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The revision of the Code of Practice for RAC and MAC was made possible using
funding assistance from the Multilateral Fund for the implementation of the Montreal
Protocol on Substances that Deplete the Ozone Layer, granted to the Philippine
Government through the United Nations Environment Programme as the implementing
agency for the Philippine NCPP project.

This Code will be used by service technicians as referencefguidance document
on good practices in handling and working with refrigerants, including regulations and
legislations concerning the trade. It is also useful as a handbook for technician's training
on retrofitting procedures and recovery/recycling of refrigerants prior to certification from
the Technical Education and Skills Development Authority (TESDA).

The Code of Practice is a fiving document and therefore subject to change or
revision. It is expected that the concerned stakeholders of the RAC and MAC sector may
present additional comments and suggestions for the improvement of the contents of this
Code and for inclusion to the next revision and production. Kindly send your comments
and suggestions to the National CFC Phase-out Plan- Project Management Unit of the
Philippine Ozone Desk.

Department of Environment and Natural Resources
Envirenmental Management Bureau
Philippine Ozone Desk
Mational CFC Phase-out Plan Project Management Unit
DENR Compound Visayas Avenue, Quezon City
Tel Mos. 426-4338 f 928-4578 / 928-4589

E-mail: czonewatch@vasia.com
E-group: ncpp_prou@yahoogroups com
Website: weawemb.gov.ph
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'BACKGROUND

A. THE OZONE ISSUE AND THE MONTREAL PROTOCOL

The ozone layer is a thin veil of molecules in the stratosphere, located between
troposphere and ionosphere, which is about 11 - 48 kilometers from the earth’s surface.
It blocks most of the Ultraviclet B or UV-B range from reaching the earth's surface.
Harmful effect of the UV-B rays in humans include skin cancer, eye disorders,
weakening of body's immune system and damage to plants and aguatic organisms. The
stratospheric ozone depletion became a worldwide issue upon the discovery of the
Antarctic “ozone hole" in 1985, Scientific evidence confirms that ozone damaged are
caused by manmade compounds containing chlorine and bromine-such as
chlorofluorocarbons (CFCs) and halons released in the atmosphere. CFCs  were
considered as "miracle compounds” in the chemical industry, but later were identified as
the leading cause of ozone depletion. These are widely used in the industry like
refrigeration and air conditioning (household, commercial, stationary and mobile), foam
production (building insulation, flexible and rigid) and tobacco expansion. This global
problem which alerted the international community led to the adoption of the Montreal
Protocol in September 1987 and was entered into force on January 1, 1989 by 73
countries including the Philippines and the EEC. As of 2012, there are197 parties where
South Sudan is the newest member

The Maontreal Protocol on Substances that Deplete the Ozone Layer was created
to restore the ozone layer by implementing programs to reduce production and
consumption and eventual phase-out of Ozone Depleting Substances (ODS).

The XXIX Meeting of Parties to the Montreal Protocol in September 2007,
through its decision XXIX/6, adopted an accelerated phase out for HCFCs keeping in
mind Ozone Depleting Potential and Global Warming Potential. The first control is the
freeze on production and consumption of HCFCs on January 2013, at the base level i- e-
average of 2009 and 2010 consumption levels. The second control step is the reduction
of 10% from the Baseline Levels on January 1, 2015. Subsequent control steps are 35%
reduction by 2020, 67.5% by 2025, 97.5% by 2030 and complete phase out from
January 1, 2040. The decision also directed the Executive Committee of the Montreal
Fund to assist Article 5 Parties in preparation of HCFC Phase out Management Plans
(HPMP).

B. KYOTO PROTOCOL

The Kyoto Protocol is a pact agreed on by governments at the United Nations
conference in Kyoto, Japan in 1997 to reduce the amount of greenhouse gases emitted
by developed countries by 5.2 percent of 1980 levels during the five-year period 2008-
2012. Eighty-four (84) countries have signed the pact and 40 have already ratified it, with
Romania as the only country with emissions target who have ratified to date. It is the only
legally-binding plan for combating global warming.

Greenhouse gases are gases that trap heat in the earth’s atmosphere. The main
contributer is Carbon Dioxide (CO.), most of which comes from buming fuei. The
protocol also covers Methane (CH4), much of which comes from agriculture and waste
dumps, and Nitrous Oxide, mostly as a result of fertilizer use. Three industrial gases
used in various applications, such as refrigerants, heat conductors and insulators, are
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also included — they are Hydrofluorccarbons (HFCs), Perfluorocarbons (PFCs) and
Sulfur Hexafluoride (SF6) as well as Chlorofluorocarbons (CFCs).

In November 2012 during the UN Climate Summit in Dcha, Qatar, nearly 200
nations agreed to extend Kyoto Protocol until 2020. The Summit established for the first
time that developed nations should move towards compensating developing nations for
losses due to climate change. The Conference also cleared the way for the Kyoto
protocol to be replaced by a new treaty binding all rich and poor nations together by
2015 to face the challenge in tackling climate change.

C. THE COUNTRY’S SPECIFIC PROGRAM

In the Philippines, the Department of Environment and Natural Resources
(DENR) - Environmental Management Bureau (EMB) through its Philippine Ozone Desk
(POD) act as the National Ozone Unit (NOU) for the implementation of programs and
activities under the Montreal Protocol, through the Refrigeration Management Plan
(RMP) that led to the development of wide range of policy and support services.

In order to concentrate further in the implementation stages, the Project
Management Unit (PMU) was created under DENR Special Order No. 2003-43. lts main
tasks are: preparation of detailed planning, conduct of monitoring, coordination and full
implementation of specific components of the NCPP project, part of which are the
Refrigeration and Air Conditioning (RAC) and Mobile Air Conditioning (MAC) sector, as
well as foam, aerosol, Metered-Dose Inhaler (MDI) sectors.

Presently, the following major projects have been approved by the Multilateral
Fund Executive Caommittee to comply with the country’s commitments to the Montreal
Protocol on Substances that Deplete the Ozane Layer:

Presently, Philippines’ Country Programs approved by the Montreal Protocol are
the following:

1. The Institutional Strengthening Project (1SP) is the arm of the POD that

supparts its following functions:

a. Implement the country programs

b. Design and implement the law and financial measures to facilitate
phase out

c. Coordinate country activities

d. Consult with industry and other relevant organizations

e Represent the country point of view in the MOP and all working
groups and committees

f. Organize and present awareness and training programs for
industry and the public

a. Implement the licensing system for monitoring and reporting
national consumption

h. Monitoring of past and present investment and non-investment
projects

i. Create a strategy and plan of action for future projects

2. The National CFC Phase out Plan (NCPP) where its main objective is to
phase out the remaining uses of CFCs in the country in all sectors
particularly in foam, tear gas/aerosol and manufacturing of CFC-based
equipment, refrigeration and air conditioning (RAC) and mobile air
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conditioning (MAC) servicing and meter-dose inhaler (MDD, Among all
sectors, RAC and MAC servicing sector has the highest consumption of
CFC where implementation must be focused.

3. As part of the Philippine Hydrochloroflourocarbons Phase out
Management Plan (HPMP) strategy, the phase out of HCFC-141b in the
foam sector is presently being supervised by the United Nations
industrial Development Organization (UNIDO) as the Implementing
Agency and the POD as the NOU. About 364 .34MT of HCFC-141b used
in the manufacture of PU foams, will be phased out by the end of 2012 to
comply with the approved accelerated phase-out schedule of HCFCs for
Article 5 countries based from Decision 19/6 of the Meeting of the Parties
to the Montreal Protocol. The present HCFC-141b technology utilized for
the production of flexible foams will be converted to water technology,
while that for rigid foams will be converted to CP or water blown
technology, depending of enterprises’ size and present level of
technology.

The Government of the Philippines through the DENR-Environmental
Management Bureau (EMB) will put in place policies to ban the use of
HCFC-141b in the foam sector by the end of 2014. The overall HPMP was
prepared by the World Bank (WEB) wherein the phase out of HCFCs in the
domestic air-conditioning manufacturing sector will be implemented by
WB and the phase out of HCFCs for the commercial refrigeration and air
conditioning manufacturing sector is proposed to be under the United
Nations Development Programme (UNDP). In January 2012, a version of
the HPMP was submitted to the 66th meeting of the Executive Committee:
however, it was later withdrawn upon agreement among the ExCom
Secretariat, the Philippines Ozone Desk, and the World Bank that the
Philippines’ Article 7 HCFC consumption data for 2009 and 2010 needed
to be verified. A verification audit was carried out in July-August 2012 and
forms the basis for this HPMP. The HPMP has been reviewed by UNEP
and UNDP, and incorporates their comments and approved by MLF
during the 68th Meeting of the Executive Committee held in Montreal last
3-7 December 2012. To date, the initial phase out of HCFCs in the foam
sector project will comply—with the GOP’'s commitment for an HCFC
reduction obligation of 10% by 2015,
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INTRODUCTION
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A. PURPOSE AND SCOPE

The RAC and MAC sector plays a vital role in the implementation of the Montreal
Protocol to phase out the ozone depleting substances and to improve the service level in
the refrigeration trade. Refrigeration and air-conditioning systems are large users of
electrical energy and represent huge capital investments. To maintain these systems
according to this Code of Practice (CoP) should ensure low leaks of refrigerants and
lowest possible energy consumption resulting to fowest possible impact of the
environment from Ozone Depleting Substances and on Global Warming from
direct emissions of refrigerants as well as from indirect effects from Carbon
Dioxide (COZ) emissions caused by energy consumption. This CoP will also act as
reference document for the training of service technicians, to set minimum
standards for good practices in servicing refrigeration and air conditioning
systems and initiate communication between relevant stakeholders and other
concerned trades. As a result, upon implementation of this code, it is expected that
HCFC consumption will be reduced in a cost effective manner, without requiring major
capital investment. It will also help in the smooth transition of technology from HCFC to
non-HCFC and will improve quality, safety and the health aspects. The phase out of
HCFC and the use of alternatives can be interpreted by the diagram below:

HFC Alternate technologies and
substitute with no influence on
climate

High GWP HFC Low GWP HFC

Substitute to HCFC| | Substitute to HCFC | | LOW GWP
Substitute to HCFC

6 - Safe for Ozone Safe for Ozone

Montreal Protocol | Potential to Minimal influence Saleter Rzong
influence climate on climate | | Noinfluence on

Ozone Depleting climate

Influences climate

Minimal impact on ozone and climate

This CoP establishes the minimum acceptable standards of services in
refrigeration and air-conditioning systems. If alternative methods are used they should
ensure lower environmental impact, higher reliability and better energy performance.

B. REFERENCES

ARI Standards

GIZ Operation of Split Air conditioning systems with Hydrocarbon
Refrigerant

Guidebook for Implementation of Codes of Good Practice
HyChill Hydrocarbon Refrigerants
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Toyota HFC134a Air conditioning Fundamentals and Repairs
TESDA Training Regulation on HVAC R Sector

UNEP Good Practices in Refrigeration Training Manual

UNEF National Training on Good Practices in Refrigeration
UNEP Manual for Refrigeration Servicing Technicians

Updated Philippine Country Program for Ozone Layer Protection

C. DEFINITION OF TERMS

Accredited Service Shops - service enterprises performing refrigeration and air
conditioning related activities that pass gualification requirements and
holds a current accreditation certificate by DTI.

Alternative Refrigerant - replacement for ODS with zero ODP such as natural
refrigerants and HFCs.

Article 5-country - a developing country that is a party to the Montreal Pratocol,
and whose annual consumption is less than 0.3 kg per capita and operate
under article 5 of the Montreal Protocol.

Azeotrope — a blend consisting of one or more refrigerants of different volatilities
that does not appreciably change in composition or temperature as it
evaporates (boils) or condenses (liquefies) under constant pressure.
Refrigerant blends assigned an R5xx series number designation by 1SO
817 are examples of azeotropes.

ARI 700 - standard used as basis for the quality of reclaimed refrigerant.

Back Conversion - an act of going back from non-ODS refrigerant to ODS
refrigerant.

Blends - a mixture of two or more pure fluids and are used to achieve properties
that fit many refrigeration purposes. It is divided into two categories:
azeotrope and zeotrope.

Certified Technician - a technician who has successfully completed and passed
the competency assessment given by TESDA (or an accredited
institution) and holds a current TESDA-issued certificate.

Chlorofluorocarbon {CFC}) - a stable chemical containing only chlorine, flucrine
and carbon atoms, known to be ozone-depleting substances (ODS).

Commercial and Industrial Refrigeration and Air Conditioning — similar to the
domestic refrigeration and air conditioning but this are commonly found in
commercial establishment such as restaurant, flower shops, supermarkets
and the like. Some are plug-in type unit like a small reach-in coolers in a
local convenience store. These are usually installed and serviced by a
certified group of technicians.

Container/Cylinder — a drum or tank that holds refrigerant use for storage or
transport.

Contaminants — any substance such as dirt and moisture that is foreign to the
refrigerant or the refrigeration system.

Disposable Container/Cylinder - drum or tank designed to be used only once
for the transport and storage of a virgin substance, oftentimes termed as
‘one trip” cylinder; made of common steel that oxidize, therefore weakens
when rust occurs on walls, with a single-acting plastic valve that makes it
non-refillable.
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Disposable Container/Cylinder — non-refillable cylinder (NRC) or DOT 38 drum
or tank specified by the U.S. DOT Regulations 39 that cannot be filled or
transported more than once. It is termed as "one-trip" cylinder, made of
common steel that oxidize, therefore weakens when rust occurs on walls,
with a single-acting plastic valve that makes it non-refillable..

Domestic Refrigerator — a small refrigeration equipment used for preservation of
food and to cool water and beverages.

Drop-in Refrigerant — substance that is claimed to be direct replacement for
QDS refrigerant, without changing existing mineral oif in the system.

Dual Pressure Switch - a device with two settings; both high and low, that trips-
off compressor's relay when operating pressures go above or below the
preset high or low pressure setting.

Elastomers - any of various elastic substances resembling to rubber.

Evacuation - the process of removing air (gas) and maoisture from a refrigeration
and air conditioning system.

Firestat - a device that controls electric defrost heaters to prevent overheating
based on preset temperature setting.

Flushing - an act of cleaning a contaminated refrigeration/air conditioning system
or system with burnt compressor by pumping a solvent or pushing it
through a system with a gas (Nitrogen) then releasing the compounds to
the atmosphere or a system openly exposed or in contact with the
atmosphere.

Fractionation - a condition wherein one or more refrigerants in a blend leak at a
rate faster than the other refrigerants in that blend {a condition wherein a
zeotropic or near-zeotropic refrigerant blends phase changes. This
causes different condensation and vaporization rates and temperatures as
their phase change.)

Global Warming Potential (GWP) - an index comparing the climate impact of an
emission of a greenhouse gas relative to that of emitting the same amount
of carbon dioxide. GWP is determined as the ratio of the time integrated
radiative forcing arising from a pulse emission of 1 kilogram of a
substance relative to that of 1 kilogram of carbon dioxide, over a fixed
time horizon.

Holding Charge - a charge of an inert or a refrigerant gas put into a system or
equipment to ensure that there is a positive pressure to prevent air or
moisture from entering into the system or equipment.

Hydrocarbon {HC) - chemical compounds consisting of one or more carbon
atoms surrounded only by hydrogen atoms, These are not damaging to
the ozone layer and have a minimal global-warming potential. A
flammable compound.

Hydrochlorofluorocarbon (HCFC) - halocarbons containing only hydrogen,

chlorine, fluorine and carbon atoms. Because HCFCs contains chiorine,
they contribute to ozone depletion. They are also greenhouse gases.

Hydrofluorocarbon {HFC) - halocarbons containing only carbon, hydrogen and
fluorine atoms. Because HFCs contain no chloring, bromine or ioding,
they do not deplete the ozone layer. Like other halocarbons, they are
potent greenhouse gases. Some HFC's are flammable.

Hygroscopic - characteristic of a substance that readily absorbs and retains
moisture.
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Initial Charge - partial charge of refrigerant to ensure positive pressure in a
system prior to final charging.

Installation - refers to any permanent mounting or setting-up of system, or
transfer of equipment from one location to another, which involve
disconnection and reconnection of refrigerant piping and/or electrical
interconnections between indoor and outdoor units.

Lubricant — fluid present in the internal volume of the refrigerating system,
present for the main purpose of lubrication of wearing surfaces. In a leak
scenario, lubricant may be flammable or increase the flammability of
leaking refrigerant.

Mobile Air Conditioning (MAC) - refers to the air conditioning system of motor
vehicles. They are usually directly driven by the vehicles’ engine while for
some bigger units, they are driven by ancther or separate engine or
electric motor.

Mixture - a refrigerant that containe oil and contaminants including other
refrigerants.

National Certificate | (NC 1) - a technician certification wherein workers in this
level perform routine and predictable tasks involving little or no latitude for
judgment. Work involves adherence to appropriate standards or
specifications while assignments are usually made by a supervisor ar a
worker at a higher level who gives simple instructions and makes
clarifications or suggestions when necessary.

National Certification Il (NC II) - a technician certification wherein workers in this
level prescribed range of functions involving known routines and
procedures, where clearly identified choices and limited complexity
applies. Work involves some accountability for the quality of outputs while
applications at this level may involve individual responsibility or autonomy
or working with others as part of a team or group.

National Certification Il (NC Ill} - a technician certification wherein workers on
this level perform a wide range of skilled operations at a high level of
competence involving known routines and procedures. The work context
involves some complexity in the extent and choice of options available,
understanding the work processes, equipment to and material to be used.
Applications at this level may involve individual responsibility or autonomy
and/or may involve some responsibility for others. Participation in teams
including team or group coordination may be involved.

National Certification IV (NC IV) - a technician certification wherein workers in
this level perform a wide range of applications in a variety of context most
of which are complex and non-routine. Work involves some leadership
and guidance when organizing activities of self and others as well as
contributing to technical solutions of a non-routine or contingency nature.
Work at this level also requires evaluation and analysis of current
practices and the development of new criteria and procedures. Application
involves responsibility for the organization and performance of others.

Natural Refrigerants- are naturally occurring organic substances that can be
used as cooling agents for refrigerators and air conditioners such as
water, ammonia, CO2, nitrogen and hydrocarban.

Non-condensables - gases that do not change to liquid state at operating
temperature and pressure of the refrigerant.

Qil Pressure Switch - a device that trips-off compressor when suction and oil
pressure difference does not meet manufacturer's recommendation.

2
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Original Equipment Manufacturer (OEM) - manufacturers of complete
refrigeration/air-conditioning units.

Ozone-Depletion Potential (ODP) - a measure of the relative capability of a
particular chemical to destroy ozone. The QDP is measured against CFC-
11 which has an assigned ODF of 1.0.

Ozone Depleting Substances (ODS) - a chemical compound that is sufficiently
stable to reach the stratosphere and is capable of reacting with
stratospheric ozone, leading to ozone depletion.

Philippine National Standard (PNS) - standards developed by the Department
of Trade and Industry-Bureau of Product Standards (DTI-BPS) that will be
used as basis for the certification of certain products or practices.

Polyalkylene Glycols (PAGs) - a very hygroscopic refrigeration lubricant that is
used for HFC refrigerants for automotive air conditioning systems and
have very high molecular weights,

Polyoclester - a popular synthetic lubricant for use with HFC refrigerants.

Pump-down system - a term used wherein the refrigerant content of a
refrigeration system is isolated and temporarily stored in  the
condenser/liquid receiver.

RAC - Refrigeration and Air Conditioning

Large RAC System — capacity of more than 300kg refrigerant charge
Medium RAC System — capacity of 30kg up to 300kg refrigerant charge
Small RAC System — capacity of less than 30kg refrigerant charge

Reclamation - means re-processing of recovered/used refrigerant to a
quality/degree or specification the same as that of new refrigerant.
Reclaimed material should meet the specification defined by ARI 700.

Recovery — the removal of a refrigerant at any condition {vapor, liquid or mixed
with other substance) from a system and to store it in an external
container,

Recovery Machine — an equipment that removes or extract refrigerant at any
condition from a system and store it to an external cylinder.

Recovery & Recycling Machine — an equipment that removes or extract
refrigerant in any condition from a system and clean it by oil separation in
a single or multiple passes through a replaceable core filter drier which
reduces moisture acidity and particulate matter.

Recycling —a process wherein a contaminated refrigerant, is made to pass to a
core filter drier several times and clean it through oil separation method to
reduce moisture acidity and particulate matter.

Refillable Container/Cylinder — a re-usable drum or tank intended to contain
refrigerant for storage and transport.

Refractometer - an instrument used to measure the percentage of residual
mineral oil during retrofit or conversion. Recommended range is between
1-5%.

