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against environmental crime and
abuse. Our undercover investigations
expose transnational wildlife crime,
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and tigers, and forest crimes such
as illegal logging and deforestation
for cash crops such as palm oil.
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greenhouse gases, exposing related
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greenhouse gas mitigation
opportunities through the uptake
of climate-friendly HFC-free
cooling solutions.
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Introduction

In 2018, scientists revealed alarming, unexpected emissions of
CFC-11, a potent ozone-depleting substance (ODS) which had been
banned for nearly a decade.1

EIA investigations traced the source of CFC-11 to illegal
production and use in the polyurethane foam sector in
China, which had gone undetected for years by the
montreal Protocol’s existing monitoring and
2
compliance mechanism.
A nationwide enforcement effort by China in
response to the findings appears to have had
immediate impact, with atmospheric data indicating
3
that CFC-11 emissions significantly decreased in 2019.
the change in emissions trajectory has continued
4
through 2020 and the early part of 2021.
the CFC revelation acted as a wake-up call for the
montreal Protocol, setting in motion a series of

4

discussions on institutional processes that could be
enhanced to strengthen its effective implementation
5
and enforcement. Parties have begun to consider
possible ways of dealing with illegal production of, and
illegal trade in, controlled substances, identifying
potential gaps in the non-compliance procedure,
challenges, tools, ideas and suggestions for improvement.

the Parties also discussed gaps in the atmospheric
monitoring of controlled substances, agreeing Decision
XXXIII/4 at the 33rd meeting of the Parties in 2021

Above: Raw materials including illegal CFC-11 for the
production of foam blowing agent in Dacheng Aoyang
Chemical Co Ltd, Hebei Province.
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which tasked the Ozone Secretariat, in consultation
with relevant experts, to explore options for enhancing
the global and regional atmospheric monitoring of
6
substances controlled by the montreal Protocol.
A review of the latest scientific findings suggest that
CFC-11 is just the tip of the iceberg. A shocking array
of new chemical emissions looms large over the
montreal Protocol, challenging its reputation as the
most successful environmental treaty. the 2022
Scientific Assessment of Ozone Depletion draws
attention to unexplained emissions of CFCs-13, 112a,
113a, 114a, 115, carbon tetrachloride (CCl4, CtC) and
HFC-23, attributing emissions to feedstocks, by7
products or unknown sources.
Faced with the additional challenge of new
hydrofluorocarbon (HFC) controls, there is a clear
imperative for the montreal Protocol community to
develop more robust practices for monitoring and
CHEmICAL NIgHtmARE

addressing illegal production, use, trade and emissions
of controlled substances. As part of this, the Parties to
the montreal Protocol must reexamine the premise of
“insignificant” emissions which exempts feedstock and
process agent uses from controls.
the Parties must also take concrete steps to avoid
creating new environmental problems through the
substitution of controlled substances with other potent
greenhouse gases or fourth generation fluorochemicals
such as hydrofluoroolefins (HFOs), which create new
by-product and feedstock emissions and have other
significant environmental impacts.
We cannot take for granted the continued success in
healing the ozone layer and curbing climate change
that the montreal Protocol has seen since its adoption.
Industrial emissions of man-made fluorochemicals
represent an avoidable nightmare that the montreal
Protocol is well placed to address.

5

Figure 1: Annual Emissions of Greenhouse Gases and ODS Linked to Fluorochemical Production.
Emissions of HFC-23, CTC, CFC-11, CFC-12 and CFC-113 are 'unexpected emissions' according to the scientific studies referenced.
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these emissions all appear to originate from industrial
sources of various fluorochemical production. Some,
such as by-product HFC-23 emissions, are already
covered by compliance obligations under the montreal
Protocol, while others such as emissions of carbon
tetrachloride (CtC) and CFC-113 are likely attributable
to sources exempted from its controls based on the
premise of “insignificant” emissions. Others, such as
industrial sources of nitrous oxide and PFC-318, have
major implications for ozone and climate protection
that the treaty is well-positioned to address, but are not
currently within its scope.
HFC-23: All-time-high emissions when there should
be none

With a global Warming Potential (gWP) of 14,600, HFC23 is the strongest climate warmer of all HFCs and one
8
of the most potent man-made greenhouse gases.

HFC-23 is a by-product of HCFC-22 production, which is
primarily produced as a feedstock to make HFCs and
9
their replacements, hydrofluoroolefins (HFOs). Under
the Kigali Amendment, countries with production of
hydrochlorofluorocarbons (HCFCs) or HFCs are required
to ensure any by-product emissions of HFC-23 are
10
“destroyed to the extent practicable”.
Above: growing emissions of synthetic chemicals from
industrial sources are causing concern.

6

400

the Scientific Assessment Panel (SAP) estimate
global emissions in 2019 to be 17,200 ± 800 tonnes/yr,
compared to 2,200 tonnes/yr expected based on
reported activities, some eight times larger than
12
expected.

