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 (1) BACKGROUND

Several export sectors in Korea have been related to the Montreal Protocol, as a number of exportables use or contain ODS. Because the country's development strategy has strongly emphasised export growth, the performance of ODS related products from Korea on the international market is likely to affect its development process quite directly. In this respect, the country's experience with the Montreal Protocol has been that of an economy which is intimately linked with ODS related trade.

However, a distinguishing factor is that Korea is also a producer of ODS, meaning that issues relating to technology transfer for the production of alternatives are at least equally important. The experience of Korea with the Montreal Protocol then demonstrates the case of a country which has both the concerns of exporter nations such as Thailand, and those of ODS producer nations such as India and China.

Why Korea Joined the Protocol

The Republic of Korea acceded to the Montreal Protocol in 1992, several years after the MEA had come into existence. However, it has followed up its commitment to the phaseout of ODS by also signing the London and the Copenhagen Amendments in 1992 and 1994 respectively. The country has thus become a party to the essential international norms for the protection of the ozone layer.

At the time of acceding to the Protocol, Korea was not classified as an Article 5 nation as its annual per capita consumption of the controlled substances was 0.62 kg per capita, exceeding the limit (0.3 kg) for developing nations. As a result, the country could not benefit from the 10-year grace period and was also expected to contribute to the Multilateral Fund. However, by 1993, Korea succeeded in reducing its annual per capita consumption of ODS to 0.29 kg, and was allowed the grace period accorded to Article 5 nations. The country was exempted from contribution to the Multilateral Fund. In addition, other support measures stipulated in Article 10 of the MEA apply to Korea. 
Korea is however ineligible to receive financial support from the Multilateral Fund

as it accepted the resolution of the 6th Meeting of the Parties which recommended that those nations "re-classified" as developing countries should abstain from relying on this source of finance. The available funds were, in any case, largely insufficient to cover Korea's phaseout costs. 
Production and Consumption of CFCs and Other Subject Substances

Korea first started the production of CFC-12 for its refrigerants in 1977 based on indigenous technology developed by a local research institute, Korea Institute of  Science and Technology (KIST). KIST, along with a private enterprise, also developed the technology for and commercialised the production of other ODS such as CFC-11. Mass production of CFC substances using indigenous technology has in fact been40 one of this country's technological success stories.

Korea's production and import patterns of ODS reflects its long standing policy of import substitution, whereby once the alternative technology has been developed domestically, the nation concentrates on producing the importable locally. As Table 7 shows, this effort has been a successful one in Korea. The country has been increasing its production of CFC-11 and CFC-12, and the level of imports have concomitantly been reducing during the period between 1986 and 1994. In the case of halons too, while the country imported its entire requirement of this ODS until 1990, the situation has turned around dramatically since 1993, after which halon consumption has been based almost entirely on domestic production. Some of this change could also be attributed to the uncertain supply of this ODS in the international market. 

Table 7
Working out the Policy of Import Substitution
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	9,420 
	16,578 
	26,146 
	16,727 
	28,740 
	21,655 
	11,202 
	10,946 


Source : Korea Specialty Chemical Industry Association

The local industries directly affected by the Protocol are producers of controlled

substances, collectors and recyclers (textile, chemical, industrial machinery and

steel businesses), users (electronics, precision machinery, automobiles, chemicals, pharmaceuticals, etc.) and those sectors involved in production of alternative substances (chemical, gas and industrial machinery).

Although the size of Korea's CFC market is moderate, estimated at US$49.8 million per year, the impact of ODS based production is felt over a number of related businesses, so that the size of the overall ODS related business amounts to approximately US$ 30.6 billion. This amount corresponded to 6.8% of Korean GNP (US$452.6 billion) in 1995. The sectors in question also exported products worth about US$20.3 billion, which was equal to 16.3% of the total exports of Korea (US$125 billion in 1995).

In 1995, the upper limit for the consumption of the subject substances was set at 22,425 tons (calculated in terms of ozone-depleting potential), to correspond with the limit of per capita consumption of 0.3 kg. However, only about 64% of the permitted quantity or 14,346 tons were actually consumed for the year, suggesting that factors other than legal limitations were inhibiting ODS consumption in Korea. Similarly, in 1996, the total consumption of 22,623 tons remained well below the stipulated upper limit by the Korean government.

