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Key Observations for ODS destruction projects

This paper describes the procedural requiremenmtprfgects that aim to convert the climate
benefit of destroying existing banks of Ozone Dgpge Substances (ODS) into verified
emission reductions and carbon credits. The basanéial requirement for undertaking an
ODS destruction project is that the value of thebea credits merit an investment into
collection, transport, storage and destruction &S0 The development of such a project
requires, aside from regulatory and techno-econdeésibility, an understanding of the
technical and procedural requirements in the canmamkets, and an ability to use this
information to evaluate the feasibility of an OD8&sttuction project opportunity as a stand-
alone emission reduction project or as part ofcatter investment project.

In evaluating the prospect of using carbon finagdm ODS destruction projects a project
developer should in particular keep the followirgy lobservations in mind.

[l QUALITY- Know the source of and understand the altenate use of ODS!

= Prefer projects where ODS will clearly leak outthe near future without the
destruction project — this will strengthen the besis case for carbon financing

= Always exceed the legal requirements for ODS mamage in the jurisdiction

= Focus, to the extent possible, on high quality hgemous ODS to reduce
monitoring costs

[0 VOLUME - costs mostly fixed, volume has big impaabn unit cost of destruction!

= Focus on high GWP ODS, such as e.g. CFC-12 anch A0l
= Focus on larger units of ODS (e.g. industrial gefration) to reduce cost of
collection and transport

[l SHARE COSTS - Integrate ODS management and destrucin with other business!

= Collect ODS/appliances with other products/serviteseduce collection cost —
and share operating costs with existing waste ne&mnagt practices

= Combine destruction facility with a waste manageimsite to minimize
investment cost and maximize efficiency of ODS ety

» Reduce the number of transfers between collectidindestruction to avoid leaks —
enable collection, recovery, storage (and destinitt one site

[l SCALE OPERATIONS - gradually grow from collection to destruction!

= Carbon financing is a new stream of financing - igles ODS
management/destruction  operations to enable gradugiowth  of
collection/destruction volume

= Consider utilizing external destruction capacitytialy — start operations with
focus only on ODS collection, recovery and conslith

= Projects with the most narrow scope are most fegsile. destroying only high-
GWP refrigerants from existing service/maintenasteckpiles — however this
business model vyields few other environmental benedf the service of
decommissioning the refrigerator, recycling materiand recovering ODS is
really not represented by such a business case

Guide for developing GHG emission reduction projects based on the destruction of ODS 4
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SECTION A: NEFCO ODS PROJECT
Project background

Overview

Existing banks of ozone depleting substah¢€¥S) presents a vast source of highly potent
greenhouse gases which are not regulated by theré&rProtocol. According to IPCC
estimateScurrent global ODS banks are estimated to reptése@WP) 16 to 18 billion tons
of CO2equivalent. These vast quantities of ODS ienia use and storage in e.g. old
refrigeration equipment, building and applianceulaton, fire suppression systems and
government stockpiles. The UNEP Technical AssessrRanel (TEAP), notes that while
ODS banks in foam applications (insulation) may aemintact until 2050 the majority of
banks may be emitted much earlier from leaking gmeint The flow of ODS into global
waste streams is expected to peak in the peri@db8-2020 with the bulk of the ODS being
CFC-based refrigerants from old refrigeration equépt in developing countries.

In light of these facts there is an emerging irsional consensus among international public
institutions of the need to manage ODS banks. RBc&he Parties to the Montreal Protocol,
under decision XX/7 decided upon a series of astimnbuild capacity and understanding
about the issue. As a result, the Executives Cotaeniof the Multilateral Fund has been
tasked to initiate ODS management and destructilon grojects, the Ozone Secretariat has
been tasked with exploring new funding opportusitier ODS bank management and
destruction and the Ozone Secretariat held a opdaeeworking group in July 2009 in
Geneva to discuss the challenge of ODS banks.

In addition, TEAP, released in 2009 two reports amalyzing the costs and benefits of
management and destruction of ODS bark=l the development of time-series of flows of
global and regional ODS including detailed cosinestes.

Finally, the World Bank, with funds from the Mudteral Fund, commissioned a study on
“Financing the Destruction of unwanted ozone-dépiesubstances through the voluntary
carbon markef’ The Nordic Environment Financing Corporation (NEP), with support
from the Swedish EPA, Swedish International Develept Cooperation Agency (Sida) and
the Finnish Ministry of Environment decided to admite to the practical evaluation of
destruction of ODS through the conceptualizationaotarbon finance-based pilot ODS
management and destruction project for househdityeeation appliances in Russia. In this
context, NEFCO'’s initial concept for a Russian OfEstruction project has been included as
a potential pilot case in ICF’s study to the WdBlaink.

As NEFCO'’s involvement and interest in the Rus<tdDS market continues to evolve, the
need for understanding and exploring the link betwihe climate benefit of ODS destruction
and carbon markets remains a central issue. Withaatningful regulatory incentives, large
parts of easily reachable ODS banks in Russialedk into the atmosphere in the next 5
years. Carbon financing through voluntary carborrketa could provide an incentive for
galvanizing action in Russia. However, the merifstlee “value proposal” offered by

1 For a list of ODSs see Annex 3.

2 hitp://www.ipcc.ch/pdf/ipresentations/briefing-boR805-05/safequarding-ozone-layer. pdf

% http://ozone.unep.org/Assessment_Panels/TEAP/REPEAP _Reports/teap-june-2009-decisionX X-
7-taskforce-report.pdf

“ http://ozone.unep.org/teap/Reports/TEAP_Reports/teaober-2009-decisionXX-7-task-force-
phase2-report.pdf

® See Abstract on p.42 in
http://siteresources.worldbank.org/INTRES/ResouResearchAbstractReportFY-08-09.pdf
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voluntary carbon markets remain untested for ODSRussia and NEFCO is therefore
actively looking to test the viability of the carbmarket.

Project Aim

NEFCO’s main aim with this project is to establiffe procedural and methodological
foundation for co-financing an ODS management aastrdction project in Russia with

proceeds from the sale of GHG emission reductiedits. This report, partly in the form of a

guide, provides practical guidance to companieduatiag investments in sectors where
recovery, storage and destruction of ODS can bentaiken. For project developers, the guide
in Section C illustrates the requirements imposegd dm existing emission reduction

methodology on project design in order for a projede eligible for carbon financing.

To test the premise of the voluntary carbon maget to provide an incentive for project
developers, NEFCO is contemplating the following\wdties in Russia:

i Testing the logistical chain for sourcing, managingl destroying stockpiled ODS of
a small amount (3t) of ODS and preferably destrgyirat a local facility.

i Supporting an investment project in Russia by dmia and purchasing carbon
credits from ODS destruction related to the investtn

The former activity would be undertaken without attempt at external registration of
emission reductions, albeit the reductions woulddsgstered internalfyusing the simplified
project data request form in Annex 8. The latteivitg would be based on a full development
of an emission reduction project as described is ¢luide. This report should be used to
inform and guide potential projects developersphigéntify ways in which carbon financing
can be integrated into project design and safegha&rduality of any emission reductions.

Structure of report

This report is part of NEFCO’s work in exploringetfriability of voluntary carbon markéts
to finance the mitigation of the climate impact@DS banks. It will take the format of a
guide for developing ODS emission reduction praedhe guide is generally based on the
management and destruction process steps propgsebdebExecutive Committee of the
Multilateral Fund in its draft report ExCom/58/1@riteria and Guidelines for the Selection
of ODS Disposal Projects”. However, the lists on®project data requirement follow the
structure and requirements of the EOS Climate OBStrdction methodolo§ywhich has
been chosen as the methodological benchmark foetit.

The starting point for a potential ODS destructwoject in Russia has been narrowed down
with a few fixed assumptions regarding the baseditgation (~business as usual) in Russia
for treatment of ODS. The main background assumsgtigsed in the guide are provided in

Annex 1. Section B provides a brief background omission reduction methodologies in the

voluntary carbon markets and narrows down the aptto one methodology which is used as
the technical reference in Section C.

The guide in section C breaks down the structureno©DS project into four core activities;
collection, storage, transport and destruction.s€hsteps are considered necessariight of

® Project data is collected internally and usedstovate the CO2e-impact of the destroying the ODS

" For a full description of Voluntary Carbon Markstse e.g.
http://www.ecosystemmarketplace.com/pages/dynaesiolrrces.library.page.php?page_id=7082&secti
on=our_publications&eod=6r http://www.co2offsetresearch.org/

8 www.eosclimate.com

® Draft report on criteria and guidelines for théestion of ODS Disposal Projects (Decision 57/6).
ExCom decision 58/19, July 9 2009

Guide for developing GHG emission reduction projects based on the destruction of ODS 6



(&:/LLMATEWEDGE
p———

the fact that an ODS destruction facility requi@3S in bulk quantities, whereas ODS banks
typically reside in small quantities in several liggtions across a broad geographical area.
Therefore intermediate steps are needed to aggré&yas. Each of these steps is presented
separately by responding to the following four diges:

*  What are the actions included under the activifiniten?

*  What requirements are imposed on the activity leyntiethodology?

*  What are the costs for the activity/meeting theinemments?

*  What are the key project design issues for meetfigigjlity under the methodology?

Section D provides aggregate cost estimates awgpwiats on viability of ODS destruction
projects using carbon financing. The section alsmmarizes the most important aspects of
carbon financing for the design of ODS destrucpoojects.

ODS management and destruction project types

The guide illustrates ODS management and destrugiioject developers what kind of

requirements are imposed by an existing emissidnateon methodology on project design.
On a general level, therefore, the manual shoutdesany type of ODS management and
destruction project independent of the type of @S (CFC-11, CFC-12, halons), source of
the ODS (e.g. household/industrial refrigerationpbite air-conditioners), destruction

technology and destruction location (on-site desimn, domestic destruction or export to a
foreign facility).

ODS use scenarios (“baseline’ scenario)

ODS Destruction project

ODS stored for future use in refrigeration, fire
suppression, or other applications

Destruction of ODS contained in storage tanks, cylinders, or
other containers for the purpose of stockpiling for future use or
for re-sale.

Historical use of ODS as a foam blowing
agent and as a refrigerant in the manufacture
of residential refrigerators, air conditioners,
and other appliances and components.

Destruction of ODS contained in or recovered from insulation
foam, and ODS used as refrigerant, in appliances or other
equipment that is being disposed.

Historical use of ODS as a blowing agent for
insulation foam in buildings and building
materials.

Destruction of ODS contained in or recovered from insulation
foam in building materials that are being disposed.

Use of ODS as a refrigerant in commercial
and industrial  refrigeration and air
conditioning systems and equipment.

Destruction of ODS recovered from either operational or
decommissioned equipment used for commercial refrigeration
(e.g., supermarkets and other food storage and transport,
vending machines, skating rinks, etc.), industrial process
refrigeration, and comfort cooling for commercial and residential
buildings, motor vehicle air conditioning, and other refrigeration/
air conditioning applications.

Use of ODS as a fire suppression agent in
streaming or total flooding applications.

Destruction of ODS recovered from fire suppression equipment.

Use of ODS as an aerosol propellant
and aerosol solvent in consumer, medical,
industrial, and other products.

Destruction of ODS contained in products such as medical
aerosols.

Table 1 ODS use scenarios and destruction progtetgories (from EOS Climate Methodology, 2009)

10 The Baseline scenario represents the most likaly o¥ treating/using the ODS in the absence of the

investment in ODS destruction
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The guidance given in the manual is largely appliedo all the potential ODS project types
described in Table 1 above. However, on a morelddtievel the guidances focused on the
requirements and procedures for collecting, storitrgnsporting and destroying ODS from
refrigeration equipmenfThe purpose for this is twofold.

First, the range of products and equipment in widS are currently contained is highly
diverse when comparing the timing of manufacturimgpaining lifetimes, and the timing of
the arrival into the waste stream. Based on tleisemt studies in ODS bank managerttent
have taken the view that ODS projects could bedédiinto two major categories; “Domestic
Appliances (refrigerant and foam) and Foams” and ttecommissioning of “Other
Refrigerants”. This division is meaningful in thais also the starting point for dividing ODS
destruction projects into “low”, “medium” and “higleffort ODS banks. The level of effort is
closely tied to the cost of managing the destructib the ODS. Collection of refrigerants
from domestic and industrial appliances is usuafigociated with wider management of the
appliance, thereby reducing the unit cost of ctitbec transport etc. In other sectors, mainly
in the “medium” and “high” effort categories, OD&cpvery is more likely to be the only or
predominant cause of action. Therefore, refrigeragirojects, due to the lower assumed cost-
structure are the most likely candidate for eayS0destruction projects. Annex 4 provides a
list of ODS categorized according to the level ffd® to extract ODS.

The second reason for focusing on destruction foigerants is that a potential approach for
NEFCO'’s participation in ODS management and detmién Russia is in combination with
the financing of a greenfield (or brown-field) washanagement project (see Box 1. below)
rather than a stand-alone ODS destruction progegt pure destruction of stockpiles).

BOX 1. Expansion of municipal waste management practices

One of the key prospective projects for NEFCO isdRuinvolves the financing
of a Greenfield (or brown-field) municipal waste magement site in the Greater
Moscow region.

The site could be designed to accommodate a fadiit decommissioning
household refrigerators at a later stage. As pdrthe investment consideration
of the decommissioning facility, carbon finance Idogotentially a) provide an

additional financial incentive to build the facilit or b) provide a financial

incentive for expanding the decommissioning factiit include an on-site ODS
destruction solution/technology.

As a starting assumption, the ODS investment proyecld either a) enable the
diversion of ODS from fridges heading to a landfdt the new waste
management site, or b) enable the new site to acwmate ODS from fridges
landfilled at other sites.

