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Key aspects related to HFC-23 by-product control technologies (decisions 78/5(e), 79/17(b), 79/47(e) and 80/77(b))

Background

At the 79th meeting, the Executive Committee requested the Secretariat to contract an independent consultant to undertake an evaluation of cost-effective and environmentally sustainable options of HFC-23 destruction from HCFC-22 production facilities and submit this report to the 81st meeting.
The scope of the evaluation would include:
An assessment of the costs of incineration at an on-site destruction facility, based on characteristics of the facility, including destruction capacity, quantity and frequency of HFC‑23 to be destroyed, the expected remaining lifetime, location, and other relevant factors, including:
Start-up costs for destruction facilities that might currently be in disuse;
Costs to install a new destruction facility if one was not currently installed;
Costs to operate a currently installed facility;
An assessment of the costs of incineration at an off-site destruction facility, including collection, transportation and incineration, based on the quantity of HFC-23 to be destroyed, location, and other relevant factors;
An assessment of the cost of destroying emissions of HFC-23 by-product through irreversible transformation and other new technologies, where information was available, based on the quantity of HFC-23 to be destroyed, location, and other relevant factors;
An assessment of the costs and measures to optimize the HCFC-22 production process to minimize the HFC-23 by-product generation rate and maximize the collection of HFC-23 by-product for destruction based on characteristics of the facility, including capacity, quantity of HFC‑23 by-product generated, the expected remaining lifetime, location, and other relevant factors;
An assessment of the costs of different monitoring and verification methods; and
An assessment of how the performance and costs of different destruction technology options would vary according to local conditions and the quantity of HFC-23 by-product to be destroyed.
Additional information related to HFC-23 requested by the Executive Committee

The Executive Committee requested the World Bank to submit the draft final report of the investigation on reducing HFC-23 by-product ratio using best practices to the 81st meeting (decision 79/17(b)). The summary of the report submitted by the World Bank is contained in Annex II of the present document.
The Executive Committee invited all relevant HCFC-22-producing Article 5 countries to provide to the Secretariat, on a voluntary basis, information relevant to the evaluation by 30 September 2017 (decision 79/47(f)), and subsequently extended to 1 December 2017 (decision 80/77(b)). At the time of finalization of the present document, no such information was submitted. 
The Executive Committee requested the Secretariat to continue to explore whether there were HFC‑ or other HCFC-producing facilities in any party that generated HFC-23 emissions (decision 78/5(e)). The Secretariat undertook a review of the scientific literature, consulted with experts from the implementing agencies, and other organizations.[footnoteRef:1] Based on that review, the Secretariat did not identify any production facilities other than those that produce HCFC-22 that generate HFC-23 by-product. The Secretariat notes that HCFC-22 is used as a feedstock in the production of other chemicals.[footnoteRef:2] Integrated production facilities that generate HCFC-22 as an intermediate for the production of other chemicals would also generate HFC‑23-by-product; however, that by-product is generated during the reaction to produce the HCFC-22 intermediate, rather than subsequent reactions between HCFC-22 and other chemicals to produce the desired product.  [1:  Including Öko-Recherche, an independent environmental research institution and consultancy located in Germany.]  [2:  The largest use of HCFC-22 is as a feedstock in the production of tetrafluoroethylene (TFE); it can also be used as a feedstock in the production of HFC-4310mee, HFC-227ea, HFC-32, HFE-347pcf, HFE-7100, HCFE-235da2, HFE‑236ea2, and possibly other chemicals. The Secretariat has no information on the prevalence of the use of HCFC‑22 as a feedstock of those other chemicals. ] 

Secretariat’s comments

In line with United Nations rules and regulations, a vacancy position for the consultancy was posted to Inspira and a link to the job posting and the terms of reference (TOR) for the position were advertised on the Secretariat’s website. The consultant selected traveled to Montreal for in-depth discussions with the Secretariat on the methodology to respond to the TOR, and engaged in regular consultations with the Secretariat throughout the report-writing process. The Secretariat undertook an extensive review of the consultant’s report, which is contained in Annex I to the present document. To facilitate the Executive Committee’s review, the following section, which was reviewed by the consultant, summarizes the main conclusions of the report.
Cost of incineration at an on-site destruction facility