Table 8 Consumption of Alternative Substances (1995) (Unit : MT)

	
	
	             

	
	Alternative Substance 
	Consumption           Ratio

	
	HCFC-22 
	8,605 
	67.9 

	
	HCFC-141b 
	2,045 
	16.1 

	
	HFC-134a 
	1,828 
	14.4 


Source : The Ministry of Trade, Industry and Energy

As the sectors related to ODS have grown, and as phaseout has become necessary in some sectors, Korea has experienced an increase in demand for alternative substances. Increased demand for substitutes has also been evidenced in the increased import of these substances, as is depicted in Table 9. In the case of HCFC-22, a substitute in the refrigerant sector, for instance, the level of imports has risen from 1,457 metric tons in 1992 to 3,608 metric tones in 1995, reflecting the increasing significance of this alternative in the Korean market.

Table 9: Recent Trends in Import of Alternative Substance (Unit : MT)

	
	HCFC-123 
	HCFC-141B 
	HCFC-141B 
	HCFC-22 
	HFC-134A 

	1992 
	7 
	27 
	7 
	1,457 
	7 

	1993 
	54 
	313 
	59 
	1,995 
	600 

	1994 
	94 
	1,143 
	57 
	1,965 
	1,208 

	1995 
	194 
	2,088 
	20 
	3,608 
	1,904 


Source : Foreign Trade Statistics, Korean Customs Administration, 1996. Reviewing consumption status per substance, the consumption of HCFC-22 has increased most rapidly to being the most used among the alternative substances. In terms of consumption by usage, the 1995 data shows that 6,526 tons of alternative substances were used for refrigerants, which accounted for 51.5% of the total consumption of these substances. Since the alternative substances for refrigerants account for 92% of the total market, the transition away from ODS can be considered successful. However, since HCFC-22 is only a temporary substitute for ODS, another transition would need to be effected eventually in the process of switching to ODS-free production. 
HCFC-141b is being consumed to the extent of about 2,045 metric tons in Korea and its demand is increasing at the rate of over 25 percent annually. This alternative substance is used mostly for foaming, as an alternative for the controlled CFC-11. By 1997, it was projected to account for about half of the total local HCFC-141b market, and thereafter, the market share of locally produced HCFC-141b is expected to rise further. However, as in the case of HCFC-22, because this substance also shows an ozone-depleting potential, it will also have to be phased out eventually.

HFCs may be the final solution to CFCs, because their ozone-depleting potential is almost zero. In most cases, this substance is used as a refrigerant for automobile air conditioners in Korea. As the demand for automobile refrigerant and its supplements continue to rise in this country, it is estimated that the consumption of HFCs will increase by more than 20% every year. In sectors where alternatives are yet to stabilise, such as in the cleaning agents industry, the switchover to non-ODS is very limited, with their consumption estimated at no more than 204 tons.

(2) THE ROLE OF TRADE MEASURES

The Role of Trade Measures in Inducing Participation

When Korea acceded to the Protocol, exports were a very important component of its development plan. As the country's dependence on exports for overall economic growth had increased considerably over the 1980s, any significant curtailment in its exports would directly impact its development plan. In particular, the electronics sector, being Korea's largest export, would be affected in case of non-accession. About 40.5% of the local electronic products (in terms of production) are affected by the Montreal Protocol, while 42.4% of the total electronic exports are subject to the control of the protocol.41 Another significant ODS user, the chemicals sector, too has depended to a considerable extent on the export market, and would have faced a significant shrinking of market in case of non-accession. This sector accounts for about 10 percent of Korea's GNP, and approximately 6 percent of total exports from the country.

Thus, it is likely that trade measures would have played an important role in inducing accession. However, the fact that Korea did not demonstrate a quick responsiveness to the MEA, despite its considerable dependence on exports (including those in ODS-related products) seems to indicate that other factors too may have played a role in the participation process. One reason could be due to the fact that while Korea was an importer of a few ODS, much of its CFC consumption was met through indigenous production. This self sufficiency in the production of ODS, and the fact that the local enterprises were concerned about the financial burdens associated with the Montreal Protocol, may have delayed signing the Protocol.

The Role of Trade Measures in Inducing Phaseout

While the study does not explicitly discuss the role of trade measures, the fear of losing export markets appear to have played a role in phaseout activity in Korea. Apart from the electronics sector, which is strongly linked with exports, the three most significant producers are taking appropriate action such as substitution of CFCs in the air-conditioners and referigerator sectors. Such a phaseout is of significance because the electric and electronic industries have been major consumer of ODS. At the same time, due to their wide forward links with other sectors in the Korean economy, the importance of phaseout is higher. In addition, among refrigerator manufacturers, non-CFC production has been focussed on the export market as developed country markets have ceased to demand ODS based products. Therefore, trade considerations seem to have also pushed this sector into producing in an ozone friendly fashion. The recent introduction of eco-labels for ODS free refrigerators is also stated to increase the supply of non-ODS based refrigerators in the domestic market.

