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Dear Sirs,

For more than 10 years the RAL Quality Assurance Association for the Demanufacture of
Refrigeration Equipment has been concerned with all aspects of the recovery of ozone-
depleting substances (ODS) from end-of-life refrigeration equipment and other ODS-
containing products. The author of these comments, Christoph Becker, has more than 20
years of professional experience in the fridge recycling sector and has a thorough
understanding of the key issues in the industry. As the CAR public draft paper is primarily
concerned with issues that correspond directly to RAL’s core competence, we are submitting
the following comments on a number of the topics addressed in the paper.

RAL welcomes the fact that the CAR Draft Protocol addresses the fundamental questions of
the subject in great detail. This is extremely important as considerable care and attention to
detail is necessary when developing ODS projects. We congratulate CAR on its excellent
work.

Our comments, which are set out in appendix 1, are split into the following three sections.
A. Summary
B. Justification

C. Suggested amendments to the document



We would be pleased to visit you at your offices in order to discuss our comments in more
detail and to provide further factual support for our position.

Yours faithfully

Dipl.-Ing. Christoph Becker

RAL Quality Assurance Association
for the Demanufactue of Refrigeration Equipment

B.P. 1228, 29, avenue de la Gare
L-1012 Luxembourg

Tel.: +352-(0)488361-41
Fax: +352-(0)488361-42
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Annex 1

A Summary of the RAL statement
A.1 General remarks

The RAL Quality Assurance Association has more than ten years’ experience in the
development, codification and application of standards. One of our fundamental objectives
was and remains to ensure that standards are phrased in such a way that they offer the least
possible room for interpretation of their requirements. This minimizes the risk of
misinterpretation or malpractice. In the light of this, some of the amendments to the CAR
Draft Protocol that we suggest in section C of our comments are primarily designed to
clarify the wording of certain passages in the original text. All the other proposed
amendments are content-based.

A2 The main reservations held by the RAL Quality Assurance Association
A.2.1 Project boundaries

At present, the recovery of ODS from appliances and equipment (SSR 2 Refrigerant
Recovery and Collection) is located outside of project boundaries. However, this part of the
overall treatment chain harbours a large ODS loss potential and, as such, we consider it
extremely important that these operations are included within the GHG Assessment
Boundary.

A.2.2  90% recovery and destruction efficiency (RDE)

We welcome the fact that the Draft Protocol stipulates a recovery and destruction efficiency
of greater than 90 % for the recovery of ODS from foams. Nevertheless, RAL considers it
necessary that

a. an RDE of at least 90 % is introduced for the recovery of ODS refrigerants from
appliances and equipment (SSR 2), which in accordance with our proposal above
should be placed within the GHG Assessment Boundary;

b. the Draft Protocol specifies the internationally recognized RAL GZ-728" standard as
the benchmark method to be used in determining the RDE;

c. the manual stripping of ODS-containing foams is only permitted when it can be
continuously verified that the ODS loss rate is lower than 10 %. However, a very
recent study by the German environmental research organization Oko-Institut has
shown that there is considerable doubt as to whether this can be achieved.

! See appendix 2



A.2.3 No direct incineration of ODS-containing foams from appliances and
equipment

The requirements contained in section 6.5.3 of the Draft Protocol concerning the sampling
and analysis of foams are nowhere near adequate if the aim is to obtain reliable quantitative
data on the actual amounts of ODS destroyed from foams that have been stripped manually
from the waste appliances and then being subject of direct incineration..

In section B of our comments, we will provide evidence to demonstrate that:

a. continuous and systematic monitoring of the ODs streams in foams (even with
improved sampling and analysis) can never yield an exact result;

b. any figures purporting to represent the actual quantities of ODS destroyed from foam
sources (even with improved sampling and analysis) will necessarily have large
uncertainties associated with them, because different appliances may well contain
different types of ODS and these may be present in widely varying amounts. Even
sampling “pure-ODS” appliances (e.g. those containing only the CFC R11 as
blowing agent), the amount of blowing agent in an appliance can vary very
significantly from appliance to appliance;

¢. during foam sampling and preparation of the foams for analysis, ODS will escape
and thus falsify the result;

d. as aresult, it is not possible to generate any serious and sustainable figures for the
Climate Reserve Tonnes (CRT).

Given the variety and difficulties in predicting the type and amount of insulating foam
in waste refrigeration appliances and the blowing agents these foams contain (different
ODS, HFCs, HCs and other non-ODS), it is not possible to generate any meaningful
and generally applicable formula for the amount of ODS destroyed. In view of this
huge uncertainty, the only reasonable response is to prohibit any direct incineration of
ODS-containing foams from appliances and equipment.

We therefore continue to urge that the ODS in appliance foams must be recovered,
liquefied and then destroyed.

A.2.4 Direct incineration of ODS-containing building foams only with optimized
foam sampling and analysis procedures

The sampling and analysis of ODS-containing building foams must be significantly
improved with respect to the representativeness of the samples taken. Only then can
somewhat more reliable statements be made regarding the actual quantities of ODS
destroyed by a project and the CRT figure that it generates.

