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1 Introduction 

The Clean Development Mechanism (CDM) under the Kyoto Protocol aims at assisting 
developing countries in achieving sustainable development and industrialized countries 
in fulfilling their quantitative reduction targets under the Kyoto Protocol. Under the 
CDM, industrialized countries1 may use Certified Emission Reduction Units (CERs) 
from greenhouse gas (GHG) emission reductions projects undertaken in developing 
countries2 to fulfil their reduction commitments. 

With the adoption of the Marrakech Accords at the seventh Conference of the Parties 
(COP) of the United Nations Framework Convention on Climate Change (UNFCCC) in 
2001, the CDM was made operational with the adoption of the CDM modalities and 
procedures3 and the election of the CDM Executive Board (EB). This prompt start of 
the CDM allowed project developers to start implementing CDM projects, even in ad-
vance of the Kyoto Protocol coming into force on 16 February 2005. 

According to market information supplied by PointCarbon4, by January 2005 about 
1300 Joint Implementation (JI) and CDM projects had been proposed globally and 
about 270 projects were at a more advanced state of development (including the elabo-
ration of a Project Design Document). Several governments have set up procurement 
tenders to purchase CERs. In 2004, the European Union adopted a linking directive, 
which allows companies in the European Emissions Trading Scheme (ETS) to use 
CERs in order to fulfil their commitments.5 The overall market for CERs is estimated to 
consist of about 1,250 million tons of CO2 equivalents (MtCO2e) up to 2012 at a price 
of US$ 11 per tCO2e in 2010.6 

In the last three years the regulatory framework for the CDM has been further elabo-
rated: by the end of 2004, the EB had approved 19 methodologies for calculating emis-
sion baselines and monitoring emission reductions. Four Designated Operational Enti-
ties (DOEs) – responsible for the independent validation of CDM projects and the certi-
fication of CERs – have been formally accredited and the first CDM project has been 
formally registered. 54 developing countries have appointed their Designated National 
Authorities (DNAs) to approve CDM projects. 

                                                 
1 Parties included in Annex I of the United Nations Framework Convention on Climate Change 

(UNFCCC), in the following referred to as Convention, with a commitment inscribed in Annex B of 
the Kyoto Protocol. 

2 Parties not included in Annex I of the Convention 
3 Annex to decision 17/CP.7. Document: FCCC/CP/2001/13/Add.2, p. 26-49 
4 CDM & JI Monitor from 11 January 2005 
5 Directive 2004/101/EC of the European Parliament and of the Council of 27 October 2004 amending 

Directive 2003/87/EC establishing a scheme for GHG emission allowance trading within the Commu-
nity, in respect of the Kyoto Protocol’s project mechanisms, OJ L 338/18, 13.11.2004 

6 Haites, E. 2004: Estimating the Market Potential for the Clean Development Mechanisms. Review of 
Models and Lessons Learned. PCF, IEA, and IETA, PCFplus Report 19, Washington DC, USA 
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At the tenth session of the COP, held in Buenos Aires in December 2004, Parties re-
quested the Subsidiary Body for Scientific and Technological Advice (SBSTA), in col-
laboration with the EB, to develop a recommendation related to implications of CDM 
projects for the achievement of objectives of other environmental conventions and pro-
tocols, in particular with respect to new chlorodifluoromethane (HCFC-22) production 
plants and the Montreal Protocol. This request originates from a debate within the EB 
on the first two CDM projects7 that requested registration in August 2004. These pro-
posed CDM projects plan to destroy the GHG trifluoromethane (HFC-23), an unwanted 
by-product of HCFC-22 production. 

HCFC-22 is an ozone depleting substance (ODS) as well as a GHG with a global warm-
ing potential (GWP)8 of 1,7009 and is controlled under the Montreal Protocol.10 
HCFC-22 is mainly used as refrigerant in air conditioning as well as commercial and 
industrial refrigeration systems. HCFCs have a lower ozone depleting potential than 
chlorofluorocarbons (CFCs) and are therefore used as intermediate replacements for 
CFCs.11 In addition, HCFC-22 is used as feedstock for the production of polytetra-
fluoroethylene (PTFE). The use of HCFC-22 as feedstock is not controlled under the 
Montreal Protocol, since emissions from feedstock use are estimated to be insignificant. 

HFC-23, the unwanted by-product of HCFC-22 production, is not an ODS but a GHG 
and controlled under the Kyoto Protocol. It has a very high GWP of 11,700 for the first 
commitment period from 2008 to 2012.12 

If the HFC-23 waste stream is mitigated under the CDM, plant operators gain signifi-
cant revenues from CERs, due to the high GWP of HFC-23. The revenues from CERs 
can be even larger than the production costs of HCFC-22 (see chapter 3 below). As a 
consequence, HCFC-22 production and consumption may be increased through the 
CDM. New HCFC-22 production plants might be constructed only due to the CDM. 
This could have negative implications for both the climate and the protection of the 
ozone layer, since HCFC-22 is an important ODS as well as a GHG. Consequently, the 
                                                 
7 “Project for GHG emission reduction by thermal oxidation of HFC 23 in Gujarat, India” and “HFC 

Decomposition Project in Ulsan” (see http://cdm.unfccc.int) 
8 The global warming potential (GWP) describes the global warming effect of a GHG over a time horizon 

of 100 years in mass relation to carbon dioxide 
9 IPCC 2001: Climate Change 2001: The Scientific Basis. Contribution of Working Group 1 to the Third 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge, United Kingdom 
and New York, NY, USA 

10 Under the Montreal Protocol, consumption of HCFCs for other purposes than feedstock-use is gradu-
ally phased out. Industrialized countries (non-Article 5.1 Parties) are committed to gradually reduce 
their consumption of HCFCs (e.g. by 90% until 2015, 99.5% until 2020 and 100% until 2030 - com-
pared to the base level in 1989). Developing countries (Article 5.1 Parties) are committed to stabilize 
production and consumptions levels from 2016 to the 2015 level. Consumption and production of 
HCFCs for other purposes than feedstock-use is phased out by 2040. 

