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7 Methodology for determining funding for HFC-23 mitigation as of 2020

7.1 Introduction

In the Kigali Amendment, HFC-23 has been added to the list of controlled (HFC) substances in Annex F,
Group Il. This Group Il has been formed because HFC-23 is thought to fulfil a minor role in HFC
consumption for emissive uses, however, it is largely produced in HCFC-22 production processes, where
it is produced as a by-product that has often been vented to the atmosphere. It should not be misunderstood
however that a certain small production of HFC-23 is used to form blends (such as R-508) which are used
(and are essential because of no competitive or alternative refrigerants or blends) in very low temperature
freezing equipment, furthermore, it is used in fire protection; both are emissive uses. There might also be
some feedstock use for HFC-23.

The larger portion of the HFC-23 vented to the environment comes from the HCFC-22 production
processes where HCFC-22 is produced for both emissive uses and for feedstock production. In non-Article
5 production processes the emission of HFC-23 is avoided via mitigation, i.e. the incineration of the by-
product gas and the re-use or neutralization of the HF so obtained. The percentage of the HFC-23 formed
in the total amount of gas produced (HCFC-022 and HFC-23) is maximum 4%, where this percentage can
be reduced by optimising the process and by suitable use of regularly replaced catalysts; percentages in the
order of 1.2-1.4% have been given in case of this optimization. Some of this optimisation has been applied
in non-Article 5 HCFC-22 production plants, followed by collection and incineration of HFC-23.

Table 7-1 gives an overview of the Article 7 UNEP reported data related to HCFC-22 production during
the period 2008-2015 for non-Article 5 and Article 5 feedstock and emissive uses.

HCFC-22 feedstock production in non-Article 5 parties did not decrease during 2008-2015, there has been
an increasing trend in Article 5 parties (however, with one exception, which is for the year 2015).
Production for emissive uses is decreasing since before the year 2008 in non-Article 5 parties and since the
year 2012 in Article 5 parties (with a maximum of almost 412,000 tonnes in 2012).

Table 7-1 Production of HCFC-22 for feedstock and emissive uses in Non-Article 5 and Article 5
parties, period 2008-2015 (UNEP Article 7 reporting) (in this case all Article 5 parties are considered,
including the Republic of Korea)

Production of HCFC-22 for feedstock and emissive uses 2008-2015 (metric tonnes

Year 2008 2009 2010 2011 2012 2013 2014 2015
Non-Article 5 emissive 117621 74226 61372 47214 36609 28733 29700 19806
Avrticle 5 emissive 330078 | 371418 | 379105 | 379925 | 411634 | 330071 | 341666 | 287774
Total emissive 447699 | 445644 | 440477 | 427139 | 448243 | 358804 | 371367 | 307580

Non-Article 5 feedstock 173957 | 120824 | 164588 | 186190 | 177301 | 159496 | 177178 | 199576

Article 5 feedstock 170916 | 173098 | 221761 | 263482 | 261815 | 323996 | 330910 | 293156

Total feedstock 344872 | 293923 | 386349 | 449671 | 459116 | 483491 | 508088 | 492733

As mentioned, HFC-23 is a by-product in all HCFC-22 production given in Table 7-1. Article 5
production for emissive and feedstock use was about 580 ktonnes in 2015.

Figure 7-1 and 7-2 show feedstock, emissive use and total HCFC-22 production for all parties as well as
for Article 5 parties only.
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Fig. 7-1 HCFC-22 production for feedstock, emissive uses and total, for 2008-2015, as reported under
Article 7 by all non-Article 5 and Article 5 parties

Article 5 HCFC-22 production

800
700
600
= 500
2 400

2 300 -
200

2008 2009 2010 2011 2012 2013 2014 2015
year

ktonnes per year

o

——Feedstock Emissive Total

Fig. 7-2 HCFC-22 production for feedstock, emissive uses and total, for 2008-2015, as reported under
Article 7 by all Article 5 parties

From Figures 7-1 and 7-2 it can be concluded that emissive use production is clearly decreasing, there is
an upward trend for feedstock, however not that much during 2013-2015. The growth in feedstock
production is difficult to forecast, it might be smaller than thought in the past, very much related to
forecasts for PTFE use. For total HCFC-22 production in Article 5 parties, there may be a certain growth
in feedstock production during the next 5 years, but the maximum of the year 2012 is not likely to be
achieved. HCFC-22 is also used to make HFC-125 in e.g., China, although alternative production
technologies may reduce its competitiveness.

