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	Project Summary

Brazil became a Party to the Vienna Convention and Montreal Protocol on 19 March, 1990. Brazil also ratified the London, Copenhagen, Montreal and Beijing Amendments.  The country is fully committed to the phaseout of HCFCs and willing to take the lead in assessing new HCFC phaseout technologies, particularly in the foam sector.  It has a vibrant local PU system house system  that caters to SMEs while all international PU chemical manufacturers are represented which concentrate on the larger users  

The objective of this project is to develop, optimize, validate and disseminate the use of methylal in PU foam applications.  Validating now can save a multiple of the validation costs in subsequent projects.

The project is divided in two distinct phases:  
                      Phase-I:    development, optimization, validation and technology dissemination
                      Phase-II:   implementation in 15 downstream enterprises covering all relevant applications
At this stage funding only for Phase-I is requested. The costs Phase-II are included as a preliminary indicative estimate.  The Phase-II costs will be updated after completion of Phase-I and submitted for approval in 2009.   It is the intent that the UNEP Foams Technical Options Committee will be involved in the validation.
IMPACT OF PROJECT ON COUNTRY’S MONTREAL PROTOCOL OBLIGATIONS

This project is a pilot project aimed to validate a new HCFC phase-out technology and will contribute indirectly to the fulfillment of Brazil’s Montreal Protocol obligations. If successfully validated, the technology will contribute to availability of cost-effective options that are urgently needed to implement HCFC phase-out, particularly at SMEs.
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PROJECT OF THE GOVERNMENT OF BRAZIL
PILOT PROJECT TO VALIDATE METHYLAL AS BLOWING AGENT IN THE MANUFACTURE OF POLYURETHANE FOAM 
(PHASE-I)
1.
PROJECT BACKGOUND

This project has been prepared as response to the Executive Committee Decision 55/43 and it is part of a limited group of pilot validation projects being implemented by UNDP with the objective to develop, optimize and validate chemical systems for use with non-HCFC blowing agents. At its 56th meeting, November 2008, the Executive Committee approved the first two pilot projects (one in Brazil) that will address the validation of one of these technologies (methyl formate) in all relevant PU applications. The present project aims to undertake a similar process in Brazil with another technology (methylal). The other technologies that make part of this limited group of pilot validation initiatives are listed in Table 1 below and will be tested in other countries.

2. PROJECT OBJECTIVES
The objectives of this project are to:

1. Develop, optimize and validate the use of methylal as auxiliary blowing agent in polyurethane foam applications meeting local and international safety standards;

2. Demonstrate the technology in a limited amount of downstream operations;

3. Transfer the technology to interested stake holders, such as system houses and individual HCFC users, anywhere in the world.  

3.
INTRODUCTION

Current validated technologies for replacing HCFC-141b in foams are restricted to water/isocyanate, hydrocarbons and HFCs.  With water non-performing in thermal insulation applications, HFCs being high in global warming potential and hydrocarbons high in investment costs, it is important to validate other options.  ExCom Decision 55/43 reflects this by promoting pilot projects aimed to validate technologies.  UNDP has followed recent developments in this industry very closely.  Its evaluation also covered potential improvements on validated technologies that raise environmental concerns or are high in cost.  Based on its findings it has prepared a total of five (5) pilot projects which, it believes, cover all commercially available products that have potential as blowing agent in foams but have not yet been validated in an A5 context.  These technologies are:

	SUBSTANCE
	STATUS
	COMMENTS

	Hydrocarbons
	To be submitted to the 58th ExCom
	Evaluation of cost saving options

	Methyl formate
	Approved at the 56th ExCom
	Technical validation of a commercial available product

	Methylal
	To be submitted to 58th ExCom
	Technical validation of a commercial available product

	Supercritical CO2
	Under development
	Technical validation of a commercial available product 

	HFO-1234ze*
	To be submitted to 57th ExCom
	Technical validation of a commercial available product


* A Hydro-Fluoro-Olefin.  Full name: trans-1,3,3,3-tetra fluoro propene; CHF=CHCF3
This project covers the validation of methylal in all relevant foam applications.  Methylal is a commercially available product that is used mainly for solvent applications and, to a lesser extent, in aerosols.  It has no ODP and a negligible GWP.  It is in limited use in Europe as a co-blowing agent to enhance HC and HFC systems.  However, it has also potential as a sole auxiliary blowing agent in situations where HFCs are not welcomed or HCs are to expensive in investment related to the size of a particular operation.  The first is an issue relevant to MOP decision XIX-6 which, under others, stipulates the need to include environmental concerns and the latter is a recurring issue in Article 5 countries where 80% of the enterprises qualify as SME.  
Technology validation is a global task.  However, it has to be executed in a particular country and UNDP is therefore preparing the proposals in consultation and with the consent of the relevant countries, and requested endorsement letters from the countries are included.  However, because of the global impact, deduction of the first phase, which deals with development, optimization and validation from the national aggregate HCFC consumption, would not be fair and it is requested to treat phase-1 this way.  
4.
INFORMATION ON PARTICIPATING COMPANIES
This pilot project is designed around Arinos Quimica Ltda (“Arinos”), a Brazilian system house.  Contact information is as follows:
Company:
Arinos Quimica Ltda
Contact:
Mr. Henrique Bavoso, Commercial Director