11 Under the Montreal Protocol, HCFC-22 has an ozone depleting potential of 0.055 compared to the 
ozone depleting potential of CFC-11. 

12 Article 5.3 of the Kyoto Protocol and decision 2/CP.3 establish that during the first commitment period 
the global warming potentials for a time horizon of 100 years from the Second Assessment Report by 
the IPCC should be used. 
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implementation of HFC-23 destruction projects under the CDM might have negative 
impacts on both the climate and the ozone layer. 

From August 2004 to February 2005, the underlying baseline and monitoring method-
ology for HFC-23 destruction (AM0001)13 was revised by the EB and limited to exist-
ing HCFC-22 production facilities. The limitation to existing facilities aimed at avoid-
ing new HCFC-22 facilities being constructed due to the CDM. 

The first Conference under the Kyoto Protocol, to be held in December 2005 in Canada, 
will need to take a decision on how to proceed with CDM projects in new HCFC-22 
facilities, and might also take a general decision on how to address the negative implica-
tions of the CDM for the objectives of other Conventions. 

Against this background, we will describe in this paper the technical (chapter 2) and 
economic (chapter 3) aspects of HFC-23 destruction under the CDM, show the implica-
tions of HFC-23 CDM projects in new HCFC-22 production plants for the mitigation of 
climate change and the protection of the ozone layer (chapter 4), analyze legal aspects 
(chapter 5), discuss possible ways forward (chapter 6) and provide conclusions and rec-
ommendations (chapter 7) for how this issue could be addressed. 

2 Abatement of HFC-23 emissions 

HCFC-22 is produced from chloroform (CHCl3) and hydrogen fluoride (HF) with anti-
mony pentachloride (SbCl5) as catalyst in a reactor under steady state conditions. The 
product stream leaving the reactor contains, in addition to HFCC-22, several by-
products (including HFC-23) which are removed in subsequent processing steps. 
HFC-23 is typically separated as vapour from the condensed HCFC-22 and vented to 
the atmosphere. Approximately 98 to 99 percent of HFC-23 emissions occur at the con-
denser vent, while other emission sources – such as leakages from valves, compressors 
and flanges – are estimated to have much lower emissions.14 

HFC-23 emissions can be abated by various means. Process optimization and thermal 
oxidation of the waste stream are considered the most important measures. 

Process optimization can help to reduce the HFC-23/HCFC-22 ratio in the stream leav-
ing the reactor. In the Revised 1996 IPCC Guidelines15 a default value of 4% is sug-
gested for the HFC-23/HCFC-22 ratio, based on the US GHG inventory from 1990 to 
1993. 

However, several other sources suggest that the ratio can be much smaller if the process 
is optimized. According to Rand et al. (1999), some US plants have reduced the 

                                                 
13 AM0001 (see http://cdm.unfccc.int/methodologies/PAmethodologies/approved.html)  
14 Rand, S., Ottinger, D.,Branscome, M. 1999: Opportunities for the reduction of HFC-23 emissions from 

the production of HCFC-22. Proceedings from the joint IPCC-TEAP expert meeting 1999. 
http://arch.rivm.nl/env/int/ipcc/docs/IPCC-TEAP99/files/m99a7-1.pdf 

15 IPCC (1996): Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories. Volume 3. 
Reference Manual, page 2.42 
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HFC-23/HCFC-22 ratio from 3 to 4 percent to approximately 1.5 to 2 percent.16 The 
company DuPont explained in a letter to the CDM Executive Board that it achieved at 
the Louisville plant a ratio of 1.37 percent and that this ratio is an economically attrac-
tive course of action. However, optimal economic operation conditions are not necessar-
ily the same as conditions that minimize HFC-23 generation. In addition, process opti-
mization may be more complex in the case of swing plants that can switch between pro-
duction of CFC-11, CFC-12 and HCFC-22. 

Harnisch and Höhne (2002) analyzed atmospheric measurements and reported emis-
sions of HFC-23 as well as HCFC-22 production data. Based on the comparison they 
came to the conclusion that “a 4% by-production factor around 1990 does not seem to 
be supported by atmospheric measurements, while 2% in 1990 and less thereafter seems 
possible”.17 This indicates that on a global scale, most plants apparently already have a 
significantly lower ratio than 4%. 

