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Preface

The last 20 years of global efforts to reduce ozone depleting substances
(ODS) and restore the ozone layer is one of the great successes of inter-
national environmental cooperation. However, in spite of the collective
progress made, the potential for eventual release of a major quantity of
ODS stored in “banks” poses a significant threat to the stratospheric
ozone layer and could reverse much of the progress made towards
ozone recovery. These banks are contained mostly in stationary and
mobile refrigerators, heat pumps, air conditioners, thermal insulating
foam in land and ships and stockpile of new or recovered ODS.

According to the Technology and Economic Assessment Panel, “end-
of-life” measures are consistent and significant contributors to savings
in terms of both ozone and climate, with cumulative savings of around
300,000 ODP tonnes and about 6 billion tonnes CO2-eq. from 2011 to
2050. Other studies underline the same conclusions, e.g. were the
CFC/HCFC bank in Denmark for the period 2002-2050 calculated to
more than 10,000 ODP tonnes. The trend is presumed applicable for
most of the Nordic countries.

Environmentally sound disposal of ODS is increasingly recognized as
an important issue in terms of both the protection of the ozone layer and
the effect on climate change. However, there is only a limited overview
in the Nordic countries of ODS containing product groups, regulation,
available treatment technologies, and waste infrastructure etc. This re-
port provides an overview of the ODS waste treatment and regulation in
the Nordic countries. The report identifies gaps, proposes solutions and
provides recommendations for relevant Nordic efforts within the area.

The purpose of the study has been to analyze existing waste collec-
tion and destruction practices of ozone depleting substances in the
Nordic countries. Focus is dedicated to ODS waste containing CFC’s and
HCFC'’s. Other ODS such as halons, tetrachloromethane, trichloroethane
and methylbromide are well regulated/controlled and the quantity in
the Nordic countries is small.

The report is prepared by PlanMiljg ApS (Denmark) for the Nordic
Ozone Group. The report has been financed by the Nordic Council of Minis-
ters, through the Nordic Chemical Group and the Nordic Waste Group.

Note: This report was written in 2011. There might be some changes in
regulation since then and the reader is advised to check relevant legislation.






Summary

ODS waste treatment is in general well-functioning in the Nordic countries
in terms of the regulatory framework, the technical facilities, and appro-
priate infrastructure.

A rough extrapolation of the actual Nordic ODS banks in 2011 shows
an ODP potential of at least 10,000 ODP tonnes in total. The ODP bank
related to refrigerants is relatively small as it is based only on HCFC-22
(with low ODP value). The largest potential for improvement of ODS
recovery and ODS disposal/destruction is related to appropriate treat-
ment of old district heat pipes. The potential is assumed to 2,000-4,000
ODP tonnes based on the precondition that 15-30% of the original ODS
contents is still contained in the foam at end of life.

The table below summarizes the ODP potential from the main waste
groups.

Table 1. Nordic ODP potential from waste categories

ODS waste ODP (tonnes)

Refrigerants 80-110

Demolition waste 7-8.000

Other foam 500-1.500

District heat pipes 5,000-6,000
ODS refrigerants

The only ODS containing refrigerant in the Nordic is HCFC-22 (R-22),
which is primarily used in old, larger commercial refrigeration systems
in industries, ships and the retail sector. There is no longer a CFC bank in
Nordic household refrigerators.

Construction of new R-22 refrigeration systems were more or less
phased out in 2000-2002 because of national bans (e.g. in Denmark) and
technological development. The R-22 systems were substituted with
HFC, ammonia, propane/butane and CO; refrigeration systems. While
refrigeration systems generally have a lifetime of 20 years, it is assume
that the R-22 based refrigeration systems in the Nordic countries will be
phased out no later than 2020.

One major reason for this is that suppliers can only deliver regener-
ated R-22 to the Nordic market and only 15-20% of the demand can be
covered - the price is therefore rapidly increasing. Owners of R-22 re-
frigeration systems have strong economic incentives to invest in more
efficient non-ODS refrigeration systems.



The R-22 refrigerant has an ODP value of 0.055 ODP tons. A rough esti-
mate of the total Nordic bank of R-22 is 1,500-2,000 tonnes, of which 750
tonnes are contained in ships from Norway, Iceland and the Faroe Islands.
The total ODP potential in the R-22 banks are 82.5-110 ODP tonnes.

All Nordic countries have the infrastructure for recovery and destruc-
tion of R-22 refrigerants in place, including collection, recovery and de-
struction. All countries have suppliers/collectors with equipment and
procedures to ensure appropriate recovery and access to special treat-
ment facilities for destruction of ODS gases.

Related to eliminating the impact of R-22 it is relevant only to target
reduction of R-22 leakages from the existing systems and a complete
phase out of the R-22 refrigeration systems.

ODS blowing agents

There is no system in place for control, collection, recovery and treatment of
ODS containing foams and waste materials for which ODS has been used as
blowing agent, e.g. district heating pipes and insulation panels.

The ODP potential in district heating pipes is substantial and there is a
clear need and opportunity for improving handling and disposal of old
heat pipes. Most of the pipes containing the ODS bank are still in opera-
tion but new requirements to energy efficiency will cause increased re-
placement of old district heat pipes in the coming years. The estimated
Nordic ODS bank in district heating pipes are estimated to 5,000-6,000
ODP tonnes, with 50% in Denmark and 30% in Sweden.

Costly disposal and a lack of regulative requirements means that old
pipes are typically left in the ground without treatment of the ODS foam
and PVC and no reuse of the metals. In some instances metals and plas-
tics from the old pipes are recycled, but without recovery of the ODS in
foam. ODS treatment facilities in Denmark and Sweden have no request
from contractors or district heat companies for their special treatment
services of ODS foam. A stakeholder has mentioned examples of pressing
insulation foam from pipes before shredding and without recovery.

It will be most relevant to establish mechanisms and procedures that
ensure reuse of old pipes, recovery of ODS from shredding and/or direct
separation and incineration of the foam. Scientific tests and technical
knowledge indicate that 15-30% of the original amount of the ODS blowing
agent is still present in the end-of-life pipes, but there is a need for more test
to validate previous estimates of the environmental impact. It is therefore
recommended to analyze more samples of old district heating pipes.

ODS contaminated waste from the building sector is sparsely con-
trolled and regulated. However, the general waste infrastructure in the
Nordic countries ensures appropriate disposal. The expensive landfill
costs in all the Nordic countries constitutes a strong incentive for effec-
tive waste treatment with separation of combustible waste such as foam
products, insulation panels etc. Norway has specific regulation and con-
trol mechanism for building waste containing ODS, but the environmen-
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tal impact of the treatment of this waste in the other Nordic countries is
not considered more harmful than in Norway, assuming that ODS foam
waste and similar combustible demolition waste are incinerated profes-
sional incineration plants and not landfilled. Municipal incineration
plants are approved as ODS treatment facilities (EU 1005, appendix 7).

Demolition waste from the building sector may contain CFC-11/12 or
HCFC 141b/142b, popular blowing agents until the CFC ban in 1994-1995
and HCFC bans (as blowing agent) in 1998-2000. The ODP value for CFCs is
1 and for HCFC-141b/142b 0.11 and 0.065. There are no complete data to
calculate the total ODS contents in insulation and construction foam in the
Nordic but based on extrapolation of Swedish, Finnish and Danish esti-
mates, the total potential bank in demolition waste from construction and
buildings is estimated to be 8,000-10,000 ODP tonnes.

The most important effort in relation to reduce the impact of ODS
containing demolition waste is to secure that this waste does not end
at landfills. This is done by optimal separation of combustible waste
and disposal to incineration plants. Reducing the mechanical treat-
ment of ODS waste (foam etc.) during demolition and separation
phases can reduce emissions of ODS. Open air shredding of insulation
panels, XPS foam etc. should be avoided.

ODS waste from insulation panels in freezers (household and com-
mercial) is handled by municipal collection and treatment systems. The
treatment is well regulated with recovery of refrigerants, reuse of met-
als and shredding and incineration of the foam. Recovery of ODS from
the shredder process is common for most large treatment facilities in
the Nordic countries. The ODS banks from this product category is lim-
ited as most CFC/HCFC based fridges and freezers are already disposed
off. A rough estimate for the Nordic ODS bank from this product cate-
gory is 200-400 ODP tonnes.

Waste treatment of larger units construction foam from boats, cara-
vans, windmills etc. needs to be investigated and improved further.
The technical difficulties with treatment of glassfibre provide a chal-
lenge for appropriate treatment of the hard foam. The lack of overview
and control with optimal disposal of this fraction leads to inappropri-
ate land filling. Large unit construction foam in boats, caravans etc.
produced before 1995 contain CFC blowing agent.

It is recommended to take initiative to implement procedures which
ensure separation or correct treatment of hard foam during the treat-
ment and disposal phases to avoid landfill.

ODS waste treatment in the Nordic Countries 11






1. Findings

A survey of the Nordic regulation and technical arrangement for treat-
ment of ODS waste are conducted. The information is disseminated from
national reports or documents and by interviews with representative
stakeholders in the Nordic. The main results from the survey are sum-
marized and listed in the findings below.