Controlling hydrofluorocarbons

An important inter-relation in the global efforte timit ozone-depleting substances and
greenhouse gases is the adverse impact on glolbratimga caused by hydrofluorocarbons
(HFCs). HFC have been widely introduced as replacgsnfor HCFCs and are projected to
account to as much as 20% of global CO2 emissio29503°. Potential future regulation of
HFCs is currently torn between the Kyoto Protocoll #he Montreal Protocol. Based on a
proposal by the small island nations of Mauritimsl ¢he Federated States of Micronesia the
21°" Meeting of the Parties to the Montreal Protocnl July 2009, agreed on the need to

1 http://ozone.unep.org/teap/Reports/ TEAP_Reportsfteaober-2009-decisionXX-7-task-force-

phase2-report.pdf
12 yvelders et al (200D ttp://www.pnas.org/content/early/2009/06/19/0902816.full.pdf+html
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reduce HFCs but could not agree on whether HFCsldl® regulated as an ozone-depleting
substance or as a controlled substance under tbi Hyotocol.

These developments should be observed by ODS miameageand destruction project
developers as the the emission reduction poteafidiFC destruction presents a potential
close “rival” source of ODS-related carbon creditsere are clear differences though, mostly
in benefit of banks of ODS. HFCs destruction prtgesre mired in controversy under the
CDM™ and crediting based on destruction of HFCs frortivacproduction would be
challenging from a public approval point of viewD® banks, on the contrary, are already in
use or in the waste-stream, whereby the primaeyrative to destruction, on a global scale, is
uncontrolled leakage into the atmosphere.

13 HFC-23 destruction from the waste stream of HCRGxdduction account for 54% of all CERs

issued under the CDM and already covers over 809&af 2000 emissionsttp://www.cd4cdm.or}.
Many observers have opposed these projects, asgégubntly only existing HCFC-22 facilities are
eligible under CDM.

Guide for developing GHG emission reduction projects based on the destruction of ODS 9
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SECTION B: EMISSION REDUCTION METHODOLOGY

Summary of Voluntary Carbon Market Project Cycle

This section briefly describes the steps involveddéveloping a voluntary carbon market
project. For a detailed description of the stepsuitted, please see e.g. f{¢Br Bayort®. The
development cycle of a voluntary carbon project barbroken down to a few key separate
steps as highlighted in the illustration below:

Developing a voluntary
project involves a number

¥ of generic steps regardless
Approval of methodology by the selected of the specific standard
standard (if necessary) bring pursued. Different
stakeholders specific to the
¥ project cycle are involved:
-
+ Verifier: third party in
v charge of assessing
Validation of the project by third party compliance of the
project with the rules of
v the standard pursued

Registration of the project with the selected

standard and registry + Standard: the specific

authority that officially
registers the project
and issues credits.

A 4 » Registry: a system for
creating, tracking,
trading and retiring
carbon credits

¥

Verification of emission reductions

'

Issuance of credits | __._.

Figure 1 Voluntary carbon market development cytlem ICF, 2009)

The first step in the development process is tocmatr develop an emission reduction
methodology with the project activity. In case aiistng methodology can not be used, the
developer has the choice of developing a propsietathodology for the project and, aim to
get the methodology approved by an accreditatiody boverseeing one of the voluntary
standards.

Upon matching a project with a methodology approbgane of the voluntary standards the
project needs to be validated against a methodolpgyan independent third-party. The
validation process ensures that the project meBtsha requirements of the chosen
methodology and any further registration critengposed by the standard. Once a project has
been validated it is cleared for registration oato electronic registry affiliated with the
standard.

4 Section 5 in "Study in Financing the Destructidrawanted ODS”, ICF 2009
15 EarthScan: Ricardo Bayon, Amanda Hawn, and Kataétamilton, Voluntary Carbon Markets:
An International Business Guide to What They Arél&@w They Work, 2nd edition. 2009.
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In the final phase of crediting a project, the esios reductions from the project have to
verified against the methodology, i.e. proven teatission reductions have occurred as
specified in the methodology. Typically a standeedtifies the emission reductions based on
a third-party verification report and a monitoripgotocol that details the data tracking and
collection system underpinning the emission reductalculations. Upon certification the
standard body issues emission reduction creditstimt project developer's account on the
affiliated registry — thereby enabling such cretlitde transferred to the account of the buyer
of the credits

Voluntary Market Opportunities

In order for the guide to provide sufficient red@un on the requirements imposed by carbon
financing it needs to be based on a specific eomssieduction methodology. Such
methodologies are tied to a particular standardh onarket. For a detailed review of the
market opportunities provided by the voluntary nesskplease see IEFAt the moment there
are thre® broad market opportunities in the voluntary marfat a project developer to
commercialize emission reductions from an ODS dettn project.

1. Voluntary Carbon Standard, the leading global standard for voluntary market
projects. The VCS has extended its scope to inclDBS from January 26, 2010
onwards. The VCS has published a set of eligibilieguirements that ODS
emission reduction methodologies need to meet poiapproval by the VCS. There
are no approved ODS methodologies under the VCS bydt according to our
information at least two methodologies have be@sgmted to the VCS Association:
the Tanzer/ARGE/USG methodology on “Recovery anstrdetion of CFCs from
domestic refrigerators”, and the EOS Climate methagly for ODS destruction
projects.

2. Chicago Climate Exchangethe first trading platform to offer a methodologyr f
ODS reduction projects. The CCX is an exchange cdhasduntary cap-and-trade
program for North American corporate entities,estand state governments. CCX is
a private market that is open for project develspaho are members of the
exchange. CCX members with commitments can useo@aFinance Instruments
(CFlIs) as an offset credit against their voluntargets. ODS destruction projects are
eligible for producing CFls under a proprietary hwtology approved by the CCX
Committee on Offsets

3. Climate Action Reserve,a US-based offset program that develops and manages
emission reduction methodologies and maintains ffsetoregistry for over-the-
counter trades in Climate Reserve Tonnes (CRTs)hddi®logies are developers in-
house on the basis of proposals from offset projlestelopers. An ODS project
protocol was approved by the CAR board on Febr8ag0162

For a project developer the above market opporamiepresent a diverging set of options to
approach the voluntary market. CCX represents ginewest opportunity in that it is a closed
market, i.e. the resulting emission reductions oaty be used by entities that have an
obligation on the CCX platform. This has led toitaion where the value of a CFI (in t

6 NOTE: The review only includes established platfsistandards for voluntary emission reduction
projects. Under current voluntary market practitésfully possible to develop an emission redoiati
project based on proprietary methodologies whiehnat accredited by standard body. However, this
approach was not deemed appropriate for a Rusdiéhpoject given the high costs associated with
drafting a new methodology and a likely discounttoa price of an emission reduction based on a non-
accredited methodology.

7 http://www.v-c-s.org/docs/VCS-Program-Update_Exienof-Scope-to-Include-ODS.pdf

18 http://www.climateactionreserve.org/2010/02/05/elteraction-reserve-releases-standards-for-
destruction-of-ozone-depleting-substances/
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CO2e) has plummeted from a high of US$ 7.50 in 12898 to US$ 0.1 January 2010The
CFI offset protocols are also restricted to a ledithumber of foreign countries such as
Mexico, Brazil and China.

Based on these observations CCX is excluded aabdevinarket option/methodology for any
ODS management and destruction projects in Russiaore detailed comparison of the
remaining two alternatives, VCS and CAR, is prodidtethe section below.

Selection of methodology

The main selection criterion for choosing a techhiceference for the manual is the
availability of detail and the applicability of theference in a Russian context. Given the
nascent status of ODS management and destructidheinvoluntary carbon market the
“boundaries” between a “Standard”, “Protocol” and‘Methodology” are still somewhat
vague. In strict sense the VCS is currently a “8gad” without a specific ODS
“Methodology” for projects. CAR is an offset progrgvery similar to a “Standard”) with a
ODS “Protocol” for projects. The CAR ODS Protocslin effect a “Methodology”, i.e. it
specifies how an ODS reduction project should dtawoundaries, identify a baseline, utilize
ODS destruction technology and measure key vasaliteother words, VCS and CAR are
very similar despite different terminology.

To further mix up the choice of a technical refeeffior guidance in section C, one should
note that both methodologies listed in the sectimové®, the Tanzer/ARGE/USG
methodology and the EOS Climate methodology havenbdeveloped independent of
VCS/CAR. Both methodologies can be used to sepkogpl as a new “Methodology” under
the VCS - thereby making the methodology eligildedlobal use under the VCS. Although
CAR develops its protocols in-house and with thip hed an external working group, the
pending CAR ODS methodology is largely based onBRS Climate methodology. This
means that a project developed under the EOS Gimmdthodology would by-and-large
conform with the technical requirements of the CBRS Protocol.

In addition, the voluntary market is also inter-nented, as VCS has approved CAR as an
“Approved GHG Program” meaning that CAR emissiomdluetion units, CRTs, can be
cancelled and converted into a Voluntary Carbont,Uhie reduction unit of the VCS. In
addition, methodology elements from CAR can be dse/CS projects. In effect this means
that an approval of an ODS protocol by CAR indigatso enables the creation of VCUs.

Table 2 highlights some differences between Stalsdand Methodologies from project
developer's perspective. The Tanzer/ARGE/USG mailogy is left out of further
evaluation given that it is not publicly availalsethe time of writing the reference.

19 http://www.chicagoclimateexchange.com/market/datafinly.jsf
20 No representation is made that these are thepivigtely-developed ODS methodologies in
existence. There may be other methodologies urelerlopment.
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Criteria Voluntary Carbon Standard Climate Action | EOS Climate
Reserve methodology
OoDS Stakeholder review on inclusion of ODS | No specific ruling on | Designed specifically for
eligibility as an eligible GHG held in June 2009. As | ODS eligibility needed ODS management and
of Jan 26 2010 ODS included in the destruction projects
Scope of VCS.
OoDS No methodology currently available, | CAR Protocol on ODS | Methodology available
methodology | methodology requirements published, | available, approved by | and used as a basis for
availability two methodologies discussing potential | CAR Board on Feb 2 | CAR Protocol
validation 2010
Access to | n.a. / Methodology eligibility criteria | Public Private, available on
methodology | public request
Methodology | n.a. Generic ODS | Generic obs
scope management and | management and
destruction destruction methodology
methodology
International | International, iffwhen approved Domestic US and import | International
scope, incl. from Article 5 countries
Russia for destruction in US

Table 2. Select differences between ODS carbonehegportunities

On the account of the facts and analysis preseabede the VCS and the EOS Climate
methodology provide available market opportunifmsODS management and destruction in
Russia. The EOS methodology will be used as thknteal benchmark for the guide in

section C. This decision was specifically madetffierfollowing reasons:

The methodology is an international methodologpveing for use in Russia
The methodology is closely referenced to the CARSC®Yotocol allowing for the
methodology to be used as a benchmark for expd®d$ into the US

e The methodology can be used for various types ofSOmanagement and

destruction projects

e The methodology presents the opportunity for a gmijdeveloper to use the

methodology and project for VCS accreditation
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SECTION C: GUIDE FOR ODS MANAGEMENT AND DESTRUCTION
PROJECTS

General guidance

Scope and limitations

This guide assists project developers contemplamgnvestment in ODS management and
destruction project in Russia. Its generic purgege help project developers understand the
specific needs, requirements and costs associdthdive development of a GHG emission

reduction project based on ODS destruction. Spedifi, the guide should assist project

developers in making an initial assessment of wdretheir investment project meets the

technical requirements of a recognized ODS emissdnction methodology. On the back of

this feasibility analysis developers and investsinpuld be able to make a first informed

decision on the financial and technical attractegmof enabling ODS destruction through
their project.

The structure of the guide allows the project depel to separate the various steps in a
voluntary ODS management and destruction projedbdtier match these steps with the
operational processes contemplated by the develdper guidance can be used for stand-
alone ODS management and destruction projects dlsasefor ODS management and

destruction projects in municipal or industrial veastreams.

The information provided is agnostic to the phykloaation of the destruction facility. The
ODS may be destroyed domestically, but could alscekported into another country for
destructioA®. In such cases more emphasis should be appliathderstanding the risks of
inadvertent leakage of ODS during longer intermaldransportation

The EOS methodology is broadly applicable for mamagnt and destruction of ODS that
involves any of the following scenarios:

a. Destruction of bulk ODS contained in storage targinders, or other containers
for the purpose of stockpiling for future use ar ffe-sale.

b. Destruction of ODS contained in insulation foam amsked as refrigerant in
appliances or other equipment that is being dighose

c. Destruction of ODS contained in insulation foanbirlding materials that are being
disposed.

d. Destruction of ODS as a refrigerant in commercial andustrial refrigeration and air
conditioning systems and equipment.

e. Destruction of ODS recovered from fire suppressquipment.

f.  Destruction of ODS contained in products such agicataerosols

The guidance in the sections below does not reptheeneed for a detailed review of
matching the used methodology with a specific OD&agement and destruction project.
Given the generic nature of the manual it is noambéo replace the need to use methodology-
specific documentation and forms when evaluatirg ghitability of a specific project. The
guide should only serve as general guidance fojeprevaluation based on which a first
project-specific technical/financial evaluation [bbe made.

Although guidance is based on the EOS Climate OR@R$hadology it doesn’t necessarily
mean that this methodology is best suited for ssRnsODS project in the future. The chosen

21 The manual does not elaborate on the legal / dystmuirements for exporting ODS from Russia.
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methodology represents the most detailed methogolbgilable at the time of writing,
however, any ODS management and destruction prgjbould revisit the choice of
methodology at the time of making the decisionraigpessing with ODS destruction.

The relationship between voluntary destruction BfS0and regulated GHG markets may also
change in the future, both locally and internatindeductions of ODS banks could, under
some scenarios, become intertwined with a US capa&e market and/or the international
flexibility mechanisms under the UN’s Kyoto Prothcthis means that the market situation
could change significantly, whereby it is advisatde ODS destruction project developers to
understand the implications of changes in global megional policies to regulate GHGs and
ODS banks.