Taking this more recent information into account, the EB17 decided in December 2004 
to assume a maximum value of 3%, and a more conservative default value of 1.5% in 
cases where estimates for the HFC-23/HCFC-22 ratio are unavailable, in the revised 
methodology AM0001 for the baseline scenario.18 

Thermal oxidation is a demonstrated technology that can reduce HFC-23 emissions by 
about 99 percent. Thermal oxidation is therefore in most cases the preferred option to 
mitigate HFC-23 emissions from HCFC-22 production. GHG abatement costs of this 
option are relatively low. The Third Assessment Report by the IPCC mentions abate-
ment costs of about EUR 1.90 per tCO2e in the EU, based on a report from 1998.19 The 
US EPA (2001) estimates typical abatement costs with 0.73 US$ per tCO2e.20 Accord-
ing to information from a workshop held in Sanya Citiy (China)21, HFC-23 destruction 
costs amount to about 4 to 6 US$ per kg HFC-23, including amortization of the required 
investments. This corresponds to GHG abatement costs of about 0.34 to 0.51 
US$/tCO2e. The special report on the ozone and climate by IPCC and TEAP estimates 
abatement costs to be below 0.2 US$/tCO2e.22 

                                                 
16 C.f. Rand et al. 1999, supra note 14 
17 Harnisch, J., Höhne, N. 2002: Comparison of Emissions Estimates Derived from Atmospheric Meas-

urements with National Estimates of HFCs, PFCs and SF6. ESPR 9 (5), pp. 315-320 
18 Meeting report of EB17, page 3 (http://cdm.unfccc.int/EB/Meetings/017/eb17rep.pdf)  
19 C.f. IPCC 2001, supra note 9 
20 US EPA 2001: U.S. High GWP Gas Emissions 1990-2010: Inventories, Projections and Opportunities 

for Reduction.  http://www.epa.gov/highgwp/projections.html 
21  Personal information provided from a participant from the International Workshop on HFC-23 Clean 

Development Mechanisms (CDM) Project Cooperation in China. 4-6 February 2004. Sanya City, 
Hainan Province, China 

22 IPCC/TEAP 2005: Special Report on Safeguarding the Ozone Layer and the Global Climate System: 
Issues related to Hydrofluorocarbons and Perfluorocarbons. 
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3 Economic implications of HFC-23 abatement under the CDM 

The abatement of HFC-23 emissions under the CDM reduces the cost of HCFC-22 pro-
duction, since the revenues from CERs may be considerable. The extent of this effect 
depends on the quantity of emission reductions, the share of CERs allocated to the plant 
operator (which is assumed to be the investor), GHG abatement costs, the market price 
for CERs, and the HCFC-22 market price. In the following, we will calculate the eco-
nomic effect of HFC-23 destruction under the CDM in three different scenarios which 
reflect the possible range of impacts. 

Taking into account the information on abatement costs above, we assume that HFC-23 
abatement costs in developing countries vary from 0.20 to 1 US$ per tCO2e. The quan-
tity of emission reductions is determined by the baseline assumption for the 
HFC-23/HCFC-22 ratio, since about 99 percent of HFC-23 can be destroyed by thermal 
oxidation. According to the revised baseline and monitoring methodology for HFC-23 
destruction projects, the HCFC-23/HCFC-22 ratio may vary between 1.5 and 3 percent 
in the baseline scenario. Haites (2004) estimates the market price for CERs to be 
11 US$ by 2010 with a range of ±50 percent. This level corresponds to current market 
prices for EU allowances (EUAs) in the European Emissions Trading Scheme, which 
allows companies to use CERs for fulfilling their reduction commitments. According to 
market information supplied by Point Carbon, EUA prices varied between 7 and 
13 EUR between mid 2003 and February 2005. In our economic analysis, we use a price 
range from 5 to 15 US$/CER. Furthermore, we assume that 50-98% of the CERs are 
allocated to the plant operator. Current market prices for HCFC-22 range from 1.1 to 
2.4 US$ per kg.23 

The assumptions and results for three scenarios are presented in Table 1. 

• In a Low Impact Scenario we calculate the lower end of the potential economic 
impact of the CDM. In this scenario, we assume a low HFC-23/HCFC-22 ratio, rela-
tively high abatement costs, low CER prices, a low share of CERs allocated to the 
plant operator and high HCFC-22 prices. 

• In a Reference Scenario we reflect current CER prices in the largest market – the 
ETS – and assume other parameters to be at a medium level. 

• In a High Impact Scenario we calculate the higher end of the potential economic 
impact of the CDM. In this scenario, we assume a high HFC-23/HCFC-22 ratio, 
relatively low abatement costs, high CER prices, a high share of CERs allocated to 
the plant operator and low HCFC-22 prices. 

                                                 
23 Meeting report of the thirteenth meeting of the Methodological Panel under the CDM Executive Board, 

page 4 (http://cdm.unfccc.int/Panels/meth/Meth13_rep.pdf)  
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Table 1: Economic implications of HFC-23 destruction under the CDM 

Scenario Low Impact Reference High Impact

Assumptions

HFC-23 / HCFC-22 ratio - 1,5% 2,2% 3,0%

HFC-23 abatement costs US$/CO2e 1,0 0,6 0,2

Market price for CERs US$/CER 5 10 15

Share of CERs allocated to plant operator - 50% 75% 98%

Market price for HCFC-22 US$/kg HCFC22 2,4 1,7 1,1

Net profit from CER revenues US$/kg HCFC22 0,3 1,8 5,0

- 11% 103% 458%Potential reduction of HCFC-22 production costs

Economic effects of CER revenues

 

Table 1 shows that the economic implications of the CDM are considerable. The reve-
nues from CERs may be considerably higher than the market price for HCFC-22 and 
thus also higher than production costs. In this calculation, CER prices are the most sen-
sitive parameter. In the reference scenario, with CER prices at 10 US$, CER revenues 
from the destruction of HFC-23 exceed HCFC-22 production costs. In the optimistic 
low impact scenario, the effect is comparatively small but still notable. In the scenario 
with high impact, CER revenues are more than four times higher than HCFC-22 pro-
duction costs. 

Such price effects are well-known in the context of the CDM and are referred to as re-
bound effects. However, they are normally of much smaller magnitude and do not influ-
ence the costs of the product to such an extent.  

