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PRELIMINARY ANALYSIS OF COSTS AND BENEFITS OF 
STRATOSPHERIC OZONE PROTECTION 

U.S. EPA 
OFFICE OF AIR AND RADIATION 

APRIL 10. 1987 

no NOT nUOTE. CITE. OR REPRODUCE 
PRELIMINARY COST ESTIMATES SUBJECT TO REVIEW AND REVISION 

v', Ck; JJ1A-f"1'£PJt'A-~ 



OUTLINE OF BRIEFING 

0 PRINCIPLES OF ANALYSIS 

O COSTS 

-- PROCESS TO DEVELOP COST ESTIMATES 

-- REVIEW OF COST ESTIMATING APPROACH 

TECHNICAL CONTROL OPTIONS AND ESTIMATED COSTS 

ESTIMATES OF YEARLY AND AGGREGATE COST 

O BENEFITS 

-- BASIC CONCEPTS 

-- PRELIMINARY ESTIMATES OF MAGNITUDE 

·' 



PRINCIPLES OF ANALYSIS 

0 INCLUDE All POTENTIAL BENEFITS (DIRECT AND INDIRECT) 

0 INCLUDE All POTENTIAL COSTS (DIRECT AND INDIRECT) 

O TREAT UNCERTAINTY BY USING A RANGE OF COST OR BENEFIT ESTIMATES 



PROCESS TO DEVELOP COST ESTIMATES 

0 CONTRACTOR STUDIES 

-- RADIAN CORPORATION 

-- MIDWEST RESEARCH INSTITUTE 

-- ICF INCORPORATED 

-- INDUSTRIAL ECONOMICS CORPORATION 

-- RAND (WORK MAINLY OBSOLETE) 



PROCESS TO DEVELOP COST ESTIMATES 

0 INDUSTRY INPUTS 

-- REVIEW OF CONTRACTOR STUDIES 

ESTIMATES "ADE PUBLIC (E.G., DUPONT PUBLISHED ESTIMATE OF 1 1/2 
TO 5 TIMES CURRENT PRICE OF CFCs FOR SUBSTITUTES) 



PROCESS TO DEVELOP COST ESTIMATES 

0 INTERNATIONAL SUBSTITUTES PANEL 

-- CHAIRED BY DICK LAGOW. UNIVERSITY OF TEXAS 

-- ACADEMIC AND INDUSTRIAL PARTICIPATION 

-- CHEMISTS FROM SEVERAL COUNTRIES (JAPAN. FRG. UK) 



REVIEW OF COST ESTIMATING APPROACH 



COMPOUNDS AND THEIR OZONE-DEPLETING POTENTIAL 

0 COMPOUNDS INCLUDED IN U.S. PROPOSAL: 

CFC-11: 1.00 
CFC-12: 0.86 
CFC-113: 0.80 
CFC-114: !I 
CFC-115: Al 
HALON-1211: 2.69 I!/ 
HALON-1301: 11.43 I!/ 

0 COMPOUNDS EXCLUDED FROM US PROPOSAL: 

CFC-22: 0.05 
METHYL CHLOR-OFORH: 0.08-0.15 
CARBON TETRACHLORIDE: t.l 1.14 

!/ ESTIMATE NOT AVAILABLE. 

I!/ PRELIMINARY ESTIMATE. VALUES ARE UNCERTAIN. 

~/ EXCLUDED BECAUSE MAJORITY OF PRODUCTION IS NOT EMITTED. 



,-

STRUCTURE OF ANALYSIS 

0 CA_IEGOfHES _OJ _ _D_ATA ANAL YSJ_s_: 

-- USE CATEGORIES: 7 
-- APPLICATION CATEGORIES: 81 
-- CONTROL OPTIONS: 623 

0 ANALYSIS: 

INDIVIDUAL CONTROL COSTS 

- START-UP/ONE TIME COSTS 
- RECURRING CAPITAL COSTS 
- ANNUAL COSTS 
- SALVAGE COSTS 

-- SOCIETAL COSTS 

- ENERGY COSTS 
- OTHER PENALTIES 

INDUSTRY IMPACTS 

-- OVERALL REGULATORY IMPACTS 



o SOURCES: 

STRUCTURE OF ANALYSIS 
(CONTINUED) 

-- TECHNICAL CONTROL OPTION STUDIES 
-- INPUTS FROM INDUSTRY 
-- MARKET ANALYSES 



SUMMARY OF CURRENT USES 

1985 1985 TIMING 
UNWEIGHTED WEIGHTED OF 

USE CATEGORY USE USE Al [MISSIONS COMPOUNDS 

SOLVENTS 41.369 33.095 PROMPT CFC-113 

REFRIGERATION 78.987 68.770 PROMPT CFC-11, CFC-12 

FOAM RLOWING 70.430 68.577 PROMPT/ CFC-11, CFr.-12 
DELAYED 

FIRE EXTINGUISHING AGENT 6.250 47.097 DELAYED HALON-12111 HALON-1301 

STERILIZATION 12.133 10.435 PROMPT CFC-12 

AEROSOL PROPELLANT 8.000 7.328 PROMPT CFC-11, CFC-12 

OTHER MISCELLANEOUS 7.083 6.169 PROMPT CFC-11, CFC-12, 
CFC-113 

!/ DOES NOT INCLUDE UNAr.COUNTED FOR USE. 



FOAM BLOWING APPLICATIONS 

EXTRUDED POLYSTYRENE BOARDSTOCK 

EXTRUDED POLYSTRYENE SHEET 
EGG CARTONS 
SINGLE SERVICE 
SINGLE SERVICE HINGED CONTAINERS 
STOCK FOOD TRAYS 

FLEXIBLE POLYURETHANE fOA" 
MOLDED 
SLAB STOCK 

RIGID POLYURETHANE FOA" 
BOARDSTOCK - FURNITURE 
BOARDSTOCK - CONSTRUCTION - BUILDING 
BOARDSTOCK - -CONSTRUCTION - INDUSTRY 
LAMINATED - CONSTRUCTION - BUILDING 
POURED - CONSTRUCTION - BUILDING 
POURED - CONSTRUCTION - INDUSTRIAL 
POURED - PACKAGING 
POURED - REFRIGERATION 
POURED - TRANSPORTATION 
SPRAYED - CONSTRUCTION - BUILDING 
SPRAYED - CONSTRUCTION - INDUSTRIAL 
SPRAYED - TRANSPORTATION 

' 



0 REFRIGERANT APPLICATIONS 

CENTRIFUGAL CHILLERS 

COLD STORAGE 

DEHUMIDIFIERS 

FREEZERS 

ICE MACHINES 

' 

MOBILE AIR CONDITIONERS 

PROCESS REFRIGERATION 

RECIPROCAL CHILLERS 

REFRIGERATED TRANSPORTATION 

REFRIGERATORS 

RETAIL FOOD 

VENDING MACHINES 

WATER COOLERS 

, 



SOLVENT APPLICATIONS 

METAL CONVEYORIZED VAPOR DEGREASING 

METAL COLD CLEANING 

METAL OPEN TOP VAPOR DEGREASING 

ELECTRIC AND ELECTRONIC [OUIPMENT CLEANING AND DEGREASING 

DRY CLEANING 



STERILIZATION APPLICATIONS 

ANIMAL LABS 

BEEHIVE FUMIGANT (DEPARTMENT or AGRICULTURE) 