Basic eligibility criteria and eligible gases

The basic eligibility criteria provided in Tableb&low should serve as a first checklist for any
project developer. These criteria present the mngsbrtant requirements that a project should
meet prior to the start of the ODS management asttukction project.

Subject Eligibility criteria Note
Start date of project | = Operational activities must have commenced after the

activity to avoid ODS production phase-out deadline specific to the ODS and
emissions. the country where the ODS has resided.

= Exception is ODS that is not phased out and is
contaminated and would be reclaimed for subsequent
use in equipment, or would be released.

ODS destruction = ODS destruction must not be required under regulation | Currently no laws
mandated by any law or or law in the State, province, or country where the | require 0oDS
regulation. project is conducted for project to be eligible. destruction in

= |n case ODS destruction is, or will be, required, the | Russia
project developer must be able to prove that
destruction is voluntary provide the anticipated date of
regulatory compliance date.

ODS destruction = Even if not required under regulation or law, ODS | Unlikely to be an
common practice destruction must not be common practice in the | issue in Russia, no
sector. known ODS bank

= Common practice is defined as greater than 10% per | destruction projects
year of recovered ODS in the country where the ODS
destruction project is executed.

Ownership of ODS = Project developer must demonstrate ownership or
control of the ODS

= Double-counting of emission reductions must be
prevented, i.e. the developer must prove that GHG
credits generated are not accounted for in more than
one GHG market.

Table 3 Basic eligibility criteria (freely adopteshd modified from EOS ODS methodology, p.14)

The eligible gases for ODS destruction activitieslested in Annex 3.

ODS project boundaries and management and destructi  on cycle

It is important to consider a potential ODS managetrand destruction project candidate
from several angles prior to initiating a projedost importantly, the developer must be able
to clearly identify and separate the activities emthe baseline scenario and the project
scenario. Only through transparent description dfvies under the two scenarios can
verifiable emissions reduction be produced withhbit environmental integrity. In order to
establish the two scenarios the physical bounditiyeoproject must be delineated so that the
quantity of ODS that is being captured and desttogehe project scenario can be measured,
and thereby be distinguished from ODS not beingwap and destroyed under the baseline
scenario.
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The physical boundary of a project includes allipoent, processes and facilities necessary
to undertake the project activity:

. Equipment, products, and storage containers tleabusontain the ODS;

. Equipment that use ODS substitutes;

. Equipment used for the recovery and reclamaticDDS;

»  Transportation system where it is part of the mogetivities and is not owned by
an independent third party; and

e The destruction and power generation facilities.

The data collection requirements at each stepefdBS management and destruction cycle
aim at identifying all relevant emission sourcestfte scenarios. Such emission sources are
either controlled, i.e. they can be monitored aneasared by the project developer or

related/indirect whereby conservative estimatesigugpublic references must be made.

Relevant emission sources include:

. Emissions arising from fuel and electricity consdnbg the treatment facility
. Emissions due to transport of ODS

. Emissions due to destruction of ODS

. Emissions due to ODS banks within the project bamnd

. Emissions due to ODS substitute technologies

The main purpose of the emission reduction metlaggols to quantify each emission source.

Quantification takes place on the basis of monir estimation based on the requirements
set in the methodology and availability and quatifydata. A principle of conservativeness

must preside over all quantification.

Annex 6 provides an example of emission sourceshanuhdaries for destruction of ODS
contained in insulation foam and used as refrig@mah appliances that are disposed.

ODS management and destruction project baselines — key considerations

The baseline for an ODS project will vary accorditg project type and national

circumstances. The project developer will need lioose and justify the most appropriate
baseline — this baseline will be closely scrutidiby third-party validation experts during the
certification of the emission reduction project. deneral the following generic principles
should be observed when determining the ODS bas#linvarious project types.

1. The baseline scenario must, at the minimum, comyitly local law and regulation
even if the project specific baseline is less corate/e

2. Applicable ODS leak rates should be observed. Giagd naturally from equipment
Leak rates vary substantially, and can be anytbietsveen 8-1009. Annual leak
rates for domestic fridges (CFC 12) vary betweed4® and 58-70% for
commercial refrigeration.

3. Blowing agents (CFCs and HFCs) represent end-efdifission sources, whereby
ODS is released at the time appliances and buildiatgrials are disposed of onto
landfills.

4. It is important to note that the EOS methodologyuases end-of-life emissions for
these blowing agents (i.e. everything that wouldddeased is destroyed)

22 TEAP, 2007 TEAP 2007 Report of the Task Force @8 Issues and Emission Reduction
Benefits Arising from Earlier HCFC Phase-Out anti@tPractical Measures —
Response to Decision XVIII/12
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5. Projects where the baseline is storage would ndynagdply for halon, because
halon reserves are needed for maintaining fire g3oN systems (CFCs are
seldom stockpiled for future use). The benchmagk letes for halon 1301 (fire
suppression) and halon 1211 (portable extinguijteaes between 1-6%. Given the
purpose of these stockpiles — to be released iretleat of a fire — baselines for
halon is usually 100% release.

6. For refrigerants the starting assumption, in mdéstgs, including Russia — is that if
refrigerants are required to be recovered, yettigeno requirement for the CFCs to
be destroyed. CFC 12 usually has a market valuehwindicates demand re-use in
older equipment, e.g. mobile air conditioning sgse This used methodology
assumes that the baseline scenario for ODS refmgaecovered from household
appliances will be resold into the market and sqbently fully released.

7. A more conservative approach of point 6 is to lithi baseline period to the “life-
time” of the ODS in the appliance in which it isused (CAR uses 10-years).

8. Defining the baseline for foam insulation is mommplex. Prior to putting foams
into landfills, they could be shredded, or dumpednsact blocks in the refrigerator
units. With shredding, over a 50% of the blowingemrtgcould be released. The
remainder of the ODS is slowly emitted over timel @onsumed/"neutralized” by
soil microbes. The rate of degradation, outsiderdatory conditions, remains purely
theoretical. The recent CAR ODS Protocol takesghliiiconservative view of the
ratio of ODS off-gassing vs. “natural” neutralizatiby microbe€ when compared
to the approach in the used methodofégy

9. To determine the destroyed amount of ODS from fofargs CFC-11), the amount
of ODS blowing agent in the foam must be calculafBuere are a numtfrof
indicative benchmarks for CFC-11; 85g/kg foam, 400- grams/refrigerator, 13-
16% of foam weight. The methodology assumes a ttefaam-to-CFC blowing
agent ratio, by weight, of 0.085.

A complete list of baseline scenarios is providedinnex 5.

The above principles should be used only as airggapbint when evaluating a project. The
project developer should always define the basefienario based on a conservative
interpretation of actual circumstances of ODS treatt in the absence of an investment in
management and destruction.

Accounting for leakage and replacement technologies

Under the EOS Methodology project developers nésalta account for the emissions arising
from the replacement chemical used instead of és¢rayed ODS. This is a measure of added
conservativeness, and adds an incentive for prgjacicipants to move towards low-GWP
alternatives. Leakage calculations are typicallystiyoattributable to projects where the old
equipment stays intact while the ODS is replacedchSsystems are e.g. mobile air-
conditioners, industrial refrigeration and fire pogssion.

% The CAR Protocol, requires project developerss® afoam baseline that assumes a significant
portion (65% of CFC-11) of the ODS in the foam égrhded in the landfill, not released. See. P. 21.
http://www.climateactionreserve.org/wp-

content/uploads/2009/06/U.S._ ODS_Protocol_V.1.0ftDRedline.pdf

% This methodology makes the conservative assumfatrunder the baseline scenario where foam in
the appliance is landfilled, 24% of ODS blowing age released from the insulation foam of discerde
appliances upon shredding of the foam, plus arntiaddi 37% of the initial blowing agent contentrfio
off-gassing of the discarded shredded waste (50%#%), for a total of 61% of the initial blowing age
content.

%5 RAL Institute, TEAP and various scientific papeespectively

Guide for developing GHG emission reduction projects based on the destruction of ODS 17



ﬁ:/LlMATEWEDGE
p———

Under the leakage principle a project that destreys halon 1301 and replaces the fire
suppression equipment with a GWP 1 substitute (ld2@ydrofluoroether) has no leakage.
However, if the halon is replaced with heptaflugagmne (HFC-227 with GWP of 368D
the replacement technology emissions are subtrdobed the emission reductions claimed
from destruction.

The obvious challenge for project developers is idtentification and determination of
replacement technologies, especially if there andtipte sources of ODS (e.g. from service
technicians). Table 4 below shows alternativesSTIBXS in some select refrigeration solutions
and also shows the diversity of alternative cooliggnts.

Sub-Sector ODS Used | 100-yr Average Annual Leading 100-yr
GWP Emission Rate Alternatives GWP
Domestic CFC-12 10,720 5% HFC-134a 1410
Refrigeration Hydrocarbons <20
Commercial CFC-12 10,720 18% HFC-134a 1410
Refrigeration HCFC-22 | 1780 R-404A 3900
R-407C 1800
R-417A 2300
CO, 1
Food Processing, | CFC-11 4750 17% HFC-134a 1410
ﬁzlgsﬁ:g[age| CFC-12 10,720 R-404A 3900
Refrigeration R-502 4700 R-407C 1800
R-507A 4000
R-410A 2100
Ammonia/CO, 1
Hydrocarbons <20
Water 0

Table 4 ODS alternatives for select refrigerati@iegories (EOS ODS Methodology)

Step 1: Collection

Definition of collection

The draft report ExCom/58/19 defines “collectiors all efforts to extract ODS from an
application or product, covering for example cdilet of refrigerators, foams to a central
disassembly site where CFCs are compressed argfaraad into transport containers. The
ExCom/59/18 draft report further defines collectiam aggregating a significant amount of
ODS, where significant amount is defined as 145tC@2e. This has its basis in that a
standard refrigerant container for CFC-12 contdiBskg of refrigerant, which, multiplied
with the CFC-12Global Warming Potential of 10,72@uals 145t Co2é& These limits,
beyond being used as reference, impose no practstictions on project development.

The definition of collection is somewhat vague lattits features depend very much on the
type of ODS project. For instance, collection framfrigeration/AC units undergoing
servicing would entail a certified service techaitiusing specialized pumping equipment to
remove the refrigerant and store it in a recoveyynder on-site. However, for obsolete
household and industrial appliances, collectionldauclude a) the collection and storage of
the ODS in the original frames in an intermediat@rage facility prior to transport to a
demanufacturing facility, or b) collection, storaayed transfer of ODS into transport cylinders

26 www.epa.gov/ozone/geninfo/gwps.html
27145t CO2e translates 0 31.2kg CFC-11, 113.9kgnhbi 1.
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at an intermediate storage facility or, ¢) immeglittansport of obsolete equipment to the
demanufacturing facility (avoiding the separatelemtion step). In the last example there
would be no aggregatih

For larger industrial stockpiles of ODS held inilities and warehouses collection would
entail a simple pick-up of storage tanks and pestaansfer of ODS from tank to tank.

In situations where the source of the ODS differdyipe, quantity and quality the role of

collection becomes significant in that one of thainmaims of the collection function is to

ensure a consistent supply of ODS to the storag#esiruction facility. An increase in the

homogeneity of the equipment containing ODS witluee sampling and monitoring costs at
later points in the destruction process.

BOX 2. Collection of old household refrigerators

For the prospective investment case the emphasigeafollection step is highly
dependent on the whether the proposed waste maeagesite would receive
ODS (i.e. old refrigerators) regardless of a sepgaranvestment into ODS
destruction. In this case the “supply” of ODS wolld managed by the waste
delivery procedures agreed with the municipaliggti Refrigerators could be
brought-in in bulk by retailers, and/or by standaséste collection procedures.
Under this scenario the ODS management and degiruptoject would need to
include the setting up of a consolidation/storageility with the destruction
plant.

In the other scenario, where collection of housdhefrigerators in_not part of
the offered service to the municipality, then tbhesolidation could take place at
(an) existing facility/ies outside the boundaridstite new waste management
site. ODS would then be supplied in bulk to thetrdeson site, either for
immediate or later destruction.

For the investment case the collection entails @intde following actions:

1. Collection of fridges as a municipal servicetba new site (receipt of fridges
based on municipal service contract)

2. Collection of fridges from fridge manufactureeséilers under a swapping
program to the new site or to an intermediate sg@raentre

3. Collection of ODS from an external disasseminigl atorage site to the new
site

As highlighted in the section above, collection @eo encompass refrigerant recovery,
especially in the situation where collection serassa function to transfer ODS into larger
tanks for destruction. For refrigerant and foamowecy from household appliances the
refrigerant recovery can also take place at tredithe destruction facility. For the purposes
of this manual, recovery is presented as a sepsteperom collection.

Meeting specific ODS methodology requirements

The following information would typically need te bdentified at the time of collecting the
ODS/appliances from e.g. the end-user, retail@hrtieian, landfill operator or government
entity. The information need is similar regardle$svhether the collection takes place as a
separate step outside the destruction facility tire collection happens at the facility itself. In
most cases there would be some intermediate stepllettion prior to taking the ODS to the
destruction facility.

28 For instance, Ekokem Oy’s incineration facilityRiihimaki, Finland, destroys the ODS from
refrigerators without aggregation; refrigerants suweked into the incineration kiln on directly fraheir
cylinders, and the foams are crushed with thegefator frames prior to incineration.
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Appliance Profile - basic data on the appliances collected
(This information should be collected by appliance type)

Data/Parameter Notes

For example, domestic fridge, domestic fridge-
freezer, domestic chest freezer and upright

Appliance type freezer.
Manufacturer
Model # Appliance rating plate

Year manufactured

Dimensions (interior volume)

Manufacturers data or technical literature can be

Type of refrigerant used in the appliance used; direct measurement of recovered ODS
should be done on at least a sample of
Quantity of refrigerant used in the appliance appliances

Type of ODS foam blowing agent used in appliance
insulation

Quantity of ODS foam blowing agent used in appliance
insulation

Total number of appliances of each model or category
collected

Total number of appliances of each model or category
from which ODS is recovered

From the above list it is easy to see that the niammogenous the lot of ODS, or the
equipment the ODS resides in, the easier the tadkst, identify and label the ODS. The
methodology requires the developer to have a hdgéallof understanding of the source of the
ODS and confidence in volumes and quality.