1.1 ODS waste treatment in the Nordic

1. There is appropriate facilities in the Nordic to ensure optimal
recovery and destruction of ODS waste (foam and refrigerants):

o All countries has municipal incineration plants which can receive
ODS foam for incineration and destruction.

o Denmark, Sweden, Finland and Norway have special facilities to
recovery of ODS in hard foam, e.g. from district heat pipes and
building waste.

o  With respect to refrigerants, Denmark, Finland and Sweden have
facilities for regeneration, reuse and destruction of ODS
containing refrigerant.

o Faroe Islands, Iceland, Greenland and Aland distribute
contaminated refrigerants to destruction at facilities in Norway
or Denmark.

2. The infrastructure for recover and destruction of R-22 refrigerants is
in place in all Nordic countries and there is no need for further efforts
to improvements in accordance to collection, recover and
destruction. All countries have representation of suppliers/collectors
who has equipment and procedures to ensure appropriate recovery
and access to special treatment facilities for destruction of ODS gases.

3. Handling of ODS in A/C appliance from vehicles at end of life is
regulated and controlled in all Nordic Countries. Directive
2000/53/EC requires Member States to ensure that end of life
vehicles are dismantled and hazardous materials removed, including
CFC and HFC refrigerants used in AC systems. The amount of ODS in
mobile A/C is considered minor while ODS has been substituted with
F-gases from mid-nineties. There is no ODS containing mobile A/C
left in the Nordic. Cars with ODS are from mid-nineties or before and
mobile A/C cannot avoid leakages that many years. Vehicle



dismantlers have confirmed that only HFC-134a (F-gases) and no
CFCs/HCFCs are contained in mobile A/C today.

4. When it comes to collection and treatment of ODS containing foams
and similar waste materials for which ODS has been used as blowing
agent, e.g. district heat pipes and insulation panels, recovery and
appropriate control with treatment is lacking. In particular are ODS
contaminated waste from the building sector not directly controlled
and regulated. But despite there is no direct control effort ensuring
appropriate disposal of ODS containing foam product, the general
waste infrastructure in the Nordic ensures appropriate disposal. For
all Nordic countries, landfill is more expensive than incineration. It
provides strong incentives for entrepreneurs to reduce cost for
disposal through optimal separation where the combustible fractions
preferable go to incineration. If ODS foam etc. are delivered to
incineration instead of disposal on landfill, the ODS is destroyed
appropriately. High temperature municipal incineration are
approved by EU as appropriate facility for ODS destruction.

5. Appropriate disposal of ODS containing building waste is most
common regular incineration of the waste. Other special treatment
where ODS are recovered from foam are also an option. In-
appropriate disposal of ODS containing building waste is dumping on
landfills. In such cases ODS emit within a certain years timeframe due
to mechanical exposure of the waste.

6. There is only poor Nordic experiences with special treatment of ODS
containing foam in end of life district heat pipes. Norway, Denmark
and Sweden have special treatment facilities for ODS containing foam
from district heat pipes but no municipalities are using the facilities
because there is no incentives or requirements. The barrier for
treating end of life district heat pipes is the extra cost related to the
disposal.

Two case are actual when replacement of district heat pipes; a) if old
pipes are placed in other traces the pipes are left in the ground
without any treatment and disposal, b) if new pipes are placed in
same trace as the old pipes, end of life pipes are moved from the
underground to provide space for new pipes and treated according to
general rules for waste disposal. In this case end of life district heat
pipes are typically shredding and metal fractions reused. Plastic and
foam goes to incineration. ODS in foam are not in focus during the
treatment and there seems to be options for improvement.
Treatment facilities claims that it is technical possible to develop
treatment facilities to recover CFC from the insulation foam. Some
enterprises has already developed concept in Norway and Sweden.

7. Norway (as the only Nordic country) operate with limit thresholds
for ODS contents in demolition waste. If waste contain more than 0.1
% CFC the waste are defined as hazardous waste and should be
treated hereafter.
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1.2 ODS Regulation

1.

Most of the legislative framework on treatment of unwanted ODS
waste in the Nordic countries is decided on a transnational level in
the European Union. Norway and Iceland (non-members of the
European Union) follows to a large extend the same regulations as
EU, due to their commitment in the European Economic Area (EEA)
which extends the principles of the internal market of the European
Community to Iceland, Liechtenstein and Norway. Faroe Islands
and Greenland is parts in the Danish “Rigsfeellesskab” and has to
some extend same regulation as DK.

Since 2009 Regulation no 1005/2009 on substances that deplete the
ozone layer has formed the basis for handling of substances that
deplete the ozone layer. 2037 /2000 covers production,
importation, exportation, placing on the market, use, recovery,
recycling, reclamation, and destruction of ODS.

In 2009 the Council adopted a recast of the legislation with the
purpose of simplifying the legislation, and at the same time
incorporate a new amendments made in the Montreal Protocol in
2007. As part of this regulation a new set of control measures are
taken to ensure that both products containing ODS, and products
for which the design or the functioning requires the presence of
ODS will comply with the regulation. It means that future product
design presumable will not contain ODS.

Furthermore the regulation stipulates that all these products must
be recovered if it is technically and economically feasible. It is
authorization of the commission “to compile a list of those products
and equipment containing or relying on ODS, for which recovery, or
destruction without prior recovery, of controlled substances will be
considered technically and economically feasible and therefore will
be mandatory.” Heat pumps are expected to be required mandatory
recovery in EU. Moreover the recast moves forward the production
phase-out of HCFCs.

There are multiple regulations targeting the recovery and
destruction of banked ODS at the EU level.

EU regulations explicitly require the recovery of all ODS/F-gas
refrigerants from certain categories of products and equipment at
end of life.

For construction foams, the obligation to recover (or immediately
destroy) depends on whether it is technically and economically
feasible.

For vehicles and household/small commercial appliances -
schemes are mandated to assign responsibility for and ensure the
safe disposal of products and equipment and the ODS/F-gases
contained therein.

ODS waste treatment in the Nordic Countries 15
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Regulation (EU) 842/2006 on certain fluorinated greenhouse gases
applies the above mentioned regulation (2037/20 and 3622/09) to
all F-gases, except there is no demand for recovery of the foam
blowing agent from refrigerated equipment.

Regulation (EU) 1013/2006 on shipment of wastes secures the
shipment of hazardous ODS waste between member states, this
regulation is important since there is few treatment facilities in the
Union, and many countries are dependent on treatment in other
member states.

Directive 2002/96/EC concerning Handling of Appliances and Small
Stationary AC at end of life requires that waste household
appliances and small commercial refrigeration equipment
containing ODS or gases with a GWP above 15 to be collected
separately. This pertains to the refrigerant and foam contained in
appliances. The Directive also sets minimum recovery and recycling
rates. In practise it means all CFCs and HCFCs.

Refrigeration appliances (and liquid refrigerants) are well
regulated in all the Nordic countries. The WEEE directive on
producer responsibility sets the overall framework and the national
regulation sets well defined obligations for the responsible actors in
regard to sorting, collection and treatment of both appliances and
liquid refrigerant. New products placed on the market are produced
in the European Union, with corresponding legislation banning the
use of ODS in the new products. Treatment of old refrigeration
systems are well regulated and no new products containing ODS
will be introduced to the Nordic market, hence no additional
problems are expected from this product group, and the current
legislative framework in the countries are assessed to be sufficient.
The ODS regulation of construction and demolition waste and heat
pipes are inadequate in most Nordic countries except Norway and
Sweden, where reasonably newly arranged voluntary agreement
has been set up, setting demands for the sorting and treatment of
the hazardous fractions in the construction and demolition waste.
There is no legislation in the Nordic countries concerning recovery
of ODS from insulation foam in EOL district heat pipes.

New district heat pipes produced outside EU might still contain ODS
and can therefore prolong the problem if these are imported to EU,
but directive 2037 forbids this import. No illegal imports are
identified in the survey.

In general, areas where regulation appoints specific stakeholders,
e.g. municipalities or the producers of the products, to treat and
dispose products containing ODS, seems to work efficiently.

0DS waste treatment in the Nordic Countries



1.3 ODS data and banks

1. ODS containing refrigerants in the Nordic is limited to HCFC-22 (R-
22), which primary are used in old larger commercial refrigeration
systems in industries, ships and retail sector. There is no longer CFC
banks in Nordic refrigerators.

2. Itis fair to assume all R-22 based refrigeration systems in the
Nordic will be phased out no later than 2020.

3. The amount of ODS in demolition waste is not verifiable from the
existing data but it is known that there are contents of ODS in
various foam- and insulation product produced before 1995.

4. Arough estimate of the total Nordic bank of R-22 refrigerants is
1,500-2,000 tonnes, where 750 tonnes are banks in ships from
Norway, Iceland and Faroe Islands. The total ODP potential in banks
are then 82.5-110 ODP tonnes.