COMMERCIAL RESEARCH AND DEVELOPMENT LABS 

CONTRACT STERILIZATION 

HOSPITALS 

LIBRARIES 

MEDICAL [OUIPMENT 

NON-COMMERCIAL RESEARCH AND DEVELOPMENT LABS 

PHARMACEUTICAL 

SPICE FUMIGANT 



FIRE EXTINGUISHING APPLICATIONS 

LOCAL APPLICATION SYSTEMS 

PORTABLE - MILITARY 

PORTABLE - CIVILIAN - ELECTRICAL 

PORTABLE - CIVILIAN - FLAH"ABLE LIQUID 

PORTABLE - CIVILIAN - GENERAL 

PORTABLE - CIVILIAN - RESIDENTIAL 

TOTAL FLOODING - MILITARY 

TOTAL FLOODING - CIVILIAN - ELECTRICAL 

TOTAL FLOODING - CIVILIAN - FLAMMABLE LIQUID 

TOTAL FLOODING - CIVILIAN - OTHER 



MISCELLANEOUS APPLICATIONS 

FLOATING AGENT FOR COAL CLEANING 

FREEZING AGENT IN LIQUID FOOD FREEZING PROCESS 

HEAT DETECTORS 

SKIN CHILLERS/CLEANERS 

WARNING DEVICES 
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AN EXAMPLE SET OF CONTROLS 

COMPOUND: CFC-11 
APPLICATION: SLABSTOCK POLYURETHANE FOAMS, 1985 USE• 11.500 METRIC TONS 
CONTROL OPTIONS: 

0 AVAILABLE IN SHORT TER" 

COTTON BATTING 
MINIHU" FOA" DENSITY SPECIFICATION 
MINIMUM FOAM DENSITY SPECIFICATION WITH METHYLENE CHLORIDE 

BLOWING AGENT 
ALTERNATIVE BLOWING AGENTS 
VERTICAL FOAM CHAMBER 
WATER-BLOWN SYSTEMS 

O AVAILABLE IN MEDIUM TERM 

CARBON ADSORPTION/RECYCLE 
FORMIC ACID •AB• PROCESS 
VERTICAL FOAM CHAMBER AND CARBON ADSORPTION 

0 AVAILABLE IN LONG TERM 

CFC-123 
CFC-141B 
PLASTICS/SEMI-FLEXIBLE FOAM 



CONTROL OPTIONS FOR SLARSTOCK POLYURETHAME FOAMS -- SHORT TERM 

APPLIES TO: 
NEW EXISTING 

CONTROL OPTIONS PLANTS P!..MTS 

COTTON BATTING YES 

MINIMU" FOA" DENSITY YES YES 
SPECIFICATION 

MINIMU" FOAM DENSITY YES YES 
SPECIFICATION WITH 
ALTERNATIVE BLOWING 
AGENTS 

VERTICAL CHAMBER YES YES 

WATER-BLOWN SYSTEMS YES 

EXPECTED 
MAXIMUM 

PENETRATION 

rn 

20 

70 

70 

2 (EXISTING 
PLANTS) 
20 (NEW 
PLANTS) 

70 

PRELIMINARY ESTIMATES SUBJECT TO PEER REVIEW AND REVISION. 

EXPECTED 
REDUCTION 

EFFECTIVENESS 
(1) 

100 

40 

80 

20 

60 



COST ESTIMATE FOR MINIMUM FOAM DENSITY SPECIFICATION FOR CONTROLLING 
CFC-11 IN SLARSTOCK POLYURETHANE FOAMS!/ 

SALVAGE 
RECURRING NON- ANNUAL ENERGY OR OF 
CAPITAL RECURRING OPERATING ANNUALIZED OTHER COST ORIGINAL 

ANNUALIZED COST 8/ COSTS COST D/ SAVINGS f../ PENALTIES[/ CAPITAL 
COST /KG ( 10,. - ( 10" c10" - ( 10" (10c. (PERCENT OF 
(1985 $) 1985 $) 1985 $) t./ 1985 $) 1985 $) 1985 $) CAPITAL COST) 

3.3 7.0 0.7 10.1 0.0 0 

!/ ASSESSMENTS OF NON-MONETARY PRODUCT QUALITY EFFECTS HAVE BEEN MADE, QUALITY MAY BE 
REDUCED OR ENHANCED. 

~/ CAPITAL EXPENDITURES (E.G., FOR EQUIPMENT) THAT ARE REQUIRED EACH TIME THE CONTROL IS 
IMPLEMENTED (COSTS A~ORTIZED OVER EQUIPMENT LIFE). 

~/ ONE-TIME START-UP COSTS AND R&O. 
~/ LABOR, MATERIALS, SUPPLIES, UTILITIES. 
f../ INCLUDES SAVINGS DUE TO NO LONGER USING CFCs. 
[/ INCLUDES INCREASED ENERGY COSTS DUE TO REDUCED INSULATING PROPERTIES OR OPERATING 

EFFICIENCIES, AND OTHER COSTS NOT INCLUDED SEPARATELY. 

PRELIMINARY ESTIMATES SUBJECT TO PEER REVIEW AND REVISION. 



CONTROL OPTIONS FOR SLABSTOCK POLYURETHANE FOAMS NOT AVAILABLE IN THE 
SHORT TERM THAT ARE ANTICIPATED TO BE AVAILABLE IN THE 

MID-TERM AMO/OR LONG TERM 

CFC-123 

CFC-1418 

CARBON ADSORPTION/RECYCLE 

FORMIC Aero ·As· PROCESS 

PLASTICS/SEMI-FLEXIBLE FOAM 

VERTICAL CHAMBER ANO CARBON ADSORPTION 



AN EXAMPLE SET OF CONTROLS 

USE: CFC-12 
APPLICATION: CENTRIFUGAL CHILLERS, 1985 USE• 2.000 METRIC TONS 
CONTROL OPTIONS: 

0 AVAILABLE IN SHORT TER" 

ALTERNATE LEAK TESTING GAS 
RECOVERY AT DISPOSAL 
RECOVERY AT SERVICE 

0 AVAILABLE IN HE0IU" TER" 

(NONE) 

O AVAILABLE IN LONG TERM 

CFC-22 
FC-13lJA 



CONTROL OPTIONS FOR CENTRIFUGAL CHILLERS -- SHORT TERM 

CONTROL OPTIONS 

ALTERNATE LEAK TESTING GAS 

RECOVERY AT DISPOSAL 

RECOVERY AT SERVICE 

APPLIES TO: 
NEW EXISTING 

SYSTEMS SYSTEMS 

YES 

YES 

YES 

Yr.s 

YES 

EXPECTED 
HAXIPtUH 

PENETRATION 
(X) 

80 

50 

50 

EXPECTED 
REDUCTION 

EFFECTIVENESS 
(t) 

90 

80 

59 



COST ESTIMATE FOR ALTERNATIVE LEAK TESTING GAS FOR CONTROLLING 
CFC-12 IN CENTRIFUGAL CHILLERS!/ 

OTHER 
NON- ANNUAL ENERGY OR SALVAGE 

CAPITAL RECURRING OPERATING ANNUALIZED OTHER COST OF ORIGINAL 
ANNUALIZED COSTft./ CosT!c/ COSTQ./ SAVINGS[/ PENALTIES[/ CAPITAL 

COST/KG (103 (103 (103 (103 (PERCENT OF (10 
(1985 S> 1985 S> 1985 S> 1985 S> 1985 S> 1985 S> CAPITAL COST) 

1.2 0 0 370.0 270.0 0 

!/ ASSESSMENTS OF NON-MONETARY PRODUCT QUALITY EFFECTS ARE INCLUDED, QUALITY 
"AY BE REDUCED OR ENHANCED. 

ft./ CAPITAL EXPENDITURES (E.G., FOR EQUIPMENT) THAT ARE REQUIRED EACH TIME THE 
CONTROL IS IMPLEMENTED (COSTS AMORTIZED OVER EQUIPMENT LIFE). 

