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EXECUTIVE SUMMARY

Viet Namreceived approvah 2014by the Climate and Clean Air Coalition (CCAG@fa grant to

provide anational level inventory of hydrofluorocarbons (HFCs) used in and between 2011 and
2015through the World Bank. Subsequently, thé Reeting of the Partiet® the Montreal

Protocolon Substances that Deplete the Ozone Ltgdr a decision instructing the Executive
Committee of théMultilateral Fund (MLF)to finance surveys on alternativesoimne depleting
substances (ODS)in November 2015, the Executive Committee approved additional funding for
Viet Namto expand the spe of the HFC inventory to include oth®@DSalternatives Hence in

2016, an extensive survey of both HFCs and other alternatives to ODS was undertaken by one local
consulting firm. This report summarizes the findings on HFC usteihnNamat the natioal level

and across sectors. It also provides contextual information, analysis and growth projections.

Viet Namis particularly vulnerable to severe impacts of climate change with its long coastline and
large, lowlying areas, including the Mekong Delta. A World Bank study showed that sea level rise
in Southeast Asia would have the greatest imp@ttNan® s G @ population. With more

frequent occurrences of severe weather, climate change is real. Mitigation and adaptation are
national priorities as reflected in the issuance of four milestone documents, the: i) National Strategy
to Respond to Climate Change;NMational Action Plan to Respond to Climate Change in 2012

2020, ii) National Green Growth Strategy; and iv) National Action Plan for Green Growth in 2014
2020. Among priority tasks set forth by these strategic documents to meet national greenhouse gas
(GHG) emission targets are: raise awareness on climate change; reduce the intensity of GHG
emissions while greening production and lifestyles; reduce GHGs to protect the global climate
through mitigation measures; and develop a low carbon economy.

As a paty to the United Nations Framework Convention on Climate Change (UNFCCC) and the
Kyoto Protocol, as well as the Vienna Convention for the Protection of the Ozone Layer and the
Montreal ProtocolVietNand s environment al pr ot ent particularly a s pi r at
in relation to the climate are clear. This is very much the case with the Montreal Protocol in more
recent years, from 2007 when Decision XIX/6 to accelerate phats# hydrochlorofluorocarbons
(HCFCs) made the link between ozone aimdatk protection explicit tanore recently wittihe

intensive internationalefforts toinclude HFCs under thiglontrealProtocaol culminating in the2016

Kigali Amendment HFCs, which do natleplete the ozone layer, are potent greenhouse gases
(GHGs) that were introduced as alternatives first to chlorofluorocarbons (CFCs) in certain sectors
globally, and then to HCFCs, primarily in developed countriglse amendment provides for a new
Annex Flisting HFCsthatwill be controlled in a similar manner as ODS upon entry into force.

VietNami s an Article 5 country and hence a recipi:¢
( MP Mattilateral Fund for meeting the agreed incremental costéroinating ODS Itis

considered to be a mediwwnlume consuming country (imports of HCFCs were 3,555 MT in 2015).

Viet Namphased out the consumption of CFCs and halon with MLF suipp2€t0 and 2003

respectivelyand in accordance with Decision X6 is well into implementation of accelerated

HCFC phaseout, having met the target of 10% reductions from its baseline in 20éfham must

now eliminate 1,0055 MT of HCFG22 by 2020 in accordance with its Montreal Protocol

obligations of reductionsf HCFCs by 35% obaselinelevels

Montreal Protocol Requirements 2013 2014 2015 2016 2017 2018 2019 2020
Maximum Allowable Consumption (ODH) 221.2 221.2 199.1 199.1 199.1 199.1 199.1 143.8
Reduction Amount (ODP MT) 0 0 22 0 0 0 0 55.3
Vietnam National Quota (MT) 3700 3850 3600 3600 3600 3600 3600 thd
Reduction Amount (MT) 0 0 402 0 0 0 0 1005.5

With the phaseut of CFCs and HCFCs, HFCs have beenintroducedvietoNanb s mar ket as
aternatives and, alongsiddet Nan6 s hi gh GDP growth rate (averagi



two decades), demand for HFCs is rapidly increasing. Although HFCs have zero ozone depleting
potential (ODP), they are potent GHGs and shet climate pollutants.

In 2015, the country wertook a comprehensive HCFC consumption data survey in RAC, the foam
and other sectors for iStage 1| HCF@PhaseoutManagement Plan (HP MPJeparation. The

survey revealed that HFCs are in use in the commercial and industrial refrigeration seateks, as
as for fire protection, chilers and residential@nditioning. The Stage || HCFC Phasat project

was approved in May 2016 by the MLF Executive Committee and wil entail conversion to
predominantly noftHFC alternatives. The exception is the s&ttor where three of the four funded
manufacturers wil convert to HFB2 technology.

TheHFC survey confirms the initial findings of the Stage Il HPMP survey that tig&dson the

rise in Viet Nam Viet Namwas a lowODS volume consuming country in the period of CFCs and
halon, with a consumption under 300 MT after 1998 onwaltisst CFC consumption was in the
servicing sector during theompliance period.However, thatime coincided withvietNand s r a p i
economic development and its manufacturing base in traditional MP sectors was largely established
using CFC alternatives, HFCs and HCFCs.

According b survey resuligenHFCsand HFGblendsareused in the refrigeration and-air

conditioning (RAC)theglass and the fire suppression sectors in Viet Na&he surveywas unable

to identify the use of HFCs as a solvent or cleaning agent in the pharmacy, cosmetics, paint,
electronics, and other sectors in Viet Ndine aerosol sector was found to only adili

hydrocarbons.In addition, no HFCs are used in foam blowing in Viet Nam which was reaffirmed by
the surveysubsequent to an earlier survey conducted on HCFC use in Viet Naamable below
summarizes wherdFCs and other ODS alternatives were fotmteused inViet Nam.

HFC R- R- R-
HFC | HFC | HFC | HFC HFC- R-
Sector -23 | -32 | -125/| -134a 15-2A 227ea 424 427 4i0 507
Refrigeration/AC manufacturing
Domestic refrigeration | X
Commercial /Industrial ref X X X X X
Transport Refrigeration | X X X
Largesize (industrial) ref. X
Air Conditioning X
Chillers X X X X
Mobile Air Conditioning
--cars X
--public transit X
Refrigeration/AC senvicing X X X X X X
Foams
Solvents
Aerosols
Fire Suppression X X X
Other sectors- Glass manufacturing X

Theconclusion from the survey workhich used both a top down and bottam approach to

collect and compile data,wasthat datafiet Namb s Cust oms Depart ment
in terms of quantity of HFCs importedhereas the detailed survey of seven industry sectors
revealed patterns of usage of various HFCs (pure and as blends)

10
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Estimated Annual Use (MT)

HFC 2011 | 2012 | 20138 | 2014 | 2015

HFC

HFC23 0.14 047] 1621 182 0.09
HFC32 . 0.00 000] 1061 3287
HFC125 2.08 258 2.45 2.80 2.44
HFC134a 390.7] _ 487.25] 63867 _ 851.00] 109487
HFC152a 5.12 0.00 0.00 0.00 0.00
HFC227ea 2.95 3.04 2.76 3.74 232
Subtota 400.99|  493.34] 66008  870.87| 113458
HFC blends

R-404A 2605]  57.79] _ 6770] _ 8254] 13815
R-407C 745 18.12]  3129]  2984] _ 78.3
R-410A 9018|  117.68] _ 221.79] _ 306.39] _ 362.04
R507C 1.70 2.09 3.22 242 6.44
Subtota 12538|  19568]  324.00]  423.18] _ 585.35
TOTAL 53537]  680.02] 98408 1204.05 171094

Basedn Customs data, the total amount of HFCs consumed (both pure and blends) in 2015 was
1,720tonnes 64% of this amount wasf HFG134a and 36% was for the following HF&s:

410A, HFC-32,R-404A, R-407CandR-507. Hence 99.6% of the HFCs consumed are for
refrigeration and ACThis is stiking becaus&iet Namstill hasvery large HCFE22 consumptiori
morethan 3,430 tonnes in 2015 (pl@8tonnesof HCFG123). Theoretically, most of the HCFC

that will be fhased out would be replaced by HFCs, given the state of alternative refrigerants at the
moment and the difficulty the refrigeration and@inditioning sectos would have to use
hydrocarbons, H290 andHC-600a at a large scale based on the nature ofNV&tmé s

manufacturing and servicing sectors.

HFC 125 HC 2590 HC 600a HFC 23 HFC 32
% 0.01% 1.51%

HFC 227ea
0.25%

R-407¢c
4.57%

R-404a
B8.02%

Percentage of Importe¢HFCs and hydrocarborin 2015

HFC consumptiormore than triplecbetween 2011 and 2015 according to the survey and Customs

data From these figures, future growth was estimate2030against a scenario of HCFC phamé
according to Viet Namb6bs commit mentisedtotaplet he Mon't
againfrom 2015 levels under this scenario.

11



HCFCs vs. HFCs consumption trend
- /

[ton of HFCs

2000 /
1000 e
0
2010 2015 2020 2025 2030

Year

=—#— HFCs consumption trend in BAU —8—HCFCs consumption trend with Phase out-schedule

However, for a number of reasons, there is a high degree of possibldltyamethe projections.

First, it is important to note thaiet Namdoes not have a licensing system for HFCs and HS codes
currentlydo not allow countries to differentiate among HFC blends, HFOs and different HFCs
making it likely that Customs has rfotly captured all imports Secondthere are impending

market changes, independent of the Kigali Amendrfwitih reduction obligations starting 2024

for Viet Nam as a Group |, Article 5 Party, provided tthet countryratifies the amendmentfat

may accelerate the reduction of certain HFCs of most use in Viet Matably HFG134a for

charging and servicing mobile aonditioning systems in its automobile industry and fi€kitd,

HCFC alternatives that Viet Nam is permitted to introdtlweugh MLF support is imitedo low to
no-GWP alternativesand in combination with a high demand for financial assistance, it is unknown
in Stage Il HPMP implementation to what degree more challenging subsectors wil agree to accept
these alternative$ they are not competitive.

NonethelesIFC emissios areexpected to significantly increase together withtteads towards
increasd HFCconsumption in Viet Nam. According to the results of the syrgsyimated installed
equipment base by subsectnd leakage rates by subsegcémissios from consumption of HFCs
in Viet Nam in2015 is1.8kilotons (ktons) CO,e. The number is estimated to grdw 11.54 ktons
CO,e by 2030under a businesasusual scenario

HFC Emissions Estimat&015-30 (ktons CG&)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

m Domestic refrigerationm Commercial/lndustrial ® Transport Refrigeration
m Air-conditioning m Chillers MAC - Cars
® MAC - Public Transpom Fire Suppression
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Currently, themanagement of all HFGalls under the declaration procasmlerthe Viet Nam
Chemicals Agencygf the Ministry of Industry and Trad®OIT) and CustomsWithout any

additional control measures, annual total import datdFCscan be obtaineffom therespective
databasesf thetwo agenciesnoting againhowever that HS codes are limited to two despite the
many HFCs and HFC blends in the marké&tiese twadata sources wesalfficientin the short term

to provide Viet Nam with information on growth and general market trdndshese alone do not
allow for determination of sector level use of these substances. Moreover, the data revéats that
NamHFC consumption might be underestimated. For example, data from the Chemicals Agency in
MOIT indicated that at least one compatgclared its intent to import two HFEC (hydrocarbon)
blends that could not be identified through the sector surveys nor in Customs reetitds 81d
R-422D (it is assumethrough followup with two key importershat the substances were not
imported)

If the Government decides to ratify the &ligAmendmentit wil be required to establish and
implement a system for licensing the import and export of new, used, recycled lamerc
controlled HFCs under Annexly January 12019. Therefore, th&overnmenimay wantto
consider preparing for establishing such a system when determihiag and whether to ratify the
amendment. This wil allow the Governmetotunderstandmport and usage patterns in tiogure,
establish a realistic and accurbsselineand be better preparedhen controls begirStakeholder
consultaibns under this survey confirmed that a simggstem that is applied to HCFEisould be
introduced tdbenefit from themore than 20 years of ODS phamé& mangement experienc&he
Ministry of Environment and Natural ResourcesQNIRE),V i e t ringlendestationfocal point
for both the MP and thd NFCCC would consequentlpe in charge of proposinguch asystem
working jointly with other ministries, especially MOIT ar@ustoms

13



1. Introduction
1.1. Country B ackground

Viet Namis particularly vulnerable to severe impacts of climate change with its long coastline and
large, lowlying areas, including the Mekong Delta. A World Bank study showed that sea level rise
in Southeast Asia would have the greatest imp@ttNand s G @ population. With more

frequent occurrences of severe weather, climate change is real. Mitigation and adaptation are
national priorities as reflected in the issuance of four milestone documents, the: i) National Strategy
to Respond to Climate Change;NMational Action Plan to Respond to Climate Change in 2012

2020, ii) National Green Growth Strategy; and iv) National Action Plan for Green Growth in 2014
2020. Among priority tasks set forth by these strategic documents to meet national greenhouse gas
(GHG) emission targets are: raise awareness on climate change; reduce the intensity of GHG
emissions while greening production and lifestyles; reduce GHGs to protect the global climate
through mitigation measures; and develop a low carbon economy.

