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THE OZONE HOLE AND THE MONTREAL PROTOCOL
Discovery of the Ozone Hole
In 1974 scientists published the first scientific hypotheses that chemicals we produced
could harm the stratospheric ozone layer. The ozone layer protects the earth against
excessive ultraviolet radiation, which can cause genetic damage to human, plant, and
animal cells. Scientists found that heavy chlorofluorocarbon gases (CFCs), which were
widely used and viewed as posing no harm, could migrate to the stratosphere, remain
intact for decades to centuries, and by releasing chlorine, break down the ozone layer.
Montreal Protocol
In 1977 the United Nations Environment Programme (UNEP) concluded a World Plan of
Action on the Ozone Layer, which called for intensive international research and
monitoring. In 1981, the Governing Council authorized UNEP to draft a global
framework on stratospheric ozone protection. The Vienna Convention, concluded in
1985, is an accord in which 28 signatory countries agreed to cooperate in research,
exchange information, and adopt “appropriate measures” to protect life. These
obligations, however, contained no restrictions on ozone-depleting substances (ODS).
A UNEP Working Group began negotiations on a follow-up document. The Montreal
Protocol was concluded in September of 1987 and went into effect on January 1, 1989.
In all, 46 countries ratified the original Protocol, and there are now 197 signatories.
The Protocol initially required that the consumption (defined as production and import)
of CFCs, halons, carbon tetrachloride and methyl chloroform be frozen by the year
2000. These are the Class I ODS. A year later, however, the freeze was changed to a
ban, with the London Amendment prohibiting the consumption of Class I ODS starting in
2000. Two years later, the Copenhagen Amendment brought the ban back to January 1,
1994 for halons and January 1, 1996 for all other Class I ODS.
The Copenhagen Amendment also added an entire new category of ODS: Annex C,
more commonly known as Class II ODS. These ODS are hydrochlorofluorocarbons
(HCFCs) used as fire suppressants, refrigerants and solvents and represented the first
wave of Class I ODS alternatives. Where Class I ODS have ozone-depleting potentials
(ODPs) of up to 16, the ODPs of HCFCs range from 0.008 to 0.12.
The Copenhagen Amendment identified 34 Class IIs without establishing any controls.
The following Meeting of the Parties in Vienna in 1995 established a production freeze
in 1996 and a consumption phase-out date of 2030. The Montreal Amendment in 1997
set the Class II phase-out date for developing (Article 5) nations at 2040.
The Beijing Amendment of 1999 created a tiered phasedown schedule for Class II ODS.
From a 1990 baseline, developed countries’ consumption had to be reduced 35% by
2004, 75% by 2010, and 90% by 2015. Article 5 countries followed a similar schedule.
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Clean Air Act
Title VI of the Clean Air Act (CAA) of 1990 codified the Class I ODS bans into U.S. law.
It introduced various requirements and restrictions on the servicing of equipment using
ODS, including stationary (Section 608) and mobile (Section 609) air conditioning and
refrigeration (AC&R) systems. It also introduced the Significant New Alternatives Policy
(SNAP) program (Section 612), by which the Environmental Protection Agency (EPA)
controls - approves, limits and/or disapproves - the use of ODS alternatives by chemical
composition in all industrial sectors where ODS are utilized.
Title VI also gave the EPA a wide range of powers for the regulation and control of the
consumption and use of Class II ODS. Subsequently, the EPA implemented the tiered
phasedown of HCFCs in the Beijing Amendment of the Montreal Protocol. The
consumption of R-22 was banned starting in 2010, except for use in equipment
manufactured before 2010. R-22 production and import was completely banned in 2020,
ten years before the complete ban of all HCFCs.
R-22
By 1990, roughly 1.5 billion pounds of R-22 were providing AC&R for almost 100 million
homes, offices, schools, stores, factories and other facilities in the United States. In the
aftermath of the Ozone Hole and the Montreal Protocol, Freon (CFCs R-11 and R-12)
was shunned and R-22 - chlorodifluoromethane - was the most commonly used
refrigerant in the country. It was very efficient, very cheap, non-flammable and with very
low toxicity. And it wasn’t seen as an ODS until the Copenhagen Amendment in 1992.
R-22 is still the most commonly used refrigerant in domestic and commercial building air
conditioners. And even with the CAA and EPA prohibitions and regulations, R-22 is still
available today. Section 608 of the CAA requires that all refrigerants be recovered and
not vented to the environment, so R-22 has been recycled. However, the best industry
estimates indicate that since the turn of the century, only 5-10% of the replaced
refrigerant in commercial air conditioners has been recovered. New air conditioning
units now use the refrigerant R-410A, which is not ODS but is a global warmer. There
are commercially available “drop-in” alternatives to R-22, which are blends of other
refrigerants that come close to the physical and performance characteristics of R-22.
R-22 is also still the most common refrigerant in Army standard Environmental Control
Units (ECUs). ECUs are used for tactical equipment cooling in communications,
electronics and command-and-control shelters, as well as comfort cooling of personnel
in temporary shelters. Army-standard ECUs are managed by the U.S. Army
Communications and Electronics Command (CECOM), and the ESO has been working
with CECOM for decades in identifying R-22 alternatives for retrofit and new production.
In addition to Army standard ECUs, theatre Commanders with Operation Enduring
Freedom and Operation Iraqi Freedom (OEF/OIF) and Program Managers (PMs) with