In section C we propose a number of amendments to the text of the Draft Protocol.



B Justification

Re. A.1 - General remarks

We have appended our arguments to the proposed changes to the text listed in section C.
Re. A.2.1 - Project boundaries

If we have correctly understood the arguments presented by CAR in the Draft Protocol and
at the Public Workshop on 7 December 2009, projects should be designed in such a way as
to prevent needless ODS emissions. As these projects are climate protection projects, it is, in
our opinion, absolutely necessary to prevent a situation in which a project recovers and
destroys a fraction of the ODS (and is therefore eligible for CRT credits as a result), while
elsewhere in that same project ODS are needlessly lost through emissions to the
environment, thereby having a negative effect on the carbon balance. Such a situation would
be wholly incompatible with climate protection goals of these projects.

While it is obviously in the financial interests of the project developers to recover the
greatest possible amount of ODS and to send these for destruction, if requirements regarding
the technology used, the personnel deployed and the ODS recovery levels to be achieved are
not clearly stipulated, then it will be extremely difficult to avoid a situation in which the
quantities of ODS recovered are simply too low. This applies equally to the recovery of ODS
blowing agents from the appliance insulating foams as to the recovery of ODS refrigerants
from the appliance cooling circuits.

For logistical reasons, the recovery of ODS from the cooling circuits and the insulating

foams of waste refrigeration appliances are usually carried out at the same site and at the

same time. This is particularly the case when treating household refrigeration appliances. It

therefore seems expedient, at least as far as these projects are concerned, to place both

stage I processing (vacuum extraction of ODS from the appliance cooling circuit) and

stage Il processing (removal of ODS-containing foams and recovery of the ODS in the foam)

within the same GHG Assessment Boundary.

As explained in A.2.2, this is important if a minimum RDE of 90 % is to be set for the stage 1

recovery process (SSR 2 Refrigerant Recovery and Collection).

Re. A.2.2 — 90 % recovery and destruction efficiency (RDE)

a. There has for some time been clear international agreement that a recovery and
destruction efficiency of 90 % applies to the recovery of ODS from the insulating
foams found in appliances and equipment. It is not just since the publication of the
TEAP? report that there has been a consensus that any overall assessment of
efficiency must start before appliance and equipment carcasses are treated. This
approach has been implemented since 1998 in the internationally recognized RAL

* United Nations Environment Programme, Technology and Economic Assessment Panel. (2005). Report of the
Task Force on Foam End-of-Life Issues.
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GZ-728 standard (last update: 2007). Not only the RAL GZ-728 standard itself, but
also the subsequent legislation and regulations based on it (e.g. the Austrian Waste
Treatment Obligation Ordinance (Abfallbehandlungspflichten-Verordnung) —
appendix 3, the WEEE Forum’s requirements for fridge recycling operations —
appendix 4 etc.), all explicitly include stage I processing (SSR 2 Refrigerant
Recovery and Collection) in the 90 % minimum recovery requirement. Experience
gathered over the last twenty years in Europe has shown that the technology
deployed for the vacuum extraction of ODS from the appliance cooling circuits has
all too often been inadequate with substantial leakages resulting in the recovery of
only a fraction of the ODS refrigerants, while the remainder is allowed to escape to
the environment. We believe that this can only be prevented if environmentally
meaningful minimum recovery efficiency levels are stipulated in addition to the
financial incentives offered by CRT credits. A recovery and destruction efficiency of
at least 90 % is the right approach to adopt in this case.

. Currently, the most comprehensive and thorough description of a methodology for
detecting compliance with a 90 % RDE for the recovery of ODS from appliances and
equipment is that in the RAL GZ-728 standard. RAL stipulates definite quantities of
ODS that have to be recovered in grams per appliance for specified appliance
categories. In view of the stated objectives of the CAR Protocol, we recommend
incorporating this standard into the Draft Protocol. If the method to be used to
determine the RDE is not specified in the Protocol, project developers and the
verification bodies will face considerable difficulties in demonstrating that the project
does in fact comply with the minimum requirement of 90 % recovery efficiency.

By stipulating a recovery and destruction efficiency of at least 90 %, it is clear that
the starting point for determining recovery efficiency is the appliance carcass before
it has undergone any processing — and this also applies even if the foam insulation is
later to be stripped manually from the appliance.

As already reported, the research organization Oko-Institut is currently compiling a
report on the manual disassembly of household refrigeration appliances. The interim
report (appendix 5) on the Oko-Institut research states that even in small appliances
up to 30 % of the ODS they contain are lost. In the course of their study, the
researchers have also learned that in a number of countries manual disassembly does
not include the removal of the foam from the appliance door as this is a particularly
time-consuming procedure that would it seems make these projects unprofitable. If
the doors are left untreated, even greater quantities, in fact up to half, of the ODS are
lost.