As a party to the United Nations Framework Convention on Climate Change (UNFCCC) and the

Kyoto Protocol, as well as the Vienna Convention for the Protection of the Ozone Layer and the

Montreal ProtocolVietNandb s environment al p ononitnerd, partoutarlya s pir a't
in relation to the climate are clear. This is very much the case with the Montreal Protocol in more

recent years, from 2007 when Decision XIX/6 to accelerate phats# hydrochlorofluorocarbons

(HCFCs) made the link between ozad climate protection explicit to wowith the intensive

efforts made and resulting in the KigAlmendment, which modifies the Montreal Prota@dP) to

include, hydrofluorocarbons (HFCs)

Viet Namis an Article 5 country and hence arecipientofass ance from t he Montr
Multilateral Fund for meeting the agreed incremental costs of eliminating ozone depleting

substances (ODS). Itis considered to be a medalnme consuming country (imports of HCFCs

were 3,555 MT in 2015)Viet Namphased out the consumption of chlorofluorocarbons (CFCs) and

halon with MLF supporin 2010 and 2003 respectivelynd in accordance with Decision XIX/6, it is

well into implementation of accelerated HCFC phast having met the target of 10% reductions

from its baseline in 2015Vietnam musnhow eliminate 1,005.5 MT of HCFE22 by 2020 in

accordance with its Moreal Protocol obligations of reductions of HCFCs by 35% of baseline

levels

Montreal Protocol Requirements 2013 2014 2015 2016 2017 2018 2019 2020
Maximum Allowable Consumption (ODF) 221.2 221.2 199.1 199.1 199.1 199.1 199.1 143.8
Reduction Amount (ODP MT) 0 0 22 0 0 0 0 55.3
Vietnam National Quota (MT) 3700 3850 3600 3600 3600 3600 3600 thd
Reduction Amount (MT) 0 0 402 0 0 0 0 1005.5

In 2015, the country undertook a comprehensive HCFC consumption data survey in RAC, the foam
and other sectors for istage || HCFC Phaseut Management Plan (HP MBleparabn. The

survey revealed that HFCs are in use in the commercial and industrial refrigeration sectors, as well
as for fire protection, chilers and residential@nditioning. The Stage || HCFC Phasat project

was approved in May 2016 by the MLF ExaeeaitCommittee and will entail conversion to
predominantly noftHFC alternatives. The exception is the AC sector wheveral of théunded
manufacturers wil convert to HF@2 technology.

With the phaseut of CFCs anthe early stages of HCFC phasa, HFCs have been introduced

intoVietNamb s mar ket as al tWetMaats vieisg ha n@DP ad roommwtsh drea
just under 7% over the last two decades), demand for HFCs is rapidly increasing. Although HFCs

14



have zero ozone depleting potent@DP), they are potent GH@with hundreds to thousands more
ti meso6é GWP t hamdsbodived dimatecolidants d e

HFCs are used iiet Namboth in manufacturing and in servicing; they are also imported in
finished products. HFCs are expected to be found primarily in the domestic and commercial
refrigeration sector, commercialindustrial -e@nditioning, and mobile atronditioning and
trangort. Currently HFCs are not controlled and bulk import is not tracked

1.2. Overview ofHFC Inventory

The Ministry of Natural Resources and Envir onme
change and MP focal poirbecame more concerned abBiC use inViet Namand how it relates

to its climate mitigation goals in 2014 given the discussions not only in EFheolimunity but
throughthe international climate change dialogue.orderto better understand the current and
future role of HFCs as well ather HCFC alternatives in its economy, particularly gitemecent
HCFC phaseout commitments irthe challenging AC and commercial refrigeration sectansl, in
anticipation of the Kigali AmendmenvI ONRE requested funding frothe Climate and Clean Air
Coalition (CCAC), to conduct a national inventory of HFCs consumed. Subsequently'"the 26
Meeting of the Parties took a decision instructing the Executive Committee of the MLF to finance
surveys on alternatives to ODS. In NovemP@15, the Executive @nmittee approved additional
funding forViet Namto expand the scope of the planned HFC inventory to include other ODS
atternatives.

The main objectives dheHFC inventory alonavereto:

1 Develop a national inventory of HFCs that are imported, usédbanked in Viet Nam;
1 Estimate current and projected levels of HFC use;

1 Report on thedFCdistribution by sector and subsector

1 Calculate equivalent emissions 0De

Theoverall surveywork (including other ODS alternativeg)as undertaken between M2@16 and
February 201'by theViet NamEnergy and Environment Consul@nJoint Stock Company

(VNEEC), with technical guidance and supervision provided by the National Ozone Unit (NOU) of
MONRE. The data collected wased to estimate current and projeidevels of use of HFCs and
other HCFC alternatives (in relation to HCFC growth projetand emissionsAs HFCs are

currently not controlled and bulk import is not trackibe, survey work includedeview of the

current institutional, regulatory and policy framework controling ODS, GHGs and other air
pollutants tdfaciltate, along vith the survey process itself, identification afational level

approachto document and monitor HFC flows and nsé® fuure.

In addition, byr e vi ewing Viet Nambés climate polhncy and I
conjunction withHFCs the report aimed to more clearly show lthikages betweetine major

international conventions on ozone and climatgards mainizing impacts and cteenefitsin

future implementationUnder the UNFCCC, Viet Nam has signed and ratified the Paris Agreement

and has already satits Nationally Determined Contribution (NDC) the target of GHG emission

reduction by 8% by030 comparetb the businesasusual (BAU) scenario, solely with domestic

resources, by 25% with international suppdktthough HFCs do not yet directly figure in this

NDC, there is bilateral support ddationally Appropriate Mitigation Actions (NAMAgp assess

the potential for mitigation by addressiogv carbon technologynd fluorocarbon gases as well as

1 SLCPs amubstances with a relatively s hort atmospheric lifetime that are important climate forcers. HFCs form one of
the four major types of SLCPs. The Climate and Clean Air Coalition (CCAC) a voluntary group of countries, organizations
and private sector intersts, is currently the primary space for international action on SLCPs.
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various support to the refrigeration and@anditioning sector on energy efficiency improvement in
relation to the refrigerant replacement.

1.3. Future Requirements and Current Managemenbf ODS Alternativesin Viet Nam

At the 28" Meeting of the Partieim Kigali, the Montreal Protocol waamended to include HFCs as
Acontr ol | $idanswAinextFm thePmtocal The HFCs subject to phasendo by all
countries, albeit with four different schedules are listed below along with GWP values.

Table 1: HFCs listed as controlled substances in Annex F of the Rithrough the Kigali Amendment

20- Year Global 100 Year Global
Group Substance Warming Warming
Potential* Potential*

Group |

CHF2CHF2 HFC-134 1,100
CH2FCF3 HFC-134a 3,830 1,430
CH2FCHF2 HFC-143 353
CHF2CH2CF3 HFC-245fa 3,380 1,030
CF3CH2CF2CH3 HFC-365mfc 2,520 794
CF3CHFCF3 HFG227ea 5,310 3,220
CH2FCF2CF3 HFG-236¢ch 1,340
CHF2CHFCF3 HFCG-236ea 1,370
CF3CH2CF3 HFC-236fa 8,100 9,810
CH2FCF2CHF2 HFCG-245ca 693
CF3CHFCHFCF2CF3 | HFG4310mee 4,140 1,640
CH2F2 HFC-32 2,330 675
CHF2CF3 HFCG125 6,350 3,500
CH3CF3 HFC-143a 5,890 4,470
CH3F HFCGA41 92
CH2FCH2F HFC-152 53
CH3CHF2 HFC-152a 437 124
Group |l

CHF3 HFCG23 12,000 14,800

*Values are from theIPCC Assessment Report (AR4).

The control measures that wil apply to Viet Nam upon its ratification of the amendment are the

sameasfoAr t i c | e
would be required to:

By 1 January 2019 establish and implement a system for licensing the import and export of
new, used, recycled and reclaimed controlled HFCs undémimex F.
Provide data on production, imports and exports of each of the HH@sAnhex F for the
years 2020 througB022for baselineestablishment (added to 65% of its HCFC baseline

consumption)

5 Parties Accading tg thaameadmehtVietiNanii Gr o u p

Comply with the following schedule for phasidgwn subtances includedh Annex F:
V 20242028: freeze at the baseline level
V 20292034 10%reductions from the baseline level
V 20352039: 30% reductions from the baseline level
V 20462044:50% reductions from the baseline level
V 2045 and thereafts80%reductions fom the baseline level

HFCs are the major group of alternatives to the most commonly used ODS. Viet Nam does not
control HFCs in the context of its international or national environmental commitments, however the
assessment of HFC use\iiet Namwas gredly faciltated byvirtue that HFCs are chemicals

subject to declaration unddre Chemical Law of Viet NamIhe Chemical Law also extends to

other ODS alternatives that are more commonly us®&iinNam
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Hydrofluoroolefins (HFOs)are a new group of chemicdty Viet Namandalthoughlisted perthe

decree established t o i mpheydmeonappeayto leetcurréhty med Ch e |
in the country However, as they have the same HS codeasHRCe ner al | yenatedt her 0 h
derivatives of hydrocarbonsthey were included in the review of Customs records for in case of

mislabeling. The following table provides a snapshot of iHe€Cs, blends and HFQisat were
considered i n -dtohwen or redivehiohabal iedhie listfof chgmicals that mulse

declared upon importation

Table 2: Chemicals listed in the Appendix V of Decree No. 26/2011/NOP

. . . Decree HS
Chemical Chemical Name Chemical Formula N0.26/2011/NDCP e
HFC pure
HFC-134a 1,1,1,2Tetrafluoroethane CoHaF4 Annex 5/ No.60 2903.39
HFC-32 Difluoromethane CHoF2 Annex 5/ No.60 2903.39
HFC-125 Pentafluoroethane CF3CHF2 Annex 5/ N0.60 2903.39
HFC-143a 1.1.%trifluoroethane CF3CH3 Annex 5/ No.60 2903.39
HFC- 236fa 1,1,1,3,3,3hexafluoropropane C3H2F6 Annex 5/ No.60 2903.39
HFC-152a 1,2-Difluoroethane CoH4F2 Annex 5/ No.60 2903.39
HFC-245fa 1,1,1,3,3Pentafluoropropane CsH3Fs Annex 5/ No.60 2903.39
HFC-227ea 1,1,1,2,3,3,Heptafluoropropan CsHF~ Annex 5/ No.60 2903.39
HFC-365mfc 1,1,1,3,3Pentafluorobutane C4HsFs Annex 5/ No.60 2903.39
HFC-23 Trifluoromethane (Fluoroform) CHRs Annex 5/ N0.60 2903.39
HFC blends
R-404A R-125/143a/134a 44+2%CoHFs; Annex 5/ N0.60 3824.78
(44+2/52+1/4+2) 52+1%CoH3F3;

4+2% CoHoF4

R-407C R-32/125/134a 23+2%CH2F2; Annex 5/ No.60 3824.78
(23£2/25+2/52+2) 25+2%CoHFs;

52+2%CoH2F4

R-410A R-32/125 (50+.5,1.5/50+1.5, 50+57] 1.5%CHakF>; Annex 5/ No.60 3824.78
.5) 50+1.5;5% C2HFs
R-507A R-125/143a (50/50) 50% CoHFs; Annex 5/ No.60 3824.78
50% CoH3sF3
R-407A R32/125/134a 20£2%CH2F> -40+£2% Annex 5/ No.60 3824.78
CoHFs5 -40+2%CoHoF4
R-417A R-125/134a/600 46.6+1.1%CoHFs -50+1 Annex 5/ No.60 3824.78
% CoHoF4 -3.4+.1]
4% CsH10
R-422D R-125/134a/600465.1+.9] 65.1+.9] Annex 5/ No.60 3824.78
1.1/31.5+1/3.4+.1,4) 1.1%C,HF5-31.5+1%C
oHoF4 -3.4+.17
4% CsH10
R-508B R-23/116 (46/54) 46%CHFs - 54%CoFs Annex 5/ No.60 3824.78
HFO
HFO-1234yf 2,3,3,3Tetrafluoropropene CsHoFs/ CHF=CFCF Annex 5/No0.60 2903.39
HFO-1234ze 1,3,3,3Tetrafluoropropene Cs3HoF4/ CHF=CHCER Annex 5/ No.60 2903.39
HFO-1233zd 1-Chloro-3,3,3 Trifluoropropene C3H2CIF3 Annex 5/ No.60 2903.39
HFO-1336mzzm (2)-1,1,1,4,4,4Hexafluorc2- C4H2Fs Annex 5/ No.60 2903.39
Butene
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2. INSTITUTIONAL AND REGULATORY FRAMEWORK

This sectiorprovides a review df/iet Nand s

e Anstitutionaln gegulatory and policy framework

for controling ODS, GHGs and other giollutants in order tbetterunderstandhow HFCs might
eventually be incorporated inton@onitoring and licensing system in Viet Nam.

2.1 Existing regulations ard manage ment on controlling ODS

The list ofthe maininstruments that regulatBe implementation dheVienna Convention anthe
Montreal Rotocol in Viet Nam are provided in the following table:

Table 3: Regulatory instruments in response to theVienna Convention andthe MP

Name

Ordinance No. 07/1998/PUBTVQH10 dated 20
August 1998 othe StandingCommittee of the
National Assembly on signing and implementation
international treaties

Contents

Related ministries, agencies within their

competency shall be responsible for implementat
of international treaties that the Socialist Republig
of Viet Nam has azeded to.

Directive No. 286/TTegKTTH dated 22 March 2005
of the Prime Minister on impogtxport management
of ODS and CFC consuming equipment

Assigning the Ministry of Commerce (presently th
Ministry of Industry and Trade) and MONRE to
provide guiding ér issuing quotas and licensing th
virgin ODS in compliance with MP.

Circular No.14/2005/TTLIBTM-BTNMT dated 11
July 2005 between the Ministry of Commerce
(presentlyMOIT) and MONRE providing guidanan
management of import, export, temporary impont fo
re-export of ODS in accordance withe MP

Providing for general procedures and
responsibilities for quotaissuance, registration af
licensing of ODS import, export, temporary impor
for re-export.

Circular No0.47/2011/TTLABCT-BTNMT dated 20
December2011 between MONRE and MOIT
providing for management of import, export and

with MP regulations

temporary import for rexport of ODS in accordance

Providing for management of HCFCs and-pre
blended polyol HCF41b (including managemen
of import, export, ¢émporary import for reexport).

Replacing Circular No.14/2005/TTLBTM -
BTNMT.

The institutional arrangements fine management dheimport, exportandtemporary import for
re-export of ODSs are prescribbg Circular No.47/2011/TTLIBCT-BTNMT andcurrentlyapply
to HCFCs and prélended polyol HCF€141b as CFCs have betatally phased outAccording to

the Circular, the import quota of HCFCs is set in accordance with Montreal Protocol and bilateral

agreement on financial support for HCFCs phagdetween Viet Nam andLF.