With regard to the HFC-23 substance, the Kigali Amendment stipulates that:

e Each party manufacturing Annex C, Group I, or Annex F substances shall ensure that for the
twelve-month period commencing on 1 January 2020, and in each twelve-month period
thereafter, its emissions of Annex F, Group Il substances generated in each production facility
that manufactures Annex C, Group I, or Annex F substances are destroyed to the extent
practicable using technology approved by the parties in the same twelve-month period;
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e Emissions of Annex F, Group Il substances generated in each facility that generates Annex C,
Group I, or Annex F substances by including, among other things, amounts emitted from
equipment leaks, process vents, and destruction devices, but excluding amounts captured for use,
destruction or storage;

o Each Party shall provide to the Secretariat statistical data of its annual emissions of Annex F,
Group Il controlled substances per facility in accordance with paragraph 1(d) of Article 3 of the
Protocol.

In decision XXVI111/2, parties request the Executive Committee to develop guidelines for financing the
phase-down of HFC consumption and production. With regard to the production sector, the parties
through decision XXV111/2 requested the Executive Committee to make eligible the costs of reducing
emissions of HFC-23, a by-product from the production process of HCFC-22, by reducing its emission

rate in the process, destroying it from the off-gas, or by collecting and converting it to other

environmentally safe chemicals. Such costs should be funded by the Multilateral Fund to meet the
obligations of Article 5 parties. A further analysis of the expected mitigation and associated cost scenarios
is given in sections 7.2 and 7.3.

The guidelines concerning the production of HFCs and all issues related to this production have first been
discussed in April 2017 at ExCom-78. Final guidance where it concerns the funding of capital and
operating costs for mitigation of HFC-23 is not yet clear, however, a range for the funding that would be
required in the next triennium can be determined. In particular, it is noted that the control obligations
related to HFC-23 are the earliest control obligations under the Kigali Amendment.

Paragraph 41 in ExCom document 77/70 for the ExCom-77 meeting in December 2016 mentions a

number of issues related to HFC-23 mitigation. A document covering the key aspects related to HFC-23
was subsequently developed by the Secretariat and was published in March 2017 as
UNEP/OzL.Pro/ExCom/78/9 (“Key aspects related to HFC-23 by-product control technologies”).

7.2

HFC-23 by-product production

A number of details on HFC-23 production and mitigation and how it has been dealt with in past years can
be found in the Appendix to this chapter.

Table 7-2 Level of HFC-23 estimated in 2015 and destruction facilities in Article 5 countries (from
ExCom 78/9)

HFC-23 generation HCFC-22 production lines
HCFC-22
Country |production With CDM With With Without
*(mt/year) | (mt/year) |Rate (%) Number . destruction | recovery | destruction
project - -
facility system facility
Argentina 2,446 73 3.00 1 1 0 0 0
China 534,928 13,602 2.54 32 14 16 1** 1
DPR Korea 498 15 3.00 1 0 0 0 1
India 53,314 1,674 3.14 | 5 (or B)*** 5 0 0 0
Mexico 4,729 115 244 2 1 0 0 1
BR 677 20 3.00 1 0 0 0 1
Venezuela
Total 596,591 15,499 42 21 16 1 4
2017 TEAP XXVII1/5 Task Force (Replenishment) Report 43



The ExCom 78/9 document gives HCFC-22 production data reported under Article 7 for 2015 for six
Article 5 countries, namely Argentina, China, Democratic People’s Republic of Korea, India, Mexico, and
Bolivarian Republic of Venezuela, and concludes that they manufactured almost 600 ktonnes of HCFC-22
for controlled emissive and feedstock uses. That document estimates the total amount of HFC-23
generated at 15,499 tonnes (see table below, reproduced from the ExCom document).