In the following, we will analyze the consequences of these price effects. 

4 Environmental implications of HFC-23 CDM projects 

As illustrated above, revenues from HFC-23 destruction under the CDM significantly 
decrease or even outweigh HCFC-22 production costs. This may impact HCFC-22 pro-
duction and consumption patterns in developing countries. 

Under the Montreal Protocol, developing countries are committed to limiting their di-
rect use of HCFC-22. While its use as a feedstock is not restricted by the Montreal Pro-
tocol, the consumption and production of HCFCs for other purposes than feedstock use 
is in developing countries is limited from 2016 to 2040 to the production and consump-
tion levels of 2015. The use of HCFC-22 is gradually being phased out in industrialized 
countries (i.e. 99.5% reduction by 2020 compared to the base level in 1989). 

HCFC-22 production is growing rapidly in developing countries, especially in China 
and India. Overall production capacity is expected to expand and shift from developed 
to developing countries. In their special report on climate and the ozone, IPCC and 
TEAP estimate that despite the phase out in developed countries, global HCFC-22 pro-
duction for both feedstock and non-feedstock use will grow by 44% from 491 kt in 2000 
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to about 707 kt in 2015, about 40% of which would be used as feedstock.24 This growth 
is mainly attributed to an increasing demand in developing countries. 

HCFC-22 is widely used in commercial and industrial refrigeration systems and station-
ary air conditioning. Depending on the application, it can be replaced by the non-ozone 
depleting HFCs, hydrocarbons, ammonia and carbon dioxide. In developing countries, 
HCFC-22 is still the most common refrigerant, but other alternatives are being intro-
duced.25 

If HCFC-22 production costs become negative or decrease substantially due to CER 
revenues from HFC-23 destruction, this could reduce market prices for HCFC-22, po-
tentially involving an increase in HCFC-22 production, since the use of HCFC-22 
would become economically more attractive compared to other refrigerants. To estimate 
the consequences of the CDM, a key question is to what extent lower or negative 
HCFC-22 production costs result in lower HCFC-22 market prices and to what extent 
such lower market prices result in an increased use of HCFC-22 instead of other sub-
stances. 

As the CER revenues lead to considerable competitive advantages and as there are glob-
ally less than 20 existing HCFC-22 production plants in developing countries, we ex-
pect that practically all existing production plants will use the CDM to abate HFC23.26 
However, in markets with a growing demand – as in the case of HCFC-22 in developing 
countries – the market price is determined by the full costs of new production facilities. 
If next to existing plants also new production facilities can use the CDM and produce 
HCFC-22 at low or negative costs, it is likely that the market price for HCFC-22 will be 
considerably reduced. Thus, enabling new HCFC-22 production facilities to use the 
CDM to reduce HFC-23 emissions would likely lead to a significant reduction of the 
HCFC-22 market price. 

Lowered (or negative) HCFC-22 market prices could change the demand patterns of 
refrigerants, thereby changing both the emissions of ozone depleting substances and 
GHGs. The potential substitution effects due to the CDM are difficult to determine, 
since there are different alternative refrigerants to HCFC-22, the future use of which 
depends also on other factors than refrigerant prices, including equipment costs, techni-
cal innovations (e.g. regarding energy efficiency), the regulatory framework, safety and 
reliability concerns, etc. The demand for HCFC-22 as feedstock is likely to remain rela-
tively unaffected, since there are no reasonable alternatives to HCFC-22. In Table 2 we 
provide a qualitative assessment of potential substitution effects. 

                                                 
24 C.f. IPCC/TEAP (2005), supra note 22 
25 C.f. IPCC/TEAP (2005), supra note 22 
26 For example, China – by far the largest HCFC-22 producer in the world – is considering a sectoral 

country-wide program to abate HFC-23 emission in all plants in China. 
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Table 2: Substitution effects of increased HCFC-22 consumption 

HCFC-22 is used 
instead of… 

Impact on 
climate mitigation 

Impact on 
stratospheric ozone 

Estimated 
importance 

CFCs positive positive small 

HFCs depends on 
substance negative large 

Hydrocarbons, ammonia, 
carbon dioxide, water, etc negative negative large 

 

Chlorfluorocarbons (CFCs) have high ozone depleting and global warming potentials. 
Developing countries have to phase out production of CFCs by 2010 and receive finan-
cial support from the Multilateral Fund to substitute CFCs. In refrigeration and air con-
ditioning, HCFC-22 is a substitute for CFCs. Lower HCFC-22 production costs could 
accelerate the substitution of CFCs. However, we estimate this effect to be very small, 
because developing countries already receive financing to substitute CFCs and because 
China, as the largest producer, will halt CFC production by as early as July 2007.27 

While HCFC-22 is an important substitute for CFCs, there are other non-ozone deplet-
ing refrigerants that can be used instead of HCFC-22. These include hydrofluorocarbons 
(HFCs), which are GHGs, and also hydrocarbons, ammonia and carbon dioxide, which 
are neither ozone depleting substances nor potent GHGs. Decreased HCFC-22 prices 
could delay the substitution of HCFC-22 by non-ozone depleting substances, as devel-
oping countries have to phase out HCFC-22 production for refrigeration only by 2040. 
Reduced HCFC-22 production costs could also exacerbate efforts to switch directly 
from CFCs to non-ozone depleting substances. 

As the allowed consumption and production level of HCFCs from 2016 to 2040 will be 
limited to the 2015 level, an increased HCFC-22 production due to the CDM until 2015 
would affect the allowed level for the subsequent 25 years until 2040. Thus, the impacts 
would last well beyond the crediting period of any CDM project activity. 

