for Halon

1301 in 2008 and 2009 are 140,707 and 100,955 respectively. One source estiraatbout

75 percent of Halon 130%old into California by HRC memb@ses to aviation rather than

total flooding system applications and that 20 to 50 percent of the Halon Xld into
California by HRC membassused for aviation applications. Accepting the 75 percent estimate

for Halon 1301 and the midpoint of 3®ment for Halon 1211, Table-Bpresents the amount

of Halons sold into nocaviation applications.

Table 5-7
HRC Data for Fire Protection Halons Sold into Non-Aviation Applications in California
(pounds)
2008 2009
Halon 1211 Halon 1301 Halon 1211 Halon 1301
5,753 35,177 491 25,239

Table 58 compares the HRC and IRTA Halon 1211 emission estimhtethe bottom up
analysis, IRTA estimated 2010 emissions ¢driHB211 at 7,560 pounds from Tabl€8. This is
higher than the HRC estimate for 2008 of 5,753 and much higher than the HRC estimate for
2009. If the estimate for the amount of Halon 1211 devoted to aviation applications is actually
only 20 percent rdter than 35 percent, the 2008 RC estimate would be higher, at 7,090
pounds. This agrees well with the IRTA 2010 estimate of 7,560 pounds.

Table 5-8
Comparison of IRTA and HRC Halon 1211 Emission Estimate
(pounds)
IRTA HRC
2010 2008 2009
7,560 5,753 491
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Table 59 compares the HRC and IRTA Halon 1301 emission estimhtethe bottom up
analysis, IRTA estimated 2010 emissions of Halon 1301 at 12,000 pounds exclusive of emissions
from recycling operations. This is substantiddlwer than the HRC valuesThere are two
possible explanations for the discrepancy in tHalon 1301 data. First, a much higher
percentage of the Halon 1301 sold into California may go to aviation applications or may be
sent out of state again for use in aviation or rawiation applications. The percentage would
have to be 88 to 91 percentedoted to aviation and out of state applications to make the
values consistent. Second, there could be many more total flooding systems in California
containing Halon 1301 and/or emissions of the material would have to be much larger than
those estimatedhere. In Table -2, IRTA estimated the number of Halon 1301 total flooding
systems in California at 1,000. To agree with the Halon 1301 2009 value in T2)l¢h8re

would need to be between about 2,000 and 3,000 total flooding systems in California
containing the GHG. This does not seem reasonable since there are only an estimated 5,000
total systems. If the emission factor accounts for the discrepancy, Halon 1301 emissions from
total flooding systems would have to be more than eight percent oftiséailed base. This also

is not reasonable.

Table 5-9
Comparison of IRTA and HRC Halon 1301 Emission Estimates
(pounds)
IRTA HRC
2010 2008 2009
12,000 35,177 25,239

It is likely that a combination of factors explains the discrepancy. The percentage of Halon 1301
that goes to aviation or is shipped back out of state is probably higher thaii&e may be a

few more Halon 1301 total flooding systems but the installer IRTA worked with is not convinced
there are many more than 5,000 total flooding systems in California. Emissions from the Halon
1301 systems could be much higher. If the eroissiactually are much higher, the Halon 1301
systems will be decommissioned over the next 10 years and only newer less emissive systems
will still be in use.

5.4. Comparison of IRTA, EPA and Tradecit®n Emission Estimates Heéire Protection

Basedon data collected under HEEP, HARC estimates that sales of HFCs for recharge into
California in 2006 were about three percent of total U.S. sales (HARC, 2011). Making this
assumption, and sing the estimates from the 201BPA report, the Vintaging Modestimates

HFC California emissions at 0.024 million metric tons of carbon dioxide equivalent. As discussed
Ay {SO0A2Yy o0o3X Lwe¢! Qa SYAaarzya SadAayYlrasSa F2N
0.017 million metric tons of carbon dioxide equivalenhe EPA estimates also included
SYAaarzya 2F tC/&a odzi Lwe! Qa SYAaaArzya SadAavl
so including them would not change the values.
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Table 510 compares the IRTA, HARC and EPA Vintaging Model HFC emissiate®siiime
value determined by IRTA is 29 percent lower than BRA value from the Vintaging Model
The EPA value is also higher than the value for HFC emissions provided by HARC. In this case,

however, the agreement of the Vintaging Model, the IRTA &mel HARC estimates is
reasonably good.