Trading companies shaégister with MONRE for importingHCFCs. MONRE will certify the
registered import volume based on first come first serve principle. MOIT will then issue import
licence in accordance with the certified import volume. The Cugtothority checks and controls

the actual import/export volumes

The import of preblended polyol or export of HCFCs is based on registration with MONRE only.
Annually, butbefore 31 November, MONRE will sdnvritten notification to MOIT orthe actual
phaseout volume of Viet Namyponwhich MOIT wil publish theimport quota forthe following
year. The process established through the 2011 circular is depicted in the figure below.
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Custom
(border
control)

Trading companies MONRE
Import/Export (ODSs) Register for ODS (registration
Procedure import/export authority)
/]\7 Certify ODS import/export

Issue import/ Apply for import/

temporary- temporary-

import- for- re- import- for- re-

export licence export licence

MOIT
(licensing authority)

Source: Circular N0.47/2011/TTEBCT-BTNMT

Figure 1. Management of Controlled ODSin Viet Nam

2.2. Existing regulationson and manage ment o6HGs

Viet Namisconsidered a neAnnex | partyunder the Kyoto Protocol (KR)d thus wa not

required to make binding GHG mitigation commitngerithe effortis mainly voluntary and en

projectbasis in the form of Clean Development Mechanism (CDM).

In terms of nationwide GH@porting, decisions were taken at the UNFCCC in 2011 and 2012
requiring norANnex | Parties tprepareNational Communications (NCs) every four years and
Biennial Update Bports (BURS) every two years starting in 2014. So far, Viet Nemstbmitted
two NCs and its first BUR to the UNFCCC. Thé&rmation and data dettion approach in both
NCs andheBUR1is highly topdown.

The latest NC (the"2NC of Viet Namyrepated the emission of HFCs in industrial process
without providing import/consumption volungegiven the mandate of the KBubsequenthithe

first BUR (the report donafter the 2¢ NC) that has quoted estimated emissions by GHG has
indicated no data dAFCs. This discrepancy was explained that the emission data relevant to HFCs
in the NC might be not yéiave beewnalidated soit was excluded in the latest report of the country
under the UNFCCC.

Instruments most closely linked to the conwblGHGs nclude:
1 Decision No. 1775/QBEI'Tg dated 21 November 2012 tbie Prime Minister orthe
Approval ofa Project on Greenhouse Gawsigsion Management; Management of carbon

credit business activities to the world market.

M1 Decision

NIoG of tBeP Bne MiQister, dated 22 December 2015, approang
national system fogreenhouse gas inventory.

It should be noted that these documeants prescriptivevithout detailed implementation provisions.
MONRE iscurrently in the process of puttiigesedecisons into practice by developing further
regulatory documents and guidance in consultation with line ministries.

In the immediate term howeveaiforts mainly focuon CG accounting to meeegular reporting
obligatiors underthe NCs and BURs as well & monitor and evaluateivet Na mé s

of mitigation commitmerg made int h e

count r yhéRarish@eemanta d e r

i mpl e me
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2.3. Existing regulations and manage me nt on controlling other air pollutants

In Viet Nam, the general control of air pollutios pgerformed by MONRE through the

implementation of theaw on Environment (June 2014) which provides for environment protection,
including requirements relating to environmental impact assessment and monitoring plan and
protection of air pollution. Thereare two circulars that relate to monitoring and reporéisgvell as

a series of technical regulations on air pollutants.

While MONRE is responsible for the general management of air pollutants, otheiriagign take

responsibility forcontroling air pollutants in area of authorégsigned to them. Recently bdune

2016, the Prime Minister issued Decision No. 985a/{J[g approving a National Action Plan for

Management of Air Qality up to 2020 witha Vision to 2025 which assigns:

- MOIT: to improve fuel quality in production activities;

- Ministry of Transport (MT)to improve controlling of air pollutants from transport vehicles;

- Ministry of Construction (MOCY}o promulgate regulations on air environment protection in
construction seot with focus on dust prevention;

- Ministry of Agriculture and Rural Development (MARD) improve management of air
pollutants in agricultural sector;

- Ministry of Health (MOH) to improve management of air pollutants from medical waste
incinerators

Controlitng air polutants in production activiies

Controlitng air polutants in trahsport

Focal point for

controfling air polutahs Controlitng air polutants in construction

Controlling air polutants in agriculbire

Controlitng air polutants in heath sector

Figure 2: Institutional responsibilities for controlling air pollutants

It can be seen th#éte currentapproach of controlingair pollutants other than GHGs and OB\S
MONRE: s limited byemission criteria/volumeghreshold For exampleMOIT prepares inventories

of GHG emissions from industrgnd as such, would be the ministry to monitor what HFC using
industries are emittihgHowever, HFCs as an air pollutant and as a GHG, per se, are not regulated.

2.4. Existing management oHFCs and other ODS Alternatives

Viet Nam does not produce HFCBIFCimportation is managed under the List oh€micals subject
to compulsory declaration under the Chemical Law of Viet Nam. Decree 108/20@3Nias
designatea list of chemicals subject to regulatory control under the Chemical Law and specified
detailed conditiondor chemical manufacturers and tradéiise Viet Nam Chemicals Agency wa
establiwed under MOIT to overhauhemical management in Vistam, while Customs in charge
of enforcing the propemanagementdeclared, labeling, packaging, etofchemicalimports.

Given that some dfiIFCs (HFC32) are flammable, they are als@uated under the Law on Fire
Prevention and f@tection.
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Table 4: Regulatory instruments for controlling ODS Alternatives

l. Law on Ghemicals No. AssigrsMOIT for unified management of chemicals and
06/2007/QH12,21 November 2007 | development of theational database on chemicals.
of the National Assembly Requires individuals, organizations importing chemicals to
declare thes® the MOIT.
1.1 Decree 108/208/ND-CP of the Provides thdlist of chemicals required to be declared,
Governmenty October 2008 including HFCs.

providing detailsand guidance for
implementation of some articles of
theLaw on Chemicals

1.2 Decree 26/2Q1/ND-CP ofthe Requires installations to havire safetymeasuresand fire
GovernmentP8 April 2011 revising, | protection equipmentinaordance with the Law on Fire
supplementing some articles of Prevention and Pbtection (Article 7.2. Conditions for
Decree No. 108/208/NOP chemicals trading).

1.3 | CircularNo. 40/2011/T8BCT of Providesdetails for declaration of chemicals (including

MOIT, 14 November 2011 regulatin| declaration forms and procedures)
the declaration of chemicals

Il Law on Fire prevention and Requires individuals, organizations producing, trading,
protection No. 27/2002/QH10 of servicing, supplying and transpouiigoods and materials
National Assembly under risk of fire and combustion to haaeertificate on

sufficient conditions for fire prevention and protection
1] Customs Law No. 54/2014/QH13 of| Provides for customs procedures.
the National Assembly

The Ist of chemicalsn Decree 108/2008/NECP, Annex \/ sulject to compulsory declaration
includes, inter alia, open chain hydrocarbons, halogen derivatives of hydrocarbonsiramahia
dry and fluid. The list also gives the HS code and-sdbles for each group/chemical oeohicals
controlled. The mapping of HF@®vered under the currentrsey with the existing declaration
regulations of the Government of Viet NaNn(108/2008/NBCP, Decree No. 26/2011/NDP
amending and supplementing some articles of Decree. 108/20@8ANIDd Circular No.
157/2011/TTBTC) is provided inTable 2 in the previousection

To import, an importemust first applyat the Viet Nam Chemicals Agency to obtain thecatted
ACertificate of Rusigiths HScade gvemfor tapplicablbohemical dHed

the importer must complet@ustoms procedusewith the given HS cod€ustoms wil chekthe

Customs Declaration, thedificate and imported goods for consistency in order to allow for
customs clearance. For chemicsiltject v be declared und&ecree 108/2008/NLZP, Annex V,

the Chemicals Agenayatabaseecords the registration of each registered chemical by each importer
while the Customs database records the actualimported amount of each imported chemical.
Howeverthereis no regution to manage the consumptiand usagef HFCs except that which

fall under the Law and on Fire Prevention amdt€ctionas explained above

Enterprises trading Vi NS s

chemicals(other than

CQ) Customs
Procedures

Declaration

of themicals Certification of Declaration of Chemicals

Viet Nam Chemicals Agency, MOIT

Figure 3: Current management of HFCs in Viet Nam

21



3. METHODOLOGY AND IMPLEMENTATION

The methodologyemployed ¢ collect,compile and analyze data required to complete the ODS
alternative survey comprised the following elements and is detailed further in this section.

1 Identification and lising of possible ODS alternatives for all relevant sectors and subsectors
that arecommon in most economies

1 Survey of and data collection in sectors with possible HFC and other ODS alternatives usage

(including for servicing)data collection from importers/exporters (components,

refrigerants, foam blowing agents, etc.), refrigerantibligbrs, relevant Government

agends, and industry associations

Site visits by technical experts

Consuttative workshopand stakeholder consultations by technical experts

Compilation of data and analysis, including comparative analysis with HCFC data

Review of the institutional, regulatory and policy framework controling ODS, GHGs and

other air pollutants and HFC monitoring needs assessment

Recommendations for establishing an HFC licensing and monitoring system.

Methodology for, and estimates of HFC esiug data (in C@eq.) as well as for accounting

for emissions of other alternatives (hydrocarbons, etc.)

1 HCFCvs. HFC and key ODS alternatives (existing and new) growth projections in various
sectors using BAU scenarios as well as scenarios bagbdldfRrC amendment

= =4 =4 =9

= =9

3.1. DataCollection

Datawascollected from different sources, applyibgth a top-down and bottomup approachto
ensuranore accurate results

Table 5: Data collection approach
Approach Data Sources

National-level
Data on import of HFCs from the Viet Nam Chemicals Agency and the
General Department of Viet Nam Customs;
Top-down i Data from the NOU from the 2015 national survey on HCFCs in RAC
and the foam and other sectors in Viet Nam;
1 Other sources: internet, published materials, expert inteniews

=a —a

Company- level (importers/traders, users)
Data from questionnaires and survey;

Bottom-u . . . . .
> Other sources: internet, published materials, expert interviews

= —a -8

In terms ofmarket coverageheé survey covereabth the supplyand the consumptiosides.

i Data onthesupply side waprovided bycollecting dataon impors from the VietNam
Chemicals Agrcy andCustomsas well aghroughquestionnaire fromimporters/trader®f
HFCs and ODS

i Data on the consumption side waainly collected througlyuestionnaire fromusers
(manufacturers and other industig)different sectors and subsectors.

3.1.1. Data Collection from Existing Sources
Existing datavascollected fromthe NOU, theViet Nam Chemicals Agency ar@ustomsas well as
other sourcemcluding the following

1. 2015HCFC National Survey in RAC Manufacturing and Servicing Sectors for Overall Stage
Il HCFCPhaseoutManagemer®lan (HPMP)Preparatioin Viet Nam(from NOU);
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2. 2015 HCFC National Survey of the Foam #itier HCFC Sectors fariet Nam Overall

3. Data on registrationf imported chemicals subject ¢ompulsory declarations under Decree
108/2008/NDCP, Annex V List of chemicalfrom Viet Nam Chemicals Agency).

4, Data on import oimported chemicals subject é@mpulsory declarations under Decree
108/2008/NDCP, Annex V List of chemicals subject to compulsory declaratiams 2011
2015 from Customs of Viet Nam

Other sources of existing data incldde

i Yelow Pages o¥/iet Nam(trangvanyiet Namcomy;

i Relevant studies/reportand

i Other relevant sources, e.g. data from interviews with expadmternet and publications.

3.1.2. Data Collection fromthe Questionnaires /Survey
Quesbnnaires were developed to target seven sepgratps ofstakeholders

a. Devdopment of Questionnaire FormSeven (7)drmsfor different sectorsveredeveloped
based on the Consultantdés expertiosnswerand exp
reviewedandcleaed by thdNOU prior to distribution

Form 1: Questionnea for Refrigeration Manufacturing and Assembly

Form 2: Questionnairéor Air-Conditioning Manufacturing and Assembly

Form 3: Questionnairéor Aerosols

Form 4: Questionnairéor Industrial Processes and Otheses;

Form 5: Questionnairéor Foamproduction

Form 6: Qustionnaire for Fire Suppressjoand,

Form 7: Questionnaire for Chemicgioduction

=A =4 =8 -8 -8 -8 -9

b. Developnent of a list of respondent# list of potentialrespondats for questionnaire in

each sector and subseot@msdevelopedmainly basedn the data from the General
Department of Viet Nam Custondata from the 2015 HCFC National Survey in RAC
Manufacturing and Servicing Sectors and the Foam and Other HCFC Sectors for Viet Nam
overall Stage || HP MRreparatioranddata collected tim othersources. Later, additional
respondentsvere identified based on:

9 Data o import of HFCs and other OD $exnatives from the General Department

of Viet Nam Customs;
1 Information and data collected through siteits and expert interviews.

Based on the list of these newly identifieatgets an additional survey including both
guestionnaire delivery and stasit was performed.

c. QuestionnaireDelivery. The gqiestionnairesveredelivered to the targeted groups wéh
official introduction letter signed by MONR in order to facilitate access and encourage
response. Several follewp phone calls were madenitially to ensure questionnagevere
received and understood, and in cases wherargeted participants did not provide feedback
by the deadlins.

A summary othe rate of return adhe questionnaires is provided in Table 6.