5. There is only sporadic data for the Nordic ODS contents in the
various product categories and banks but Denmark, Finland and
Sweden have conducted a ODS survey for most categories and
estimated ODS banks. The other Nordic countries have no data or
only a few general estimates.

6. There exist no economical assessments of cost benefit for sorting
and separation of certain ODS waste categories, e.g. district heat
pipes or ODS foam in demolition waste.

7. The data for amounts of ODS content in hard foam reaching end of
life is not yet scientifically determined in a large scale. Various test
results estimate different amounts of ODS contents during the
lifetime evaporation of ODS. The rate of ODS evaporation depends
of a number of factors like the specific PUR, the size of cells in hard
foam, and the mechanical threat during the products life time. New
data from Chalmers indicate that the contents of ODS in foam from
Swedish heat pipes is between 25-50% after 5 years and 15-25%
after 20 years. These test results indicate that considerable
environmental effects will be achieved with appropriate treatment
of ODS waste.

8. A rough extrapolation of the actual Nordic bank divided into
refrigeration and foam show an ODP recovery potential of more
than 10,000 ODP tonnes in total. The ODP bank related to
refrigerants is relatively small compared to foam banks because
this bank is only based on HCFC-22 (with low ODP value). The
largest potential for improvement of ODS recovery and
disposal/destructions of ODS in banks are related to appropriate
treatment of old district heat pipes.

9. Approx. 60,000 km district heat pipes are installed in the Nordic
countries. The largest amount is installed in Denmark, then Sweden,
Finland, Iceland and Norway, which only have a smaller amount.
The total potential amount of ODS for recovery in district heat pipes
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in the Nordic are estimated to 4,000-5,000 ODS tons, whereas
Denmark cover more than 50% and Sweden 30%. New pipes do not
contain ODS. The potential is assumed is based on the precondition
that 15-30% of ODS contents are in foam at end of life and a
number of old CFC containing heat pipes already are replaced.

The ODS contents in demolition waste from building sector is CFC-
11/12 or HCFC 141b/142b in XPS blocks and other insulation foam.
These substances were popular blowing agent until the CFC ban in
1994-1995 and HCFC bans for using HCFC as blowing agent in 1998-
2000. The ODP value for CFCs are 1 and HCFC-141b/142b is 0.11 and
0.065. There are no complete data to calculate the total ODS contents
in insulation and construction foam in the Nordic but based on
extrapolation of Swedish, Finnish and Danish estimates, the total
potential bank in demolition waste from construction and buildings
are assumed to be 8,000-10,000 ODP tonnes contained in XPS blocks,
insulation panels etc.

ODP waste from insulation panels in fridge/freezers (household
and commercial) is handled through the municipal collection and
treatment systems. The treatment is regulated and standard
procedure is recovery of refrigerants, reuse of metals and
shredding/incineration of foam. Recover of ODS during the
shredding process is common for most large treatment facilities in
the Nordic. The ODS banks from this product category was
considerable but the ODP potential today is more limited, while
most CFC/HCFC based fridge and freezers are already disposed. A
rough estimate for the actual Nordic ODS bank from this product
category is 200-400 ODP tonnes.

HCFC-22 refrigerant has an ODP value of 0.055 ODP tons. A rough
estimate of the total Nordic bank of R-22 refrigerants is 1,500-
2,000 tonnes, where 750 tonnes are banks in ships from Norway,
Iceland

and Faroe Islands. The total ODP potential in banks are then 82.5-
110 ODP tonnes.

HCFC-142b is widely used in XPS insulation block and data estimate
more than 100 ODP tonnes contained in XPS blocks in railways,
roads and house constructions, only for Finland. Same scale may be
assumed in Norway and Sweden.

0DS waste treatment in the Nordic Countries



2. Conclusions

The conclusions below summarize reflections from the survey and the
findings. The conclusions are structured according to regulation, waste
treatment and data gaps.

2.1 Regulation

Nordic countries have the necessary regulatory framework to ensure
appropriate disposal of ODS waste.

EU will provide a list of mandatory products to recovery .This list is
not expected to affect the Nordic regulation while recovery for the
product groups happens already.

If EU requirement for recover is extended to foams, there will be a
need for regulatory arrangement in all Nordic EU member states.

It is announced from EU that F-gases within a short timeframe will
meet requirement for recovery of gases in foam. Nordic member
states will then need to improve regulatory and technical
arrangement for foam recover.

Nordic countries have full compliance with EU regulation and control of
collection and treatment of small household appliance and mobile A/C.
ODS waste can be shipped and treated in other EU countries which
make it possible to utilize transnational treatment facilities.

2.2 0ODS Data gaps

The existing overview of ODS waste in the Nordic is poor. The specific
product categories where ODS can occur are well known. But the
gradual transition from ODS blowing agent or refrigerants to
alternative substitutes and no measures from realized disposal of ODS
foam leave only few parameters to assess ODS banks. Due to
improvement of ODS waste treatment it has only minor relevance to
have detailed ODS bank data but the lack of data makes it difficult to
monitor achieved environmental effects.

Strategies and effort should be planned anyhow because ODS banks
are in same products as F-gas banks. It means that precaution and
treatment of ODS banks also is precaution of f-gas banks
(refrigeration, insulation foam, construction foam).



e A precondition for initiating systematically recovery of ODS from first
generation district heat pipes is better documentation for the resting
contents of ODS in end of life foam. Test determining ODS contents
should therefore be initiated so a precise strategy for district heat
pipe recover can be formulated.

2.3 Waste treatment

o The largest potential for ODS recover must be in Denmark, where the
district heat infrastructure is extensive and also contains early
generation pipes. Sweden and Finland also have a considerable
potential for ODS recovery from district heat pipes. The other Nordic
countries only have a minor potential.

e Larger units like glassfibre boats, caravans, windmills etc. represent a
waste fraction with high volume and special difficulties according to
appropriate treatment. This waste fraction consists typically of
sandwich constructions of glassfibre and hard foam. Glassfibre is a
challenge in waste treatment because the material is armed and
shredding is not possible. While incineration only is an option for
units below 1 m3, it is likely that this waste is sent to landfill after
crushing. There is lack of data for this waste fraction and there is no
control or procedures for appropriate treatment of the ODS foam.

e (CFC11 and CFC 12 are contained in pipes produced before 1995.
HCFC 141b/142b can be used in pipes produced before 2005. No
European manufactures produce pipes with ODS today. The used
blowing agent in heat pipe insulation foam is now HFC-134a.

e The Nordic facilities for appropriate ODS waste treatment are in
place.

o The waste infrastructure in the Nordic countries basically ensures
ODS containing demolition waste appropriate disposed. Well
functioning high temperature incineration plants and cost incentives
to reduce landfill waste are effective instruments. The relevant
stakeholders in the building sector (demolition companies,
entrepreneurs, craftsmen etc.) are normally sorting out foam
products and other combustible waste fractions and send it to
incineration.

¢ In Nordic areas with poor access/long distance to incineration plant,
there might be situations, where ODS containing demolition waste
are reaching landfill instead but it is considered only to be a little
potential.

e There are no general procedures for appropriate treatment of ODS
foam in the Nordic countries.

o The Nordic waste infrastructure with well represented incineration
plants and high cost for disposal to landfill provide incentives to
stakeholders for delivery of combustible foam to incineration.
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¢ Interview with controlled landfills indicate, that hard foam is only
occurring occasional in very small amounts. I periodical visual
inspection of waste fractions to selected controlled landfills can
determine amounts of ODS waste from construction and demolition.
If no amounts are detected, it can be concluded that all ODS waste
from demolition are disposed appropriate through combustion.

e Astrong incentive to improve recovery of ODS in foam is if ODS and f-
gases will be included in the Kyoto Protocol mechanism. The GWP
potential from foam recovery is extensive because of ODS and f-gases
potent GWP value.
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3. Recommendations

Based on the findings and conclusions described above, a number of
recommendations are formulated.

In overall there is no need for further effort in relation to regulation,
control and treatment of ODS refrigerants in the Nordic. The suggested
effort are related to treatment of ODS foam waste, where some issues
can be improved further.

District heat pipes - supplier management

End of life heat pipes represent valuable materials (metals and plastic
component) but can potentially also contain ODS and other unwanted
substances like e.g. PVC. Reuse and recovery of heat pipes is therefore a
relevant and likely option from an environmental perspective.

To ensure more control with reuse and recovery of heat pipes it is
most obvious that such conditions are negotiated and integrated in
(new) contracts with suppliers involved in district heat pipe replace-
ment projects. The agreement should contain specification for treat-
ment and disposal method for the various materials - reuse of steel
pipe and reuse/recover of PE/non ODS PUR coating, and appropriate
destruction of PVC and ODS containing PUR foam. Further, require-
ments for documentation should be defined.