Of the six Article 5 countries that reported HCFC-22 production under Article 7 (see above), only China
has an approved HPPMP. The issue of the eligibility funding the closure of swing plants continues to be
under discussion at ExCom level. Given the present guidelines (except for the DPR Korea), the Article 5
producing countries are not eligible to receive funding from the Multilateral Fund for closure of HCFC-22
(swing) plants. The following can be mentioned for the various countries:

7.2.1 Argentina

Data given mention that the HFC-23 generated in Argentina is about 3% of the HCFC-22 amount
produced. It is being vented, where it was reported previously as vented under the CDM.

7.2.2 China

Table 7-3 Amounts of HCFC-22 produced in 2015 in various HCFC-22 production plants, as well as
the HFC-23 amounts stored and/or incinerated in 2015. The information is available from the Chinese
NRDC at NDRC at: http://ghs.ndrc.gov.cn/gzdt/201605/t20160527 _805072.html

HCFC-22 HFC-23 Incinerated
Producer prod. prod. HFC-23 Comment
(ktonnes) (tonnes) (tonnes)
Shandong Dongyue 182 tonnes stored, two new
Chemical Co 173.3 3614 1059 incinerators completed late 2015
. 376 tonnes stored, new incinerator
Zhengjiang Quhua Co 49.2 1441 1055 completed in December 2015
Jiangsu Meilan 63.9 1827 1418
3F Changsu 40.9 1180 1180
ZhongHao ChenGuang 17.2 474 466
Linhai Limin HFC-23 stored in the past
Chemical (Zhejiang) 17:5 353 615 included
Shandong ZhongFu N/A N/A N/A Data not available
Arkema Changshu
(Jiangsu) 30.7 576 576
.. . . 350 tonnes sold, 18 tonnes stored,
Zhejiang Sanmei Chemical 144 368 0 incinerator compl. April 2016
. .. 165 tonnes sold, incinerator
Jinhua Yonghe (Zhejiang) 12.0 240 0 completed in March 2016
Zhejiang 20.6 618 0 144 tonnes sold, 44 tonnes stored,
Lanxi Juhua ' incinerator compl. March 2016
Jiangxi YingGuang 0.0 0.0 0 Incinerator under construction
Chemical
Jiangxi Sanmei Chemical 14.0 350 0 194 tonn_es .SOId’ 41 tonnes stored,
without incinerator constr. plan
Slchugn Zigong Honghe N/A N/A N/A Data not available
Chemical
Zhejiang Pengyou Incinerator completed in April
Chemical 10.0 270 0 2016
Totals 463.7 11311 6369
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China has a large number of HCFC-22 producing plants, of which a number of plants in operation for at
least three years before 2004 were qualified for and equipped under the CDM with incineration units that
incinerated part -- or the whole of the HFC-23 generated. In 2008, any new HCFC-22 lines built for use as
a refrigerant were required by the Chinese government to have the capability to address HFC-23 and any
new HCFC-22 production units for feedstock are required to destroy HFC-23 without subsidies related to
capital investment or operating costs.

Table 7-3 gives 15 Chinese HCFC-22 production plants, of which 9 plants have an annual output between
0 and 40 ktonnes, 3 between 40 and 80 ktonnes; one has an annual output in the range of 150-200 ktonnes
of HCFC-22. For two plants data are not available. Specific production data are given in the table, with a
known total of 463.7 ktonnes. This is less than in the ExCom 78/9 table, because certain plant production
lines are not reported (the amount in the ExCom 78/9 may also be overestimated; it may well be 22
ktonnes lower for 2015).

Article 7 reporting of HCFC-22 for emissive use and feedstock production by China amounts to about 514
ktonnes in 2015 (there is a difference of about 50 ktonnes with the amount mentioned in Table 7-2; 50
ktonnes may well have been produced in the two plants for which no data are available in Table 7-2).
Based on the data in table 7-3, HFC-23 waste generation rates ranged from 2.9 to 1.9 per cent, with an
average of 2.4 per cent; this is comparable to the data reported in ExCom 78/9, which indicated HFC-23
waste generation rates between 3.03 and 1.78 per cent for 29 production lines in 13 production facilities,
with an average of 2.54 per cent.

With the support of the Government, the construction of 13 HFC-23 destruction facilities at 15 HCFC-22
production lines not covered by the CDM was started in 2014. The Government also has committed to
subsidise the operating costs during the period 2014-2019 to encourage the operation of destruction
facilities. The CDM lines have been in operation since their start up. Once all new destruction facilities
are completed, 30 out of 32 production lines will be equipped with a destruction (incineration) facility. It
is estimated that 45 per cent of the HFC-23 generated was destroyed in 2015; 10 per cent was collected,
sold or stored for use; and 45 per cent was emitted. For 2016, a percentage between 60 and 70 is
estimated for destruction; the collection cannot be estimated.