2Website providing datan enterprises in Viet Nam faurpcses ofrade promotion with mor¢han 250,000
enterprises natiomide categorized ypsectors, professions anwre than 10,000 products and services.
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Table 6: Rate of return of Questionnaire Survey

Refrigeration Industrial
Sector Manufacturing and | AC Manufacturing and Assembly Aerosols processes and
Assembly other Uses Fire Chemical
Chiller Suppr- Foam Manufac- Traders
& MAC Glass  Hectro., essijon turers
Subsector Indus./ | DOMes: | HE central[MAC < |~ Ipharma| COM€S | paint [ c e b
Commer. tic Manufac. Auto | Public tics
AC T turers Others
rans.
Install.
Questionnaire
sent 78 8 1 6 9 26 1 35 16 2
Questionnaire 55 7 1 5 4l 15 1 25 12 2
returned
Identified
directly through 0 0 0 0 2 0 0 0 0 0
site-visit
Identified
through third 2 1 1 1 1 9 0 0 0 0
party
Summary 57 8 2 6 7 24 1 25 12 2
Rate of return 73% | 100% | 200% 100% 78% | 92% | 100% 71% 75% | 100%

Source: the ensultant consolidated from collected data
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3.1.3. Data Collection from Expert Interview

Data collection from expert interviews was of great importaaxi provided

1 Understanding of the sect@ad uses dAFCs and othesubstancem the sectors;

1 Information and preliminary data about the majeers in the sector, which was crlitia
ensure goodoverage and high qualitgata The information from expert interviewsas
used to identifykey stakeholders in the &ters asvell as crossheck theidata;

1 Valuable expertiséor dataevaluation,analysis and trengrojectionespecially in the areas
where there ikigh data uncertainty

1 Practicafecommendations fduturepolicies on management BifFCsin Viet Nam

Intensie consultations with authorities and exparéseconductedising the following:

1 Wide consultation through stakeholder meetiriggial workshopand finalworkshopto
introduce thesurvey, todiscuss its key findings with relevant stakeholderstammlliect
their feedback;

1 In depthconsultationthroughface to face/ phone calls/ emails communication: to collect
information, preliminarydataand ask fotheir expertise, experience aowmments on the
survey.

3.2. Data Validation

The process of data collectidrad some challengeBlost notably was thadome fields in the
guestionnaire were not filed out completely or corredilye purpose of data validatiomas
consequentlfo improve the completeness and accuracy of the caledztaas well as to ensure
data consistency through fielisits or crosschecking againstther reliable sources

3.2.1. Data Validationthrough Field-Visits

The objectives of data validation site visits incliidie following:

1 To validate the data thhve been praded in the questionnaires, including confirmation of
data, discussionmoany gaps asompared with data from the Custom/Chemicals Agemcly
other reliable sources

9 To collect additional data the case where the respondetlidsnot provigd complete
feedbaclandbr where there is suspectusage of HFCs and other ODi8matives;

1 To collect additional information about technology used, marketgigmtiother major
users (to crossheck andhave a comprehensive view of the market andetotiy
additional users that have not been addressed und@stheund of the survey

The selection of enterprises for data validation visgs based on the extent of representation of the
relevant sector and subsectath possible HF@Gnd other @S alernative usage, and animum of

20% of sector coveragd.he process of selectir@nterprisesdr data validation visits is depictan

the figure below and is followed by a table on the actual coverage by sector and subsector of data
validation visits.
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Data feedback through

phone call Representativeness of ¢
sectors/subsectors

Largest consumption

Enterprises providing

feedback
Representative of
Feedback through No consumption sector or particular
questionnaires -7 business activity " Data
Positive respons lidati
/ ] to requestdata va\:is?gon
Other Consumption Repre-sentatlve of validation visit
(small & medium) 7| Particularobs
ki Alternatives
gg
s 5
0w E Suspected mistake/ Minimum of 20% sector
3 .% N\ data inconsistency coverage
S o
Iol=s
c
L

Suspected users

Enterprises not
providing feedback

Additional site visits for

additional data
collection

Sector representative Positive response t
request for sitevisit

Suspected users
further identified by
third parties/other
information sources

Source: Consultant

Figure 4: Selection of enterprises for data validation site visits
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Table 7: Representativeness and sector coverage of data validation site Visits

Refrigeration

Sector Manufacturing & Assembly AC Manufacturing and Assembly Aerosols
Chgler MAC
Indus./ | Domes AC MAC - | - Comes .
Subsector S e Trans. Manuf CeAnct:ral Auto Public Pharma. s Paint
Install. Trans.
Total HFCs/
Other ODS 35 8 2 4 7| 24 1 0 0 0
Alternative
Users
HFCs users 25 6 2 4 7 24 1 0 0 0
ODS
Alternative 1 0 0 0 0 0 0 0 0 0
users
Using hoth 9 2 0 0 0 0 0 0 0 0
Number of
data validation 8 5 1 2 5 10 1 5 3 1
site-visits
Cowerage (%) 23% 63% 50% 50% 71%| 42%| 100%| N/A N/A N/A

Industrial processes
and other Uses

Fire
Suppr-
ession
Install.

Chemical
manufac-
turers

Foam Traders

Eectro.,
Solvent &
Others

Glass
manufac-
turers
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During site visits, additional key consumers of HFCs and die§ alternatives were identified,

mainly in theMAC sector This requiredadditional survewvork (including both questionnaseand
site-visits). In the table above, an apparent discrepantiyariotal number of actual site visibé 61
with the total sum of the nupmer of sitevisits broken down by sector asdbsectoof 67 is because

T
T

AQUA Electrical Appliances/iet NamCo., Ltd falls into both domestic refrigeratiamd
residentialAir Conditioning (AC) sectors (double counting);

Midea Consumer Electrid/fet Nanm) Co., Ltd falls into both domestic refrigeratiamd
residential AC sectors (double counting);

Hoa Phat Refrigeration Engineering Co., Ltd falls into domestic refrigeratidmesidential
AC andfoam sectors (triple counting);

Hong Phuc Refrigeration Engineering JSC and Toan Phat Import Export JSC are sister
companies antave beejointly interviewed

Quang Thang Electrical Refrigeration Co., ftalls into both industriallcommercial
refrigeration sectaand MAC-public transport sector.

3.2.2. Data Validationthrough Other Sources

Data validation was also performeédoughreferring toavailablesourcesand consultingwith
experts.

3.3. Data Compilation

An Exceldatabasgor inventory,wasdeveloped to cover the data collected fitbm sirvey. Since

the overallsurveywork (both the HFC inventory and other alternativasluded a wide range of
sectors andubsect® and different types of ODdernatives multiple worksheetéables existhat

not only presentthe collecteldtabut also provide the summary of the results, data calculation and
analysis as well as trend projecson
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4. RESULTS OF DATA COLLECT IONAND SURVEY

The following setion summarizes the results of datev&y commencing with the results obtained
from the orthe-ground survey, followed by thdeclaration an@nport data as collected by MOIT

and Customs (tedown) respectivehby substance. Consumption by sector, as determined through
the survey worls subsequently presented.

4.1. Overview of Qurvey Results on the UsefHFCs

The following table shows trestimated usef HFCsfor the 20112015 period based on data from
the survey (bottoraup data)and expet interviews (for estimating theercentage of consumption by
servicing sector)This includes consumption from bdtie manufacturing and servicing sector

Table 8: Estimated useof HFCs in Viet Nam as surveyed

T — Estimated Use onne)
2011 | 2012 2013 | 2014 | 2015

HFC

HFC-23 0.08 0.17 16.21 1.43 0.04
HFC-32 - - - 10.61 32.87
HFC-125 1.53 1.50 1.60 2.00 2.00
HFC-134a 360.63|  464.26 586.86 784.79 999.61
HFC-152a 5.12 - - - -
HFC-227ea 2.08 211 2.10 2.59 3.16
HFC blends

R-404A 25.89 46.44 55.99 70.09 106.40
R-407C 7.27 16.87 25.76 29.01 63.47
R-410A 75.13| 11013 195.66 276.54 343.63
R-507 1.38 2.09 2.75 4.00 6.12
HFC Total 479.11| 64357 886.93| 1181.06| 1557.25

4.2. Declared and mported amounts ofHFCs

Using Customs records$ survey workvas able to identify22 importersof bulk HFCsin Viet
Nam(see table below)l1 of which are also in the list of registered importers of HCFCs. Their
reported import volumeccounted for nearly 80% of the national import volusside primarily
traders in the list belowthereare at times, for a specific yeanterpriseshatdirectly import the
chemicals for their own uskepending on factors such as cost, volume required, etc

Table 9: List of bulk importers of HFCs in Viet Nam

No. Name

Hong Phuc Refrigeration Engineering JSC
Manh Tuan Materials JSC

Toan Phat Export and Import JSC

Thanh Kim Long Trading Co., Ltd

Al W IN|E
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5| BRENNTAG Viet Nam Co., Ltd
6 | Dang Hai Anh Co., Ltd
7
8

Bach Khoa Mechanelectrical Refrigeration JSC
GC Viet Nam JSC
9 [ Cong suDong Duong Co.,Ltd
10 | Lien A Trading Co., Ltd
11 | Chung Gia Thanh Co.,Ltd
12 | GS Viet Nam Technical and service Co.,Ltd
13 | An Phat Tai Trading and Service Co., Ltd
14 | Thao Tai Nguyen Trading and Service Co., Ltd
15 [ VSIMEX CO.,LTD
16 | Kim Phong Hung Co., Ltd
17 | Hoang Dat Refrigerant Electricity Engineering JSC
18 | Hao Phat Co., Ltd
19 [ SUNRISE Viet nam CO ., LTD
20 | SUN AIR Industrial gases Co., Ltd
21 | Nam Giang commercial Service Co., Ltd
22 | Connell Bros Viet Nam Co., Ltd

Thetable below showsmport amounts oHFCsfor the same periodsan Table §20112015 but
is basedsolely on data fronCustoms (togdown data)Total amount of HFCs imported is more than
that collected through the survey for eatthe five yars of historical consumption; an average 9%.

Table 10: Imported amouns of HFCs (Customs Data)

HEC Estimated Annual Use (MT)
2011 | 2012 | 2013 | 2014 | 2015

HFC

HFC-23 0.14 0.47 16.21 1.82 0.09
HFC-32 - 0.00 0.00 10.61 32.87
HFC-125 2.08 2.58 2.45 2.80 2.44
HFC-134a 399.7| 487.25| 638.67| 851.90| 1094.87
HFC-152a 5.12 0.00 0.00 0.00 0.00
HFC-227ea 2.95 3.04 2.76 3.74 4.32
Subtotal 409.99| 493.34| 660.08] 870.87| 1134.58
HFC blends

R-404A 26.05 57.79 67.70 82.54| 138.15
R-407C 7.45 18.12 31.29 29.84 78.73
R-410A 90.18| 117.68| 221.79| 306.39| 362.04
R-507 1.70 2.09 3.22 4.42 6.44
Subtotal 125.38| 195.68| 324.00| 423.18| 585.35
TOTAL 535.37| 689.02| 984.08| 1294.05[ 1719.94

The Customs data abowasin turncomparedo the data derived from the database of declaration
for import of chemicals thatis provided by the Viet Nam Chemicals Agencgxpiained
previously the declaration is the first step required before proceédalifige customs procedure.

A comparison shaes that the major difference between the tyats of datas in the total volumeand
two HFC blends not in the Customs recordsefE aresome minor differences in the names of
importers. The actualimportedolume thatis recorded lfyustoms is less thathe registered
volume recorded by the Chemical Agenby &bout 10%). This igonsidered to bdue to the lower
imported volumerealizedby the importerslespite completion dhe registration process.
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Table 11: Amount of HFCs Declared for Importation (Chemicals Agency Data)

tem Imported volume (metric tons)
2011 | 2012 | 2013 | 2014 | 2015
HFEC Pure 445.456| 536.491] 720.361] 950.763| 1,240.61
HEC-134a 439.67 | 535076 702534 937.088 1.204.35
HEC23 0.154 0515 17.827] 2005 0.009
HEC32 X X [ 1167 36.155
HEC-152a 5632 | - - - -
HFC blends 137.918| 215.257| 356.398| 465.875| 643.068
R-404A 28.655 | 63.566| 74.460| 00.793] 151.967
R-407C 8105 | 19037 34418 3282 8656
R-410A 99.108 | 120.45| 243.066] 337.026] 398.239
R507 187 2304 3545 4.861] 7.0
RAT7A . X [ 0375 0013
R-422D . . - [ 0.064
E%tg'a':e':(fs 583.374| 751.748| 1,076.76| 1,416.64 1,884.58

Data from the Chemicals Agency in MOIT indicaitbat at least one company declared its intent to

import two HFGHC (hydrocarbonplends that could not be identified through the survey nor in

Customs records:R17A and R422D. This is an example whevietNanb s HFC consumpt i
may be higher thaestimated howeveas the refrigerants could have been missed by Customs
without the benefit of (peMDeRENY Systenviretheountey)d
enterprises and importers surveyed, did not indicate these two chemicals.

and cl

Among tre actualimported ODS kernatives in 201®ased on Customs datéFC-134a accounts
for the highest percentage (68%) followed byR-410A (21.02%6), R-404A (8.02%6) and R407C
(4.57™0). HFC-32,R-507, HFC-23 and HFCG152aare all imported in very small amourds seenin
the following chartA comparisonof the survey data with Customs import déatype of chemical
and by sectas provided inTable12 below.

HFC 32
1.91%

HC 290HC 600a HFC 23
0.00%.0.12% _0.01%

HFC 125
0.14%

R506

HFC 227ea__ 0.37%
0.25%
R410a
21.02%
R407c
4.57%

HFC 134a

R404a 63.58%

8.02%

Figure 5: Percentageof Imported HFCs and hydrocarbon refrigerantsin 2015
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Table 12: Comparison between data from Questionnaire Survey (QS)and Custom data

(Cust.)and coverage by type of chemical

Altermative 2011 2012 2013 2014 2015

QS Cust. Cover. QS Cust. Cover. QS Cust. Cover. QS Cust. Cover. QS Cust. Cover.
HFC
HFG23 0.08 0.14| 57.1% 0.17 0.47| 36.3% 16.21 16.21| 100.0% 1.43 1.82( 78.2% 0.04 0.09| 38.9%
HFG-32 - - - - - - - - - 10.61 10.61| 100.0% 32.87 32.87| 100.0%
HFCG125 153 2.08 73.4% 1.50 2.58 58.1% 1.60 2.45 65.3% 2.00 2.80 71.4% 2.00 2.44 82.0%
HFCG134a 360.63 399.70 90.2% 464.26 487.25[ 95.3% 586.86 638.67[ 91.9% 784.79 85190 92.1% 999.61 1,094.8] 91.3%
HFG152a 5.12 5.12( 100.0% - - - - - - - - - - - -
HFG227ea 2.08 295 70.5% 211 3.04| 69.4% 2.10 276 76.1% 2.59 3.74| 69.3% 3.16 432 73.1%
HFC blends
R-404A 5.89 26.05| 99.4% 46.44 57.79| 80.4% 55.99 57.791 82.7% 70.09 82541 84.9% 106.40 138.15| 77.0%
R-407C 7.27 7.45( 97.6% 16.87 18.12| 93.1% 25.76 31.29| 82.3% 29.01 29.84| 97.2% 63.47 78.73| 80.6%
R-410A 75.13 90.18| 83.3% 110.13 117.68[ 93.6% 195.66 221.79| 88.2% 276.54 306.39| 90.3% 343.63 362.04| 94.9%
R-507 1.38 1.70 81.2% 2.09 2.09 99.8% 2.75 3.22 85.3% 4.00 4.42 90.5% 6.12 6.44 95.0%
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From the tabl@above it can be seen that thereeayaps between the data fr@uastoms and data
from thesurvey For somechemicad, the Customs datarehigher thanhe data from theusvey.
The gaps are attributed the following factors:

o Importers/ traders didot provide full information of their customers and tadume of

sales in their survey forms

0 Some enterprisedid not provide feedback;

0 Some enterprises may not have been identified in the first place; and,

o Imports arenot fully soldto the user levelithin a givenyear.