~/ ONE-TIME START-UP COSTS AND R&D. 
Q./ LABOR, "ATERIALS, SUPPLIES, UTILITIES. 
[/ INCLUDES SAVINGS DUE TO NO LONGER USING CFCs. 
[/ INCLUDES INCREASED ENERGY COSTS DUE TO REDUCED INSULATING PROPERTIES OR 

OPERATING EFFICIENCIES, AND OTHER COSTS NOT INCLUDED SEPARATELY. 

PRELIMINARY ESTIMATES SUBJEC TO PEER REVIEW AND REVISION. 



CONTROL OPTIONS FOR CENTRIFUGAL CHILLERS NOT AVAILABLE IN THE 
SHORT TERM THAT ARE ANTICIPATED TO BE AVAILABLE IN THE 

MID-TERM AND/OR LONG TERM 

CFC-22 

FC-13~A 



0 

VINTAGING OF EXISTING STOCK 

IS CONSIDERED WHERE NECESSARY 

CURRENT STOCK OF CENTRIFUGAL CHILLERS USING CFC-12 

NEW • 51 . 
1-5 YEARS OLD • 201 • 
6-10 YEARS OLD: 201 
11-20 YEARS OLD: 401 

20 YEARS OLD: 151 

TOTAL 1001 

0 USEFUL LIFE• 25 YEARS 

0 DURING REMAINING USEFUL LIFE. CFC-12 Will BE REQUIRED 
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Compound 

POTENTIAL SHORT-TERM CONTROL OPTIONS 

Application Name 
Control Option 
Description 

1. Controls costing less than $.15 reduce compound use by 30% 

CFC-152A 
CFC-152A 
CFC-152A 
CFC-152A 
CFC-12 
CFC-11 
CFC-12 
CFC-12 
CFC-11 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1211 
CFC - 12 
CFC-113 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1211 
CFC-12 
Halon 1211 
Halon 1211 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
CFC-113 
CFC-113 
CFC-113 
CFC-113 

Centrif Chillers 
Centrif Chillers 
Centrif Chillers 
Centrif Chillers 
Rgd PU Foam-Prd-Packag 
Rgd PU Foam-Prd-Packag 
Pharmaceutic,al 
Spice fumigant 
Flex PU Foam-Slabstock 
PrtCiv Resid 
PrtCiv Elect 
PrtCiv General 
PrtCiv FlamLqd 
Commercial R&D Labs 
Dry Cleaning 
TFCiv Other 
TFCiv Other 
TF Military 
Local App Syst 
TF Military 
TFCiv Elect 
Local App Syst 
TFCiv Other 
Retail Food 
TFCiv Elect 
TFCiv Other 
Contract Sterilization 
Medical Equipment 
Hospitals 
TF Military 
Dry Cleaning 
Open Top Vpr Degreasin 
Cnvyrzd Vapor Degreasi 
Elec/Elec Equp Clng & 

Alt Leak Test Gas 
Recovery at Service 
Recovery at Disposal 
CFC-22 
Other Packaging Materials 
Other Packaging Materials 
Explosion Proof Cond/Recl 
Explosion Proof Cond/Recl 
Vertical Foam Chamber 
Use VCRs and Flms for Trnn 
Use VCRs and Flms for Trnn 
Use VCRs and Flms for Trnn 
Use VCRs and Flms for Trnn 
Explosion Proof Cond/Recl 
Replace Seals 
Iner Time Delay for Activn 
Use Non-Dstrctv Tst Hthds 
Iner Time Delay for Activn 
Iner Time Delay for Activn 
Use Non-Dstrctv Tst Mthds 
Iner Time Delay for Activn 
Use Non-Dstrctv Tst Mthds 
Use Mnual Actvn When Occup 
Refrigerant Dye 
Use Non-Dstrctv Tst Mthds 
Secure the Actvtng Devices 
Explosion Proof Cond/Recl 
Explosion Proof Cond/Recl 
10/90 (EO/C02) 
Use Mnual Actvn When Occup 
Carbon Adsorption 
Cvr, Drainage, Incrsd Frbr 
Cvr Opngs & Thrmstts 
Cvr Opngs & Thrmstts 

Preliminary analysis of controls; subject to revision. 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 



Compound 

Halon 1211 
CFC-113 
CFC-113 
CFC-113 
CFC-113 
Halon 1211 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
CFC-12 
Halon 1211 
CFC-113 
CFC-113 
CFC-113 
CFC-113 
CFC-113 
CFC-12 
Halon 1211 
CFC - 113 
CFC-12 
CFC-113 
CFC-113 
Halon 1211 
CFC-113 
Halon 1211 
CFC-113 
Halon 1211 
Halon 1211 
CFC-113 
Halon 1211 
CFC-11 
Halon 1211 
Halon 1211 
CFC-12 

POTENTIAL SHORT-TERM CONTROL OPTIONS (CONTINUED) 

Application Name 

TF Military 
Cold Cleaning 
Cnvyrzd Vapor Degreasi 
Elec/Elec Equp Clng & 
Open Top Vpr Degreasin 
Local App Syst 
Liquid Food Freezing 
Spice fumigant 
Contract Sterilization 
Medical Equipment 
Commercial R&D Labs 
Local App Syst 
Pharmaceutical 
TFCiv Elect 
Cold Cleaning 
Cnvyrzd Vapor Degreasi 
Elec/Elec Equp Clng & 
Cnvyrzd Vapor Degreasi 
Elec/Elec Equp Clng & 
Contract Sterilization 
TFCiv Other 
Cold Cleaning 
Reciprocal Chillers 
Open Top Vpr Degreasin 
Cnvyrzd Vapor Degreasi 
Local App Syst 
Elec/Elec Equp Clng & 
TFCiv Elect 
Cold Cleaning 
TFCiv Other 
TF Military 
Cold Cleaning 
TFCiv Elect 
Centrif Chillers 
Local App Syst 
TF Military 
Refrig Trnnsport 

Control Option 
Description 

Secure the Actvtng Devices 
Cvr, Drainage, & Incrsd Fr 
Rfrgrtd Frbrd Chllr with C 
Rfrgrtd Frbrd Chllr with C 
Rfrgrtd Frbrd Chllr with C 
Use Mnual Actvn When Occup 
Air Blast 
N2 Purge, Then Pure EO 
N2 Purge, Then Pure EO 
N2 Purge, Then Pure EO 
N2 Purge, Then Pure EO 
Secure the Actvtng Devices 
N2 Purge, Then Pure EO 
Use Mnual Actvn When Occup 
Perchloroethylene and Blen 
Drng Tnnl/Rttng Bskt Drng 
Methylene Chloride and Ble 
Methylene Chloride and Ble 
Drng Tnnl/Rttng Bskt Drng 
10/90 (EO/C02) 
Raise Ext Activn Lvl 
Methylene Chloride and Ble 
Recovery at Service 
Methylene Chloride and Ble 
Crbn Adsrptn Drng Tnnl w/ 
Raise Ext Activn Lvl 
Crbn Adsrptn Drng Tnnl w/ 
Secure the Actvtng Devices 
Trichloroethylene and Blen 
Use Alt Agnt for Disch Tst 
Raise Ext Activn Lvl 
Petroleum Solvents 
Raise Ext Activn Lvl 
Recovery at Service 
Use Alt Agnt for Disch Tst 
Use Alt Agnt for Disch Tst 
Helium Leak Test 