The actual and increasing focus on energy-efficiency has high priority at
the agenda in the district heat companies. It means that effort improving the
transmission of energy leads to replacement of old pipes with new more
energy efficient and better insulated pipes. The discussion of treatment,
reuse and recovery of end of life pipes are therefore very relevant in these
years, while many district heat companies upgrade their infrastructure. For
example in Denmark are the incentive for replacement of district heat pipes
intensified in 2010, while the Danish Energy Agency has increased the re-
quirements and standards for energy efficient district heat supply.

It is therefore recommended to establish mechanism or procedures
which ensure improved reuse of end of life pipes, recover of ODS at
shredding or direct separation and incineration of foam.

Further it is recommended to clarify and develop the scientific re-
sults indicating that 15-30% of ODS contents in foam still are in pipes
at end of life. In general there is a need for a broader documentation of
the environmental potential for ODS recovery in foam. Improved doc-
umentation will clarify when it is reasonable to straightening efforts
for recovery from EOL foam.



Recovery versus destruction of ODS

There are two basic methods when treating ODS waste; a) recovery/reuse
and b) incineration. In general most ODS in refrigerants are recovered and
ODS in foam are destructed through municipal incineration.

It is recommended to dispose ODS waste foam directly to incinera-
tion where possible; even that facilities in the market can pre-treat and
recover ODS from foam. Incineration is a cost effective and well known
method.

In cases where the mechanical threats of foam will be extended, e.g.
because of shredding into small pieces, a recovery before incineration
should be performed to avoid/reduce ODS emissions from pre-
treatment of foam waste.

Reducing leakages of ODS refrigerants during operation

While infrastructure for recover and destruction of R-22 refrigerants is
in place there is no need for further efforts to improvements in accord-
ance to collection, recover and destruction. Efforts of relevance are ac-
tions which target reduction of R-22 leakages during operation and ac-
tions which target a phase out of the R-22 refrigeration systems.

Demolition waste

Efforts to improve treatment of demolition waste containing ODS is first
of all to secure that waste do not end at landfills. This is done by optimal
separation of combustible waste and disposal to incineration plants. If
possible, a reduction of mechanical threat of ODS waste (foam etc.) dur-
ing the demolition and separation phases, can ensure unwanted emis-
sions of ODS are reduced further. Open air shredding of insulation pan-
els, XPS foam etc. without recovery should be avoided if appropriate and
possible.

Large unit construction foam
Waste treatment of larger units construction foam from boats, caravans,
windmills etc. need to be investigated and improved further. The tech-
nical difficulties with treatment of glassfibre provide a challenge for
appropriate treatment of the hard foam. The lack of overview and con-
trol with optimal disposal of this fraction leads to inappropriate land
filling. Large unit construction foam in boats, caravans etc. produced
before 1995 is assumed to contain CFC blowing agent.

It is recommended to take initiative to implement procedures which
ensure separation or correct treatment of hard foam during the treat-
ment and disposal phases to avoid landfill.
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4. Norsk sammendrag

Den globale innsatsen med a redusere ozongdeleggende stoffer de siste
20 drene med pafglgende restituering av ozonlaget, er en av de store
suksesser i internasjonalt samarbeid. Men til tross for de gode resultate-
ne fra dette arbeidet, er det en viss fare for at stoffer som fremdeles fin-
nes lagret i produkter og brukt utstyr ("banks”), kan lekke ut og utgjgre
en fare for restitueringen av ozonlaget i stratosfeeren. Stoffene finnes for
det meste i stasjonaere og mobile kjgle-/fryseanlegg, varmepumper,
luftkondisjoneringsanlegg, isolerende skum samt lagre av ny eller gjen-
vunnet ozongdeleggende gass.

Det tekniske og gkonomiske panelet (TEAP) under Montrealproto-
kollen har estimert at det & gjennomfgre tiltak for & hindre utslipp etter
at gassene har vaert brukt i produkter og utstyr, vil spare atmosfaeren for
utslipp av ca. 300.000 ODP-tonn og ca. 6 milliarder tonn CO;-
ekvivalenter til sammen i perioden 2001-2050.

Det er i de nordiske land begrenset oversikt over produktgrupper som
inneholder ozongdeleggende stoffer, regulering, mulige teknologier for
behandling, infrastruktur for avfallshandtering og lignende. Denne rapp-
orten gir en oversikt over avfallsbehandlingen av ozongdeleggende stoffer
og dens regulering i de nordiske landene. Videre identifiserer den mangler
og foreslar tiltak og gir anbefalinger som er relevante for dette omradet i
Norden. Det har vert fokus pa avfall som inneholder stoffene KFK og
HKFK. De andre ozongdeleggende stoffene, si som haloner, tetraklor-
metan, trikloretan og metylbromid er godt regulert og mengdene av disse
stoffene i Norden er sma.

Rapporten konkluderer med at avfallsbehandlingene av ozongdeleggen-
de stoffer er velfungerende i de nordiske landene. Avfallshandteringen er
regulert og det finnes tilstrekkelig infrastruktur og destruksjonsfasiliteter.

Et grovt estimat angir at det i 2011 totalt finnes minst 10.000 ODP
tonn med ozongdeleggende stoffer lagret i produkter og utstyr. ODP i
kjgle- og fryseanlegg er relativt lavt, da det er stort sett bare HKFK i dis-
se produktene. HKFK har relativt lav ODP. Det stgrste potensialet for
forbedring er knyttet til innsamling og behandling av gamle rgr som
brukes bl.a. til fjernvarmeforsyning. Det er benyttet skum i disse rgrene
som inneholder ozongdeleggende stoff.

Rapporten er utarbeidet av PlanMiljg ApS (Danmark) for Nordisk
Ozongruppe. Utarbeidelsen av rapporten har blitt finansiert av Nordisk
Ministerrad, gjennom Nordisk kjemikaliegruppe og Nordisk avfallsgruppe.






5. Appendix 1.
ODS waste

The current chapter will bring an overview of the specific identified ODS
waste fractions in the Nordic consisting ozone depleting substances (in
form of primary CFC 11, CFC 12 and HCFC-141b/142b, HCFC-22).

5.1 ODS waste products

The potential ODS banks from different product groups reaching the
waste sector at end of life in the Nordic are listed in the following.

Retail and industrial refrigeration systems (HCFC-22)

A various number of refrigeration system in retail, ships and industry
still contain HCFC-22 refrigerants. But it is prohibited to install new in-
stallations with HCFC-22. Over a time period of 5 years (2015) this ODS
refrigerants is assumed more/less phased out. From 2015, sale of regen-
erated HCFC-22 is phased out.

Refrigerant in bulks

In the Nordic countries refrigerant importers/distributors offer free
take-back services on used refrigerant to ensure proper disposal, with
costs being recovered through a tax on the sale of new refrigerant.

Large commercial refrigeration/AC equipment

Large commercial refrigeration/AC equipment is handled by installation
companies that recover refrigerant for reuse, reclamation, or destruc-
tion, and then decommission the systems for metal recycling. Actual
refrigerant recovery level from this type of equipment is high.

Household appliances

Refrigerant recovery from household refrigerators/freezers is well orga-
nized in the Nordic countries. Regulation and procedures ensures that staffs
are trained in use of recovery equipment and recovery level is assumed
optimal.

The recovery of foam from domestic appliances is practiced in compli-
ance with regulations. Depending on the facility, it can be recov-
ered/pressed at site or sent to incineration without pre-treatment.

The substitution worldwide from ODS to f-gases was implemented in
the period 1990-1995. ODS refrigerants (CFC-12 and HCFC-22) in fridg-



es/freezers occurs therefore from units produced before 1995. The
number of ODS containing units in Nordic is expected small. Contents of
ODS pr. unit is approx. 0.15 kg. Insulation in units produced before 1995
also contain CFC (blowing agent). The used amount is approx. 0.3 kg.

Most fridges and freezers are collected at local recycling centres and
sent to treatment facilities, dismantling the units containing ODS.

The process described in table A.1 is an example of the procedure for
treatment of refrigerant and foam in Sweden.

Table A.1. Description of Swedish handling of refrigerators at Svensk Freonatervinning

Steg 1. Freonet atervinns ur Kylsystemet. Atervinningsgrad: 95%

1. Kylmoéblerna samlas in.

2. Kylsystemet toms med hjalp av en vacuumpump. Sedan sker en termisk
avdrivning av freoner.

3. Freonet tappas pa gasflaskor och oljan pa fat.
Kompressorn klipps av och atervinns.

5. Skapet gar vidare till steg 2.

Steg 2. Freonet atervinns ur isoleringen. Atervinningsgrad: 90%

1. Skapet tuggas sonder i centimeterstora bitar med en kvarn.

2. Den latta isoleringen skiljs fran tungt material med hjilp av en stark
uppatgaende luftstrom. Tungt material, dvs plast och metall transporte-
ras vidare till dtervinning.

3. Isoleringen finmals, da frigors freonet.

Eventuellt kvarvarande freon avdrives pa termisk vag.
5. Nu har freon, isoleringspulver, metaller och plast omhédndertagits pa ett

miljoriktigt satt.

MAC (Mobile air-conditioning)
Recovery of ODS refrigerant from old motor vehicles is no longer relevant
in the Nordic Countries, because the substances have been phased out.