Depending onhe individual chemical, the data coverage from $hevey represenisbout 60%up

to 100% of the ational data from the Custom&nly the coverage of the surveyed data on HFC 23
in 2012 and 2015 compared to the data from the Customs seems to be low (36.3% and 38.9%
respectively). However, taking into account the small consumpfid#~€ 23 in Viet Nam
(accounting for less than 1% of total HFCs),ithpact on theisk of data uncertainty is not high

and data qualty can stil be ensured.

Regarding the missing data of Kid the Customs data, currently in Viet Nam,rthare
manufaturers of ammonido serve fertiizer production aradsmall portion is sold for refrigeration
purposa. Since the domestic production is able to supplysNikére is no need to import the
chemicaluntil when it iswidely used in the refrigeration sector.

The CQ and firefighting foam are ne®DSs that are currently used in the fire suppression sector.
They are usuallpart of equipment and thus cah be tracked separately Bystoms.

4.3. Summary of use in all sectors from 2011 to 2015

According b survey resultstenHFCsand HFCGblendsare used in the refrigeration and air

conditioning (RAC)the glass and the fire suppression sectors in Viet Nlhesurveywas unable

to identify the use of HFCs as a solvent or cleaning agent in the pharmacgticespaint,

electronics, and other sectors in Viet N&ine aerosol sector was found to only utilize

hydrocarbons. In addition, no HFCs are used in foam blowing in Viet Nam which was reaffirmed by
the survey, subsequent to an earlier survey conductetCaiC use in Viet NamThe table below
summarizes wherndFCs and other ODS alternatives were found taded inViet Nam

Table 13: Types of HFC consumption per surveyed sectors
No. Sector/Subsector HFCs

I Refrigeration Manufacturing and Assembly

1.1 Domestic refrigeration HFCG134a
1.2 Commercial/ Industrial refrigeration HFG134a; R404A; R407C; R410A; R507C
1.3 Transport refrigeration HFG134a R-404A; R-410A

Il Air -Conditioning Manufacturing and Assembly

1.1 Residential ACs R-410A

1.2 Chillers and central ACs HFC1343 R-404A; R-407C R-410A
1.3 MAC i Autoindustry HFC134a

1.4 MACIT Public transportation (Viet Nam Railwayy R-407C

[ Aerosols

.1 | Medicall Pharmacy No information found.

.2 | Consumer (cosmetics) No information found.
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1.3 | Technical (Paint) No information found.

\Y Industrial Processes and Other Uses

IV.1 | Glass manufacturing HFCG152a

IV.2 | Electronics, Solvent & Others No survey datareceived

V Foam

Vi Egn?%ﬁd;;gﬁﬁigzls,spray foam, XPS, integr None per the survey

VI Fire Suppression

VeI (E;(tl\;ln_gg(i)s,hgtréls)glstems (total flooding application HFC23: HFG125: HFG227ea

Given that Customs data proviti¢he most comprehensiegnount of HFC data (in quantities) is

used as a basis to estabigh e t

10).

iNvantoy sf HFCdor the years 2011 through 20{Bable

The following tables show the useHlFCs inmajor sectorfrom 2011 to 2015 based on data from
the survey agmport data managed by Customs cannot provide an understanding wheretdifferen
substances are used, and hdhereforefigures are slightly lower than the consumption data
presented in Table 160r example, 0.09 tonnes of HRA3 were imported in 20150tvever only
0.04 could be accounted for through the questionnaire and-gliowsits. Remaining HFCs that
have slightly lower levels than in the Customs data are refrigerants and assumed to be used in the
servicing sector where it is more difficult 1@tk use by substance.

Table 14: Summary of use in all sectors for 2011

HFC

HFCG23

- 0.08 - -

HFCG32

HFCG125

- 1.50 - -

0.03

HFC-134a

1.60

HFC152a

HFG227ea

- 2.08 - -

HFC blends

R-404a

15.47

10.42

R-407c

4.15

2.98

0.14

R-410A

20.25

54.11

0.78

R-507
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Table 15: Summary of use in all sectors for 2012

HFC
HFC-23 ) ) ) ’ ) 017 )
HFG32 - - - - - - -
HFG-125 - - - - - 1.50 -
HEG-134a 208.45 25581 - - - - -
HFG-152a - - - - - - -
HFCG227ea - - - - - 211 -
HFC blends
R-404a 21.88 24.56 - - - - -
R-407¢ 9.05 7.70 - - - - 0.11
R-410A 36.58 73.55 - - - - -
R-507 1.20 0.89 - - - - -
Table 16: Summary of use in allsectors for 2013
HFC
HFG-23 - - - - - - 16.21
HFG32 - - - - - - -
HFC-125 - - - - - 1.60 -
HEG-134a 234.20 351.27 1.39
HFG152a - - - - - - -
HFG227ea - - - - - 2.10 -
HFC blends
R-404a 25.51 30.46 - - - - 0.02
R-407¢c 10.52 14.08 - - - - 1.17
R-410A 51.50 144.16 - - - - -
R-507 1.30 1.45 ; ; - i ]
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Table 17: Summary of use in all sectors for 2014

HFC
HFC-23 - - - - - - - - 143
HFG-32 - 10.61 - - - - - - -
HFG125 - - - - - 2.00 - - -
HFG-134a 294.93 489.84 - - - - - - 0.01
HFC152a - - - - - - - - -
HFGC-227ea - - - - - 2.59 - - -
HFC blends
R-404a 30.89 39.21 - - - - - -
R-407C 14.68 14.17 - _ 3 } ) ) 0.16
R-410A 69.73 206.81 - - - . - - -
R-507 1.90 2.10 - - - - - - -
Table 18: Summary of use in all sectors for 2015
HFC
HFG-23 - - - - - 0.04 - - -
HFG-32 - 32.87 - - - - - - -
HFG-125 - - - - - 2.00 - - -
HFCG-134a 341.15 656.92 - - - - - - 1.54
HFG152a - - - - - - R - B
HFG227ea - - - - - 3.16 - - -
HFC blends
R-404a 37.33 69.08 - - - - - - -
R-407¢ 22.29 39.36 - - - - - - 1.82
R-410A 90.20 253.42 - - - - - - -
R-507 2.90 3.22 - - - - - - -

4.4. Consumption by Sector
Thefollowing sections detail the breadown of the arvey results antiFC useby sectorand

sulsectorsHCFCconsumption is also taken into account in relevant sectors in order ta trave
comprehensivgicture of the market and the demarwdemtial of HFCs
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It can be seen that among the sectors that are consuming HFCs ai@@8dernatives in Viet
Nam,theRAC sectoaccountgor almost 99% of the total consumption. The fire suppression and
the foam sectorscaountfor less than 1%. There is only one yed1(® that HFCs are imported for
glass manufacturing.

In theRAC sector, the amotrs mainly used for servicingnported equipment. Domestic
enterprisesnamely residential AC and commercial manufactuiesjn tle process of conversion
to ODS dernaives with support fronthe MLF. Itis estimated that about 68% of total ODS
alternatives are used for RAC servicing while about 31% are used for RAC manufacturing.

Other Sectors

RAC
| Manufacturing
T 31.18%

Servicing
68.00%

Figure 6: Consumption of ODS dternatives by sectors in 2015

As theoverallsurvey focusedn HFCs and other ODeédternatives, data on HCROnsumptio was

taken from the 2015 HCFC nationalrgey in RAC manufacturing and servicirggctors, antdh the

foam and other HCFC sectors for Viet Namverall Stage || HP MPrgparation.The latest full

year of consumption included in the Stage Il HPMP sector surveys was for 2014. Théredore

be assumed that the comparison slightly underestimates the ratio of alternatives in relation.to HCFC
HCFC consumption decreased in 2015 because of the 10% reductions from Article 5 Party baselines
as mandated by the Montreal Protocol

Comparative analysis is limiteby the availabledata provided in the 2015 HCFGrgey for the
following sectors:

- Refrigeraion Manufacturing and Assembly

- Air- Conditioning Manufacturing and Assemply

- RAC servicing; and

- Foamsector.

4.5. Refrigeration Manufacturing and Assembly

In the refrigeratiormanufacturing and assembly sector, therelaesersHFCsidentified under the
survey. Their distributin by subsectorsypes andjuantity ofHFCsused isprovided below. An

additional enterprise wasurveyed but only used natural refrigerants (asiR
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Refrigeration Manufacturing &
Assembly
[44 enterprises]

Industrial i Commercial
Refrigeration Manufacturers

Domestic Refrigeration

Manufacturers

(8]

R-134a

15.27
tonnes

R-407C

9.29
tonnes

R-410A

9.20
tonnes

R-507 R-134a
2.90 170.64
tonnes tonnes

Transport Refrigeration

[2]

R-134a

2.40
tonnes

R-410A

0.30
tonnes

Figure 7. Consumption of HFCs in Refrigeration Manufacturing and Assembly in 2015
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Compaing the HCFC data of the 201&8rsey forthe RAC manufacturing anthe servicingsectos
(nearlyequivalent to the amount o reported inViet Namd s 2 0 1 Sprograomme repory)

with alternatives used the same year, one can see that HCFC continues to be the dominant refrigerant
used inthe efrigeration manufacturing angsembly An additional 25% reduction ®iCFCs from

Vi et Na mahatwh acsueillessnttean three yeatteerefordeaves a large space for growth

in HFCsin this sector. Atled®1 companies that consume2R do not yet consume other

alternatives.

HFG404a
2.75%
HFG134a HFG407¢
 20.68% N 0.45%
g HFG410a
0.98%
HCF&2 \\_HG600a
59.95% 0.05%

HFC
507c
0.23%

Figure 8. Distribution of HCFC and alternatives: refrigeration manufacturing & a ssembly(2014)

45.1. Industrial T Commercial Refrigeration Manufacturing

The percertge of consumption of each ODIenative in the Industrial Commercial
Refrigeration Manufacturingubsectoin 2015 is provided below.

NH3
70.12%

HC600a
0.03%\

HFGBO?CJ
1.35%
HEG4103

4.28%
HF&A07c

4.33% HFC 134a

R-404A 7 11%

12.77%

Figure 9.2015 nsumption of ODS dternatives in Industrial -Commercial Refrigeration
Manufacturing

It can beseenthatammonia NHy) is the most popularefrigerant for manufacturing induistr and
commercial refrigeratioequipment(accounting for 70.12%f the total consumption of ODS
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alternative$ folowed byR-404A (12.77%) andHFC-134a (7.11%). Other HFCs in use include
407C(4.33%),R-410A (4.28%) andR-507 (1.35%).

4.5.2. Domestic Refrigeration Manufacturing

There are only two OD&lternativesused in thalomesticrefrigeration manufacturing ssector in
Viet Nam,wherebyHFC-134a represents the dominamhount(at99.61%) while HE600a
accounts for only 0.39%.

There are two enterprises that u3€-600a for maufacturing domestic refrigerato@nehas been
usingthe refrigerant since011 while another, local company begto usehe refrigeranin 2015
Both these companies also use HE$2a in domestic refrigeratof@uring anorsite vistt, it was
learnedhata refrigeration companyas testd theuse of HC600a since May 2016 befotewill
apply it in commercial production.

4.5.3. Transport Refrigeration
Accordingto the survey results, HFC34a isthemostwidely usedrefrigerantn the transport
refrigeration assembly sect@ccounting for 50%) followed bR-404A (43.75%) andr-410A
(6.25%).

HFG410a
6.25%

= HF&404a
43.75%

= HFCGL34a
50.00%

Figure 10: Consumption of HFCs usedin the Transport Refrigeration subsectorin 2015

4.6.Air -Conditioning Manufacturing and Assembly

In the AC manufacturing and assembly sector, ther8&wsers ofHFCsthatwereidentified under
the currentsrvey.This sector includes smaller type AC (up to 48,000 Btu) as well as larger units
used in commercial and industrial settings. For ttierlathe type of production is largely assembly.
According to survey result®-410Ais the onlyHFCthat is currently used for manufacturing
residential ACs in Viet NanResidential AGn Viet Naminclude window type and misiplits with

the latter mosyl using R410A in the small amount usdebr larger units, the blends-422D and R
417A may be in use, but this could not be verified by the survey.

Mobile air-conditioning (MAC) refers to the first charge in AC systems for Miatmé s gr owi ng
automobile manufacturing industr¥00% of MACs inthe auto industry use HFQ@34a,while

MACs in public transportation use407C The dstribution bysubsecta,and the types and

guantity ofHFCsused are provided itihe nextfigure.
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AC Manufacturing & Assembly
[38 enterprises]

MAC i Public
Transportation

Residential AC Chiller & Central MAC T Auto
Manufacturers AC Installers Industry

[6] [7] [24] 1]

\ 4 v

- R-134a R- R-410A R-134a R-134a
R-410A P
51.20 42.4] 29.50 110.38 1.50
tonnes tonnes 11.50 tonnes tonnes tonnes
tonnes

Figure 11: Consumption of HFCs in Air -Conditioning Manufacturing and Assembly in 2015

It should be notethatthequestionnaires showe recorded use of-B2 in RAC manufacturing
while perthe import data fronCustomsthere is an amount df0.61 tomes and 32.87 tares of
HFC-32 imported in Viet Nam in 2014 and 2015 respectiMelg. assumed ithe database that
theseHFC-32 imports are used for servicingnly. Interviews with Daikin and Panasonic as well as
chemical importers also confirmed this information.