Address:
Rua Arinos, 15 – Pq Industrial Agua Vermelha
Osasco, SP CEP 06276-032, Brazil

Ph/Fx:

+5511-3602-7254/+5511-3602-7215
Email:

henrique.bavoso@arinos.com.br
Arinos is the successor of Flexquim which was founded in 1993 by Mateos Raduan Dias.  The company initially focused on the distribution of chemicals to the flexible PU foam industry.  As business evolved into other distribution products and PU systems, it was decided in 1997, along with the relocation to a new, enlarged plant, to rename the business into Arinos because the original name did not match the products anymore.  The company is 100 % Brazilian owned.  Combined annual sales are US$ 100 million (2008).  In addition to its main plant and headquarters in Sao Paulo, it has two branches in the north and the south and three regional sales offices.  It employs about 130.  Annual sales for the PU system house part have developed as follows (rounded):

2005 US$ 2,300,000      2006 US$ 4,300,000      2007: US$ 7,000,000      2008: US$ 10, 500,000
Arinos has a customer base of about 250 PU companies that purchase systems.  Its distribution operation is much larger with 3,500 customers that include non-PU areas such as foodstuff, solvents, pharmaceuticals, etc.  From the 250 registered PU system buyers, 50 are regular customers.  Arinos also counts with the conditions required to undertake this assignment: knowledge and access to the technology, research and development capacity and interest to undertake the testing.
There is no export to other countries.  Base PU chemicals are purchased from Dow, Bayer, Solvay and Momentive (former OSI, the successor of Union Carbide’s Silicones Division).  The company processes the following auxiliary blowing agents (2007/2008):


Substance


2007
2008
Remarks
HCFC-141b


120 t
180 t
all rigid and integral skin applications
Methylene Chloride
 
  40 t
  60 t
packaging foams
Methylal
 

   n/a
   n/a
at this time only sample amounts
Methylal is purchased from Lambiotte, Belgium. Lambiotte has developed methylal in Europe as a co-blowing agent in rigid PU foams.  Arinos intends to pursue its use as a sole or auxiliary blowing agent as it sees a large potential market in Latin America, which consists in majority of small users that cannot handle pure hydrocarbons and methylal offers the possibility to address flammability issues at the system house only rather than at user level.  For this purpose, Arinos has entered into an exclusive distributorship for methylal with Lambiotte.  Arinos has preliminary identified 15 companies covering 18 applications that address all major HCFC-consuming PU applications in Brazil.  
5.
PROJECT DESCRIPTION
The project is divided into two phases:

· Phase-I:
development, optimization, validation, technology dissemination
· Phase-II:
implementation at recipients covering all applications

5.1
PHASE-I

PU foams are used in applications with different formulations.  18 applications have been identified that use currently HCFC-141b.  The first phase, which includes development, optimization and validation of methylal as replacement technology for HCFC-141b will involve the systems house only.  Arinos has already developed the technology for one application (packaging foams) but this still will need validation.  Phase-I of this project will consist of:

· Acquisition of the necessary testing/prototyping equipment;
· Development of the remaining 17 applications;

· Optimization and validation of all 18 formulations on prototyping equipment;

· Development of safe practices meeting national and international standards for the transportation, storage and use of methylal in system houses and of methylal-containing systems at SMEs; 

· Dissemination of the experience gained through a workshop.  
Changing blowing agents, essential components in formulations, require determination of baseline values for critical properties.  Some, are general in nature but others are specific as the following list shows: 
	Foam type
	Application
	Status
	Critical Properties
	Action

	Integral Skin
	Steering wheels
	Not developed
	Friability, surface
	Development, Optimization, Validation

	
	Shoe soles
	Not developed
	Surface
	Development, Optimization, Validation 

	
	Structural (rigid)
	Not developed 
	Surface
	Development, Optimization, Validation 

	
	Semi-flexible
	 Not developed
	Surface
	Development, Optimization, Validation 

	Rigid Insulation
	Domestic refrigeration
	Not developed
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Commercial refrigeration
	Not developed 
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Water heaters
	Not developed 
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Trucks
	Not developed
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Panels-continuous
	Not developed
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Panels-discontinuous
	Not developed 
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Spray
	Not developed
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Blocks
	Not developed
	Insulation
	Development, Optimization, Validation 

	
	Thermoware
	Not developed
	Insulation, adhesion
	Development, Optimization, Validation 

	
	Pipe-in-pipe
	Not developed
	Insulation, adhesion
	Development, Optimization, Validation 

	Semi-Rigid
	Packaging foam
	Developed
	Shock absorption
	Development, Optimization, Validation

	Flexible Foams
	Hyper-soft molded 
	Not developed 
	Appearance, touch
	Development, Optimization, Validation 

	
	Hyper-soft slabstock
	Developed
	Appearance, touch
	Development, Optimization, Validation 

	
	Low resilience
	Developed
	Resilience curve
	Development, Optimization, Validation 