The specifications in section 6.4(2) present requirements for the manual removal of
foams and are designed to ensure that the RDE achieved is at least 90 %. However, in
our opinion, the list contains only theoretical pointers that are hard to implement in
practice and difficult to verify. In particular, the requirement that “90% of separated
foam must be in pieces greater than 100 cubic inches” (sec. 6.4(2c)) is in our opinion
not only infeasible in practice, but compliance with this requirement cannot be



verified without the introduction of systematic and continuous documentation (e.g.
photographic evidence).

The requirement in sec. 6.4(2d), that “Separated foam shall be categorized and
stored according to ODS species and year of manufacture” is purely theoretical as
neither piece of information is readily visible on the appliances, and comprehensive
databases containing this information are not available from manufacturers. In view
of this one is forced to conclude that a hermetically sealed container (e.g. a plastic
bag of sufficient size) has to be provided for each appliance undergoing treatment.
This would at least enable the type and quantity of ODS to be determined by analysis
of representative samples. To minimize errors, this would have to be carried out
before the foams are filled into the bag (see our comments on analysis).

As a hermetically sealed container (bag) only makes sense if the bag remains closed
and is incinerated together with its contents, this may make it harder to meet the
requirements in 6.5.1 “Prior to destruction, the precise mass and composition of
ODS to be destroyed must be determined.” If the bag was opened for sampling, the
ODS that had volatilized from the foam would escape, which would obviously call
into serious question the sense in requiring a hermetically sealed container

(sec. 6.4(2e/t)).

We can summarize the above by stating that the manual disassembly of appliances to
remove foams and the subsequent incineration of these foams necessitates very

complex monitoring and verification procedures. However, the effort involved is

likely to be so great that the associated costs are unacceptably high for the benefits

achieved.

Re. A.2.3 — No direct incineration of ODS-containing foams from appliances and
equipment

The requirements in sec. 6.5.3 concerning the analysis of foams fall far short of what is
needed in order to have quantitative dependable data regarding the actual amounts of ODS
destroyed. As currently worded, even optimized sampling (i.e. more representative
sampling) would only yield an unreliable estimate of the quantity of ODS in the foams and
the CRT value that can be derived from it.

We therefore continue to urge that the ODS in appliance foams must be recovered,
liquefied and then destroyed.

The arguments in support of our demand are set out in the following:

a. Different insulation materials

Appliances and equipment can contain a broad range of insulation materials and the mixture
of these materials present in end-of-life appliances sent for destruction cannot be defined
with any degree of accuracy. Insulating materials may include:



- Polyurethane
- Expanded polystyrene (Styrofoam)
- Glass wool / Rockwool

b. Different blowing agents in polyurethane

The polyurethane in waste appliances may contain the following foam blowing agents:

- ODS (R11,R12,R141b, R22 etc.)
- ODS substitutes: HFCs (R123, R134a, R152a, R245fa etc.)
see also: http://www.epa.gov/ozone/snap/foams/lists/applianc.html

- ODS substitutes: HCs (cyclopentane)

The amount of blowing agent used will depend on its particular chemical and physical
properties, so that the quantities of blowing agents contained in the insulating foam of waste
appliances will depend on the particular blowing agent used.

C. Different quantities of ODS in different waste appliances

As can be seen in appendixes 6 and 7, the amount of CFC blowing agent in the foam varies
widely from appliance to appliance even if only pure R11 appliances are considered.

The overview in appendix 6 is taken from a study carried out in 2000 on waste refrigeration
appliances that contained only the CFC R11 as the foam blowing agent. The amount of ODS
per kilogram of PU foam ranges from 18 g R11 per kg foam to 128 g R11 per kg foam
(table 3.1 in the study authored by Dr. Hug).

Appendix 7 contains the results of analyses carried out in 2009. In this case, the range spans
from 4.6 g of the CFC R11 per kilogram of PU foam to 110 g of R11 per kg of PU foam.

This shows that even within waste refrigeration appliances that contain only CFC R11 as the
blowing agent, the range of values of blowing agent per unit weight of foam is so great that
each appliance would need to be sampled and analysed individually if reliable figures on the
ODS content are to be generated.

d. Different quantities of ODS in one and the same appliance

As appendix 6 demonstrates, the results of the ODS analysis even vary within the foam
taken from a single waste refrigeration appliance. This means that a single foam sample will
not be sufficiently representative. In our opinion, three foam samples would need to be taken
from a single appliance in order to generate a reliable average value. This would then be
multiplied by the relevant weight of foam contained in the appliance to yield the amount of
ODS contained in that appliance.



€. Foam analyses are subject to error

The analytical method attributed in section 6.5.3 to Scheutz et al. had in fact been developed
as early as 2001 at the laboratories of a RAL member company in Luxembourg (Oeco
Service Luxembourg, Colmar-Berg, Luxembourg) and the method was published by RAL in
the 2003 edition of the RAL GZ-728 standard. The method yields excellent, precise and
reliable results when examining the amount of residual ODS in the almost ODS-free
powdery PU foam generated by a stage II fridge processing plant. Typically PU powder
from this source contains only about 0.2 % w/w of residual ODS.