With the results of the Stage Il HPMBrgey for AC Manufacturing and Assembly sectar

comparative vievof the refrigerants used in this sector and their market sbagals, as expected,

that R22 continues to dominate these sectors. The Stage Il HPMP which is expected to start in the
next several months, wil specffically target lboasidential AC manufacturers to convert fron2R

to HFG32.

HFG404a
2%

HFCG407c

14%
Figure 12: Consumption of HCFC vs. HFCs in AC Manufacturing and Assembly (2014)
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46.1. Chillers & Central AC Installation

In the Chillers & Central AC InstallatioaubsectgrHFC-134a takes thlargestshare (46.53%)
followed byR-410A (32.32%),R-407C (12.60%) andR-404A (8.55%).

HFC410a
32.32%

HFCG134a
46.53%

Figure 13: Consumption of HFCs in Chillers and Central AC Installation subsectorin 2015

4.7. RAC Servicing Sctor

Theuseof HFCs for the RAC servicing sector has bestimatedvith apercentage of use for
servicing sectoapplied to total import amount of refrigerarthie perentage was determinedsel

on interviews with experts, importers and manufacturers iiR&€ sectorlt is understood that

some subsectors utiizing alternatives, primarily HFCs, are newer than others, and as such would
require less refrigerant for servicinghdes of variousOD Salternative usedwithin the total
consumptionestimated for th&AC servicing sector is provided in thigure below:

HFC 32
2.34%

HG600a NH3
0.05% 24.97%

R507¢
HFC 134a

~ R410a 7'\ 46.69% |
. 18.01% | :

R404a
2.80% 4.91%

Figure 14: Consumption of ODS dternatives inthe RAC senrvicing sectorin 2015
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Currently, HFG134a is the most populaefrigerantin the RAC servicing sectafter HCFCG22
(accounting for 46.7%f alternatives to RR2) given its use in the growing fleet of automobiles, as
well as its use in commercial refrigeration. Thisolowed byammonia adthenR-410A. Other
HFCsare only used ismall amountsat this point R-404A, R-407C HFC-32). A negligible amount
of R-507(0.23%)is also estimated to be used. With th@Rbased servicing sector mature in Viet
Nam and growing as AC demand gilogkets, it still is most prevalent in the country.

HCFe123 HFC 32 HFC 134R404a

0.61% 15.38% 1.23%

RA407c
0.44%
R410a
6.49%

\ R507c¢c

0.07%

NH3
9.21%

HCFe2
66.23%

HG600a
0.01%

Figure 15: Consumption of ODS and #ernatives in AC Manufacturing and Assembly in 2014
4.8. Foam

In the foam sector, 76 enterprises provided feedbaglestionnaire Amongtheseg9stil use

imported HCFC-141b preblended polyol. Sixespondents we in the process of converting to
cyclopentaneand one (1) to water blown technologyhe conversion of ttseenterprises in the

foam sector, along with another 4 which at the time oHRE surveyhad not yet converted from
HCFG-141b,was fun@d by the MLF under the StagélPMP of Viet Nam. Ther is one

manufacturer oéxtruded polystyrene (XPS) which uses butane (an MLF beneficiary of a conversion
project from CFCs)Itis expected that with the successful convergiaimese ODS consuming
enterprises undehe Stagell HPMP, the share afse ofODS dernatives in this sector wil increase
significantly i to cyclopentane for a handful of larger companies and mostly an HFO or HC blend,
and in some cases watglown technology.

4.9. Fire Suppression

In the fire suppressiosector, there are 9 users of O@kSrnativesas per survey datdhe types and
guanity of ODS dernatives useth 2015are providedelow.

[9 users]
Fire suppression Installers

! '

HFC-125 HFC-227ea CO>

2.0 3.2 6.4

Figure 16: Consumption of ODS dternatives in fire suppressionsector - 2015
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HFCs inclushg HFC-23 (0.26%), HFEL25 (14.75%) and HF@27ea (23.31%gre mainly used in
casesvhere there are stringent requirementsfifersuppression such as server roomstoring
cashin banksgiven highvalue investments involved

An extremely high level of HF23 was imported t¥iet Namin 2013 by one company which
skews the historical annual consumption levels. This was reported to be because this electronics and
appliances manufacturer had established a large system of factor@arasdvith a fire protection

system based on HFEZ3.

4.10. Aerosols

From the results of theurvey, there is noeported consumption #fFCsin the @rosol sectgre.g.

for medical and cosmetics productioflowever, it is unlikely thaViet Namhas no companies that
require propellants in these industry sectdrsus,CFC phaseutprojects were reviewetb

identify enterprises that received funding for conversion to hydrocarbon propellant techridiegy.
were all targeted with separatgegionnaires but noneprovided feedback. Further consultation with
the NOU revealed thatince conversion had been completed in 28@se enterprisagere either
dissolved orhavechamged to a new busine$swith the exception of one.

Table 19: Current status of CFC

conversion enterprisedunded by the MLF

1 Saigon Cosmetics Company Conversion to hydrocarbon | Using Liquefied
aerosol propellant technology] Petroleum Gas (LPG)

2 Daso Company CFGfree hydrocarbon aerosq Dissolved
propellant technology

3 Cosmetics Producing and Trading | Hydrocarbon aerosol Dissolved

(Hung Vuong Cosmetigs propellant technology

4 Nam Do Corporation Conversion from CF@2 to Dissolved
hydrocarbon propellants

5 Dong A Cosmetics Conversion to hydrocarbon | Using LPG
propellant

6 Thorakao Cosmetics Conversion to hydrocarbon | Dissolved
propellant

4.11. Industrial Processes and Other Uses

Regarding industriaprocesseghere is only on@entified user of 5.12 tames of HFC 152a for

inner surface treatment of glass prodticonsumption has been irregular annually most likely due
to stockpiling. Other industrial process (electronics) confirms no use of HEKEs validation visit
shows that the industry is usieghanolfor cleaning purposes.

3HFC 152a is used to preventhattle haze, alsoknoml & G o6f 22Yé X GKAOK YI @&
a humid atmosphere. The bloomitself is harmless, but can be prevented by treating bottles with hydragetefla
toxic gas, generated by the combustion of refrigerant HB€a. For further details, please refer to

https ://www.thenhf.com/bottle-fluoridation/

200dzNJ 6 KSy
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5. CALCULATION OF EMISSION S

Estimated emissions of kilotons ©f.e for the HFCs that Viet Na used and will use for the period

of 20152030 were calculated. The methodology applied is based on leakagef théeiastalled

base of equipment and systemsefrigeration and aiconditioning subsectors as well asthe fire
suppression sectofhe20112015 import amounts of HFCs taken frotmet Customs Authoritysee

Table 10) wereusedo determine the absolute value of HFCs in the mahketever thelistribution
between HFCs entering the market for manufacturing or equipment installatiothaafat

servicingas per the results of the survey was the basis for estimating annual demand for HFCs as a
result of substances leaked to the atmosphere

Consumption of HFCs (2022015) in tCQe
4,000,000
3,000,000 N
& 2,000,000
)
£ 1,000,000 o—
0 T T T T T 1
2010 2011 2012 2013 2014 2015 2016
Year

Figure 17: HFC consumption in Viet Nam (20132015)

The starting point for determining the level of emissions, namely the installed base across
subsectors, stems from various statistical data of durable goods and vehicle ownership, a World
Bank commissioned market survey ofeanditioning and cooling eqment in Vietnam, and
estimates based on servicing demand over the lifetime of equipment in question.

The GWR,,,values used for the emission calculations were takentfiefiourth IPCC
Assessment Report (AR4) and are shown in Table 1 of Sectié&issiumptions used for emissions
calculation are indicated in Table Bélow.

Table 20: Assumptions for emission calculatiors

Sector Ave Charge | Estimated Growth in Annual Equipment
Size (kg) Installed Installed Emission Life
HFC Bank Base Rate
(kg)
Refrigeration/AC
Domestic refrigeration 0.1 430,284 6% 1% 12
Commercial /Industrial 20-500 1,238,900 3% 15% 15
refrigeration
Transport Refrigeration 6 144,263 10% 15% 12
Air Conditioning 0.81.8 2,295,127 30% 10% 12
Chillers 500-1000 2,235,000 10% 6% 25
M obile Air Conditioning
--cars 0.7 1,820,000 20% 25% 15
--public transit 11 73,370 5% 15% 20
Fire Suppression n/a 137,000 1% 5% n/a
Sources: Ave RAC charge sizes taken from R. Gluckman, i
Sheets 4 , 10, and 12, iWorkshop on HFC Management : Techni cal |
Leakage rates taken from R. Gl uckman, ACO2 Benefits Tool ,
IPCC as adapted by Anthesisal eb, AHFC Emi ssi on Report for Colombia, o6 CC,
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The emissions resulting from leakage per HFCspiasector were calculated applying initially the
current growth rates for Vildam in the table above. Growth was adjusted during theeab

duration primarily based on market trends in refrigerants, penetration rate, annual equipment
attrition and overheconomic gowth for Viet Nam. Growth in a refrigerant was not adjusted based
on the impact of Multilateral Fund projects in future years, nor the impact of the Kigali Amendment
on developed and developing countries. In that vein, the growth ratestan refrigerants may be
somewhat higher than what will actually play aoter a regulated environment.

The survey data attributed 70% of the consumption of HFCs to the servicing sector. Howbeer
calculations of emissions, some of this agnption was assigned to new installations of chillers and
industrial refrigeation, reducing the amount of emissiolGi ven Vi et Namés over al
growth rate and the reiagly recent transition to HFCs (at different times depending on the

applicaton), it is possible that the surveyemestimated servicing demand and that the installed base

is increasing more rapidly.

Emissiors from consumption of HFCs in Viet Nam2015 is estimated to be 1.8 kilotons (ktons)
CO,e where the largest emissionsstieom servicing mobile and stationary-aonditioning
(primarily R-134a and RI10A).

Table 21: 2015 Emissions of HFCs in Viet Nam by Sector/Subsector

Sector H';g Hgg Hlecs ngga ;';% 'a R-404A | R-407C | R-410A | R-507
Refrigeration/AC manufacturing
Domestic refrigeration 6
Commercial /Industrial Ref 136 142 53 44 6
Transport Refrigeration 14 39 5
Air Conditioning 22 411
Chillers 200 7 31
M obile Air Conditioning
Cars 651
Public transport 19
Fire Suppression 1 9 14
TOTAL (all sectors) 1 22 9 1,006 14 181 80 490 6

Applying growth scenarios under a mostly busiresgasual scenario by subsector and by HFC
application, emissionareestimated to growo 11.54ktons CO,e by 203Q The emissios from
consumption of HFCs in Viet Nam ovitie 5-yearperiod (20112015) ardlustrated below:

HFC Emissions Trends: 2IB(ktons
CQe)

20000

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

H Domestic refrigerationm Commercial/Industrial
Transport Refrigeratiom Air-conditioning
Chillers MAC - Cars

m MAC - Public Transpom Fire Suppression

Figure 18: HFC Emission Estimates in Viet Nam (2012030
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Table 22: Estimated growth in HFC emissiorsin Vietham i 20152030

| 2015| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
Refrigeration and Air -conditioning

Domestic refrigeration 6 7 7 7 8 8 9 9 10 10 11 12 12 13 14 15
Commercialindustrial 382 420 447 485 528 574 624 678 717 759 797 832 846 860 875 890
Transport Refrigeration 57 60 66 72 79 87 91 95 100 105 110 112 113 114 115 116
Air-conditioning 433 563 732 952 | 1,237| 1,608 1,930| 2,316| 2,779| 3,057| 3363| 3,699| 3,884| 4,078| 4,282| 4,496
Chillers 238 270 297 327 359 395 435 478 526 554 583 614 647 682 718 757
MAC -Cars

651 781 937| 1,124| 1349 1,619| 1,943| 2331| 2798 3,217 3700| 4,070| 4477| 4701 4936| 5,183
MAC -Public Transport 19 45 50 55 60 66 73 80 88 01 94 97 97 98 99| 100
Fire Suppression 24 24 24 25 25 25 25 25 26 26 26 27 27 27 27 28
TOTAL Emissions
KiCO2eq 1,810| 2169| 2559| 3,047| 3645 4,382 5129 6014| 7044| 7,820 8684 9461| 10,103| 10,573 11,066| 11,584
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6. COMPARATIVE ANALYSE S AND TREND PROJECTIONS

6.1.HCFC consumption trends
Under theMontreal Protoco{MP), the schdule to phase out HCFCs in Articiecountries including
in Viet Nam is as follows.

Table 23: MP Annex C Substances Phaseout schedulefor Article 5 Parties

Schedule Year
Baseline 20092010 (average)
Freeze 2013
90% (reduction of 10%) 2015
65% (reduction of 35%) 2020
32.5% (reduction of 67.5%) 2025
Average of 2.5% 2030 to 2040
0% (reduction of 100 %) 2040

To complywitht h e ¢ omaximumtiréskold as pehe MP phaseout schedule, the Joint
Circular N0.47/2011/TTLIBCT-BTNMT between MONRE and MOIT providing for management
of import, export and temporary imparg-export of ODS in accordance with MP regulations dated
30 December 201 prescribesmport quotas froml Januay 2012 to 31 Deember 201@s follow.

Table 24: Import quotas for HCFCs in Viet Nam (2012-2019)

Refrigerant/Year | 5515 | 2013 | 2014 | 2015 | 2016 2017 | 2018 | 2019
(tonnes)
HCFG141b 500 300 150 0 0 0 0 0
Other HCFCs 3700 3400] 3700 3600 3600] 3600 3600 3600

In the initial workshop organizednder the survey workhe NOU informed participants abotiie
need forcompliance withthe HCFC phaseut scheduleand of the plannedorresponding import

guotaascaptureelow.