Preliminary analysis of controls; subject to revision. 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 



Compound 

Halon 1211 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
CFC - 113 
CFC-12 
CFC-12 
Halon 1301 
CFC-12 
Halon 1301 
Halon 1301 
CFC-12 
CFC-12 
Halon 1301 
Halon 1301 
Halon 1301 
CFC-113 
Halon 1301 
Halon 1301 
Halon 1301 
CFC-12 
Halon 1301 
Halon 1301 
CFC-12 
CFC-12 
Halon 1301 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
Halon 1301 
CFC -12 
Halon 1301 
CFC-12 
CFC-12 

POTENTIAL SHORT - TERM CONTROL OPTI ONS ( CONTINt; Fll J 

Application Name 

TFCiv Elect 
PrtCiv General 
PrtCiv Elect 
PrtCiv Resid 
PrtCiv FlamLqd 
Cold Cleaning 
Medical Equipment 
Libraries 
TFCiv Other 
Refrigerators 
TFCiv Other 
TF Military 
Animal Labs 
Mobile Air Conditioner 
TF Military 
Local App Syst 
TFCiv Elect 
Dry Cleaning 
TFCiv FlamLqd 
Local App Syst 
TFCiv Elect 
Animal Labs 
TFCiv Other 
TFCiv Other 
Centrif Chillers 
Animal Labs 
TF Military 
Non-Commercial R&D Lab 
Pharmaceutical 
Commercial R&D Labs 
Freezers 
Reciprocal Chillers 
TF Military 
Spice fumigant 
TFCiv FlamLqd 
Commercial R&D Labs 
Retail Food 

Control Option 
Description 

Use Alt Agnt for Disch Tst 
Use VCRs and Flms For Trnn 
Use VCRs and Flms for Trnn 
Use VCRs and Flms For Trnn 
Use VCRs and Flms for Trnn 
Methyl Chloroform 
10/90 (EO/C02) 
Explosion Proof Cond/Recl 
Iner Time Delay for Activn 
Helium Leak Test 
Use Non-Dstrctv Tst Mthds 
Iner Time ·Delay for Activn 
10/90 (EO/C02) 
Alt Leak Test Gas 
Use Non-Dstrctv Tst Mthds 
Iner Time Delay for Activn 
Iner Time Delay for Activn 
Aqueous Cleaning 
Use Non-Dstrctv Tst Mthds 
Use Non-Dstrctv Tst Mthds 
Use Non-Dstrctv Tst Mthds 
N2 Purge, Then Pure EO 
Use Mnual Actvn When Occup 
Secure the Actvtng Devices 
Recovery at Service 
Explosion Proof Cond/Recl 
Use Mnual Actvn When Occup 
Explosion Proof Cond/Recl 
Acid-H20 Scrubb & Cond/Rec 
10/90 (EO/C02) 
Helium Leak Test 
Recovery at Disposal 
Secure the Actvtng Devices 
Acid-H20 Scrubb & Cond/Rec 
Use Mnual Actvn When Occup 
Acid-H20 Scrubb & Cond/Rec 
Recovery at Disposal 

Preliminary analysis of controls; subject to revision . 

Available 
in Period 

ST 
ST 

, ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 



Compound 

CFC-12 
CFC-12 
Halon 1301 
CFC-12 
Halon 1301 
CFC-12 
CFC-12 
CFC-113 
Halon 1301 
CFC-113 
CFC-113 
CFC-113 
CFC-12 
Halon 1301 
Halon 1301 
Halon 1301 

POTENTIAL SHORT-TERM CONTROL OPTIONS (CONTINUED ) 

Application Name 

Contract Sterilization 
Medical Equipment 
TFCiv FlamLqd 
Centrif Chillers 
Local App Syst 
Hospitals 
Ext PS Sht-Stck Fd Try 
Cold Cleaning 
TFCiv FlamLqd 
Elec/Elec Equp Clng & 
Cnvyrzd Vapor Degreasi 
Open Top Vpr Degreasin 
Ext PS Sht-Egg Crtns 
TFCiv Elect 
Local App Syst 
TF Military 

Control Option 
Description 

Acid-H20 Scrubb & Cond/Rec 
Acid-H20 Scrubb & Cond/Rec 
Secure the Actvtng Devices 
Recovery at Disposal 
Use Mnual Actvn When Occup 
N2 Purge, Then Pure EO 
Plastic trays, plastic fil 
Emulsion Cleaning 
Use Alt Agnt for Disch Tst 
Emulsion Cleaning 
Emulsion Cleaning 
Emulsion Cleaning 
Macerated paper cartons 
Use Mnual Actvn When Occup 
Secure the Actvtng Devices 
Use Alt Agnt for Disch Tst 

2. Controls costing less than $.30 reduce compound use by 35% 

Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
CFC-12 
CFC-11 
CFC-11 
CFC-12 
CFC-12 

TFCiv Elect 
TFCiv Other 
Local App Syst 
TFCiv Elect 
TFCiv FlamLqd 
TF Military 
TFCiv Elect 
TFCiv Other 
Local App Syst 
Rgd PU Foam-Prd-Packag 
Rgd PU Foam-Prd-Packag 
Rgd PU Foam-Prd-Refrig 
Rgd PU Foam-Prd-Refrig 
Rgd PU Foam-Prd-Trans 

Use Alt Agnt for Disch Tst 
Use Alt Agnt for Disch Tst 
Use Alt Agnt for Disch Tst 
Secure the Actvtng Devices 
Raise Ext Activn Lvl 
Raise Ext Activn Lvl 
Raise Ext Activn Lvl 
Raise Ext Activn Lvl 
Raise Ext Activn Lvl 
CFC-11/CFC-22 
CFC- 11/CFC - 2 2 
CFC - 11/CFC - 2 2 
CFC-11/CFC-22 
CFC-11/CFC-22 

3. Controls costing less than $1.10 reduce compound use by 40% 

CFC-11 Rgd PU Foam- Prd-Trans CFC - 11/CFC-22 

Preliminary analysis of controls; subject to revision . 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 

ST 



Compound 

CFC-12 
CFC-11 
CFC-11 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC - 12 
CFC-12 
CFC-12 
CFC-113 
CFC-12 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
Halon 1301 
CFC-113 
CFC-113 
CFC-113 
CFC-12 
CFC-12 
CFC-11 
CFC-12 

POTENTIAL SHORT-TERM CONTROL OPTIONS (CONTINU ED) 