But like all the other analytical methods (including that in the German industrial standard
DIN 51727), this method also has comes up against its limits when analysing original foam
samples that have not been subjected to prior treatment to remove the ODS.

Appendix 8, which is unfortunately only available in German, shows that simply sampling
foam samples from appliances is associated with an error of up to 49 %. The analytical
procedure described in the Draft Protocol requires foam samples with a thickness of less than
1 cm. It is a fact that when these samples are prepared, ODS can escape from the cut surfaces
and are not then detected in the analysis. Results generated by this method are therefore best
treated as approximate values.

The arguments presented in the subsections a. to e. above are, in our opinion, reason enough
to reconsider the representativeness of the number of samples taken and the adequacy of the
analytical method currently being propagated. In our opinion, however, the time, cost and
effort involved in achieving the requisite level of statistical reliability and the requisite
accuracy when analysing foam samples from manually stripped appliances are not
economically justifiable.

Given the variety and the difficulty in predicting the type and amount of insulating
foam in waste refrigeration appliances and the blowing agents these foams contain
(different ODS, HFCs, HCs and other non-ODS), it is simply not possible to generate
any meaningful and generally applicable formula for the amount of ODS destroyed.

In our opinion, the only reasonable response is to prohibit the direct incineration of
ODS-containing foams from appliances and equipment.

Should the manual removal of foams (hand stripping) continue to be allowed, we
believe that the only environmentally meaningful approach is to stipulate that the ODS
contained in these foams be extracted and liquefied prior to destruction.

Re. A.2.4 — Direct incineration of ODS-containing building foams only with optimized
foam sampling and analysis procedures

Although determining the ODS content in building foams is simpler than in the foams in
appliances, our remarks above concerning section A.2.3 (points d. and e.) are also applicable
to ODS-containing building foams.

In most case, ODS-containing foams from the building sector will be in the form of large
panels. Even the ODS-blown foam on a single roof may exhibit a heterogeneous distribution
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of ODS throughout the foam depending on how different parts of the foam panel are situated
relative to incident sunlight, sources of heat, cold or warm rooms, humidity levels, etc. A
single sample from such a panel would clearly be unrepresentative of the panel as a whole.

Our reservations above (A.2.3) concerning the analytical method specified in the Draft
Protocol also apply in the case of building foams.

For these reasons, we believe that the specifications governing the sampling and
analysis of building foams must also be optimized.
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C Suggested amendments to the Draft Protocol

On the following pages, we have made a number of constructive suggestions for
amendments to the wording of the Protocol:

Page 5
2.3 Eligible ODS

e Refrigerants
[...]

¢ Foams: a project may either extract eligible ODS blowing agent from intact foams or
foams contained in equipment and appliances and destroy the extracted blowing
agent at a qualifying destruction facility; or, a project may destroy intact foam
sourced from building insulation at a qualified destruction facility.

Page 6

2.3.1 Refrigerant Sources

[...]
Only destruction of the following ODS refrigerants is eligible for crediting under this
protocol:

—CECH
—CEC12
—ckEC-H4
HCECHS

ODS controlled by the Montreal Protocol for which the IPCC publishes a Global Warming
Potential (100-year time horizon):’

1) Annex A, Group I
2) Annex B, Group I
3) Annex C, Group I

2.3.2 Foam Sources

This source category consists of ODS entrained in foams from waste refrigeration
appliances and equipment, construction materials and other ODS-containing products that
would have been released at end of life. The ODS must originate from domestic U.S. foam
sources; imported foams are excluded from this protocol. Project developers seeking to

? Justification: CAR should be in line with VCS Standard
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register projects from the domestic destruction of imported foams must use the Reserve’s
Imported Ozone Depleting Substances Project Protocol

Only the following ODS foam blowing agents are eligible to generate reductions under this
protocol:

—CECH
—CEC12
—HCEC+41b

ODS controlled by the Montreal Protocol for which the IPCC publishes a Global Warming
Potential (100-year time horizon):*

1) Annex A, Group I
2) Annex B, Group I
3) Annex C, Group I

To be eligible for crediting, the foam blowing agent must be destroyed in one of two ways:

1. ODS blowing agent extracted from intact foams or foams contained in equipment
and appliances and blowing agent destroyed.
The ODS blowing agent must be extracted from the foam or foam contained in
equipment and appliances to a liquid form prior to destruction. This must be done under
negative pressure in a vacuum to ensure that fugitive release of ODS cannot occur. The
recovered ODS must be collected, stored, and transported in cylinders or other
hermetically sealed containers.’

2. Intact foam containing ODS blowing agent separated from panels or from foams
contained in equipment and appliances and destroyed when intact or not intact.
When the intact foam® is separated from building panels, appliances or equipment, it
must be stored, transported, and destroyed in hermetically sealed containers. Eeam

Page 11

SSR 2 and SSR 3 should be included within the GHG Assessment Boundaryx.