Table 25: Import quota for HCFCs phase-out in Viet Nam up to 2040

Refrigerant/Year 2016 2017 2018 2019 2020 2025- 2030
(tonnes) 2024 2029 2040
HCFCs (22, 123, 225) 3600 3600 3600 3600 2600 1100 90

Therefore, the input data for trepobjectiors of HCFC consumption in Viet Nam are based on the
results ofthe2015Stage 1| HCFNational Survey and thebovementionedimport quotas sedr to
be seby the Government of Viet Nam.

Table 26: Input data for HCFCs consumption trend projection up to 2030

Year
Vool ™ ooe | zois | 2ot | 200 | 2020 [ 2025 T 2030
1 HCFG22 2,933 3,254 3,517
2 HCFG123 3 54 19
3 | HCFG141b 342 207 145
4 HCFG225 13 1 15
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| 5 | Total HCFCs 3291| 3516 3,696 3600 2600|  1100] 90

Thefigure below showsHCFCs consumption treadlo 2030 based on the above irtpatdata.

HCFC consumption trend up to 2030
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Figure 19: HCFC consumption trend in Viet Nam up to 2030 MP Scenario

6.2.HFC consumption trend

Based orthe resultof this national survey\HFC consumption in Viet Nam has sigo#intly
increasedrom 2011 to 2015 at an averageeof 34%. In 2011, total HFC consumption svabout
535 tonnes whereas the number in 2015 has tripledore thari,700 tonnes.lt is expeced that
the consumption of HFCs will continue growing dueataoredramatic HCF(haseout expected
first in 2020, and then onwards accordinghte Montreal Protocol schedule.

Based on the feedback fratre NOU on HF@onsumption trerslatthe final workshop organized
which was also supportely the participantsHFC consumptiongrowthin Viet Namwas
corroboratedThespeed of growthwill howevereventuallydecreaseéue to the following:

1 Viet Namwil benefit from importing products fronedeloped countries that have

undertaken an earlier HFC phamat, such as European Union countries, Japan and the US.

In thelonger term, alternatives to HFCs may be avaijable

The market will gradually@act to technology change wiime;

The NOUemphasiedthatViet Nam does noyethave aig manufacturing sectoAt first,
conversion inmanufacturingmay requireimports of alarge quantity of HFC§&.e.around
30% on average)n thelonger run when the conversion at the manufactuleng!is
finalized maintaining ahigh growthrate of above 30% not likely to happen

= =9

A likely example of lhe first two reasons for a sloawn in HFC growth is from the automobile
industry. It is expected that multinational carmakers wil change MAC systems tel PB4y,

When that occurs, most local carmakers and joint ventures will follow suit. Servicing demand with

HFC-134a will peakbut quickly slow and decrease when this occurs.
It is therefore assumebat the growth rate wiklow downin time. Itis projected thaheaverage

growth rate of HFC consumption in the following yeapsto 2030wil be aboutl0%. This rates
reasonhle taking into account the actual trendsli@FCuse. With this ratetotal HFC consumption
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in 2020would reachmore than 3,000 tonnés 2020and more than 5,000 tonnies2030undera
BAU scenario.

Total HFC Consumption Trend under BAU scenario
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Figure 20: HFC consumption trend in Viet Nam up to 2030under BAU scenario

It is important to note as well as the total HFC consumption data as per the HFC inventory may be
underestimated given that tkéet Namdoes not yet have a formal licensing system as it does for

ozone depkng substances. Moreover, the use of HS codes not delineaseitbsignce may have
also led to underreporting.

Comparative trends of HCR&hd HFC consumption in Viet Nam are providedhie nextfigure:

HCFC vs. HFC consumption trends

6000

5000
w4000
O
LL
I
% 3000
c
S \
— 2000

1000

0
2010 2015 2020 2025 2030
Year
=¢=HFCs consumption trend in BA&®=HCFCs consumption trend with Phaseout-schedule

Figure 21: HCFC vs. HFC consumption trends in Viet Nam up to 2030
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HFC consumption trergktan be further broken down intbatof individual HFCs available in Viet
Nam. Due to the great difference in tlwale of different HFCs, thegre divided into Major HFCs
and Minor HFCs for better illustration.

Major HFCs in Viet Nam includeHFC-1343 R-410A R-404AandR-407A HFC-134a which
currently account®r about 60% of total HFCs in Viet Nam is @ojed to continue growing ata
highe rate than other HFCs due to its wide applicatioth&énRAC manufacturing and servicing
sectordhat have high HCF@haseout potential(commercial refrigeration)t is expected that HFC
134a wil continue growing at the rate of above 20% in the n@qye&ars before slowing down to
less than 10% growthp t02024 andnaintainalower growthdue tothe impacts of HF@haseout
in the following yeargHFC-134a has high GWP of 1,43hd is globally under phasmit in several
application$. Other major HFCareforecasted to maintain samilar growthrateof around 10%.

Major HFC Trends
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Figure 22: Consumption trends of Major HFCs in Viet Nam up to 2030

Minor HFCs currenthusedn Viet Nam include:HFC-32, R-507, HFC-23andHFC-152a HFCG
32 whichwasintroduced to Viet Nam in 2014 aedrrently accoustfor a small amount (abo%
of total HFCs in Viet Namis projected tancreasetsignificant ratesin the future This is dueto
the fact that this substance is consideagod aernative for HCFE22 in the ACmanufacturing
sectowith a significantly lower GWP than the predominant AC coolant in use globah{]0R.
Under the Stage Il HPMP, fodC manufacturers in Viet Nam will receNLF funding for
converting from R22 to R32 or R290.

In Viet Nam, about 60% of the market share belongs to imported ACs. The sal? &G made
by Daikin has increasksignificantly in recent years. Alsgiet Namimports manyACs from
Malaysia and Thailand, arithailand has stoppadanufacturing R22 ACssince 2016and
convertedorimarily to R-32 AC (for its domestic markgtAlong with the increase in imports of R
32 basedC in Vietham demand foR-32 for sericing wil increase

There wa a sudde change in the consumption of @23 in 2013 which ismported to Viet Nam
for fire suppression in the newly estalltisl manufacturing plant of Saomgy Viet Nam in Thai
Nguyen provinceThis was considered an anomaly aritheut additional large fire suppression
projects, it is projectethat consumption of this substance will not undergo significdainge.
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Minor HFCs Trend
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Figure 23: Consumption trends of Minor HFCs in Viet Nam up to 2030

HFCemissios are alsexpected to significantly increasmether with thgrowth trendsn HFC
consumption in Viet Naras indicated in Section Bccording to the results of the survey,

consumption of HFCs in Viet Nam in 20k6CQOseis 3 milion tonsin 2015 The numbeis
estimated to grow up tt0 milion tons by2030.

Consumption trends of HFCs up to 2030 in,&§)
12,000,000

10,000,000 f—o—‘
8,000,000
6,000,000
4,000,000
2,000,000 /
0 : : : : : : : . . .

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year

[tCOs]

== Total emission of HFCs up-to 2030

Figure 24: Consumption trend of Minor HFCs in Viet Nam up to 2030in CO2 eq

With the projected average consumption of HFCs over-202@ of 3,800 tonnes, and the
established HCFC baseline for Viet Natabout 3,520 tonnes, the HB&seline for Viet Nam
underthe Kigali Amendments estimated to be aboBf000 tonnes which is far higher than the
currentdomestic consumption of HFC®/ith thecurrentlevel of technical capacitynal
manufacturing forceviet Nam slould not face any difficulties in meetirigture HFCconsumption
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limits, althoughit still depends on the evolution and introduction of affordable;GWP
alternatives.

The analysis does see timthe long term whe the consumption limitarefurther reducegsome
challenges would be encounterechud local enterprises should be aware and be proactive in

preparing themselves for conversiorfavorableconditions and time periods

The projection alsconsiderghe impact of ongoing efftsunder the UNFCCC, i.¢he Paris
Agreementan¥ i et doamitdent in its NDC. Currently, HFghaseout has not been
considered as@ontribution toward thenational mitigation targetin the ND@% of emission
reduction compared to BAU, angh to25% of emission reduction with international support

In consultation with the Designated National AuthoofyViet Nam for theUNFCCC, the
Department of Meteorology, Hydrology a@dimate Change (DMHCC), at the final survey
workshop the Deputy Directoeneral of thédepartment responded that HpBaseoutcould

makea great contribution for the country to meet NDC targets. However, further study would be

needed to envisage the impacts of ratification of KigaiendmentonVi et Na md s

economy

This current analysighereforeassumes an 8% reduction from the BAU scenanieflect the impact

of the UNFCCC process on HE©nsumption ithe emissions resulting from thlaseout of

substances sounted towarslachievemenof the NDC target of Viet NanThe mitigation potential

of 8% in the Fgas sector under UNFCCC waioposed on the basis of equiatribution of the

NDC target in relevant sectdia illustrative purposg The projectiorwas presented at the final

workshop.
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Figure 25: HFC consumption trends under different scenarios
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Another set of projectioneeremade using thelCFC consumptiordatacollected through th2015
Stage || HPMRMNational Survey in RAC manufacturing and servicing, and the foalotaar
HCFC sectors

- Refrigeration Manufacturing and Assembly;

- Air- Conditioning Manufacturing and Assembly;

- RAC servicing; and

- Foam sector.

Trend projections for Refrigeration M anufacturing and Assembly

Assuming an 8% annual decrease of HEBGsumption in the refrigeration manufacturing and
assenbly sectois per the 2015 HCFC Survey in the RAC sector, the consungbtidRCs,
especialy HFE134a wil continue to increase in the following yeapst02028 when VieNam is
obligated to phasdown HFCs The average growth rate for HFAG4a in this sector wil be around
6% due to increase demandddmestic refrigeratorswhile the growth folR-404Ais at a littler
higherrate ofacceleration (averaged11%)due tothe more stringent phaseut requirement®n
HCFC-22 Other HFCs maintain a growth of less than 10%.

HFCs and HCFCs Consumption Trend in Refrigeration
Manufacturing and Assembly
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Figure 26: HFCs vs. HCFCs consumption trends inRefrigeration Manufacturing and Assembly sector
Trend projection for AC M anufacturing and Assembly

According to the 2015 HCFC Survey in the RAC sector, HQEConsumption in the AC
manufacturing and assembly sector wilhtimue to increasat theaverage rate of 8% before
mandated reductions ocaunder the HCF@haseout scheme by the government.

HFC-134awil increase at the average growth rate of about 10% due to increase detthand in
MAC subsectarR-410A will alsoincrease asimilar rate Itis also projeted that with the funding
from the MLF forthe Stage Il HPMP in Viet Nam, domestic AC mdacturers will successfully
convert tatheuse of HFC32 from 2018 onwards.
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HFC and HCFC Consumption Trends irCAinditioning
Manufacturing and Assembly
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Figure 27: HFC vs. HCFC consumption trends inAC Manufacturing and Assembly sectos
Trend projections for RAC Servicing

The change frorllCFC-22 consumption in thRAC servicing sector will not be as sharp as in the
RAC manufacturing sector due to its wislgreaduse but at amall scale. Furthermore, this sector
will eventuallychange as result of the conversion process in the iR&ifactung sector.
Thereforefor the purposes of this survey, it is estimatedttitHCFC consumption in this sector
will continue to increase at the average rat@rotind 2 beforeobligations under the HCF@hase
outscheme by the governmekick-in.

In the RAC servicing sector, the consumption of HECwill dramatically increase at an aveeanj
25% due to high demand feervicingthe growing imports oHFC-32 AC and from HCF(hase
outin the AC manufacturing and servicing sestbtFC-134g R-404A, R-410A, R-507 andR-407C
will increase at the average growth rat@xaund10% due to increase demandte market to
serve the sect or sphasdostprecess.p ment and HCFC
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HFC and HCFC Consumption Trends in RAC Servicing
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Figure 28 HFC vs. HCFC consumption trends inthe RAC servicingsector

Trends for the Foamsector

Projections using 2015 HCFQrseydata forthefoamsector shows a decreagethe consumption
of HCFG141b in preblended polyol due t8tage IIHPMPinterventions As a result, the
consumption of gclopentands expected to grow, but other alternatives may also be introduced
(HFOs and wateblown) excluding HFC$ where enterprises receive MLF funding. Enterprises

that are not beneficiaries of the Stage Il project can choose HFC alternativegwisthender the
current regulatory system
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7. LOW-GWP ALTERNATIVE TECHNOLOGIES

This section presentsogief review of existing low-GWP alternatives to HCFCs and HFCs
7.1. Refrigeration Manufacturing and Assembly

There are severlwer to neGWP alternativetechnologiesin the refrigeration mnufacturing and
assembly sector, however there is at present not or&WWR refrigerant solution that can suit all
applications across the sector. Some of these refrigensmntdready available are beig tested

7.1.1. Domestic and smalscalecommercial refrigeration

Currently, HFG134a and H&500a are used in Viet Nam. HF34ahas a GWRf 1,430 which is
leading many companies in developed countries to shift to aternaase alternatives include
HC-600a, CQ, HFO-1234yf, HG441& or HFC blendsAmong thealternatives, H&00a has been
testalin Viet Namthrough a GEF proje@nd hagotential for replacement for HFC34ain some
applications

7.1.2. Commercial/Industrial and transport refrigeration

There are several HFCs that are currently used for manufacturing commerciakjahdugd

transport refrigeration equipmeintiuding HFG134a,R-404A, R-407C R-410A andR-507. They

all have high GWP value§he recommendddwer GWPalternativetechnologiesriclude: R717,
R-744, HG290 HC-600aandHFC-32/HFG32-HFO blends.Among the alternatives,-R17 is

being used for large capacity equipment in-residential area R-744, HG290 and HE600a also
have high potential for replacemefithipgh GWP HFCs in this sector, taking into accouaiety

issues (for HC) questions of application, location, size and technical capacity of the user impact
the suitability/commercial viability of the alternative.

7.2. Air-Conditioning Manufacturing and Assembly

There arenow severahlternative technologiet high GWPHFCsin the AC manufacturing and
assembly sector.