The increased use or the delayed substitution of HCFC-22 by non-ozone depleting sub-
stances has obvious negative implications for the protection of the ozone layer. Regard-
ing the mitigation of climate change, the substitution effects are more complex, depend-
ing on the GWPs of the substitutes and other factors, such as the efficiency and charge 
of the appliance, the carbon intensity of the electricity system and whether end-of-life 
recovery takes place. Systems with hydrocarbons, ammonia or carbon dioxide are 
clearly superior to systems with HCFCs and HFCs. In the case of systems with HFCs, 
lifetime GHG emissions may vary considerably and may be lower or higher compared 
to HCFC-22 systems. Total effects of an increased use of HCFC-22 on GHG emissions 

                                                 
27 Information released by the Multilateral Fund 

http://www.multilateralfund.org/news/1103293986850.htm  
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are difficult to estimate. However, they are likely to be negative in the mid- and long-
term since systems based on hydrocarbons, ammonia and carbon dioxide are expected 
to gain in importance. 

Next to these substitution effects, reduced HCFC-22 production costs could have further 
negative implications for the mitigation of climate change: 

• Increased emissions of HFC-23. If HCFC-22 production increases due to the 
CDM, an increased level of emissions from the by-product HFC-23 would also oc-
cur. Consequently, in new facilities, HFC-23 destruction projects under the CDM 
would partly reduce emissions that have been caused by the CDM. Such a CDM 
project activity would not result in emission reductions compared to a situation 
without the CDM. 

• Production shifts from Annex I to non-Annex I countries. As a result of the 
CDM, the HCFC-22 production is likely to move from industrialized to developing 
countries, as production becomes economically more attractive in developing coun-
tries under the CDM. Such production shifts are unlikely to occur directly – disman-
tling a plant in an industrialized country and reconstructing it in a developing coun-
try – but are more likely to occur indirectly in the long term, with plants in industri-
alized countries closing down and new plants in developing countries being con-
structed. 

These production shifts do not result in any real emission reductions but (a) indus-
trialized countries would account the reduction of emissions in their GHG invento-
ries, and in addition, and (b) CERs would be generated by the new plants in devel-
oping countries. Consequently, due to such double counting, global GHG emissions 
would increase by about twice the amount of CERs generated. 

• Market distortions. Due to the high economic revenue from CERs, plants already 
applying advanced technologies to reduce or destroy HFC-23 have a severe eco-
nomic disadvantage compared to plants with out of date technology which imple-
ment these standards through a CDM project. As a consequence, environmentally 
advanced production plants may be shut down due to their higher production costs. 
If they are replaced by new HFCF-22 production plants built under the CDM, the 
CERs would not correspond to real emission reductions either and would increase 
global GHG emissions if used for compliance purposes in industrialized countries. 

• Construction of new HCFC-22 plants without any production purpose. With 
current market prices for CERs, it would be economically feasible to build a 
HCFC-22 production plant with the sole purpose of destroying the HFC-23 waste 
stream without selling the actual product (HCFC-22) to the market. As a conse-
quence, the production of HCFC-22 (together with the HFC-23 waste stream) may 
only be initiated because of the CDM. CERs generated by such activities would not 
correspond to any real emission reductions and would increase global GHG emis-
sions if used for compliance purposes in industrialized countries. 
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In summary, due to the high revenue of CERs, the destruction of HFC-23 under the 
CDMis particularly sensitive in new HCFC-22 production facilities and is likely to 
negatively affect both the protection of the ozone layer and the mitigation of climate 
change. In the following we will analyze legal aspects of these implications. 

5 Legal aspects 

5.1 Precendents in international law 

The proliferation of international agreements dealing with environmental issues has led 
to significant potential for overlap and contradiction between different legal instru-
ments. The question of how conflicts between international conventions could be re-
solved, although not a new problem for international law, has been discussed in several 
studies in the last few years.28 Likewise, the assessment of contradictions specifically 
between different environmental agreements as well as possible approaches to solve 
such overlaps has only relatively recently emerged as a research issue in international 
law.29 

Although conflicts between environmental agreements are rarely reflections of incom-
patible obligations imposed upon the contracting parties, contradictions in the pro-
grammatic approaches or tensions that result from different means of implementation 
may diminish the effectiveness of the relevant regimes. This becomes apparent in our 
example of HFC-23 destruction projects under the Kyoto Protocol, where the mitigation 
of a GHG (HFC-23) indirectly involves an increase of an ozone depleting substance 
(HCFC-22) controlled under the Montreal Protocol. 

Three approaches for dealing with conflicts between international treaties can be identi-
fied: the regulation by the law of treatises, the adoption of so-called “conflict clauses” 
or “saving clauses” by the treaties themselves, and mitigation by an institutional ap-
proach, namely co-operation involving the plenary organs of the treaties in question. 
The law of treaties – either as codified rules in the Vienna Convention on the Law of 
Treaties (VCLT), e.g. article 30 VCLT, or as rules of customary law e.g. concerning 
rules like the lex-specialis-rule30 or the lex-posterior-rule,31 – does not offer viable 
means of preventing or solving conflicts. 

Article 30 VCLT which is based upon lex posterior only relates to treaties dealing with 
the same subject matter. Although it is unclear and subject to interpretation under what 
circumstance two treaties can be said to be dealing with the same subject matter, it is 
clear that the objective of the Montreal-Protocol is the protection of the ozone layer and 
                                                 
28 See Sadat-Akhavi, A. 2003: Methods of Resolving Conflicts Between Treaties; Pauwelyn, J. 2003: 

 Conflict of Norms in Public International Law; Matz, N. 2005, Wege zur Koordinierung völkerrecht-
licher Verträge. 