CFC-11, CtC and HCFC-141b: Unanswered questions

Following the unexpected increase in emissions of
CFC-11 after 2012, recent scientific studies show a sharp
decline in global CFC-11 emissions between 2018-19 to
52,000 tonnes/yr, similar to average emissions over the
13
2008-12 period. Regional emissions from eastern
China show a similar decline to pre-2013 levels, as well
Environmental Investigation Agency
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Recent atmospheric trends from 2012-18 suggest that
promised control measures put in place by major
HCFC-22 producing countries have not been fully
implemented, while the possibility of substantial
unreported production of HCFC-22 or other sources of
11
HFC-23 cannot be ruled out.
HFC-23 emissions reached their highest levels in
history in 2018 at 15,900 ± 900 tonnes/yr. Based on
reported data and pledged reductions from China and
India (which together dominate global HCFC-22
production). During the period 2015-17, an estimated
24,400 tonnes of HFC-23 were unnecessarily emitted,
equivalent to around 309 million tonnes carbon
dioxide (mtCO2e).
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A growing number of scientific studies are sounding the alarm
about a throng of synthetic chemicals linked to industrial sources
being emitted into the atmosphere at levels that are unexpected,
unexplained or poorly understood, with implications for climate
and ozone protection under the montreal Protocol.
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as slightly earlier declines in emissions of carbon
tetrachloride (CtC), which is a feedstock for CFC-11,
14
and CFC-12, which is co-produced with CFC-11.
However, unexplained emissions of CtC continue in
the wake of the CFC-11 decline. CtC is an ozonedepleting substance still widely used as a feedstock in
the production of HFCs and HFOs, with a gWP of 2,200.
global CtC emissions were on average 44,000 ± 15,000
15
tonnes/yr in both 2016 and 2020, while the most
16
recent bottom-up estimates were 25,000 tonnes/yr.
the emissions regionally attributed to eastern China
remain orders of magnitude above official bottom-up
17
estimates from the region. Feedstock use of CtC in
China is reported to have grown by 70 per cent
between 2015-19 and reported conversion rates for the
same feedstock uses have differed considerably across
years and facilities, suggesting uncertainty about
18
emission factors.
Rising global emissions of HCFC-141b between
2017-21 have also been reported, despite a fall in
global reported production and consumption from a
19
peak in 2012. HCFC-141b is a product with several
applications, an intermediate/by-product and a
feedstock, demonstrating the complexities of
unravelling atmospheric emissions data and
pinpointing sources.

production of HFC-134a or HFC-125; its formation as
a by-product in the manufacture of HFC-125;
exempted use in agrochemical production; and its
use as an intermediate feedstock in the production
of tFA and pesticides. Emissions could also result
from CFC-113 banks where CFC-113a is present as
an impurity.

New HCFC and CFC emissions potentially related to
fluorocarbon production

A 2021 study reporting on unexpected emissions of
three HCFCs, including newly discovered HCFC-132b
in the atmosphere, further demonstrates the need to
detect and monitor substances in the atmosphere and
22
to identify their sources. there are no known end
uses for HCFC-132b, HCFC-133a or HCFC-31, yet global
emissions for all three compounds show a generally
increasing trend over the past two decades, with
mean values for 2016-19 of 970 tonnes/yr for HCFC132b, 2,300 tonnes/yr for HCFC-133a and 710 tonnes/yr
for HCFC-31.

the three HCFCs are most likely emitted as intermediate
by-products in the production of HFCs, namely HFC134a, HFC-143a and HFC-32. the study notes that the
dominant source is eastern China (Shandong/Southern
Heibei for HCFC-132b and Shanghai for HCFC-133a) and,
based on the temporal and geographical variability,
suggests that emissions are highly sensitive to
23
industrial practices at individual facilities.

Unexpectedly high CFC emissions potentially linked
to HFC production have also been reported in a 2018
study based on observations of CFC-114 (gWP 9,430),
24
CFC-115 (gWP 9,600) and CFC-13 (gWP 16,200).
growth rates of CFC-13 and CFC-114 have not declined
as expected, while average annual emissions of
CFC-115 in 2015-16 have doubled from their 2007-10
minimum levels, suggestive of additional recent
production, mostly likely as a by-product in the
manufacture of HFC-125. the authors also suggest
that the source of CFC-114 could be fugitive emissions
during synthesis of HFC-134a, where it is an
intermediate compound.

Methyl bromide

A recent study estimated anthropogenic methyl
bromide (meBr) emissions from eastern China from
2008-19 to average 4,100 ± 1,300 tonnes/yr, about
2,900 ± 1,300 tonnes/yr higher than would be
predicted based on consumption data reported to
25
the montreal Protocol. taking into account nonfumigation meBr sources from rapeseed production
and biomass burning, the scientists suggest the
remaining 3,500 /yr discrepancy is likely attributed
to unreported or incorrectly reported Quarantine
and Pre-Shipment (QPS) and non-QPS fumigation
uses or emissions from unknown sources, such as
industrial waste.

below: Atmospheric monitoring has revealed unexplained
and unexpected emissions of various gases of concern to the
montreal Protocol.

Although the role of banks is unclear, the rise in
emissions from eastern China and the timely
coincidence of this increase with the rapid
decline in CFC-11 emissions raise questions about
the potential replacement of illegal CFC-11 with
unreported illegal production and use of HCFC-141b.
Previously Unidentified Emissions of CFC-11,
CFC-12 and CFC-113

A 2021 study in Nature Communications estimated
new, unexpected emissions of CFC-11, CFC-12 and
CFC-13 during 2014-2016 of 23,200, 18,300 and 7,800
tonnes/yr, based on revised estimates of banks and
lifetimes of the chemicals. the inferred unexpected
20
emissions of CFC-11 exceed previous estimates.
Estimated direct emissions of CFC-113 (i.e. excluding
bank emissions) have increased from 3,300 tonnes/yr
in 2002-12 to 7,800 tonnes/yr in 2014-16, and are
considerably larger than anticipated based on expected
sources. CFC-113 is an important feedstock chemical.
Based on a technically feasible 0.5% emissions rate and
global reported feedstock use of 131,000 tonnes in 2014,
expected emissions would be less than 700 tonnes/yr,
more than ten times lower than estimated through
atmospheric observations.