Companies and their suppliers do not conduct regular testing on properties of their foams, nor do they set standards.  Therefore the acquisition of suitable testing equipment and the determination of baseline data on critical properties is a precondition for a successful validation program.  In addition, prototyping equipment is required to limit burdensome and costly downstream production testing to a minimum.  The outcome of this part of the project will be a list of application-specific product requirements and tests to measure these.  After this, optimization and validation can start in earnest.  
Based on the outcome of these programs, the technology will then be technically cleared for industrial application under Phase-II as well for dissemination to other interested system houses world-wide.  Past experience has shown how important it is to assure commercial availability and local technical support.  In this project, following action is proposed to achieve this goal to the extent possible:

· UNDP has stipulated—and Arinos has agreed to—offering the technology to all system houses in good standing, meeting in this way financial and eligibility criteria (everything that is developed during the project implementation using MLF funds will be public knowledge and will be  disclosed). 
· Technology dissemination workshops will be conducted for interested systems houses as soon as the technology is deemed transferable.
5.2
PHASE-II
After the formulation for a particular application has successfully passed its evaluation, UNDP will apply for approval of the second project phase, which is application in manufacturing contexts.  15 companies, covering all 18 applications, will apply the technology in their operations.  Product and process testing will be conducted by the system house.  UNDP will conduct safety audits.  Process adaptations will be made as needed to meet requirements as indicated in the previous table. This phase is not part of the present submission, which is focused in validation of the technology.


5.3
SUPERVISION ARRANGEMENTS
Decision 55/43 requires Agencies to report accurate project cost data as well as other data relevant to the application of the technologies through “a progress report after each of the two implementation phases”.   UNDP suggests in addition supervision of the validation by the UNEP Foams Technical Options Committee.  The FTOC has, in its September 2008 meeting, in principle agreed to such an assignment.
6.
TECHNICAL OPTIONS FOR HCFC REPLACEMENT IN PU FOAMS

6.1
GENERAL OVERVIEW
Annex-1 provides an overview of all HCFC-141b replacement technologies that are currently available,  proposed or under development.  Based on these data, it appears that       

· Straight conversion of  HCFCs to HFCs will always increase the GWP; 

· HCs, CO2 (liquefied or derived from water), methylal and methyl formate will be options in PU foams that decrease—virtually eliminate—GWP in PU foams;
· Emerging technologies such as HBA-2, AFA-L1 and FEA 1100 will require at least two more years before (potential) commercialization;
· PU validation may therefore include cost-optimized hydrocarbons, methyl formate, methylal and environmentally optimized HFC formulations. 

6.2
METHYLAL AS REPLACEMENT TECHNOLOGY FOR HCFC-141b
Methylal, also called dimethoxymethane, belongs to the acetyl family. It is a clear colorless, chloroform-like odor, flammable liquid with a relatively low boiling point. Its primary uses are as a solvent and in the manufacture of perfumes, resins, adhesives, paint strippers and protective coatings. It is soluble in three parts water and miscible with the most common organic solvents.

	Property
	Methylal
	HCFC-141b

	Appearance
	Clear liquid
	Clear liquid

	Boiling point
	42 oC
	32 oC

	LEL/UEL
	2.2-19.9 %
	7.6-17.7

	Vapor pressure 
	400 mm Hg @ 20 oC
	593 mm Hg @ 25 oC

	Lambda, gas 
	14.5 mW/m.k@ 42 oC
	10.0 mW/m.k @ 25 oC

	Auto ignition 
	235 oC
	>200 oC

	Specific gravity
	0.821 @ 20 oC
	1.24

	Molecular weight
	76.09
	117

	GWP
	Negligible
	630

	TLV (USA)
	1000 ppm TWA
	500 ppm TWA/500 ppm STEL


Methylal has a very low toxicity while HCFC-141b classifies as moderately toxic:






Methylal 



HCFC-141b
· TLV (MAK): 


1000 ppm



500 ppm
· Acute toxicity: 


LD50 > 7 g/kg



8,000 ppm

· Acute inhalation toxicity (LC50)
15,000 ppm



10,000 ppm
· LC50



18,354 ppm



92,000 ppm
· Sub-acute inhalation

NOEL = 4,000 ppm (8 x 6 h)

20,000 ppm
· Sub-chronic inhalation: 

NOEL = 2,000 ppm


20,000 ppm
· Eye irritation: 


minor to moderate


minor to moderate
· Skin irritation: 


none to slight



none to slight
· Dermal sensitization: 

not allergenic



non allergenic
· Ames test: 


no mutagenic activity


no mutagenic activity
Methylal has also lower eco-toxicity than HCFC 141b:







Methylal

HCFC-141b
· Daphnids, fish (Brachydanio Rerio)

no effect


31.2 – 126 mg/L
· Biodegradability (ISO/DIS 8192)

biodegradable

not biodegradable

Methylal is, however flammable:

· flash point (open cup): 

-18°C (-0.4°F)

· auto-ignition temperature: 

237°C (458.6°F)

· explosion limits: 


1.6 % vol (LEL)/17.6 % vol (UEL) 

Methylal as proposed, however, will reduce—or even eliminate—the related risk by premixing at the system house.  Consequently, safety precautions, while still required, will be less than for current HC applications. 
Following is a list comparing methylal with other, common foam blowing agents on the most relevant properties:
	