In the survey conducted by the study, 8 out of the 26 exporters stated that they had experienced difficulties in exporting their ODS based products. A switchover was the only way to retain external markets and therefore, export oriented firms were already transitioning to ODS-free production.

Among sectors of the economy not linked to exports, factors such as availability of efficient and affordable alternatives, the cost of switching over and the significance of Small and Medium sized Enterprises (SMEs) have been additional issues affecting phaseout decisions.

Trade and Competitiveness Effects

Recent experience with phaseout activity in Korea has demonstrated difficulties in compliance, and in several cases it is anticipated that cost increases or lack of efficient substitutes could result in competitiveness effects as increased

 phaseout activity is undertaken in the country.

In home refrigerators, for example, a huge amount of capital and significant R & D efforts are required to develop ODS-free refrigerants. It has been found that a leading home refrigerator maker spent more than 130 million dollars over 3 years to build a new plant producing non-CFC refrigerators. Such scales of expenditure will clearly be out of bounds for SMEs in the sector. These firms are thus likely to either face a shutdown or atleast significant competitiveness impacts when they conduct their switchover. 

In addition, in the production of non-CFC refrigerators, it has been found that the material cost alone rises about 30% when HFC-134a and HCFC-141b are used as refrigerant and foaming agent, respectively. One company carrying out its transition has had to invest close to US$ 13.8 million in order to change 3 main model production lines.

Besides cost, an additional concern is the lack of alternatives available to some ODS users. In the electronics sector for one, an appropriate alternative to ODS based cleaning agents is yet to be found. While a few substitutes have been experimented with, these are considered significantly less efficient as compared to the ODS based cleaning agent, CFC-113. In several cases, a deterioration in the quality and performance of the parts cleaned has also been encountered. Such a deterioration in quality coupled with the increased costs associated with a switchover is stated to result in serious difficulties among Korea's electric & electronics parts exporters. At present, most firms are keen to remedy the problem by collecting and recycling the controlled substances used. But to do so, the price of a cleaner recycling system amounts to US$ 0.13-0.26 million. This price is high in itself, but is likely to be even more onerous for SMEs, who consume only a small quantity of cleaning agents and cannot afford to install such expensive facilities.

An additional problem encountered by the electronics sector is that on account of a large variety of electric and electronic parts, firms cannot easily exchange information with one another on alternative substances or technologies. The majority of them are also unable to collect necessary information in a systematic way. Once again, this problem is likely to be exacerbated among smaller firms in the sector.

In the foam sector too, cost increases have been encountered in the process of phaseout. One firm specialized in the production of polyurethane, has carried out a replacement of CFC-11 by HCFC 141b resulting in a cost increase of 10%. An additional 7% cost hike has been incurred due to the increased use of urethane to lower the insulation problem encountered in switching over. (Cost increases are likely to continue as the sector invests in R&D aimed at improving the efficiency of ODS-free alternatives.) According to this firm, an increase in price of 17% would result in a significant loss of profits, while not switching over could reduce the international market for their products.

In some cases, the phaseout being carried out involves a shift to hazardous alternatives as the safer substitutes to ODS are too expensive. The aerosol sector is a case in point. In this industry, LPG (Liquefied Petroleum Gas) or DME (Di-Methyl Ether) continue to be used in aerosol products in Korea, though they are deemed hazardous if sufficient precautions are not taken. Some low ozonedepleting substances from the HCFC and HFC families have been developed as alternatives, their prices are ten-times higher than LPG and DME, deterring their use. The control of LPG and DME is inevitable in the future, at which point the sector will have to face dramatically increased costs on account of the expensive alternatives.

The above problems were accentuated for SMEs. In the survey conducted by the study, very few of the smaller firms had detailed information on the phaseout schedule. In addition, it was found that the larger businesses had a more realistic notion of the repercussions of the Protocol and the significance of the imminent phaseout. They also had greater information on substitutes to ODS.

In terms of preparation for phaseout as well, SMEs seemed to be lagging behind. 9 large businesses out of 24 have already begun to implement their countermeasure programs, and only 3 large businesses have yet to design their responses to the Protocol. In contrast, 8 out of 17 small and medium businesses are at the stage of designing their countermeasures, which suggests that SMEs are responding far more slowly than larger firms.

Cost increases too were found to be greater for smaller firms. While the larger firms tended to find the cost increase to be about 20 percent or less, the majority of smaller firms found the cost rise to be higher than 20 percent. This may be explained by the economies of scale enjoyed by larger firms. The survey indicated that larger businesses tended to concentrate more on developing alternative substances or changing production processes, smaller firms were more inclined towards shutting their business down, or concentrating on products which were not covered by the Protocol. It was found that only about 15 percent of smaller firms had accomodated the changes leading to a switchover so far. Additional factors such as greater difficulties in acquiring information and greater technological and financial barriers are likely to have contributed to the competitiveness problems these firms had faced and expected to face in the future.