7.2.1. Residential ACs

The current potential alternatives for Viet N&orthe globally established-&L0A, would be HC
290 and HFE32. To date, only R410A and HFG32 units appear to be penetrating the Viet Nam
market.

7.2.2. Chillers and Commercial AC

There are several HFCs that are currently usethéoufacturing commercial, industrial and
transport refrigerators including HF34a,R-404A, R-407C andR-410A. The recommended
alternative technologies includetFC-32, HFG32-HFO blends, HF@L234yf, HFO-1234ze and
HFO-1233zd HFOsappear to be currently the neximmerciized solution for low GWP ODS
alternatives in this sector in limited markets (#m 5 Parties) although HFG2 is under testing
including through demonstration projects funded by the MLF.

7.2.3. MAC- Auto industry

For MACin the auto industry, HFQ34a andHFO-1234yfarecurrentlybeing useés ODS
aternatives HFG-134ais poised to bghased outising alternative technologies suchtldBO-
1234yf, HFG152a, CQor AC6 blend (CQIHFC/HFO)but the exact timing is not known

4 hitp://www.igsd.org/documents/HFCSharpeningReport.pdf

57


http://www.igsd.org/documents/HFCSharpeningReport.pdf

Currently HFOs or low GWP ODStarnatives haveden introduced but not yet widely

commercializeddue primarily to hgh cost

7.2.4. MAC- Public transport

For mobile airconditioning inpublic transport, HFE134a andR-407Care currently being used as
ODS derndives. Both HFCs have higsWPs andtould be replaced throughkiternative
technologies such as: HF234yf, HFG152a, CQor AC6 blend (CQHFC/HFO).

Current HFCs in use

Table 27: Existing and alternative technologiesin the MAC Sector

Low flammable

HFCG134a 1,300 Baseline nortoxic Popular
. Low flammable .
R-407C 1,525 Equivalent . Used for trains
norrtoxic
HFO-1234yf <1 Equivalent Flammable CN:rvSva used for nxury
Alternatives
Not yet popular due to
. high cost (60$/kg
HFO-1234yf <1 Equivalent Flammable HEO-1234yf compared
with 7$/kg HFG-134a)
N . Newly tested, notyet
HFCG152a 120 10% improvement| Flammable commercialized
CO2 1 Lower ) Newly tegtgd, notyet
commercialized
AC6 blend _ . Newly tested, notyet
(CO2/HFC/HFO) 130 Equivalent ) commercialized
7.3. Foam

HFCs are not reported to reusein the foam sector in Viet Narthe substances in use include:
HCFG-22 andHCFG-141bpre-blended polyo] cyclopentane and water blown (g@chnology.
Cyclopentane and water bloweachnologies wer introduced to Viet Nam through the
implementationof the Stage HPMP. Besides cyclopentanefpentane and water blown
technologies methylal/methyl formate and HF@®34ze/HFG1336mzz are also potential
altternatives fothe phaseout of HCFG22 (for XPS)and HCFCG141b blended polyol in the foam
sectofi depending on the application

Table 28: Existing and alternative technobgiesin the foam sector

Substance GWP100yr Features Market
Current Substances in Use
HCFG22/ HCFG141b pre- | 1,810 Non-flammable, | Traditional substance for production
blended polyol 725 safe of PU foam, XPS foam
Cyclopentane <11 Flammable Being used for gradughaseout of

HCFG141b
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Water blown (CQ) 1 Non-flammable Being used for low quality foam
Alternatives
Cyclopentane/

<11 Flammable Popular, high safety requirement
Iso-pentane
Water blown (CQ) 1 Non-flammable Popular for low quality foam
Methylal/ 9 Flammable when

not being Quite populafor flexible foam

Methyl formate <25 blended
HFO-1234ze/

<1 Low flammable | Not yetpopular due to high cost
HFO-1336mzz

7.4. Summary of Alternative Technologies

The following table summarizegotential alternativeechnologiesto be considered to phase out
HCFCs while avoiding growth of HFQs Viet Namin the longr term

Table 29: Potential alternative technologiesfor Viet Nam
Domestic/smalt Industrial/ Residential/

- Chillers and
Alternative scale_ Commercial/  small scqle Commercial MAC
commercial Transport commercial AC
refrigeration refrigeration AC
HC-600a/ HG
HC HC-600a 290/ HG1270 HC-290
HFC having HFCG
lower GWP HFG32 HFC32 HFG32 1522
R-744 (CQ) CO CO, CO CO
HFO
HFO-1234yf HFC32 -HFO | HFG32 - Elicc}slzzsgl HFO HFO-1234z/
HFC/HFO y blends HFO blends | = 1234yf | HEO-1336mzz
blends
R-717 (NH) NHs
Cyclopentane/
iso-pentane/
Other Methylal/
Methyl
formate

One of thegreatesthallenges fothe phaseout of ODSandavoidance ohigh GWP HFCs in
developing countries in general and in Viet Nam in particular is the mattertofrbesfollowing
table shows thprice rangeof the chemicals that have been imported to Viet Nam.

Table 30: Price range of mostcommon HFCs entering Viet Nam

. Price
No | Chemical (USD/kg)
1 HFCG23 18.025
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2 HFG32 1.858.92
3 HFCG123 8.020.3
4 HFG134a 1.8011.3
5 R-404A 2.97.99
6 R-407C 3.1911.63
7 R-410A 2.86.0

8 R-507 3.764.78

Countries that supphiiFCs to Viet Naninclude the US, United Kingdom, Thailand, China, Taiwan,
Singapore, Malaysia, Korea and others. Of theggpliers from Chingend to havehe lowest
price. The substaces above are widely availabgth the exception of HFR3,

In terms of products containing ODS and ODS alternatives, some prices were collected from the
market on the more popular sizes of residentiat@airditioning (between 9000 and 24,000 BTU)
with available refrigerants {2, HFG32 and R410A) and of domet refrigerators (botiR-134a
andR-600a based).

Although there are available alternativesRe22 ACs andrefrigetaor s in Viet Nambs
have high producpricesand usually usewverter technology.lt can be seen that in geaé&rthe cost

for ACs usingHFCsis generally about 300% higher than R2 equipment. As the HCHghase

out process becomes more stringent @miS dternatives are more readily available in Viet Nam, it

is expected that the price forR and R22 consuming equipent will become less competitive and
HFC-based gquipment will become more priceompetitive

The situationis differentfor domestic refrigeratorst was found that #are is not mucklifference in

price between R.34arefrigeratorsand HG600arefrigerators.HC-600a is only imported from

Japan while RL34arefrigerators arénported from Thailand or neighboring countrisd they are

stil more dominant in the market. Nonetheld$B5C phaseoutin this sectomight be one of the

easier targetfor the country as a way to eventually reduce overall HFC use once Kigali is applicable
and in effect for Viet Nam.
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8. GAP ANALYSIS

Analysis of data obtained from differeswurces and different approachesler this survey hagbn
conducted in order toheck the accuracy andnsistency of data deriveas well agletermine what
datagaps remain.The major gapfound are presented below.

1 Sector/subsector gaps:
With the topdown approach, the authorities manage imported chemicals by eletmEmselves
not by the sectsrof applications. Therefore, theain dataupon which the final survey findings are
based, do nchutomatically align with the distribution of consumption across sectors as presented in
the report

With the bottoraup approachthe surveyspannedll major sectors and subsect@spected to
consume ODS aalternativessuch as HFCsThe coverage of the sectors and subsectors of
applicationswasalso crosschecked withauthorities, experts, traders and users during the sutvey.
appears that there are no misstggtor/subsectors offC usage in Viet Nam

1 Data gaps
As reflected in the survegsults, there are data gapgach sectosUbsectosurveyed as is seen
when comparing the three main sources of data (refexlite 12 Comparisorbetweerdata from
Questionnaire Survey (Q8hdCustom data (Cust.)

The gaps are attributed tiee following factors:
o Importerg traders dichot provide full informationontheir customers and salelumes;
0 Some enterprises didbt provide feedbaclknd,
0 Import volume is not fully sold within the imported year.

To minimize the amount of missing datifferent methodsvere usedhcluding:

o Close consultationvith andsupport from the NOU throughoutetisurvey process in order to
gain better access to enterprises and relevant stakeholders aswetesiveexpertise
insights and approaches;

o Intensive followup with respondentsirgets via telephone aneheail;

o Conducting additionasite visits {1 some sector, skeisits were conducted to all users
(100% coverage) and even to agsers of ODS alternatives);

o Conducting interviews with experts, traders, users to erbesknformation and receive
feedbaclon missing information; and

0 Analysis and comparison tfie data collected/deed from different sources.

Data gaps at the national lewes®luld occuif there are

(1) ilegal imports of chemicalgot declare to the authorities. However, tharcent importtax tariff
appliedfor HFCs and ODS alternatives is within the range-6%® of the importing prices
(depending on the country of origin). Withis low taxrate, the motivation for ilegal import is
likely very low. No news and information on the ilegal import of HFCs and ODS alternatives is
available to date.

(2) misdeclaration of impded chemicals. It is the responsipilibf the importers to declare
imported goods correctly and the Custddepartmenis in charge of enforcing the managemeint o
import activities to dissuadmisconduct, when the chemicals are correctly declared in name and
guantities.

(3) Customs may not have a 100% coverage of imports entering Viet Nam, as is related to (2) above.
It is not clear if certain new HFC blends have entereduiied Namand this may be a possible
reason if so.
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1 Management gaps
The survey recognizes andos¥sthat the currerdipproach to managirghemicas imported into
Viet Namis a vital source tceedve information on HFCs supplied annually. Undarrent practice,
the management of HFCs falhder the Chemids Law that mainly requiredeclarationformsto
import/export as of the chemicals. The current databases at teatmetate gauthorities (Viet Nam
Chemicals Agency and Customs of Viet Nars¢the same HS Codes, therefore the data of declared
chemicals that are derived from the two systems are dintepa

However, the format of the two databasadifferent This could be potentialymproved inorder
to make the databaskdly compatible and interchangeablealso would be beneficial if MONRE
had some type able in the reportingn the inteim period (until Viet Nam s ready to ratify Kigali)
given that at the momenthas no role in the current management sysfietimese substances,
netther aschemicals or GHGs.

1 Recommendations for the maage ment of HFCan Viet Nam after the Government
ratifies the Kigali Amendment and its entry into force

Before the Kigali Amendment enters into force and ratification by the@awent of Viet Nam,
there will benorequirement to change the currer@nagemerpracticeof the import andise of
HFCs However, once both occuthe current management system will require modificatioorder
to accurately tracknport and consumptioof HFCs toestablish baseline levels and eventually
fulfil phase downobligations as well ageportng obligations under thdNFCCC (on emissions).

Based on consultation withe NOU and relevant stakeholdeasthe final workshopgiecommended
policy measures for management of HFCs in Viet Nam in the futuhe Government ratifies the
Kigali Amendment include

o0 Add HFGs tothe list of goods subjetd conditional import andse in Viet Nam under
existing &ws (Law on Environment Protection, Law on Chemicals, Law on Foreign Trade
Management, etc.)

o Establish and operate a licensing system for import, export, temporary iropertpbt of
HFCs by integrating HFCs e current quota and import/export licensing system of
HCFCs;

o Determine the sectors and subsectors where alternative technologies are commercialy
available and at what time period (prioritization)

o Determinequotas on HFCs based on the prioritizatiaexercise and in accordance with the
phasedownschedule when it comes into effect (expectedly since 2023);

0 Restrict or prohibit establishment of new enterprises using HR@anmufacturingwhen
there are suitable condits;

o Controland prohibit the import of HRContaining equipment when there are suitable
condtions in consideration of international traagreements that Viet Nabelongsto.

At the final workshop,the Governmenstressed that Viet Nam woulalst consder whether and

when to approvéhe Kigali Amendmenbeforeestablishing a more formal systéonmanage HFCs,
although it was clear that asystem would be sitar to the management systemfCFCs.
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9. CONCLUSION

The surveywasconducted iraccordancevith an agreed strategy and methodaologyfinal set of

data was compiled for the years 2115 across the differertFCsbased on database derived
from two approacheistop-down and bottorup. Aralysis of the datavasconducted to find the gaps
and missing information. Overall, no major gaps andétaconflicts werefound

Regarding surveyesults,t has been confirmetthatthe RAC manufacturing and servicing sector is
currently the most intensive in msumption oHFCs in Viet Nam, oveother sectors including the
glass and the fire suppression sectors (the foam sector only uses HCFCs abd&ther
alternatives).

Currently, the management of all HFCs and some other @&r8ativesfalls under the declaration
process managed e Viet Nam Chemicals Agenayf MOIT and CustomsWithout any

additional control measures, annual total import datdFCscan be obtainedfom respective
databases, noting however that HS codes are limited to two despite the many HAES datehds

in the market. These two sources are sufficiemtthe short terno at leastprovide Viet Nam with
information on growth and market trendshese do not, however, allow for determination of sector
level use of these substances.

If the Govenment decides to ratify the Kigali Amendment in the near future, the country wil be
required to establish and implement a system for licensing the import and export of new, used,
recycled and rdaimed controlled HFCs under Annexoly January 12019. Tterefore, the
Governmenimay wanto consider preparing for establishing such a system when determingy
and whether to ratify thenaendment. This will allow the Governmetotunderstandnport and
usage patterns in thature, establish a realistic aadcurate baselinand be better preparadien
controls beginStakeholderconsultaibns under this survey confirmed that a simi#gistem that is
applied to HCFCshould be introduced teenefit from themore than 20 years of ODS phazg
managementexperienceMONRE, jointly working with other ministries, especially MOIT and the
Customswould consequenthpe in charge of proposinguch amanagement system.

As HFC use is growing rapidly iiet Nami tripling in only five years and poised to repea

large chunk of the 3,400 ioes of HCFCs currently in usand given that HFC emissioase also
controlled under UNFCCC, the phase down of HFCs has the potential to significantly contribute to
the national mitigation targetin ND&hd as suchauld beconsideredas part ohational efforsto

mitigate GHGs as stated in NDC. Furthermore, the inventory of HFE&&KS should be included

in regular National GHG Inventories and BURs under the UNFCCC.
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