Construction foams

ODS containing construction foam is not typically separated from other
materials and recovered. Thus, the waste treatment infrastructure in the
Nordic ensures foam is incinerated.

ODS containing construction foam from building materials is typically
XPS foam blocks, insulation foam used around windows, in panels and
doors. Further, ODS foam has been used as filler/sealant in building.

Normally it is the contractor on a demolitions project there are re-
sponsible for appropriate handling of the different waste fractions. Con-
tractors use waste company to transport and handle the further process
of treatment. ODS foam is not separated from other building materials
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and recovered in the waste stream. The waste is combustible while the
typical disposals are municipal incineration.

Separating ODS material at building demolition and ensuring proper
disposal presents a significant challenge, especially in cases where the
type of blowing agent in the insulating foam is not discernible. An excep-
tion to this is the Norwegian way to handle larger demolition project
whereas bigger amounts of ODS has to be separated and treated as haz-
ardous waste.

Hard foam - other products
Hard foam (CFC’s HCFC-141/HCFC-142) has been used for products as
windmills, insulation in caravan, boats, foam in cars and surf boards etc.
Waste treatment companies states that waste fractions containing con-
struction foam are not handled in any special way to day. It normally
ends up as part of a mixed fraction being incinerated or land filled.
Larger units like glassfibre boats, caravans, windmills etc. represent a
waste fraction with high volume and special difficulties according to
appropriate treatment. These waste fractions consist typically of sand-
wich constructions of glassfibre and hard foam. Glassfibre is a challenge
in waste treatment because the material is armed and shredding is not
possible. While incineration only is an option for units below 1 m3, it is
likely that waste are send to landfill after crushing. There is lack of data
for this waste fraction and there is no control or procedures for appro-
priate treatment of the ODS foam.

District heat pipes

Heat pipes consist of a metal pipe covered with insulation foam and a
plastic tube. The insulation foam is hard foam with closed cells. Depend-
ing on age, the insulation foam can be blown with ODS (CFC’s and HCFC-
141/HCFC 142). From approximately 1995 (CFCs) or 2002 (HCFCs), the
ODS blowing agent were phased out and substituted with f-gases (HFCs).
ODS contents in heat pipe occurs therefore in pipes older than 15 years.
The typical lifetime for heat pipes is 30-50 years.

Renovation and replacement of district heat pipes are an on-going ex-
ercise and old ODS containing pipes reach therefore end of life. The situa-
tion for replacement depends on the specific renovation project, but in
general the procedure is to replace existing pipes, when same traces are
used. If new traces are planned, the old pipes will not be replaces but
leaved in the ground. Replaced pipes are sent to authorize waste handlers
for reuse and disposal.

The District Heat Associations in Denmark, Sweden and Finland do
not have documentation for the number of replaced pipes but claims
that it is a common procedure to leave pipes in the ground, when you
are not working in same traces.
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The table below provides a Nordic overview of the present lengths
of District heat pipes in the Nordic (km) and estimated amount of ODS
in the insulation foam.

Table A.2. Nordic overview of the district heating

Denmark Sweden Norway Finland Iceland
Pipes length (km) 27,575 17,782 900 11,000 4,300
Estimated tons of ODS (t) 4,500 2,000 ? 1,264 265
District heating penetration (%) 60 50 2 49 95

This table shows that the size of the problem varies from country to
country. The ODS amount is proportional with the pipe length.

5.2 Nordic ODS bank

Table A.3. Estimated CFC-11 banks from Denmark, Finland, Sweden

Product Denmark Finland Sweden Estimated End of period

CFC (t) CFC (t) CFC(t)  amount back for waste

in 2010 (%) generation

Insulation foam in heat pipes 4,770 1,260 2,200 >90 -2,048

Insulation in buildings 3,070 4,200 3,420 >80 -2,024
Insulation foam in mobile 790 - 600 25-90

refrigeration

Insulation foam in fridges/ 1,090 - 3,300 10-20 -2,014
freezers and retail systems

Construction foam 270 14 250 <20 -2,019

Three national surveys form basis for a general overview of the ODS
banks in the Nordic countries. The surveys are covering the ODS banks
in Denmark, Sweden (2002) and Finland (1994/2010) and estimate the
expected banks in relation to product groups.

In building insulation the special type of insulation XPS (extruded
polystyrene) has been used a lot in both the Swedish and Finnish build-
ing sector. XPS insulation blocks have also been widely used for insula-
tion of ground layer in connection with cold area road construction in
Finland, Norway and Sweden.
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5.3 ODS waste treatment at country level

5.3.1 Denmark

Fridges/freezers
According to waste statutory order (Elektronikaffaldsbekendtggrelsen) the
municipalities are responsible for the public waste handling system for
wasted fridges and freezers. The fridges and freezers are collected at recy-
cling facilities. Citizens are responsible for bringing them to the recycling
facilities. According to the WEEE directive it is the producers of the elec-
tronic products which hold the overall responsibility for the correct treat-
ment of the waste, and the cost associated with the treatment. EOL appli-
ances must be dismantled in a way that can secure that a minimum of ODS
are emitted. Foam from the units are shredded at treatment facilities and
the emitted CFC from the insulation foam is bottled and burned or convert-
ed to a salt water solution which can be treated at a normal waste water
treatment plant. The foam, with small remaining amounts of CFC, is send to
incineration.

Fridges and freezers are regulated with respect to ODS/f-gas recover
of refrigerants and insulation foam. This fraction comprise approximate-
ly 300,000 units pr. year.

Domestic and industrial refrigeration systems
Technical arrangement due to ODS refrigerant is reuse or destruction.
The responsible is the maintenance company/person for the specific
installation. Contents of ODS can be from 5-500 kg. The responsible
body shall ensure appropriate destruction of polluted refrigerant, e.g.
the KMO organisation in DK receive reports from maintenance compa-
nies concerning refill and destruction at Kommune Kemi.

Treatment of larger installation systems are sent to authorised treat-
ment facilities at companies like H] Hansen, Uniscrap and Stena Tech-
noworld.

Heat pipes

Heat pipes containing insulation foam with ODS has been used in the
years 1960-1992 and the total amount is approximately 4,500 tons CFC-
11. With an expectation of life around 50 years most of the pipes, placed
in this period, are still in function.

As an indication a company report state that 30% of the pipes are re-
placed and removed in Odense Kommunale Fjernvarmeforsyning
(2002). There exist no data on the amounts of pipes being handled. Road
authorities can require the space in the ground, then district heating
companies are demanded to remove old pipes.

It is not present in the companies or district heat association to have
a policy for handling the ODS foam in pipes.
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It is the owner of the pipes that has the responsibility for the right
treatment of the pipe. The owner, normally district heating companies,
hires a waste collector to transport the pipes the to specific treatment
facility or to handle both collection and treatment.

Insulation foam in panels, filler, building insulation
ODS in building materials are not handled in any special way. It normally
ends up as part of a mixed fraction being incinerated.

5.3.2 Norway

Fridges/freezers

One of the technologies being used in Norway is a modern facility which
handles fridges, freezers and other kinds of WEEE. The machine is used
for gentle dismantling of electrical and electronic scrap and refrigerators.
The device operates with rotating chains which catapult the charged ma-
terial against the walls resulting in disintegration of the composite mate-
rials.! CFC and HCFC emits when the cores of PUR foam are crushed in the
machine.

The emission is assembled and condensates by a cryo-technology
(frozen nitrogen) and ends up as dust. The dust is sent to an incinera-
tion plant with permission to incinerate hazardous waste.? The refrig-
erant is sent to Stiftelsen ReturGass.

Domestic and industrial refrigeration systems
Used refrigerant is handled in a return system. Stiftelsen ReturGass
(SRQ) is the recipient of used CFC containing gases. The company is a
nationwide recipient for a variety of environmentally threatening
wastes with focus on ozone-depleting substances and greenhouse gas-
es. SRG’s return system is partly based on an economic model that
credits the waste producer for the type of waste delivered. This is done
through redeeming of a deposit and/or governmental reimbursement.
For wastes not covered by the arrangement previously mentioned, the
customer will be charged for handling and treatment of the waste.
SRG’s finances are partly based on a prepaid waste treatment system
for CFCs and HCFCs. Under bilateral agreements between SRG and vari-
ous importers of refrigerant gases, an environmental fee is charged per
kilogram of gas imported to Norway. This environmental fee is credited
to SRG to cover administrative and operational cost. In addition, SRG
credits waste owners per kilogram of used CFCs and HCFCs through a

1 http://www.mewa-recycling.de/en/footer /lexicon/lexikon/querstromzerspaner-1/75.html
2 Eirik Syrstad Brattli, KS/HMS-leder, WEEE Recycling AS, mail Dec. 2010.
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refundable fee as an incentive to ensure a high percentage of collection.
This concept is unique in the international refrigeration and heat pump
market. The tax refund scheme was introduced by the Norwegian au-
thorities in July 2004.