(3) THE ROLE OF POSITIVE MEASURES

Role of Positive Measures in Inducing Participation

It is clear that in terms of inducing participation, trade measures may have played a significant role in Korea. However, because Korea is a producer country, the need for acquiring technologies for the production of alternatives is likely to have also contributed to the decision to sign the Protocol. The country has followed a policy of import substitution through technological strengthening during its development process and availability of alternative technology would thus facilitate the transition to ODS-free production using domestically produced alternatives, and be in keeping with the development philosophy of the country.

Effectiveness of Positive Measures

In the Korean context, positive measures have meant a delayed phaseout schedule and the ability to access transfer of environmentally sound technologies on "fair and most favourable terms." However, the country is ineligible for financial assistance from the Multilateral Fund. The fact that Korea acquired the 10-year reservation grace period for effecting its phaseout has been helpful for Korean enterprises to prepare appropriate response strategies. In the survey conducted for this study, it was found that only 26.3% of firms have begun to implement their phaseout in 1996 (the majority of these are large firms), whereas the rest are scheduled to implement

their transition after the year 2000. This fact reflects the relevance of the grace period in the Korean context.

However, in industries where a trade link exists, the grace period has been ineffective. In Korean electric and electronic businesses, for instance, phaseout decisions have been guided by export market stipulations, propelling the sector to phaseout ahead of schedule.

The Impact of IPRs on Transfer of Technology in Korea

Most of the current applications for patent rights in the context of CFCs, have been submitted to the Patents office in Korea by foreign firms, are mainly to patent technology for the production of HCFC-141b and HFC-134a. Most of these applications are for process patents relating to agents or synthesis conditions and will expire only after the phaseout deadline for Korea, implying that the local producers of HCFC-141b and HFC-134a will have to pay heavy royalties for their use during their phaseout. 
The experience so far bears out the fact that the rates of royalty demanded by technology owners for using patented technologies are very high. In the opinion of Korean firms, the exorbitant high royalties are an expression of a lack of intention to transfer the alternative technology on the part of technology owners.

Table 10 Annual Royalty Payments for Foreign Environmental Technologies Introduced

(Unit : case, million dollars)

	
	'62-'89 
	
	1991 
	
	1993
	
	TOTAL 

	DIVISION 
	
	1990
	
	1992 
	
	1994 
	

	Number of Total 
	6,206 
	738 
	582 
	533 
	707 
	523 
	9,289 

	Technologies 
	(3,821) 
	(1,228) 
	(1,290) 
	(872) 
	(943) 
	(1,256 
	(9,410) 

	
	
	
	
	
	
	) 
	

	Environmental 
	107 
	8 
	13 
	14 
	25 
	36 
	203 

	Technologies 
	(18.9) 
	(0.7) 
	(4.0) 
	(3.5) 
	(11.9) 
	(21.4) 
	(60.4) 

	Percentage (%) 
	1.7 
	1.1 
	2.2 
	2.6 
	3.5 
	6.9 
	2.2 

	
	(0.5) 
	(0.06) 
	(0.3) 
	(0.4) 
	(1.3) 
	(1.7) 
	(0.6) 


Source: Ministry of Finance(MOF), Ministry of Environment(MOE)

Note: Number in parentheses is the royalty payment for the year

In addition to the high prices to be paid for acquiring alternative technology, Korean businesses are also at a disadvantage due to the various unfavorable conditions to Korea in a technology transfer agreement with their foreign partner. Among 168 Japanese technologies introduced into Korea in 1994, 15 (8.9%) were not allowed to be consigned to a third party, and 13 (7.7%) were granted on a non-exclusive basis and on the condition that improved technologies should be shared between two parties during the contract period. Seven (4.2%) were prohibited to be used for export products and 3 (1.8%) were granted on the condition that the licensee not deal in competitive products or technologies. Among the 209 US technologies introduced to Korea in the same year, 16 (7.7%) were conditional upon the sharing of the improved technologies, 12 (5.7%) were granted on a non-exclusive basis and 10 (4.8%) were not allowed to be consigned to a third party. These conditions have been reported to inhibit the effective transfer of technology, and have been considered unreasonable at times by Korean firms.