* Justification: CAR should be in line with VCS Standard
> We would like to be given a more precise definition of the term “container”. It is also necessary to establish
whether the containers are to be incinerated together with their contents.

® It should be obvious that manual disassembly of appliances (i.e. manual stripping of foams) will not result in
intact foam.

7 Not realizable; see our arguments with respect to A.2.2 c.
® Justification: Stimulation of a high recovery rate. Otherwise high ODS emissions from the recovery and
collection of ODS-containing waste is very likely, see our arguments with respect to A.2.1
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Page 20

Table 5.2. Emissions from Shredding and Landfilling ODS Foam Blowing Agentsg

Page 23

5.2.1 Project Emissions from the Use of Refrigerant Substitutes

Projects that destroy refrigerant ODS must account for the emissions associated with the
non- ODS substitute chemicals that will be used in their place using Equation 5.6. Like the
destroyed ODS calculations used in the baseline, substitute emissions shall also be accounted
for based on the projected emissions over a ten year crediting period. ODS substitute
emissions are based on the weighted average of new refrigerant supplies into

the refrigeration market. These substitute refrigerants were modeled using the EPA
Vintaging Model and data provided by industry sources. Calculation of ODS substitute
emission rates from the data provided by the EPA Vintaging Model is provided in Appendix
D. The analysis identified the emission factors in Table 5.3 for each ODS refrigerant covered
under this protocol.

® The table is continuously updated to ensure that it reflects current knowledge.
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5.2.2 Project Emissions from the Recovery and Collection of ODS

Projects that recover ODS from equipment or appliances must account for the emissions of
ODS that occur during recovery. Recovery must be conducted in a manner that achieves at
least a 90% recovery and destruction efficiency (RDE)."

5.2.3 Project Emissions from Foam Separation

Projects that separate foam from building or appliance panels and destroy foam intact must
account for the emissions of ODS that occur during separation using Equation 5.7.
Separation must be conducted in a manner that achieves at least a 90% recovery and
destruction efficiency (RDE)'", per the recommendations of the TEAP Report of the Task
Force on Foam End-of-Life Issues. The losses calculated in Equation 5.7 include the original
foam blowing agent that is released during the entire process of deconstruction (for
buildings), de-manufacture (for appliances), and transport to destruction facility.

Page 28 ff:

6.4 Foam Collection and Management Requirements

Appliances and equipment containing foam or foam that has been extracted from appliances
and equipment included in the project shall be collected and the following information
recorded:

e Number, weight and ‘[ype13 of appliances processed, differentiated by type of
insulation and blowing agent'

Facility at which appliance de-manufacture occurs

Facility at which ODS blowing agent is extracted (if applicable)

Year of appliance manufacture (if the foam is destroyed intact)

Quantity of extracted ODS, amount of PU, ferrous metal, non-ferrous metal, etc.
recovered

Foam from building insulation included in the project shall be collected and the following
information recorded:

Building address
Date of construction
Foam weight
Blowing agent used
¢ Building dimensions

The foam blowing agent shall be collected and destroyed to ensure a 90% recovery and
destruction efficiency (RDE) of ODS. This requirement is consistent with the TEAP Report
of the Task Force on Foam End-of-Life Issues. RDE describes the proportion of blowing

' Justification: see our arguments with respect toA.2.1 and A.2.2

''e.g. as determined by the methodologies in the RAL GZ-728 standard.

1> We reiterate here our fundamental doubts about the soundness and environmental sense of allowing foams to
be manually extracted from appliances.

" International classification system used by WEEE Forum and RAL (Type 1, Type 2, Type 3)

' ODS in polyurethane, polyurethane without ODS, polystyrene without ODS, fibreglass
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agent (ODS) remaining in the product15 before decommissioning that is recovered in the
overall end-of-life management step, including ultimate destruction.

90% recovery and destruction efficiency shall be demonstrated through a standard of
performance ' that must be followed by all project developers. All foam must be recovered
in a manner that meets the following criteria:

1. ODS blowing agent extracted from intact foams or foams contained in
equipment and appliances, and only ODS blowing agent destroyed.

a. The ODS blowing agent must be extracted from the foam or foam
contained in equipment and appliances to a liquid form prior to destruction.

b. ODS blowing agent shall be extracted under negative pressure in a vacuum
to ensure that fugitive release of ODS cannot occur.

c. The recovered ODS shall be collected, stored, and transported in cylinders
or other hermetically sealed containers.

2. Intact foam containing ODS blowing agent separated from panels or from
foams contained in equipment and appliances and destroyed intact or not
intact.

a. Appliance carcass shall be cut no more than 6 times'’ (for appliances only)

b. Separation of foam from panels must be done by trained personnel'*, and
in a manner demonstrated to minimize foam tearing.

c. 90% of separated foam must be in pieces greater than 100 cubic inches'

d.e- Separated foam from each individual appliance or from each individual
source of building foam shall be transferred to its own hermetically sealed
container”’ within 15 minutes of separation.”’

e.£ Foam shall be stored, transported, and destroyed while sealed inside
hermetically sealed containers to ensure no release of blowing agent

f.e- No foam shall be shredded prior to destruction.