Table A.4. Description of the Norwegian financial model for recyclingsystem

Financial model for the Norwegian Recyclingsystem

For a finansiere returordningen ble det innfgrt en miljggebyr - og panteordning.
Ordningen fungerte slik at kuldemedium - importgrene belastet sin kunder med et
miljggebyr pr. kg. omsatt CFC. Gebyrinntektene ble overfgrt fra den enkelte impor-
ter til SRG med basis i bilaterale avtaler. SRG benyttet inntektene til & dekke kost-
nader for drift og administrasjon av retursystemet, samt & utbetale sakalt pant for
innleverte brukte CFC - holdige gasser og senere HCFC 22. Panten innebar i prin-
sipp at kunden fikk tilbakebetalt miljggebyret ved innlevering av brukt/ kassabel
CFC og/eller HCFC 22 til SRGs mottak i Hokksund.

Gebyr- og panteordningen fungerer fortsatt etter samme modell idag, men SRG
far ikke lenger gebyrinntektene fra de ozonreduserende klimagassene CFC og
HCFC. Gebyrinntektene pa CFC opphgrte i forbindelse med at CFC ble forbudt &
importere til Norge fra 01.01.1995. Tilsvarende opphgrte gebyrinntektene pa
HCFC fra 01.01.2010. Likevel er gkonomien i retursystemet til SRG god nok til &
opprettholde utbetaling av pant pa innlevert CFC og HCFC 22 i lang tid fremover.
Idag utbetales det kr. 40,- pr. kg for ren HCFC22 (>90% renhet) og kr. 55 pr. kg for
CFC holdig kuldemedium til aktgrer som er med i ordningen

Heat pipes

In Norway district heating only distributes a little part of the energy. One
of the main reasons district heating has a low penetration in Norway is
access to cheap hydro based electricity. However, there is district heat-
ing in the major cities.

Building materials

In the production of insulation foam environmentally harmful blowing
agents such as CFCs, HCFCs and HFCs have been in use until approx.
2003. These gases are emitted from the insulation over time, but there
may be significant amounts of blowing gas left in the discarded insula-
tion. CFCs, HCFCs and HFCs can be found in the following products:

¢ Blowing agent mainly in garage doors and insulations panels in
cooled storage (PUR)
¢ Insulations plates/panels (XPS)

Demolition materials containing ODS at a certain concentration is con-

sidered hazardous waste. Concentration Limits for hazardous / non-
hazardous waste for ODS is 0.1% of each drug [avfallsforskriften, Annex
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3A, R59]. This means that waste containing more than 0.1% ODS is haz-
ardous waste. Measurements of the ODS concentration level has to be
made on separate waste fractions and not in the mixed waste. If the frac-
tion has a ODS concentration limits over 0.1%, it is to be delivered to
approved facilities for hazardous waste. The ODS containing insulations
foam is identified during the mandatory elaboration of a waste plan dur-
ing the planning of a renovation or demolition of bigger buildings (big-
ger than 100 m2or 10 ton waste).3

5.3.3 Sweden

Fridges/freezers

As in Denmark and Norway this areas is well-regulated and therefore
the ODSs in old fridges and freezers are being destroyed. In Sweden the
treatment of fridges and freezers is primarily carried out by Svensk Fre-
onatervinning and Stena Recycling. The Freon released is converted into
not harmful salt water concentration.

Heat pipes

Sweden has a long tradition for using district heating in urban areas.
The handling of older heat pipes in district heating companies is as in
Denmark where the normal praxis is to leave the pipes in the ground if
replacement is not in same trace. There exists no statistics or specific
requirements concerning the handling of older heat pipes. (Eriksson,
Svensk Fjarrvarme AB).

Construction foam - building materials
ODS can be found in the following products in Swedish buildings:

e PUR foam (Polyurethane foam)
o XPS

Some types of PUR foam and XPS are easy to dismantle from the other
waste fractions and some are not.

3 Veileder for Kommuner - Avfallsforskriften Kapittel 15 om Bygavfall - 2356/2007, Statens Forureningstilsyn.
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Table A.5. Description of Swedish handling of insulations foam from demolition at Svensk Fre-
onatervinning

Steg 1. Sortering och paketering

o Isoleringsplattor tas emot pa var anldggning i Hasselby.

o Eventuellt frimmande material sorteras ut.

o Plattor fran materialet skars till i storlek 190x60 cm och paketeras for att
uppnad basta dtervinningsgrad i fragmenteringen.

o Materialet gar vidare till steg 2.

Steg 2. Freonet atervinns ur isoleringen. Atervinningsgrad: ca 90 %

o Buntar av materialet tuggas sonder i centimeterstora bitar med en kvarn.

« Den latta isoleringen skiljs fran tungt material med hjalp av en stark uppat-
gaende luftstrom. Tungt material, dvs plast och metall transporteras vidare
till tervinning.

o Isoleringen finmals och freonet frigors.

o Eventuellt kvarvarande freon avdrives genom varme.

e Nu har freon, isoleringspulver, metaller och plast omhédndertagits pa ett

miljoriktigt satt.

It has not been possible to find out how much insulation foam being
treated and destroyed into salt water concentration and how much are
disposed to landfill or incineration.

5.3.4 Finland

Fridges/freezers

Like the other Nordic countries this areas seems well-regulated and the
ODS in old fridges and freezers are being destroyed. Some amounts are
sent to Swedish treatment facilities.

Heat pipes

District heating accounts for almost 50 per cent of the total heating mar-
ket.# According to a smaller finnish study the CFC content of 20-30 years
old pipes in the ground is about 10-20% of the original content as a new
pipe. There exist no data either in Finland on the amounts of pipes being
handled. Old pipes are only replaced if there is a lack of space for instal-
lation of new pipes. Old PUR is normally either burned in waste incinera-
tion plants or placed at a dump. CFC is not collected.>

4 http://www.energia.fi/en/districtheating/districtheating
5 Veli-Pekka Sirola - Finnish Energy Industries, mail Nov. 2010.
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5.3.5 Iceland

Fridges/freezers

SORPAG® accept fridges and freezers from individuals at recycling cen-
tres and transport them to Efna for handling. Efna has licence to handle
hazardous waste and freezers and fridges are transported to Denmark
for destruction.”

Regarding the insulation material from refrigerators, there is intro-
duced a new possibility in Iceland. A company is cutting insulation
foam from the metal, and incinerate the insulation in Kolka Rey-
kjanesbeae incineration plant.

Heat pipes

Iceland has the largest percentage of district heated buildings in the
world, with more than 90% of houses connected.8 Orkuveita Reykja-
vikur (Reykjavik Energy) owns around 70% of the transmission pipe
system in Iceland.? Total length of pipeline system is 4,300 km and 1,240
km!10 of those are from Orkuveita Reykjavikur is before 1995 and con-
tains CFC insulation foam. There exist no register of the amount of pipes
with CFC nationally. Old heat pipes are typically replaced and disposed
to landfill.

6 Largest municipal owned waste management enterprise - sorpa.is.
7 Bjorn H. Halldérsson, Sorpa, mail Dec. 2010.

8 www.samorka.is

9 Mail from Pétur Kristjansson, Samorka.

10 Maria Thérs - Reykjavik Energy, mail Jan 2010.
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6. Appendix 2.
ODS Regulations

This chapter will bring an overview of the EU and country specific regu-
lations and legal arrangements concerning the identified waste fractions
consisting ozone depleting substances in form of primary CFC 11, CFC 12
and HCFC-22. The purpose of the regulation study is to identify gaps and
differences between the Nordic countries in their regulation of products
containing ODS. The focus will be on the most important waste/product
categories; Refrigeration appliances (foam and liquid refrigerant), Heat
pipes (foam), Construction and Demolition waste (foam).

6.1 EU regulations!!

Most of the legislative framework on treatment of unwanted ODS waste
in the Nordic countries is decided on a transnational level in the Europe-
an Union. Below is a summary of the relevant EU legislation. Norway and
Iceland, who are not members of the European Union, will to a large
extent have to follow the same regulations as EU, due to their commit-
ment in the European Economic Area (EEA) which extends the princi-
ples of the internal market of the European Community to Iceland,
Liechtenstein and Norway.

There are multiple regulations targeting the recovery and destruction
of banked ODS at the EU level. ODS banks are found in various products
when they reach their end of life (EOL) stage, ex. foam from demolition
waste, heat pipes and refrigeration appliances.

EU regulations explicitly require the recovery of all ODS/F-gases
from certain categories of products and equipment at end of life. The
new ODS Regulations offer also the option of destruction without prior
recovery. For the other categories, including construction foams, the
obligation to recover (or immediately destroy) depends on whether it
is technically and economically feasible.

11 Based on a report from ICF International (2010).



For some end-uses - namely vehicles and household/small commer-
cial appliances - schemes are also mandated to assign responsibility for
and ensure the safe disposal of products and equipment and the ODS/
F-gases contained therein. The regulations are listed in the table below.