Cost estimates

Of all cost variables the cost of collection is thest sensitive variable to local circumstances
and strategy for collection of ODS. A dedicated OB@lection strategy e.g. collecting
refrigerators from numerous retailers is much lkeffigient than a collection strategy where
the ODS is integrated to other waste managemertia8. TEAP estimates refrigerant
collection costs in densely populated areas torbenal €4.3 — 7.2 per kg ODS for domestic
refrigerators and €5.7 — 8.6 per kg ODS for commaérefrigerators. A kilo of ODS roughly
represents 1-2 refrigerators.

Based on information from the Russian Scientifis&ech Engineering Center “Synt&zhe
cost of collection, without personnel costs, butliding coolant collection equipment
(coolant regeneration unit, vacuum pump, connedtimses) and transport cylinders (rated for
R22 - 900 kg); is €2.5-3/kg ODS. However, this figgoesn’'t include the cost of purchasing
the ODS from the owners of the equipment, which rbayrequired from time to time,
especially if purchasing ODS from service techmisigervice centers. According to Syntez
the cost of a kg of R12 is around €7. Pi&eistimates similar prices; the cost of bulk CFC
gases is €3-7 in Russia. In the US the market aluEFC 12 is around €3-4/kg.

29 Communication between Yury A. Treger and Husamuddimadzai (NEFCO) January 21, 2010.
%0 Gianguido Piani (2009) "Final Report: Bulk ODSleation and destruction in Russia, project
proposal and critical aspects”
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Key observations
= As a starting point, collection of ODS should ainuglizing existing service and
collection schemes. The ability to reduce unit sast the back of existing ODS
management, waste management or energy efficienfrastructure is highly

important.

= A greenfield ODS management and destruction progbctuld lock in a steady
supply of ODS through partnership agreements wigh municipalities, white-good
retailers, industrial companies, retail chains efdgeration service companies.

= Purchasing ODS in bulk would typically mean that tollection cost is factored into
cost of purchase and thereby making use of benefitscale of existing service
networks for equipment containing ODS.

= Management and destruction is likely to competd wacycling and should focus on
older equipment with high leak rates that make $esse to be “topped-up”.

= A high purity/quality of the ODS increases the ftigka attractiveness of recycling;
Mixture of ODSs and contaminated substances sumestructio’. This provides
an interesting “win-win” incentive for service naivks in that all ODS recovered
would have some value — either as reclaimed OD&siroyed ODS.

Step 2: Recovery, consolidation and storage

Definition and demand for consolidation

Recovery and storage is not defined as a separgieby the ExCom/58/19 draft report. In
fact, collection includes all efforts to extract SMintil the significant quantity (145kg CO2e)
has been aggregated. This means that recoveryansblgation (also known as transfer) is
by and large covered by “Collection” in the ExCoeport. However, given the importance of
the activities involved in this step, it is cover@sla separate step here.

ICF refers to this step as “consolidation and gfeta highlighting the fact that in some
project types ODS might be collected from a largenher of smaller units, e.g. household
refrigerators or small cylinders. To avoid increhgeansportation costs from trucking or
shipping many small containers, the ODS should ggremated before sending it for
destruction. The drawback of consolidation is timathe process of transferring ODS into
larger containers there may damages to originalatmers which can cause leaks. All this will
reduce the amount of ODS destroyed at the end.

The need for consolidation is determined by thejggtotype, location of the ODS and
destruction technology. Consolidation is especiaigded when the destruction facility has a
minimum volume requirement whereby the recoverpsotidation and storage process needs
to be measured to provide sufficient amounts of biSdestruction. Depending on the
source of the ODS, consolidation may be needeé\adral places. For example, commercial
refrigeration technicians may consolidate ODS fremall cylinders into larger transport
cylinders that are used for taking to ODS to aagegi/national storage facility. If ODS is then
further e.g. exported for destruction a second aligetion step would transfer the ODS from
transport cylinders into pressure vessels for shipp

%1 This doesn’'t mean that contaminated ODS shoulsreferred by destruction project, quite the
contrary, project monitoring is simpler with bettprality ODS.
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BOX 3. Recovery of ODS from household refrigerators

We assume here that an investment into a munietpate management facility
includes capacity for manual disassembly of thdgis for stripping metals
(copper, aluminum, steel) for recycling. Plasticsud be landfilled and ODS
stored/sold/landfilled. Through an additional intreent the waste management
plant would incorporate an ODS destruction facility

The key benefit of incorporating a destruction plamo the original facility
designs (rather than a later add-on) is that OD®niification, scaling and
measuring procedures can be developed to meegtifecation requirements of
the ODS emission reduction methodology.

As an intermediary step the recovery facility cowglst, measure and consolidate
ODS from received appliances for external destactir export. This could be
a first stage in a longer investment process wlleeedestruction facility is only
added once the recovery volumes have stabilized.

The key challenge for an ODS destruction projecteblaon collection of ODS
from refrigerators received through municipal calien streams is that the
project will receive a great variety of old fridgeodels , with greatly differing
specifics as to their ODS contents (type, voluntecarality). For these reasons,
application of generalized or averaged assumptidns the design and
documentation of the voluntary emission reductioojget under the chosen
emission reduction methodology will be challengargl counterproductive as
estimates would need to err towards the conservafiherefore, original plant
design should take into account the need of onesitesolidation, testing and
measurement for both foams and refrigerants. Thilisemable robust emission
reduction calculations and determination of totakttuction efficiency.

Meeting specific ODS methodology requirements

The following information would typically need te bdentified at the time of collecting the
ODS/appliances from e.g. the end-user, retail@hrtieian, landfill operator or government
entity. The information need is similar regardle$svhether the recovery takes place at an
intermediary collection centre/storage facilityatithe destruction site.

Refrigerant Recovery
Data/Parameter Notes
Equipment used to recover ODS refrigerant from appliances Quality and accuracy of recovery equipment

must be recognized and conform to
applicable EU, US EPA, ASHRAE?®, and
NIST33 requirements or equivalent.

> Method and frequency of calibration
Scales used to weigh ODS refrigerant All scales need to be calibrated regularly by
> Method and frequency of calibration the relevant verification bodies.

Method used to identify ODS refrigerant
> Method and frequency of calibration

Scales used to weigh storage cylinders

> Method and frequency of calibration

%2 American Society of Heating, refrigerating and-@iondition Engineersww.ashrae.org/technology/
% National Institute of Standards and Technolegyw.nist.gov
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Weight of cylinders used to store recovered ODS refrigerant to be

when empty

Applicable when ODS needs
transferred to storage cylinders

Weight of cylinders used to store recovered ODS refrigerant
when filled

Total quantity of ODS recovered from compressors and
refrigerant lines in all appliances

|deal if directly measured when emptying
compressors and refrigerant lines; if not,
information on appliances will be used to
calculate recovered ODS

Number of appliances sampled to quantify ODS refrigerant | If there direct measurement of total
recovery rate refrigerant recovered is not possible, that
measurements  should be based on
refrigerant recovered from a statistically
relevant number sample of appliances.

Type(s) of appliances sampled

Quantity of ODS refrigerant recovered from sampled
appliances

Each type and model of appliances should be
included in sampling.

From the list above it is easy to see that settipghe process and ensuring the accuracy of
weighing the refrigerant forms the major aspectited recovery step. Sampling creates a
second big component of recovery in situations wit#rect measurement is not possible. The
quality of measurement technology and proceduresakfor increasing the confidence in the
estimated destruction volumes. In situations whéee project developer is not in direct
control of the recovery process, the quality obrery should be contractually safeguarded.

Foam Recovery

Data/Parameter

Notes

Equipment/method used to separate foam insulation from
appliances

Manual or mechanical

Scales used to weigh insulation foam

> Method and frequency of calibration

Must conform to applicable quality standards
(e.g. NIST)

Equipment/method used to separate ODS blowing agent from
foam insulation

Technology is available but may not apply to
this project

Method used to identify ODS foam blowing agent

Must conform to applicable ASHRAE or
equivalent standards

> Method and frequency of calibration

Weight of cylinders used to store recovered ODS blowing
agent when empty

Weight of cylinders used to store recovered ODS blowing
agent when filled

Total quantity of ODS recovered from foam insulation in all
appliances

Ideal if directly measured; if not, information
on appliances will be used to calculate
recovered ODS

Number of appliances sampled to quantify ODS blowing agent
recovery rate

Type(s) of appliances sampled

Quantity of ODS blowing agent recovered from sampled
appliances

Same appliances can be used for refrigerant
and insulation foam sampling

Guide for developing GHG emission reduction projects based on the destruction of ODS 23



ﬁ:/LlMATEWEDGE
p———

The requirements for foams are broadly similardanfis as with refrigerants. Weighing foam
blocks is an essential starting point for basetiata collection. Unless direct measurements
cannot be made from the estimates should be basprbuided baseline factors.

Cost estimates

Given the bigger need for manual or mechanicalriaihe cost of ODS recovery from foams
is markedly higher than for refrigerants. Based&@AP estimates recovery cost of ODS from
foams from household and commercial refrigerateraiound €14 — 25 per kg ODS. The
recovery cost depends on the type of destructiahade According to TEAP task force direct
incineration of foams is the least cost alternabiué this is only applicable Municipal Solid
Waste and Rotary Kiln Incinerators. Adequate desivn of CFCs requires strict control of
the share of ODS in the waste flow (max 5%) in otdeensure sufficient amounts of energy
are available for destruction. Mechanical extractiof ODS from foams is the other
destruction alternative — it is more costly, duetfte fact that manual or mechanical labor is
needed to separate the foams from the appliancefa

Recovery cost for refrigerants is similar, or stighlower, than TEAP collection costs
estimates at around €4.3 — 7.1 per kg ODS for Hmlde commercial and industrial
refrigerators. Recovery costs for stationary ainditioning can vary to a greater degree
between €3 — 18 per kg ODS, whereas recovery ¢ostnobile air-conditioning are at a
lower range between € 3 — 4.3 per kg ODS.

According to TEAP estimates there is a plausibkncie that global capacity in ODS recovery
will become a bottleneck much before limits in gibldestruction capacity. Table 4 below
illustrates the cost of recovery equipment for dsticerefrigerators. The table illustrates
clearly the rapid increase in cost when moving ORhagement from refrigerant to blowing
agent; investment costs can be over 20 times hifglterecycling systems that include full

degassing equipment for blowing agents. There $® @ significant cost increase when
moving from manual handling of foams towards a naeatal system.

ODS Managed Equipment Type | Investment | Throughput | ODS Quantity
(€,000) (000/yr) (tonnes/yr)
Refrigerant Only Stage 1 180-285 250-350 40-50
Refrigerant + BA Stage 1+ Manual | 430-715 150-200 50-70
Refrigerant + BA Stage 1+ Stage 2 | 2,850-4,285 | 150-250 50-85

Table 5 Investment costs for Refrigerator Recychiggipment (Stage 1 = collection,
and de-gassing for storage and consolidation, St2ge Blowing Agent (BA)
degassing, manual/mechanical). Adopted from TEAB, WSD/EUR conversion at
1.4USD/EUR

Key observations

= The ODS recovery process is the costliest parhef@DS management chain and
most likely to gain from benefits of scale.

= Globally, high-quality recovery capacity could bew® a premium service as need
for ODS bank management increases.

= A recovery facility alone, without destruction cajtg, provides tremendous value to
the ODS management process in that it provides QD&ity control and ODS
volume aggregation.

= A recovery facility has the flexibility of utilizig dormant domestic and foreign
destruction capacity - especially in projects wiargply of ODS is not constant.

= For ODS management and destruction investment jpignthe current cost of
managing foams and refrigerators is not substiytidifferent. This is largely
because there is more foam than refrigerant pdraajoe.
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= TEAP suggesf$ that over time it may become more attractive tosider refrigerant
recovery in isolation given the better cost efficg (lower management costs and
higher GWP of CFC-12 vs CFC-11).

= By 2020 the cost of recovery of ODS from foamsxpezted to be at least 3 times
higher than costs for refrigerant recovery.

Step 3: Transport

Definition of transport

The draft report ExCom/58/19 defines “transport’tias actual transportation of significant
guantities (i.e. 145t CO2e), in transport contanewithin a country and for export for
destruction. Transport would also cover the transfeODS in cylinders to a central facility
for extraction into transport containers. ODS may tkansported several times before its
ultimate destruction, often as it moves through tlo@solidation process. All permitting
required for transport of ODS would also be inclidtethis section.

As noted above, under “collection” some applianaes smaller containers may be also
transported as-is, depending on the project typd@ation of the consolidation site vis-a.vis
the destruction plant.

BOX 4. Transport of ODS from household refrigerators

For the prospective investment case the ODS tratspep is likely to be almost
negligible in the case where the recovery/destoanctiacility supply of ODS
comes through municipal waste collection systerhg. “DDS share” of total

transport emissions would be minimal when considggtotal waste transport
volumes.

However, if the recovery/destruction facility cauts ODS from other suppliers
the emissions associated with transporting the @D® e.g. service centers and
storage facilities would need to be accounted fomnsport of ODS from the
planned recovery facility (in the absence of a desion plan on site) to the
destruction plant would likely be very small as B®S would be in highly
concentrated form at that point.