new, unique cooling requirements have introduced commercial, non-standard R-22
ECUs into the Army inventory.
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ESTABLISHMENT OF THE DOD ODS RESERVE
Army Requirements for ODS
The 1989 Department of Defense (DoD) Directive 6050.9, "Chlorofluorocarbons and
Halons," required the Services to ensure that "required amounts and types of CFCs and
halons are available for mission-critical applications when substitutes are not yet
available." In response, Department of the Army Letter 200-90-1, "Eliminating or
Minimizing Atmospheric Emissions of Ozone-Depleting Substances," first defined the
Army’s mission-critical applications of halons and CFCs in tactical equipment.
On August 11, 1992, the Under Secretary of Defense tasked the Military Departments to
estimate and fund their ODS requirements. In December 1992, the Defense Logistics
Agency (DLA) requested that the Services provide estimates of how much Class I ODS
they would need to support their weapon systems until they were either modified or
retired. They were also asked to provide estimates of how much of this requirement
could be satisfied through the turn-in of excess ODS, and how much additional Class I
ODS would then need to be procured to satisfy the remainder of their requirements.
The DOD ODS Reserve
The National Defense Authorization Act for Fiscal Year 1993 tasked DLA to support the
ODS requirements for the DoD. Specifically, DLA was directed to 1) evaluate the use of
ODS by the Military Services, 2) develop plans to reclaim, recycle, and reuse ODS, 3)
create and maintain a stockpile or “Reserve” of Class I ODS, and 4) report their
progress on these actions to Congress. In light of the Services’ ongoing bottom-up
review of future personnel, mission, and resource requirements, in July 1993 the DLA
requested that they revalidate their ODS mission-critical requirements.
The DoD ODS Reserve was set up at the Defense Depot Richmond Virginia (DDRV),
with administrative offices at the Defense Supply Center Richmond (DSCR) - now DLAAviation. It went on-line on January 1, 1994. Since the Defense ODS Reserve is
Congressionally directed, DLA pays for storage, packaging and even shipment to the
operators. Units are charged two cents per container, whether it holds from 2 to 2,000
pounds of ODS. Requisitions for ODS are processed through the DoD wholesale supply
system, but issues are controlled (approved) by the individual Services. Each Service
owns the product in their “account,” and each Service manages their portion of the ODS
Reserve.
Army ODS Reserve
The Environmental Support Office of the Assistant Secretary for Acquisition, Logistics
and Technology (ASA(ALT)) (SAAL-ESO) manages the Army ODS Reserve. The ESO
monitors Army ODS requirements, approves every individual requisition for ODS issued
to an Army unit, performs oversight of Army ODS replacement and retrofit efforts at
development and research activities and coordinates with the DoD ODS Reserve.
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ARMY R-22 REQUIREMENTS
Mission Critical Uses
The Office of the Secretary of Defense (OSD) defined an ODS mission-critical
requirement as either a situation where an ODS use is integral to a combat mission
asset or it affects the operation of that asset. OSD directed the Services to designate
their ODS mission critical requirements, and the Army initially identified just two Class I
ODS, CFC-12 refrigerant and Halon 1301 fire suppression agent.
In 1998, the ESO supported the CECOM ECU PM in establishing a program for the
development, qualification and fielding of a new ECU, called the Improved ECU (IECU).
The IECU was to demonstrate improved reliability, maintainability, transportability,
ruggedness and performance. The main selling point, however, was the use of a nonODS refrigerant. The European Union (EU) had enacted ODS legislation that could
preclude the deployment of ECUs to Germany after 2000.
Due to changing priorities, however, introduction of the IECUs into the Army inventory
has been delayed. The Army currently has over 12,000 Army standard ECUs fielded
that use R-22, with almost 1,800 in the European Theatre. Additionally, an ESO data
call in 2016 identified that the Army has more than 6,000 other fielded combat/combat
support systems that will require the continued availability of R-22 for many years.
The ESO monitors the development and implementation of EPA, EU and host nation
legislation and regulation in regards to ODS. After 2000, the ESO grew concerned
about potential impacts of approaching 2010 deadlines in the U.S., calling for a 75%
reduction in the production and import of R-22 and a ban on the use of virgin R-22 in
newly manufactured cooling systems. In 2005 and 2006 the ESO entered into
discussions with the Defense ODS Reserve about establishing a stockpile of R-22.
In early 2007, ESO staff completed an R-22 need-analysis that showed a worst-case
requirement of 60 tons of R-22 from 2010 through 2025, assuming that IECUs would
begin fielding in 2026. If IECU fielding started in 2010, which was not budgeted, the
total R-22 needed was reduced to 30 tons through 2025. The 60-ton value represented
the conservative R-22 need, that could also accommodate unknown developments.
In November 2007, ASA(ALT) Deputy Assistant Secretary for Policy and Procurement
signed a memorandum requesting that the Defense ODS Reserve establish an Army
R-22 Reserve, by 2010 and containing a minimum of 120,000 pounds, to support Army
mission critical requirements. It also requested that they accept and track all Army turnins of R-22, and they apply it toward the Army R-22 requirement.
The following June, the Assistant Chief of Staff for Installation Management (ACSIM)
signed a memorandum directing Army garrisons to turn in all recovered R-22, not
otherwise needed to meet their installation requirements, to the Defense ODS Reserve
to meet future Army tactical needs.
THE ARMY R-22 USE MODEL