Although there is the option of applying for a compulsory license in TRIPs, in case the owners of patented technologies refuse to transfer their technologies, this recourse is generally very time consuming due to many stringent procedures and conditions. For instance, if the technology for the primary alternative substance (for example, HCFC) is required for the production of the secondary alternative (for instance, HFC), the country could resort to the compulsory licensing. One of the requirements for this procedure is that the invention claimed in the second patent (HFC technology) shouldl involve an important technical advance of considerable economic significance in relation to the invention claimed in the first patent (HCFC technology). However, there are no specific guidelines for defining “important technical advance” or “considerable economic significance.” Therefore, in practical terms, it is difficult to utilize the compulsory licence clause of the TRIPs Agreement, especially for SMEs who have limited negotiating abilities. Thus, to improve the prospects of a technology transfer, the varied and stringent conditions for the compulsory license described in article 31 would have to be modified.

In addition, the presence of these patents makes the process of indigenous technology development more difficult. Generally, those who have developed a technology tend to apply for the widest possible protection of it under the patent rights system. As a result, if a local business wishes to develop an alternative substance, it has to ensure that its technology does not conflict with any existing patent rights. A case in point was a local refrigerator manufacturer who spent US$16 million over 3 years in a bid to develop a new compressor for an alternative refrigerant. However, the firm encountered a conflicting patent from a Japanese compressor maker, and had to extend its project for another year just to ensure that the new compressor developed by the enterprise did not conflict with this patent.

Moreover, considerable time, effort and finances have to be spent to check for any conflicting patent right. Depending on the specific case, it costs between US$1,300 to US$1,500 and takes between two and three weeks to get such information. Even then, obtaining sufficient information can be a problem. Thus, the process of developing their own compressor was an arduous and an expensive one.

(4) DOMESTIC LEGAL STRUCTURE TO FACILITATE COMPLIANCE

In order to implement the provisions of the Montreal Protocol, Korea enacted “The Act of Control on the Production, etc. of Specified Substances for the Protection of the Ozone Layer” in April, 1991. The purpose of this law is to control the production and consumption of specified substances as per the MEA, to promote the development and consumption of alternative substances, and to control the discharge of specified substances. 
In accordance with the above law, in the case of production, a license has to be acquired from the Minister of Trade, Industry and Energy, at least 3 months in advance. Quotas for production can also be imposed by this minister. For imports, an approval is required from the Ministry of Trade, Industry and Energy. Once again, the minister has the option of limiting ODS related imports, to ensure compliance with the Montreal Protocol. In addition, those who wish to distribute the controlled substances are expected to submit to the minister of Trade, Industry and Energy a detailed sales plan for approval. Another legal requirement is that distributors, producers and importers of ODS related products report their performance to the government on an annual basis. 
“The Council for Adjustment of Supply and Demand of Specified Substances”42 is responsible for approving the quantities of production and consumption as well as sales plan on requests from producers or dealers in accordance with the limits. These limits are jointly determined by the Ministry of Trade, Industry and Energy and the Ministry of Environment with the aim of keeping the per capita consumption of ODS below the level of 0.3 kg. The law also aims to lower the limits of production and consumption of those substances which are totally prohibited.

Additional legal stipulations include measures to promote the access to alternative technology. For one, any foreign business that owns relevant technologies and invests its capital directly into Korea would be supported by incentives such as tax exemption/reduction and longer-term rent in the foreigners' special industrial complexes. To encourage indigenously developed technology a fund has been raised to promote the development of alternative substances and to control the discharge and use of specified substances effectively. The fund is raised from the producers and importers of the specified substances as well as those who import goods containing the substances, and is managed and operated by the Korea Specialty Chemical Industry Association (SCIA). An additional contribution to the fund is made by consumers who pay charges based on the price of 1 kg CFC multiplied by the ozone-depleting potential per substance. The charges range from $0.048 to $0.9 for 1kg. The pool of funds so created is aimed at the development of alternative substances or their uses. The development of facilities for controlling the discharge and use of specified substances, global cooperation programs for the implementation of the international ozone layer protection protocols, education or information programs to promote the use of alternative substances, etc. So far, the fund has been primarily used for two purposes. One is for the development of CFC substitute substances and the second is as loans for ODS related enterprises wishing to transition to ozone friendly production. The loans are conferred for activities such as - technology development/equipment installation for the use of alternative substances, equipment installation for the production of alternative substances, technology development/equipment installation for reduction in the use of specified substances, equipment installation for destruction, recycling, reuse of ODS and equipment installation for upgrading efficiency in using specified substances.

From 1992, when the fund began to be used, until the August of 1996, a total US$ 21.6 million has been contributed to finance the above. A total of 76 business projects have been financed during this period; 37 for technology development, and 39 for investment in facilities; A significant effort has also been made to accommodate SMEs, and so far, smaller businesses have accounted for 67% of the 76 projects that have been financed by the fund. While the prime purpose of the Fund is to support related businesses in their transition to ODS free production, a "Specified R&D Project" has been undertaken with the purpose of supporting R&D activities, including the development of alternative technologies to CFC. The adoption of such a strategy has been of prime importance in the Korean context.