Refrigerant Identifier — an instrument used to identify refrigerant percentage
composition of CFCs, HCFCs, HFCs, Hydrocarbons and air content.

Relief Valve - a safety calibrated spring-operated device that is designed to
relieve system over pressure.

Retrofit - process by which the equipment currently using an ODS refrigerant is
made to run on a non-0ODS refrigerant.
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Rupture Disk - a circular (round and dished) device used on some refrigeration
equipment to provide pressure release for safety purposes. This disc
suddenly breaks when a certain pressure is reached.

R-value — is a measure of resistance to heat flow through a given thickness of a
material.

Servicing - means any act of repair, maintenance, testing and trouble shooting of
parts, including mechanical and electrical components of an existing
refrigeration and air conditioning equipment.

Specified Refillable Container/Cylinder - a re-usable container that is

color-coded or tagged for & specific refrigerant intended for storage or
transport.

System - refers to refrigeration and air conditioning components
assembled/installed into a closed circuit structure isolated from outside
air or surroundings.

Gauge manifold — gauge manifold with at least high and low pressure
gauge and valves to allow control and service on RAC system.

Temperature Glide — the range of temperature between the dew point
(condensing) and bubble point (evaporating) at a single given pressure.

Thermistor — a semi-conductor electronic device that changes resistance with a
change in temperature.

Venting - means intentional release andior purging of refrigerant to the
atmosphere.

Window Type Air Conditioner — the smallest packaged air conditioning unit
used to cool a space.

Zeotrope - a refrigerant blend consisting of two or more substances of different
volatilities that appreciably changes in composition or temperature as it
evaporates (boils) or condenses (liquefies) at a given pressure. A
zeotropic refrigerant blend assigned an R4xx series number designation
in 150 817.

:3%
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=

AHU
ARI
ASHRAE

CCco
CTS
DENR
DT
GWP
LTO
MAC
MAPHIL
MSDS
NCPP
QDP
oDs
OEM
PEC
PMU
PNS
POD
PSME
PSVARE
PPE
SAE
TESDA
UNEP
UNDP
UNIDO
WB

ABBREVIATIONS/ACCRONYMS

Air Handling Unit
Air conditioning and Refrigeration Institute

American Society of Heating, Refrigerating and Air
Conditioning Engineers

Chemical Control Order

Collection, Transport and Storage Facility
Department of Environment and Natural Resources
Department of Trade and Industry

Global Warming Potential

Land Transportation Office

Mebile Air Conditioning

Maintenance Association of the Philippines

Material Safety and Data Shest

National CFC Phase-out Plan

Ozone-Depletion Potential

Ozone Depleting Substances

Original Equipment Manufacturer

Philippine Electrical Code

Project Management Unit

Philippine National Standard

Philippine Ozone Desk

Philippine Society of Mechanical Engineers
Philippine Society of Ventilating and Refrigerating Engineers
Perscnal Protective Equipment

Society of Automotive Engineers

Technical Education and Skills Development Authority
United Nations Environment Programme

United Mations Development Programme

United Nations Industrial Development Organization
World Bank
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PART 1: GENERAL
REQUIREMENTS
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PART 1.1 - TESDA Certification on Technicians

1.1.1  Only service technicians who have passed the competency assessment
by TESDA will be given certification.

1.1.2 Each Certified Technician shall be assigned with a certification number
and their list will be maintained in a datahase at TESDA.

1.1.3 Only Certified Technicians will be allowed to perform service/repair works
on RAC equipment/system (refer to Section 9. Item 9.1 of the revised
Chemical Control Order for ODS).

1.1.4 Only Certified Technicians will be allowed to purchase refrigerants listed
under the Montreal Protocol Controlled Substances (refer to Section 8
ltem 8.5 of the revised Chemical Control Order for ODS).

1.1.5 Only Certified Technicians will be allowed to operate a Recovery and
Recycling Machine,

PART 1.2 - DTI Accreditation on Service Shops

1.21 All service and repair enterprise must be registered with appropriate
government agencies and accredited by DT,

1.2.2 Only Accredited Service Shops will be allowed to perform RAC-related
services,

1.23 Only Accredited Service Shops will be allowed to purchase refrigerants
listed under the Montreal Protocol Controlled Substances (refer to Section
8 Item 8.5 Annex |l of the revised Chemical Control Order for ODS).

1.2.4 All technicians of service shops actively involved in the service of RAC
system shall be TESDA certified.

PART 1.3 - DENR Registration on ODS Importers, Distributors,
Dealers, Retailers and Service Providers

1.3.1 Only DENR-registered enterprises shall be allowed to import ODS
refrigerants.

1.3.2 Only enterprises (dealers, retailers, re-sellers) registered by DENR shall
be allowed to purchase, re-sell or distribute QDS refrigerants.

1.3.3 All service providers must be registered with DENR-EMB.
PART 1.4 - Practices

1.4.1 Never use ODS and petroleum products as cleaning/flushing agent for the
system.

1.4.2 Never mix different types of refrigerant.

1.4.3  Always recover refrigerant before servicing a system.

1.4.4 Never vent OD3/ HFCs in the atmosphere.

1.4.5 Never re-charge (tap up) the system without repairing leaks.
146 Never use refrigerants for leak testing.

1.4.7 Never use halide torch for leak testing of flammable refrigerants.
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1.4.8  Use only appropriate leak testing instrument for flammable refrigerants.
1.4.9 Never use oxygen for leak and pressure testing.

1.4.10 Never use nitrogen for pressure testing without the use of nitrogen
regulator.

1.4.11 Never use compressed air for leak and pressure testing.
1.4.12 Never use compressed air in flushing refrigeration system.
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PART 2: REFRIGERATION AND
AIR CONDITIONING SECTOR

% MNational CFC Phase-out Plan Project Management Unit
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PART 2.1 - WINDOW TYPE AIR CONDITIONER AND DOMESTIC

REFRIGERATION

SECTION 1= INSTALLATION
1.1 Window Type Air Conditioner
1.1.1 Refer ta the manufacturer's recommended installation instruction

when installing window type air conditioning unit;

1.1.2 As much as possible, avoid installation wherein the condenser coil
is exposed to direct sunlight;

1.1.3 Seal-off all possible air leakages within the conditioned area to
prevent infiltration of cutside air;

1.1.4 Seal-off air gap between unit's housing and wall;

1.1.5 Install unit in such a way that the water condensate is prevented
from dripping back inside the room;

1.1.6  Make sure that available electrical power supply is in accordance
with Philippine Electrical Code (PEC) and with manufacturer's
specification;

1.1.7 Secure unit using approved brackets or acceptable fabricated
frames;

1.1.8 Install unit with its own disconnect switch (circuit breaker, manual
disconnect switch) in accordance with PEC; and

1.1.8 Ensure that the condenser airflow is nat blocked.
1.2  Refrigerators

1.2.1 Provide adequate flow of air on the condenser section of the
refrigerator; and

1.2.2 Do not place refrigerator unit near a heat source.

SECTION 2 - MAINTAIN, SERVICE AND REPAIR
2.1 Window Type Air Conditioners

211 Assess condition of unit to determine whether it is practical to
repair or not:

2.1.2 If beyond repair, the technician shall exert utmost effort to recover
the refrigerant content of the unit, if there is any;

2.1.3 If repairable, perfform procedures in accordance with acceptable
industry practices:;

2.1.4 Refer to manufacturer's recommended service manual:
2.1.5 Clean air filter regularly;

2.1.6  Perform regular cleaning of condenser, evaporator, blower and
other accessories;

2.1.7 Check for traces of oil on refrigerant lines as signs of possible
leaks;

2.1.8 Ensure that the unit's operating current and voltage is within the
acceptable range;

®
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219 DO NOT USE LYE. Use appropriate and environmentally
acceptable cleaning agents to the evaporator and condenser coils;

2.1.10 Use pressurized water or compressed air when cleaning coils,

2.1.11 Use fin comb in straightening fins; and

2.1.12 Use appropriate PPE.

Refrigerators

2.2.1 Assess condition of unit to determine whether it is practical to
repair or not;

2.2.2 |If beyond repair, the technician shall exert utmost effort to recover
the refrigerant content of the unit, if there is any:

2.2.3 |If repairable, perform procedures in accordance with acceptable
industry practices; and

2.2.4 Referto manufacturer's recommended service manual

PART 2.2 - COMMERCIAL AND INDUSTRIAL REFRIGERATION

AND AIR CONDITIONING

SECTION 1~ UPGRADING/MODIFICATION OF EXISTING UNIT

This section covers the improvement of existing system set-up, particularly for
larger units with sufficient remaining lifetime. This does not cover system design.
Modification of the system including installation of additional parameters mentioned
herein shall be done only during major repair, in order not to hamper its continuous
operation, and should not be affected while the unit is normally operating. The following
guidelines should be followed as well as those given by the manufacturer, if available:

1.1

12

1.3

1.4

1.5

1.6

1.7

1.8

Pump down system andfor recover refrigerant before opening the
refrigeration system;

VWeigh and label recovered refrigerants properly. Exert all efforts to
prevent/ minimize loss of refrigerant during recovery operation;

Ensure that the existing equipment is set-up to a pump down system. If
not, install the necessary refrigerant service valves, replace if found
defective;

Modify refrigerant piping installation to the standard and acceptable
industry practice (refer to applicable ASHRAE/ARI or manufacturer's
standard), if necessary;

Convert flared connections into brazed type refrigerant piping and fittings,
whenever possible;

Ensure that gauges for monitoring system condition and refrigerant
charge are installed and operational;

Ensure that vibration eliminators installed on suction and discharge lines
are in accordance with manufacturer's standard; and

Ensure setting of pressure-limiting devices such as pressure relief valve,
highflow and oil-failure pressure switches are in accordance with
manufacturer's standard.

E_-,% Natiohal CFC Phase-out Plan Project Management Unit
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SECTION 2 - INSTALLATION OF EQUIPMENT

The following should be observed for all refrigeration and air conditioning

installations:

21

&2

2.3
2.4

25

2.5

2.7

2.8
29
2.10

2.1

2.12
2.3

2.14
2.15

2,16

217

2.18

2.19
2.20

2.21

2.22
2.23

2.24

Refer to the manufacturer's recommended installation instruction and
procedure;

Seal-off exposed pipe ends to prevent it from being exposed to moisture
and foreign materials;

Install all units free from hazards to person, property and the environment;

Monitor and supervise all installation works by a competent and
responsible person;

Observe safety procedures during installations at all times;

Provide adequate ventilation at refrigeration equipment room or adequate
space as per acceptable industry standards (ASHRAE, ARI, and other
standard ventilation handbook);

Provide sufficient service space to individual equipment, as recommended
by its manufacturer;

Use tube or pipe cutter when cutting copper tube or pipes;
Ensure that pipes and fittings to be used are clean before installation:

Provide U-trap for refrigerant riser pipelines as per manufacturer's
standard;

Install appropriate auxiliary components such as sight glass, filter drier,
ligquid receiver, vibration isolator/eliminator, crank case heater, eto:

Clamp and secure properly refrigerant piping;

Insulate refrigerant piping properly with the correct insulation r value all
throughout its piping length;

Ensure that insulations are properly joined;

Provide proper rubber isolation pad between unit and its base to prevent
transmission of vibration that may cause noise;

Secure unit frame by tightening bolts & nuts/fasteners properly to prevent
vibration:

Avoid installation of condensing unit with its coil directly exposed to
sunlight;

Ensure positive condensate drain when installing Fan Caoil Unit (FCU} / Air
Handling Unit (AHU);

As much as possible, imbedded pipe should be installed in a trench;

Introduce dry nitrogen into the pipe while brazing or soldering to prevent
metal oxidation,

Use dry nitrogen to flush out debris or any foreign particles from brazing
or cutting. Never use oxygen for flushing;

Use approved cleaning agent for flushing dirt out of the system;

Check holding charge content of the condensing unit whether it is a
refrigerant or nitrogen;

Ensure that the system is leak tested at 150 psig for low side and 300 psig
at high side using dry nitrogen. For R-410A and COz refer to

l! T
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2.25

2.26

2.27

2.28

2.29

2.30
2.31

Code of Practice for Refrigeration and Air Conditloning

manufacturer's recommendation. Evacuate system to 1000 microns
(29.87in Hg):

Provide exclusive power supply and circuit breakers for each unit as per
manufacturer’'s standards;

Do not wrap too tightly when using polyethylene tapes on refrigerant
piping insulation to avoid decreasing the insulation R value;

Check properly safety related component's functionality (e.g. high and low
pressure switches, time delay, solenoid valves, pressure relief valves and
the like}. The settings and results of tests should be documented for future
reference;

Ensure crankcase heater is energize for a minimum of 24 hours prior to
start-up;

Label properly components of the refrigeration system. Equipment
specification and technical data (MSDS, technical bulletin, etc.) shall
readily be available, to include type and amount of refrigerant and
lubricant used in the system:

Accomplish Start-Up Data Sheet right after installation: and
Cut pipe in accordance to accepted industry practices.

SECTION 3 - OPERATION AND MAINTENANCE

This section includes activities performed on a regular basis:

31

3.2

General

3.1.1 Inspect panels (insulated cabinet, control panel, etc.); schedule
repair, if necessary,

3.1.2 Inspect unit switches for unusual or abnormal condition:

3.1.3 Check bearings for any unusual sound and vibration. Apply grease
or oil, if necessary,;

3.1.4 Check tightness of all bolts and screws; tighten, if necessary:

3.15 Check fan and fan housing for dirt accumulation: clean, if
necessary,

3.1.6 Check belt tensions and alignment of pulley, adjust, if necessary:
and

3.1.7 Check belt for any abnormal wear. Determine its cause and make
necessary correction,

Refrigerant/cil system

3.2.1 Inspect condition of refrigerant piping insulation, and schedule
repair or replacement, if necessary;

3.22 Inspect sight glass (if present) for refrigerant flow/quality;

3.23 |Inspect for refrigerant leaks as indicated by oily spots and use
appropriate leak detector to locate the leak;

3.24 Check schrader/access valves, packing glands, O-rings, service
caps and fittings for tightness;

2
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3.25

3.26
J2T

Check compressor oil level (if applicable). If it is low, report for
further analysis;

Check oil for discoloration; and
Check operating pressures:
3.2.7.1 Suction

3.2.7.2 Discharge

3.2.7.2 Qil Pressure (if applicable)}

5o Central System (Condenser)

3.3.1

3.3.2

Air-cooled

3.3.1.1 Check and clean condenser coils for dirt accumulation:
3.3.1.2 Check condenser operating pressure; and

3.3.1.3 Check condenser supply air.

Water-cooled

3.3.2.1 Check condenser water supply and return temperature;
3.3.2.2 Check operating pressure and temperature of condenser;
3.3.2.3 Check water temperature in and out of the cooling tower;

3.3.24 Check cooling tower's water level, make-up water and
other operating parameters and abnormalities;

3.3.2.5 Conduct regular blow-down of cooling tower;

3.3.2.6 Check cooling tower fan motor current draw;

3327 Check condenser water pump suction and discharge
pressure; and

3.3.2.8 Check current draw of condenser water pump’s motor.

3.4  Central System (Evaporator)

3.4.1
34.2
343
344
3.4.5
346
3.4.7
348

Check chilled water supply and return temperature;

Check operating pressure and temperaturg;

Check and clean AHU and FCU for dirt accumulation;

Check and clean drain pan for any dirt and slime accumulation:
Check and clean drain line to ensure continuous condensate flow;
Check chilled water expansion tank's water level and float valve;
Check air vent for good working condition;

Check operating pressure and temperature of AHU and FCU:

3.4.8.1 Check AHU and FCU supply and return air and dry and
wet bulb temperature (if necessary),

3.4.8.2 Check evaporator water supply (if applicable);
3.4.8.3 Check evaporator water return (if applicable);

3.484 Check pressure and temperature of chilled water supply
and return;

3.4.8.5 Check chilled water pump suction and discharge pressure;
and

3.4.86 Check current draw of chilled water pump's motar.

Iiﬂ‘.-'r
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35

Electrical/control system
3.5.1 Check and clean all electrical contacts and terminals:

3.5.2 Check quality of power supply. Ensure that power supply is within
+10% of the rated voltage requirement of the equipment;

3.5.3 Take motor compressor current draw;
3.54 Check overload relays;
3.5.5 Take the reading of fan and motor pump current draw; and
3.5.6 Check all electrical controls; calibrate or adjust, if necessary:
3.5.6.1 High and Low Pressure switch
3.5.6.2 Qil Failure Pressure Switch
3.5.6.3 Timers
3.5.6.4 Thermaostat
3.5.6.5 All other electrically and electronically controlled devices.

SECTION 4 - PREVENTIVE MAINTENANCE

This section includes planned activities that must be done on specific intervals.
4.1 Preventive maintenance procedures shall be aimed to:

4.2

4.3

4.4
4.5
4.6
4.7

4.8

4.9

4.10
4.1
412

4.1.1 Promote safety:

4.1.1.1 Avoid accidents to personnel; and

4.1.1.2 Prevent damage to goods, equipment and properties.
4.1.2 Maintain continuous operation of the system;
4.1.3 ldentify system leaks at the earliest possible time;
4.1.4 Ensure good working condition of all components and parts; and
4.1.5 Minimize energy consumption at peak loads.

Establish a Preventive Maintenance Schedule (PMS) to ensure efficient
equipment performance to avoid breakdown;

Give extra aftention to all moving parts since these are subject to wear and
tear,

Check and correct signs of abnormal vibration;
Avoid electrical wires to come in contact with the refrigerant discharge line;
Regularly lubricate bearing for efficient performance;

Use appropriate leak detector or other leak detection method to accurately
locate refrigerant leak;

Use appropriate cleaning agent when cleaning evaporator and condenser
coils;

Check expansion valve's sensing bulb mounting and location;
Check evaporator superheat;
Establish refrigeration oil quality (e.g. acidity level, etc.); and

Ensure the type of refrigeration cil in the system before adding or changing
new oil.
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SECTION 5 - LEAK TESTING, EVACUATION, CHARGING AND
REFRIGERANT COVERSION PROCEDURES

5.1 LEAK TESTING

§.1.1 Charge system with dry nitrogen (150 psig on low side, 300 psig
on high side) for leak testing;

51.2 Locate the leak through visual inspection, appropriate leak
detector and other leak detection method;

5.1.3 Release nitrogen pressure if leak is detected in the system do
proper repair procedure in accordance to accepted industry
practice; and

5.1.4 Recover the refrigerant in accordance with the accepted procedure
if leak is detected in the system and do proper repair procedure in
accordance to accepted industry practice.

5.2 EVACUATION

5.2.1 Evacuate the system to at least 1000 microns (29.87 in.Hg) using
an appropriate vacuum pump and an electronic/vacuum meter.

53 CHARGING

5.3.1 Initially charge the system, run the unit and add refrigerant until
fully charged; and

5.3.2 Refer to manufacturer's data when charging refrigerant.

5.4 REFRIGERANT CONVERSION / RETROFITTING
{See diagram 2-1)

541 Recover refrigerant using the recovery machine operated by a
certified technician before opening the refrigeration system:

5.4.1.1 Perform pump down procedure if the system is above 3 TR
capacity then proceed to refrigerant recovery;

5.4.1.2 Proceed to refrigerant recovery if the system is 3 TR and
below,

5.4.2 Properly label the recovered refrigerant and store only in a
specified refillable cylinder;

5.4.3 Exert all efforts to prevent refrigerant emissions during recovery
operation:

5.4.4 Drain and recover existing refrigeration oil charge, ensure that the
residual refrigeration oil has been properly flushed out of the
compressor. Then store and label properly recovered refrigeration
oil;

545 Ensure that the alternative refrigeration oil is compatible with the
alternative refrigerant;

5.4.6 Charge the system with new and correct amount of refrigeration oil
as recommended by compressor/system manufacturer:
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54.7 Replace all equipment components and accessories that will be
affected by the alternative refrigerant and refrigeration oil (e.g.,
expansion valve, gaskets, filter drier, etc., as recommended by the
manufacturer.);

54.8 Flush-out the system with appropriate flushing agent to remove
residual refrigeration ail;

549 Leak tests the system with dry nitrogen and observe a 24-hour
standing pressure. Make comections if deemed necessary;

5.4.10 Evacuate system to at least 1000 microns (29.87 in.Hg) using
appropriate vacuum pump and an electronic vacuum meter;

5.4.11 Charge the system with initial amount of alternative refrigerant;

5412 Run the system and charge additional refrigerant until fully
charged,

5.4.13 Observe and monitor the system operation and performance and
make necessary adjustment; and

5.4.14 Label the system (see Annex 6).

@ @ Recovery Cylinder
R it
Sk Biaan ecovery Uni . :
i : i -y
CoEh e 3

Figure 2-2: Connection of a recovery unit to a refrigeration system
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Figure 2-3: Vapour recovery mode
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Figure 2-4: Liquid recovery using a vapour anly recovery machine and two recovery cylinders
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5.5

COVERSION: (Diagram 2-1)

Existing
CDS systems

:

Above 3
TR
Capacity?