4

The ESO first developed an R-22 Use Model, similar to the Halon Use Model, in 2018.
The current Excel spreadsheet is R-221906. The model represents the ability of the
Army R-22 Reserve to support all known R-22 mission critical weapon system
requirements from the start-up in 2010 through conversion/replacement in 2030.
ARMY R-22 RESERVE
As of June 2019
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NOTES:
* The Combat Reserve is calculated at 10% of the total Army requirement.
** The Corrections column represents transfers to and from the DoD ODS Reserve,
to maintain the Army's stated requirement for R-22 of 120,000 lbs at 2020.
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SUMMARY
When this effort began in the early 2000’s, the ESO had already been working for 15
years on policy, logistics and procurement issues with the restrictions and prohibitions
on Class I ODS. With Class II ODS, the number of systems effected are smaller, the
numbers of chemicals are smaller and the size of the stockpile is smaller. Still, trying to
project operational support +20 years into the future is a daunting task.
Until five years ago, the entire focus of the R-22 support was on the Army-standard
ECUs. It was known that non-standard ECUs had been purchased in IOF/OEF, but the
Army was unable to estimate or validate their numbers or R-22 support requirements.
Likewise, it was anticipated that there were other Army weapon systems still using
R-22, but the ECU requirements constituted the vast majority of the Army requirements.
A data call in 2009 yielded no further information.
In 2013 the U.S. Army Aviation and Missile Command (AMCOM) identified ten new
systems that require the continued availability of R-22, involving more than 5,700 pieces
of equipment. In 2015 the PM for Army Watercraft Systems identified 50 additional
platforms with requirements for R-22. The initial Army requirements given to the
Defense ODS Reserve, however, were conservative enough to adequately address
these applications.
On May 17, 2018, the Deputy Assistant Secretary for Acquisition Policy and Logistics
signed a policy memorandum entitled “Ozone Depleting Substances and Their
Alternatives.” Paragraph 1 of the attached Instructions states: “All Army units, CONUS
or OCONUS, are authorized to use ODS (Class I and Class II) until otherwise directed
by their Army Command.” Commanders of Army units deployed to the EU or any
location, therefore, have the authority to operate and support their weapon systems’
cooling equipment in-theatre iregardless of local environmental rules and regulations.
The Army has a critical, long-term need for R-22 and, like the Army Halon Reserve,
provides R-22 to units at virtually no cost. Each R-22 issue costs the requisitioning
Army unit two cents per container, up to a 1,050 lbs cylinder.
The Army R-22 Reserve, in its 9th year of operation, is running smoothly and efficiently,
and is capable of supporting the R-22 needs of Army units until at least 2030.
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APPENDIX 1: List of Acronyms
AC&R

- Air Conditioning and Refrigeration

ACSIM

- Assistant Chief of Staff for Installation Management

ASA(ALT)

- Assistant Secretary of the Army for Acquisition, Technology and Logistics

CAA

- Clean Air Act

CECOM

- Communications and Electronics Command

CFC

- Chlorofluorocarbon

CONUS

- Continental United States

DDRV

- DLA Distribution Richmond Virginia

DLA

- Defense Logistics Agency

DoD

- Department of Defense

DSCR

- Defense Supply Center Richmond

ECU

- Environmental Control Unit

EPA

- Environmental Protection Agency

ESO

- Environmental Support Office

EU

- European Union

HCFC

- Hydrochlorofluorocarbon

OCONUS

- Outside the Continental United States

ODS

- Ozone Depleting Substance

ODP

- Ozone Depleting Potential

OEF

- Operation Enduring Freedom

OIF

- Operation Iraqi Freedom

OSD

- Office of the Secretary of Defense

PM

- Product/Project/Program Manager

SNAP

- Significant New Alternatives Policy

UNEP

- United Nations Environmental Programme
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APPENDIX 2: DASA(PP) R-22 Requirements Memo 11/20/07
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APPENDIX 3: DASA(APL) Policy: ODS and Their Alternatives 05/17/18

9

10

11

12

13

14

15

16

17

18

APPENDIX 4: ACSIM R-22 Turn-in Memo 06/12/08
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APPENDIX 5: Army ODS Reserve Management Plan
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