The main conclusions of the consultant’s evaluation are as follows:
A conservative estimate of the total fixed capital costs of a new incinerator installed mid-2017 in Eastern Central China ranges between US $9 million for a 400 metric tonnes (mt)/yr incinerator to US $27.1 million for a 2,400 mt/yr incinerator. The lower-bound estimate for this same range is between US $6.3 million and US $18.5 million. Those costs are inclusive of all expected costs associated with the purchase and installation of a new incinerator, from permits, insurance and security, to procuring, shipping and installing the equipment, to all the costs associated with the start up and operation of the incinerator for at least 72 hours; 
Operating costs vary based on the capacity and extent of utilization of that capacity, varying between US $4.37/kg to US $1.45/kg as shown in Table 1.  
Table 1: Upper- and lower-bound estimated operating costs as function of capacity and extent of utilization for on-site incinerators
	 
	On-site incinerator capacity (mt/yr)

	
	400
	800
	1,600
	2,400

	Per cent utilization 
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)

	100
	2.22
	2.63
	1.80
	2.13
	1.55
	1.81
	1.45
	1.68

	75
	2.66
	3.21
	2.10
	2.55
	1.77
	2.12
	1.63
	1.94

	50
	3.54
	4.37
	2.71
	3.37
	2.21
	2.74
	2.01
	2.47



Operating costs for existing incinerators are likely to be lower than those estimated for the case of a new incinerator. Such costs would likely be closer to the lower-bound estimates provided in the report, noting that specific costs can only be assessed based on site-specific characteristics; and
The costs to start-up a facility that is currently in disuse are estimated to be US $575,000 and comprise new acid-resistant refractory, new equipment purchases and installation, new instrument probes, and an upgraded distributed control system. Those costs could vary based on the capacity of the incinerator and site-specific conditions. 
Cost of incineration at an off-site destruction facility

The main conclusions of the consultant’s evaluation are as follows:
Costs to construct and operate a new, stand-alone incinerator are higher than for an on-site incinerator given the need for additional equipment (e.g., receiving facilities for HFC-23 to be destroyed) and the loss of synergy-related benefits, including those related to labor, supplies, overhead, and other costs; 
A conservative estimate of the total fixed capital costs of a new, stand-alone incinerator installed mid-2017 in Eastern Central China ranges between US $12.1 million for a 400 mt/yr incinerator to US $34.5 million for a 2,400 mt/yr incinerator. The lower-bound estimate for this same range is between US $8.8 million and US $24.5 million; and
As in the case of an on-site destruction facility, operating costs vary based on the capacity and extent of utilization of that capacity, varying between US $5.59/kg to US $1.56/kg as shown in Table 2. Operating costs in Table 2 are inclusive of collection, transportation to the off-site facility, and incineration; i.e., those costs are the total costs to the HCFC-22 producer.
Table 2: Upper- and lower-bound estimated operating costs as function of capacity and extent of utilization for off-site incinerators
	 
	Off-site incinerator capacity (mt/yr)

	
	400
	800
	1,600
	2,400

	Per cent utilization 
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)
	Lower-bound (US $/kg)
	Upper-bound (US $/kg)

	100
	2.81
	3.24
	2.11
	2.45
	1.71
	1.98
	1.56
	1.80

	75
	3.45
	4.02
	2.52
	2.97
	1.99
	2.35
	1.79
	2.10

	50
	4.73
	5.59
	3.33
	4.01
	2.54
	3.08
	2.23
	2.71



Cost of destroying HFC-23 by-product through irreversible transformation and other new technologies

Four technologies were assessed:  pyrolysis of HFC-23 into carbonyl fluoride (COF2); iodization of HFC-23 into trifluoroiodomethane (CF3I);[footnoteRef:3] conversion to HCFC-22, vinylidene difluoride (VDF), or TFE and hexafluoropropylene (HFP);[footnoteRef:4] and chemical reaction with hydrogen and carbon dioxide.[footnoteRef:5] Costs for the former three technologies could not be assessed as those technologies are still in the research stage. For the latter, the technology provider did not provide the needed information and limited information is publicly available to estimate costs. In particular, the consultant was not able to independently assess the operating costs suggested by the technology provider, nor was the consultant able to estimate the capital costs of the necessary equipment; both of those costs would determine the payback period of the technology relative to an incinerator. However, the consultant was able to assess the possible revenues from the technology based on publicly available information on the price of chemicals that would be produced through the conversion process. The consultant estimates that the potential annual revenue from the conversion of 900 mt of HFC-23 would be approximately US $565,000.  [3: http://conf.montreal-protocol.org/meeting/oewg/oewg-39/events-publications/Observer%20Publications/Effective%20Technologies%20for%20Conversion%20of%20HFC-23%20-%20Quan%20Hengdao.pdf]  [4: http://conf.montreal-protocol.org/meeting/oewg/oewg-39/events-publications/Observer%20Publications/Treatment%20of%20HFC-23%20by%20conversion%20-%20Han%20Wenfeng.pdf]  [5: http://conf.montreal-protocol.org/meeting/oewg/oewg-39/events-publications/Observer%20Publications/The%20Creation%20and%20Recovery%20of%20Valuable%20Organic%20Halides%20From%20the%20HFC-23%20-%20Lew%20Steinberg.pdf] 