6.1.1 Handling of ODS and F-Gases

Regulation order (EC) 2037/2000, replaced by regulation No
1005/2009 on substances that deplete the ozone layer

Since 2000 this regulation has formed the basis for handling of sub-
stances that deplete the ozone layer. 2037/2000 covers production,
importation, exportation, placing on the market, use, recovery, recycling,
reclamation, and destruction of ODS. In 2009 the Council adopted a re-
cast of the legislation with the purpose of simplifying the legislation, and
at the same time incorporate the new amendments made in the Montre-
al Protocol in 2007. As part of this regulation a new set of control
measures are taken to ensure that both products containing ODS, and
products for which the design or the functioning requires the presence
of ODS will comply with the regulation. Furthermore the regulation stip-
ulates that all these products must be recovered if it is technically and
economically feasible. It is authorization of the commission “to compile a
list of those products and equipment containing or relying on ODS, for
which recovery, or destruction without prior recovery, of controlled
substances will be considered technically and economically feasible and
therefore will be mandatory”. Moreover the recast moves forward the
production phase-out of HCFCs and sustains the decommissioning of all
products containing halons except those found necessary for critical use
as fire extinguishers for aircrafts, navy and military purposes.

Regulation (EC) 842 /2006 on certain fluorinated greenhouse gases
842/2006 applies the above mentioned regulation (2037/2000 and
1005/2009) to all F-gases, except there is no demand for recovery of the
foam blowing agent from refrigerated equipment.

6.1.2 Waste Classification and Shipment

Directive 2008/98/EC

This directive categorizes ODS and F-gases intended to be discarded as
hazardous waste. Hazardous ODS waste has to be collected separately “if
technically, environmentally, and economically practicable,” and thereaf-
ter recovered according to best practices. The hazardous waste cannot be
mixed it with other wastes or materials with different properties. Howev-
er there is three exceptions, the ODS waste may be mixed if (a) the activity
is carried out by a specifically permitted establishment, (b) there is no
increase in the adverse impact of the waste management on human health
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and the environment, and (c) the mixing operation conforms to the best
available techniques.

Regulation (EC) 1013/2006

Secures the shipment of hazardous ODS waste between member states,
this regulation is important since there is few treatment facilities in the
Union, and many countries are dependent on treatment in other mem-
ber states. The regulation requires prior written notification and consent
before shipments of ODS waste.

Regulation (EC) 1272/2008

This regulation sets standards for the classification, labeling and packag-
ing of hazardous ODS waste, and thereby regulate the shipping of ODS
between member states. Labeling is mandatory for manufactures, im-
porters and users.

Directive 2002/96/EC

Handling of Appliances and Small Stationary AC at EOL Directive
2002/96/EC-requires that waste household appliances and small com-
mercial refrigeration equipment containing ODS or gases with a GWP
above 15 be collected separately, and that ODS be treated in accordance
with Regulation 2037/2000. This pertains to the refrigerant and foam
contained in appliances. The Directive also sets minimum recovery and
recycling rates.

Directive 2000/53/EC

Handling of Vehicles at EOL Directive 2000/53/EC-requires Member
States to ensure that EOL vehicles are dismantled and hazardous mate-
rials removed, including CFC and HFC refrigerants used in AC systems.

Directive 2008/98/EC

Directive 2008/98/EC-requires that by 2020, 70% of construction and
demolition waste (by weight) be recovered. This will have implications
for the treatment of construction foam.

6.2 Country specific regulation - overview

Table A.6 shows an overview of the country specific regulation targeting
the ODS containing product groups.
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Table A.6. Overview of Nordic ODS regulations

Regulation  General ODS legislation Refrigeration appliances Heat Construction and Liquid
Pipes Demolition waste refrigerant
Denmark Order 48/2010 Order 362/2010 (Elektronikaf- - - Order
(Affaldsbekendggrelsen) faldsbekendtggrelse) 362/2010
Order 2002 /243 (Bekendtggrelse om forbud (Elektronikaf-
og anvendelse af vise ozonlagsnedbrydende faldsbekendt-
stoffer) gorelse)
Sweden Order 2001:1063 Ordinance (2005:209) producer - Handbook 2010:1 -
(Avfallsférordningen ) responsibility for electrical and (Atervinning av
Order 2002:187 (Férordningen om dmnen som  electronic product avfall i anlaggnings-
bryter ned ozonskiktet) arbeten. )

New regulation in place, 2007:846

Norway Statute 930/2004 (Avfallsforskriften) Statute 930/2004 (Avfallsfor- - National action plan  Statute
skriften kap. 1) and voluntary 922/2004
Statute 922/2004 (Produkt- agreement with (Produktfor-
forskriften kap 3) construction skriften kap 3)
industry
Finland Act 1072/1993 (General waste act) Order 852/2004 (Waste Electri- - - -

Decree 262/1998(0zone Depleting Substances) cal and Electronic Equipment)

Iceland Order 52/1988(Hazardous - - - -
Substances)
Order 586/2002(0Ozone Depleting Substances)

The purposes of the national regulations are to secure a proper treat-
ment and disposal of the products containing ODS on the Nordic mar-
kets. The regulation order 2027/2000 is the overall EU regulation secur-
ing a ban on production, import and placing on market of new products
containing ODS. This general ban is implemented directly as a national
law and it is the environmental protection agency in the respective
countries that are the responsible authority for the national compliance.

As it is visible from the table refrigeration appliances (and liquid re-
frigerants) are well regulated in all the Nordic countries. The WEEE di-
rective on producer responsibility sets the overall framework and the
national regulation sets well defined obligations for the responsible ac-
tors in regard to sorting, collection and treatment of both appliances and
liquid refrigerant. New products placed on the market are produced in
the European Union, with corresponding legislation banning the use of
ODS in the new products. Treatment of old refrigeration systems are
well regulated and no new products containing ODS will be introduced
to the Nordic market, hence no additional problems are expected from
this product group, and the current legislative framework in the coun-
tries are assessed to be sufficient.

The regulation of both C&D (construction and demolition waste) and
heat pipes is inadequate in all the countries examined except Norway
and Sweden, where reasonably newly arranged voluntary agreement
has been set up, setting demands for the sorting and treatment of the
hazardous fractions in the C&D. Heat pipes are not included in this vol-
untary agreement in Norway and Sweden and there are no legislation in
the other Nordic countries concerning either heat pipes nor insulation
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foam from C&D waste. The lack of regulation towards treatment of the
ODS containing PUR foam from heat pipes and C&D are hindering proper
disposal of these fractions. In addition new heat pipes produced outside
EU might still contain ODS and therefore prolong the problem if these
are imported to the EU, but the directive 2037 forbids this import.

In general, it is the assessment that the areas where the regulation
appoints specific actors, e.g. municipalities or the producers of the prod-
ucts, to treat and dispose the products containing ODS, are working effi-
ciently. The areas regulated with the national EPA as the competent
body, are without prober mechanisms and tools for control and compli-
ances with the purpose of the legislation, hence it is plausible that ODS
containing waste streams are improbably disposed of.
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7. Appendix 3:
Nordic Regulations

7.1 Denmark

In Denmark products containing ODS are in general regulated by the
order 2002/243 - law on use and ban of some ozone depleting sub-
stances (Bekendtggrelse om visse ozonlagsnedbrydende stoffer), but the
waste problems associated with ODS containing products are not specif-
ically mentioned in this order. However in §8 of 2002/43, it is stated
that dismantling of refrigeration systems, products containing solvents,
and fire safety systems and fire extinguishers are to be carried out in a
safe and controlled manner. Thereby making recycling or safe destruc-
tion of the ODS possible (Mst 2002).

Waste problems relating to ODS are mentioned in the overall Danish
waste legislation order 48/2010 (Affaldsbekendtggrelsen 2010) where
it is stated that waste containing ODS are to be classified and treated as
Hazardous Waste.

The municipalities has the right to determine specific handling of
waste fractions but a quick screening showed no results in specific han-
dling of waste fractions containing ODS.

More specific legislation is targeting the product groups containing
ODS waste. These specific regulations are presented below.

Commercial and household refrigeration systems

According to the Elektronikaffaldsbekendtggrelse (Waste Act for Elec-
tronic Products) approved April 2010, management of products contain-
ing ODS, whether it is collection, storage, treatment or transport, has to
be conducted in a way that leads to the smallest possible leakage of ODS.
It is stated that dismantling of products containing ODS must take place
at an indoor facility with equipment for collection of ODS.

Refrigeration systems containing ODS in either foam or coolant has to be
delivered to companies that are approved under the Miljgbeskyttelseslov §
33 (Environmental Protection Act) or if exported for reprocessing abroad,
the facilities receiving the substance must be approved by similar legislation
in the importing country (Elektronikaffaldsbekendtggrelse 2010).