Table 5-10
Comparison of IRTA, HARC and EPA HFC Emmision Estimates for
Fire Protection Applications
(million metric tons of CO2e)

IRTA HARC EPA
2010 2006 2009 2010
0.017 0.018 0.011 0.024
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Section 6. Results and Conclusions

This project focused on developing an emission inventory for certain categories of GHGs with

high GWPs. GHGs of focus were HFCs, PFCs and ozone depleting substances like CFCs, HCFCs
and halons. The categories that were addressed were three solvent ajutis including film

cleaning, vapor degreasing and disk lubing; two fire protection applications including fixed total
flooding systems and portable fire extinguishers; and three other uses of stockpiled GHGs
including dry cleaning, medical device maraifaing and energized electrical equipment

cleaning.

The analysis involved developing a 2010 emission inventory for the solvent and fire protection
applications, a projection of 2020 emissions assuming a business as usual scenario and two
alternative emision projection scenarios that vary depending on the characteristics of the
application. For the fire protection applications, the analysis also focused on developing a 2010
estimate of the bank of GHGs and their major alternatives and projections dfahlke under a
business as usual and alternative scenarios for 2020. A cost analysis and comparison was
presented for the major applications to evaluate the feasibility of using lower GWP and non
GHG alternatives. The results are summarized below in netesld

6.1. Baseline and Projected Emissioi@®Ilvent Applications

The GHG solvents used in film cleaning today are 2€5@nd various HFEs. Emissions are
projected to decline from 1,907 to 150 metric tons of carbon dioxide equivalent between 2010
and 2020. One reason for the decline is that HEZE&Zproduction will B banned because the
solvent contributes to ozone depletion. Since it has a higher GWP than the HFEs, the weighted
emissions will decline. Another more pronounced reason for the decline is that the need for
film cleaning will be reduced dramatically besa of the move toward digital technology.
Alternatives to the GHG film cleaning solvents are available and cost effective. One of the
alternatives, IPA, is fairly low in toxicity but is a VOC. The other alternative, PERC, is a
carcinogen. IPA could hesed for the small remaining requirement for film cleaning in 2020.
Assuming aconstant uniform annual decline in the weighted emissions, in the absence of
regulation, cumulative emissions of HEELS and HFE from this application would amount to
about 9.4 thousandor 0.009 millionmetric tons of carbon dioxide equivalent over the next ten
years.

A range of GHG solvents and blends of GHG solvents are used in vapor degreasing in California.
The major GHG solvent used by the industry today is ¥225C @her GHG solvents used in

the application include HFEs and FF10. There will be a decline in emissions of GHG
solvents in vapor degreasing over the next 10 years. The major reason for the decline is that
production of HCF225 will be banned and theolvent has a relatively high GWP. Many of the
HCF25 users will convert to ne@HG alternatives. Emissions are etpd to decline from

19,420 to 3,289netric tons of carbon dioxide equivalent between 2010 and 2020. Options for
reducing emissions inofle converting to a no®GHG alternative or purchasing an
airless/airtight degreaser. Both options are cost effective. Whs=ed cleaners can be
substituted in many cases but many users are unwilling to conduct the testing needed to
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determine whether analternative process would be suitable. Assumingoastantuniform
annualdecline in the weighted emissions, in the absence of regulation, cumulative emissions
from this application would be abouit05 thousand or0.105million metric tons over the next

ten years.

In disk lubing operations, GHG solvents act as a carrier medium for depositing a coating on the
disks. One PFC and HFEs are used for this purpose. Only two companies in California perform
this operation and emissions are low. Because the R&Ca very high GWP, however,
weighted emissions are high. Emissions of GHG solvents from disk lubing operations are 7,141
metric tons of carbon dioxide equivalent in 2010 and they are expected to remain at this level
until 2020. Alternatives to the PRe available and they include HFEs and-#FID which

have lower GWPs. The company using the PFC could adopt one of these alternatives and
weighted emissions would be substantially lower. In the absence of regulation, cumulative
emissions from this apjglation would amount to abou?1 thousand or 0.07illion metric

tons of carbon dioxide equivalent over the next nine years.