7.2.3 Mexico

In Mexico, HFC-23 by-product from HCFC-22 production is partially emitted (and/or separated for a
specific use), or destroyed. One destruction facility attached to one Quimibasicos plant (CDM project
from 2006) was operated in 2015. The other plant (where it is not clear where it is located and whether
the same destruction facility could be used for the HFC-23 amount generated here) is venting HFC-23 to
the atmosphere. A HFC-23 waste generation of 2.44% has been reported.

7.24 India

In India, 5 HCFC-22 production facilities have implemented a CDM project, of which two are still in
operation (until April 2017 and October 2018). Once the CDM projects will expire for the production
facilities, a newly issued order by the Indian Government specifies that the destruction facilities continue
to be operated. It is not clear whether that would mean that operating costs would be eligible under the
Multilateral Fund. For the funding requirement calculated in this report it has been assumed that they
would.

There may also be a sixth facility in India (not taken into consideration) producing HCFC-22 for
feedstock.
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7.25 Other Article 5 parties

The HCFC-22 production facilities in the DPR Korea and the Bolivarian Republic of Venezuela (one
each) have never had a CDM project and did never build destruction facilities. It can therefore be
assumed that HFC-23 is vented at those two facilities at a 3% level of the HCFC-22 production. There is
also production in the Republic of Korea but this has not been further considered here.

7.3 HFC-23 by incineration; investment and operating costs

It will be difficult to give accurate numbers for future years, i.e., after the year 2020 (the first year in the
Kigali Amendment), for capital and operating costs for HFC-23 mitigation.

This because:

e Itis unclear what the HCFC-22 total production will be in the year 2020 and the years beyond,
which very much depend on the increase (decrease) in production for feedstock, if any;

e |t may be useful for certain existing plants to consider collection of HFC-23 rather than continuous
destruction in an integrated system and transport to an incineration facility on- or off-site, however,
costs for this operation are unknown as capital investment to improve the ability to collect HFC-
23 may be needed to reduce emissions rates;

e |tis unclear whether and when certain Article 5 production plants would consider closure, if they
would become eligible for closure funds under the Protocol;

e Costs for investments for and operating costs of an incineration (thermal decomposition) plant
vary widely;

e Neutralization and disposal costs or income generated by the acid waste stream will vary
depending on local markets and the ultimate fate of the acid;

¢ Reduced HFC-23 generation through optimisation could further reduce operating costs for
incineration and neutralisation.

An estimate of capital and operational costs is therefore given on the basis of the HFC destruction plants
installed and the HFC-23 generated in 2015. This implies that it would concern 3 destruction facilities, and
furthermore transport costs of HFC-23 to a destruction facility for two small production plants, as well as
about 15.5 ktonnes HFC-23 generated per year (based on 575 ktonnes of HCFC-22).

Process optimisation is normally done to minimize the HFC-23 emissions; this is related to temperature,
pressure, feed rates, catalyst concentration and catalyst renewal, where the latter is a very important factor
in the production of HFC-23 as a percentage of HCFC-22. Non-Article 5 country producers are assumed
to all have implemented either process optimization and/or thermal destruction to mitigate HFC-23
emissions. Process optimization will reduce generation rates to below 1.6 per cent of HCFC-22
production, but may require modifications to existing equipment and capital expenditure, as well as
additional operating costs.

A report on an optimization project in China implemented under the stage | HPPMP is expected at the 79"
Executive Committee meeting. Specifically, implementation of the HPPMP for China includes technical
assistance related to HFC-23 by-product control, and in particular an investigation on the mechanisms and
technical feasibility of reducing the HFC-23 production ratio in HCFC-22 production through best
practices. This technical assistance intends to reduce the HFC-23 by-product ratio through policy and
technical measures.