M

Recover
Refrigerant

.

Label Recoverad
Refrigerant

y

RETROFITTING PROCESS FLOW / REFRIGERANT

YES
Fump Down
System

v

Leak Test the system

F

Drain and recover
existing refrigeration
ail charge

Y

Charge system with
new refrigeration oil

%

Replace all
equiprment
companents and
accessories

h 4

Flush-out the
system using dry
nitrogen

L

Evacuate the system

Charge the system
with initial amount of
alternative refrigerant

w

Run tha system and
charge additional
refrigerant

k J

Observe and monitor
the systermn operation

h J

Label the system

SECTION 6 - RECORD KEEPING AND DOCUMENTATION

Detailed and regular documentation of operating parameters is very important in
maintaining a refrigeration or air conditioning system. If properly implemented, this will
serve as the system history and would be the basis in the diagnosis of abnormal

conditions that can happen in the future. The following should be implemented:

6.1

Accomplish daily log sheet report (for large refrigeration and air
conditioning system) provided by the manufacturer where all operating
suction and discharge
temperatures, type of refrigerant and the like, will be recorded by the

parameters  like

technician in-charge:

pressures,

o5
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6.2

6.3

5.4

Compile daily log sheet and place inside the machine room or near the
unit for future references,

Provide a service logbook and locate in a place accessible for service
technicians and in close proximity fo the refrigeration system. It should
contain the following:

6.3.1 Service Record (Annex 1)
6.3.2 Refrigerant Conversion Data Sheet (Annex 2)

Locate and maintain equipment manual in a place near the service
loghook. The manual should contain the following:

6.4.1 Equipment Nameplate (Annex 3)
6.4.2 User Specific Data (Annex 4)
6.4.3 Manufacturer's instruction/ operating manual

PART 2.3 - TRANSPORT REFRIGERATION AND AIR

CONDITIONING

SECTION 1 - MARINE REFRIGERATION AND AIR

1.1

CONDITIONING
MARINE REFRIGERATION
1.1.1 OPERATION

(NON-REEFER)

Before unit is set to operate, make sure that the following are
strictly observed.

1. Switch off power supply {circuit breaker or On-Off switch) before
performing pre-operational check-up;

2. Ensure that the crankcase heater is energized,;

3 Check voltage and frequency,

4, Check dry hattery of temperature recorder,

5. Ensure that the control box cover is tightly closed after the circuit
breaker is turned-on;

B. Ensure that the temperature recorder is functioning,

7. Ensure that the recording paper is in placed with time and date set
properly;

8. Ensure that the cooling water piping is properly connected and air
is purged from condenser;

g, Ensure that all refrigerant service valves are open (back seated);
and

10. Check oil failure pressure switch {is checked), reset if applicable

{other unit may not start unless this switch is reset);

{After the above conditions have been met, switch on the power supply
and run the systermn and observe.)
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{REEFER)

Before unit is set to operate, make sure that the following are

strictly observed:

1

Switch off power supply (circuit breaker or On-Off switch) before
performing pre-operational check-up;

Ensure that the crankcase heater is energized,

Set voltage selector switch to the correct supply voltage and
frequency;

Check dry battery of temperature recorder;

Ensure that the control box cover is tightly closed after the circuit
breaker is turned-on;

Ensure that the temperature recorder is functioning;

Ensure that the recording paper is in placed with time and date is
set properly; _

Ensure that all refrigerant service valves are open (back seated);
and

Check oil failure pressure switch, reset if applicable (other unit
may not start unless this switch is reset),

(After the above conditions have been met, switch on the power supply
and run the system and observe.)

1.1.2 MAINTENANCE

1. Refer to the manufacturer's recommendation when
maintaining a refrigeration system;

Check for unusual noise and vibration:

Check suction and discharge pressures of the compressor;
Check ail level of compressor;

Check refrigerant content through the sight glass;

Check moisture content of the refrigerant through the sight
glass (if applicable);

i Check if temperature recorder operates according to space
temperature;

8. Check solenoid valves;
g. Check switches and pilot lights;

10. Check voltage indicator of dry battery for temperature
recarder;

BT

11.  Check temperature recorder quartz motor if functioning;
12. Check dual pressure switch:

13, Check oil failure pressure switch;

14. Check water pressure switch;

15. Check defrost timer;

16. Check heaters (defrost, dew point, crankcase heater, etc.);
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17
18.
18.
20.

Check room air vent;

Check defrost thermostat;

Ensure that the power cable plug is properly in place; and
Perform defrosting after every operation.

1.1.3 SERVICING AND REPAIR

1.

2.

Follow manufacturer's standard procedures when replacing
parts and accessories of a system,;

Check cause of melted fusible safety plug before
replacement;

Refer to manufacturer's diagnostic chart for remedies when
trouble shooting mechanical and refrigeration mal-
functions; and

Perform servicing and repair of the system in reference to
manufacturer's servicing manual.

1.2 MARINE AIR CONDITIONING
1.2.1 INSTALLATION

1.

Fallow manufacturer's recommended installation
procedure;

Install only units designed for marine application;

Secure and fix properly the evaporator and condensing
unit;

Install and secure properly electrical control lines and
ducting (if applicable);

Install drain line to effect immediate flow of condensate and
prevent from accumulation on the drain pan;

Check for tightness electrical connectors;

Check, leak test and dehydrate refrigerant piping including
fittings; and

Control box cover shall be properly sealed after
comrissioning.

1.22 OPERATION AND MAINTENANCE

1.

™ e

Refer to the manufacturer's recommendation when
maintaining a refrigeration system;

Check for correct voltage before starting the unit;

Check for unusual noise and vibration;

Check suction and discharge pressures of the compressor;
Check oil level of compressor (if applicable);

Check refrigerant content through the sight glass:

Check moisture content of the refrigerant through the sight
glass (if applicable);

Check solenocid valves (if applicable);
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g

10.
11.
12,
13.
14.
15.
16.

Check switches and pilot lights;

Check dual pressure switch (if applicable),
Check oil failure switch (if applicabile);
Check fan motor;

Check water pump motor;

Check compressor motor;

Check condition of coils and fins; and

Check sump tank/drain pan of FCU/AHU including drain

lines.

1.23 SERVICING AND REPAIR

1.

Follow manufacturer's standard procedures when replacing
parts and accessories of a system;

Ensure that faults are corrected before replacing defective

parts;

Seal-off exposed pipe ends and fittings;
Replace filter drier after every repair; and
Follow standard procedure for servicing and repair of the

system.

SECTION 2 - LAND REFRIGERATION AND AIR CONDITIONING
2.1 MOBILE AIR CONDITIONING

2.1.1 GENERAL CLASSIFICATION
ENGINE DRIVEN
1. SYSTEM OPERATION

A

Technician must ensure the following

guidelines are observed:

1.1

1.2

1.3

1.4

1.5

1.6

1.7

That the air conditioner switch is off when
starting the engine;

That the engine is properly warmed-up
before starting the MAC system,;

That the air vent is set at the re-circulation
mode:

That the air conditioner blower and
thermostat are set to maximum and adjust
to desired setting as the cabin reaches
comfortable temperature,

Avoid prolonged opening of windows and
doors when the air  conditioner  is in
operation;

Keep the car interior clean, especially the
carpets; and

Tum off the air conditioner/blower switch
before shutting off  the engine.
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2. MAINTENANCE
Guidelines:

£

2.2

23

24
P
26

&l

28

29

2.10
2.1
2.12
2.3
2.14

Check for signs of leak on the systems’
fittings and component parts that are readily
accessible;

Check for any refrigerant lines that are not
properly secured;

Check for any air conditioner electrical
wirings and components that are not
properly secured;

Check belt tension and alignment;
Check magnetic clutch gap;

Check for unusual sounds e.g. belt noise,
bearing noise, vibrations, etc;

Check refrigerant content of the system
through the sight glass;

Check systems’ condition using gauge
manifold;

Check condition of condenser:

Check condition of auxiliary fan;

Check condition of air conditioner switch;
Check condition of safety pressure switches;
Check condition of thermostat; and

Ensure that the refrigerant charging ports
{suction & discharge) are properly capped.

3 SERVICING AND REPAIRS
Guidelines:

31

3.2

3.3

Identify first the type of system before
attempting any service or repair. The most
common means of identification of
refrigerant in the system are as follows:

a. Through air conditioning labels,
fittings and stickers:
h. Through standing pressure. See

Table 4. Pressure Temperature
Chart for Refrigerants; and

C. If applicable, through refrigerant
identifier.

Recover refrigerant using the recovery
machine operated by a certified technician
before opening the refrigeration system:

Remove body personal effects that may
inflict personal injuries and may cause
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3.4

3.5

3.6

3.7

3.8

3.9
3.10
3.1

3.12

3.13
3.14

it b

3.18

damage to the exterior and interior parts of
the vehicle:

Use proper and complete set of tools before
starting a job;

Use appropriate gauge manifold for
servicing and repair;

Use compatible refrigeration oil. MNever
convert an HFC 134a system fo a CFC-12
system,

Lise fender covers;

Use cover open or exposed pipes and
fittings;

Do not re-use O-rings;

Ensure all fittings are properly tighten;

Use crimped connectors instead of hose
clamp;

Use environment friendly and non-
hazardous flushing solution;

Evacuate the system using vacuum pump;

Seal-off containers of HFC refrigeration oils
to prevent moisture absorption;

Do not remove factory protective caps of the
fittings until ready for connection particularly
for receiver drier or compressar;

When connecting two pipes with fittings,
observe the following:

a. Apply compressor oil to O-ring
surfaces:

b. Check O-ring position if correctly
seated on the groove;

C. Ensure that the pipe with the O-ring
is aligned to the other pipe to
prevent damage to the pipe sealing
surface; and

d. Use two wrenches when
tightening/lcosening fittings to avoid
twisting or bending the pipes.
Ohserve the following:

i Excessive tightening torque
may cause gas leak;

ii. Visually inspect/check for
cracks on fittings as a result
of over-tightening; and

iii. Make sure that the surface of
the fitting seat is corrosion-
free and not deformed,

i
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3.17 Clean evaporator properly following a
standard procedure or enterprise policy,

3.18 Ensure that wire and wire connectors are
properly labeled during dismantling/pulling-
down of evaporator for repair or cleaning, 1o
avoid misconnections upon re-installation;

319 Make sure all operating parameters like
system pressures or temperatures are
recorded to serve as reference data for
after-service reading;

3.20 Always use FFE; and

3.21  Add refrigeration oil to the system if deem
necessary. (See section 2.1.2.2 under
Procedures).

B. CEDICATED ENGINE (SUB-ENGINE)
1. INSPECTION

It is advisable to follow manufacturer's
recommended inspection, cperation and
maintenance procedure. Ctherwise, the following
should bhe considered hefore and during the
operation of a MAC system with a dedicated engine
to drive its compressor:

1.1 For Drive Engine

1.1.1 Check engine's oil condition and
level, replace if necessary;

1.1.2 Check cooling water's condition in
the radiator, replace if necessary;

113 Check belt tension, replace if
necessary;

1.1.4 Check level of fuel tank, add fuel as
needed;

1.1.5 Check bolts and nuts for tightness;

1.1.6 Check air cleaner element, clean or
replace as needed;

1.1.7 Check intake air hose, clean or
replace as needed;

1.1.8 Check radiator hose, clean or
replace as needed;

1.1.9 Check fuel filter, clean or replace if
needed,

1.1.10 Check rubber cushion and mounting
bolts, replace if needed; and

1.1.11 Adjust idling, if necessary.
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1.2 For Compressor

1.2.1 Check oil level at sight glass and
add/replace if needed,;

122 Check installation of mounting
brackets and bolt tightness;

1.2.3 Check abnormal noise and vibration,
correct if needed; and

1.2.4 Check shaft seal and other parts for
oil leaks, replace if necessary.

1.3 For Condenser

131 Check condenser coil, clean if
needed:

1.3.2 Check for leaks, repair if found,

1.3.3 Check condition of condenser motor
and fan, repairfreplace if needed;
and

134 Check fan guard and blade, replace
if needed.

1.4 For Evaporator
1.4.1 Check cooling coil, clean if needed;
1.4.2 Check air filter, clean if needed,

1.4.3 Check condition of evaporator
blower and motor, repairreplace if
needed:

144 Check for leaks, repair if found; and
1.4.5 Lubricate bearings as needed.
1.5  Expansion Valve

151 Check sensing bulb position, adjust if
needed; and

1.5.2 Check for leaks, tighten/replace if
needed.

1.6 Other Accessories

1.6.1 Check refrigerant piping, fittings and
hoses for leaks, repair/replace if

needed;

162 Check strainers/driers, replace if
needed:

16.3 Check piping clamps, fix or replace if
needed:

164 Check for any damage to flange
couplings, replace if needed; and

1.68.5 Check loose electrical wirings and
connections, tighten or replace if
needed.
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2.1.2 OPERATION AND MAINTENANCE PROCEDURES

2.1.2.1 CLEANING OF EVAPORATOR ASSEMBLY

If it is determined that the job would require to pull-
out the evaporator assembly as for checking of leaks,
replacement of expansion valve, fixing of mal-functioned air
vent, damaged insulation, or plainly because of too much
dirt; proceed with utmost care as it is always a good
service management to prevent dashboard, seat covers
and other interior part of the vehicle from getting dirty or
stained when removing the evaporator assembly. The
following steps are recommended:

1. FOR SINGLE EVAPORATOR SYSTEM

a.

Remove the evaporator assembly from the
system, cap or cover the refrigerant lines or
fittings. Remove the evaporater coil from its
housing assembly;

Remove the themmistor or sensor of the
thermostat, taking note of its location so that
it can be returned to the same place after
cleaning the evaporator;

Wash off dirt from the evaporator fins using
pressure washer following the enterprise
policy;

EXTRA CARE SHOULD BE OBSERVED
WHEN USING PRESSURE WASHER.

Leak tests the evaporator coil, repair or
replace if necessary.

Check the expansion valve, replace if
necessary,

Flush the evaporator coil with Nitmge—n to
remove excess oil;

Clean the evaporator housing. Check foam
insulation, replace if necessary;

Remove and clean the blower assembly.
Check blower motor condition,
repairfreplace if necessary, Apply lubricating
oil on motor shaft’/bushing if applicable,

Re-assemble and install the evaporator
assembly, and

Leak tests the assembly.

2. FOR DUAL A/C SYSTEM

=H

The same procedure shall be followed
except new amount of refrigeration oil is
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added in each of the evaporator coil before
it is assembled. Refer to table 1; and

b, Check and clean magnetic and solenoid
valves of systems with dual evaporator if
necessary and in accordance with
enterprise policy.

2.1.2.2 RECOMMENDED GUIDELINES FOR REPLENISHING
OR ADDING REFRIGERATION OIL

1.

Remove the compressor from the mounting
bracket:

Cap/cover the suction and discharge ports of
COMmpressaor,

Cover/plug the hose fittings from which the
compressor was removed:

Drain oil through oil filled plug or drain plug;

Let the compressor sit for 5-10 minutes to
completely drain all the oil;

Measure the gquantity of the cil drained;

Replenish the same amount of new oil into the
compressor; and

Remove the cap/cover when the compressor is to
be connected to the system.

Ideally, adding or replenishing oil into the system is

always recommended through the compressor. However,
because of some constraints the following may be
employed:

1.

Replenish or add the amount of refrigeration oil
needed into the part to be replaced or serviced. Add
the right amount of refrigeration oil to be
replenished into the system. Refer to Table below;

Component Oil Amount
o E;.raporator 50ce
Condenser 40cc
Receiver 10cc
Pipes Hoses 10ce

Table 2-1: Amount of refrigeration oil to be added per
component in case no available information given by the
manufacturer

Connect the gauge manifold to the systern and the
vacuum pump;

Open the suction and discharge stop valve;

liz"."-.
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4.
5.

Start the vacuum pump:

Close the suction and discharge stop valves and
furn off the vacuum pump once the desired vacuum
is reached;

Transfer the center hose to the refrigeration oil
container;

Cpen the suction stop wvalve and allow the
refrigeration oil enter the system until such time that
the refrigeration cil has completely entered the
system: and

DO NOT OPEN THE DISCHARGE STOP VALVE
Close the suction stop valve and vacuum the
system.

2.1.23 LEAK TESTING

After the system has been assembled, leak test the

system using dry Nitrogen. Use appropriate gauge
manifeld gauge manifold.

1.

Connect the nitrogen regulator, connect the center
hose of gauge manifold to the nitrogen regulator,
open the nitrogen cylinder and set to the
recommended pressure between 100-150 psig.

BE SURE THAT THE GAUGE MANIFOLD
ARE CLOSED;

Connect the gauge manifold hoses to the service
ports;

Open the discharge and suction stop valve and
allow Nitrogen into the system until it reaches the
recommended desired pressure;

Close the discharge and suction stop valves of the
gauge manifold then close the nitrogen cylinder
valve;

Allow the pressure in the system to stand for at
least thirty (30) minutes. Leak test all accessible
fittings using soap solution;

If pressure drops, locate leak/s and repair;

Repeat leak testing procedure until system is leak-
free; and

Disconnect the gauge manifold from the Nitrogen
regulator, slowly release the pressure from the
system and connect to the vacuum pump for
evacuation.

2.1.2.4 EVACUATION

T

Check the gauge manifold. Make sure that
fittings/quick connectors/adaptors are clean. Make
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sure that hoses are fitted tightly to the adaptors and
gauges before evacuating the system;

Use vacuum gauge;

Remove the cap of the system’s charging ports and
connect the gauge manifold,

Open the stop valves of suction and discharge side
of the gauge manifold;

Attach the center hose to the vacuum pump;

Start evacuation until vacuum gauge reads at least
29.88 in Hg (1000 microns 1.3 mBar,);

Close the suction and discharge stop valves of the
gauge manifold; and

switch-off vacuum pump and observe vacuum
gauge to hold at least 29.88 in Hg (1000 microns
(1.3 mBar, 29.87in Hg). for at least thirty (30}
minutes to one (1} hour, if vacuum meter reading
goes up, check for leaks and repeat process again.

2.1.25 CHARGING
Charge the system with the appropriate refrigerant.

LIQUID CHARGING

E

Determine the correct amount of refrigerant to be
charged based on manufacturer's recommendation
(manual, name plate, stickers, and label). In the
gbsence of the manufacturer's recommendation
refer to table below:

AIC Type

R-134a System HC System at 1500 RPM

| Lo side Hi side Lo side Hi side

Single AIC

| 28-30 psig | 200-220 psig | 25-30 psig | 150-225 psig

Dual A/C

| 30-40 psig | 200-220 psig | 30-40 psig | 180-210 psig

Table 2-2: Average pressure reading of an air cenditioning unit at 32 C

2

Disconnect the center hose from the vacuum pump
and connect it properly to the refrigerant cylinder.
Furge air out of the center hose;

With the cylinder placed on a weighing scale on it's
upside down position, charge initial liquid
refrigerant into the system through the discharge
side. Open the discharge stop valve of the gauge
manifold and allow refrigerant into the system until
both suction and discharge gauges indicate similar
pressures,

Allow the refrigerant to settle for about 3-5 minutes;

set the following conditions before continuing to
charge refrigerant into the system.
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a. Engine Speed : correct idling speed
b. Aircon Switch ooon
c. Blower Switch  :  Hi position
d. Vent Lever . recirculation
d. Doors : close
e. Windows o close
B. Close the discharge side stop valve of the gauge

manifold, and continue to charge refrigerant thru the
suction side stop valve,

7. Run the air conditioner for five (5) — ten (10)
minutes to stabilize the system before completely
filling it with refrigerant;

8. Continue to fill the system taking careful notice of
the condition of the sight glass to show a stream of
refrigerant with slight bubbles. Above conditions
should prevail,

8. When the system is full, close the refrigerant
cylinder and remove the discharge valve of the
gauge manifold. Open both suction and discharge
stop valve gradually to charge refrigerant left on the
charging hose to the system. Remove the suction
hose and re-place the port caps/cover; and

10. Turn-off the air conditioner and the engine.
WVAPOR CHARGING

1. Determine the correct amount of refrigerant to be
charged based on manufacturer's recommendation
(manual, name plate, stickers, and label). In the
absence of the manufacturer's recommendation
refer to table below.