Meeting specific ODS methodology requirements

Most ODS projects will include some transportatafncylinders, appliances or pressurized
containers. The emissions associated with thegmahef ODS need to be deducted from the
total amount of claimed emission reduction from dlestruction. Usually this is based on a
simple distance or fuel-based calculation underctvitihe emission factor ( CO2e / km) of the
transport mode is multiplied with the distance éléad. The WBCSD GHG protocol provides

guidance on the calculation of transport emisstons

% Please see section 6.4hitip://0zone.unep.org/teap/Reports/TEAP_Reporisfoeaober-2009-
decisionXX-7-task-force-phase2-report.pdf

%5 “GHG emissions from transport and mobile sourtesvav.ghgprotocol.org/calculation-tools/all-
tools

Guide for developing GHG emission reduction projects based on the destruction of ODS 25



(&:/LLMATEWEDGE
p———

Transport

Data/Parameter Notes

Transport Providers Name

Transport Provider Address (address, city, state, zip, country)

Transport Party Contact Name
Transport Party Contact Number

Transport Party Users (names, contact #, and level of access
(all or site specific))

Site # Transport has access to (all or specific)

Vehicle Type(s) (Manufacturer, Vehicle Category, Model, | Detailed data is needed of the transport vehicles
Model Year, Fuel Type, highway mileage rating) or vessels to calculate the fuel consumption
during transport.

Vehicle(s) Identification Number

Initial and Ending Mileage in km For each trip between the appliance

Weight of gas cylinders or foam transported processing/reclamation/ODS  storage facilities
and the destruction facility

Time/date of transfer of custody of containers to ODS storage
tanks to await destruction

The owner or handler of the ODS must ensure thapesr documentation exists on the
movement of the ODS material from point of originthe destruction facility. This includes
transport and shipping documents needed for tramgf©DS material including weight of
ODS material transported. Transfer of custody néedse marked with the time and date of
transfer of containers from the project develope®DS storage tanks located in a controlled
area awaiting destruction by owner or handler.

Cost estimates

Transport cost estimates are fraught with unceitsrdue to the many variables included. A
10-year old EU study estimates appliance transpusts at €1 per tonne/kn€0.05-0.15 per
tonne/km for condensed cargos (pipes, tubes, Eaktequipment) and €0.04-0.06 per
tonne/km for general wasf& Using these estimates TEAP concludes that astafcE1/km
would allow the transport of 5-10 refrigerators qleal00-200kg). If the refrigerator frames
have been pre-cut (for transportation) the costdcba over five times lower.

For concentrated shipments (refrigerants and figpsessants) the transport cost is €0.085-
0.11 per tonne/km, or almost a tenth of the costasfsporting ODS in appliance frames.

The impact of concentration on transport cost ghlyi evident from TEAP’s summary cost
estimates from October 2009. Transport costs a®utivith the recovery of ODS, i.e. from
the appliance owner/user, is between €4.3-7.15kge®DS for domestic and commercial
refrigerators. Transport costs associated with rdetiton of ODS, i.e. after eventual
consolidation, are as low as €0.01-0.06 per kg @p% 1000km distances. It should also be
noted that the cost of transport of ODS in fullnfies (i.e. intact refrigerators) is 3-8 times
more expensive than transporting ODS cylindersarfdams.

36 http://ozone.unep.org/Assessment_Panels/TEAP/ReBEAP_Reports/teap-june-2009-decisionXX-
7-taskforce-report.pdf
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Based on information from the Russian Ministry ofttital Resources, the cost of
transporting CFCs in Russia, using a 6.1t capaaitgk up to 500km is around €0.083per kg
ODS"’. This price is roughly in the range provided by TFEAP estimates.

Key viability criteria

= Piani notes that, in Russia there is a large nurab&ansport companies and prices
for ODS transport are competitive, i.e. there islikely a need for developing any
“in-house” transport capacity.

= Where possible one should utilize the transporabdities of the municipal waste
collection services, the retailer transporting igefrators, the service company
collecting the gases, or of the [chemical] compaisstroying the gases (if
destruction is “outsourced”).

= Transport losses are recognized by the emissianctieth methodology, and can be
significant if quality of transport is not made opeority in the development of the
ODS destruction project. This means essentiallyimizing the distance ODS is
transported prior to consolidation.

= The t/km transport cost is minimal after consolidatand bares little impact on
project economics.

= Cost of transport of full refrigerator frames igrsficantly higher than transporting
ODS cylinders and/or foams. An ODS management asthuattion project based on
transport of full refrigerator frames is only pd#siin the context of a broader waste
management program.

Step 4: Destruction

Definition of destruction

The draft report ExCom/58/19 defines “destructias”the preparation of ODS for destruction
and the destruction itself. This includes, for epéam testing ODS containers for content,
purification, effectiveness measurement, destrancéad monitoring. Destruction can only
take place with technologies that have been apgrbyehe Meeting of the Parties (“MOP”)

to the Montreal Protocol (see Table 6 below).

Depending on the type of destruction facility trensported ODS can be either pumped into a
holding tank, sucked directly out cylinders intosttaction, or destroyed directly from the
container it arrives in. However, before any males destroyed, it needs to be tested with a
gas chromatographer to verify the type, quality ambunt of ODS. Destruction itself can use
any of the technologies approved by the MOP, ag Esdestruction efficiency is 99.99% or
higher.

According to Piani there are approximately 300 riedrdestruction plants in Russia, which
also include facilities that are used for destrgyanvariety of chemical waste and toxics.

BOX 5. Destruction of ODS from household refrigerators

Under the destruction scenario the municipal wastenagement site would
include a destruction facility. This facility wouldither destroy the ODS
provided from the storage facility of the on-sitraovery unit or destroy ODS
received from external recovery or storage fa@hti The selection of destruction
technology would depend on volume of ODS receieedrgy availability,
investment budget, additional permitting requiretserize of the site etc.

%7 Quote, in US dollars, was for a 3t transport irs&ta ((USD350/1.4)/3000)
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Summary of destruction technology options

The Parties to the Montreal Protocol evaluate gpiave technologies for the destruction of
ODS. TEAP taskforces periodically review and uptfatie list of technologies. The last

review took place in 2005, which resulted in sefmtists for concentrated sources (largely
refrigerant) and for dilute sources (foam ODS)igk bf approved technologies is provided in
the table below.

There are over 150 known ODS destruction facilitiethe world, most of which are located
in developed countries. Russia has 3 facilitiesdmly two plants, in Perm and in Volgograd,
are able to burn CF&5 The plant in Perm is a privately held modern lfigcivhereas the
plant in Volgograd is partially owned by the statel in need of refurbishment/ repairs.

It should be noted that there are a large numbefadifities operating globally for the
destruction of PCBs — some of which are jointlycusr ODS and PCB destruction. There is
global backlog of PCB awaiting destruction so wiiile PCB capacity is technically capable
of ODS destruction, it is unlikely to be widely dable for ODS destruction. But local
availability should always be checked prior to mveistment in destruction technology.

Overall, global destruction capacity currently eed® the demand for destruction, when
accounting for both “low” and “medium” effort bank&s shown by ICE, global destruction
capacity is evenly spread between several developedtries and between technologies. See
Annex 7 for further information.

Applicability
Concentrated sources Dilute sources
Technology Annex A, Halon Foam
Gp. L (Annex A,
Annex B. Gp. IT)
Annex C.
Gp. I
Destruction and removal efficiency (DRE) 99.99% 99.99% 95%
Cement kilns Approved | Not approved
Liquid injection incineration Approved Approved
Gaseous fume oxidation Approved Approved
Municipal solid waste incineration Approved
Reactor cracking Approved | Not approved
Rotary kiln incineration Approved Approved Approved
Argon plasma arc Approved Approved
Inductively coupled radio frequency plasma Approved Approved
Microwave plasma Approved
Nitrogen plasma arc Approved
Gas phase catalytic dehalogenation Approved
Superheated steam reactor Approved

Table 6 List of approved ODS destruction processestechnologies

% The list of eligible technologies is presentegéation 3.1. of the 2006 Montreal Protocol Handbook
at ozone.unep.org/Publications/MP_Handbook_2006.pdf

% piani

40|CF International, 2008, "Study on the Collectimd Treatment of Unwanted Ozone-Depleting
Substances in Article 5 and Non-Atrticle 5 Countries
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Meeting specific ODS methodology requirements

Destruction Facility Emissions and Operating Parameters

Data/Parameter

Notes

Quantity of ODS received at destruction facility

Summary report, for every shipment of material
designated for destruction. Facility must check
in each cylinder or tank, or in the case of
intact foam, each bag. Inventory tag will be
attached to every cylinder at time of receipt,
each cylinder will be weighed and checked
for leaks, and cylinders will be sampled to
verify that ODS matches delivery
documentation. Samples should be analyzed
by US EPA methods 5030 and 8240, or
equivalent methods.

Cylinder inspection

Inspection report to identify each cylinder and
determine accuracy of identifaction labels, and
physical condition and integrity.

Quantity of each ODS fed into destruction unit

Measured with scales at ODS source, at point
of transport, at destruction facility, and mass
flow meters at input to destruction unit

Method and frequency to calibrate scales used to quantify
0oDbs

Conform with NIST or equivalent standards

Molecular composition of ODS fed intro destruction unit

Measured by gas chromatograph or comparable
instrumentation

Destruction efficiency*!

Measured on an annual basis at minimum with
mass flow meters at destruction unit outlet
(stack) or other operational parameters,
measured on a periodic basis, as specified
under EPA regulations (40 CFR 63.1209 and
63.1211) or comparable standards

41 please see section 6.1.4. in "May 2005 Task Feepmrt on Foam End-of-Life Issues” for a

discussion on destruction efficiency calculationfimms.
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Monitor and record following parameters:

+ ODS storage tank weight, pressure and temperature

+ ODS feed rate

* Residence time for ODS above 8500C

+ Oxygen content in flue gas

+ Gas temperature in combustion chamber

* Flue gas flow rate

+ Feed rates of any consumables to facilitate the destruction,
such as water, steam, air, oxygen, argon, acid and caustic
solutions

Gas temperature and the exhaust gas and
effluent pH value and flow rate monitoring
system shall be continuously monitored and
calibrated on a daily basis and meet the
performance specifications of the associated US
EPA measurement method. For the purposes of
this standard, carbon monoxide must be
continuously monitored. For the other pollutants
listed below, the frequency and method of
sampling shall be conducted based on standards

* Reaction zone pressure and temperature

+ Coolant temperature and flow rates

+ Air flow, steam pressure and temperature

* Exhaust gas flow rate, pressure and temperature to
scrubber/stack

* Scrubber pressure and temperature

« Effluent solution pressure and temperature, pH value and
concentration of chloride, fluoride and bromide salts in the
solution

+ Concentration of carbon monoxide, NOx, and dioxins
(PCDD and PDCF) in exhaust gas

established by national regulatory agencies or
ISO standards. The destruction facility shall have
the mechanisms that will automatically cut-off
the operation of the unit and feed system when
whenever:» The temperature in the reaction
chamber is below 2300 F operating conditionse
The required minimum destruction conditions
stated in the performance specifications cannot
be maintained.The destruction facility shall meet
the emission limits for dioxin, acid gases, CO,
and particulates specified by the UNEP TEAP
Task Force on Destruction Technologies

Electricity consumption for the project Emission  from  electricity  consumption
associated with the project need to be accounted
for in project emissions. This is done by
multiplying the quantity of electricity consumed
with the emission factor (t CO2e/kWh) of the
grid.

In case process energylelectricity is sources
from a captive power plant the emissions from
power production need to be accounted for in
project emissions. The emissions are calculated
by measuring the heat content of the fuel
consumed in the plant and calculating the
emissions by multiplying the volume of fuel
consumed with an emission factor (t CO2/MJ
and an oxidation factor (99.5%)

Type and volume of fuel used in process by the project

Heat content of fuel consumed for the project

In addition to the emission sources listed in tifele above the project also needs to account
for fugitive ODS (although assumed insignificantoed® destruction efficiencies above
99.99%) and CO2 formation during the ODS destracfoocess. The EOS Methodology
specifies the measurement of CO2 emissions thalt fesm the carbon in the ODS reacts to
form CO2.

From the table above it is clear that the measunéraed testing requirements prior to and
after ODS destruction are highly rigorous to endutkeconfidence in the volume destroyed
and the destruction efficiency of the process. Feomproject development point of view a
reduced need for measurement and testing reducss @b it can be done without
compromises to quality. A potential benefit of ab®management and destruction project at
a municipal waste management site is that ODS at@le, consolidation and storage can take
place on one site. This not only simplifies projedgsign but reduces possibility for
inadvertent emissions from leaks during transpioratHowever the counter-side to this is
that by relying on ODS from domestic refrigerattivs volume and quality of supply is highly
unsecure in the beginning of the project.
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Cost estimates

The costs of destruction of concentrated source&df is quite well-established. The TEAP
Task Force on Destruction Technologies reported20602, costs for CFCs in the range of
€2.1-3.6/kg and for halons around € 5/kg. TEAPnestes from 2009 are slightly higher at
€3.5-5 but constant across various project typ@k. found? that ODS cost range between
€1.4 — 9.3 per kg of ODS, with an average of royglal/kg.

Syntez in Russfd provided a cost estimate of €2.1-2.5/kg ODS, Whiscclearly lower than
TEAP estimates. However, the disposal of the CF@sldvbe carried out at a thermal toxic
waste treatment plant of “TechEnergoChimprom” anid not clear to what extent this plant
meets the destruction requirements listed above.

The above costs relate to the cost of destructicexiating sites. Costs for new destruction
infrastructure are not included in the above desitvn cost. A new destruction facility is a
significant investment with costs starting at aré0.5 million.

Destruction technology Cost Destruction capacity
Plasma arc (Australia) ~€ 1 million | 65kg/hr

Catalyst dehalogenation ~€250.000 | 6kg/hr

Superheated steam reactor ~€360.000 | 25kg/hr

Microwave plasma ~€45.000 2kg/hr

Table 7 Investment cost for selected ODS destmétichnologies (ICF, 2008)

In some cases, modifications to existing manageraadtdestruction facilities may be the
most efficient alternative. ICF reports of upgradst of €35.000 for upgrading a cement kiln
for ODS destruction. Piani states an expected tolygy upgrade and certification cost of
€0.2 — 1 million for existing plants in Russia.