For one, considering the size of the Korean market for production and consumption of ODS, indigenous development of alternatives are expected to help effect the phaseout at reasonable costs. This is also in keeping with Korea's long standing policy of import substitution, especially in technology related to major exports. In addition, just as the demand for CFCs has had a huge potential for growth, especially in Korea’s major export sectors, so is the demand for ODS alternatives expected to expand as the country effects its phaseout. Most important, however, is the fact that local development of alternative technology is imperative considering that transfer of such technology from foreign sources has not happened in accordance with the provisions of the Montreal Protocol. Due to these factors, the KIST has been assigned the task of developing alternatives indigenously. This institute is supported by the Ministry of Trade, Industry and Energy and the Ministry of Science and Technology. Under this project, the latter has allotted some of its budget resources for the development of CFC alternative technology since 1990, when the Montreal Protocol came into the national policy making agenda. The total budget for the 6-year project has amounted to US$ 13.5 million. The Ministry of Science and Technology contributed US$ 6.9 million from their budget under “Specified Technology Development Project,” whereas the Ministry of Trade, Industry and Energy contributed US$ 3.0 million from the Fund.

In addition to KIST, private businesses such as Ulsan Chemical Co. participated in the first-stage project under the supervision of the Ministry of Science and Technology and the Ministry of Trade, Industry and Energy. For the purpose of commercialization of the newly developed technology, the Korean government established a separate enterprise43 in 1992.

The first-stage project consists of 6 research programs for the development of HCFC-22, HCFC-141b, and third-generation CFC-alternative substances. During this stage, alternative substances began to be developed on a full scale. An HCFC-22 plant of 7,500 ton annual capacity and an HCFC-141b plant of 12,000 ton annual capacity have already been completed for commercial production by Ulsan Chemical Co.44 Basic designs for HFC-134a and HFC-152a plants are also ready.

Table 11 Performances of the First-Stage CFC-Alternative Development

Projects (as of June, 1996 )

	
	PERIOD 
	
	PARTICIPANT 

	PROGRAM 
	FOR 
	MAJOR PERFORMANCE 
	BUSINESS 

	
	RESEARCH 
	
	

	
	Dec. 24, 
	A plant of 7,500 ton 
	Ulsan Chemical 

	HCFC-22 
	1990 -
	annual capacity has been 
	Co. 

	
	Dec. 23, 
	completed for commercial 
	

	
	1991 
	production. 
	

	
	Dec. 24, 
	A plant of 12,000 ton 
	Ulsan Chemical 

	HCFC-141b 
	1990 
	annual capacity has been 
	Co. 

	
	- Dec. 23, 
	completed for 
	

	
	1991 
	commissioning. 
	

	
	Dec. 24, 
	A basic design for a 
	Hankook Sinhwa 

	HFC-134a 
	1990 
	commercial plant of 
	Co. 

	
	- Nov. 6, 
	10,000 ton annual 
	

	
	1995 
	capacity has been 
	

	
	
	completed. 
	

	
	Dec. 24, 
	A basic design for a 
	Hankook Sinhwa 

	HFC-152a 
	1990 
	commercial plant of 
	Co. 

	
	- Nov. 6, 
	5,000 ton annual 
	

	
	1996 
	capacity has been 
	

	
	
	completed. 
	

	
	Dec. 24, 
	A pilot test and basic 
	Hankook Sinhwa 

	HCFC-
	1990 
	design work is underway. 
	Co. 

	123/125 
	- Nov. 6, 
	
	

	
	1996 
	
	

	A Third-
	Dec. 28, 
	A performance test 
	

	Generation 
	1991 
	system for candidate 
	

	New 
	- Nov. 6, 
	substances has been 
	

	Material 
	1995 
	developed. Various 
	

	
	
	candidate substances 
	

	
	
	have been synthesized. A 
	

	
	
	basic design for a HFC-32 
	

	
	
	plant of 5,000 ton annual 
	

	
	
	capacity has been 
	

	
	
	completed. 
	