	HCFC-141b
	Methylal
	Cyclo Pentane
	HFC-245fa

	LEL/UEL (%)
	7.3-16.0
	1.6/17.6
	1.4-8.0
	none

	Molecular Weight
	117
	76
	70
	134

	Gas Conductivity

(mW/moK)
	10 (25oC)
	14.5 (42oC)*
	11 (10oC)
	12.5 (24oC)

	TLV/OEL (ppm)
	500

(TLV)
	1,000

(TLV)
	600 

(TLV)
	300 

(WHEEL)

	GWP 

(100 y; IPCC-1996)
	630
	Negligible
	11
	820

	ODP
	0.11
	0
	0
	0


*Extrapolation at 25 oC would be ~ 11

In summary, methylal compares very well to other, commercially available, HCFC replacement alternatives.  UNDP’s conclusion is that the chemical is worth a thorough validation. 

Apart from the use of methylal as sole auxiliary blowing agent, its use as a co-blowing agent in conjunction with hydrocarbons and HFCs for rigid foam applications has been described in the literature.  It is claimed that in continuous panels methylal improves the miscibility of pentane, promotes blending in the mixing head, foam uniformity, flow, adhesion to metal surfaces and insulation properties, reducing simultaneously the size of the cells. In discontinuous panels, where most producers use non-flammable agents, the addition of a low percentage of Methylal to HFCs (245fa, 365mfc or 134a) makes it possible to prepare pre-blends with polyols of low flammability with no detrimental effect on the fire performance of the foam.  Methylal reduces the cost, improves the miscibility, the foam uniformity and flow and the adhesion to metal surfaces. Co-blown with HFC-365mfc, it also improves the thermal insulation. In domestic refrigeration compared to cyclopentane alone Methylal increases blowing rate and compressive strength. In sprayfoam it reduces the cost of HFC-245fa/-365mfc.  There is no known use of methylal as sole auxiliary blowing agent.
Finally, it would be interesting to apply methylal in natural polyol systems—such as castor or soy oil based polyols.  Such systems have generated high interest in Brazil and world-wide.
Despite all literature references, public knowledge of methylal’s industrial performance as blowing agent is quite limited. To validate its use as a possible replacement of HCFCs for MLF projects in developing countries, peer reviewed evaluations should be carried out to assess its performance in integral skin and rigid insulating foams. Following parameters should be carefully monitored: 

· Fire performance in actual operating conditions (considering flammability of the pure chemical)
· Polyol miscibility, an advantage claimed in the literature
· Foam flow (taking into account the relatively high -compared to other blowing agents- boiling point)
· Foam thermal conductivity (Gas conductivity value is not reported)
· Skin formation. (A cited US patent suggests a clear benefit)
· Diffusion rate in the polyurethane matrix (in view of its high solvent power) 

One could ask if future use of methylal in an additional application—foams—would not stress the supply and therefore would have price implications.  However, the potential use in foams is just a fraction of the current use in other applications and no supply issue is therefore expected.  Methylal is offered in different purities.  It is believed that the pure grade suits its use as blowing agent best:
	Compound
	Cosmetic 
Grade
	Anhydrous 
Grade
	Pure 
Grade
	Technical 
Grade

	Methylal
	99.5 % min.
	99.9 % min.
	99.5 % min.
	93 % min.

	Methanol
	< 1 ppm
	< 0.05 %
	< 0.05 %
	6.5 % max

	Formaldehyde
	< 1 ppm
	< 0.005 %
	< 0.0005 %
	< 0.02 %

	Water
	< 0.5 %
	< 0.03 %
	< 0.5 %
	< 0.25 %


7.    PROJECT COSTS

Making cost forecasts for pilot projects is difficult as they are by nature unpredictable.  UNDP has used to the extent possible guidance provided by the Secretariat in Doc 55/47 Annex III, Appendix II.  One uncertainty is the flammability.  The Material Safety Data Sheet (MSDS) mentions methylal to be “highly flammable”.  On the other side, it can be expected that emissions from PU systems containing methylal and from the actual foam process will be much lower—likely even below applicable explosion limits.  UNDP considers the process at the system house (prototyping, blending) hazardous and requiring adequate safeguards but the use of pre-blended systems may be non-flammable.  That implies that from the 18 applications most likely only 3 (all continuous operations that directly meter the blowing agent) are deemed to require safeguards. Consequently, the Secretariat’s template for flammable blowing agents has been used in 4 cases (three users and the system house) and the template for non-flammable substances 12 cases.  This has a beneficial impact on the expected budget.  