29 See Wolfrum, R., Matz, N. 2003: Conflicts in International Environmental Law.  
30 The more specific legal rule prevails. 
31 The rule concluded later overrides the earlier one. 
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not the mitigation of climate change – despite most ozone depleting substances being 
GHGs – and that the objective of UNFCCC und Kyoto-Protocol is the mitigation of 
climate change. 

The establishment of a general rule of lex posterior faces the following difficulty: it 
cannot be assumed that states generally express the will to abrogate an earlier treaty on 
one environmental question when acceding to a later one on a different aspect of envi-
ronmental protection. This is particularly true if conflicts or contradictions are not obvi-
ous and only emerge in the subsequent process of implementation. In principle, the 
same is valid for a general rule of lex specialis. Furthermore, in the case of international 
conventions it is particularly difficult to establish which of the two treatises is the more 
specific. 

In principle, conflict clauses, although they cannot provide general rules on conflict 
mitigation, are viable tools for clarifying the relationship between two or more interna-
tional treaties on a case-by-case basis. However, in case of the Kyoto Protocol and the 
Montreal Protocol, there are no conflict clauses which could settle the potential conflict 
resulting from HFC23 destruction projects. By referring only to GHGs that are not con-
trolled by the Montreal Protocol in Article 4 of the UNFCCC and inter alia Article 7 of 
the Kyoto Protocol, an attempt was made to separate conflicts at the implementation 
level (see chapter 5.2 below). However, in the case of unforeseen conflicts at the im-
plementation level, a solution cannot be reached by the use of conflict clauses, unless 
the agreements would be modified or amended which is in itself, generally, a lengthy 
and cumbersome process. 

In such cases where international legal mechanisms fail to properly address the issue, 
the only viable means of approaching the conflict is by means of a political process 
based upon cooperation between the relevant institutions. In the light of the particularly 
widespread participation in, and the attempted universality of, environmental legal re-
gimes, approaches as to how to resolve contradictions should be developed at an institu-
tional level, i.e. involving the plenary organs of the agreements, for the regimes as such. 
Either a solution is found by decisions or resolutions of the institutions concerned, pref-
erably the relevant COPs, or policies are fixed by a memorandum of understanding be-
tween the organs of the treaties involved. 

5.2 Consideration of Montreal gases under the CDM 

In chapter 4 above, we showed that the destruction of HFC-23 under the CDM in new 
HCFC-22 production facilities is likely to lead to an increase of emissions of HCFC-22, 
an ODS controlled under the Montreal Protocol that is also a GHG. An important legal 
question is whether substances that are controlled by the Montreal Protocol should be 
taken into account in the determination of emission reductions under the CDM, in par-
ticular if such emissions are increased due to the CDM. 

Generally, the Montreal Protocol addresses the reduction of ODS, while the UNFCCC 
and the Kyoto Protocol address the reduction of GHGs. Substances that are both an 
ODS and a GHG are controlled under the Montreal Protocol, while under the UNFCCC 
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and the Kyoto Protocol gases controlled under the Montreal are explicitly excluded in 
order to avoid overlap by two regimes addressing the same emissions: Article 4 of the 
UNFCCC and Article 3 of the Kyoto Protocol, which refer to the list of GHGs in Annex 
A of the Kyoto Protocol, are limited to gases not controlled under the Montreal Proto-
col. However, the objective of the UNFCCC in Article 2 is more general, since it aims 
to stabilize GHG concentrations, including all GHGs – also ODS – according to the 
definition of GHGs in Article 1. 

Article 12 of the Kyoto Protocol refers to “emission reductions” and does not specify 
whether emission reductions are limited to Annex A gases. This omission has been ad-
dressed in the CDM modalities and procedures, paragraph 44 of which reads: “The 
baseline for a CDM project activity is the scenario that reasonably represents the an-
thropogenic emissions by sources of greenhouse gases that would occur in the absence 
of the proposed project activity. A baseline shall cover emissions from all gases, sectors 
and source categories listed in Annex A within the project boundary. (…)” 

Paragraph 44 clearly defines that Annex A gases shall be considered in baselines. How-
ever, there is some ambiguity as to whether the determination of baseline emissions is 
limited to Annex A gases or whether the baseline may also include other GHGs. Fur-
thermore, it is interesting to note that Annex A gases are not mentioned in the context of 
adjustments for leakage (paragraphs 50 and 51 of the CDM modalities and procedures). 
Under this provision, project participants shall adjust emission reductions for leakage 
which is defined as net changes of GHG emissions outside the project boundary. There-
fore, it could be argued that the determination of baseline emissions may (or may not) 
be limited to Annex A gases but that a limitation to Annex A gases does not appear to 
be envisaged in the context of adjustments for leakage. Following this line of argument, 
project participants would need to take changes of GHGs controlled under the Montreal 
Protocol into account if they are measurable and attributable to the project activity. 

According to information from participants involved in the negotiations of the CDM 
modalities and procedures, differentiation between baseline emissions and adjustments 
for leakage in the coverage of gases was never discussed in negotiations of the contact 
group and was not intentionally introduced in the modalities and procedures. However, 
negotiators were probably also not aware of the possibility that CDM projects may lead 
to increases of GHGs controlled by the Montreal Protocol. 