These practices shall be documented in operating and training materials, and must be
continuously recorded in an operations logbook™ as well as being demonstrated on-site
during verification activities (see Section 8.5).

15 i.e. appliances and equipment

'j.e. RAL GZ-728

Y What is the origin of these specific requirements? Were they taken from a study?

¥ We reiterate here our fundamental doubts about the soundness and environmental sense of allowing foams to
be manually extracted from appliances.

' What is the origin of these specific requirements? Were they taken from a study?

' We would like to be given a more precise definition of the term “container”.

*! Justification: see our arguments with respect to A.2.2. ¢
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Page 30

1. A single scale” must be used for generating both the full and empty weight tickets
2. The scale used must be properly calibrated per the facility’s RCRA permit, or calibrated
at least quarterly for non-RCRA facilities

Composition and concentration of ODS shall be established for each individual container by
taking a representative sample from each container of ODS and having it analyzed for
composition and concentration at an Air-Conditioning, Heating and Refrigeration Institute
(AHRI) certified laboratory using the AHRI 700-200629 standard™, or its successor.

1. A representative sample must be taken while ODS is in the possession of the final
destruction facility

[...]

6. Each sample must be individually labeled and tracked according to the container from
which it was taken, and record:

1. Time and date of sample

ii. Name of project developer

iii. Name of person pulling sample

iv. Employer of person pulling sample

v. Volume and weight of liquid ODS**-centainer from which sample was extracted
vi. Ambient air temperature at time of sampling

e All project samples shall be analyzed using ARI 700-2006 or its successor or a
similarly validated analysis method®’ to confirm the mass % and identity of each
component of the sample. The analysis shall provide:

1. Identification of the refrigerant ODS

22 daily logging of every appliance and every foam building panel processed.

3 ¢.g. by continuous and meaningful photographic documentation

** Measurement precision?Measurement range?

 or an equivalent method of analysis

*® The weight of the container is not of interest. What is important is the weight of the ODS.

" The suggested amendment is made here despite strong reservations.; see our arguments with respect to A.2.3.

16



Page 32

The composition and mass ratio of the ODS blowing agent(s) present will be determined as
follows™:

e 2Statistically representative” samples shall be taken from the foam of each single
appliance or building foam source in each air and water-tight container

e Each foam sample shall be 2 inches in length and 2 inches in width, no thicker than
0.4 inches (1 cm)

e All samples from a single site shall be placed and sealed in separate waterproof, air-
tight containers, at minimum 2 millimeters of thickness for storage and transport

® The-duplieate An additional sample shall be held in inventory for verification if
necessary

¢ The analysis of ODS blowing agent content and mass ratio shall be done at an
independent laboratory

e The analysis shall be done using the heating method to extract blowing agent from
the foam samples, as described in RAL- GZ 728 (2003/2007) or Scheutz et al.
(2007)*° or similarly validated analysis method:

° Each sample, no thicker than 1 cm, must be placed in a 1123 mL glass bottle,
sealed with Teflon-coated septa and aluminum caps to be measured for blowing
agent content

. To release the blowing agent from the foam, the samples must be incubated in

an oven for 48 hours at 140 degrees C

When cooled to room temperatures, gas samples must be redrawn from the

headspace by gas chromatography

The lids must be removed after analysis, and the headspace must be flushed

with atmospheric air for approximately 5 minutes using a normal compressor.

Afterwards, septa and caps must be replaced and the bottles subjected to a

second 48-hr heating step to drive out the remaining blowing agent from the

sampled foam.

When cooled down to room temperature after the second heating step, gas

samples must be redrawn from the headspace and analyzed by gas

chromatography

¢ The mass of ODS blowing agent(s) recovered shall then be compared to the total
mass of the initial foam samples prior to extraction to determine the mass ratio of
each ODS foam blowing agent present

*® The suggested amendments are made here despite strong reservations.; see our arguments with respect to
A.2.3.

* Justification: see our arguments with respect to A.2.3.

% Not the original developer of this kind of analysis; see the RAL GZ-728 standard (2003 / 2007)
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All appendixes (2-8) will be sent in an direct
email to CAR
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Appendix 2
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RAL-GZ 728

Ausgabe September 2007

RAL

DEUTSCHES INSTITUT FUR GUTESICHERUNG UND KENNZEICHNUNG E. V.
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Appendix 3:

Last updated: 2 February 2004

Ordinance of the Federal Ministry of Agriculture, Forestry, Environment and Water
Management on Obligations to Treat Waste — (‘Waste Treatment Obligations Ordinance’)

On the basis of paragraphs 8 and 23 section 1 and paragraph 65 section 1 of the Waste Management
Act (AWG 2002), Federal Law Gazette (BGBI.) No.110/1993, and with regard to paragraph 23 section 1
and paragraph 65 section 1 of AWG 2002 and in consultation with the Federal Minister for Economic
Affairs and Labour, it is hereby decreed:

Article I
General Provisions

Objectives

1. The objectives of this ordinance are: the setting down of minimum requirements for the collection,
storage and treatment of waste in order to meet waste management targets and implement waste
management principles; the promotion of waste avoidance, recycling and the efficient use of materials;
the establishment of the environmentally compatible collection, storage, transport and treatment of waste.