The price of methylal in Brazil is US$ 3.00/kg while HCFC-141b is US$ 2.40.  However, the molecular weight of methylal is lower so that a better blowing efficiency can be expected.  This may be partially offset by solubility and diffusion so that an actual prediction is difficult and the calculation of IOCs should await the results of the system development. 
Following are the summarized cost expectations:
	#
	ACTIVITY
	COSTS (US$)

	
	
	INDIVIDUAL
	SUB-TOTAL
	TOTAL

	PHASE-I – DEVELOPMENT/OPTIMIZATION/VALIDATION/DISSEMINATION

	1
	Preparative work

                   Project Preparation

                   Technology Transfer, Training
	30,000

25,000
	55,000
	464,200


	2
	System Preparation

             Development  (17 applications) @ 5,000

             Optimization  (17 applications)  @ 3,000  

             Validation      (18 applications)  @ 2,000
	85,000

51,000

36,000
	172,000
	

	3
	Laboratory Equipment

              K-factor tester

US$ 
10,000

              Refractometer


  5,000

              Brett mold


  5,000

              HP laboratory dispenser

50,000

              Sprayfoam/PIP dispenser

20,000

              pH tester


  5,000
              Abrasion tester


25,000
              Cell gas analyzer


20,000

              Laboratory Safety
	10,000

5,000

5,000

50,000

20,000

5,000

25,000

20,000

10,000
	150,000
	

	4
	Peer review/preparation of next phase
	
	20,000
	

	5
	Technology Dissemination Workshops
	
	25,000
	

	6
	Contingencies (10%)
	
	42,200
	


	PHASE-II – HCFC PILOT PHASEOUT PROJECT COVERING ALL APPLICATIONS
(these costs are tentative and not part of the current funding request) 

	1
	System House adaptations

              1 Blender

              1 Tank for Methylal
              Safety measures 

              Contingencies (10%)   
	50,000

20,000

25,000

9,500
	104,500
	629,700 + IOCs

	2
	Discontinuous Operations (12)

              14 Retrofits           @ 15,000

              14 Trial Programs @ 3,000 

              Contingencies (10%)        
	210,000

42,000

25,200
	277,200
	

	3
	Continuous Operations (3)

                3 ex proof metering systems @ 15,000

                3 ventilation units                 @  25,000

                3 sensor systems                   @  15,000

                3 grounding programs           @   5,000

                Contingencies      
	45,000

75,000

45,000

15,000

18,000
	198,000
	

	4
	Peer review/safety audits
	
	50,000
	

	5
	Incremental Operating Costs 
	
	Not determined
	


UNDP requests at this stage a grant for the first phase of this project amounting to  US$ 464,200.
8.
IMPLEMENTATION/MONITORING
	Tasks
	               2009
	               2010

	
	 1Q
	 2Q
	 3Q
	 4Q
	 1Q
	 2Q
	 3Q
	 4Q

	Project Start-up

    MF Project Approval

    Receipt of Funds

    Grant Signature
	      X


	X

   X
	    
	
	
	
	
	

	 Management activities

  -Monitoring/oversight activities in place
  -Progress Reports to NOU and Excom
	
	    X
	X    
	
	X
	X
	X
	


	 Phase-I

   -Procurement

   -Installation

   -System development

   -System optimization

   -System validation at  system house

   -Peer review/detailed design of  phase- II

   -Approval phase-II

   - Technology Dissemination Workshop(s)
	
	    X

   XX

      X

      
	X

X

XX

XXX

   X


	      X

X
	
	
	
	


	 Phase-II

   -Prepare individual Implementation plans

   -Procurement

   -Installation/start-up

   -Trials

   -Certificates of  Technical Completion (COCs)

   -Handover Protocols (HOPs)

   -Completion Report (PCR)
	
	
	       
	   X


	X

     
	XX

XX

   XX

      X


	X

   X
	


MILESTONES FOR PROJECT MONITORING

	TASK
	MONTH*

	(a)  Project document submitted to beneficiaries
	2

	(b)  Project document signatures
	3

	(c)  Bids prepared and requested
	3, 9

	(d)  Contracts Awarded
	3, 9

	(e)  Equipment Delivered
	4, 11

	(f)  Training Testing and Trial Runs
	4, 12

	(g) Commissioning (COC)
	14

	(h)  HOP signatures
	15

	(1)  Compliance Monitoring
	17





* As measured from project approval

9.
ANNEXES

Annex 1: Overview of HCFC Replacement Technologies in PU Foams 



Annex 2: Participating Enterprises 


Annex 3: Transmittal Letter

Annex 4: Criteria used to select the system house to undertake the validation project
ANNEX-1
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HCFC PHASEOUT TECHNOLOGIES IN 

IN PU FOAM APPLICATIONS

HCFCs are used in A5 countries as blowing agents in PU foams (predominantly rigid and integral skin) and extruded polystyrene (XPS) boardstock foams.  To replace these HCFCs, following criteria would ideally apply:
· A suitable boiling point (250C target),

· Low thermal conductivity in vapor phase,

· Non flammable,

· Low toxicity,

· Zero ODP,

· Low GWP,

· Chemically/physically stable,

· Soluble in the formulation,

· Low diffusion rate, 

· Based on validated technology,

· Commercially available,

· Acceptable in processing, and

· Economically viable.