R-134a System
b Tupe Lo side Hi side
Single AIC o 28-30 psig 200-220 psig
Dual AIC 30-40 psig m] 200-220 psig

Table 2-3: Average pressure reading of an air conditioning unit

2. Disconnect the center hose from the vacuum pump
and connect it properly to the refrigerant cylinder.
Purge air out of the center hose,;

3 With the cylinder placed on a weighing scale on it's
Upside down position, charge initial liquid refrigerant
into the system through the discharge side. Open

w
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the discharge stop valve of the gauge manifold and
allow refrigerant into the system until both suction
and discharge gauges indicate similar pressures;

Allow the refrigerant to settle for about 3-5 minutes;

Set the following conditions before continuing to
charge refrigerant into the system.

a. Engine Speed : correct idling speed
b. Aircon Switch : an

c. Blower Switch i Hi position

d. Vent Lever : recirculation

d. Doors : close

e. Windows : close

Close the discharge side stop valve of the gauge
manifold, place the refrigerant cylinder in upright
position and continue to vapor charge refrigerant
through the suction side stop valve;

Run the air conditioner for five (5) — ten (10)
minutes to stabilize the system before completely
filling it with refrigerant;

Continue to fill the system taking careful notice of
the condition of the sight glass to show a stream of
refrigerant with slight bubbles. Above conditions
should prevail,

When the system is full, close the refrigerant
cylinder and remove the discharge valve of the
gauge manifold. Open both suction and discharge
stop valve gradually to charge refrigerant |eft on the
charging hose to the system; and

Turn-off the air conditioner and the engine.

2.1.3 RECORD KEEPING AND DOCUMENTATION

Detailed service records are very important in maintaining
the MAC system. If properly implemented, this will serve as the
system history and would be the basis in the diagnosis of
abnormal conditions that will happen in the future. Every
manufacturer of the MAC system has its own suggested
maintenance check-up schedule for their product. This should be
followed specially during the first year of the units operation.

1. Recording of services done to the MAC system should start
on the first warranty/service check-up of the unit (refer
Annex 7);

2. Record every warranty check-up done on the system as
recommended by the manufacturer;

3. Review service records before any service is done an the
unit:

4, Update records after each performed service; and

5 kKeep service records for future reference,

=
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2.2 MOBILE REFRIGERATION
2.21 GENERAL CLASSIFICATION

1.

2.

3.

ENGINE DRIVEN- unit that is directly driven by the
transporter's engine.

DEDICATED ENGINE- unit that is driven by a separate
engine.

ELECTRICALLY DRIVEN- unit that is driven by an electric
motor connected to an outer source.

2.2.2 INSPECTION, OPERATION AND MAINTENANCE

%

9.

10.

11.
12.
13.
14.
15.
16.

Refer to manufacturer's inspection, operation and
maintenance procedure;

Visually check unit for physical damage;

Check electrical connections, contacts, wires and cables.
Tighten loose terminals in the control box;

Check battery charge, if low, re-charge or replace (for
Dedicated Engine);

Check drain pan, de-clog/clean if needed,;
Check system for leaks;

Check condition of evaporator and condenser coils, clean if
needed;

Check mounting bolts on unit, compressor and fan motors,
tighten if needed;

Install new temperature recorder chart;

Ensure that power selection switch is set to correct voltage
setting;

Check condenser fan airflow direction or rotation,
Check evaporator blower wheel for proper rotation;
Unit should be operated before product loading,
Check compressor oil level at sight glass;

Check defrost control setting/adjustment; and
Ensure temperature recorder is operational.

2.2.3 SERVICING AND REPAIRS

T
2,

Refer to manufacturer's manual for servicing and repairs;

Make sure that driers are replaced when the high side is
opened or when low side is opened for an extended period,

Replaced clogged filter/drier;

Ensure that the unit power source is disconnected before
perfarming any repair or servicing;

Replace the same amount of oil removed from the
compressor after repair;

Maintain a minimum acceptable clearance between electric
motor and compressor drive plates when re-installing
compressor-motor assembly (Electrically Driven), and

Tighten mounting screw based on recommended torque.
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PART 3: REFRIGERANT
CONVERSION AND
ALTERNATIVES
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3.2

GENERAL GUIDELINES

Conversion from an ODS-using system to an ozone-friendly and low GWP
refrigerant requires a thorough investigation and study of the system. Some
factors that should be taken into account:

1. Convert the system if it is more cost effective than replacement. If
a major repair (e.g. compressor change, etc.) or modification of an
QDS using system is necessary it shall be evaluated if retrofit can
be done at acceptable cost;

2. Upon evaluation of a system that requires major repair and is
close to its technical/economical life, consider replacement if it is
more cost effective than retrofitting;

3. The safety and environmental properties of alternative refrigerant
to be used, such as flammability, toxicity, czone depleting and
global warming potential shall be considered;

4, Assessment of the compatibility of components and materials in
the system in particular elastomers and oil. Also components like
sight glasses and oil separators shall be checked for suitability;

=3 Assess and examine the operating condition of the system and
determine the service and its operational history, and

B. If necessary, consult egquipment manufacturer for the
recommended alternative refrigerant and lubricant for the
system.

USE OF DROP-IN REFRIGERANTS

The phasing-out of ODS particularly CFCs and HCFCs in the refrigeration
and air conditioning sector has led to the development of new refrigerants that
claims to be direct replacements for ODS refrigerants. These refrigerants vary in
compositions; some are single substance, others are blends and Hydrocarbons.
As the manufacturer of these substances claims, existing mineral oil need not be
replaced since they are compatible with the oid oil in the system. These claims
should be proven.

This Code is not against the use of these new substances, as long as
health, safety and the environment aspects are addressed with. A careful
technical assessment should ke conducted, including a review of MSDS,
occupational health and safety and other pertinent information related to the
alternative substance(s) under consideration. Training should also be conducted
to acquaint the technicians on the proper handling of these new refrigerants.

Hydrocarbons and some HFC's are flammable. This does not mean they
will spontaneocusly ignite. The range of concentrations with air that most common
flammable refrigerants will ignite is quite narrow, however the risk of ignition is
still significant and must be given due consideration. Additionally, most of the
flammable HFC's produce extremely toxic hydrogen fluoride and hydrofluoric
acid. For this reason, education and information dissemination is very important.

Blends on the other hand are composed of different refrigerants that may
act independently at certain temperature and pressure. Training is also very
important in the proper handling of these substances, particularly on charging
processes wherein they are charged on liquid state. During system leaks, a
thorough investigation of the composition of the refrigerant left is very important
since fractionation may have occurred and recharging after repairing faults or
leaks will result in g system is inefficient or fails to function.

3
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Pursuant to the provisions of Joint Administrative Order No. 03 Series of
2008, (Enforcement of Regulation on the Implementation of the NCPP on Motor
Vehicles under the Revised Chemical Control Order (CCO) for Ozone Depleting
Substances (ODS) (DENR Administrative Order No. 2004-08, series of 2004),
prohibit the back conversion and the use of CFC’s in Mohile Air Conditioners
(MACs) starting 2006 in motor vehicles manufactured andfor initially registered
from 1999 onwards, and starting 2012 in all motor vehicles.

3.3.1 CONVERSION FROM CFC-12 TO HFC 134a

Retrofitting from CFC-12 to HFC-134a will require alterations on the system's
existing parts. However, because of the difference of the physical properties of
the two refrigerants (e.qg. pressure of R-134a is higher than R-12 at high
temperatures) there will be situations wherein replacements of some parts will
be necessary. This may be determined during the initial evaluation of the R-12
system before and after retrofitting.

3.3.2 POINTERS FOR CONVERSION CFC-12 TO HFC-134a
SYSTEM

(If no information available from the manufacturer):

Table 3-1
Component Old New
Refrigerant CFC 12 HFC 134a
Compressor Qil Mineral Qil sSynthetic Qilf PAG
Piping Sealing Material NBR O-ring RBR/ HNBR. O-ring
Comp. Sealing Material NBR Gasket RBR Gasket
Hose Material NER/ Nitrite hoses CL-lIR / Lined Nylon hoses
| Receiver Dessicant Silica Gel Zeolite
Safety Device Fusible bolt Fressure relief valve
Pressure Switch Setting 2.65 Mpa (386psig) 3.14 Mpa (457psig)
| Relief Valve Setting 3.14 Mpa (457psig) 3.43 Mpa (500psig)

MER-Mitrile Butadiens Rubber
HMBR - hydrogenated nitrile butadiena rubber

3.3.3 RECOMMENDED REFRIGERANT AND LUBRICANT

CHARGES

{Or refer to manufacturer's recommendation)

Table 3-2 -
Component CFC 12 HFC 134a
Refrigerant Previous Charge Previous Charge x 0.93
Lubricant Previous Charge ! Previous Charge x 1.20

3.3.4 RETROFITTING LABEL FOR MAC SYSTEM

(Refer to Annex 7).
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3.3.5 RETROFITTING PROCEDURE

The following are recommended procedures in retrofitting CFC 12

MAC systems to HFC 134a system (refer also to PNS SAE J1661: 2003
and manufacturer retrofit procedures whenever available.):

1.

10.

11.

12.
13.

14,

15.

16,
17,

Leak check using hand held leak detector (refer also to PNS SAE
J1628: 2003) set to detect CFC 12 and/or the soap bubble test.
Make repairs if necessary,

Run the vehicle to obtain (suction/discharge pressures) and check
again for leaks;

Recover all refrigerant from the system following standard
procedure for CFC refrigerant recovery and store in a specified
refillable container properly labeled,;

Remove compressor from its mounting bracket and drain its
refrigeration oil;

Rinse the internal parts by pouring altemative refrigeration oil for
new refrigerant into the compressor and manually rotating the
compressor shaft. Amount of oil for rinsing is about 50% of the
recommended factory oil charged;

Repeat oil rinsing procedure as necessary until reaching less than
5% oil contamination as indicated by the refractrometer. In the
absence of refractrometer, repeat step 5 for at least three (3)
times;

Pour proper amount of alternative refrigeration oil into the
compressor as per Original Equipment Manufacturer (OEM) and

cap suction and discharge lines until the system is ready for re-
assembly;

Flush the entire system with Nitrogen and any environmental
friendly cleaning solution;

Pressure tests each component for leaks. Repair or replace if
necessary,

Replace expansion device and filter drier compatible to the
alternative refrigerant;

Replace all O-ring seals on pipes and hoses with those approved
for HFC 134a and PAG oils;

Re-install and assemble system components,

Modify access valvesffittings to accept only the new altemative
refrigerant fittings;

Evacuate system to at least 1000 microns (1 mBar, 29.87in Hg)
using appropriate vacuum pump and an electronic vacuum meter.
Make comrections if necessary;

Charge the system with alternative refrigerant (PNS SAE J1657 :
2003) as recommended by manufacturer whenever possible.
MNotice that optimum charge will change when systems are
retrofitted,

Observe system operation and check again for leaks; and
Label system clearly.
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3.3.6 CONVERTING CFC 12 MOBILE AIR CONDITIONER TO
ALTERNATIVE REFRIGERANT (DROP-IN)

Retrofitting of mobile air conditioners to HFC 134a entails larger
cost because of the materials involved as compared when converting it by
using drop-in alternative refrigerants (hydrocarbon).

Although conversion is easier than retrofitting, conversion of
mobile air conditioners to hydrocarbon requires technician who will
perform the conversion to have acquired intensive training in handling
flammable refrigerants.

Due to the High Global Warming Potential of the HFC 134a, some
vehicle owners might want to convert their vehicle from HFC134a to
hydrocarbon. Hydrocarbons work well with many mobile air conditioners
running on HFC134a and CFC12.

Below are guidelines for using hydrocarbons in MAC. Use only
appropriate alternative refrigerant type/blend for this application as
specified by the alternative refrigerant supplier or manufacturer.

THE USE OF CHARGING WEIGH SCALES IS HIGHLY
RECOMMENDED.

The technician is always reminded NOT TO OVERCHARGE THE
SYSTEM

Vehicles may have factory dealer or after-sales system which can
result in charge weights that varying widely between several identical
vehicles. It can be sometimes difficult to identify replacement parts from
the original. Each and every replacement part can significantly after the
refrigerant capacity of the system. System pressures and vent
temperature should always be used to verify a system charge weight and
performance.

If the vehicle you will work on has no indication of the ameount of
refrigerant on it, there are other methods to determine how much
alternative refrigerant to use:

. The first method is to find the original charge weight on the system
label under the hood, owner's manual, manufacturer sticker and
calculate 33% (one third) of the original charge by weight. Far
example, a vehicle charged with 900 grams of HFC 134a or CFC
12 would require 300 grams of HC and 600 grams of carbon
capacity system would require about 200 grams of HC;

Original charge weight (grams) X 33% = appropriate HC charge
weight (grams)

o The second method is by reading the gauge pressure and vent
temperatures. This is the method commonly used when charging
mobile air conditioners. The gauge reading for HC refrigerant
should always be lower than HFC 134a. Typically between 15 to
25 psi (100-200 Kpa) on the low side and 150 to 225 psi (1000-

&
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1600 Kpa) on the high side at 1500 RPM. These figures will
depend on the ambient temperature, air flow and good decent size
condenser. These contribute significantly to variations in the high
pressure reading,; and

The third method is to charge by VOLUME using the scale on a
dial charger and charging about 15% less by VOLUME (not
weight) of the original fluorocarbon charge. Charge the system
with about 85% of the original charge by VOLUME using a
charging column/dial charger.

3.3.7 PROCEDURE IN CONVERTING FLUOROCARBON (HFC)
CHARGED MOBILE AIR CONDITIONING TO
HYDROCARBON (HC) REFRIGERANTS

After determining the required charge, the following steps should

be carried out:

1.

10.

Recover all refrigerant from the system following standard
procedure for CFC refrigerant recovery and store in a specified
refillable container properly labeled (note: if there is any
suggestion that the system may already contain flammable
refrigerant, apply flammable refrigerant recovery/evacuation
procedures instead — consult relevant flammable refrigerant codes
of practice or flammable refrigerant supplier/manufacturer advice),

Flush the entire system with Nitrogen and any environmental
friendly cleaning agent,

Pressure tests each component for leaks, Repair or replace if
necessary. It is always recommended to use double jacketed (“full
barrier") flexible hose during conversion;

Replace filter drier compatible to the alternative refrigerant;
Re-install and assemble system components;

Evacuate system to at least 1000 microns {1 mBar, 29.87in Hg)
using appropriate vacuum pump and an electronic vacuum meter.
Make corrections if necessary,

Charge the system with alternative refrigerant following the
guidelines above or as recommended by alternative refrigerant
manufacturer/supplier;

Observe system operation and check again for leaks (taking care
to use leak detection methods that are appropriate for flammabile
refrigerants);

Compare obtained new set of data to that obtained when the
system was still using CFC; and

Label the system clearly, unambiguously indicating that the system
is charged with flammable refrigerant.
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3.3.8 CONVERSION OF HCFC-22 SPLIT-TYPE AIR-
CONDITIONER TO HYDROCARBON (HC) REFRIGERANT
Taken from Giz {Gesellschaft fir Internationale Zusammenarbeit)

Manual on QOperation of Split Air Conditioning Systems with Hydrocarbon
Refrigerant.

INTRODUCTION

There are currently about 1 billion hydrochloroflucrocarbons (HCFCs)
room air conditioners in operation worldwide, more than 100 million units are
added annually (still with double digit growth rates due to higher demand). Each
unit contains on average 1.6 kg of refrigerant, mainly R 22. The Global Warming
Potential (GWP) of R 22 is 1810, amounting to almost 3,000 MT CO2 equivalent
of emissions. Servicing needs amount to annually 800,000 T R 22, equal to about
1450 MT COZ2 eguivalent per year.

In response to the environmental impacts — primarily ozone depletion and
global warming associated - arising from the release of HCFC and
hydrofluorocarbons (HFCs), the use of natural refrigerants as alternatives to
these is becoming more widespread. Amongst these natural refrigerants,
hydrocarbons are being used widely in new air conditioning systems.

Under certain circumstances, there may be a desire to convert a
refrigeration and air conditioning (R AC) system from a non-flammable refrigerant
to use hydrocarbons (HCs). This approach may be considered for a number of
reasons, such as:

. An intention to improve the efficiency of a system

. To minimize the environmental impact

. Because it may be more cost-effective than using other refrigerant
options

. There are no other refrigerant replacements available

Refrigerants that may be used for such purposes could include R 290
{propane) or R1290 (propylene), where, for example, the system was previously
charged with R 22 or R407C.

Of course, if the existing refrigeration system is working correctly, then
there is normally no need to convert the system to use any alternative refrigerant.

These guidelines are intended to assist with the safe conversion of air
conditioning systems to use flammable HC refrigerants. Converting a system
from an HCFC to an HFC normally requires basic changes. However, converting
a system from a non-flammable to a flammable refrigerant requires special
considerations, which are summarized here.

BASIC PRINCIPLES AND WARNINGS

When applying a flammable refrigerant to a system that ordinarily uses a
non-flammable refrigerant, the term “conversion” is applied. This is important as it
distinguishes from other phrases such as “re-fill’, “drop-in" and "retrofit’. The
reason for this is that when a non-flammable refrigerant (such as R12) is replaced
by another non-flammable refrigerant (such as R134a), if any changes are
required to the system, then they relate to performance (e.g., change of capillary
tube length) or compatibility (e.g., change in oil type). However, when changing
from a non-flammable refrigerant (such as R 22) to a HC refrigerant (such as R
290), additional considerations must be taken into account. These include
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identifying whether or not the HC can be applied given the particular
circumstances from a safety perspective, and if so, carrying out the required
changes to the equipment that are related to mitigating the flammability risk. A
switch from a non-flammable to a flammable refrigerant should be considered in
terms of an entire conversion of the equipment, not just a change of refrigerant.

It must be emphasized that carrying out a system conversion to use
flammable refrigerant necessitates careful consideration of the implications and it
is essential to weigh up the risks and benefits. If a conversion is to take place,
then it should be done comprehensively, with care and with attention to detail.

Given that a conversion to a flammable refrigerant represents a significant
change in the purpose of the system, it must be understood that the conversion
can only take place provided that the final product meets the requirements of the
relevant safety standards and national regulations.

SPECIAL INSTRUCTIONS

. Any technician involved with conversion must be fully trained, competent
and certified to use this flammabile refrigerant

» Only convert with permission of building owner
Only use proper service equipment suitable for use with HC refrigerants

. Multi-split and ducted systems which use large refrigerant charges are not
suitable for conversion to HC refrigerants

. Refrigeration systems with extensive pipe work and multiple evaporators,
such as compound plants, are not suitable for conversions

. If the situation permits, it is recommended that the equipment is removed

from its existing position to a controlled workshop environment where
work can usually be conducted in a more controlled and safer manner

CONSIDERATIONS AFFECTING CONVERSIONS

When approaching the choice of converting a particular system, it is
important to follow a logical sequence of safety-related considerations to help
make the correct decision. Such considerations include the following issues:

. The type and complexity of the equipment to be modified
The environment and location within which the equipment is
installed

. The quantities of refrigerant involved (in relation to the system
location)

. The ease or possibility of modifying parts of the system

. The ease or possibility of handling the potential sources of ignition

v The necessity to develop specific awareness for the system

operation by the owner

A decision chart to assist with evaluating the suitability of the equipment
{predominantly with respect to the requirements of the safety standards) is shown
in Table 1. This may be used to provide a good indication as to whether a system
can be converted to use an HC refrigerant, although other specific aspects may
need o be considered in addition; i.e., the requirements elsewhere within this
guidebook (for new systems) and the relevant safety standards.
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Since the refrigerant charge and the location of the refrigerant-containing
parts of the system have such a strong influence on whether or not a conversion
is viable (from a safety point-of-view), the suitability can be approximated
according to typical system types. Table 3-3 provides an indicative overview of
the types of systems that have been found to be acceptable for conversion. The
viability is indicated as follows:

v ' often suitable

v
8
&8

sometimes suitable
normally unsuitable
nearly always unsuitable

As previously explained, each situation is unique in terms of the
combination of system design and installation location and therefore each must
be evaluated independently.

Table 3-3: Typical suitability for conversion of systems to use hydrocarbons

Sector

heat pumps

Equipment type System type Suitability
Domestic air Partable units [nwg;a.l v
E:Eﬂ:::&?ﬁﬁ; Window units integral v Y
AR heat: peoips Throwgh-wall units Integral v
Split units Remole vV
R Solil unils Retmate v
conditioning and ~ Multi-split/VRY Distributed 88
Packaged ducted Remaota a8
Central packaged Remate B8
Positive displace chillers  Integral/Indirect Vo
Centrifugal chillers Integral Tndirect 88

Twa things should be considered in carrying out a conversion.