Source : The Ministry of Trade, Industry and Energy

However, although in technological terms, the first-stage project has been considered successful, its economic validity is still unproved. In addition, the market for the CFC-substitutes has not increased to the extent anticipated. This is mainly because the alternatives are not as technically efficient as CFCs and nor do they apply to as wide a variety of uses as their ODS counterparts. The price of substitute substances have also shown a downward trend reflecting increasing international competition among these alternatives. The recent trend in price (US$ per ton) of CFCs substitutes in Korean imports is as follows:

Table 12 Prices of CFC Substitutes in Korean Imports (1992 – 96)

	1992
	1993 
	1994
	1995
	1996 

	HCFC-123 
	10,119
	9,503
	6,656
	6,469 
	7,005 

	HCFC-141b 
	4,156
	3,576
	2,798
	2,554
	2,316 

	HCFC-142b 
	6,813
	4,254
	3,599
	3,356
	2,645 

	HCFC-22 
	2,254
	2,360
	2,085
	2,203
	2,580 

	HFC-134a 
	15,000
	7,800 
	5,427
	4,922
	4,422 


Source: Foreign Trade Statistics, Korean Customs Administration

Note: Prices for 1996 were calculated based on import performance during

the first half of the year.Moreover, since the successfully developed alternatives, HCFCs, are only intermediate substitutes, the Korean government has designed a second-stage project whereby a total of 5 programs will be implemented beginning from 1996 until 1999 by the CFC Alternatives Technology Center of KIST, Technology

Institute of Ulsan Chemical Co. and other private institutes. The total budget for

this project is estimated to be US$ 9,443.6 thousand which consists of government fund amounting to US$ 9,195.1 thousand and private participation of US$ 223.7 thousand.45

(5) SUMMARY AND CONCLUSIONS

The Korean experience demonstrates the case of an export oriented CFC producing economy. In addition, because Korea is also a producer of ODS, issues relating to the transfer of environmentally sound technologies too have been of significance.

Trade has played a substantial role in Korea's development strategy. Some of this trade is ODS based, and is thus linked to the Montreal Protocol, notably in the electronics and the chemicals sectors. In the former industry, over 42 percent of the exports are affected by this MEA. Besides its individual importance as the largest export sector in the Korean economy, electronics is also linked widely to other sectors in the country. The chemicals industry too is associated with a variety of sectors in the economy, although in absolute terms, its role has been limited to about 6 percent of the total exports.

It is then clear that trade measures taken against Korea would have hampered ODS related imports and exports, thereby diminishing the prospects for export growth and development. However, the fact that the country did not accede to the Protocol until 1992, indicates that the urgency of avoiding a reduction of the export markets, on which the economy has considerable dependence, may not have been the only factor guiding accession.

In terms of positive measures, Korea enjoys only some of the support provided to developing countries in their phaseout process. Because the nation consumed more than the threshold level of 0.3kg per capita, it was initially not classified as an Article 5 nation at all. As the level of consumption was brought within the limit, the country became classified as part of the Article 5. Consequently, Korea now enjoys a delayed deadline for phaseout, like other Article 5 nations. The provision pertaining to the transfer of environmentally sound technologies on fair and most favourable terms also applies to this country. However, in terms of financial assistance, this country does not qualify for support from the Multilateral Fund.

Although it is not clear whether the delayed deadline acted as a sufficient incentive to participate, the prospects of acquiring alternative technology is likely to have acted as a significant inducement in signing the Protocol. Since much of Korea's ODS based production, consumption and most importantly,exports, has grown to depend on the indigenous production of these substances, the prospect of acquiring technology which would help phaseout, and help retain external markets is likely to have contributed to Korea's decision to sign the Protocol. Thus, the positive measure relating to transfer of technology may have been a significant factor in inducing participation.

In terms of phaseout, the study states that firms in the export sector are conducting this switchover on account of stipulations from the importing partners. Cases in point have been the refrigerator and the electronics sectors. In the export sectors, it is indicated that difficulties have been encountered by those firms which have not conducted their phaseout. Thus, measures taken pursuant to the Protocol in import markets do seem to have induced phaseout among export firms, although other factors such as easy availability and relative costs of alternatives also appears to have been of significance. 
On the other hand, positive measures do not appear to have contributed to any great extent towards phaseout. The delayed deadline has helped in the process of formulating coherent strategies, especially among larger firms. However, the provision of transfer of technology has not been effective in the Korean context, mainly on account of lack of actual technology tranfer to produce alternatives. This problem has infact been considerable, and firms which have contemplated acquiring the technology have encountered a number of problems. The most important is that the most alternative technologies are patented and the prices quoted by technology owners as royalty are very high. 
Among Korean firms, these exorbitant prices have been viewed as a lack of intention to tranfer technology. In addition to the high prices to be paid for alternative technology, an additional concern with respect to the transfer of technology has been the unfavourable conditions imposed while concluding an agreement with a foreign partner. In a number of cases, the technologies have been offered on the condition that they will not be consigned to a third party. In addition, conditions have also pertained to non-exclusivity and that the technology be shared between two parties. More importantly, some firms have been prohibited from export, and some conditions also related to the fact that the licensee did not have the possibility of dealing in competitive products or technologies. Therefore, both the cost and the conditions for acquiring the alternative technology have been difficult for Korean firms, and have acted as a significant barrier in the production of alternative substances which would help the country in transitioning to ODS free production.