Table 61 summarizes the baseline 2010 emissions, the business as usual projected emissions in
2020 and the cumulative emissiorsver the ten year period from the three solvent
applications. The values show that cumulative emissions over the ten year period from solvent
applications will amount to abou.186thousand orabout 0.2 million metric tons. The biggest
contributor to the cumulative emissions is vapor degreasing.

Table 6-1
Baseline, Projected and Cumulative Emissions from Solvent Applicationg
(metric tons of CO2e)
L 2010 Baseline 2020 BAU Cumulative
Application . . o .

Emissions Scenario Emissior Emissions

Fim Cleaning 1,907 150 9,406
Vapor Degreasing 19,420 3,289 105,480

Disk Lubing 7,141 7,141 71,410
Total 28,468 10,580 186,296

CARB has several options for reducing emissions from solvent applications. Emissions from film
cleaning will decline substantially over the next ten years because of the move tal digi
technology. As discussed in Section 2, the SCAQMD adopted a regulation that required solvents
used in open top vapor degreasers to have a VOC content of 25 grams per liter or less.
Companies could use higher VOC content solvents but they would lavwesda them in
airless/airtight vapor degreasers. If other air districts were to adopt a similar regulation, users
would either switch away from the GHG solvents that remained on the market after the ban of
HCF&25 or they would purchase an airless/aiitigdegreaser. The other GHG solvents, the
HFEs and HCHQ310, do not perform well unless they contain another more aggressive VOC
solvent. Conversion to neBHG alternatives or use of an airless/airtight degreaser would both
result in reductions in cumative emissions from vapor degreasing over the next decade. CARB
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could initiate a statewide measure and the San Diego County APCD and the Bay Area AQMD
could adopt regulations to implement the change.

An option for reducing emissions from disk lubingwebbe to prohibit the use of PFCs in the
process. The one company using a PFC could use an HFE or ev31Bi1itSt as effectively.
Cumulative emissions from disk lubing would be negligible over the next decade under this

policy.

6.2 Baseline and Pexted Bank and Emissian&ire Protection Applications

The GH@gentsused in total flooding systems today include Halon 1301 -2#@a, HFQ 25,
FK5-1-12 and PFCs. The bank of GHGs in this apphcati2010 is 2,929,12dr about three

million metrictons of carbon dioxide equivalent. The size of the bank in 2020 under a business
as usual scenario is projected to decline to 1,573,975 or about 1.6 million metric tons of carbon
dioxide equivalent. Emissions from total flooding systems are estimat&8,488 metric tons

of carbon dioxide equivalent in 2010. Emissions under the business as usual scenario are
expected to decline in 2020 to 12,592 metric tons of carbon dioxide equivalent. The major
reason for the decline in the bank and in emissiortbas there will be no Halon 1301 and PFC
systems in 2020. Halon 1301 and PFCs have high GWPs. Another reason for the decline is that
companies are moving away from the HFCs which have relatively high GWRS-ie12kand

not in kind alternatives like ert gases. These alternatvappear to be viable and they are
reasonably cost effective. Suppliers are trying to develop other alternatives with very low
GWPs and some of these may enter the market over the next few years. In the absence of
regulation, cumulative emissions from #dtflooding systems will amount to 368,064 or 0.3
million metric tons of carbon dioxide equivalent over the next ten years.

The GHGgentsin portable fire extinguishers include Halon 1211, Halotron | and-236.