1. It is recommended that a special conversion work area be set up with
enterprise policies, to include appropriate tools and egquipment to carry out
conversion. Advantages of having this special work area are as follows:

-

Special tools and equipment are readily available or accessible
Flammable refrigerants can be safely/handled properly

Site activities for commissioning of HC refrigerants can be
eliminated/minimized

Technicians that specializes on HC refrigerants are available

Parts and components for conversion are readily available or
accessible
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2. For equipment that cannot be brought to the special work area, this
approach should be taken:

o Technicians involved in conversions of a particular type of system
should have “Conversion kits"

s The decision chart, diagram 3-1 must be used as a guide by the
technician in evaluating the unit for possible conversion.
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Diagram 3-1: Decision chart for determining whether it is possible to convert a system to
HC refrigerant

ldentify location of all refrigarant-cantaining parts

-

Identify location of indoor unit, above or below ground level

v

Check current refrigerant charge (name-plate)

¥

Check equivalent HC charge, from HC chart

Is the equivalent HC Charge< M
(maximum allowable charge)?

Measure room size

v

Caleulate allowable HC charge, Ma

MO
Is equivalent HC charge < Allowable HC
Charge?

Check all elzctrical parts and connections

|

Identify all sources of ignition (501}

Possible to eliminate all SOI7

Identify necessary maodifications to parts

v

Prepare necessary markings and instructions
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CONVERSION KITS

If enterprises are involved with carrying out conversions of existing
systems, it is recommended that “conversion kits" are used. The reason for this is
that it can be “inconvenient” for technicians — once at a site and already working
on a system — to avoid using unsuitable methods for the conversion to HC
refrigerants, which of course should be avoided. One way of helping to implement
appropriate conversion methods is to issue technicians with a comprehensive
conversion kit that contains all the necessary tools and parts. For example, such
kits shall contain data sheets (with conversion factors, room size/charge size
estimations, etc.), risk assessment forms, working instructions, sealed and solid-
state electrical components, flammable gas stickers, valves, special fittings, and
so on. If enterprises typically deal with a range of different systems, then it is
sensible to have conversion kits that are better suited to each different type of
system. An example of a conversion kit is shown in Table 3-4.

Table 3-4: Example of a standard conversion kit collection for small AC systems

Set of blade connectors, ring and spade
terminals etc.

Specific tools for connectors fixing

Sealed box, size depending the components to be
nserted (usually the mains contactor) together with
fastening screws

Different type of screwed cable glands

®
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e —————————————
e ————

Mains contactor according to the capacity required
if replacement of existing device is indicated

Flexible electric cable
{wiring diameter according capacity of the system)

Different cable straps for the fixation of wires and
cables and not intended for fubes fixing

Electrical Tape

Commissioning report, conversion label and waming

WARNING

sign stickers (see also annex of this document) E E

THS FYSTEM (ONTAING WO AUECE S OF )aTON
FLAMBLASE REERRGELANT

Wy ety ke e s ko s g v B weirrirn e
—m—

P -
B i e e . o e vy o o .
B St s it i [ o Y R S S, S
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CONDUCTING CONVERSIONS

When carrying out a conversion, the correct sequence of activities must
be done in a way that both the safety of the workplace is maintained as well as
ensuring the safety of the equipment. A process is provided in the flow chart in
Diagram 3-2.

Diagram 3- 2: Flow chart indicating the sequence of activities for converting a system to use HC

Cheek current refrigerant charge (nameg'ale)
3
r Check equivalent MG charge, from HO chart i

¥

Prepare all necessary tools |
Ensure safe working area ]

| Ferform l=ak festing |

WO

I5 system feak ight? Check rafrigerant charge (via service port)
YES

¥

! Check refigerant charge via service par) l | Feoover rernaining rafrigerant prasen

v v
Retover nefrigesant 1 Repalr Leak

I |
¥

| If pozsible, eliminate fare joids from indoor uret i

¥

Eliminate 20l polential sources of igrtien,
Fut appropriate markingsisignage and instructions of medification

[ A
w Repair Leak

| Pressurize system with nitragen t 'y
—y
l LeakTest

w0
|5 system leak light?

YES
1 Releass nitrogen charge |

¥

fa wacuum susiained?

Recover HE refrigerant

|z ayeiem laak tight?

| Perform final check of electrical componentsiconirols I

L E

[ Ferfarm festing and cemmisskanlag | B indicates possible release
¥ of HG refrigerant®

| Do propar desumenladion |
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* HC refrigerant can be vented provided that no source of ignition is

present and ensure that the work area is well ventifated.

The following steps describe the process in Diagram 3-2 and describe the

important stages in evaluating and carrying out those conversions.

Estimate the required HC refrigerant charge size

This can be done using the existing refrigerant charge. Obtain the cumrent
refrigerant type and charge size from the equipment data-plate and / or verifying
the existing amount of “old” refrigerant during the recovery process. Using the

Chart 3-1, estimate the equivalent mass of HC refrigerant.

Chart 3-1: Conversion to esfimate equivalent HC charge size

3.5—5'

2155

15

10

Bxisting refricerant charge (kg

05

0.0 0.2 04 0s 0.8 1.0 1.2

HC refricerant charce (ko)

Check the refrigerant charge will be permissible

R22
R407C

R404A

Ensure that the quantity of HC refrigerant to be used is permitted within
the given room size. Calculate the occupied room area for the indoor unit and
compare it with the HC charge size (Chart 3-2). For further information refer to
GlZ-Proklima publication "Guidelines for the safe use of hydro- carbon

refrigerants”, Section 5.3 "Refrigerant charge size limits”.
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Chart 2-2: Minirmum room sizes for a given refrigerant charge for air conditioners for human
comfort (above) and air conditioning not for human comfort (below)

5
th
I
[

{
|
[

1
H

L
|

i 8

1.2 9
wall ‘ceiling

1.0 - umit

0.8 =

0.6 =

Maihoum HC charge (kg)

D4 =
floor onit

0.2 =

0.0 -F : ; ! . ; i
0 50 100 150 200 250 300

Room floor area (m')

Maxlmum HCeharge (kg

0.0 ; i . i ; |

0 Lo 100 150 200 250 300
Room floor area (m?)
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Check all necessary tools present

Prior to carrying out any work, it is essential to ensure all the tools,
equipment, instrument and spare parts required for the work are on hands. In
particular, this includes:

. General hand-tools appropriate for the use at refrigerant circuit
components and electrics

Refrigerant recovery machine (suitable for use with flammable

refrigerants)

. Refrigerant recovery cylinder {two valves) HCFC

. Refrigerant recovery cylinder {two valves) HC (if it is decided to
recover the HC refrigerant)

. Lubricant recovery cylinder (two valves)

» Refrigerant venting hose

Comparator/pressure-temperature tables for HC refrigerant
Vacuum pump

. Vacuum gauge (electronic) refrigerant balance (accuracy of at
least £3% full-scale)

. Handheld HC refrigerant gas detector

. Nitrogen service cylinder set

. Brazing set (oxygen/propane, oxygen/acetylene)

. Flammable gas (yellow triangle) stickers

. Flammable refrigerant warning signs

. Work area warning signs

. Safety gloves and goggles

Fire extinguisher

The list comprises of both, equipment for work on HCFC and HC
refrigerants.

Check the working area and system
Ensure both the working area and the system is safe. This includes:

* All staff, maintenance staff and others working in the local area
must be instructed that flammable refrigerants are being handled

* The area around the workspace must be sectioned off

. Working within confined spaces should be avoided

* Mo flammable materials are stored in the work area

. Mo ignition sources are present within a minimum of two meters

anywhere in the work area

Suitable fire extinguishing equipment (CO2 or dry-powder type) is
available within the immediate area

. The work area is properly ventilated; ventilation should safely
disperse any released refrigerant
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. HC gas detectors are present and operating to warn workers of a

dangerous concentration
. Put up appropriate signage, i.e. “flammable gas”, "no open flames”

and "do not enter the area”
All appropriate and necessary tools and equipment are available

. The equipment should, whenever possible, be isolated from the
electricity supply

Figure 3-1: Designated work area where potential Sources of |gnition (301) must not be present
during service works

Initial leak check

Before removing the existing refrigerant, a leak check must be carried out.
Search for leakage on the high-side of the system (while the system is operating)
and on the low side (when the system is off). Use electronic gas detector and
soapy water, where appropriate. If any leak is found, this must be repaired before
conversion.

Access refrigerant circuit

Connect the refrigerant hose to service valve. The system must not be
broken into, by means of cutting, breaking or brazing pipework, if it contains any
flammable refrigerant or any other gas under pressure.

If it is necessary to break into a system, especially to change parts or to
carry out brazing, all of the refrigerant must be recovered from the system and
then flushed with nitrogen.

Recovery

Any remaining refrigerant within the system must be recovered,
particularly CFC, HCFC or HFC. There are also safety implications associated
with releasing non-flammable refrigerants. A recovery machine should be used to
recover the existing refrigerant, and stored in a recovery cylinder approved for
that refrigerant. |dentify the existing refrigerant type and quality in order to decide
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to recover for recycling or destruction purpose. Identification may take place,
taking the type of refrigerant from the data plate, comparing with temperature /
pressure method or with the use of a quality identifier. Particular attention must
be paid to prevent mixing refrigerants and to avoid overfilling the cylinder. Lastly,
mark the cylinder appropriately after use.

Figure 3-2: Example testing the "old"” existing HCFC R22 refrigerant quality

If recovering HC refrigerant, the recovery machine should be suitable for
use with flammable refrigerants.

Repairs to the system

it may be necessary to carry out repairs to the system. In this case, all
repairs must be completed before charging with HC refrigerant. If repairs to the
refrigerant circuit have been made, it is necessary to carry out a thorough leak
check using pressurized nitrogen before proceeding.

At this point, it may also be beneficial to take the opportunity to conduct
other, less critical repairs, such as oil changes, replacing filter driers, internal
cleaning of the circuits, replacing damaged parts, and so on.

Design changes

The design changes that are made to the R AC system are critical to
ensure that the safety requirements are met. It is essential that, based on the
system type, location, occupancy and HC refrigerant charge size, the appropriate
safety features are integrated into the equipment. Failure to do this properly may
result in a serious flammability hazard. The major considerations are usually:

. Elimination of all mechanical joints from occupied space and
minimization of the possibility for leakage

Elimination of all potential sources of ignition
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, Setting up of emergency detection/ventilation/alarm system, where
applicable

Application of relevant markings and modifications to instructions

It is re-emphasized that particular attention must be paid o
addressing the potential sources of ignition. In all cases the
following assessment must be carried out:

. Inspect the system and associated equipment, noting down all
electrical components
. Determine which of the components could act as a potential

source of ignition

Decide how each of those potential sources of ignition will be
handled, for example:

- by replacing with sealed components

- using solid state devices or types

- placing within a fully sealed enclosure

= re-positioning outside the unit away from leaked refrigerant

. Consider also that electrical terminals and wiring connections must
be adequately secured and sufficient insulation is provided to
avoid shorting of parts

. Carry out the modifications accordingly
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An example of aspects to look at is indicated in Figure 3-3.

Figure 3-3: Check for potential SOl sources and dasign changes, areas where interventions can
he necessary

Transformer,

display/ LED, swing

motors, fan moter,

conmection on black

BB (relavs, miem
b swirch)

Capacitors,
copnertion om block e

Flared tube pints
vithin occopied space

Compressor teminals
{internal overload protector)

Fam motor
and capacitor

; 1 Tabe flares at the
g pgidpor uvnit musi be
of good condition

s
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An example of options for modifying a potential source of ignition is
provided in Figure 3-4.

Figure 3-4: Example of how to prevent electrical cantacter acting as a source of ignitian; “eption
A% is fitting the contactor within an sealed enclosure in its existing location and "option B” is
relocating the contactor outside the housing within a separate enclosure

option A

|
|
| e

il =
i
!
|
]

The marking of all equipment that contains HC refrigerant is also re-
emphasized here. The appropriate “flammable gas” stickers must be placed on
equipment housing entries and refrigerant access points, as well as on exposed
piping (Figure 3-5). This should also be supplemented by a comprehensive
warning sign applied to an access panel to provide advice to other technicians.

Figure 3-5; Appropriate warning sticker (left) and comprehensive warning sign (rght) for use of
system access panels

WARNING

THIS SYSTEM CONTAING NO SOURCES OF IGNIMON
FLAMMABLE REFRIGERANT

= Cnly enginesrs who have been trained in the safe handling and
use of flammable refrigerants shall wark on the system

s Only waork an this system in a well ventilated area outside

sllze 3 gas detector to indicate the presence of flammable
refrigerant before ard during wark on the system

" olf replacing components use like-for-like
Flammﬂblﬁ «\When brazing to ensure all iammable refrigerant has been
gas remaoved from the systam
Thizs system contzins kg af
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Sealing the system

Upon completion of the work to the system, the circuit must be sealed
according to the guidelines. This means through either:

. Using compression (e.g., Lokring) connectors explain
. Brazing the service port (process tube) using pinch-off pliers
Closing service valves

NOTE: The use of Schrader valves or line-tap valves should be generally
avoided. Schrader valves can leak if not properly sealed and caps can be
easily removed. Linetap valves are for temporary use only (2.4.
refrigerant recovery) but must not be left on the system.

Testing the integrity of the system

if the refrigerant circuit has been broken into, it is necessary to carry out
leak tightness tests and strength pressure tests.

These may be carried out simultaneously by pressurizing the system with
oxygen-free dry nitrogen to the maximum working pressure of the system (plus
10%) and then check every single joint, connection and component for bubbles
using soapy water or other such fluids.

If a leak is identified, follow the appropriate procedures to repair it.

Evacuation
The system must be evacuated,

This requires a use of a suitable vacuum pump and electronic vacuum
pressure gauges; the system should maintain a vacuum of 200 microns, held for
at least 15 minutes (without the pressure changing).

Refrigerant charging1

Provided that the system is proved to be leak free, charge the quantity as
determined above. Charging must be carried out by mass using an electronic
balance (accuracy of at least +3% full-scale). Avoid charging to system
pressureftemperatures only.

Consider the following:

. Ensure there are no sources of ignition nearby
Place an HC gas detector at floor level to warn of any inadvertent
release

. When connecting hoses between the refrigeration system,

manifold gauges and refrigerant cylinder, ensure that the
connections are secure

. Ensure that the refrigeration system is earthed prior to charging

* Extreme care must be taken not to overfill the refrigeration system

. After charging, carefully disconnect the hoses so to minimize the
guantity of refrigerant emitted

& The mass of refrigerant charged into the system should be noted

in a log-book and marked on a nameplate

EL ‘.’.:‘.-'.'i
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Code of Practice for Refrigeration and Air Conditioning

When charging be aware that HC refrigerant have a lower density than
most other refrigerants; only 40 — 50% of the charge expected with HFC/ HCFC is
needed. Remember that HC refrigerant blends must be charged in liquid state.

Final leak check

After charging with refrigerant, carry out leak tightness checks, using a
combination of:

. HC gas detectors — check every single joint, connection and
component for the presence of refrigerant
. Bubhble test — check every single joint, connection and component

is checked for bubbles using soapy water or other such fluids

Search for leakage on the high-side of the system (while the system is
operating} and on the low side (when the system is off).

if a leak is identified, follow the appropriate procedures to repair it.
Systems may have more than one leak, so the system should be repeatedly
checked (including positions of recently repaired leaks).

Final checks

After charging and leak checking is complete, carry out final checks to
ensure a safety and reliability of the system:

. Repeat checks to electrical components (ie., there are no
potential sources of ignition)

. Initiate the operation of the refrigeration machine and run the unit
for a period of about 15 — 30 minutes

. Check for correct operating pressures, temperatures and current

. Ensure sealing caps have been replaced

1 A note on refrigerant purity; Refrigerant grade product should be used for all RAC systems.

Commercial grade HCs (eg figuefied petrofeum gas, LPG) contains significant quantities of
swiphur, water, and other impurities and could contfribute fo oil degradation, shartern compressor life
and invalidate wamanties. The composition of commercial LPG is variable so the thermodynamic
properties of the fluid may vary significantly from cylinder fo cylinder. Also, uniike commercial LPG,
HC refrigerants are nof odanzed,
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CONVERSION EXAMPLE FOR SPLIT AIR CONDITIONER

The following pictures provide an example of the various steps one may
take to convert a spiit air conditioner from R 22 to R 290

Identify problem with
air conditioner

Assumption:

Proper operating RAC eguipment generally
should not be converted to any other
refrigerant (do not touch a good running
system). Systems which may bear major
problems, such of corresion of heat
exchanger and main frame or the system
is overaged, should not be subject fora
conversion to HC refrigerant.

Figure 3-8: Example of AC system that
is unsuitable far conversion

if the RAC system is in a generally good
candition and subject to any repair or
service where a breaking into the
refrigarant  circuit is necessary (eg.
damaged compressor, leaking system)
considerations should be taken to convert
the system to a HC refrigerant if safety
considerations parmit,

A fully functional system does not need to be converted. The only time
when a system may be converted is when there is a problem with the
equipment that at least requires handling of refrigerant and/or breaking

into the system.

AC split system conversion activities from HCFCR22 to HC R290

This example explains the conversion of an HCFC R22 based AT Split
system (28 kW / 9000 BTU - cooling only) after repairing a leaky
suction line coupler between indoor and outdoor unit, identified during
system fault finding procedure within the operational HCFC R22 system.
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Step 1)
Cbtain current charge size
-» 068 kg of R22

The charge size is
generally indicated with
the data plate,

If thera is no information
available at the outdoor-
unit {e.g. weather-
beaten) check if there is
infermation available at
the indoor-unit,

Finally, the charge
amount can also be
aestimated from the
amount of recovered
{old) HCFC refrigerant
charge amount
(assuming there was no
leak prevailing).

Step 2)

Estmate equivalent HC charge

= Conversion to R290,
RZ2 charge is 0.68 kg
and equivalent HC
charge according
diagram {Figure 3-8) is
0.28 kg of HC R290

Step 3)

| dentify occupancies

= Qutdoor unit is in well
ventilated area, and
general cccupancy
{category A) is above
ground level

= Indoor unit within office
for human comfort
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Figure 3-7: Split AC system data plate
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Figure 3-8: Refrigerant charge calculation
diagram

Figure 3-3: Exampie AC system installation
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Step 4) 15 -
Check charge size limits L1
< Charge size is balow

%E L3
maximum limit of 1.5 kg 3E L waltfeelig | —
{0.28 kg = 1.5 kg) £t
2 RoomsizeisBm=xo&m EE R
= 30 m2 so below 5 £ 04 ]
allowable charge (0.28 =5 e
kg < 0.48 kg) ;_:‘“ | ’_'_’_,_,-—“"" anr
; an I 1 i T T 1
3 108 L e 250 30
0480 kg a/f ' Bazen 1 q-::-:l.n-n:r'l?
omt

Figure 3-10: Maximum charge amount for
existing room size

Step 5) i} General hand-tools appropriate for the use
Check all necessary at refrigerant circuit components and

tools are present and electrical circuits.

the working area is i) Refrigerant recovery machine intended
safe firstly for the HCFC R22 charge but suitable

for use with flammable refrigerants (if
subseguent service/repair with HC R2801is
necessary)

iy Refrigerant venting hose (only for venting of
small amounts of HC during service or
repair} and minimum of %% 00

ivl Refrigerant recovery cylinder (two valves)
for the existing R22

v) Lubricant recovery cylinder {two valves)
utilized in series betweean recovery unit
intet and AL unit service port (oil-
saparator)

Vi) Comparator/pressure-temperature tables
for HC refrigerant (provided with the annex
of this decument)

vil) Vacuum pump with connactor of the
venting hose at the exhaust port

vill} Vacuum gauge (electronic), to check the
200 micron vacuum level

ix) Electronic refrigerant balance (accuracy
of at least +3% full scale)

%) Handheld HC refrigerant gas detector

xi) Mitrogen service cylinder with pressure
regulatar

xii} Brazing set (oxygen/propans)

xiii) Flammable gas {yellow triangle) stickers
%iv) Flammable refrigerant warning signs
®xv) Work area warning signs

xvi) Safety gloves and goggles

¥vil) Fire extinguisher

MNational CFC Phase-out Plan Project Management Unit
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Code of Practice for Refrigeration and Air Conditloning

NOTE!

Whenever possible the system must be
disconnected from power-supply!