The definition of the purpose of the CDM in Article 12, paragraph 2, also indicates that 
a simple non-consideration of GHGs not included in Annex A may not be appropriate: 
“The purpose of the CDM shall be to assist Parties not included in Annex I (…) in con-
tributing to the ultimate objective of the Convention”. As explained above, the ultimate 
objective of the Convention, as defined in Article 2 of the Convention, is to stabilize all 
GHG emissions, defined as all gases that absorb and re-emit infrared radiation. Follow-
ing this line of argument, CDM projects which reduce Annex A gases but which involve 
a net increase in overall GHGs would not fulfil the purpose of the CDM and would 
consequently not be eligible under the CDM. 
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Also the COP, in its request to SBSTA to consider the implications of CDM projects for 
other Conventions, specifically referred to the broad definition of GHGs in Article 1 of 
the Convention. 

Although there are is a strong legal argument that the CDM should not result in an in-
crease of GHG emissions, the consideration of Montreal gases under the CDM would 
cause some difficulties: A certain overlap between the Montreal Protocol and the Kyoto 
Protocol would be introduced. In addition, the consideration of Montreal gases in ad-
justments for leakage but not in the calculation of baseline emissions would introduce 
an inconsistency. Finally, the quantities of CERs issued would not be linked anymore to 
the emissions according to GHG inventories. We therefore believe that the considera-
tion of Montreal gases under the CDM is not the best option to address this issue. 

6 A way forward 

Above we showed that the destruction of HFC-23 in new HCFC-22 production facilities 
under the CDM is likely to be counterproductive to both the climate and the ozone 
layer. This raises the question whether and how the CDM or other mechanisms are best 
suited to make use of this significant, low-cost mitigation potential. Generally, there 
could be two different ways to prevent negative effects: 

• the development of a new baseline methodology for new HCFC-22 facilities, or 

• the exclusion of new HCFC-22 installations from the CDM, providing different 
means for abating the waste stream. 

6.1 Development of a new baseline methodology 

In practice, the development of an adequate baseline methodology for new HCFC-22 
facilities would be methodologically very difficult, since indirect production shifts or 
substitutions effects are very difficult to quantify with a reasonable degree of confi-
dence. Even if leakage effects could be quantified, a new methodology would need to 
make sure that negative implications for the protection of the ozone layer are avoided. 
This appears only possible if the market price for HCFC-22 is not lowered considerably 
due to the CDM. As the market price will be largely determined by the production costs 
in new facilities, a new methodology would need to ensure that HCFC-22 production 
costs in new facilities are not lowered considerably due to CER revenues. Such an ap-
proach would also avoid other potential leakage effects, such as productions shifts from 
industrialized to developed countries, and would thus also avoid the difficult quantifica-
tion of potential leakage effects. 

In order to reduce the effect of CER revenues on production costs, the quantity of CERs 
issued could be capped or adjusted in different ways. For example, an adjustment factor 
could be introduced discounting emission reductions in a way that HCFC-22 production 
costs are only reduced by a certain extent (e.g. less than 20%). Similarly, the HFC-
23/HCFC-22 ratio may be reduced respectively. This approach would, however, limit 
the issuance of CERs considerably. 
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Table 3 shows the implications for the reference scenario if HCFC-22 productions costs 
should not be lowered by more than 20%. The proposed approach would lead to a very 
significant discount of emission reductions, with only about 25% of actual emission 
reductions issued as CERs in the reference scenario. Nevertheless, under both scenarios, 
project developers would still have significant economic incentives to invest in the miti-
gation of the HFC-23 waste stream, since revenues from CERs are more than twice as 
large as mitigation costs. 

Table 3: Limitation of effects of CER revenues on HCFC-22 production costs 
in the reference scenario. 

Scenario
Reference scenario

with adjustment
factor

Reference scenario
with adjusted

HFC-23 / HCFC-22 ratio
Assumptions

HFC-23 / HCFC-22 ratio - 2.2% 0.4%

HFC-23 abatement costs US$/CO2e 0.6 0.6

Market price for CERs US$/CER 10 10

Share of CERs allocated to plant operator - 75% 75%

Market price for HCFC-22 US$/kg HCFC22 1.7 1.7

Adjustment factor - 74%

Net profit from CER revenues US$/kg HCFC22 0.3 0.3

- 20% 20%Potential reduction of HCFC22 production costs

Economic effects of CER revenues

 
The main disadvantage of this approach is that the choice of the appropriate level of an 
adjustment factor or the HFC-23/HCFC-22 is relatively arbitrary. Firstly, a choice 
would need to be made which reduction in production costs is acceptable and likely not 
to result in significant leakage effects or negative impacts on emissions of Montreal 
gases. Secondly, the appropriate adjustment level would depend on the market price for 
CERs – which, however, may change during the crediting period of the project. Thus, 
the adequate level of adjustment is rather difficult and arbitrary to determine ex-ante in 
the baseline scenario, particularly taking into account the price fluctuations for CERs 
observed recently. This problem might partly be addressed by an ex-post calculation of 
the adjustment factor, based on actual market prices during the monitored period. Lower 
CER market prices would respectively result in a lower adjustment of emission reduc-
tions and vice versa. 

Although emission reductions are highly discounted, the proposed approach has a num-
ber of merits: Firstly, the approach avoids the methodologically difficult quantification 
of leakage effects. Secondly, it still provides strong economic incentives for project de-
velopers to implement HFC-23 destruction technologies. Finally, it allows using a mar-
ket mechanism, such as the CDM, for the destruction of HFC-23 in new facilities, 
which may be more efficient than the provision of other means outside the CDM. 