From 1996 until 2006 refrigerators etc. were regulated by the statu-
tory act 132. This act stipulates that it is the responsibility of the munic-
ipalities to dispose refrigerators from households, whereas businesses
are responsible to find prober disposal for the warn-out refrigeration



systems. Since 1992 Kglebranchens Miljgordning (KMO) has been estab-
lished as a voluntary environmental scheme from the industry of refrig-
eration system operators. KMO offers authorities consultancy in prober
collection and disposal of refrigerants, which cannot be treated satisfac-
torily within the general waste system. With the implementation of the
WEEE directive in 2006, the responsibility for collection and treatment
of old refrigerators and freezers were passed to the manufacturers and
importers. Households can still deliver old refrigerators through the
municipal collection system.

The Waste Act for Electronic Products stipulates that ODS must be ex-
tracted and collected using the best available technologies. On average a
minimum of 115g ODS from the actual cooling system and 300g ODS from
insulation foam, has to be collected and destroyed when disposing house-
hold appliances such as refrigerators and freezers. The residual amount of
ODS in the insulation foam and compressor oil must be under a maximum
of 0.2% by weight. The ODS are to be destroyed in facilities that are ap-
proved to do so under the Environmental Protection Act § 33 or similar
legislation abroad.

Construction and demolition

For several years it has been on the agenda in the Danish EPA to make
legislation/guidance for separate treatment of construction and demoli-
tion waste containing ozone depleting substances. This new guidance is
to specify when C&D waste can be classified as unpolluted (this will re-
quire additional tests and analysis in to the levels of hazardous sub-
stances in C&D). It is to be investigated by the EPA how to map the envi-
ronmental standards of buildings before renovation or demolition.

The C&D guide will provide answers on questions regarding:

e Materials/substances in focus

e Acceptable criteria’s for hazardous substances in C&D waste
e Sorting and handling of hazardous substances in C&D waste
e Documentation

Work on this guide has been commenced with start-up meetings be-
tween the EPA and Affald Danmark, the tar industry, Dansk Byggeri,
KL, Municipality of Copenhagen, RENOSAM and RGS90. The work is
expected to be continued in 2011. At the moment, the lack of legisla-
tion on the treatment of insulation foam containing ODS (the foam are
found in buildings, heat pipes, cars, campervans, etc.), leads to land
filling of the foam with the rest of the mixed C&D.

Heat Pipes
0ld heat pipes can contain ODS in the insulation foam, but there is no
specific Danish regulation, on the treatment of heat pipes.
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7.2 Norway

ODS waste in Norway is regulated by two acts, one law on products reg-
ulation (Produktforskriften), and two law on waste regulation
(avfallsforskriften).

Commercial and household refrigeration systems

The law on product regulations (produktforskriften) regulate products
containing ODS in general. It stipulates that it is the responsible operator
(maintenance, dismantling, repair, etc.) who is responsible for a appro-
priate collection, recycling, and disposal of the ozone depleting sub-
stances in the refrigerators, air conditioners and heat pumps. The sec-
ond act, is the Norwegian waste regulation (avfallsforskriften) § 11-4.
According to this regulation, ozone depleting substances that are sub-
stracted from products are considered to be hazardous waste. To deter-
mine whether the discarded equipment containing ozone depleting sub-
stance should be regarded as hazardous waste, the European Waste
codes (annex 1) are used. As an example it appears from waste code 16
02 11 that the discarded electrical and electronic equipment containing
chlorofluorocarbons, HCFC and HFC are hazardous waste. According to
the waste regulation, all companies that are to handle the EE waste have
to be approved by the Norwegian Climate and pollution ministry (Klima-
og forurensningsdirektoratet (Klif)).

Construction and demolition waste

The Norwegian government has adopted a National action plan for
treatment of construction and demolition waste (C&D). As a part of this
plan a guide for handling of six hazardous substances in demolition
waste has been developed. One of the six substances is ODS = CFC. Dem-
olition materials containing ODS at a certain concentration is considered
hazardous waste. Concentration Limits for hazardous / non hazardous
waste for ODS is 0.1% of each drug (avfallsforskriften, Annex 3A,
R59). This means that waste containing more than 0.1% ODS is hazard-
ous waste. Measurements of the ODS concentration level has to be made
on separate waste fractions and not in the mixed waste. If the fraction
has a ODS concentration limits over 0.1%, it is to be delivered to ap-
proved facilities for hazardous waste. The waste must be declared with
both a Waste Material Number ex. 71 57 for “insulation materials with
environmentally harmful blowing agents like CFCs and HCFCs” and a
EWC code like 17 06 03 “Other insulation materials consisting of or con-
taining dangerous substances.”

Heat Pipes

District heating is not that widely spread in Norway as it is in the other Nor-
dic countries, hence the problem with the old pipes is smaller. There is no
specific regulation stipulating a certain treatment of heat pipes in Norway.

ODS waste treatment in the Nordic Countries 45



7.3 Sweden

In Sweden ozone depleting substances in products are covered by the fol-
lowing national regulations: Avfallsforordningen (2001:1063), Férordning-
en om miljofarlig verksamhet och halsoskydd (1998:899), Forordningen
(2007:847) om dmnen som bryter ned ozonskiktet and Halonforeskriften
(SNFS 1993:7).

According to Avfallsforordningen all products containing ODS are
classified as hazardous waste when they are discarded. The companies
responsible for generating hazardous waste are subject to special re-
quirements such as separate sorting and reporting obligations on
amounts, type of waste and treatment facility. There are also specific
requirements for the transportation of hazardous waste.

Commercial and household refrigeration systems

Ordinance (2005:209) on Producers Responsibility for Electrical and
Electronic Equipment, which implements the WEEE Directive, stipulates
that ODS waste from electrical and electronic products, such
as commercial refrigerators and water heaters etc., can only be land-
filled, incinerated or shredded if the waste has been pretreated at a des-
ignated recovery facility where ODS and HFCs can be recovered from the
Insulation foam and the refrigeration circuits (Ordinance 2005:209).

For maintenance, repair and other measures affecting the refrigerant
system, the refrigerants are to be recovered and should be returned to
the same refrigeration unit. It is the responsibility of the company who
imports or distributes refrigerants to collect, recycle or dispose the cool-
ant (Ordinance 2005:209).

Refrigerants that are not recycled must be disposed of at SAKAB (the
Swedish company providing treatment of hazardous waste). For house-
hold appliances containing ODS it is the municipality who is responsible
for a proper disposal. The public can turn in their waste refrigerators
and freezers at the municipal recycling centre and they will send it to the
accredited companies for dismantling, recycling and disposal (Statutes
2005:20; Naturvardsverket 2002).

Construction and demolition waste
Much of the waste containing ozone-depleting substances will occur
from the construction and demolition sector as C&D waste. In 2001 the
construction sector made a voluntary commitment under the sector
environmental program called “Byggsektorns miljoprogram”. The pro-
gram consists of four focus areas, one of which is a proper disposal of
waste. The C&D waste is to be sorted in a number of fractions, including
hazardous waste. Each fraction will then be analysed to determine com-
position, classification, amounts and prober handling.

In November 2010 the EPA published a new handbook for recycling of
Construction and Demolition Waste. In accordance with the voluntary
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agreement with the building sector, the handbook is not specifically tar-
geting ODS in C&D. Although there is no specific demands for the treat-
ment of C&D waste containing ODS, the handbook mentions ODS as one of
the things that should be phased out of building materials when future
renovation and construction work are being carried out in Sweden.

Heat Pipes
Old heat pipes can contain ODS in the insulation foam, but there is no
specific Swedish regulation, on the treatment of heat pipes.

7.4 Finland

There are two general acts for the regulation of ODS in Finland, The
waste act 1072/1993 which is the general waste act in Finland, stating
that hazardous waste including ODS waste has to be treated to cause as
little harm on the environment as possible and the Council of State De-
cree on Ozone Depleting Substances 262/1998, which contains the na-
tional restrictions.

Commercial and household refrigeration systems

In Finland Treatment of wasted refrigeration systems, freezers etc. falls
under the Government Decree on Waste Electrical and Electronic Equip-
ment (852/2004). In this Decree it is stated that equipment containing gas-
es that are ozone depleting or have a global warming potential (GWP) above
15 and are used in, for example, insulation foam and refrigeration circuits:
these gases must be properly extracted and treated. Ozone-depleting gases
must be treated in accordance with Regulation (EC) No 2037/2000 of the
European Parliament and of the Council of 29 June 2000 on substances that
deplete the ozone layer (Government Decree 852/2004).

Construction and demolition waste

The Government decision on construction waste 295/1997 does not
hold any special requirement for the treatment of C&D waste containing
ODS such as PUR foam etc. (295/1997).

Heat Pipes
District heating is widely spread in Finland, but there are no regulations
which determine demands on the treatment of old pipes.

7.5 Iceland

Legislation regulating products containing ODS in Iceland is the regula-
tion 586/2002 on ozone depleting substances and the act 52/1988 on
hazardous substances.
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Commercial and household refrigeration systems and C&D waste
The Islandic regulation is based on the EU regulation 2037/2000 which
bans import and placing of products containing ODS on the market in
I[sland. Furthermore the regulation stipulates that all these products
must be recovered if it is technically and economically feasible.

Heat Pipes
District heating is covering almost all households in Iceland, but there is
no legislation targeting the old heat pipes.
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