CFC phaseout in rigid and integral skin foams has been mostly achieved by replacement through

· Hydrochlorofluorocarbons (HCFCs)

· Hydrocarbons (HCs)

· Carbon dioxide (CO2), generated from water/isocyanate or directly as liquid or gas

HCFCs have already been replaced in many industrial countries by hydrofluorocarbons or HFCs which in the near future, in turn, may have to be replaced by other, non-ODS/low GWP alternatives.  At the same time, suppliers are looking to reduce flammability and other safety-related issues.  In the newly developed compounds, oxygen has been introduced to reduce GWP for HFCs, leading to HFOs (by some called “second generation HFCs”) or to reduce the flammability of HCs, leading to HCOs (mainly esters, ethers, aldehydes and ketones).  The identity of some new developments has not yet been released which makes the following scenario for now speculative—but compelling:  

                                                                 CO2  ←  CFCs  →  HCs


                                                                                   ↓            

      HCFCs → HCOs

                                                                                   ↓






        HFCs

                                                                                   ↓
 







        HFOs


In each column, the last step is non ODP, low GWP, low toxicity and reduced or eliminated flammability.  Using GWP and molecular data as provided by the FTOC (2006), following indicative GWP changes are to be expected for available or emerging replacements of HCFC-141b in PU foam applications:

	SUBSTANCE
	GWP1
	MOLECULAR WEIGHT
	INCREMENTAL GWP2
	COMMENTS

	HCFC-141b
	725
	117
	Baseline
	

	CO2
	1
	44
	-725
	Used direct/indirect (from water)  

	Cyclopentane
	112
	72
	-718
	Extremely flammable

	HFC-245fa
	1,030
	134
	 443
	

	HFC-365mfc
	794
	148
	 279
	

	HFC-134a
	1,430
	102
	 522
	

	Methyl formate
	negligible
	60
	-725
	

	Methylal
	negligible
	76
	-725
	Reported for co-blowing only

	Acetone 
	negligible
	58
	-725
	Used in flexible slabstock

	FEA-1100
	5
	1644
	-718
	Under development

	HFO-1234ze
	6
	114
	-719
	Recently introduced

	HBA-2
	<15
	<134
	>-708
	Under development

	AFA-L1
	<15
	<134
	>-708
	Under development


1 Unless otherwise indicated, taken from IPCC’s Fourth Assessment (2007)
2 Derived from comparing GWPs compared to the baseline on an equimolar base.  It should be noted that in practice formulators may make

  changes such as increased water or ABA blends that impact the global warming effect
3 From UNEP Foams Technical Options Committee’s 2006 report

4 Calculated from published formulations

  Green = beneficial GWP effect; red = unfavorable GWP effect 

These technologies are described in more detail below.  It should be pointed out that a comparison between GWP is an approximation of the clima change effect.  A full lifecycle determination or a functional unit approach is a better—but more tedious—approach.

CARBON DIOXIDE

Carbon dioxide derived from the water/isocyanate chemical reaction is used as co-blowing agent in almost all PU foam applications and as sole blowing agent in many foam applications that have none or minor thermal insulation requirements.  The exothermic reaction restricts the use, however, to about 5 php and therefore to foams with densities >23 kg/m3.  While this restriction mostly applies to open-cell flexible foams which do not use HCFCs, another restriction based on the relatively emissive nature of CO2 in closed-cell foam is more serious.  To avoid shrinkage, densities need to be relatively high which has a serious detrimental effect on the operating costs up and above the poor insulation value.  Nevertheless increased use of water/CO2 has been and still is an important tool in the HCFC phaseout in cases where HCs cannot be used for economic or technical reasons.  There is no technological barrier.  However, the use of water/CO2 alone will be limited to non-insulation foams such as

· Integral skin foams (with restrictions when friability is an issue)

· Open cell rigid foams

· Spray/in situ foams for non/low thermal insulation applications 

Carbon dioxide can also be added directly as a physical blowing agent.  This is mostly the case in flexible foam and therefore not an HCFC replacement. However, reportedly (FTOC, 2008), there is use of super-critical CO2 in up to 10% of all sprayfoam applications in Japan.  Technical details are not known.  Supercritical CO2—as has been the case with LCD in CFC phaseout projects—is a demanding and expensive technology and its usefulness in A5 projects questionable. 


HYDROCARBONS

There have been many HC-based/MLF-supported CFC-phaseout projects in refrigeration and in panel applications.  The minimum economic size has been typically ~50 ODP t/US$ 400,000.  Smaller projects were discouraged.  Consequently, there is no use of HCs in SMEs.  In addition, the technology was deemed unsafe for a multiple of applications such as spray and in situ foams.  Generally, cyclopentane has been used for refrigeration and n-pentane for panels.  Fine tuning through HC blends (cyclo/iso pentane or cyclopentane/isobutane) which are now standard in non-A5 countries is not yet widely spread in A5’s.  Consequently, the investment costs are the same as at the time of phasing out CFCs and the technology will continue to be too expensive for SMEs and restricted to the same applications as before.  However, there are options to fine-tune project costs and investigate other applications:

· The introduction of HC blends that will allow lower densities (lower IOCs)

· Direct injection (lower investment)

· Low-pressure/direct injection (lower investment)

· Centralized preblending by system houses (lower investment)

· Application-specific dispensing equipment


HFCs

There are currently three HFCs used in foam applications.  Following table includes their main physical properties:

	
	HFC-134a
	HFC-245fa
	HFC- 365mfc

	Chemical Formula
	CH2FCF3
	CF3CH2CHF2
	CF3CH2CF2CH3

	Molecular Weight
	102
	134
	148

	Boiling point (0C)
	-26.2
	15.3
	40.2

	Gas Conductivity (mWm0K at 10 0C)
	12.4
	12.0 (20 0C)
	10.6 (25 0C)