6.2 Provision of financial resources outside the CDM 

An entirely different approach would be to exclude new HCFC-22 installations from the 
CDM and to provide different means for abating the waste stream. While there is theo-
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retically the possibility of creating a new mechanism or a new fund especially for such a 
case, mechanisms or funds from existing multilateral institutions should be preferred. In 
chapter 5.1 it was argued that the only viable mean of resolving conflicts between dif-
ferent conventions is a political process based on cooperation between the relevant insti-
tutions. In the following we will show potential links to two other conventions, which 
could be used for addressing the HFC-23 destruction in new facilities. 

The Stockholm Convention, which came into force in May 2004, aims at reducing per-
sistent organic pollutants (POPs) like DDT or dioxin. Apart from banning the use of 12 
POPs, the treaty focuses on the disposal of obsolete stockpiles of these chemicals exist-
ing for instance in electrical appliances and waste dumps. Thermal oxidation, which is 
used to destroy HFC-23 waste streams, is also used to destroy POPs; it would be possi-
ble to build combined HFC-23/POPs destruction facilities at HCFC-22 production sites. 
A similar link exists to the Montreal Protocol and the disposal of ODS. Developing 
countries are starting to build up used and non-recyclable stocks of ODS which could be 
destroyed along with HFC-23 in combined installations. 

Programmes of the Global Environment Facility (GEF), the designated interim financial 
mechanism of the Stockholm Convention, or the Multilateral Fund (MLF), financing the 
phase-out of ODS, could be extended to fund joint projects between UNFCCC and one 
or both of the other conventions. For developing countries this would lead to similar 
investments and technology transfer as under the CDM. Plant operators would have an 
incentive to participate in such programmes since they could charge fees for the destruc-
tion of POPs and/or ODSs for third parties. For industrialized countries, a combined 
approach would be an economically attractive way of addressing several different envi-
ronmental issues at the same time. 

The main advantage of this approach is that there would not be any perverse incentives 
to increase the production of GHG or ODS as a result of the CDM. The costs for the 
global abatement of HFC-23 from new HCFC-22 production facilities would be rather 
low and the abatement of HFC-23 would be additional to commitments under the Kyoto 
Protocol. Multilateral financial resources to deal with the abatement of HFC-23 would 
also allow for a significant amount of additional CDM investment in other sectors, in 
which the contribution to national sustainable development objectives of developing 
countries might be higher. A disadvantage of this approach is that not all new HCFC-22 
production plants may use the financial resources and implement HFC-23 destruction 
equipment. In addition, the disbursement of financial resources through a multilateral 
institution could be a less efficient process than the use of the flexible mechanisms. 

7 Conclusions and recommendations 

In our analysis we showed that the destruction of HFC-23 in new HCFC-22 facilities 
under the CDM would likely lead to increased emissions of GHGs as well as ozone de-
pleting substances because production costs of HCFC-22 are expected to be negative 
when revenues from generated CERs are taken into account. While there is no direct 
clause on how to handle negative effects on the objectives of other conventions under 
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the Kyoto Protocol or the UNFCCC, there should be great interest in minimising the 
negative consequences of the CDM for the objective of the Montreal Protocol as well as 
for climate mitigation, since most Parties are signatories to both treaties. 

We identified two options to avoid negative implications for the protection of strato-
spheric ozone and climate mitigation from new HCFC-22 production plants: the devel-
opment of a new baseline methodology with a relatively high adjustment of emission 
reductions or the provisions of financial resources through bilateral or multilateral insti-
tutions. The advantages and disadvantages of these options are illustrated in Table 4. 

Table 4: Advantages and disadvantages of approaches to mitigate HFC-23 
emissions from new HCFC-22 installations 

 Option A 

New baseline methodology 

Option B 

Provision of financial resources outside 
the CDM  

A
dv

an
ta

ge
s 

A market mechanisms (the CDM) 
can be used to abate HFC-23 in a 
timely and efficient manner 

 

Negative implications for the protection of 
the ozone layer due to the CDM are com-
pletely avoided  

Additional benefits for the environment, 
as HFC-23 is abated in addition (and not 
instead) of other CDM projects 

D
is

ad
va

nt
ag

es
 

Large and arbitrary leakage ad-
justments are required to avoid 
negative implications on the ozone 
layer and leakage effects; the ap-
propriate level of adjustment de-
pends on future CER prices that 
are uncertain 

 

Multilateral resources on an incremental 
cost basis do not provide strong economic 
incentives to implement HFC-23 abate-
ment measures 

The provision of multilateral resources 
takes time and may be less efficient than a 
market mechanisms 

The complete exclusion of HFC-23 pro-
jects from the CDM could send a negative 
signal to the CDM market 

 

We believe that both options, a new baseline methodology and the provision of finan-
cial resources, could be reasonable approaches to address this issue. A new baseline 
methodology would need to ensure that the market price of HCFC-22 is not considera-
bly lowered due to the CDM in order to avoid negative implications on stratospheric 
ozone. At the same time leakage effects would need to be quantified – which is method-
ologically difficult – or avoided. A rigorous discounting of emission reductions could 
ensure that both prerequisites are met. Nevertheless, project developers would still have 
strong economic incentives to implement HFC-23 abatement under the CDM. 
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If financial mechanisms are explored to make use of the significant and cost-efficient 
HFC-23 abatement potential in new HCFC-22 production plants, synergies with activi-
ties under the Stockholm Convention and the Montreal Protocol could be used. By us-
ing these synergies, transaction costs could be minimized and resources used in an effi-
cient manner. 

 