Secure unintentional restarting of the system!

Step B6)
Eliminate all mechanical joints
fram occupied space!

Figure 3-11 Mechanical connections in occupied space

Before repain: Arrow indicates leaky flared
In this specific case the coupler within the suction line.
identified leaking coupler
within the suction line
was removed and
therswith the |eak was
repaired,

Figure 3-12 Removal of mechanical connections
by joining tubes with brazing

After repair. Both mechanical joints are
removed within the occupied space and
doing so, the identified leak (suction line
coupler) was repaired.

Figure 3-13 Joiring tubes with Lakring couplers

Alternative repair: There where brazing is
not possible or as general alternative
tube joining method, pressing connection
{Lokring) can be used.

Figure 3-14: Lokring coupler for refrigerant transfer tubes
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Step T)
Reset pressure device Mot Applicable

Step B8}
Eliminate all potantial sources
of ignitien

Figure 3-14 Checking for SOI at the indoor unit

In general, wie connection screws must
ba fastened and wires have fo be in
good condition. All electrical
connections should be subject to

=» |nside unit; guality and functional checks, Loose
transformer, display/ LED, correcion will, sooner or later,

swing motors, fan motor, create sparks and components
connection block, PCE damage. Dirt and humidity will create
(relays, micro switch) — short cuts.

all non=-50is

Use blade connectors. ring and spade
terminals and appropriate cable end

=» Jutdoor unit: — fan sleeves. Ensure insulation of each
motor, capacitars, single connection and between the
connaction block, different terminals. Loose flexible wires
compressar terminals connected to terminals will cause
{internal averload) — all arcing and sparks!

non-30ls,

Figure 3-15 Appropriate wire connectors

3

Figure 3-16 Appropriate cable and sleeves
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o TR R ST A e i R B e

Compressor terminal
sealing caps must be
tight and the wire
connaction screws ba
fastened.

Wire connections should
be in good condition and
properly isolated to avoid
arcing.

Figure 3-17: Loose cannection
causes arcing and short-cut

Figure 3-18: Mot acceptable
capacitor may cause short-cut and

Mtains contactors (either
the existing or new one)
must be fitted into a
sealed enclosure,

The clearance between Figure 3-19: Replace contactor into isolated box!
fan blade and housing

must be sufficiant to avoid
any impact.

Compressor rubber
grommets and sleeves
must be in good condition
to ayoid vibration.
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———mE S

The level of vibration associated
with the system must be within
normal, acceptable limits;

too much vibration implies that
there is a greater possibility of
leakage therefore compromising
safety.

Refrigerant transfer tubes most
have enough space in-between
to avoid rubbing on each other,
so that chafing is avoided,

Capamtﬂr connections should Patandlal 01 maing conlacior Check capasilir
be either sealed with a cap T
and factory assembled cable,
or the wires connected via
an isolated spade type

— -

connector.
k 5L Chess rubles gremmals, sloaves
Yy and fubins |
Pdaing
oemlacior
maplasad
Figure 3-21: Replacing mains
contactar and checking capacitors
Step 9) Mot Applicable

Set-up emergency ventlation/detection
and alarm system
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Code of Practice for Refrigeration and Air Conditioning

AC system commissioning with HC R290

Step 10) Since the refrigerant circuit has been
Integrity test {pressure test / broken into by replacing the flared
strength test) tube couplers / suction and liquid line

and the filter-driar, it

is necessary to carry out leak
tightness tests and strength pressure
tests,

This is carried out simultaneously by
pressurizing the system with oxygen-
free dry nitrogen (OFDN) to the
maximum working pressure (PS) of the
system or system sections (as stated
on the data plate) plus 10% (according
to EN 378-2),

Pressure Test Value =
1.1 = P5 (2,66 = 1,1) = 2.80 MPa (28 bar)

Figure 3-22: Pressure / sirength test with

OFDN
i) Mitrogen cylinder is connected with

a common but reliable transfer
hose to the service port of the
outdoor unit. For safety reason,
with starting of the test procedure,
the pressure adjusting handle of
the pressure regulator is back-
seated {pressure regulator
discharged).

iy Mitrogen is now transferred to the
system by slowly adjusting and
opening the pressure regulator
(pressure adjusting handle} and
carefully applied at a pressure of
28 bar (2.8 MPa) to the system.
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Step 11)
Temporary flammable zones

Place warning signs
within the working area.

Make sure that the gas
detector is operational
and place it on the floor
within the waork area.
This will give a clear
indication if

HC refrigerant is in the
surrounding
environment,

i) Check every single joint, connection
and companent for bubbles using
soapy water or other such fluids.

iv) if a leak is identified, follow the
appropriate procedures to repair it

v) If the system is found to be free of
leaks, release the OFDN from the
system slowly and carefully to the
ambisnt,

Flushing the system with OFON will require
the same work activities and equipment
provisions but with applying lower pressure
{max. 10 bar).

Strategically plan the work schedule in
order to have tools and equipment
direct available and to avoid having to
change the equipment and refrigerant
hose interconnections during servicing
the AL wunit with HC,

When working on systems  using
flammable refrigerants, the technician
should consider certain locations as
femporary flammable zones’. These
are narmally regions where

at least some emission of refrigerant
is anticipated to occur during the
normal working procedures, such as
recovery, charging, and so onm;

typically where hoses may be
connected or disconnected.

In general, the work schedule for
refrigerant handling during service and
repair activities should be arranged in
a mannar that the release of
rafrigerant is not necessary (e.g
‘pumping down® the system and maoving
the refrigerant charge to the high side of
the system), In anticipation of the
maximum gquantity of refrigerant that
may be released during such a
procedure (such as disconnecting a
hose while it is full of liquid refrigerant),
the minimum distance in all directions
and with respect of the occupied
working area where the service
equipment is placed, should be a
minimum of two meters.
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Indaar
Uit

Cutdoes
Uit

Figure 3-23: Temporary flammable zonas

For any reason and under specific
circurnstances where service or repair
activities have to be carried out at the
indoor unit (breaking into the refrigerant
caring system), the designated two (2)
meters safety area will apply the same
way as indicated for the outdoor unit!

Step 12) The diagram below indicates the
Systemn Evacuation and arrangement of equipment and tocls
charging and the interconnection with refrigerant

hoses for drawing a vacuum at the
system and finally charging with
refrigerant. These are activities in
general where flammable refrigerant
can be present. It is important to
respect the temporary flammable
zones, as indicated before, for carrying
out intended work activities and
arrangement of the safety area.

The process of evacuation requires the
use of a suitable vacuum pump and
electronic vacuum pressure gauges,
the system should maintain a vacuum
of 200 microns (0.5 mbar,

50 Pa), held for at least 15 minutes
{without the pressure changing).

&
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Indoor
L

Dubdoecs
Uit

Figure 3-24: Equpmert and toals arangement for vasuurming and
charging

The process of charging the AC
systems with HC refrigerants is similar
to these using halocarbon {e.g. HCFC
R22) refrigerants. Since R290 is a pure
refrigerant the charging can take place
in gaseocus or liguid state. For small
amaunts of refrigerant

{as for this example 0.280 kg) the
charging of

this system can be done by taking only
vapour from the refrigerant cylinder and
charging to the suction line of tha
compressor by measuring the weight of
refrigerant. If charging the refrigerant in
liguid form to the suction side of the
system it must be evaporated before it
reaches the system. Inter- connect an
expansion device (e.g. a short length of
capillary tube) between the hose and
the system,

to enable the refrigerants evaporation.
The charging amaount should be
monitored by the use of an accurate
and sensitive scale. For safety reasons
and to provide accurate charging, the
smallest refrigerant cylinder sizes
possible should be used.

izl'.r.-
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Step 13) Figure 30:
Apply releyant Warmning sign at
documentation the compressor
and system
markings.
Warning sgn al
1he compressor
Cenversion
labal with
delailed
infarmation at
the culdoor
unit
\Warning signs
at {kwz culdaor
il
Figure 3-25: Labeling of the cutdoor unit
Step 14)

Final leak checking

With an HC gas detector

— check every single joint,
connaction and component for
the presence of refrigerant. _Z.
o e Lot : ™
Using a bubble test — Figure 3-26: Bubble Test
check every single

joint, coennection and
component is checked for
bubbles using soapy water or Sy

other such fluids. —

End of AC system
conversion

Note: Figure 3-27: Leak check with electronic leak detector

For the use with Hydrocarbon refrigerants (here HC R280)it is important to
make sure that the detector is safe and sensitive for this refrigerant, Regular
used electronic gas detectors for CFCs, HOFCs or HFCs refrigerants are in
most cases not designed for the use with HC R290, so check with the
equipment provider and review the product manual if the gas detector is safe
for a specific use.
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PART 4: REFRIGERANT
HANDLING AND STORAGE

E% Naticnal CFC Phase-out Plan Project Management Unit
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Code of Practice for Refrigeration and Air Cenditioning

The following shall be observed when handling and working with refrigerants:

1.

10.
11.

12

13.

14.
15.
16.

17.

13.

18.

20.

21.

Color-coding for refrigerant cylinders should be maintained for new
refrigerants  (although there are concemns from some
manufacturers regarding this). Refer to Table 1 for refrigerant
cylinder color assignments.

Refrigerant manufacturer's recommended procedures shall be
followed when handling refrigerants.

Refrigerant containers/cylinders shall be stored in a cool place or
under a roof to protect it from weather extremes, away from the
risk of fire and direct sunlight.

Extra care shall be taken not to drop refrigerant
containers/cylinders that may damage the container or its valve.

When not in use, container valves shall be closed, the valve outlet
cover nut fitted, and the valve protection cover replaced.

While charging, refrigerant containers/cylinders shall not be
connected to a system of higher pressure to prevent back flow of
refrigerant to the container/cylinder.

Cylinders intended for a certain type of refrigerant shall not be
filled with another type unless they are properly evacuated and
labeled.

Strictly follow eylinder capacity when re-filling with refrigerants.

When re-filling with recovered refrigerants, only 70% of the
maximum capacity in weight for a particular type of refrigerant
should be filled to a cylinder (since it may contain oil with lower
density). Overfilling can cause the cylinder to explode leading to
fatal danger.

Calibrated weighing scale shall be used when filling a cylinder.

Leaks on refrigerant cylinder valves shall be checked and repaired
before storing in a ventilated area and on a vertical position.

Establish proper leak testing routine on charging hoses and
refrigerant handling equipment.

Thorough check-up of refrigerant cylinders shall be done first
before refilling.

Defective refrigerant cylinders shall not be repaired and re-used.
Refrigerant cylinders shall conform to appropriate standards.

Storage tank relief valves shall be checked to ensure that they are
not leaking (shall conform to relevant PNS).

Transfer pump seals of filling machines shall be regularly checked
for leaks.

Charging lines shall be kept as short as possible and be fitted with
either check valves or isolation valve near the end of charging
lines,

Whenever possible, use quick disconnect fittings with one-way
valve in transferring or working with refrigerants,

Use PPE, such as side shield glasses/goggles, gloves, jackets,
and safety shoes when handling containers.

Never apply direct flame or live steam to a container or valve.
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22.
<9

24,

25.

26.
27.
28.

29,

30.

Never refill disposable cylinders.

Never use a lifting magnet or sling (rope or chain) when handling
cylinders.

Mever use cylinders for rollers, supports, or any purpose other
than to contain the refrigerant.

Frotect cylinders from any object that will result in a cut or other
abrasion on the surface of the metal.

Mever tamper, repair or alter the safety devices of the cylinders.
Mever force connections that do not fit.

When in doubt of refrigerant type, use electronic refrigerant
identifier (will be available in all Regional EMB offices and TESDA
accredited ftraining institutions nationwide) to analyze its
composition.

Avoid skin contact with refrigerants as they may cause frostbite
and other skin irritations.

Blended refrigerants should only be charged into a system in liguid
state,

% Naticnal CFC Phase-out Plan Project Management Unit

84



Code of Practice for Refrigeration and Alr Conditloning

PART 5: RECOVERY,
RECYCLING, COLLECTION,
TRANSPORT, STORAGE AND
DISPOSAL

3
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Ceode of Practice for Refrigeration and Air Conditioning

PART 5.1 = RECOVERY
5.1.1 Recovery of refrigerant shall be performed by a certified technician.

5.1.2 Service hoses to be used for recovery must have shut-off valves (PNS
SAE J2197.2003)

5.1.3 All refrigerant content of a non-serviceable refrigeration or air conditioning
system shall be recovered before it is disposed off. Recovered
refrigerants shall be verified for re-use, recycling, reclaim or
disposal/destruction.

5.1.4 Recovered refrigerants shall be stored only in Specified Refillable
Container/Cylinder.

5.1.5 Recovered refrigerants shall be properly labeled.

PART 5.2 - RECYCLING

521 Recycled refrigerant shall be stored only in Specified Refillable Container.

5.2.2 Recycled refrigerants shall be checked for non-condensable gases (refer
to PNS SAE J2211 and PNS SAE J1989 for the procedure) to verify if it is
suitable for re-use or needs re-processing. As much as possible, use
recycled refrigerant to the system where it was recovered.

PART 5.3 - COLLECTION, TRANSPORT AND STORAGE

The Collection, Transport and Storage (CTS) of Recovered Refrigerants Program
is a sub-project under the Voucher System of the National Chlorofluorocarbon Phase-out
Flan (NCPP). It is intended to assist refrigeration and air-conditioning (RAC) and mobile
air-conditioning (MAC) service shops, RAC and MAC manufacturers and chiller owners
in disposing their unwanted chloroflucrocarbons (CFCs), also known as R-12 or
commonly known as "Freon”, and other refrigerants like hydroflucrocarbons (HFCs) and
hydrochlorofluorocarbons (HCFCs).

With clearance from the World Bank, the DENR-EMB through the NCPP Project
hired the services of Delsa Chemicals and Multi-products, Inc. to undertake the
collection, transport and storage of the refrigerants recovered from RAC and MAC
service shops and manufacturers and chiller owners that shifted to non-0ODS technology.

tg
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5.3.1 CTS SCHEME

Cold Rooms i
{Reefer Vans, Cold

Domestic Ref
Ohawriers
Storage & etc)

RAC

[ OEM / BLAC & 1

MAC Producers

Figure 5-1

The CTS FACILITY starts with the establishment of a Retrieval
Scheme- The bottom line of the system is the service shops or service
technicians who will perform recovery of used refrigerants before servicing
refrigeration and air conditioning equipment.

Under the Revised CCO, venting of QDS is an illegal act, thereby
requiring all service technicians/shops to recover refrigerant before
performing service or repair.

DELSA Chemicals is the duly authorized company by the DENR-
EME to manag and operate the CTS facility. A fund will be generated to
be collected from refrigerant importers to help finance the facility's
operational expenses. The operator on the other hand will have their
investment on the physical establishments and logistical support.
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5.3.2 CTS PROCESS FLOW

FOR DISPOSAL

-0 —Wn

RECOVERED REFRIGERANT

TRANSFER FUMP

The process flow starts from the recovered refrigerants being
checked by a Refrigerant Identifier whether mixed or a single substance. If
it turned out to be mixed, then it will be stored to the facility, otherwise it
will be processed by a Refrigerant Reclaimer. From the reclaimer, the
refrigerant will be filled to refrigerant cylinders. A Gas Chromatograph will
check the quality of reclaimed refrigerant if it meets the AR| 700 standard.
Then it may be transferred to bigger storage cylinders or remain in smaller
cylinders using a transfer pump either for storage or reselling.

CONTACT INFORMATION FOR CTS {ODS RECOVERY):

DELSA CHEMICALS & MULTI-PRODUCTS, INC.

Km. 24 East Service Road, Bo. Cupang Muntinlupa City 1771 Philippines
Tel nos. ; (632) 842-8729
(632) 842-9052
(632) B50-2964
Contact : Judith R. Rostro
Fersons : Romel Y. Dimaano
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PART 5.4 - DISPOSAL

Code of Practice for Refrigeration and Air Conditioning

5.4.1 Confirmed mixed refrigerant are automatically subject for disposal.

542 Until suitable disposal methods are available, contaminated refrigerants
should be properly labeled and stored by concemed stakeholder.

5.4.3 Mixed refrigerant recovered from service shopsitechnicians through the
reclamation scheme shall be stored at the CTS facility.

5.4.4 Non-reclaimable refrigerant will be stored in the facility until final means or
method will be approved by concerned agency.

i?.-'h.
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PART 6: SAFETY ASPECT

(SAFETY REQUIREMENTS)

i
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Code of Practice for Refrigeration and Air Conditioning

10.

i i

12.

13.

14,

15

16.

17.

18.

19.

20.

21,

22,

FPPE is compulsory when handling and working with refrigerants.
Always ensure good ventilation while working on refrigeration systems.

Ensure that refrigerant cannot accumulate in low areas where they can
cause fatal accidents.

Specific color-coding shall be followed for cylinders/containers of different
refrigerants (refer to Table 1).

Pressure safety devices (i.e. pressure relief valves, safety pressure
switches) shall be installed to prevent the equipment from operating over
the maximum working pressure and must be calibrated.

A dual pressure-relief valve with changeover device shall be installed for
larger systems to facilitate the repairfreplacement without impairing
system protection.

Appropriate safety precautions shall be observed for systems converted
with hydrocarbon.

Proper protective caps shall be used on valves of refrigerant cylinders to
prevent damage to valves that will cause refrigerant leaks.

Avoid contact with liquid refrigerants that can cause severe frosthite.

Hydrochloric and hydrofluoric acids may be present in contaminated
recovered refrigerant and oils. Utmost care must be taken to prevent
contact, even with oil spills when servicing contaminated equipment.

Recovered refrigeration oil should be properly stored for proper disposal.

Never exceed the cylinder's safe liquid weight level based on net weight.
Maximum capacity of any cylinder is 80% by maximum gross.

Appropriate wheeled device must be used to transport larger cylinders.
Ensure that the cylinder is securely strapped when moving from one
location to another. Never roll a cylinder on its side.

Good quality hoses/manifolds should always be used with seals/gaskets
in place.

Never refill disposable cylinders.

Never braze or unbraze refrigeration piping system that has not been
fully/properly evacuated of refrigerant for servicing and filled with inert gas
{e.g. dry nitragen).

Never use “halide torch method” (flame test) for leak testing to an
unidentified refrigerant in a system.

Never use oxygen or compressed air for pressure or leak testing or when
blowing-off piping to remove welding, brazing or cutting debris.

Avoid inhalation or exposure to refrigerant and Iubricant vapor or mist.
This will irritate skin, eyes, nose, and throat.

Never open refrigerant drums (for low pressure refrigerants) until it is
cooled down to atmospheric pressure/temperature when replacing its cap
with valves.

Electrical wirings should be kept away from contact with the system’s
discharge line. This will damage the wire's insulation that may cause short
circuit.

All power supply should be disconnected and disabled to any equipment
from which refrigerant is being recovered.

% Mational CFC Phase-out Plan Project Management Unit
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Code of Practice for Refrigeration and Air Conditioning

Never connect grounding wire to gas pipes, water pipes, telephone
grounds, and lightning arresters.

Mever use refrigerants without first understanding the associated MSDS.
Use tools with insulated handles that are in good condition when working
with the systemn's electrical lines.

MNational CFC Phase-out Plan Project Management Unit
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PART 7: LEGISLATION AND
REGULATION

% Mational CFC Phase-out Plan Project Management Unit

83




Code of Practice for Refrigeration and Alr Conditiening

PART 7.1 - DENR ADMINISTRATIVE ORDER No. 2013 - Revised

Regulations on the Chemical Control Order for Ozone
Depleting Substances (ODS)

NOTE: The following are applicable sections for the refrigeration related
acts and practices under the revised Regulations on the CCO for ODS:

Section 5. BAN ON IMPORTATION OF ODS

5.1.

5.2

This CCO affirms the previous ban on importation, except for essential
uses, in any amount, of the following substances, whether alone or in
mixtures, as provided under the Department’s Notice to the Public dated
December 1988, relevant administrative orders, and listed in Appendix | of
this CCO:

5.1.1. Annex A, Group |

(a) CFC 11 and CFC 12 banned for importation for
manufacturing products and equipment since 01 January
1998,

(k) CFC 113 since 01 January 1996;

{c) CFC 114 and CFC 115, except as component in R-502,
since 01 January 1998.

5.1.2. Annex A Group Il since 01 January 1999
5.1.3. Annex B Group | since 01 January 1999

5.1.4. Annex B Group || since 01 January 1996
5.1.5. Annex B Group Il since 01 January 1996

5.1.6. Annex E Group I: Non-QPS Methyl Bromide since 01 January
2009.

Motwithstanding the above provisions, the importation of CFC 11,
regardless of sector or purpose, is absolutely banned starting on 01
January 2005, Further, importation of all CFCs, including those in R-502,
regardless of sector or purpose, is absolutely banned starting on O1
January 2010.