Scope / Responsibilities
2. (1) This ordinance applies to hazardous and non-hazardous waste within the meaning of AWG 2002.

(2) If waste electrical and electronic equipment is re-used, the provisions of this ordinance shall not apply
to such equipment for the duration of its re-use.

(3) Compliance with this ordinance is the responsibility of the waste owner (original waste producer,
waste collector or waste processor).

Article II

Part 1
Waste Electrical and Electronic Equipment

Definition of terms

3. (1) The term ‘Electrical and electronic equipment’ is understood to mean devices that require
electric current or electromagnetic fields in order to function correctly, or that generate, transmit and
measure such currents and fields, and that are included in one of the following categories and that are
designed for a.c. operation up to a maximum of 1000 volts or for d.c. operation up to a maximum of
1500 volts:

1. Large domestic appliances, including but not limited to: refrigerators and freezers (devices with
a cooling assembly), washing machines, cookers and ovens, electrical heaters, microwave ovens,
electric hobs

2. Small domestic appliances, including but not limited to: vacuum cleaners, toasters, deep fat
fryers, alarm clocks, wristwatches, balances.

3. IT and telecommunications equipment, including but not limited to: mainframe computers, PCs,
printers, pocket and desktop calculators, telephones, mobile phones

4. Consumer electronics, including but not limited to: radios, televisions, video cameras, video
recorders, hi-fi systems, DVD players

5. Luminaires and light fittings, including but not limited to: fluorescent lamps, lamps but
excluding incandescent (filament) lamps, other lighting fittings

6. Electric and electronic tools (excluding static industrial-scale tools), including but not limited to:
sewing machines, power drills, lawn mowers

7. Toys and sports and leisure equipment, including but not limited to: video games consoles,
electric train and racing car sets, minicomputers for cycling, diving, running, rowing etc.
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Appendix 4
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ceced

Requirements for the Collection, Transportation, Storage,
Handling and Treatment of Household COO"I’IQ and Free:ing
Appliances containing CFC, HCFC or HFC

21 December 2007

1. Objective
The objective of these requirements is to ensure:

=+ the non-polluting separation of household cooling and freezing appliances in
fractions, for material recycling or energy recovery;

+ the environmentally sound disposal of CFC, HCFC and HFC (“controlled
substances”) [1].This means the destruction of ozone depleting substances in
accordance with Regulation (EC) No 2037/2000 on substances that deplete the
ozone layer, such as CFC and HCFC, and the destruction of climate endangering
compounds such as HFC and also CFC and HCFC.

+ safe treatment of HC [3]. Precise requirements for treatment of HC is described in
the document “Requirements for the Collection, Transportation, Storage and
Treatment of Cooling and Freezing Appliances containing Hydrocarbons (HC)"
[11].

This document follows the legal requirements conceming monitoring, recycling and
recovery targets according to the Directive 2002/96/EC or corresponding national
regulations, monitoring of “controlled substances” as recovered for destruction and
implement a regular performance verification test procedure carried out by an
independent auditor (see chapter &, Annex 1).

[1] Ini this papar CFC, HFC, HCFC are summarized as “confrolled substancas™

CFC - Chiorofluorocarbon {e.g. R12, R11), HCFC Hydrochlorofluorocarbon (e.g. R22, R141b) and
HFC - Hydrofluorocarbon (e.g. R1i34a) ). CFC and HCFC am ozone depleting substances and have a
high global warming potential (GWP) while HFC do not deplete the ozone layer but have a significant
global warming pofential.
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Appendix 5

Oko-nstitut eV,

a
Insihbiu flr crgewsandie Chelogic
Ingtiuitn far Npplad kcalogy
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4 Blge-nalild ¥ + FNeinstr. 05+ 64295 Damnstast « O

Dipl. Ing. Christoph Backer
RAL-Gitegemainschaft Rickproduktion von
Kiihlgeraten V.

29, Avenue de la gare

L-1012 Luxembourg

28 October 2009

Interim results from tests of the manual disassembly of waste
mefrigaration appliances

Doar Mr Beckar,

Oko-Institut V. is currently undertaking a study of the various disposal and
froatment channels for waste refrigeration appliances. The complete study
should be available by the end of Movembear.