The USEPA (global mitigation report of 2013) estimated the costs for installing and operating a thermal
oxidizer with a technical lifetime of 20 years: capital cost is estimated to be approximately US$ 4.8
million to install at an existing plant and US$ 3.7 million to install as part of constructing a new plant,
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operating and maintenance costs are approximately 2.0 to 3.0 per cent of total capital costs. Based on
these assumptions, operating costs would be approximately US$ 0.22/kg (following ExCom document
78/9). Values in this range, even somewhat higher, have been mentioned in discussions with
manufacturers in non-Article 5 parties. Higher estimates have been given by others sources consulted,
varying between incremental capital costs of US$ 2-10 million for plants with a HCFC-22 production
capacity of 10-50 ktonnes of HCFC-22 (China CDM report, IPCC-TEAP, 2005, manufacturers data) and
as high as US$ 6/kg (see ExCom document 78/9).

Based on the ranges given, this study estimates the cost of a new incinerator for existing facilities at
US$ 250,000-500,000 per year (based on a 20 years lifetime).

For the operating costs, a “best estimate” range of US$ 0.5-1.5 per kg has been derived®. In this amount
the costs for possible optimization of the process before HFC-23 mitigation would be included.

The above would imply (see above) a funding of US$ 0.75-1.5 million for one year for three new facilities.
For the operational costs (for 15.5 ktonnes of HFC-23 as mentioned in Table 8-2) a range of US$ 7.75-
23.3 million would apply. This amount takes into account all operating costs for all Article 5 parties with
HCFC-22 production, including those where subsidy programs are currently applied (PR China) or where
an order (or regulation) to mitigate HFC-23 emission has entered into force (India).

To this amount the possible costs for the mitigation of 35 tonnes of HFC-23 from the facilities in DPR
Korea and Venezuela would have to be added, but this is assumed to be small compared to the numbers
mentioned for the range above. Costs for transport and incineration elsewhere could be assumed at
US$ 2.5 per kg, which would bring the total to US$ 87,000 per year.

However, it may not be correct to consider the same HCFC-22 production amounts for emissive uses and
for feedstock. One could assume that the emissive use production would decrease by 25% between 2015
and 2020 (the Montreal Protocol mandated reduction) and that feedstock production would increase by
10% based on the 2015 production. Since both amounts are comparable in the case of Article 5 countries it
would mean that the operational costs would be lower in 2020, where the range of US$ 6.4-19.1 million
can be determined (from the range of US$ 7.75-23.3 million above). Together with the annual investment
costs as well as transport and incineration costs this would yield a total of US$ 7.2-20.7 million for HFC-
23 mitigation.

In order to prepare for operation of a few facilities (not in operation) to incinerate HFC-23, enabling
activities at a value of US$ 0.8 million are estimated.

Table 7-4 Funding for HFC-23 mitigation activities for the triennium 2018-2020 (US$ million)

HFC-23 mitigation 2018-2020
Enabling activities before 2020 0.8
Capital and operating costs (year 2020 only) 7.2-20.7
Total 8.0-21.5

13 Based upon estimates from various studies, data from the ExCom 78/9 document, and information on investments
and operational costs from several HCFC-22 manufacturers
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Appendix to Chapter 7

From the publication by Montzka (2010), one can take the following:

“HFC-23 (CHF3) is a potent greenhouse gas with a global warming potential (GWP) of 14,800 for a 100-
year time horizon, that is an unavoidable by-product of HCFC-22 (CHCIF2) production. HFC-23 is a
relatively long-lived trace gas with a tropospheric lifetime of about 260-270 years...... The production of
HCFC-22 for use as feedstock, however, is unrestricted. These two latter aspects of HCFC-22 production
regulation have implications for the future production of the by-product HFC-23.