In some cases, even for modern plants, the ODSudésh monitoring poses a problem. In
recent discussions with a rotary kiln destructiacility NEFCO e.g. found out that measuring
the efficiency of foam incineration after the foluas been crushed with the fridge frame in an
air tight crushing chamber is unlikely to meet thecuracy requirement of destruction.
Similarly, determining the total destruction eféiocy from exhaust gases can pose a problem
for sites incinerating multiple types of waste. Hificiency of CFC destruction would require
that the feed of any other chlorinated or fluorathtnaterials is halted, which is practically
very difficult. Feeding only CFC into incinerati@t the waste incineration site would breach
limits for exhaust gas cleaning process.

Key viability criteria

= The main purpose of the destruction step in thessiom reduction project is to
provide clear proof what has been destroyed antditsruction has taken place.

= Process measurement and monitoring is as impaaatiie actual destruction. Poor
measurement can jeopardize the whole emission tiedyaroject.

= A new facility is a better solution than an reftiiéd old plant for ensuring accurate
process measurement and control

= Cost of destruction technology varies substantifllit presents a high investment to
be based on a voluntary carbon project alone.

42 Appendix E in “Collection and Treatment of Unwaht@zone-Depleting Substances in Article 5 and
Non-Article 5 Countries” atvww.ozone.org/Meeting_Documents/oewg/28oewqg/ICFd$ton-
Unwanted_ODS-E.pdf

43 personal communication between Yury Treger andahtusidin Ahmadzai (NEFCO) January 21,
2010
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= The cost of destruction is fairly predictable whmsrét is also the most “predictable”
cost item in the ODS destruction chain.

= Destruction usually represents the largest compookthe direct GHG emissions
caused by the ODS destruction project.

= Minimizing energy plant energy consumption will irase the amount of emission
reduction credits generated under the methodology.
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SECTION D: VIABILITY OF ODS MANAGEMENT AND DESTRUCT ION PROJECTS

Aggregated cost estimates

Cost of ODS management

The above sections have provided an overview ofatfteons required to undertake an ODS
management and destruction project for the purpo$eseating carbon credits. The table
below only cost estimates on select project tyfssed on the aggregated data average
refrigerant management cost would start aroundktgéhd potentially increase to 28€/kg.
Foam management, as explained above, is markedhe rexpensive due to the higher
recovery costs. Average foam management costs tattl around 26€/kg and be almost
twice as high in some projects.

Information obtained from Russia suggest signifigatower ODS management cost. Both
Russian cost estimates for management of refrigar@iess than 10€/kg, or almost 50% less
than the estimates based on industry averagesisTliigly due to the fact that collection and
recovery costs embedded in the acquisition coftuté ODS (as assumed by both projects)
are not priced on a “sole” ODS basis. Instead thet ¢s included in the service cost of
maintaining old equipment. Similarly, a collectioosts that can be embedded in broader
waste management programs are likely be more paowgetitive.

ODS type Acq. Collection Recovery | Transport Destr. | Total
(€/kg ODS)

Refrigerant -/ 4371 16,4 - 26,5

domestic

Foam / 43-72

domestic 14-25 43 1 001- | .o ¢ 26,1 -444

Refigoran s3-71 |1 |00 17,8-279

Foam / 57-86

commercial 14-25 2,5-458
41

Syntez!  quote | ; 4 0083 | 2125 | 93-9,7%

(refrigerant)

Piani

(refrigerant) 37 2 ! Al

Table 8 Cost of ODS management (in €/kg ODS)

Management and destruction cost in CO2e

For the purposes of converting the above cost9Q@elt TEAP has estimated sector-specific
average GWPs of the recovered Ob%or the sectors in table 9 the estimated GWPs are
1932/2856 and 2772/4142 for commercial and domestiigeration in developed/developing
countries respectively. This is a conservativeneste considering that the GWP of CFC-12 is
10900. The highest average GWPs can be found imtigle A/C sector where GWPs are
over 7000. In the same report TEAP estimates the-&fivalent cost of the ODS
management process to be €6,4 — 8,8/t CO2e in@@selcountries and 10,3 — 11,4/t CO2e
in developing countries.

Table 9 converts the cost estimates from tablet® @O2-equivalent average costs, i.e. the
price, in €/t CO2e needed from the voluntary carbwarket to cover the cost of destruction.

* The quote also included an arrangement fee / aglimative cost of 20% of total cost, which has not
been accounted for here

5 See pages 44-45 Initp://ozone.unep.org/teap/Reports/TEAP_Reporisfteaober-2009-
decisionXX-7-task-force-phase2-report.pdf
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The table clearly illustrates the cost benefit alely destroying high-GWP refrigerants; the
unit cost for destroying pure R-12 or CFC-12 imnffigantly lower that the average cost for a
domestic or commercial refrigeration unit. The idged cost are as low as 1,15 and 1,5 for
the two examples.

ODS type Total cost GWP Average cost (€/t CO2e)
(€/kg ODS)
Refrigerant only (CFC-12) 16,4 -26,5 10900 1,5-2,4
Refrigerant / domestic 16,4 - 26,5
Foam / domestic 26,1-44/4 4142 4-107
Refrigerant / commercial 17,8-279
Foam / commercial 275-458 2856 =1
Syntez* quote (refrigerant) 8100
9,3-97 (Quote R12) 1,15-1,2
Piani (refrigerant) 6-10 4142 1,4-24

Table 9 Average cost of ODS management and a@simin CO2-equivalent

It should be noted that all cost estimates areasegross destruction, i.e. emissions related
to the management and destruction process itselfnat factored into the calculation, as

required by the methodology. The calculations atd@ no account of the fact that carbon

finance is typically recovered after the emissieductions are achieved. l.e. the flows of
revenue from carbon credits only accrue to thegetajeveloper once the emission reductions
have been verified and the carbon credits trareder the buyer.

Project Description Project Size Total Project Cost | Carbon Credits | Break-even Carbon
(thousands of Generated Market Price
Uss)t (tCOe)¥ (US$/COze)
Refrigerator Collection:" | 4 50 ynts collected $151 3599 $41.96
Collection of CFC-containing
refgerators, and recovery | 10,000 units collected $426 35,990 $11.83
and destruction of CFC-12
refrigerant and CFC-11 foam | 100,000 units collected $3.173 359,900 $8.82
Bulk ODS: Destruction of | 5 tonnes destroyed $124 5450 $22.72
stockpiled CFC-12
1 tonne destroyed $127 10,900 $11.67
10 tonnes destroyed $187 109,000 §1.72
Large AC Units: Recovery o
and destruction of CFC-12 | | o Per system/iacilty $132 10,300 $12.13
refrigerant from large 1,000 tonnes per system/facility §11,810 10,800,000 $1.08
stationary AC units
10,000 tonnes per system/facility $117,011 109,000,000 $1.07

Table 10 Break even of ODS projects (from ICF, 2@033)

ICF used the same GWPs to calculate sector spesificage CO2e-costs and found that the
abatement cost for refrigerants from domestic gefiation was €4,3 — 5,7/tCO2e, for foams

€6,5 — 9,3/t CO2e. The lowest costs were found aila A/C systems where the abatement
costs were as low as €0,7 — 1,4/t CO2e. Industdfiigeration presented another cheap

abatement opportunity at a cost of €2,1 — 3,6/t €QCF then further tested the impact of

project size on the required break-even price cdrdon credit. These results are reproduced
in table 10 above.

Table 10 above illustrates the benefit of scal®bBfS management and destruction operations
and also highlights the vast differences in codtvben project types. At current exchange
rates the break-even carbon market price for refaigr collection is anywhere between €6-
30/t CO2e depending on plant size. For destruaifoBFC-12 from large refrigeration units
the break-even price could be as low as €0,75/teC0O2

46 Russian Scientific Research Engineering Centeyr{tesx”)
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Market Demand for ODS credits

Assumptions on future prices for carbon creditsarentegral component of evaluating the
potential of financing ODS management and destroctiith sales of carbon credits. This
segment looks at expected future prices of volyntarbon credits and discusses quality
aspects between ODS and non-ODS based emissiontimedufrom a buyer’'s perspective.
Up-to-date price projections are compare against ¢bst of ODS management and
destruction reported above. For an exhaustive aizabf the viability of carbon financing for
ODS4§nanagement and destruction please see ICFEstregport on the subject to the World
BanK'.

Price expectations,

Projections on future carbon prices, are typicadéipicted in a forward price curve. A forward
curve illustrates the market's aggregated view ow lthe price of an asset will develop. In
liquid markets forward pricing is widely availablelowever, as price projections become
longer, e.g. 2012-2020, forward pricing even fomptiance credits such as EU ETS EUAs
and CERs' becomes highly speculative. Commodity forward esrtypically can only be
relied upon for any meaningful information 2-3 yeéorward. The task becomes even more
speculative when forecasting prices for voluntagdds, due to the diversity of standards and
quality of projects, lack of defined demand or mated on buyers, little transparency in
existing transaction volumes and prices, and coatpar lack of any regulatory framework.
There are very few independent forward curves f@U€, and established market surveys
such as New Carbon Finance's State of the Volur@arpon Markets 2009do not venture
into forward price projections.

Figure 2 below draws a crude forward curve basedsdnprices from a basket of voluntary
market project® and assuming a long-term cost of carrgf 4%. This forward curve,
depicted in blue the figure below, is a rough eation of prices asked for renewable energy
based Voluntary Carbon Units. Methane projects famestry projects have been omitted.
The blue line depicts real ask prices for creditages 2006 — 2009 and the dashed blue line
represents the forward curve.

47 http://siteresources.worldbank.org/INTRES/ResouResearchAbstractReportFY-08-09.pdf

“8EU Emissions Trading Scheme Allowances and Cettifimission Reductions

49 http://carbon.newenergyfinance.com/?p=list&t=NCFvdads&id=104qregistration required)

%0 Evolution Markets, weekly VER prices 29.01.2014219projects per vintage in 2006-2009

®1 In-line with numerous long-term price forecasts\arious global carbon markets including CDM
(see e.g. "Chapter and Verse: EU ETS Rules for ERR/Use Beyond Copenhagen”, Deutsche Bank
Global Markets Research, November 16, 2009)
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Commercial
refrigera-
tors

Domestic
refrigera-
tors

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

= Ask price VCU (renewable) = = Bid price (-30% estimate)

Figure 2 Forward VCU price curve and ODS destructamst levels (green, yellow and red)

Prior to making any conclusions from the above giidormation, one should note that the

voluntary carbon market in its current form is aybr's market”, meaning that price levels

are more likely to be set by demand than supplys irtiluences pricing in that closing prices

are likely to be closer to by buyer's bids rathkart the ask-prices in Figure 2 above.
Independent data on bid-ask spreads for the valumiarket is largely unavailable, but we

estimate bid prices to be -20 — 30% lower thaniphbt ask prices. Figure 2 also includes a
price curve for a hypothetical -30% bid price (degkl dashed curve).

Based on the depicted curve, forward VCU pricesildiaemain anchored within a rough

price band of €3 — 5.5 in the 2010- 2012 timefraamal then gradually increase to €4.5- 7 in
2016 -2019. Given that voluntary market demand d$ lmased on regulation, rather on
individual buyer’s perceived utility value of an esion reduction, we would deem the price
forecasts highly speculative. In addition, the wibéury market is also prone to large bouts of
supply from CDM projects (“pre-CDM VERS”) as a résaf delayed registration of projects.

Figure 2 shows that ODS management and destruotists for pure refrigerant destruction in
Russia ih greer) are lower than the ask prices for VCUs. Managgmed destruction costs
for domestic fridges start at €i (yellow), or around the same level as the ask price fibrol
VCUs. Commercial refrigerant destruction cost begfimround €6if red), at a higher level
than today’s VCU prices. The illustration showstttiee cost of destroying (only) refrigerants
appears to be below the price of a VCU, making prigect type likely most feasible for
financing through carbon credits. The cost of dgstrg ODS from household refrigerators
appears to be roughly within the higher price bauies for VCUs.

Finally, and importantly, it should be noted tHa¢re are potentially vast differences between
the pricing of ODS destroyed under VCS or CAR. CRicduced under CAR, in California,
including ODS destruction, embed a “pre-complianakie’®, and are therefore expected to

52 pre-compliance credits are emission reductionsateaexpected to meet the requirements of future
regulatory frameworks. For instance, a CRT, itigeeted, can be used against future regulatorgtsrg
under a US state- or federal cap & trade system.
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trade on a higher price level than VCUs. Bid pritder Californian CRTs range between
$5.7-8, or €4-5.75t CO2e. Non-Californian CRTs ¢&ratla $2 discount.

Quality considerations

ODS management and destruction project developergld also be aware of the impact of
“quality” on pricing voluntary emission reductionklnlike, regulatory credits, voluntary
market reductions do not provide a standard utiliglue to holders (i.e. use against
compliance targets). This means that buyers’ stibgqreferences and interpretation of
“quality” are the key determinants of demand foluwmbary credits. In this context, the
voluntary market buyers have traditionally favopgdjects with high “visibility”, “pr value”
and ones that are easy to communicate to stakesolie a result, renewable energy- projects
have been the most favored project type in thentahy market. This is clearly illustrated in

Figure 3 below.

Emission reduction credits represent a new profaiegory in the voluntary market.

Industrial gas projects have featured very sparselyoluntary carbon transactions. This
further reduces the resolution of price projectifmrscarbon credits from ODS management
and destruction projects. The strength in ODS-basglon credits lies in the fact that the
projects are by-and-large only driven by the rewsnfsom sale of carbon credits and the high
level of verifiability of the management and destion process. Both facts increase the
perceived environmental “quality” of the reductioriEhe main drawback of ODS-based
reductions is the relatively unattractive projebtu@cteristics for the purposes of marketing
the emission reduction activity or promoting thsibility of corporate use of such emission
credits. Whether these factors have a net-negativeet-positive effect on the price of an

ODS-based carbon credit versus other project tsgm@gins untested in the voluntary market.