The fact that most of the alternative technologies have patents will expire after the phaseout deadline implies that the country will have to spend considerably on importing alternatives, since alternative technology cannot be easily produced in the domestic market. Moreover, if producer firms do not wish to be shut down in the phaseout process, they will have to acquire the alternative technology by paying the royalties demanded and adhere to all conditions put up by technology owners. This is likely to have a significant impact on the transition among producer firms, and in turn on user firms. Although the TRIPs agreement permits compulsory licensing under strict conditions, this measure has been considered too time consuming, requiring also a number of stringent procedures which are difficult to fulfill. On account of the difficulties associated with the transfer of alternative technology, Korea has launched a serious effort to develop this technology indigenously. However, while the technologies for HCFC have already been commercialised, it is found that placing substitutes on the market can meet with difficulties too. For instance, the study notes that the price and quality factors of substitutes on offer from foreign producers can be more attractive, reducing the commercial prospects of domestically developed alternatives. Therefore, the early starter advantage which foreign producers have inhibits the effective commercialisation of domestic alternatives. This is perhaps one of the reasons why although Korea has developed the technology for HFCs, the substitute is yet to be commercialised.

Besides the relative importance of trade and positive measures, the Korea study also emphasises the importance of other factors in phaseout, such as the availability of alternatives, the role of the government and the size of the firm. In several sectors, problems have been encountered due to the lack of viable alternatives.

The lack of availability of alternatives at low cost is another factor impeding effective phaseout in the Korean context. Among aerosol producers, it was found that although alternatives such as LPG and DME were available, their inflammability made them unsuitable as substitutes. The safer alternatives are about ten times more expensive than LPG and DME. Therefore, no viable and safe alternative exists in the aerosol sector, which in turn affects the degree of effective phaseout.

The study also brings out the significance of the SMEs presence in some sectors in the phaseout process. A survey conducted by the study demonstrates that such firms are more seriously affected by the phaseout process. In areas of cost of conversion, awareness of the details of phaseout, and in terms of financial and technological capacities in general, such firms were found to be more disadvantaged. Thus, among SMEs, phaseout decisions are still at a nascent stage.

The most important aspect which distinguishes Korea from other developing nations is the level of effort put into indigenous technology development. The urgency of developing substitute technology has induced the country to undertake an elaborate programme funded by the government, the private sector and by consumers. The development of alternative technology and the commercialisation of the same is the final goal of this project. So far, the effort has successfully yielded the technology of HCFC 141b, which has also been commercialised. In addition, as a result of these efforts, the financial and technological burden of trials and errors associated with new technologies are not being borne by individual firms. Additional support has included educational or public relation programs for protection of the ozone layer and promotion of alternative substances. In addition, a domestic mechanism has also been created to assist firms in their phaseout process. SMEs too have benefitted from this programme and, so far smaller businesses have accounted for 67% of the 76 projects that have been financed by the fund for their development of alternative substances or their uses since 1992. Thus, the Korean example brings out in detail the problems relating to the effective transfer of environmentally sound technologies and demonstrates the case of a country where government and private entities are attempting to make up for the lack of effective support from positive measures in the Protocol. It is emphasized that such efforts have been rendered less effective on account of the strict protection of intellectual property rights.

Notes:
Among the developing nations classified under Article 5 (1) of the Montreal Protocol, 7 nations are producing the subject substances: Korea, Argentina, Brazil, China, India, Mexico and Venezuela. In the 4 nations excluding Korea, China and India, CFC production is localized by US, European or Japanese businesses.

Total production and export of the Korean electronics industry amounted to 63.7 and 43.6 billion dollars in 1995 respectively.

The Council for Adjustment of Supply and Demand of Specified Substances consists of specialists, representatives of relevant industries as well as government officials from the Ministry of Trade, Industry and Energy and the Ministry of Environment, Ministry of Finance, Ministry of Home Affairs, Ministry of Science and Technology. Five government officials are appointed by each of the Ministers listed above. The Minister of Trade, Industry and Energy can appoint members (not more than 15) from businesses and specialists.

The major investors of Hankook Shinwha are Korea General Chemical Corporation (65% of its whole share) and Ulsan Chemical Co. (35%). Since Korea General Chemical Corporation is a government invested company, Hankook Shinwha was also launched as a public enterprise. But from 1995, the privatization of Hankook Shinwha Co. is underway and is expected to be completed in 1997.

The production line of HCFC-141b is convertible to produce CFC-11.

 The figures were calculated using average exchange rate of ‘96, W/US$ = 804.78.