Scientists have also drawn attention to atmospheric
concentrations of CFC-113a, which have increased
by 40% between 2017-21. Updated global emissions of
1,700 tonnes/yr on average between 2012-16 are
21
estimated. the authors identify multiple possible
sources of CFC-113a: its use as feedstock in the

8
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Gaps in the Montreal Protocol

Figure 3: Feedstock uses of controlled substances

In 2020, global production of ODS that have been ’phased out’
amounted to more than half a million tonnes (see Fig 2).26
In 2020, 1,457,007 tonnes of controlled ODS were used
as feedstock, chemical building blocks for the
commercial synthesis of other chemicals, primarily
HCFCs, HFCs and other fluoropolymers, as well as
agricultural chemicals.

Feedstock production and use of controlled substances
has grown consistently and accounts for most of the
28
reported production of phased-out substances.
According to the montreal Protocol’s technology &
Economic Assessment Panel (tEAP), HCFC-22
accounts for 48 per cent of feedstock uses, with CtC
29
accounting for a further 20 per cent.

While Parties are required to report on exempted
uses, they are excluded from the calculation of ODS
or HFC production and consumption. the growing
prevalence of scientific studies linking unexpected
emissions of potent ODS and HFC greenhouse gases
to feedstocks and industrial processes warrants a
re-examination of exempt uses.
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3
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3
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In addition, there are various exemptions
authorised for specific named Parties for essential
and critical uses, process agents, as well as the
high ambient temperature exemption under the
Kigali Amendment.

Figure 2: Reported production of phased-out substances (tonnes)

1,600,000

Tonnes

the montreal Protocol has various exemption
mechanisms which allow the continued production
and use of phased-out substances where deemed
appropriate. general exemptions include chemical
feedstock, laboratory and analytical uses and
QPS uses of meBr.
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-
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1
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13,621

8,724
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11

defined according to decision VI/11 as applications
to prevent the introduction, establishment and/or
spread of quarantine pests (including diseases) or
to ensure their official control. Pre-shipment is
defined as non-quarantine applications applied
within 21 days prior to export to meet phytosanitary
or sanitary requirements of the importing or
exporting country, according to decision XI/12.
meBr imported, exported or produced for QPS is
reported in annual Article 7 data reports and Parties
are urged to minimise emissions and refrain from
38
using meBr wherever possible.
In 2020, 44 Parties reported about 9,500 tonnes of
39
meBr being used for QPS.
Process agents

Process agents are certain ODS used in chemical
processes which are exempt from montreal Protocol
controls. most recently, process agent uses and
maximum emission limits were established for the
EU, Israel, US and China in 2019, allowing a total
consumption of 4,328 tonnes and maximum
emissions of 50 tonnes of CFCs, CtC and
40
bromochloromethane (BCm).
residues and emissions of unconverted raw material.
Decision IV/12 exempted only “insignificant quantities”
from its definition of controlled substances and urged
Parties to “take steps to minimise emissions of such
substances, including such steps as avoidance of the
creation of such emissions, reduction of emissions
using practicable control technologies or process
changes, containment or destruction.”
30

Despite this, scientists are increasingly raising
concerns that reported emissions from feedstock
processes are underestimated and may account for
significant elevated global atmospheric levels of a
number of greenhouse gases, including CtC, CFC-113,
HFC-23 and PFC-318.

Parties are required to report the production of
controlled substances for feedstock uses annually;
however, there are considerable problems with
reporting. the 2022 tEAP Progress Report lists
common feedstock applications of controlled
substances, but tEAP acknowledges that it does not
have an exhaustive list as Parties do not report how
controlled substances are used, processes are
proprietary and there is no official source to define
Above: HCFC-22 is used as a feedstock for the production of
PtFE (often used to make teflon), resulting in by-product
emissions of gHgs including HFC-23 and PFC-318.

12

the manufacturing routes followed and their efficacy.
moreover, some products are not reported because they
are intermediates and not isolated in a chemical
manufacturing process. these intermediates are,
however, being emitted and detected by atmospheric
monitoring. the 2022 tEAP Progress Report lists a
large number of high-volume chemical products that
may be produced by non-isolated controlled substance
intermediates and are not reported, including CFC-11,
32
CFC-112, CFC-114 and multiple HCFC and HFC species.
31

Finally, there are clear concerns with by-production of
ODS and other greenhouse gases, such as emissions of
perfluorocyclobutane (PFC-318), which have risen
sharply since the 2000s, correlating strongly with the
use of HCFC-22 as a feedstock in the production of
33
polytetrafluoroethylene (PtFE).
Under Article 9 of the montreal Protocol, Parties are
required to “promote research, development and
exchange of information on possible alternatives to
controlled substances, to products containing such
substances and to products manufactured with them;
and costs and benefit of relevant control strategies.”
Parties are required to submit a summary of the
activities it has conducted in this regard every two
years, which could provide valuable information on
strategies to reduce reliance on ODS as feedstocks.