Application Name 

Rgd PU Foam-Prd-Cons-B 
Rgd PU Foam-Prd-Cons - B 
Rgd PU Foam-Prd-Cons-1 
Rgd PU Foam-Prd-Cons-1 
Centrif Chillers 
Non-Commercial R&D Lab 
Centrif Chillers 
Reciprocal Chillers 
Non-Commercial R&D Lab 
Dehumidifiers 
Dry Cleaning 
Spice fumigant 
PrtCiv Resid 
PrtCiv FlamLqd 
PrtCiv Elect 
Prt Military 
PrtCiv General 
Cnvyrzd Vapor Degreasi 
Open Top Vpr Degreasin 
Elec/Elec Equp Clng & 
Refrig Transport 
Cold Storage 
Rgd PU Foam-Spd-Cns-In 
Rgd PU Foam-Spd-Cns-In 

Control Option 
Description 

CFC -11/CFC-22 
CFC-11/CFC - 22 
CFC - 11/CFC- 2 2 
CFC-11/CFC-22 
Recovery at Service 
10/90 (EO/C02) 
Alt Leak Test Gas 
Alt Leak Test Gas 
N2 Purge, Then Pure EO 
Helium Leak Test 
Perchloroethylene 
10/90 (EO/C02) 
Iner Personnel Training 
Iner Personnel Training 
Iner Personnel Training 
Iner Personnel Training 
Iner Personnel Training 
Methyl Chloroform 
Methyl Chloroform 
Methyl Chloroform 
Recovery at Rework 
Recovery at Disposal 
CFC-11/CFC-22 
CFC-11/CFC-22 

4. Controls costing less than $2 . 30 reduce compound use by 45% 

CFC-11 Rgd PU Foam-Spd-Cns-Bl CFC- ll/CFC-22 
CFC-12 Rgd PU Foam-Spd -Cns-Bl CFC-ll/CFC-22 
CFC-12 Rgd PU Foam-Spd-Trans CFC-ll/CFC-22 
CFC-11 Rgd PU Foam-Spd-Trans CFC-ll/CFC-22 
CFC-12 Reciprocal Chillers CFC-22 
CFC-12 Centrif Chillers Alt Leak Test Gas 
CFC - 12 Refrigerators Recovery at Rework 
CFC - 12 Freezers Recovery at Rework 
CFC-113 Cnvyrzd Vapor Degreasi Trichloroethylene and Blen 
CFC-113 Open Top 'fpr Degreasin Trichloroethylene and Blen 

Preliminary analysis of controls; subject to revision. 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 



POTENTIAL SHORT - TERM CONTROL OPTIONS (CONTINUl :li, 

Control Option 
Compound Application Name Description 

CFC-113 Elec/Elec Equp Clng & Trichloroethylene and Blen 
CFC-12 Pharmaceutical 10/90 (EO/C02) 
Halon 1211 TFCiv Other Use Sprinkler Back-Up 
CFC-12 Retail Food Alt Leak Test Gas-At Inst 
CFC -12 Cold Storage Alt Leak Test Gas 
CFC -12 Ice Machines Helium Leak Test 
CFC-11 Flex PU Foam-Slabstock Min Foam Density Spec w/ M 
CFC-12 Process Refrig CFC-22 
CFC-11 Centrif Chillers Alt Leak Test Gas 
Halon 1301 TFCiv Other Use Sprinkler Back-Up 
CFC-113 Cnvyrzd Vapor Degreasi Perchloroethylene and Blen 
CFC-113 Open Top Vpr Degreasin Perchloroethylene and Blen 
CFC-113 Elec/Elec Equp Clng & Perchloroethylene and Blen 
CFC-113 Cnvyrzd Vapor Degreasi Aqueous Cleaning 

5. Controls costing less than $7.90 reduce compound use by 50% 

CFC-11 
CFC-113 
CFC-12 
Halon 1301 
CFC-11 
CFC-113 
Halon 1301 
CFC-12 
CFC-12 
CFC-113 
CFC-113 
CFC-12 
CFC-113 
CFC - 12 
Halon 1211 
Halon 1211 
Halon 1211 
Halon 1301 
CFC-12 
Halon 1211 

Flex PU Foam-Slabstock 
Elec/Elec Equp Clng & 
Dehumidifiers 
TF Military 
Flex PU Foam-Slabstock 
Cnvyrzd Vapor Degreasi 
TFCiv FlamLqd 
Process Refrig 
Centrif Chillers 
Elec/Elec Equp Clng & 
Dry Cleaning 
Libraries 
Dry Cleaning 
Libraries 
PrtCiv Resid 
TF Military 
PrtCiv General 
Local App Syst 
Retail Food 
Prt Milit:ny 

Methylene Chloride 
Aqueous Cleaning 
Recovery at Rework 
Use Sprinkler Back-Up 
Min Foam Density Spec 
Reclaim Waste Solvent 
Use Sprinkler Back-Up 
CFC-502 
CFC-22 
Reclaim Waste Solvent 
Methyl Chloroform 
10/90 (EO/C02) 
Reclaim Wastes 
N2 Purge, Then Pure EO 
Iner Personnel Training 
Use Sprinkler Back-Up 
Iner Personnel Training 
Use Sprinkler Back-Up 
Recovery at Service 
Iner Personnel Training 

Preliminary analysis of controls; subject to revision. 

----

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
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ST 
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ST 
ST 
ST 
ST 
ST 
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ST 
ST 
ST 
ST 
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POTENTIAL SHORT-TERM CONTROL OPTIONS (CONTINUED ) 

Control Option 
Compound Application Name Description 

CFC-12 Cold Storage Recovery at Service 
CFC-12 Ice Machines Recovery at Rework 
Halon 1211 PrtCiv Elect Iner Personnel Training 
Halon 1301 TFCiv Elect Use Sprinkler Back-Up 
CFC-11 Flex PU Foam-Molded Min Foam Density Spec 
CFC-11 Centrif Chillers Recovery at Disposal 
Halon 1301 Local App Syst Iner Personnel Training 
Halon 1301 TFCiv FlamLqd Iner Personnel Training 
Halon 1301 TFCiv Elect Iner Personnel Training 
Halon 1301 TF Military Iner Personnel Training 
Halon 1301 TFCiv Other Iner Personnel Training 
CFC-12 Cold Storage CFC-502 
CFC-12 Liquid Food Freezing Cryogenic 
Halon 1211 PrtCiv FlamLqd Iner Personnel Training 
CFC-12 Retail Food CFC-502 
Halon 1211 Local App Syst Use Sprinkler Back-Up 
CFC-11 Flex PU Foam-Slabstock Water-Blown Systems 
CFC-12 Bee Hive Fumigant-DOA N2 Purge, Then Pure EO 

6. All controls reduce compound use by 61% 

CFC-12 
CFC-12 
Halon 1211 
CFC-12 
Halon 1211 
Halon 1211 
CFC-11 
Halon 1211 
CFC-12 
Halon 1211 
CFC-12 
CFC-113 
CFC-12 
CFC-11 
CFC-12 
CFC-12 

Vending Machines 
Water Coolers 
TFCiv Elect 
Bee Hive Fumigant-DOA 
TFCiv Other 
Local App Syst 
Flex PU Foam-Molded 
TF Military 
Refrig Transport 
TFCiv Elect 
Retail Food 
Open Top Vpr Degreasin 
Mobile Air Conditioner 
Flex PU Foam-Molded 
Retail Food 
Refrig Transport 