In contrast to the widespread industrial uses of HCFC-22, HFC-23 has limited industrial uses. These
include use as feedstock in Halon-1301 (CBrF3) production (nondispersive), in semiconductor fabrication
(mostly non-dispersive), in very low temperature (VLT) refrigeration (dispersive) and in specialty fire
suppressant systems (dispersive). Thus the bulk of the co-produced HFC-23 was historically considered a
waste gas that has been and often continues to be vented to the atmosphere. Since the 1990s, some HCFC-
22 producers in the developed countries have voluntarily reduced HFC-23 emissions by process
optimization and/or incineration. Based on historical trends, McCulloch in 2004 concluded that
“approximately half of the HFC-23 co-produced with HCFC-22 in the developed world is abated”. Under
the Clean Development Mechanism (CDM) of the United Nations Framework Convention on Climate
Change (UNFCCC) 19 HCFC-22 production plants in five developing countries were approved for
participation as CDM projects. These countries have reportedly incinerated the HFC-23 co-produced
during 2007-2008 from 43-48% of the developing world’s HCFC-22 production (Montzka, 2010).
Typical HFC-23/HCFC-22 co-production ratios, often referred to as the waste gas generation ratio “w”,
range from 0.014 in optimized processes to upwards of about 0.04. This co-production relationship of
HFC-23 and HCFC-22 provides a unique constraint in evaluating their emission and production trends as
HFC-23 may act as a tracer of HCFC-22 production while the fate of HCFC-22 involves a more
convoluted path of various end-uses and different release rates. To the extent that HCFC-22 production,
waste gas generation ratio and HFC-23 incineration are known, a bottom-up emission history for HFC-23
can be derived. This is not subject of this section, however, has been important in deriving emissions from
atmospheric abundance measurements.

To investigate the response of HFC-23 emissions to HCFC-22 production and recent HFC-23 emission
abatement measures, a bottom-up HFC-23 emission history was constructed for comparison with our top-
down HFC-23 emission history. The bottom-up history relies on HCFC-22 data provided by UNEP up to
2008, on HFC-23 data provided by UNFCCC for developed countries emissions to 2008, on CDM HFC-
23 incineration monitoring reports for 2003-2009 and on annual HFC-23/HCFC-22 co-production ratios
for developing countries deduced from these CDM reports. The top down versus bottom-up HFC-23
emission history comparison shows agreement within stated uncertainties for all years, with particularly
close agreement during 1995-2005. The bottom-up history shows small, statistically insignificant
departures to lower values in 2006 and 2008. Overall, this level of agreement supports a reasonable
confidence in the HFC-23 emission data reported to the UNFCCC for developed countries and for HFC-23
incineration data reported by CDM projects, and for data reported to UNEP under Article 7 of the
Montreal Protocol. In the 1990s, HFC-23 emissions from developed countries dominated all other factors
controlling emissions, and thereafter they began to decline to an eventual six-year plateau. From the
beginning of that plateau, the major factor controlling the annual dynamics of global HFC-23 emissions
became the historical rise of HCFC-22 production for dispersive uses in developing countries to a peak in
2007. But incineration via CDM projects became a larger component during 2007-2009, reducing global
HFC-23 emissions despite both a high HCFC-22 dispersive production and a rapidly rising feedstock
production, both in the developing world. In the near future, the controlling factor determining whether
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there is resurgence or continued decline in HFC-23 emissions may be the extent to which incineration can
keep pace to counteract potential growth in feedstock production.”

This was the result of investigations reported up to 2010™. At that stage the future of any CDM project
related to HFC-23 incineration was uncertain based upon the discussions that had started in 2006 within
the UNFCCC framework. A further publication by Miller and Kuijpers (2011) investigated future global
scenarios for HFC-23 abundances in the atmosphere, dependent on assumed CDM supported mitigation,
feedstock production growth and emissive use production phase-down in Article 5 parties (Miller and
Kuijpers, 2011). Fang (2014) published a study, which specifically develops HFC-23 emission scenarios
through 2050 for China.

However, in the period 2010-2016 various developments have taken place where it concerns HFC-23
mitigation activities in various Article 5 parties. In the early versions of the approved baseline and
monitoring methodology “Decomposition of fluoroform (HFC-23) waste streams” under the CDM, the
waste generation rate was capped at 3.0 per cent. The most recent version of the methodology uses a
waste generation rate of 1 per cent. Information provided in ExCom document 78/9 mentions that “one
producer in the United States of America has developed technology that could improve the yield of
HCFC-22, reduce the HFC-23 by-product generation rate to as low as 1.0 percent, and improve the
collection efficiency of HFC-23 that is generated”.

% In 2009 the MLF Secretariat had described the situation with regards to CERs, carbon credits via Certified
Emission Reductions in UNEP/OzL.Pro/ExCom/57/62 (February 2009), Summary of Information publicly available
on relevant elements of the operation of the Clean Development Mechanism and the amounts of HCFC-22
production available for credits
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