Environmental Investigation Agency

However, over the past 10 years it would appear that
the only reports received were from Sweden (in 2012),
34
Norway (2015), Australia (2019) and Lithuania (2020).

laboratory and analytical uses

A global exemption mechanism permits the production
and consumption of ODS (mainly CtC and CFCs) to
satisfy essential laboratory and analytical uses, as a
35
type of general or blanket essential use exemption.
the conditions applied are set out in decision VI/9. In
2020, Parties reported consumption of 124.8 tonnes of
controlled substances for laboratory uses, almost all of
36
which was CtC (99.5 per cent).
tEAP annually reviews the development and
availability of alternatives and reports to the Parties,
which have periodically removed specific uses from
the global exemption if suitable alternatives are
available. Decision XXXI/5 extended the global
laboratory and analytical-use exemption indefinitely
beyond 2021, without prejudice to the parties deciding
37
to review the exemption at a future meeting.
Quarantine and Pre-Shipment (QPS)

meBr used for official quarantine or pre-shipment
treatments is exempt from the meBr phase-out
schedule (under Articles 2 and 5). Quarantine is
CHEmICAL NIgHtmARE

Essential and critical use exemptions

Essential use exemptions apply to controlled
substances used for a specific period of time after
they have been phased out where their use is
considered necessary for health and safety or critical
for the functioning of society or where there are no
available technically and economically feasible
alternatives or substitutes. Criteria and conditions
for authorising essential use are set out in decision
IV/25, supplemented by several decisions on
41
procedures and requirements.
In recent years, essential use exemptions have been
authorised only for CFCs for medical aerosols
(metered-dose inhalers) and CFCs for aerospace
applications. Such exemptions have been granted for
a specified amount of substance for a specific use in
the relevant Party, typically for one year at a time.
Critical use exemptions may be authorised for nonQPS uses of meBr, based on conditions set out in
Decision IX/6 and related Decisions. Requests are
assessed by tEAP and its methyl Bromide technical
Options Committee (mBtOC), and the mOP decides
on authorisations and conditions.

Critical-use and emergency use exemptions granted
to Parties for non-QPS uses of meBr in 2021 amounted
42
to almost 70 tonnes.
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Emerging and enduring concerns
PFC-318: Another potent by-product of HCFC-22
feedstock production

Perfluorocyclobutane or c-C4F8 (PFC-318) is a longlived greenhouse gas with a potent gWP of 10,200.

According to a scientific study published in 2022,
emissions of PFC-318 are rising sharply, having more
than doubled since the early 2000s, reaching 2,200
43
tonnes in 2017 and 2,300 tonnes in 2020.

the emissions are highly correlated with the
production of HCFC-22 for feedstock uses. Almost
all feedstock HCFC-22 is used to produce
tetrafluoroethylene (tFE) and hexafluoropropylene
(HFP), a process with PFC-318 as a known by-product,
to in turn make PtFE and related fluoropolymers
and fluorochemicals, including HFC-125, HCFC-225
44
and HFO-1234yf.
Nitrous oxide: Avoidable emissions of the most
widespread ozone-depleting greenhouse gas

Nitrous oxide (N2O) is an ozone-depleting substance
and the third most significant greenhouse gas;
however, it is not controlled by the montreal Protocol.

Anthropogenic emissions of N2O have grown by
20 per cent since the pre-industrial era and emissions
45
could double by 2050 if left unchecked. While the
majority (two-thirds) of anthropogenic N2O emissions
come from the agricultural sector, driven by overuse
of nitrogen-based fertilisers, industrial sources are
of note.

N2O is generated as a by-product of chemical
manufacture including nitric acid for fertiliser and
46
adipic acid for nylon and other synthetic products.
technology to reduce N20 emissions by up to
98 per cent from industrial sources is market-ready
and cost-effective. For example, industrial emissions
of N2O mainly due to nitric and adipic acid production
have decreased in North America and Europe since
the widespread installation of abatement technologies
47
in the 1990s.

Despite this, significant quantities of N2O are still
generated from industrial sources and may be growing
rapidly in regions with expanding chemical production
sectors. Some recent estimates of global N2O emissions
assume these sources are largely abated, which recent
48
investigations suggest may not be the case. A 2021
study found that the rapid growth in China’s industrial
chemicals sector contributed N2O emissions that
almost quadrupled between 2008-18, from 176,000
tonnes to 719,000 tonnes, expanding from 17 per cent

14

HFOs

to 44 per cent of the country’s overall anthropogenic
49
N2O emissions.
According to the Nitric Acid Climate Action group
(NACAg). the global nitric acid sector has an annual
emission reduction potential of above 150 mtCO2e
50
until 2030.

Unsustainable alternatives to controlled substances
Sulfuryl fluoride (SO2F2)

Since its inclusion under the montreal Protocol in 1992,
global production and consumption of meBr has
51
decreased by more than 85 per cent. However, in
many applications, especially as a structural and
post-harvest fumigant of dried fruits, tree nuts, grains,
flours and timbers, meBr has been replaced by sulfuryl
fluoride (SO2F2). SO2F2 has a 100-year gWP of 4,630
52
and a 20 year gWP of 7,510. Since 1970, the global
tropospheric background concentration of SO2F2 has
increased from ∼0.1 ppt (parts per trillion, dry air mol
fraction) to ∼2.41ppt in 2018, mainly due to use in the
53
post-harvest treatment sector. Despite its high gWP
and increasing use, sulfuryl fluoride is not regulated or
monitored and is not covered by any reporting
requirements under the UNFCCC.

the emissive use of SO2F2 as a fumigation agent could
be avoided by alternative methods and/or containment
measures. there are sufficient, cost-effective
alternatives to wood treatment against pest infestation.
these treatment methods include irradiation,
temperature treatments, debarking, drying with
vacuum dryers, hot water steam vacuum process and
hydrogen phosphide. the alternative treatments can be
54
used in combination and can readily be scaled up.
High-GwP HFC alternatives to HCFC-22

High-gWP HFC alternatives to HCFC-22 continue to be
adopted globally, such as HFC-404A (gWP 4,728) and
HFC-507A (gWP 5,775) in commercial refrigeration
applications and HFC-410A (gWP 2,256) in airconditioning and heat pumps, despite the availability
of low-gWP natural refrigerant alternatives.