Section 6. PHASE-OUT SCHEDULE AND CONTROL OF IMPORTATION OF ODS

6.1.

(HCFCs)

For Annex C, Group 1 (HCFCs):

6.1.1. By 01 January 2013, imports shall not exceed the recorded
baseline consumption in ODP tonnes.

6.1.2. By 01 January 2015, imports shall have been reduced by 10%
based on the recorded baseline consumption in ODP tonnes.

By this date, all importation of HCFC 141b and pre-blended
polyols for foam (rigid and flexible}) manufacturing will also be
absolutely prohibited, except for the servicing and solvent sectors.
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Code of Practice for Refrigeration and Air Conditioning

6.1.3. By 01 January 2020, imports shall have been reduced by 35%
based on the recorded baseline consumption in ODP tonnes.

By this date, all importation of HCFC 22 for the
manufacturing of refrigeration and air-conditioning will also be
absolutely prohibited, except for the servicing sector.

6.1.4. By 01 January 2025, imports shall have heen reduced by 67.5%
based on the recorded baseline consumption in ODP tonnes.

By this date, all importation of HCFC 123 as cooling agent
for chillers and fire extinguishing agent will likewise be absolutely
prohibited, except for the servicing sector.

6.1.5. By 01 January 2030, imports shall have been reduced by 97.5%
based on the recorded baseline consumption in ODP tonnes.

By this date, all importation of blends containing HCFCs
will likewise be absolutely prohibited.

6.1.6. By 01 January 2040, importation shall have been absclutely
prohibited.

By this date, all kinds of importation of HCFC substances
for manufacturing and servicing sector, except for essential use,
will be prohibited.

6.1.7. However, during the period 2030-2040, importation of 2.5% cof the
haseline consumption shall be allowed for the servicing sectar.

B.2. Consistent with Section 6.1-6.1.7, an annual import quota allocation
system shall be implemented by the Department through the Bureau.

6.3. The annual impaort guota is non-cumulative, thus, any remainder of the
quota allocation for a particular substance is deemed consumed at the
end of the calendar year. The total annual imports shall be in accordance
with the phase-out schedule outlined in Section 6.1-6.1.7.

6.4. The Department, through the Bureau, may accelerate the phase-out
schedule for servicing as it may deem necessary through the issuance of
an appropriate policy instrument.

Section 7. REGISTRATION AND RENEWAL OF REGISTRATION OF IMPORTERS
OF ODs

71 Any person who imports ODS (regardless of source as allowed under the
agreements of the Montreal Protocol, as amended) for any industry or
activity, such as those listed under Appendix IV, must register with the
Department through the Bureau.

7.2. A Certificate of Registration issued by the Department through the Bureau
is valid only for the calendar year when it was obtained. An application for
the renewal of registration for every succeeding period prior to any
importation must be submitted within the last thirty (30) days of the current
calendar year.

Section 9. REGISTRATION AND RENEWAL OF DEALERS, RETAILERS, AND RE-
SELLERS OF ODS

9.1.  Consistent with the Department's Memorandum Circular No. 2005-23, any
person who is engaged in trading, selling, and/or distribution of ODS
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9.4.

9.5.

Section 10.

10.1.

10.2.

10.3.

10.4.

10.5.

Section 14.

14.2.

14.3.

(regardless of source as allowed under the agreements of the Montreal
Protocol, as amended) for any industry or activity, such as those listed
under Appendix IV, must first register with the Department through the
concerned Regional Office of the Bureau in order to determine their
capahility in handling and using these substances. Such registration is on
an enterprise and site-specific basis, and not on a chemical basis.

A Cerificate of Registration issued by the Depariment through the
Regional Offices of the Bureau is valid only for the calendar year when it
was obtained. Applicants are thus encouraged to submit their respective
applications for renewal and accompanying documents within the last
thirty (30} days of the current calendar year.

Only dealers, retailers, and re-sellers registered by the Department
through the Regional Offices of the Bureau may purchase, re-sell, and
distribute the ODS listed under Section 2 for allowable uses in Appendix
I'V. The ODS may only be sold or distributed to service providers that are
duly registered under Section 10.

REGISTRATION AND RENEWAL OF SERVICE PROVIDERS OF
ODS-USING EQUIPMENT

Service providers of ODS-using equipment must register with the
Department through the Bureau to determine their capability in handling
and working on these substances. However, a Certificate of Registration
may only be granted by the Department upon showing proof that the
service provider has been duly certified by TESDA in case of individual
mechanics or accredited by DTI in case of service/repair shops.

Service providers should have the capability to take effective measures,
including the necessary equipment, technology, training and
infrastructure, for the purpose of effectively handling ©DS, including
responsible re-use of refrigerants, minimizing their emissions, and
ultimately phasing out their use by replacing with substitutes or
alternatives duly recognized and certified by the Department and the
Bureau.

Service providers shall adhere to the good practices in handling and
warking with refrigerants set forth in the Code of Practice for Refrigeration
and Airconditioning approved and adapted by the Department-Bureau in
2004.

Service providers shall also participate in a system to recover, reclaim,
and re-use refrigerants that will be led by the Department.

A Certificate of Registration issued by the Department through the Bureau
is valid for a period of three (3) years. Applications for renewal may thus
be submitted within the last thirty (30) days of the third calendar year.

RECORDS KEEPING

All service providers shall likewise keep a record of all transactions,
including quantity of recovered refrigerants, for purposes of validation by
the Bureau.

Records retained by importers, exporters, dealers, retailers, and re-sellers
must be available for inspection at any time by an authorized officer of the
Department through the Bureau.
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Section 17. ADMINISTRATIVE VIOLATIONS

In addition to the relevant provisions of RA 6969, RA 8749, DAQ No. 29 series of
1992, and other violations arising from the implementation of Sections 4-14 of this DADO,
the following acts and omissions shail be considered as administrative violations:

17.1. Back conversion;
17.2. Installation of CFC-using system;
17.3. Sale and use of small disposable containers (less than 1 kg) with CFCs;

17.4. Importation or manufacturing or placing in the market of products or
equipment containing Halons or CFCs;

17.5. Use of CFC-containing equipment in mobile transportation starting in
2012;

17.6. WUse of CFC-11 as blowing agent for foam manufacturing;
17.7.  Intentional release or venting of ODS;
17.8. Use of CFC-11 and other banned ODS as flushing or cleaning agent; and;

17.9. Possession of unregistered refrigerants, including mislabeling of
caontrolled substances

Section 18. PENAL PROVISIONS

Any person who violates any provision of this DAQO shall be administratively and
criminally liable pursuant to Sections 13, 14, and 15 of RA No. 6969, Sections 43 and 44
of DAO 92-29 and other applicable laws, rules and regulations,

Such violation shall alsc constitute grounds for the Department through the
Bureau to:

18.1. cancel the reqgistration of importers, exporters, dealers, retailers, and
resellers;

18.2. recommend the cancellation of the DT| accreditation of service or repair
shops; and

18.3. recommend the cancellation of the TESDA certificates of competency of
technicians, mechanics, contractors, and other service providers.

The foregoing administrative and penal provisions shall not prevent the
Department through the Bureau from issuing interim orders to stop the continued
commission of the pertinent violation.

Section 21. EFFECTIVITY

This Order shall take effect fifteen (15) days after its publication in a newspaper
of general circulation and upon acknowledgment of receipt of a copy hereof by the Office
of the National Administrative Register (ONAR).
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ANNEX 11

List of Controlled Substances of the Montreal Protocol On Substances that Deplete the
Ozone Layer'

ANNEX A: CONTROLLED SUBSTANCES

Group Substance Ozone-Depleting Global Warming Common Uses
Potential* Potential {100)
Group |
Refrigerant
CFCls CFC-11 1.0 4,750 Blowing agent
Propellant
Refrigerant
CF2Cle CFC-12 1.0 10,820 Propellant
EBlowing agent
C2F3Cly CFC-113 0.8 6,130 el
CaFaCla CFC-114 1.0 10,040 Clegl;?istgent
CaFsC CFC-115 0.6 7,370 Refrigerant
Group Il
CF,BrCl (halon-1211) 3.0 e Etinguibant
Fire Extinguishant
CFaBr (halen-1301) 10.0
C:FaCla Halon-2402) 6.0 Fire Exlingishari

*These ozone depleting potentials are estimates based on existing knowledge and will e
reviewed and revised periodically.

'United Nations Environment Frogramme. Ozone Secretariat. Handbook for the Montreal
Frotocol on Substances that Deplete the Ozone Layer, Minth Edition (2012),
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ANNEX B: CONTROLLED SUBSTANCES

Group Substance Ozone-Depieting Global Warming Common Uses
Potential Potential {100)

Group |

CFaCH CFC-13 1.0 Befigeet

CaFCls CFC-111 1.0

CaFaCly CFC-112 1.0

CaFClz CFC-211 1.0

CaFaCly CFC-212 | 1.0

CaFaCls CFC-213 1.0

CaF4Cls CFC-214 1.0

CaFsCls CFC-215 1.0

CaFeClz CFC-216 1.0

CafF7Cl CFC-217 1.0

Group Il

. CCI..; Carbon tetrachiorids 1.1 cre?;rfea:;g o
Group I

I e BEY

*This formula does not refer to 1, 1, 2-trichioroethanes
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ANNEX C: CONTROLLED SUBSTANCES

Group |

CHFCILy
CHF:CI
CHzFCI
CoHFCla
CoHFCl3
CaHF 012
CHCI2CF3

CaHF 4Cl

CHFCICF
CaHaFCly
CzHzF2CE;
G2HaF5Cl
CaHaF Clz
CHaCFCl
CaH4FZCl
CHaCF:C
CaH4FCI
CaHFClg
CaHF2Ch

CaHFaCh

Substance

HOFC-21*

HCFC-22*

HCFC-31

HCFC-121

HCFC-122

HCFC-123™

HCFC-123

HOFC-124*

HCFC-124

HCFC-131
HCFC-132
HCFC-133
HCFC-141
HOFC-141b™
HCFC-142
HCFC-142b™
HCFC-151
HCFC-221
HCFC-222

HOFC-223

Potential*
D.04

0.055

0.0z

0.01-0.04

0.02-0.08

0.02-0.08

n.oz

0.02-0.04

o2z

0.007-0.05
0.008-0,05
0.02-0.08
0.005-0.07
011
0.008-0.07
0085
0.003-0.005
0.015-0.07
.01-0,00

0.01-0.08

Ozone-Depleting Global Warming |

Potential (100}

1810

I

G20

00

2400

Common Uses

Refrigerant

Fire Extinguishant

Refrigerant
Blowing Agent

Refrigerant
Blowing Agent

Blowing Ageant

Where a range of QDP is indicated, the highest value in that range shall be used for the purpose of
the Montreal Protocel. The ODPs listed a5 8 single value have been defermined from calculations
based on laboratory measurements. Those listed as a range are based on estimates and are less
cartain. The range perfaing fo an isometic group. The upper value is fhe esfimatle of the O0F of the
isomer with the highest ODF, and the lower value is the estimate of the ODF of the isomer with the

lowest ODF.

**ldentifies the most commenzially viable subsiances with Q0P valuas listed against them fo be used
for the purposes of the Protocal,
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Ozone-Depleting  Global Warming

Group | Substance Potential* Potential (100) Common Uses
CsHFLCl3 HCFC-224 .01-0.08
Cleaning Agent
CaHF A0l HCFC-225 0.02-0.07 Solvent
Cleaning Agent
CF3CFaCHC, HCFC-225¢ca 0.025 Solvent
Cleaning Agent
CFCICFCHGIF HCFC-225¢ch 0.033 Solvent
CaHF&CI HOFC-226 0.02-0.10
CzH:FCly HOFC-231 0.05-0.09
CaHzF2Cly HCOFC-232 0.08-0.10
CaHzFz 00 HOFC-233 0.007-0.23
CaHaFsClz HCFC-234 0.01-0.28
CaHaFsCl HCFC-235 0.03-052
CaHzFCls HCFC-241 0.004-0.09
C3HzF2Cla HCFC-242 0.005-0.13
CaHsFzC02 HOFC-243 0.007-0.12
CaHzFCI HCFC-244 0.009-0.14
CaHLFCly HCFC-251 0.001-0,01
CakaF2Clz HCFC-252 0.005-0.04
CaHaF3C HOFC-253 0.003-0.03
CaHsFClz HCFC-261 0.002-0.02
CaHsF:CI HCFC-262 0.002-0.02
CaHgFCI HCFC-271 0.001-0.03
101
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I Groupll | Substance | Ozone-Depleting] Global Warming Common Uses
5 Potential Potential
!_ CHFEr; : 1.00
5 CHF:Br : (HBFC-22B1) 0.74
CHaFEr [ B 0.73 |
carEn | ooos
lllll C2HF2Brs 05-1.8
CzHF 3Br: 0.4-1.6
CoHF4Br 0.7-1.2
3T N . 0.1-1.1 L
CoH:FBr: 0215
CoH3F 3Br 0.7-1.6
CiHaFBr: | B 0.1-1.7
CiHaF:Br 0.2-1.1 1 j
C2H4FBr - 0.07-0.1 f
. CgHFBrs | 0.3-1.5
C3HF4Brs - 0.2-1.9
CaHF3Bry — 0.3-1.8
CaHF4Bra 0522
_ CiHFsBry 0.9-20
| GgHFBr AT =
CaH:FBrs ' 0.1-1.9
 CaMaeFeBra | 0.2-2.1 : . ot
CaH2FaBry E 0.2-56
| CaHaFaBr 0375 i
CaHFsBr . 0.9-14 1
CHaF:Bry 0.1-3.1
CaHaF3Br 0.125
CsHaF4Br ., 0.3-4.4 f
CsHaFBra ) 0.03-0.3 N |
__CaHsF:2Br: _ 0.1-1.0 j
CaHaF3Br 0.07-0.8 1
CsHsFBrz 0.04-0.4 |
C:HsF2Br 0.07-0.8 [
C3HsFBr 0.02-0.7 [
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'~ Group Wl | Substance | Ozone-Depleting] Global Warming] Common Uses
' Potential | Potential (100)

CH2BrCI ' bromachloromethane 012

ANNEX E: CONTROLLED SUBSTANCE

Ozone-Depleting Global Warming ~ Common Uses

roup | :
Groug Substance Potential Potential (100)
quarantine pre-
CHaBr methyl bromide 0.6 shipment
Z Mational CFC Phase-out Plan Project Management Unit 103
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PART 7.2 - ACCEPTABLE INDUSTRY STANDARDS FOR MAC

SYSTEMS

PNS SAE JB39 APRS4 -

PNS SAE 1770 OCT95 -

PNS SAE J1732 DEC94 -

PNS SAE J1628 JUNS3 -

PNS SAE J1657 JUNS3 -
PNS SAE J1660 JUNS3 -

PNS SAE J1661 JUNS3 -
PNS SAE J1662 JUNS3 -
PNS SAE J1990 MARSZ -

PNS SAE J1989 OCT89 -
PNS SAE J2197 JUN92 -

PNS SAE J2209 JUN92 -
PNS SAE J2210 DEC91 -

PNS SAE J2211 DEC21 -

Safety Containment of Refrigerant for Mechanical
Vapor Compression Systems Used for MAC
Systems/ Vehicle Service Coupling Air Conditioning
System

Automotive Refrigerant Recovery/Recycling
Equipment Intended for Use with both R-12 and R-
1343

HFC-134a Extraction Equipment for Mobile
Automotive

Technician Procedure for Using Electronic
Refrigerant Leak Detectors for Service MAC
Systems

Selection Criteria for Retrofit refrigerants to Replace
CFC-12 in MAC System

Fittings and Labels for Retrofit of CFC-12 MAC
Systems to R-134a

Procedure for Retrofitting CFC-12 in MAC System
Material Compatibility with Alternate Refrigerants

Extraction and Recycle Equipment for R-12 MAC
Systems

Recommended Service Procedure for the
Containment of R-12

HFC-134a Service Hose Fittings for Automotive AC
System

CF(C-12 Extraction Equipment for MAC System

Refrigerant Recycling Equipment for R-134a MAC
System

Recommended Service Procedure for the
Containment of HFC-134a
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PART 8: ANNEXES AND TABLES

r _ _ 106
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PART 8.1 — ANNEXES

Annexes herein are sample forms for the concemed stakeholder to adopt,
although they may have option to create their own form that they think would best suit
their needs as long as all the important data are indicated.

PART 8.2 - TABLES AND CHARTS

Tables and Charts herein will serve as reference for technicians as well as
practitioners in the refrigeration and air conditioning sector.
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ANNEX 1 - SERVICE RECORD

COMTRACTOR f SERVICE COMPANY

Mame of Company:

Address:

Tel No.:

Fax Mo

Accreditation Meo.;

Expiry Date:

Date of Service:

Cedificate Mo,

Mame of techriclan

Time In:

Time Sut:

SERVICED COMPARNY

Fax Mo,

LIMIT f EQUIPMENT

Type of Compressar:
0 Recpracating
0O  Seral

Brand:

Capacity

Areg Senved:

O Sorew Uit Mo /Designation:

0O FRotary

Type af Unit: tdodel Mo
0 Packaged/Spit Type Serial Mo

Unitary Typs
Window Type
Chiflar
Cihers {Spacify)

SERVICE CARRIED CUT

INSPECTION
Findings:

Recommendations:

REFAIR
Defect

Job Dane:

Method/Equipment Used:
[ Eleatrenic
I viHalogen
Soap Bubble
Others (Specify)

READIMNG

BEFCRE SERVICE AFTER SERVICE
Suction Pressure: Suction Pressure
Discharge Pressures: Discharge Pressure
Amperages: L1: Amperages: L1
L L2
L L3

REFRIGERAMT

Type:
Total Charge (kg)
Quantity Recovered {kg):
Cuantity Lest (kg)
Quiantity for Recyeling (kg
Quantity of Old Refriperant Recharged (kal:

Cuantity of New Refrigerant Recharged (ko
Accredited Company In-charged for Reclaimirecycle:

SUPERVISING EMGINEER:, TECHMICIAN'S SIGMNATURE:

(Mame and Signature)
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ANNEX 2 - RETROFITTING DATA SHEET

SERWVICED COMPANY

Fax nio,;

UINIT § EQUIPMENT

Type af Compressaor;
d  Reciprocating

2 Seroll

O Screw

0 Rotary
Type of Unit:
d  Packaged!Split Type
Linitary Type
Window Type

Chitler
hers (Speify)

Brand:
Capaciby
Area Served:

Linit Me/Cesignatan:

Madel No.:
Seral No.:

COMTRACTOR / SERVICE COMPARY

Mame of Company:
Address:

Tel Mo

Fax Mo

Accreditation Mo,

Expiry Dater

Mame of Technician:

Certificate Mo

DATES

Date Started:

Date Finished:

DATA

REFRISERANMT SPECS
Type
Ciantity
LUBRICAMTAIL
Type
Cuantity
READINGS
Suction Pressure
Discharge Pressure
Amperages. L1

Lz

L3

LEAK TEST METHQD

Soap and bubble
Elactronic
Cthers [3pecify)

REFRIGERANT COMNTAINMEMT

Recoverad for re-use
Recoverad for recyciing

Company In-charged for Reclaimirecyaling:

SUPERVISING ENGINEER'S NAME & SIGMATURE TECHMICIAMN'S SIGMNATURE

END USER'S MAME & SIGHNATURE:
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ANNEX 3 - EQUIPMENT NAME PLATE

SERVICED COMPANY

Fax Mo.:

UNIT f EQUIPMENT

Brand: Type:
Unit Mo.: Capacity:
Location:
Manufaciurer

Model Ma_: Serial Mo.:

TECHMICAL DATA,

Maximum allowabie pressure;
Test Pressure:

Mz, Allowahle Temp.:
Min. Allowable Termg.:

Low Pressure Switch Setting:
High Pressure Switch Sefting:

REFRIGERANT

Clusantity:

QiL FLUBRICANT

Cruantity: Wiscosity:

SAFETY RELATED DATA

Pearson in-charge: Telephone Mo,
SERVICE COMTRACTOR

Campany Mame:
Address:

Talephone MNo.:
Accreditation Mo

& : 109
Maticnal CFC Phase-out Plan Praject Management Unit



Code of Practice for Refrigeration and Air Conditioning

ANNEX 4 - USER SPECIFIC DATA

CWRNER DATA

Mame:
Addrress:
Telephore Mo, Fax Mo
E-mail Address.