	Flammable limits in Air (vol. %)
	None
	None
	3.6-13.3

	TLV or OEL (ppm; USA)
	1,000
	300
	Not established

	GWP (100 y)
	1,410
	1,020
	782

	ODP
	0
	0
	0


Current HFC use in A5 countries is insignificant.  There is some use of HFC-134a in shoesoles—most notable in Mexico.  Apart from the price, its use is complicated by its low boiling point. The use of other HFCs is limited to products for export—and even then sporadic.  The low cost of HCFC-141b is just too compelling!  On the other hand, these chemicals have played a major role in the replacement of HCFCs in foam applications in non-A5 countries—despite high GWP potentials.  Formulations are not straightforward molecular replacements.  Generally, the use of water has been maximized and sometimes other co-blowing agents have been added.  Therefore, an assessment of its environmental impact has to be based on actual, validated, commercial blends.  


METHYL FORMATE (ECOMATE®)

Methyl-formate, also called methyl-methanoate, is a low molecular weight chemical substance that is used in the manufacture of formamides, formic acid, pharmaceuticals, as an insecticide and, recently, as a blowing agent for foams.  While its use as blowing agent for synthetic rubbers is reported in earlier literature, Foam Supplies, Inc. (FSI) in Earth City, MO has pioneered its use as a blowing agent in PU foams from 2000 onwards.  The application has been patented in several countries.  Presentations by FSI have been made at major PU conferences and to Foam Technical Options Committee (FTOC 2006).  

Ecomate®, as FSI calls the product, is exclusively licensed to Purcom for Latin America, to BOC Specialty Gases for the United Kingdom and Ireland and to Australian Urethane Systems (AUS) for Australia, New Zealand and the Pacific Rim.  Reportedly, AUS has also acquired the license for other Asian countries such as India and China. Technical and commercial claims made by FSI imply that the technology actually would reduce operating costs when replacing HCFC-141b, at minimum capital investment and comparable or better quality.  This, of course would be of utmost interest for the MLF and its Implementing Agencies. However, these claims need to be verified and validated by an independent body before the technology can be applied in MLF projects.  In case insufficient data are provided, additional data will have to be developed.  Ecomate® has been mentioned in a preliminary discussion paper for the Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol (UNEP/Ozl.Pro/ExCom/54/54).  The information, while qualified as being provided by the supplier, is used to develop data on investment cost and operating benefits that are displayed together with data from technologies that have been extensively verified and validated in CFC phaseout projects and generates therefore the appearance of reliability.  There is, however, market information that clearly contradicts this information and UNDP’s conclusion—apparently shared by the FTOC—is that ecomate® technology is interesting and promising but immature, unproven in many foam applications and at this stage more expensive than HCFC-141b—and for that matter, hydrocarbons.  Better, peer-reviewed data are required if this technology is to be used in MLF projects. 
The ExCom approved in its 56th meeting, November 2008, two pilot projects that will address the validation of methyl formate in all relevant PU applications.  First results will be available in the third quarter of 2009.

METHYLAL

Methylal’s primary uses are as a solvent and in the manufacture of perfumes, resins, adhesives, paint strippers and protective coatings.  It is claimed that in continuous panels methylal improves the miscibility of pentane, promotes blending in the mixing head, foam uniformity, flow, adhesion to metal surfaces and insulation properties, reducing simultaneously the size of the cells. In discontinuous panels, where most producers use non-flammable agents, the addition of a low percentage of Methylal to HFCs (245fa, 365mfc or 134a) makes it possible to prepare pre-blends with polyols of low flammability with no detrimental effect on the fire performance of the foam. Methylal reduces the cost, improves the miscibility, the foam uniformity and flow and the adhesion to metal surfaces. Co-blown with HFC-365mfc, it also improves the thermal insulation. In domestic refrigeration compared to cyclopentane alone Methylal increases the blowing rate and the compressive strength. In spray foam it reduces the cost of HFC-245fa or HFC-365mfc.  

There is no known use of methylal as sole auxiliary blowing agent.  

Public knowledge of Methylal’s industrial performance as blowing agent is quite limited. To validate its use as a possible replacement of HCFCs for MLF projects in developing countries, peer reviewed evaluations should be carried out to assess its performance in integral skin and rigid insulating foams. 
EMERGING TECHNOLOGIES
Since early 2008, a flood of new blowing agents for PU foams have been proposed by major international manufacturers of halogenated compounds.  Four of them are worth mentioning. These are all geared towards replacement of HFCs and sometimes called “second generation HFS”, although HFOs appears a more distinctive description.  They share low/no flammability, zero ODP and insignificant GWPs:

	
	HFO-1234ze
	HBA-2
	FEA-1100
	AFA-L1

	Chemical Formula
	CHF=CHF3
	n/k
	n/k
	n/k

	Molecular Weight
	114
	<134
	161-165 (estimated)
	<134

	Boiling point (0C)
	-19
	>15 <32
	>25
	>10 <30

	Gas Conductivity

(mWm0K at 10 0C)
	13
	n/k
	10.7
	10

	Flammable limits in Air (vol. %)
	None
	None 
	None
	None

	TLV or OEL (ppm; USA)
	1,000 (proposed)
	n/k
	n/k
	n/k

	GWP (100 y)
	6
	<15
	5
	Negligible

	ODP
	0
	0
	0
	0


Except HFO-1234ze all chemicals still have to undergo substantial further toxicity testing and will therefore not appear in the market within 2-4 years.  That may be too late in the A5 context where foam conversion is prioritized.  As to HFO-1234ze
, this will be targeted as a replacement of HFC-134a in one component foams (OCF).  There are only few OCF manufacturers in developing countries. 
ANNEX-2
PARTICIPANTS AND BASELINE DATA TEMPLATE
	APPLICATION

	ENTERPRISE
	CONSUMPTION  (t/y)

	
	
	SYSTEMS
	HCFC-141b

	
	
	2005
	2006
	2007
	2005
	2006
	2007

	FLEXIBLE FOAMS (FPF)

	Hyper-soft Slabstock
	Ortobon
	
	
	
	
	
	

	Hyper-soft Molding
	Marcbrian
	
	
	
	
	
	

	Low Resilience Slabstock
	Ortobon
	
	
	
	
	
	

	INTEGRAL SKIN FOAMS (ISF)

	Rigid ISF
	Blitz
	
	
	
	
	
	

	Flexible ISF
	Brastec
	
	
	
	
	
	

	Shoesoles
	Mexico
	
	
	
	
	
	

	RIGID OPEN CELL FOAM (RPF) 

	Packaging Applications
	Polyurethanos
	
	
	
	
	
	

	RIGID INSULATION FOAMS (RPF)

	Domestic Refrigeration
	M. Venan
	
	
	
	
	
	

	Commercial Refrigeration
	Frilux
	
	
	
	
	
	

	Water Heaters
	Transen
	
	
	
	
	
	

	Panels, Continuous
	Panisol
	
	
	
	
	
	

	Panels, Discontinuous
	Joan DaCostsa
	
	
	
	
	
	

	Trucks
	Niju
	
	
	
	
	
	

	Blocks
	Polimetika
	
	
	
	
	
	

	Pipe-in-Pipe
	Isar
	
	
	
	
	
	

	Thermoware
	Soprano
	
	
	
	
	
	

	Spray
	Uruguay
	
	
	
	
	
	

	

	TOTAL
	
	
	
	
	
	


ANNEX-3
TRANSMITTAL LETTER
SUBMISSION OF A PILOT PROJECT FOR FUNDING UNDER THE MULTILATERAL FUND FOR THE IMPLEMENTATION OF THE MONTREAL PROTOCOL

Systems House Commitments

ARINOS Ltda, represented by Mr. Henrique Bavoso, Director, having agreed to the preparation of a project for the consideration of the Executive Committee of the Multilateral Fund for the Implementation of the Montreal Protocol to validate the use of methylal as replacement of HCFC-141b in the manufacture of polyurethane foams following and in compliance with ExCom decision 55/43 (e), makes the following commitments for the implementation of the project with the assistance and in cooperation with  the United Nations Development Programme (UNDP) and with the consent of the Government of Brazil’s National Ozone Unit (NOU).
ARINOS:

1. Agrees to implement the project as approved, abiding by relevant decisions relating to change in technology;

2. Is aware that a validation project does not have a secure outcome.  In case the validation is successful, it will participate in the permanent conversion of  participating customers to the use of methylal;

3. Is aware and accepts that, with the view to ascertaining that equipment purchased by the Multilateral Fund is being used or is not reverted to the use of HCFCs, the NOU is mandated to monitor closely in cooperation with customs and environmental protection and/or other relevant authorities, the importation and or purchase and use of HCFCs by the enterprise, including unscheduled visits to the factory. The enterprise and the NOU may determine the number of such unscheduled visits.

4. Is aware that the implementing agency has the obligation to ensure appropriate use of or refund of unused contingency funds and to keep funding requests for equipment and trials to levels essential for the conversion;

5. Will cooperate in the preparation of regular reports through UNDP and the NOU to the Multilateral Fund on the status of the project’s implementation;

6. Agrees to cooperate with the implementing agency to return funds in case of identified serious funding irregularities, such as when project funds were used to purchase non‑eligible items and the implementing agency was requested by the Executive Committee to return funding to the Multilateral Fund;

7. Is aware and accepts that the implementing agency in cooperation with the NOU is required to conduct safety inspections where applicable and to prepare a report on accident resulting from conversion projects.

8. Commits to destroy or render unusable any equipment or component of equipment replaced by this project in line with the stipulations that have been drawn up in the project document. 

9. Commits to provide funds for items that are included in this project but are specifically excluded from funding by the Multilateral Fund of the Montreal Protocol (MLF) as well as for items included in this project and required for a successful completion but that, while eligible, exceed the available budget and contingencies.

� HFO-1234ze (HFO = hydrofluoro-olefin) stands for trans-1,3,3,3-tetrafluoropropene (CHF=CHCF3)





Methylal Pilot Project Brazil

 Submitted/May 22, 2009
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