Replacing HCFCs with high-gWP HFCs greatly reduces
the environmental benefit of the ODS phase-out and
will create significant challenges under the Kigali
Amendment through a larger-than-necessary stock of
equipment which will need servicing throughout its
lifetime. Leapfrogging to low-gWP refrigerants and
‘best-available technology’ by 2050 could avoid 373
gtCO2e in-room air-conditioning and large commercial
55
refrigeration alone.
Environmental Investigation Agency

Since the phase-out of ODS began more than 30 years
ago, the key sectors relying on ODS have undergone
several transitions – from CFCs to HCFCs to HFCs.
the Kigali Amendment is now spurring the uptake of
fourth generation fluorinated refrigerants, HFOs.

While HFOs have been designed to have low direct
gWPs, HFOs and HFO-HFC blends are linked to serious
environmental concerns including trifluoroacetic acid
(tFA), per- and polyfluorinated alkyl substances
56
(PFAS) and high greenhouse gas emissions.
Concern over the environmental impact of HFOs has
led Scandinavian countries recently to prioritise
natural refrigerants over HFOs in green public
57
procurement criteria.
Several HCFCs, HFCs and HFOs degrade in the
atmosphere to produce tFA as a final breakdown
product, including HCFC 123, HCFC-124, HFC-134a,
58
HFC-143a, HFO-1234yf and HFO-1234ze. HFO-1234yf,
59
the most commonly produced HFO, which is used
alone as a refrigerant and in many HFO blends,
releases 100 per cent molar yield of tFA when it
breaks down in the atmosphere. According to one
study, the complete replacement of HFC-134a by
HFO-1234yf leads to 33 times as much tFA worldwide
in the lower approx. 8km of the atmosphere. Due to
the short lifetime of HFO-1234yf in the atmosphere,
the increase in tFA varies regionally. It would be
significantly higher, for example, in areas with a
high density of mobile air-conditioning systems, up
60
to 250 times higher in Central Europe, for example.

the Refrigeration, Air-Conditioning and Heat Pumps
technical Options Committee (RtOC) of the montreal
Protocol has stated that the high rate of tFA “may be of
considerable environmental relevance in view of the
61
expected future HFO production expansion”. given the
longevity of tFA in the environment, a precautionary
approach is clearly needed.
HFOs are complex chemical compounds requiring
significant amounts of energy to manufacture.
Depending upon the production route, HFO-1234yf
produces at least 13.5 kg CO2e emissions per single
62
kilo of refrigerant produced. In contrast, ammonia
produces 1kg CO2e of emissions for every 1kg
63
manufactured and refrigerant grade CO2 produces
64
0.5 kg CO2e for each kilo manufactured.

top: Sulfuryl fluoride used as a fumigant.

Centre: High-gWP HFC alternatives to HCFCs continue
to be adopted globally despite lower-gWP alternatives
being available.

bottom: Significant quantities of N2O are still generated
from industrial sources and may be growing rapidly.
CHEmICAL NIgHtmARE
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Institutional processes for effective
implementation and enforcement

After the illegal production and use of CFC-11 were identified in
2018, Parties to the montreal Protocol were quick to respond,
initiating a variety of studies to examine the Protocol’s institutions
and mechanisms to better understand how to avoid similar
situations in the future.
this has highlighted a broad set of shortcomings
which must be addressed and new challenges
that will arise as the Protocol takes on additional
65
HFC controls.

these have been considered for several years now
at meetings of the Parties to the montreal Protocol
including the Executive Committee to the multilateral
Fund and the Implementation Committee.

At OEWg44 in July 2022, the Parties met again to
informally discuss areas for improvement to
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strengthen the effective implementation and
enforcement of the montreal Protocol, producing a
list for further discussion at moP34 of topical “issues
66
of interest”, each with specific subitems. these
issues of interest include illegal trade and production,
licensing systems, interpretation issues, products,
capacity-building, trade through free trade zones and
the Implementation Committee.
Each issue of interest is populated with specific
subitems that require their own separate discussion.
For example, under illegal trade and production,

Environmental Investigation Agency

Parties must now decide a
structured way forward to
strengthen the Montreal
Protocol.

specific sub-items include definitions, feedstock
uses, stockpiling, HS codes, mislabelling and
quota systems, each of which entails multiple
considerations.
the Parties must now decide on a structured
time-bound way forward.

EIA recommends that the Parties form a contact
group at moP34 to organise and refine the list of
issues of interest into key elements to be addressed
under a comprehensive review of the institutions
and processes of the montreal Protocol. these
elements should include:
• atmospheric monitoring

• reporting and monitoring (including licensing
systems)
• compliance mechanism (including the noncompliance procedure and implementation
committee)
• capacity building and finance
CHEmICAL NIgHtmARE

• exempt uses and emerging issues (including
feedstocks and by-product emissions)
• illegal trade and enforcement.