Helium Leak Test 
Helium Leak Test 
Use Sprinkler Back-Up 
10/90 (EO/C02) 
Iner Personnel Training 
Iner Personnel Training 
MDI-TDI/Wtr-Blwn Systms in 
Iner Personnel Training 
Recovery at Disposal 
Iner Personnel Training 
CFC-22 
Aqueous Cleaning 
Recovery at Disposal 
Min Foam Density Spec w/ M 
Recover Leak Test Gas at I 
Recovery at Service 

Preliminary analysis of controls; subject to revision. 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 



Compound 

CFC-113 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-11 
Halon 1211 
CFC-12 
CFC-11 
CFC-12 
CFC - 12 
CFC-11 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
CFC-113 
CFC-12 
Halon 1211 
CFC - 11 
CFC-12 
Halon 1211 
CFC-113 
CFC-12 
Halon 1211 
CFC-12 
CFC-12 
CFC-12 
CFC-11 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-11 
CFC-12 
CFC -12 

POTENTIAL SHORT-TERM CONTROL OPTIONS (CONTINU ED) 

Application Name 

Open Top Vpr Degreasin 
Vending Machines 
Water Coolers 
Centrif Chillers 
Rgd PU Foam-Spd-Trans 
Rgd PU Foam-Spd-Trans 
TFCiv FlamLqd 
Rgd PU Foam-Prd-Trans 
Rgd PU Foam-Prd-Trans 
Mobile Air Conditioner 
Mobile Air Conditioner 
Flex PU Foam-Slabstock 
Ice Machines 
Non-Commercial R&D Lab 
Animal Labs 
Ice Machines 
TFCiv FlamLqd 
Cold Cleaning 
Dehumidifiers 
TFCiv FlamLqd 
Flex PU Foam-Molded 
Freezers 
TFCiv FlamLqd 
Cold Cleaning 
Dehumidifiers 
TFCiv FlamLqd 
Freezers 
Refrigerators 
Rgd PU Foam-Prd -Refrig 
Rgd PU Foam-Prd-Refrig 
Refrig Transport 
Libraries 
Vending Machines 
Water Coolers 
Rgd PU Foam- Prd -Cons -B 
Vending Machines 
Water Coolers 

Control Option 
Description 

Reclaim Waste Solvent 
Recovery at Rework 
Recovery at Rework 
Recovery at Disposal 
Fiberglass Board 
Fiberglass Board 
Use Non-Dstrctv Tst Mthds 
Fiberglass Board 
Fiberglass Board 
Recovery at Service 
Refrigerant Dye 
Cotton Batting 
Recovery at Disposal 
Acid-H2O Scrubb & Cond/Rec 
Acid-H2O Scrubb & Cond/Rec 
Recovery at Service 
Use Mnual Actvn When Occup 
Aqueous Cleaning 
Recovery at Service 
Secure the Actvtng Devices 
Cotton Batting 
Recovery at Service 
Use Alt Agnt for Disch Tst 
Reclaim Waste Solvent 
Recovery at Disposal 
Raise Ext Activn Lvl 
Recovery at Disposal 
Recovery at Service 
Fiberglass Board 
Fiberglass Board 
Modified Stirling Cycle 
Acid -H2O Scrubb & Cond/Rec 
Recovery at Service 
Recovery at Service 
Alternative Insulating Mat 
Recovery at Disposal 
Recovery at Disposal 

Preliminary analysis of controls; subject to revision . 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
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/ 

Compound 

CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-11 
CFC-12 
CFC-11 
CFC-11 
CFC-11 
CFC-12 
CFC-12 
CFC-12 
CFC-11 
CFC-12 
CFC-12 
Halon 1211 
CFC-12 
Halon 1211 
CFC-11 
CFC-12 

POTENTIAL SHORT-TERM CONTROL OPTIONS (CONTINUED) 

Application Name 

Refrigerators 
Bee Hive Fumigant-DOA 
Rgd PU Foam-Prd-Cons-B 
Rgd PU Foam-Spd-Cns-Bl 
Rgd PU Foam-Spd-Cns -Bl 
Mobile Air Conditioner 
Rgd PU Foam-BStk-Cns-B 
Rgd PU Foam-Lam-Cons-B 
Rgd PU Foam-Prd-Cons-1 
Rgd PU Foam-Prd-Cons-1 
Retail Food 
Rgd PU Foam-Spd-Cns-In 
Rgd PU Foam-Spd-Cns-In 
Bee Hive Fumigant-DOA 
Ext PS Bdstk 
TFCiv FlamLqd 
Refrigerators 
TFCiv FlamLqd 
Rgd PU Foam-BStk-Cns-1 
Freezers 

Control Option 
Description 

Recovery at Disposal 
Acid-H20 Scrubb & Cond/Rec 
Alternative Insulating Mat 
Alternative Insulating Mat 
Alternative Insulating Mat 
Ban Retail Sale of Small C 
Other Insulation Materials 
Other Insulation Materials 
Fiberglass Board 
Fiberglass Board 
Rtrft Exstg Sys to CFC-22/ 
Fiberglass Board 
Fiberglass Board 
Explosion Proof Cond/Recl 
Other Sheathing Materials 
Use Sprinkler Back-Up 
Modified Stirling Cycle 
Iner Personnel Training 
Other Insulation materials 
Modified Stirling Cycle 

Preliminary analysis of controls; subject to revision. 

Available 
in Period 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
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CHEMICAL SUBSTITUTES 

0 DUPONT CLAI"S SUBSTITUTES (123 AND 134A CAN REACH "ARKET IN 5 YEARS)• AT 
1-1/2 TO 6 TIMES CURRENT PRICE IF FINANCIAL INCENTIVES EXIST 

0 CONTRACTOR STUDY FINDINGS 

CFC-123 APPEARS 6000 SUBSTITUTE FOR CFC-11 (BUT MUCH LOWER OZONE 
DEPLETING POTENTIAL) 
CFC-134A APPEARS EXCELLENT SUBSTITUTE FOR CFC-12 (BUT NO OZONE 
DEPLETING POTENTIAL) 
MANY COUNTRIES AND CO"PANIES HAVE 134A AND 123 PATENTS 
PRELIMINARY TOXICOLOGY TESTING ENCOURAGING 
COSTS LIKELY TO BE HIGHER THAN CFC-11 AND -12 EVEN IN LONG-TER" 

0 INTERNATIONAL SUBSTITUTES PANEL 

INCLUDES INDUSTRIAL AND ACADEMIC CHEMISTS FRO" MANY COUNTRIES 
DISCUSSION HAS IDENTIFIED ADDITIONAL SUBSTITUTES 
DISCUSSION INDICATES KEYS TO SUBSTITUTE AVAILABILITY ARE: 
- TOXICOLOGY TESTING 
- USE TESTING 
- ADEQUATE INCENTIVES FOR FIR"S TO MAKE R&D INVESTMENTS 

• DUPONT FLUOROCARBON/OZONE UPDATE. MARCH. 1987. 



STATUS OF CHEMICAL SURSTITIJTfS DEVELOPMENT 

POT£NTIAL 
COMPOUND APPLICATIONS TOXICOLOGY AVAILABILITY FOR TESTING 

CFC-123 BLOWING AG£NT Low CURR£NTLY BEING SOLD IN 
REFRIG£RANT SttALL QUANTITIES BY 
SOLV£NT HALOCARBON CORP. 