EQUIPMEMNT DATA

Capacity: Type:
Brand:

Model Mo Serial Mo

LOCATICN

Foam:
Mame of Building:
Building Address:

RESPOMSIBILITY

Department:
Supervising Engineer
Telzphone:

SERVICE COMTRACT

Mame of Contractor
Address:
Telephone Mo,
E-mail Address:
Tachnician In-charge:
Cerificate Mo.:
Exgiration of Contract:
Senvice Interval:
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ANNEX 5 — SERVICE REPORT

COMPANY NAME
ADDRESS
CONTACT MO
ACCREDITATION NO
Customer Tel Mo, _ Date
Address CRETTRE
JOB DONE
O PULL DOWN EVAPCRATCOR ( JCLEANING [ PWELDING { ) REFLACEMENT
0O REPLACE [V EXPANSION MALY { ¥ RECEIVER DRIER
O PULLDOWN COMPRESSOR { JOVERHAUL ) BEMI-OVERHALIL ) CHANGE OIL
{ JREFPLACE COMP, { J1LEAK REPAIR { ) REFLACE MAGMETIC COIL
{ Y REPLACE COMP, INCL BRACKET FABRICATION { JREFPLACE CLUTCH BEARING
O ELECTRICAL REPAIRICHAMNGE WIRING | ) SINGLE/DUAL O MAJCRIMIMNGR
O PULLDOWN CONDEMSER/RADIATOR { JREPLACE/REPAIR { ) CLEANING { 1RETIGHT ROTOR
O AUXILIARY FAM { JREFLACE/REFAIR { JINSTALL
O REPLACEMODIFY i 1 D-HOSE t 1S-HOSE { JH-HOSE
O PULLDOWN PIPES { TREPAIRWITH BRAZING { ) MODIFY { 1REFLACE
O FLUSHING OF AIC 3YSTEM { 1 8INGLE {1 DUAL
O REPLACE { JIDLER BEARING { 1PULLEY { 1BELT
O OTHERS, FLEASE SFECIFY
PARTS/COMNSLIMABLES
ITEM QUANTITY DESCRIPTION
] COMPRESS0OR
o EVAPORATOR
o EXFAMSION WALVE
a RECEIVER CRIER
a CONDENSER
a ALLILIARY FAN
d C-RIMNG { 1REBR ¢ JTMBR
a 2IL [ IPAGISYNTHETIC {1 MINERAL
d REFRIGERANT | 1R 134a {IR12 [ ) Others
a IDLE BEARING
o Malk BEARING
o CENTER BEARING
O CLUTCH BEARING
O HZSES
[ MITROGEM
] Ol CLEAMER
[ ELLSHING S0 UTION [ MON-CEC
=] OTHERS, PLEASE SPECIFY
READINGES
SUCTICN PRESEURE: DISCHARGEPRESEURE:
TECHMICEAMN: CERTIFICATE NG
Mame and signatura
CWNER: Mo, DODOD
Mame and signature
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ANNEX 6 — REFRIGERANT CONVERSION LABEL

COMPANY NAME
ADDRESS
CONTACT NO.
ACCREDITATION NO.

NOTICE : RETROFITTED TO R 134a

RETROFIT PROCEDURE CONFORMED WITH PNS SAE J1661
USE ONLY R 134a AND SYNTHETIC OIL

REFRIGERANT CHARGE/AMOUNT :
LUBRICANT AMOUNT :

a PAG

o ESTER

Retrofitted by: Signature:
CertificateNo.: Date:

DO NOT REMOVE

Flammable Refrigerant R290 Service

Company

MName of Technician
Address

Telephone & Fax Mo

Cerlificate No.

This
aystem
is charged with the natural
and environmental
protective Refrigerant R290

Refrigerant Charge in kg

Lubricant Type & Charge

Date;

Signature:
o= ——rr s e T s e e T T
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ANNEX 7 - START-UP DATA SHEET

COMPANY NAME
ADDRESS
TEL. NC.
ACCREDITATION NO.

CWNER DATA
Mame of Owrer;
Address:
Contact Perscn: Tel Mo
INSTALLATION DATA
Technician In-charge: Accreditation Mo,
[Cate Startad: Date Finished: Slart-up Date:
FCU Model Mo, ACCU Model Mo
FCU Serial Mo.: ACCH Serial Mo
OPERATING DATA

Suction Line Temperature:

Suation Line Pressure:

Discharge Line Temperature:
FCL Intake Air Tempearature:
ACCLU Intake Air Temperature;
Room Temperature

Discharge Line Pressure;

FCLU Discharge Air Temp -

AZCL Discharge Air Temp.:
Ambient Temperature;

ELECTRICAL PARAMETERS

Powar Supply (Voltage), L1:

L L3

Cwerzll Ampere Readings, L1:
Currant Draws, Compressar;

L2 LE:

ACCU Fan Motor FCU Fan Motor

OTHER INSTALLATION DATA

Refrigerant Piping:
Suction Diameter

Discharge Diametar:

Length: Insulation Thickness:

Length: Ingulation Thickness:

Corain Line:
Crain Line Dizmeter

Length: Insulation Thickness:

Electrical Lines:
Feeder Line Conduit Diameter:
Cantral Line Conduit Diameter:
Circuit Breaker

Technician's Signature

Feader Ling Wire Size;
Cantrol Line Wire Size:

Dwner's Signature:

Length:
Length:

% Mational CFC Phase-ocut Plan Project Management Unit

113



Code of Practice for Refrigeration and Air Conditioning

ANNEX 8 - INSPECTION CHECKLIST

Cate

Technician Signature

Valuel! Bemarks

Waluel Ok

3.1 General

311 Irgpact panels (insulated cabingt, control panel, ete. ), schedute repair, if necessary.

312 Inspect unit switches for unusual or abnormal condition.

313 Check beanngs for any unusual sound and vibration. Apply grease or oil, if necessary.

214 Check tightness of all bolts and screvws; tighten, if necessary.

hesk fan and fan housing for dirt assumulation; clean, if necassary.

Refrigerantioil system

Inspect eanditicn of refrizerant piping insulation, and schedule repair or replacement, if necessary.

Inapact sight glass (if oresent) for refrigerant flowiguality,

Wisually inspact for refrigerant leaks a5 indicatad by oily spots and use appropriate leak detector to
accurately locate the leak,

Check schraderaceess valves, packing glands, G-nings and senvice caps for tightness.

Check compressor al level (f applicable), IF i is low, report far further analysis.

Check oil for discoloration indicating that ol nesd o be replaced and systern checked. If it iz
discolored, report for further analysis.

Check oil pressure (if applicable), it should read higher than the suction pressure or as recommended
by the manufacturer. If below the manufacturer's recommended pressure, reper.

Check Oil Failure Pressure Swatch (if applicable).

3.2.9 Check operating pressures:

32101 Suction

32102  Discharge

32103 Ol Pressure (f applicakla)

3.3 Secondary warm side

531 Check candenser coils for dirt ascumulatian: claan, if necessary.

3.3.2 Condenser Water Supzly [if applicable)}

23,3 Condenser Water Reaturn {if applicabla)

334 Check operating termperatures:

3341  Condenser water supply (if spplicable)

3342  Condenser water return (i applicabde)

3242 Condenser Supply Al {if applicable)

3344 Condenser Return Al (if applicatie)

335 Check candenser water pumps’ operating parameters (if applicabla):

33591 Suclion pressure

3.3.5.2 Discharge pressure

336 Check cocling tower's water level, make-up water znd other apersting parameaters and abnarmalities

3.4 Secondary Cold side

341 Check evaporator coils for dit accumulation; clean, if necessany,

3.4.2 Chack drzin pan for any dirt accumulation; clezn, if necessary.

343 Check drain line ta ensure continues sondensate flow, de-clog, T necessary, |

344 Check chilled water expansion tank's water level and fioat valve,

3.3.6 Check cooling tower's water level, make-up waler and other sperating parameters and abnormalities. |

3.4.8 Cheack operating femperatures:

3451  Evaporatar water supply (f applicabla)

3457  Ewaporator water return (if applicable)

3453  Evaporatar Supply Air (if applicable)

34.54  Evaporator Return Air {if apolicable)

2455  ChiledWater Supply Pressure (if applicable)

3455  ChiledWater Retum Pressure {if applicable)

3.5 Electricalicontrol system

3.5.1 Chack and clean all electrical contacts and termingls. Tighten loose terminals.

352 Check quality of power supply. Ensure that power supply is within £10% of the rated voltage
reguirement of the equipment.

353 Take reading of compressor motor current draw.

COwerload refays

Check belt tensions and aligniment of pulley; adjust, if necessary,

Check bett for any abnormal wear. Determing its cause and maks necessary gorrection.

Take reading af fan and pump matar current draw

Chech all elecirics! cantrols, calibrate, if necessary.

High and Low Pressure switch

Timers

Thermostat

All other electronically controlied devices

% National CFC Phase-out Plan Project Management Unit
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TABLE 1 - ARI REFRIGERANT CONTAINER COLOR

Code of Practice for Refrigeration and Air Conditioning

ASSIGNMENT
ASHRAE Color Assignment
MNumber
R-11 Orange A
R-12 White 3
R-13 Light Blue {Sky) 7
R-13B1 | Pinkish-Red (Coral)
R-14 Yellow Brown (Mustard) b
R-22 Light Green "
R-23 Light Blue Gray
R-113 Dark Purple (Viclet) :
R-114 Dark Blue (Navy) 3
R-123 Light Blue-Grey .2
R-124 Deep Green (DOT Green) i
R-125 Medium Brown (Tan)
R-134a | Light Blue {Sky)
R-141b | Unassigned *
R-401a | Pinkish-Red (Coral)
R-401b | Yellow-Brown (Mustard)
R-401c | Blue-Green (Agua)
F-402a | Light Brown (Sand) ¢
R-402b | Green-Brown (Olive) e
R-404a | Orange
R-407a | Lime Green
R-407b | Cream
R-407¢ Medium Brown
R-408a | Medium Purple *
R-40%a | Medium Brown (Tan) i
R-410a | Rose
R-410b Maroon
R-411a | Dark Purple (Violet) T
R-411b | Blue Green (Teal) "
R-414b | Medium Blue %
R-416a | Yellow-Green (Lime)
RE-500 Yellow *
R-502 Light Purple (Lavender) "l
R-503 Blue-Green (Aqua) ¥
R-507a | Blue-Green (Teal)
R-508b | Dark Blue (Navy) "

Mote: * — Contain QDS

% MNaticnal CFC Phase-out Plan Project Management Unit
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TABLE 2 - MAXIMUM ALLOWABLE CONTAINER PRESSURE FOR R-12

%

MNational CFC Phase-out Plan Project Management Unit

ENGLISH UNITS
TEMP°F | PSIG [TEMP°F | PSIG TEMP®F | PSIG [TEMP°F | PSIG [TEMP°F | PSIG
65 74 75 87 | 85 102 95 | 118 105 136
66 75 76 g | 88 103 96 | 120 106 138
87 76 7 a0 a7 105 a7 122 107 140
68 | 78 78 a2 88 107 98 124 108 142
69 79 79 94 89 108 99 125 109 144
70 80 80 96 a0 | 110 100 127 110 146
71 81 | 81 o8 91 a3 111 129 111 148
72 83 |  a 99 92 | 113 113 130 112 150
73 84 | 83 100 93 115 115 132 113 152
74 865 84 101 94 116 116 134 114 154
| METRIC UNITS |
i
TEMP °C | PRES | TEMP°C | PRES | TEMP °C | PRES | TEMP °C | PRES | TEMP °C | PRES
18.3 5.20 23.9 6.11 29.4 717 a5.0 8.29 40.5 9,58
18.8 527 24.4 6.18 30.0 7.24 35.5 8.43 41.1 97
19.4 5,34 25.0 632 | 305 7.38 36.1 8,57 418 9.84
20.0 5.48 255 545 31.1 7.52 36.6 8.71 42.2 g 98
20.5 5,55 26.1 66 | 318 7.59 a7.2 8.78 427 10.12 |
211 | 5862 26.6 6.74 322 7.73 377 8.92 | 433 10.26
216 5.76 272 | 6.88 327 7.8 38.3 9.06 43.9 10.4
295 5.83 7T £.95 33.3 7.94 388 9.13 444 | 1054
o957 5.9 o83 | 7.03 33.9 8.08 39.4 9.27 45.0 10.68
23.3 6.04 289 | 71 34.4 815 400 | 942 455 10.82
Mote: FRES in kgfsg.cm.
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TABLE 3 - MAXIMUM ALLOWABLE CONTAINER PRESSURE FOR R-134a

METRIC UNITS
TEMP °C kPa TEMP °C kPa TEMP °C kPa TEMP °C kPa |
18 476 26 621 34 793 42 1007 |
19 483 27 642 35 814 43 1027 |
20 502 28 655 36 841 44 1055
21 524 29 576 37 876 45 1089
22 545 30 703 38 889 46 1124
23 552 31 724 39 917 47 1158 |
24 572 a2 752 40 945 48 1179 |
25 593 33 765 41 979 49 1214
ENGLISH UNITS |
TEMP °F psig TEMP °F psig TEMP °F psig TEMP°F | psig
85.0 9.00 7.0 50 93.0 115 107.0 144
66.0 70 80.0 91 94.0 117 108.0 146
67.0 71 81.0 93 95.0 118 109.0 149
68.0 73 82.0 95 96.0 120 110.0 151
69.0 74 83.0 o6 97.0 122 111.0 | 153
70.0 Fis 240 o8 8.0 125 112.0 156
71.0 77 85.0 100 9.0 127 113.0 158
72.0 79 86.0 102 100.0 129 114,0 160
73.0 80 87.0 103 101.0 131 115.0 183
74.0 82 88.0 105 102.0 133 116.0 165
75.0 83 89.0 107 103.0 135 117.0 168
76.0 85 80.0 109 104.0 137 118.0 171
77.0 86 91.0 111 105.0 139 119.0 173
78.0 88 92.0 113 106.0 142 120.0 176
Note: PRES in kg/sq.cm.
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Code of Practice for Refrigeration and Air Conditioning

) TABLE 4 - PRESSURE TEMPERATURE CHART FOR REFRIGERANTS

-40
372
-34 4
a17
-28.9
26.1

7.8
45

2K
£7

-39

-1.1

1?.”

g
12
10

128
_156 |
183 | &

211 |

233
20.7
29.4

322

3
378
40,6
433
46,1
43.9
517

_ 544
| 572

B0
628
856

| 289

| RADTC
Liguid Vapor
Pressure Pressure

R123 '_ R22

4.4
0.6
18
4.1
66
94

125
159
19.6

236
3
228
38

436

95
6.1
3.1
706

)L A
26 |
49 | &
T4
101
132 |
16.5 1 !
| 3864 34 1
A2 | BT
245 | 328
238 | 7
226 | 43 | .
| 218 | 488
169.5 61.5
18,1 5.5
166 TG
148 | 84
G| 928
| 102
111
121

1 (=1 |
lea, |

pa [ha
s

87.3

132
144

Ty |

 R40TC | R410A |

116
148
185
225

288
;317

68

| 425
| 488

R12  R134A | R4D4A  R507 = R502

47 |
65 |
92 |
121

55 |
g2 |
1.1 |
143 |
17.8 |
217 |
-1 5 I

188 |
228

311

552

Iy

o

| 783 |
{ ers |
1 e68 |

107
118
130
142

195

I
| 998 |

sl
465 |
52.4

588

728 |
805 |
BAT |
107
0 118 _j
4 L 1z

.
4

08 |
17
127 _|
1% - —
147
158

201 |
216 |
232 |
248 |
25 |
283 |
301 |

341

Note: For R402A, R402B, R404A and R408A Saturated Vapor Temperatures are

shown.
VAPOR PRESSURES - psig
RED FIGURES (IN Hg) VACUUM

®
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163 |

BT

AR

656

138
149 |

87

3

383 |

T R4D2A

6.3
9.1
121
15.4
188
29
271 |
31.7 |
BT |
42.1
43
542 |
60.9 |
681
758
84
§2.8
102
112
123
B
146
158
171
185
200
215
20|
249
267
305
6. ]
M7 |
370 |
393 1
_a18_|
443
470
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TABLE 4 - PRESSURE TEMPERATURE CHART

E TEMPERATURE HRE00a HRZ280 ' HRE01a
f h °F kFa psl kPa psi kFa psi
.40 40 722 105 136 20 957 140
i 38 36 £92 10 235 34 961 140
| 35 33 559 56 4 49 95,5 439 |
34 29 623 9 452 56 948 A58 E
32 26 585 85 57.1 8.3 94 136
30 22 543 79 0.8 10.1 012 85 |
28 18 499 72 32 124 923 34|
| 6 15 451 65 975 142 912 132
24 11 -39.9 5.3 127 16.4 901 431
22 8 344 5 1287 18.7 88,9 129
20 3 285 4.1 145 6 21| 76 127
18 o 222 32 1626 237 861 125
16 3 5.5 23 1825 26,5 846 2.3
14 7 8.4 4.2 202.4 204 828 12.0
12 10 08 0.1 223 4 324 810 418 |
.10 14 7.3 11 245.5 356 780 15
8 18 15,9 23 268.8 38.0 758 1.2
s 21 25 18 293.2 426 745 0.8
- 25 36 5] 184 45,3 -2 -10.5
2 28 448 65 3458 502 693 10,1
0 32 555 8.1 374.1 54.3 -66.4 96
3 35 669 6.7 4036 58,6 633 9.2
4 38 78.9 11.4 43456 631 50,0 87
E 43 915 133 466.9 67.8 565 82
I 104.7 15.2 500.7 27 527 77
w0 | so 118.7 17.2 536.1 77.8 487 o
sl . 1323 19.3 572.9 832 44.4 64
| 14 57 148.7 216 £14.3 387 398 5.8
R 61 164.8 23,9 6514 94.5 350 51
18 64 1817 26,4 §93.1 1006 208 43
20 58 199.3 250 736.5 106.9 -24.4 35
22 72 217.8 18 7817 113.5 195 27
24 75 237 1 344 8286 120.3 125 1.6
26 79 257 2 373 8774 127.3 £0 09
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28 a2 2783 40.4 H26.1 134.7 0.8 LA |

30 ag 00,2 438 5806 142.3 8.1 1.2

32 aa 3230 46.9 1035.1 150.2 15.6 23

34 93 e 50.3 1081.6 138.4 236 34

3G ay 3715 530 1150.1 166.9 321 4.7

33 100 372 577 1210.7 178.7 40.9 5.9

40 104 424.0 G153 12734 184.8 50.2 ra

42 104 451.7 63.6 13382 1842 G0.0 ar

44 111 480.5 G387 14053 204 o2 0.2

A5 113 5.3 741 1474.5 214 a0.9 11.7

48 118 541.3 785 1546.1 224.4 521 13.4

a0 122 5733 83.2 1620 235.1 103.5 16,1

32 126 G054 280 18562 2462 116.2 16,8

o4 129 G408 §3.0 17748 2676 125.0 187

] 133 £76.2 93,1 18554 654 142.4 207 |

120
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TABLE A- PRESSURE SCALES COMPARISON

oo | % 5 0 | o
PRESEURE b ;
G0 4% 1414 4,087
4% an 331 3,081
1) 15 0207 2041
AT 147 ] 0,701 1.0
PRESSURE
MES. 10 5 10 0.065 0.880
PRESS OR o} =10 20 0.035 0,340
WACLILIM 0 =14 289 1] 0

TABLE B- CONVERSION CHART

Area

50.CM 01550 zqt; 5452 3. mim

sqm 10.76 4 0.09290 sq.m

Length

mm 003837 in 254 mm

m 3284 ft 0.3048 m

m 1.084 yd 05144 m

Wass

g 003527 Oz 2835 g

kg 2205 I 0, 4536 kg

Pawer

keakh 1163 W

kcalh 3.538 Btuh 0.2931 W

Mealh 0,3307 Ton raf 3.817 by

Prassure

kgfsg.om SE.0O7 KPa

kgfsn, em 1422 Psi 5.895 KPa
P=i 0.008 MPa

OTHER CONVERSION FACTORS

Fahrenheit to Celsius  Celsius to Fahrenheit

°C =0.55 {°F-32) °F = (1.8 x °C) +32

One tan of refrigeration = 12000 BtwHr or 3.517 kWhr

1 HP = 07457 kW =2545 BT LWhr = 550 ft-lb/s

TW = 3413 Btufhr = 1.341 HP = 7376 fi-th/s

TABLE 5 - CONVERSION CHARTS AND TABLES

ﬁ% Mational CFC Phase-out Plan Project Management Unit
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