A decision at moP34 setting a roadmap for
consideration of each element and the related
subitems over the coming years would allow the
Parties to consult internally and externally in
advance and to come prepared to exchange
views and proposals on needed improvements.
In support, the Secretariat could be charged with
compiling the available background information to
inform the discussion, including on horizontal
issues, such as proportionality to expected benefits
as well as the costs and burdens of any new
recommended measures.

the overarching goal should be to strengthen the
effectiveness of the Protocol’s monitoring, reporting,
verification and enforcement mechanisms to
sustain the achievements of the montreal Protocol
and meet the new challenges of the HFC phase-down,
securing its standing as the most successful
multilateral environmental agreement.
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Conclusions and recommendations

Communities worldwide are faced with the devastating impacts of
a rapidly warming planet and bracing for future threats, the extent
of which will be determined by our collective success to curb the
greenhouse gases accelerating global temperature rise.
the climate crisis dictates an urgent need to
tackle unexpected and new emissions from the
fluorochemical industry and advance the
conversation on strengthening institutional
processes to ensure the sustainability of the
montreal Protocol’s achievements to date and to
rise to new challenges.

the SAP estimates that the current combined
gWP-weighted emissions of CFCs plus HCFCs
are comparable to those of HFCs. Direct industrial
emissions of greenhouse gases and ODS related
to fluorochemical production amount to
hundreds of millions of CO2-eq tonnes each year.
the montreal Protocol is clearly the most
relevant institution to address this chemical
climate bomb.

Parties are considering a number of steps towards
this goal, with draft decisions on identifying sources
67
of emissions originating from industrial processes,
68
ongoing emissions of CtC and stocks and QPS
69
uses of methyl bromide on the agenda for mOP34.
the Parties will also consider the periodic review
70
of alternatives to hydrofluorocarbons.

meanwhile, a draft decision recognising the
achievements of Crutzen, molina and Rowland,
whose pioneering scientific work paved the
way for global action to protect the ozone layer,
commits the Parties to the montreal Protocol to
“strive to continue to strengthen the institutions
that their achievements helped to establish in
order to achieve the aims of those institutions
71
and protect the atmosphere for the benefit of all.”
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EIA recommends Parties to the
Montreal Protocol to:

• Adopt a decision on institutional processes
that sets a roadmap for a comprehensive
evaluation of the montreal Protocol’s
institutions and processes
• Support draft decisions on sources of
industrial emissions, ongoing emissions of
CtC and stocks and QPS uses of
methyl bromide
• Initiate discussions on fluorochemical
feedstock and by-product emissions, in
particular how to identify and address
significant sources

• Commit to, wherever possible, avoiding the
uptake of high-gWP alternatives to
controlled ODS and HFCs
• Submit all relevant data under Article 9
before the 1 January 2023 deadline

• Support draft decision “Recognition of the
achievements of Paul Jozef Crutzen, mario
José molina and Frank Sherwood Rowland,
winners of the Nobel Prize in Chemistry
in 1995”.

Above: the climate crisis requires urgent action in all market
sectors, including the fluorochemical sector.
Environmental Investigation Agency