Woa can, howaver, already provide the following data that relate to one aspect of
the study:

In Seplember 2009, a series of tests were conducted that aimed to determine
the levels of CFC omissions when waste roffigeration appliances are
disassembled by hand. In order to establish a CFC-emissions dataset that could
be used for comparafive purposes, the manual disassembly technigues used
wara copiad from the methods employed at waste fridge processing facilities in
Morth and South America.

The testz domonstrated that manual disassembly leads o emissions of CFCs
from the following three channels:

a) Cutting up the appliances with a saw

b) Manual removal'extraction of the foams from the appliance carcass (due to
rupturing and opening of the cells in the foam polymer and outgassing of
CFCs)

c) Rasidual quaniities of insulating foam still adhering to metal and plastic.

The losses from channels a) and b) were estimated by weighing the intact
appliances prior to disassembly and then weighing the matarial fractions afier
manual disassembly. It was assumed that the difference in weight is due to
CFC losses to the ewironment For the purposes of calculation, it was also
assumed that in all the appliances tested, the average percentage waight of
CFCs oniginally present in the polyurethane (PU) insulating foam was 8.5 %.
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Appendix 7:

Analvzan Prirbaricht Nr. TA2957 Heha ¢ upe: &

14E335T10 Auftrap Wr, 1403651 02102008

Froban gurch <anden erinmmmen Rl 3: Frstsmil

Hrobannummer Q50Ca1- Q500612 O&Ica13

B=aic'riuna nallyy ESch | LD ) F ] LE L B

Sirgangedalum: 18.09.2004 18.06. 2003 1R.05.0000

= arameter Cirhel EasHmrurgs- Nalhodke
Jmanze

LHH Hoadspace -

Jishlantliuralran gtk <50 = Hn uitn DIN EN 155 16301
1,12+ IngRiprintLarcthar meyhg naz nalll nal™ 0,301 DIM EN 50 10201
Trihbofuorekien Mg e 3aan Mo a0 DIN EN 630 16501

A1 aich: awevarber

FCKYY Headapacs
Summe nachpeslzsener mg'kg [ LT S1000 140080
e
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Appendix 8:

R11-Gebalte in PUR-Schiumen

MNaz Acstrebes der Scheuribsrstellar was s, mighichst oure Egolienwitkung  zu
arzirlen, d. h. mighchsl das gesam.e Porenvolemen mit B2 zo . len (R11 bal eing
sehr geringe Warmedeifa~gkeft voa C.OOE Wim ko zun Vergleigh zur Lot 0,0243
Wime koung ©0. 30148 W AL

Thioretisch 13kt _sich der R11-Gehalt in PUR-Hartschaumen  wie folgf

abschidtzen:

Gemdl dar Reropur zur Herstellung vor PUR-Hartze~3urren worden zuf 100 Teile
Malys + Isocyanat 20 15 Tele B11 cugegsoen

Bei ziner Raumrgawicht von 35 kg/m? enispricht dies eiver Menge von 525 kg pro
m# Schaurm.

Urdter der Yoraussetzung, dalb ein Groflte | der geschlossenen Paren im PUR
Schawm JAnteil 0% s 95%) zu 90% it R11 gafilit sind  ergibt sich fii- einen
Schaam mic einem Raumgewcht von 35 kyim® eine R11-Merge wer o, 13,7%
entzprechend 4.8 knlm* Srham.

+ Resaplur PUR Hartapsdnme
Palyol + lsacvanst — 100 Teir, dazu ca. 15 Teile R11
ekt dar Schay rusgsmasss Polyol §soeyvanst 1 kgl
» [oimassa R11: 137 kgdmol, = 22,4 | Saswelumen

Be siner Raurgewicht wor 35 kgde® isl oas Werdlnis won felgenist zu
Poranvalumean 35 1 7u 965 &

Unter der Annshme, dz2i 80 % dor Poren gesch'oszsn sind, ond dall diese
geschlossensar Porsn zu 20 % mit R11 acfillt 2ind, evgibt zich ein R71-Gasvalumen
van ca, FE1 d SchasT.

Diessz Gasvolumen entspricht giner B11-Menge von 4.8 kg!m® Schaum brw. 13,7
oo 1M,

Ein =z gefertigter  Schasm weist ognmittelbar nack cor Heostelang eins
Warmeletfih.gket ven 0020 Wim x auf. Innerhelb won & Wochon steict die
Warnclerfinighait in Folge R11 Ausgagong acfoa D025 Wi k zn.

Intglge wan D asionsvogdngen innertalb dés Schaumes korrmt es Cber sinen
langen ZeitrauT Moazte, Jahred 7 eirem weiksren geriqgen Varust von B, was
sich in =inem weterer Anstieg der Wirmaleitfinigkeil aul ca. 0007 Wim &k
bz rvr kbar mac-

Aterungsproresse van Hatechiemen verlacfer sehr langsam (30 his 40 Ja~we), 4, h,
das Zelgevuist ist Ober sinen tangen Zeilraurn stabil und vehindert so qriGare R11-
MUsgQEsINgEn.
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