5
45%
Mixed/ Mot Specified

20 W Fugitive Emissions

Geological Seq.

B Fuel Switching

Energy efficiency

MICO.E

o

®industrial Gas
Methane
W ForestryiLand Use

i mRenewable Energy
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. 4% M ovosi 1%
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(incl Russzia)

Latin Middle East| Africa (exc! | MixediMot

A'nFrica (incl Turkey) Egypt) Specified

Source: Ecosystem Marketplace, New Carbon Finance.(1) Based on 335 observations

Figure 3 Project types in observed voluntary cariboeerket trades

Carbon project cost impact

The development of an emission reduction projecuiig direct expenses to the project
developer. These expenses are not related to theicgh handling of the ODS, but are
incurred as a result of documenting, validatingjfyimg, certifying and registering emission
reductions in the voluntary carbon market. In daddifurther costs may be incurred by the

%3 Evolution Markets weekly price summary, Januarg@é February 5, 2010.
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monitoring requirements set by the emission redacthethodology, if the requirements are
beyond normal operating procedures. The main @isgories are:

Project development costs (optional)These are mainly external consultancy costs
for designing and documenting the project to mietrequirements. Documentation
can also be done in-house if suitable resourcesasaflable. The cost of full
voluntary project documentation is likely to betlire range of €15-40.000 depending
on the size, location and complexity of the prgeth some cases the development
costs can be replaced by success-fees, wherebgoste are only charged if the
project is successfully validated or registerechially the fee would be at least 20-
30% higher in such cases.

Third-party project validation (mandatory). The VCS requires projects to be
validated prior to verification which incurs a mamary cost (but reduces
verification costs). This one-time charge is likéty be around €10-25.000 and is
non-recoverable in case the project is not valilfatgistered.

Annual third-party verification cost (mandatory). A fixed cost associated with
verifying the amount of emission reductions prodlbg the project. Usually around
€15.000 for standard verifications, without excesdiravel or technically complex
projects. Could be higher if verification replace=ed for a separate validation step
(CCX and CAR).

Registry membership fees (mandatory).Most registries charge a nominal
joining/annual fee. This is typically about €500.

Registration and issuance fees (mandatoryAll registries charge fees for issuing
carbon credits. These fees range between €0.035)dad €0.14 (CAR) per issued
credit. VCS also charges an €0.03 administratieeufgon issuance.

In total then the optional and mandatory developgnoests are €40-80.000 plus a variable
cost of approximately €0.08-0.14/t CO2e for registm and issuance. Table 11 below
provides an estimate of the impact of the carbajept development costs on average ODS
project destruction costs. The data shows thatdise of developing a carbon project can be
negligible versus ODS management costs when damegldarge (+10t ODS) refrigerant
projects. For smaller and lower GWP projects thst aj the carbon development project
could double the break-even point for the projetitshould be noted that the table below
conservatively assumes a fixed cost of €60,000aavatiable cost of €0,1/t CO2e.

ODS type Average Impact of carbon credit
cost (€/t| GWP developmeni costs (in€/t CO2¢e;
CO2e) 5t ODS | 10t ODS | 20t ODS

Refrigerant only (CF-12) 15-24 1090( 1,02 0,6& 0.37

Refrigerant / domestic 4-10,7 4142 2,98 1,55 0,82

Foam / domesti

Refrigerant / com_merual 6.2-16 2856 43 22 1,15

Foam / commercial

7 -
Syntez? quote (refrigerant) 115-12 8100 1,58 0.84 047

(Quote R12)

Piani
(refrigerant

14-24 4142 2,98 1,55 0,82

Table 11 Estimated impact of carbon development@sODS management projects (in €/t CO2e)

% Russian Scientific Research Engineering Centeyr(tsx”)
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Summary views on the viability of ODS projects

The voluntary carbon market represents a poteati@hue for funding ODS management and
destruction in the absence of legal or other markantives. The high GWP of ODS mean
that their destruction can generate large voluniesadoon credits. In very simple terms, the
destruction of 1 tonne of CFC-12 with a GWP of D0,%ields 10,900 carbon credits.

However, in reality the carbon economics of ODS agament and destruction are influenced
by a number of other variables.

First, the total amount of reductions is measuregdirst an emission baseline that is

constructed to represent the emissions in the absehmanagement and destruction. The
baseline needs to account for such facts as emss§iom replacement technologies, leakage
from appliances and natural mitigation of ODS. A®sult the baseline emissions could be as
low 50% (landfilling of building materials) of thetal embedded ODS in the targeted supply
stream. The choice of baseline has the biggestesingpact on the carbon economic of an

ODS project. In general baselines for refrigeramts more attractive than baselines for foam
and halon.

Second, the total emissions are also influencethbyemissions from the management and
destruction project itself. This means that thah$iport emissions, leakage, emissions from
fossil energy consumption and electricity consumptire deducted from the total volume of
emission reductions.

Third, the emission reduction quantity is diredthked to the verified volume of destroyed
ODS. The emission reduction methodology puts afatmphasis on the completeness and
accountability of the monitoring system. Any depegs from the approved monitoring
protocol would lead to the application of a defaadhservative value or, at worst, rendering
the project ineligible.

However, this also means that project design aadnihg can alleviate a number of concerns;
project type selection influences baseline, ODSbugpource influences quality and volume,
and plant design influences recovery and destmictists as well as process control.

The sections above presented the cost of a carvduction from an ODS project to be
anywhere between €1.2- €6.4 for pure refrigeraofegpts and up to €16 when foam collection
and destruction is included in project design. Carimg these figures with the existing and
projected voluntary market prices in Figure 2 satgehat projects at the lower end of the
cost scale should be viable for financing destamctihrough the voluntary carbon market.
This view should hold true also when factoring lire tcost of carbon project development
from Table 11, which adds a variable cost factat thecreases as the size of the project and
the GWP of the ODS increases.

The above pricing would, initially, favour primgrilODS management and destruction
projects that can utilize low-cost waste streammsdDS supply and only focus on recovery
and consolidation (with destruction taken placeeemlly) or projects that destroy (using
external capacity) existing low-cost stockpilegy. dow-quality or contaminated ODS from
service networks.

However, the best way of improving the viability afi ODS project is to integrate it with
other services or waste management processes. witiseduce the cost of collection,
transport and storage, and in some cases also emcoln short this implies that the
economical evaluation for e.g. destroying ODS afrdegrated waste management plant is
vastly different than the “in-situ” ODS managemant destruction projects discussed above.
This is particularly important when considering theestment cost of a new recovery and/or
destruction plant. The payout from carbon credike$ place ex-post, i.e. after the reductions
have been verified — thereby being mainly suitdlole covering operational costs of the
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facilities (assuming they are not bankable in adeato reduce cost of finance). This means
that financing a greenfield recovery and/or destomcfacility will be very difficult in the
absence of any other revenues. Integrating the @RBagement and destruction facilities
into a larger investment will reduce the investmeugt, lower the ODS destruction operating
costs and diversify the future revenue potentidhefwaste management site.
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ANNEX 1 - Key background assumptions

ODS in Russia

As part of its exploratory work on ODS managemart destruction opportunities in Russia,
NEFCO commissioned a study on the state of ODS lmaakagement and availability of
domestic ODS destruction options in 280%ome of the key finding from this work are
summarized below and form the basis for the assustegd of ODS bank management in
Russia.

Legislation and ODS bank management

Current legislation prohibits venting of ODS in Rigs however, there is little information of
how this prohibition is sanctioned. Legislation paging ODS bank management from small
units (e.g. household refrigerators and car aiditmmers) is lacking. Similarly, there are no
incentives to promote the collection and propepalal of household refrigerators at end-of-
life. The Russian Ministry of Natural Resources &uology has indicatéfithat an emerging
need to align Russian waste management practicds thve European Union’s (Waste
Electrical and Electronic Equipment Directive (WEBEective) will provide a new incentive
to collect and manager household refrigeration &astand enable a more centralized
approach to managing ODS banks. This could e.@ tlaé form of public/private collection
programs under which retailers and municipalitiesrkwto develop programs to collect
unused equipment and/or equipment in use througtppliance swapping-program.

In the absence of regulation, there are no ap@iateemanufacturing facilities in Russia to
process refrigeration equipment. The managemer®D$E therefore faces three primary
obstacles in Russia: 1) there is no policy to eregel centralized management of white good
waste, 2) there are no facilities to de-manufactefegeration units and, 3) there is no policy
to mandate the capturing of ODS from refrigeratioits.

Nevertheless, given that refrigerants have a re-salue , there is commercial interest in
collection programs for ODS from large refrigeratianits retired from hotels, grocery stores,
and restaurants etc. Under such programs refrigerare removed on site by trained
technicians, and CFCs are topped-up or replacddamitalternative refrigerant. Any collected
ODS are by-and large stockpiled at private serwieaters for industrial refrigeration
equipment. ODS from these stockpiles are eithersest or leaked over time. So unlike small
household refrigeration units, where emissions floDS banks are broadly dispersed, the
industrial refrigeration sector, to some extenfeisf more concentrated sources of ODS due to
an established network of refrigeration technicians

ODS destruction facilities

In addition to the lacking infrastructure descritsabve, Russia currently possesses only few
ODS destruction facilities that are accessible amdilable for destruction of privately
collected ODS. As highlighted in Piani’'s study, thalk of current existing facilities (over
300) are not specifically designed for CFC destomctut rather for destruction of toxic
waste, chemical and military stockpiles. This ddesrowever, mean that ODS management
and destruction is not technologically possiblet imply that an ODS management and
destruction project would be of secondary imporéaatthese facilities as their operation is
geared to other businesses.

%5 Gianguido Piani (2009) “Final Report: Bulk ODSleation and destruction in Russia, project
proposal and critical aspects”.
%8 NEFCO discussions with Andrey S Peshkov
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Barriers

The Multilateral Fund lists a number of general obstacles to ODS redudti both Annex 5
and non-Annex 5 countries. These include e.g. tdalegulatory frameworks, technical skills
and logistical complexities. Any ODS management @estruction project in Russia similarly
faces several barriers to implementation, above lE@nd cost considerations. Section C
below will make the following assumptions aboutrleas for the collection and destruction of
ODS banks:

* First, there are no regulatory incentives or pofirggmeworks is in place to
support a broad-based and centralized collection ofd household
refrigeration equipment;

e Second, there are no regulatory incentives or slido mandate the
collection of ODS from household refrigerators,usttial refrigerators and
mobile air-conditioning units.

e Third, industrial ODS collection takes only place purposes of servicing
old equipment only.

* Fourth, lack of a refrigerator recycling/demanutaictg facility in Russia,

e Fifth, current ODS destruction facilities do nobpide a technically, legally
and commercially viable alternative for managemantl destruction of
collected ODS.

e Sixth, designing the project around re-injectionGidS from refrigerators
into transport cylinders locally was deemed an asifde option for the
pilot project, because foams would be left outsitle project and
refrigerators would not be recycled.

e Countries undertaking ODS management and destruciéed the proper
tools and access to the infrastructure to colteahsport, store, and destroy
the ODS. The process for developing this infrastmeccan be significant,
presenting a barrier for some A5 countries.

e For countries without domestic management and wgsin facilities,
shipping ODS to another country for destruction rhaythe best option. In
some countries the logistical and legal complexitef shipment may
present a barrier

The existence of any such barriers must be vergieat to initiating a project.

Cost estimates

In the absence of regulatory obligations to des®@®S, the main driver for investing in the
collection, storage, transport and destructiorhés économical cost/benefit of selling carbon
credits based on the GHG equivalent of the destr®BS.

The guide will base this cost/benefit analysistifiroon the cost of destroying the ODS
according to the pre-requisites in the chosen nuetlogy. The manual will provide a
summary of costs associated with each step of tieagement and destruction process based
on recent public estimates (e.g. TEAP, ICF). Thet estimates will be provided as a range,
with a more specific elaboration of refrigeratoojects.

5" Multilateral Fund. 2008. Study on the Collectiordareatment of Unwanted Ozone-Depleting
Substances in Article 5 and Non-Article 5 Countries
http://ozone.unep.org/Meeting_Documents/oewq/28d¥q Study on-Unwanted ODS-E.pdf
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It should be noted that cost estimates are typicategorized according to the level of effort
to recover the ODS (see above). Given the mani@diss on “low” effort project types, the

cost estimates will also be for low-effort projagpes. By focusing on “low” effort cost-

estimates the cost levels are thereby primarilliegiple for collection of ODS in densely
populated areas/regions.

As a result, the cost estimates provided in thegshould provide a benchmark carbon price
range, in €/t CO2 equivalent, that would be neddefihance ODS destruction. It should be
noted that the cost estimates are provided as -stan@ generic estimates and should
therefore only be used for initial guidance in istveent analyses. The cost estimates do not
include any cost benefits from integrating an OD&agement and destruction project with
an existing waste management project. For instatiee,cost of collection of ODS from
household refrigerators would likely be lower for iategrated municipal waste management
practice than for a stand-alone ODS recovery arstragtion project because the ODS
collection and transport costs would be part-codefis by municipal waste management
handling fees.
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ANNEX 2 - Background information on methodology

The chosen methodology has been developed by EG@8ate]l a US-based company
specialized in producing high-quality carbon offs¢tirough the destruction of ODS. The
EOS ODS methodology was written to the ISO 1406de@house Gas International Standard
and has undergone an extensive expert review stndexpert€. The methodology can be
used both in the regulatory and voluntary carbonketa. In December 2008 EOS submitted
its methodology to CAR which initiated CAR’s devpinent of an ODS protocol.