1. montzka et al (2018) “An unexpected and persistent increase in global
emissions of ozone-depleting CFC-11” Nature Vol 557:513
2. EIA (2018). Blowing it: Illegal Production and Use of Banned CFC-11 in
China’s Foam Blowing Industry. Available here.
3. montzka, S.A., Dutton, g.S., Portmann, R.W. et al. A decline in global CFC11 emissions during 2018−2019. Nature 590, 428–432 (2021). Available here.
4. Scientific Assessment Panel Report COP12(II)/mOP33, 29 October 2021.
Available here.
5. See Decision XXXI/3: Unexpected emissions of CFC-11 and institutional
processes to be enhanced to strengthen the effective implementation and
enforcement of the montreal Protocol. Available here.
6. See Decision XXXIII/4: Enhancing the global and regional atmospheric
monitoring of substances controlled by the montreal Protocol. Available
here.
7. World meteorological Organization (WmO). Executive Summary.
Scientific Assessment of Ozone Depletion: 2022, gAW Report No. 278, 56 pp.;
WmO: geneva, 2022.
8. All gWP values based on 100-years and IPCC’s 6th Assessment Report
9. See Irving et al (2003) good Practice guidance and Uncertainty
management in National greenhouse gas Inventories. Available here.
10. Article 2J, Paragraph 6, Kigali Amendment, available here.
11. Stanley, K. m., Say, D., mühle, J., Harth, C. m., Krummel, P. B., Young, D., ...
& Rigby, m. (2020). Increase in global emissions of HFC-23 despite near-total
expected reductions. Nature communications, 11(1), 1-6; See also: Solomon, S.,
Alcamo, J., & Ravishankara, A. R. (2020). Unfinished business after five
decades of ozone-layer science and policy. Nature Communications, 11(1), 1-4.
12. World meteorological Organization (WmO). Executive Summary.
Scientific Assessment of Ozone Depletion: 2022, gAW Report No. 278, 56 pp.;
WmO: geneva, 2022.
13. montzka, S.A., Dutton, g.S., Portmann, R.W. et al. A decline in global CFC11 emissions during 2018−2019. Nature 590, 428–432 (2021).
https://doi.org/10.1038/s41586-021-03260-5
14. Park, S., Western, L.m., Saito, t. et al. A decline in emissions of CFC-11 and
related chemicals from eastern China. nature 590, 433–437 (2021).
15. World meteorological Organization (WmO). Executive Summary.
Scientific Assessment of Ozone Depletion: 2022, gAW Report No. 278, 56 pp.;
WmO: geneva, 2022.
16. Sherry, D., mcCulloch, A., Liang, Q., Reimann, S., & Newman, P. A. (2018).
Current sources of carbon tetrachloride (CCl4) in our atmosphere.
Environmental Research Letters, 13(2), 024004. the breakdown in the
bottom-up emissions estimate is 13gg from chloromethane and
perchloroethylene (PCE) plants as the most significant source, 2gg/yr
estimated from feedstocks and possibly up to 10gg from legacy emissions
and chlor-alkali plants.
17. Park, S., Western, L.m., Saito, t. et al. A decline in emissions of CFC-11 and
related chemicals from eastern China. Nature 590, 433–437 (2021).
18. China Report to multilateral Fund 90th meeting of the Executive
Committee (Doc 90/9/Add.1).
19. Western, luke m., et al. " a renewed rise in global HCFC-141b emissions
between 2017–2021, atmos. chem. Phys. discuss. [preprint],
https://doi.org/10.5194/acp-2022-298, in review, 2022.
20.Lickley, m., Fletcher, S., Rigby, m. et al. Joint inference of CFC lifetimes
and banks suggests previously unidentified emissions. Nat Commun 12,
2920 (2021). https://doi.org/10.1038/s41467-021-23229-2
21. Adcock, K. E., Reeves, C. E., gooch, L. J., Leedham Elvidge, E. C., Ashfold,
m. J., Brenninkmeijer, C. A. & Laube, J. C. (2018). Continued increase of CFC113a (CCl 3 CF 3) mixing ratios in the global atmosphere: emissions,
occurrence and potential sources. Atmospheric Chemistry and Physics,
18(7), 4737-4751.
22.Vollmer, m. K., mühle, J., Henne, S., Young, D., Rigby, m., mitrevski, B., ... &
Steele, L. P. (2021). Unexpected nascent atmospheric emissions of three
ozone-depleting hydrochlorofluorocarbons. Proceedings of the National
Academy of Sciences, 118(5), e2010914118.
23.Vollmer et al. (2021), ibid.
24.Vollmer, m. K., Young, D., trudinger, C. m., mühle, J., Henne, S., Rigby, m.,
Park, S., Li, S., guillevic, m., mitrevski, B., Harth, C. m., miller, B. R., Reimann,
S., Yao, B., Steele, L. P., Wyss, S. A., Lunder, C. R., Arduini, J., mcCulloch, A.,
Wu, S., Rhee, t. S., Wang, R. H. J., Salameh, P. K., Hermansen, O., Hill, m.,
Langenfelds, R. L., Ivy, D., O'Doherty, S., Krummel, P. B., maione, m., Etheridge,
D. m., Zhou, L., Fraser, P. J., Prinn, R. g., Weiss, R. F., and Simmonds, P. g.:
Atmospheric histories and emissions of chlorofluorocarbons CFC-13 (CClF3),
ΣCFC-114 (C2Cl2F4), and CFC-115 (C2ClF5), Atmos. Chem. Phys., 18, 979–1002,
https://doi.org/10.5194/acp-18-979-2018, 2018.
25. Choi, H., Park, m.-K., Fraser, P. J., Park, H., geum, S., mühle, J., Kim, J.,
Porter, I., Salameh, P. K., Harth, C. m., Dunse, B. L., Krummel, P. B., Weiss, R. F.,
O'Doherty, S., Young, D., and Park, S.: top-down and bottom-up estimates of
anthropogenic methyl bromide emissions from eastern China, Atmos.
Chem. Phys., 22, 5157–5173, https://doi.org/10.5194/acp-22-5157-2022, 2022.
26.Annex XII: Reported production of phased-out substances (tonnes).
UNEP/OzL.Pro.34/6-UNEP/OzL.Pro/ImpCom/69/2
27.Annex XII: Reported production of phased-out substances (tonnes).
UNEP/OzL.Pro.34/6-UNEP/OzL.Pro/ImpCom/69/2
28.Annex XII: Reported production of phased-out substances (tonnes).
UNEP/OzL.Pro.34/6-UNEP/OzL.Pro/ImpCom/69/2
29.tEAP Progress Report may 2022. table 6.3 p59
30.Briefing note on exemption mechanisms. Available here.
31. 2022 tEAP Progress Report – Volume 1, may 2022, p54
32.tEAP Progress Report – Volume 1, may 2022, table 6.1 p53
33. mühle et al (2022) global emissions of perfluorocyclobutane (PFC-318,cC4F8) resulting from the use of hydrochlorofluorocarbon-22 (HCFC-22)
feedstock to produce polytetrafluoroethylene (PtFE) and related
fluorochemicals Atmos. Chem. Phys., 22, 3371–3378, 2022 Available here.