Costs and measures to optimize the HCFC-22 production process to minimize the HFC-23 by-product and maximize the collection of HFC-23 by-product
While specific measures to minimize the generation of HFC-23 by-product and maximize its collection will depend on site-specific requirements, three process changes were identified that could be applicable to HCFC-22 production facilities:
Improvements to the HCFC-22 product distillation column, including replacing the column tray internals with structured packing, operating the column at a lower pressure and condenser temperature, and increasing the reflux ratio, reducing the amount of HCFC‑22 carry over in the HFC-23 stream from 8 per cent to 3 per cent;
Convert the HCFC-22 reactor to plug flow to increase mixing of the hydrogen fluoride (HF) with chloroform, and thereby enhance selectivity, resulting in a reduced HFC-23 by‑product generation rate of approximately 1.75 per cent; and
[bookmark: _GoBack]Convert from a one-stage to a three-stage HCFC-22 reactor, resulting in a reduced HFC‑23 by‑product ratio of approximately 1.4 per cent. Reducing the HFC-23 by-product below 1.4 per cent would require research and development, particularly for new catalysts.
Costs of the above measures will vary based on the specific HCFC-22 production facility. As production facilities need to regularly replace equipment that reaches the end of its useful life, a facility would want to compare the additional costs of the measures with the benefits of their implementation when selecting the replacement equipment. Distillation columns are expected to be replaced approximately every ten years, and it is expected that columns with structured packing would be selected given the increased revenue from improved separation and the reduced maintenance costs. Reactor lifetimes range from 10 to 15 years. In selecting a new reactor, a production facility would compare the difference in cost between a three-stage and a one-stage reactor with the benefits associated with improved selectivity toward HCFC‑22. For example, a 0.5 per cent increase in selectivity toward HCFC-22 at a facility producing 27,000 mt/yr of HCFC-22 can be expected to generate additional revenue of approximately US $300,000 per year when the price of HCFC-22 is US $2.20/kg. 
The Secretariat was not able to undertake a detailed review of the summary of the investigation on reducing HFC-23 by-product ratio using best practices submitted by the World Bank on 10 March 2018 by the time of finalization of the present document. However, the following observations are relevant:
The total capacity of China’s 22 HFC-23 destruction facilities (comprising 16 incinerators, three plasma arc incinerators, and three superheated steam facilities) is 22,000 mt/yr. On average, the capacity of a destruction facility is 1,000 mt/yr. The Secretariat notes that some of the destruction facilities are on stand-by; of the 20,960 mt/yr capacity installed in 2016, 17,810 mt/y was in operation and 2,750 mt/yr was on stand-by. There is sufficient HFC-23 destruction capacity in China to destroy all HFC-23 by-product given HCFC-22 production levels and capacity in the country; 
The theoretical findings provided in the summary are consistent with those provided in the report of the consultant. In particular, key factors in determining the HFC-23 by-product generation rate include construction details of the reactor, the distillation column, the process conditions, and the mixing status in the reactor; lowering the liquid level in the reactor can substantially reduce the HFC-23 by-product generation rate without additional equipment investment and energy consumption. While those findings are consistent with those of the consultant, the consultant’s proposal to convert to a three-stage reactor is likely to be a more effective means of achieving the same result as increasing the height to radius ratio of the reactor as proposed in the summary report by the World Bank. In particular, a three-stage reactor is expected to further decrease the liquid level in the reactor and further increase the degree of mixing and uniformity of HF in the reactor, thereby further reducing the HFC-23 by-product generation rate; and
All the measures identified in the summary have a cost below US $1 million. For the facility noted above (i.e., facility producing 27,000 mt/yr of HCFC-22 with a 0.5 per cent increase in selectivity toward HCFC-22), this suggests a payback period of less than four years. 
Costs of different monitoring and verification methods