CFC-124 REFRI6£RANT Low 2 YEARS 
FOAtt BLOWING 

CFC-125 REFRIGERANT UNKNOWN 2 Y£ARS 

CFC-132B CL£ANING A6£NT !NCOt1PLETE 2 Y£ARS 

CFC-134A REFRIGERANT INCOt1PL£T£ 6 ttONTHS 

CFC-141B PROP£LLANT !NCOt1PLETE SttALL QUANTITY AVAILABLE 
ALOWING AGENT 

CFC-143A REFRIGERANT INCOt1EPL£T£ 2 YEARS 

SOURCE: FLUOROCARBON/0ZON£ UPDATE. DUPONT. MARCH. 1987 
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POTENTIAL MID-TERM CONTROL OPTIONS 

Control Option Ava ilable 
Compound Application Name Description in Period 

1. Controls costing less than $.15 reduce compound use by 35% * 

Halon 1301 TFCiv Elect Use Alt Test Agent MT 
Halon 1301 Local App Syst Use Non-Destructive Test MT 
Halon 1301 TFCiv Elect Use Non-Destructive Test MT 
Halon 1211 Local App Syst Use Non-Destructive Test MT 
Halon 1211 TF Military Use Alt Test Agent MT 
Halon 1301 TFCiv Other Use Alt Test Agent MT 
Halon 1211 TFCiv Elect Use Non-Destructive Test MT 
Halon 1211 TFCiv FlamLqd Use Non-Destructive Test MT 
Halon 1301 Local App Syst Use Alt Test Agent MT 
Halon 1211 Local App Syst Use Alt Test Agent MT 
Halon 1301 Prt Military Use Non-Destructive Test MT 
Halon 1211 TFCiv Elect Use Alt Test Agent MT 
Halon 1301 PrtCiv Elect Use Alt Test Agent MT 
Halon 1301 TFCiv FlamLqd Use Non-Destructive Test MT 
Halon 1301 Prt Military Use Alt Test Agent MT 
Halon 1211 TFCiv Other Use Alt Test Agent MT 
Halon 1301 PrtCiv General Use Non-Destructive Test MT 
Halon 1211 TFCiv FlamLqd Use Alt Test Agent MT 
Halon 1211 TF Military Use Non-Destructive Test MT 
Halon 1301 TF Military Use Alt Test Agent MT 
Halon 1211 Prt Military Use Non-Destructive Test MT 
Halon 1301 PrtCiv FlamLqd Use Non-Destructive Test MT 
Halon 1211 Prt Military Use Alt Test Agent MT 
Halon 1301 TF Military Use Non -Destructive Test MT 
Halon 1211 PrtCiv FlamLqd Use Non-Destructive Test MT 
Halon 1301 TFCiv Other Use Non-Destructive Test MT 
Halon 1211 PrtCiv Resid Use Non-Destructive Test ' MT 
Halon 1301 PrtCiv Resid Use Alt Test Agent MT 
Halon 1301 PrtCiv Resid Use Non-Destructive Test MT 
Halon 1301 PrtCiv Elect Use Non-Destructive Test MT 
Halon 1211 TFCiv Other Use Non-Destructive Test MT 
Halon 1301 PrtCiv General Use Alt Test Agent MT 
Halon 1211 PrtCiv Resid Use Alt Test Agent MT 
Halon 1211 PrtCiv FlamLqd Use Alt Test Agent MT 

* Includes short-term controls (not listed). 

Preliminary analysis of controls; subject to revision. 



Compound 

Halon 1301 
Halon 1301 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
Halon 1211 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
CFC-12 
Halon 1211 
Halon 1211 
Halon 1211 
CFC-12 
CFC -12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
Halon 1301 
Halon 1301 

POTENTIAL MID-TERM CONTROL OPTIONS (CONTINUED ) 

Application Name 

TFCiv FlamLqd 
PrtCiv FlamLqd 
Mobile Air Conditioner 

- Animal Labs 
Non-Commercial R&D Lab 
PrtCiv Elect 
PrtCiv General 
Commercial R&D Labs 
Medical Equipment 
Pharmaceutical 
Hospitals 
Contract Sterilization 
Spice fumigant 
TFCiv Other 
Libraries 
TF Military 
Local App Syst 
TFCiv Elect 
Ext PS Sht-Stck Fd Try 
Ext PS Sht-Egg Crtns 
Ext PS Sht -Sgl Srvc 
Ext PS Sht-SS Hngd Cnt 
Ext PS Sht-Stck Fd Try 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-Egg Crtns 
Ext PS Sht-SS Hngd Cnt 
Ext PS Sht-Stck Fd Try 
Ext PS Sht-Egg Crtns 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-SS Hngd Cnt 
Ext PS Sht-Stck Fd Try 
Ext PS Sht - Egg Crtns 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-SS Hngd Cnt 
PrtCiv Elect 
TFCiv Other 
TF Military 

Control Option 
Description 

Use Alt Test Agent 
Use Alt Test Agent 
Improved Control of Leakag 
CFC-134A/EO Mixture 
CFC-134A/EO Mixture 
Use Alt Test Agent 
Use Alt Test Agent 
CFC-134A/EO Mixture 
CFC -' 134A/EO Mixture 
CFC-134A/EO Mixture 
CFC-134A/EO Mixture 
CFC-134A/EO Mixture 
CFC-134A/EO Mixture 
Use Alt Tst to Repl Dschg 
CFC-134A/EO Mixture 
Use Alt Tst to Repl Dschg 
Use Alt Tst to Repl Dschg 
Use Alt Tst to Repl Dschg 
Hydrocarbon Blowing Agent 
Hydrocarbon Blowing Agent 
Hydrocarbon Blowing Agent 
Hydrocarbon Blowing Agent 
Pent Blwng Agnt w/o Garb A 
Pent Blwng Agnt w/o Carb A 
Pent Blwng Agnt w/o Carb A 
Pent Blwng Agnt w/o Carb A 
Hydr Blwng Agnt with Carb 
Hydr Blwng Agnt with Carb 
Hydr Blwng Agnt with Carb 
Hydr Blwng Agnt with Garb 
Pent Blwng Agnt with Carb 
Pent Blwng Agnt with Carb 
Pent Blwng Agnt with Carb 
Pent Blwng Agnt with Garb 
Use Non-Destructive Test 
Use Alt Tst to Repl Dschg 
Use Alt Tst to Repl Dschg 

Preliminary analysis of controls; subject to revision. 