The methodology defines potential sources of OD$s&pns and specifically defines the
approach to mitigating these emissions througheptoDDS management and destruction
activities. The main purpose of the methodologtoignsure that project activities will result
in verifiable destruction of ODS in a manner thasults in the creation of GHG credits.
Specifically, the methodology applies to destruttid ODS for which there are no regulatory
controls mandating their recovery and destructiang that would otherwise be emitted
through use and leakage from equipment or througjodal of products, storage containers,
or other materials containing ODS.

Importantly, before any GHG credits can be devalofrem an ODS management and
destruction project, the project must be evaluatedetermine that emission reductions are
voluntary and not the result of any internationagional, national, or local regulatory

requirements. GHG emission reduction activitiesfr©ODS management and destruction
must represent reductions that are achieved outditleose achieved by existing regulatory
drivers. As explained in Section A.2. the startasgumption for pilot projects in Russia is that
ODS is not regulated.

%8 http://www.eosclimate.com/about-advisors.htm
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ANNEX 3 - Common ODS and their characteristics

GAS Ozone Depleting Potential | Global Warming Potential
CFC-11 1 4750
CFC-12 1 10900
CFC-13 1 14400
CFC-113 0.8 6130
CFC-114 1 10000
CFC-115 0.6 7370
Halon 1301 10 7140
Halon 1211 3 1890
Carbon tetrachloride | 1.1 1400
Methyl bromide 0.6 5
HCFC-22 0.055 1810
HCFC-123 0.02 77
HCFC-124 0.022 609
HCFC-141b 0.11 725
HCFC-142b 0.065 2310

GWPs: IPCC (2007); ODPs: UNEP (2009)
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ANNEX 4 - Common ODS and their characteristics

Sector Low Effort Medium Effort High Effort
Domestic Refrigeration — Refrigerant DP SP
Domestic Refrigeration — Blowing Agent DP SP
Commercial Refrigeration - Refrigerant DP SP
Commercial Refrigeration — Blowing Agent  DP SP
Transport Refrigeration — Refrigerant DP/SP
Transport Refrigeration — Blowing Agent DP/SP
Industrial Refrigeration — Refrigerant DP/SP
Stationary Air Conditioning — Refrigerant DP SP
Other Statlona_ry Air Conditioning + DP sp

Refrigerant
Mobile Air Conditioning — Refrigerant DP SP
Steel-faced Panels — Blowing Agent DP SP
XPS Foams — Blowing Agent DP/SP*
PU Boardstock — Blowing Agent DP/SP*
PU Spray — Blowing Agent DP*/SP*
PU Block — Pipe DP SP
PU Block — Slab DP SP
Other PU Foams — Blowing Agent DP/SP*
Halon — Fire Suppression DP SP
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ANNEX 5 — Examples of baseline scenarios for select

project categories
ODS Destruction oDs Baseline Scenario Baseline References
Scenario Destroyed Emission
Rate
1. Destruction of ODS CFCs, 100% eventual emission Halon 1301: EPA
contained in storage HCFCs, 9% per year Vintaging
tanks, cylinders, or halons until full Model (2008)
other containers for discharge
the purpose of
stockpiling for future Halon 1211:
use or for re-sale 5% per year
until full
discharge
CFCs and
HCFCs:
100%
2. Destruction of ODS CFCs, A. Separation and shredding of 61% Scheutz et al.,
contained in insulation HCFCs foam and disposal in landfill (2007a,b);
foam and used as TEAP (2007)
refrigerant in B. Separation of foam and 100% TEAP (2007)
appliances or other recovery/reclaim of blowing
components that are agent to recharge refrigeration or
being disposed air conditioning equipment
Reclaimed ODS refrigerant is 100%
used to recharge other
refrigeration or air conditioning
equipment
3. Destruction of ODS CFCs, A. Direct landfill disposal (no 50% Scheutz et al.,
contained in insulation HCFCs separation of foam from other (2007a, b)
foam in building debris)
materials that are B. Separation of foam and 100% TEAP (2007)
being disposed recovery/reclaim of blowing
agent to recharge refrigeration or
air conditioning equipment
4. Destruction of ODS CFCs, ODS refrigerant is continued to 100% TEAP (2007)
recovered from HCFCs be used in refrigeration or air
commercial and conditioning equipment, or
industrial refrigeration reclaimed refrigerant from
and air conditioning decommissioned equipment is
systems and used to recharge other
equipment. refrigeration or air conditioning
equipment
From: EOS ODS Methodology (2009)
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ANNEX 6 — lllustration of emission sources and boun
Case: insulation foams and appliance refrigerants

PROJECT EMISSIONS

Appliance/Foam Transport
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| |
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Refrigerant Recovery

Demanutacturing
Couipment

| — Manutaciure
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l 4 Technology
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Owned / Project 1
Related S5R
Controlled SR i Bounda

Copied (with permission) from: EOS ODS Methodol@§Q9, p 29-32
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daries for destruction of ODS

PROJECT EMISSION SOURCES

SSR Identifier SSR name Controlled, SSR Description
Related, or
Affected
SSR 10 Appliance Related GHG emissions resulting from collection
Transport and transport of appliances to de-
manufacturing facilities
SSR M De-manufacturing Related GHG emissions that stem from
electricity electricity production and distribution for
the demanufacturing of the appliances,
including ODS recovery.
SSR 12 De-manufacturing Related GHG emissions that are generated from
fuel combustion natural gas, diesel, or other fuel
combustion for the demanufacturing of
appliances, including QDS recovery.
SSR 13 De-manufacturing Related GHG emissions generated during the
Equipment manufacture of the equipment used to
Manufacture de-manufacture appliances
SSR 14 Foam Removal Related GHG emissions that result from removal
of foam from appliance
SSR 15 Foam blowing Controlled GHG emission that stem from
agent recovery separating ODS blowing agent from
insulation foam from appliance
SSR 16 Refrigerant Controlled GHG emission that stem from
recovery recovering QDS refrigerant from
appliance
SSR3 ODS Transport Controlled GHG emissions resulting from transport
of ODS or transport of insulation foam
containing ODS, from collection facility
or storage location to destruction facility
SSR 4 Destruction Controlled GHG emissions that stem from
Facility Electricity electricity production and distribution
needed for desfruction of project
materials.
SSR5 Destruction facility Controlled GHG emissions that are generated from
fuel combustion natural gas combustion needed for
destruction of project materials
SSR 6 Destruction Controlled GHG emissions resulting from the
Facility Emissions destruction of ODS
SSR7 ODS Substitute Related GHG emissions generated during the
Manufacture manufacture of insulation foam and
refrigerants for new appliances.
SSR 8 oDs Related GHG emissions resulting from use of
Replacement new appliances
Technology
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BASELINE EMISSIONS
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Copied (with permission) from: EOS ODS Methodol@pQ9, p 29-32

BASELINE EMISSION SOURCES
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SSR Identifier SSR name Controlled, SSR Description
Related, or
Affected
SSR 10 Appliance Related Appliances may be scrapped (with the
transport foam intact) after removal of salvageable
- - = materials or disassembled (de-
SSRT De n;%ﬁ:i?;mng Related manufa_ctured} with foam put into landfill
SRR De-maniactunng Rolied and refnge_rant recovered for re_fentryto
fuel combustion market. This methodo_logy requires
documentation on which practice would

SSR 13 De-manufacturing Related be the normal baseline scenario in the

Equipment region where the appliances originate.
Manufacture Appliances that are de-manufactured
- would be expected to have a slower

SSR 4 Foam Removal Related release rate of blowing agent (compared
to intact foam disposal) but would be
accompanied by greater energy related
GHG emissions.

SSR 17 Refrigerant GHG emissions resulting from

Recovery and reclamation of refrigerant from

Reclamation compressor and refrigerant lines, and in
some cases, separated from the
insulation foam, back to virgin quality
and transport for subsequent re-entry to
market.

SSR3 ODS Transport Related GHG emissions resulting from transport
of ODS refrigerant and ODS blowing
agent, or transport of insulation foam
containing ODS, from collection facility
or storage location to destruction facility

SSR 18 Foam disposal Related GHG emissions resulting from the
release of ODS blowing agent during
shredding of foam during de-
manufacturing, if de-manufacturing
occurs, and off-gassing of ODS blowing
agent in insulation at the landfill.

SSR 19 ODS use in Related GHG emissions resulting from use of

equipment recavered ODS refrigerant, and if ODS
foam blowing agent is separated from
insulation foam in appliance, the use of
recovered ODS blowing agent as a
refrigerant in refrigeration or air
conditioning equipment.

SSR7 ODS Substitute Related GHG emissions generated during the

Manufacture manufacture of insulation foam and
refrigerants for new appliances.

SSR 8 oDs Related GHG emissions resulting from use of

Replacement new appliances
Technology
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ANNEX 7 — Availability of ODS destruction technolog

. Reported ODS Reported ODS
Category of Operafing X X
Technology Destruction | Destruction
Technology Country . -
Capacity Price
Belgium. Brazil,
Hazardous Canada. Czech
Waste Rotary Kiln Republic, Finland, 40 — 545 MT/year USS4 - 12/kg
Incineration France. Hungary.
Russia. Sweden
[Liquid Injection Hungary, Japan, . o
[ncineration USA > 13 MTyear
Gaseous/Fume _
Japa 2, rear
Oxidation -apan 600 MT/year
[Fixed Hearth Units UsSA
]_vl.ghh\'r'.‘lght Aggregate USA
[Kiln
Destruction Indonesia. Japan
with Cement Kiln S (IECSA 600 MT/year
production )
[Lime Rotary Kiln Japan
. Reported ODS Reported ODS
Category of Operating P X P .
Technology Destruction | Destruction
Technology Country 5 g
Capacity Price
Destruction
Dedicated to [Reactor Cracking Germany 1.600 MT/year
oDs
. 318-6
|Argon Plasma Arc Australia, USA 18 ?00 US$ T'kg
MT/year
[Nitrogen Plasma Are Tapan US$ 9/kg
Mmductively Coupled
[Radio Frequency Japan
Plasma
Microwave Plasma Tapan
|Air Plasma Sweden 100 MT/year
Solid-Phase Alkaline Tapan
[Reactor "
(Gas-Phase Catalytic
¥ Tapa 1S$ 5-7/k
[Dehalogenation “apan Uss ke
Superhe_med Steam Japan USS$ ske/ke
[Reactors
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ANNEX 8 — Specific guidance for trial ODS managemen t and destruction projects in Russia

This Annex lists information that NEFCO requires s pilot projects from stakeholders in ODS cdtien, management and destruction projects. Tha dat
provide by stakeholders will give NEFCO oversightkey details of the management and destructiorwgs® for purposes of internal accounting of related
emission reductions and for further evaluationndbimation needs for project registratiohshould be noted thdbr meeting the requirements of a voluntary
carbon market ODS methodology the pilot projectdnte complement the information below with the strgtion requirements defined in sectioh The
purpose of a trial project for NEFCO is to test tbgistical chain for sourcing, transporting andtideying ODS in Russia and to document this usimgaow
scope for monitoring project parameters .

For project developers, this annex is intendedetaised as a first benchmark for the creation diaacredits Specifically, items 1-5 in the table below lidiet
set of information needed for choosing a suitab&hmdology and enabling the certification and regison of carbon credits. The information collettn the
basis of the list below is best usable for projeletstroying primary/bulk ODS, but is also applieatd other project types.

The measured and reported information should biéiegby an external consultant to provide furtkemfort in a trial project’'s performance parametéisr
completing a full registration of the ODS projentaccredited independent local or internationaifieation or certification agency must be used.

Information requirements for trial ODS collection and destruction projects in Russia

Requirement Action Measurement
1. Supplier data aName and location of supplier of ODS Supplier data
b. Source of ODS (equipment type, location(s)) Suppkeords
c. Name of company/technician supplying ODS (if diéfetrthan 1.a) Supplier records
d. Year(s)of recovery Supplier/technician records
e. Type and amount of refrigerant used to replaceXbs (if applicable) Supplier/technician records
2. Determination of the type of ODS a. Take gas samples from each cylinder Gas chromatographer
b. Determine gas composition and ODS type Gas chromatographer
c. Determine level of impurity of ODS (% contaminants) Gas chromatographer
3. Weight/volume of ODS aDetermine the type (model) of cylinder used Mantifegr data
b. Determine the dry (empty) weight of cylinder used arMfacturer data
c. Measure weight of full cylinder at storage facility Measured at site
d. Label and seal weighted cylinders (ODS, weight) Measured at site
e. Ensure cylinders are not leaking/faulty Tested on site
f. Determine the model of scales used to measuredgyfODS Operator data
g. Determine the method and frequency of scale caidra Operator data
h. Measure the weight of full cylinder at the destiarctfacility Measured at site
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Information requirements for trial ODS collection and destruction projects in Russia

Requirement Action Measurement
4. Transport a.Define the mode of transport Supplier data
b. Name of transport company Supplier data

o

5. Destruction

—Ta o

aoop

Calculate the distance between ODS storage sitel@stauction facility

Location of destruction facility

Name of plant and operator

Description current destruction activities

Determine destruction efficiency of facility based mass flow measuremen
at the outlet of the destruction facility

Inspect cylinder seals and cylinder conditionléaks

Measure quantity of ODS fed into destruction unit

Measure molecular composition of ODS fed into esion unit
Determination of the duration of destruction

Estimation of external electricity input for OD®ddruction based on plant
annual consumption electricity.

Estimate of external fuels consumed during ODSrdetson based on thi
annual average heat content of fuels consumed

Measured

Operator data

Operator data

Operator data

Operator data or operator
calculations

Inspected at site

Mass flow meters

Gas chromatographer
Measured at site

Calculated (kwh/t ODS)

Calculated (MJ/t ODS)

" The information provided in the table above omigliides select parts of information required byE@S methodology. Applying the full methodologycleaf the
5 steps above need to be complemented with fudiditer points that need to be referenced, attesteerified. Please see section C of this reporfdbdetails of
the information need. The effort for developingih §cale carbon credit project (including all downtation) would require 150-200 man hours dependinthe
project type and complexity of verifying projecttaa
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