The consultant recommended that the clean development mechanism (CDM) “Approved baseline and monitoring methodology AM0001/Version 06.0.0” be used to monitor the destruction of HFC-23 by‑product. The costs of the monitoring have been included in the estimated costs noted above.
An independent verification should be performed by an independent third party with no conflicts of interest; the verifier would need access to plant operating data and financial books of HCFC-22/HFC-23 producers and destroyers. The cost of that verification would be additional to the estimated costs noted above.
Costs of different destruction technologies

The consultant assessed five destruction technologies: plasma radio frequency arc torch, fired-heater thermal oxidation furnaces, horizontal rotary-fired oxidation kiln, cement kiln oxidation, and high‑temperature steam thermal decomposition:
Plasma arc technology has excellent destruction efficiency but has the highest cost of the technologies assessed and would be best suited for small-scale destruction facilities. Operating costs are expected to be approximately US $3/kg. A facility that destroys approximately 100 mt/yr would be expected to need to invest approximately US $2.5 million in capital costs to enable the destruction of HFC-23;
Fired-heater thermal oxidation furnace has excellent destruction efficiency and is expected to be the second highest cost technology, with operating costs of approximately US $2.40/kg. A facility that destroys approximately 100 mt/yr would be expected to need to invest approximately US $1.7 million in capital costs to enable the destruction of HFC‑23;
Horizontal rotary-fired oxidation kilns and cement kilns are well-commercialized and are expected to be among the most cost-effective destruction technologies; however, the destruction efficiency is expected be lower (approximately 99 per cent). Operating costs are expected to be approximately US $1/kg. A facility that destroys approximately 100 mt/yr would be expected to need to invest approximately US $0.5 million in capital costs to enable the destruction of HFC-23. Those costs would principally be associated with purchasing and installing the necessary equipment to receive containers with HFC-23 to be destroyed, transferring the HFC-23 to a storage tank, and feeding the HFC-23 into the kiln; and
High-temperature steam thermal decomposition has excellent destruction efficiency. While there are three such facilities in operation in China, there is limited information on the costs, so those could not be assessed; however, it is expected that the costs could be lower than for a fired-heater thermal oxidation furnace. 
HCFC-22 production facilities that have low levels of production, and therefore low quantities of HFC-23 by-product to be destroyed, that do not intend to continue production for feedstock uses, and that either do not have an on-site destruction facility or the facility is in disuse, could face substantially higher costs of HFC-23 destruction relative to production facilities with high volumes of HFC-23 by-product to be destroyed at an on-site facility. 
The Secretariat notes that the Parties have not yet approved any technologies for destruction of HFC-23. If the Parties were to approve the use of destruction technologies with a destruction and removal efficiency below 99.99 per cent, (perhaps for a limited period of time), this could allow those facilities to use the more cost-effective destruction technologies identified, such as cement kiln oxidation and horizontal rotary-fired oxidation kiln, prior to phasing out their HCFC-22 production. 
Comparison of costs with previous estimates

Based on the analysis of CDM data undertaken by the Secretariat at the 79th meeting,[footnoteRef:6] the incremental cost of the reported consumables and waste of the destruction facility were always found to be below US $1/kg. However, that cost did not include maintenance, labour, costs associated with monitoring, or other expenses that may affect the IOC of destruction. Therefore, the Secretariat considered the incremental cost of the reported consumables and waste to represent a lower bound on the IOC. The costs estimated by the consultant, which are higher, are inclusive of all costs associated with the destruction of HFC-23, ranging from procuring and installing the equipment, to fees associated with construction, such as permits and insurance, to all operating costs, including consumables, wastewater treatment, monitoring, and process and cooling water.  In line with Executive Committee practice and decisions, taxes and depreciation were excluded. The conservative estimate presented by the consultant includes 25 per cent in contingencies, and installation costs account for approximately 35 per cent of the fixed costs, including running the incinerator for at least 72 hours to demonstrate performance. Those costs are higher than typically found in projects submitted to the Multilateral Fund as they represent a conservative (upper‑bound) estimate.     [6:  UNEP/OzL.Pro/ExCom/79/48; 79/48/Add.1; 79/48/Corr.1; and 79/48/Corr.2.] 

Secretariat’s recommendation

The Executive Committee might wish to note the report on key aspects related to HFC-23 by‑product control technologies (decisions 78/5(e), 79/17(b), 79/47(e) and 80/77(b)), contained in document UNEP/OzL.Pro/ExCom/81/54.





	
	
	
	
	



Pre-session documents of the Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol are without prejudice to any decision that the Executive Committee might take following issuance of the document.
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