CHEmICAL NIgHtmARE

34.Based on a review of reports submitted by the Secretariat to the meeting
of the Parties
35. Initially specified in Annex II of the report of 6th meeting of the Parties.
Annex IV of the report of 7th meeting of the Parties provided a (nonexhaustive) list of categories and examples of L&A uses. Decision XVIII/15
set out L&A critical uses of methyl bromide.
36.UNEP/OzL.Pro.34/6-UNEP/OzL.Pro/ImpCom/69/2 Annex Xa, p58
37.Decision XXXI/5: Laboratory and analytical uses
38.Decision VII/5: Definition of "quarantine" and "pre-shipment applications"
39.UNEP/OzL.Pro.34/6-UNEP/OzL.Pro/ImpCom/69/2
40.See tables A and B, Decision XXXI/6: Process Agents
41. See Ozone Secretariat website here.
42.UNEP/OzL.Pro.34/6-UNEP/OzL.Pro/ImpCom/69/2 table 8, p9
43.mühle, J., Kuijpers, L. J., Stanley, K. m., Rigby, m., Western, L. m., Kim, J., ...
& Weiss, R. F. (2022). global emissions of perfluorocyclobutane (PFC-318, c-C
4 F 8) resulting from the use of hydrochlorofluorocarbon-22 (HCFC-22)
feedstock to produce polytetrafluoroethylene (PtFE) and related
fluorochemicals. Atmospheric Chemistry and Physics, 22(5), 3371-3378
44.Sherry et al., 2019, (see Ref 16) pers comm muhl, J.
45.Shankman, Sabrina, (2019). ‘What is Nitrous Oxide and Why is it a
Climate threat?’. Inside Climate news. Available here.
46.Feng, Rui and Fang, Xuekun, (2022). ‘Devoting attention to China’s
burgeoning industrial N2) emissions’. Environ. Sci. technal, 56, 5299-5301.
Available here.
47.IPCC, (2022), ‘Climate Change 2021:the Physical Science Basis’. IPCC,
Chapter 5-43. Available here
48.mcKenna, Pike, Northrop (2020) Inside Climate News: ‘Super-Pollutant’
Emitted by 11 Chinese Chemical Plants Could Equal a Climate Catastrophe.
Available here
49.Feng, R., & Fang, X. (2022). Devoting Attention to China’s Burgeoning
Industrial N2O Emissions. Environmental Science & technology, 56(9), 52995301.
50.https://www.nitricacidaction.org/
51. Pizano, marta, (2014). ‘Phasing out methyl Bromide in Developing
Countries’. United Nations Environment Programme. Available here.
52. IPCC, (2022), ‘Climate Change 2021: the Physical Science Basis’. IPCC,
Chapter 7 Supplementary material 7Sm-30. Available here.
53. gressent, A., Rigby, m., ganesan, A. L., Prinn, R. g., manning, A. J., mühle,
J., et al. (2021). ‘growing atmospheric emissions of sulfuryl fluoride.’ Journal
of geophysical Research: Atmospheres, 126, e2020JD034327. Available here
54.tEAP Progress Report – Volume 1, may 2022, p37-39, mBtOC 2018
Assessment Report p72-80.
55. Shah, Nihar, max, Wei, Letschert, Virginie et al, (2022). Benefits of energy
efficient and low global warming potential refrigerant cooling equipment’.
Lawrence Berkely National Laboratory. Available here
56. Kauffeld & Dudita (2021). Environmental impact of HFO refrigerants &
alternatives for the future. Open access government. Available here.
57. Nordic Nations Favor NatRefs Over HFOs in Procurement. Available here.
58. Solomon K, Velders g, Wilson S, madronich S, Longstreth J, Aucamp P,
Bornman J. 2016. Sources, fates, toxicity, and risks of trifluoroacetic acid and
its salts: Relevance to substances regulated under the montreal and Kyoto
protocols. Journal of toxicology and Environmental Health B. this report is
an Accepted manuscript of an article published by taylor & Francis in J
toxicol Environ Hlth B on June 27, 2016, available here
59. Norwegian Environment Agency, (2017). Study on environmental and
health effects of HFO refrigerants. Available here.
60.Holland et al. (2021). Investigation of the Production of trifluoroacetic
Acid from two Halocarbons, HFC-134a and HFO-1234yf and Its Fates Using a
global three-Dimensional Chemical transport model. ACS Earth Space
Chem (5):849-857.
61. Refrigeration, Air Conditioning and Heat Pumps technical Options
Committee of montreal Protocol on Substances that Deplete the Ozone
Layer, (2018). ‘2018 Assessment Report’. UN Environment, p40. Available
here.
62.Blumberg, K., Isenstadt, A., taddonio, K, Andersen, S.O. & Sherman, N.J.
(2019). ‘mobile Air Conditioning: the Life cycle costs and greenhouse gas
benefits of switching to alternative refrigerants and improving system
efficiencies’, the International Council on Clean transportation.
63.michael Kauffeld, (2020). ‘Back to the Future – refrigeration technology
with natural refrigerants in times of climate change’, presented by gEA at
shecco Virtual trade Show.
64.Blumberg et al. (2019), ibid
65. montreal Protocol Ozone Secretariat (2019). Unexpected emissions of
CFC-11: update to the overview provided at the forty-first meeting of the
Open-ended Working group UNEP/OzL.Pro.31/6. Available here.
66.United Nations Environment Programme (5 August 2022). Report of the
forty-Fourth meeting of the Open-Ended Working group of the Parties to the
montreal Protocol on Substances that Deplete the Ozone Layer.
UNEP/OzL.Pro.Wg.1/44/4. Paragraphs 46-56 and Annex II(B). Available here.
67.Annex IV, UNEP/OzL.Pro.34/2 Issues for discussion by and information
for the attention of the thirty-Fourth meeting of the Parties to the montreal
Protocol. Available here.
68.Annex VI, UNEP/OzL.Pro.34/2 Issues for discussion by and information
for the attention of the thirty-Fourth meeting of the Parties to the montreal
Protocol. Available here.
69.Annex VII, UNEP/OzL.Pro.34/2 Issues for discussion by and information
for the attention of the thirty-Fourth meeting of the Parties to the montreal
Protocol. Available here.
70.Required by Decision XXVIII/2, para. 4
71. Draft Decision: Recognition of the achievements of Paul Jozef Crutzen,
mario José molina and Frank Sherwood Rowland, winners of the Nobel
Prize in Chemistry in 1995. Available here.

19