The 2010 bank of portable GHG extirgiisints is estimated at 152,123 metric tons of carbon
dioxide equivalent. It is expected to decline by 2020 under a business as usual scenario to
118,739 metric tons of carbon dioxide equivalent. Baseline 2010 emissions for this application
are estimatedat 6,088 metric tons of carbon dioxide equivalent. Under a business as usual
scenario, emissions are projected to decline to 4,750 metric tons of carbon dioxide equivalent
by 2020. A major reason for the decline in the size of the bank and emissibtias ike use of

Halon 1211, which has a high GWP, will decline substantially over the period. Halotron I, which
is a blend containing an HCFC which causes ozone depletion will be phased out but the effects
will primarily be felt after 2020. Alternativesvalable today include various not-kind
materials like carbon dioxide and dry chemicals. To some extent, users are adopting these
alternatives because of their lower cost. Suppliers are working on alternatives that have low
GWPs and these may be awaaie over the next several years. Without regulations, cumulative
emissions from portable extinguishers will total 12,042 metric tons or 0.012 million metric tons
of carbon dioxide equivalent.

Table 62 summarizes the bank, emissions and cumulative eamsdor total flooding systems
and portable extinguishers. The values show that the cumulative emissions from fire protection
applications over the next decade is estimated at 363 thousand or about 0.4 million metric tons
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of carbon dioxide equivalent. udwulative emissions from total flooding systems are nearly six
times higher than cumulative emissions from portable extinguishers.

Table 6-2
Baseline, Projected and Cumulative Emissions from Fire Protection Applications
(metric tons of CO2e)
Application 2010 Baseline 2020 BAU Scenario

Bank Emissions Bank Emissions Cumulgtwe
Emissions

Total Flooding Systems 2,929,124 53,488 1,573,975 12,592 309,952

Portable Extinguishers| 152,123 6,088 118,739 4,750 53,521
Total 3,081,247 59,576 1,692,714 17,342 363,473

CARB has several options for reducing emissions from fire protection applications. One option
would be to require immediate decommissioning of all Halon 1301 total flooding systems and
Halon 1211 portable systems and require conversion to lower GWP ofGhifh alternatives.
There are two problems with this option. First, decommissioning the systeigist result in

higher emissions over the short term than if use of the halons is allowed to decline gradually
over time. The decommissioning process itself could be mishandled because so many systems
would have to be processed. Furthermore, some congmmight simply vent the systems to
avoid the problems of designing and purchasing new systems to use the alternatives.
Presumably, the halons would be sent to recyclers and would befgplctitical uses like the
aviation industry. Because they wouddntinue to be used, emissions from their use in would
continue. Second, CARB might decide that, rather than recycle the halons, they should be
destroyed so they would not ever be emitted and this could present issues. The spent halon
could be classifieds hazardous waste in California and there are no facilities permitted to
process them in the state. The halons would have to be shipped out of state for destruction
and there could be criticism for passing off the problem to other states.

Other options might involve a requirement for all new systems to use the low GWP
alternatives. This would push new systems to inert games FK5-1-12 in total flooding
applications. Once thmajor restrictionon Halotron | becomes effectivia 2015 there would

be no low GWP alternative in portable extinguisher applications. CARB would have to rely on
the market to develop and introduce low GWP alternatives before the ban.

6.3 Cumulative Emissions of Stockpiled Materials

IRTA is aware of stockpilgdFCL13 for dry cleaning of movie costumes, €AG for use in
medical devices and HGEZL1b for use in cleaning energized electrical equipment. Cumulative
emissions of the stockied GHGs are estimated at 0.0dillion metric tons. The only way to
prevent the emissions would be to require the material to be destroyed. This destruction
would have to be performed at an out of state facility.
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6.4. Comparison With Other Data Sources

The bottom up solvent emission estimates determined here were compaiéid the EPA
+AyUulF3aAy3a a2RSt SadAYlFrGSa Lzt AaKSR FyR dzLRY
estimates for HFC and PFC solvents in California are more than an order of magnitude less than
the most recent EPA Vintaging Model estimates.

L w¢ ! Q2n Stimatésdram fire protection applications were compared with EPA Vintaging

Model estimates and estimates provided by two trade associations, HARC and HRC. The HARC
data and the IRTA estimates for HFC emissions are in reasonable agreement and vakEPA

Ad Aa42YSoKIG KAIKSNI GKIFy o0620K 2F GKS 204KSNJ S
SYrAaairzya |NB KAIKSNI GKIFy im#&S. | w/ RIFIGF FYR Lw
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