Available 
in Period 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
HT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 



Compound 

Halon 1301 
Halon 1301 
Halon 1301 
CFC-12 
CFC-12 
CFC-12 

POTENTIAL MID-TERM CONTROL OPTIONS (CONTINUED) 

Application Name 

TFCiv FlamLqd 
TFCiv Elect 
Local App Syst 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-SS Hngd Cnt 
Bee Hive Fumigant-DOA 

Control Option 
Description 

Use Alt Tst to Repl Dschg 
Use Alt Tst to Repl Dschg 
Use Alt Tst to Repl Dschg 
Expandable bead products; 
Paperboard containers, sol 
CFC-134A/EO Mixture 

2. Controls costing less than $.30 reduce compound use by 40% * 

CFC-12 
CFC-12 
CFC-12 
CFC-12 
Halon 1301 
Halon 1211 
CFC-11 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-11 
CFC-11 
CFC-11 
Halon 1301 

Ext PS Sht -Stck Fd Try 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-Egg Crtns 
Ext PS Sht-SS Hngd Cnt 
TFCiv Other 
TFCiv Other 
Flex PU Foam-Slabstock 
Ext PS Sht-Stck Fd Try 
Ext PS Sht-Egg Crtns 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-SS Hngd Cnt 
Ext PS Sht-Stck Fd Try 
Ext PS Sht-Egg Crtns 
Ext PS Sht-Sgl Srvc 
Ext PS Sht-SS Hngd Cnt 
Rgd PU Foam-BStk-Cns-1 
Rgd PU Foam-BdStk-Furn 
Rgd PU Foam-BStk-Cns-B 
TFCiv Other 

CFC/CO2 Blowing Agent 
CFC/CO2 Blowing Agent 
CFC/CO2 Blowing Agent 
CFC/CO2 Blowing Agent 
Segment the System 
Use Lwr Cone Req't in Dsch 
Formic Acid Process 
Carbon Adsorption 
Carbon Adsorption 
Carbon Adsorption 
Carbon Adsorption 
Incinerate Plant Exhaust 
Incinerate Plant Exhaust 
Incinerate Plant Exhaust 
Incinerate Plant Exhaust 
Carbon Adsorption 
Carbon Adsorption 
Carbon Adsorption 
Use Lwr Cone Req't in Dsch 

3. Controls costing less than $1.90 reduce compound use by 50% * 

Halon 1301 
Halon 1301 
CFC-11 
Halon 1211 
Halon 1301 
Halon 1301 

TF Military 
TF Military 
Flex PU Foam-Molded 
TF Military 
TFCiv FlamLqd 
Local App Syst 

Use Lwr Cone Req't in Dsch 
Segment the System 
Formic Acid Process 
Use Lwr Cone Req't in Dsch 
Use Lwr Cone Req't in Dsch 
Use Lwr Cone Req't in Dsch 

* Includes short-term controls (not listed) . 

Preliminary analysis of controls; subject to revision . 

Available 
in Period 

MT 
MT 
MT 
MT 
MT 
MT 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 

MT 
MT 
MT 
MT 
MT 
MT 



Compound 

Halon 1301 
Halon 1211 
CFC-11 
CFC-11 
Halon 1211 
CFC-11 
CFC-11 
Halon 1301 
CFC-11 
Halon 1211 
Halon 1301 
Halon 1301 
CFC-12 

POTENTIAL MID -T ERM CONTROL OPTIONS ( CONTINU ED) 

Application Name 

TFCiv Elect 
TFCiv Other 
Flex PU Foam-Slabstock 
Flex PU Foam-Slabstock 
Local App Syst 
Rgd PU Foam-BStk-Cns-1 
Rgd PU Foam-BdStk-Furn 
Local App Syst 
Rgd PU Foam-BStk-Cns-B 
TFCiv Elect 
TFCiv Elect 
TFCiv FlamLqd 
Mobile Air Conditioner 

Control Option 
Description 

Use Lwr Cone Req't in Dsch 
Segment the System 
Carbon Adsorption/Recycle 
Vertical Foam Chamber & Ca 
Use Lwr Cone Req't in Dsch 
Incinerate Plant Exhaust 
Incinerate Plant Exhaust 
Segment the System 
Incinerate Plant Exhaust 
Use Lwr Cone Req't in Dsch 
Segment the System 
Segment the System 
CFC-22/142B 

4. Controls costing less than $6.60 reduce compound use by 60% * 

CFC-11 Rgd PU Foam-BStk-Cns-B Insulation Brick 
CFC-11 Rgd PU Foam-Lam-Cons-B Insulation Brick 
Halon 1211 TF Military Segment the System 
CFC-12 Mobile Air Conditioner CFC-22 
CFC - 11 Rgd PU Foam-Lam-Cons-B Carbon Adsorption 
CFC-12 Freezers Reciprocating Compressors 
CFC-12 Refrigerators Reciprocating Compressors 
Halon 1211 Local App Syst Segment the System 
Halon 1301 TFCiv Other Use Halon Detctn & Ctrl Eq 
CFC - 12 Ext PS Bdstk Carbon Adsorption 
Halon 1301 TF Military Use Halon Detctn & Ctrl Eq 
Halon 1211 TFCiv Elect Segment the System 
Halon 1301 TFCiv FlamLqd Use Halon Detctn & Ctrl Eq 
Halon 1301 Local App Syst Use Halon Detctn & Ctrl Eq 
Halon 1301 TFCiv Elect Use Halon Detctn & Ctrl Eq 
CFC-12 Ext PS Bdstk Insulation Brick 
Halon 1211 TFCiv Other Use Halon Detctn & Ctrl Eq 
Halon 1211 TF Military Use Halon Detctn & Ctrl Eq 
Halon 1211 Local App Syst Use Halon Detctn & Ctrl Eq 
CFC -1 2 Refrig Transport CFC-22/142B 
Halon 1211 TFCiv Elect Use Halon Detctn & Ctrl Eq 

* Includes short-term controls (not listed). 

Preliminary analysis of controls; subject to revision. 

Ava ilable 
in Period 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 



Compound 

CFC-12 
CFC-11 
CFC-12 
CFC-12 
CFC-12 
Halon 1211 
CFC -12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 
CFC-12 

POTENTIAL MIO-TERM CONTROL OPTIONS (CONTINllEO) 

Application Name 

Refrigerators 
Rgd PU Foam-Lam-Cons-B 
Freezers 
Ext PS Bdstk 
Dehumidifiers 
TFCiv FlamLqd 
Ice Machines 
Refrig Transport 
Refrig Transport 
Refrigerators 
Refrigerators 
Freezers 

Control Option 
Description 

CFC-22/142B 
Incinerate Plant Exhaust 
CFC-22/142B 
Incinerate Plant Exhaust 
CFC-22/142B 
Use Alt Tst to Repl Dschg 
CFC - 22/142B 
CFC-22 
CFC-502 
CFC-22 
CFC-502 
CFC-22 

5. All controls reduce compound use by 76% * 

CFC-12 Freezers CFC-502 
Halon 1301 Prt Military Use Smltrs to Trn Prsnnl 
CFC-12 Dehumidifiers CFC-22 
CFC-12 Dehumidifiers CFC-502 
CFC-12 Ice Machines CFC-22 
CFC-12 Ice Machines CFC-502 
CFC-12 Vending Machines CFC-22/142B 
CFC-12 Water Coolers CFC-22/142B 
CFC-11 Flex PU Foam-Molded Carbon Adsorption/Recycle 
CFC-12 Ice Machines Modified Stirling Cycle 
Halon 1211 TFCiv FlamLqd Use Lwr Cone Req't in Osch 
Halon 1211 Prt Military Use Smltrs to Trn Prsnnl 
CFC-12 Water Coolers Modified Stirling Cycle 
CFC-12 Vending Machines CFC-22 
CFC-12 Water Coolers CFC-22 
CFC-12 Vending Machines CFC-502 
CFC-12 Water Coolers CFC-502 
Halon 1211 TFCiv FlamLqd Segment the System 
Halon 1211 PrtCiv General Use Non-Destructive Test 
CFC-12 Vending Machines Modified Stirling Cycle 
Halon 1211 TFCiv FlamLqd Use Halon Detctn & Ctrl Eq 

* Includes short-term controls (not listed). 

Preliminary analysis of controls; subject to revision . 

Available 
in Period 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 

MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 
MT 




