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LEARNING OUTCOME/OBJECTIVE

*  Whatis Required for a substance to be a Refrigerant?

*  Overview Of Refrigerant Classification- CFC, HCFC, HFC, HFO & NATURAL GASES
» Effect Of CFC, HCFC

*  Ozone Depletion

*  Global Warming Potential

* Green House Gases

* Environmental Concerns- Short Live Climate Pollutant

* Evolution of Refrigerant and Phase out Period

* Refrigerant Replacement and Application

»  Safe Servicing Procedures in Handling Natural Refrigerant & it's Equipment

* Basic Approach For Working With Flammable Refrigerants

* Safe Workshop Layout




What l¢ Required For A Substance To Be A Refrigerant?

Refrigerant - A refrigerant ig a fluidlike eubstance or mixture uged in the refrigeration cycle to absorb and reject heat

thug affecting the temperature within. [n mogt cageg they undergo a repeated phage trangition from a liquid to a gag

and back again.

The chemical, physical and thermodynamic propertieg of the refrigerant must suit the eystem and the working
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Chemical: ¢ Stable and inert
Health, safety * Non-toxic
and environmental: * Non-flammable

* Benign to the atmosphere, etc.

Thermal: » Critical point and boiling point temperatures
appropriate for the application
* Low vapor heat capacity
o Low viscosity
« High thermal conductivity

Other: « Satisfactory oil solubility/miscibility
* High dielectric strength of vapor
¢ Low freezing point
* Reasonable containment materials
* Easy leak detection

e Low cost
P s o o P LYoy



Overview Of Refrigerant Classification- CFC, HCFC, HFC, HFO & NATURAL GASES

Refrigerants

Pure fluid

Synthetic
- CFCs

- HCFCs
- HFCs

- Organic (HCs)
- Inorganic

Natural

0 NH3
o CO,
o H.0

Mixtures
- Azeotropic
- Zeotropic

Flourine

CFC
Chlorofluorocarbon

Bample: R11,12, RS02
Carbon

Chlorine
HCFC Hydrogen
Hydrochlorofluorocarbons Carbon
Bample:R22, ROTA, R123
Chlorine Flourine

Flourine

HFC
Hydrofluorocarbons

Carbon s ot 3



Refrigerants- The future |deal Refrigerant
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Ozone Depletion/Potential (00P)

How The Ozone Hole Formed
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UV radiation =\

Ozone layer
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into
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PICTORIAL VIEW

Increased UV radiation
reaches earth
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0zone layer
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Ozone Development

The Hole In Qur Ozone
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Ozone Depleting Effecte on Human Life and the Environment

@ HARMFUL EFFECTS

OF OZONE LAYER DEPLETION

HUMAN
HEALTH

Increased
Uliraviolet
Radiations reach
the Earth Surface
that are harmful for
human health

PHYTOPLANKTON
GROWTH

UV radiations inhibit the
reproductive cycle of

phyltoplankion,
single-celled organisms
that make up the bottom
of the food chain

CROPS
‘ GROWTH

UV radiations

also effect on the
growth of crops,
especially rice

INCREASED
DISEASES .

Increased risk

of skin cancer,
infectious diseases
and eye related
problems
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Effect Of Ozone Depletion — Human

Ozone
depletion

UV-A & 1% J
visible light

Uv-B Clouds &

aerosols

Increase UV-B

Alterations to sun exposure :

Adverse effects on health
Direct effects of UV radiation

Immunity

Benefits for health

, Vitamin D
) synthesis
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o Immune
regulation

T regulatory cell



Effect Of Ozone Depletion — Plant

UV-B-INDUCED CHANGES | | Basic Photosynthesis
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Effect Of Ozone Depletion — Marime Life

ozone layer

Plants
Altered morphology and physiology
dust, clouds, aerosols Altered photosynthetic capacity
2% : G Reduced biomass production

* * *

Reduced crop yield

Animals
Direct detrimental effect (e.g. whales,
amphibians)

Changes in behavior and site selection /
preferences

Restricted distribution and abundance
(e.g. larval krill)

£ Microbes
@z Reduced embryo Altered fungal and bacterial diversity
— 'é?’j, and larval survival Altered decomposition rate
Skin lesions and ‘g?‘ S-S Effects on C:N ratio
pigmentation 2




Minimal Reflection
Maintains Temperature On
Earth
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Blobal Warming Potential (BWPO)

- HCFC & HFC

Radiation from the sun and other formg of heat
enerqy, are being prevented from being released from
the atmogphere by carbon dioxide, CFC and HCFC
refrigerants, cauging an increage in temperature on the
earth surface. The result of thig ig referred to ag
“Greenhouge Effect”.
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Global Warming Potential - Green House Gases

Green houge Gag ~ gageg that have the ability
of retaining some of the earth energy that
leads to increage in temperature within the
atmogphere. For example:

* (Carbon dioxide
*  Methane

*  Fluorinated Gages

*  Chlorofluorocarbon




Environmental Coneerns- Short Live Climate Pollutant

There are two main areas of
environmental impact:

1. Direct: The leakage of refrigerant
gases into the atmosphere which
can cause ozone depletion and
contribute to global warming.

2. Indirect: Refrigeration and air
conditioning systems consume
energy, which
raises CO, emissions and

contributes to global warming




Evolution of Refrigerant and Phage out Period

Montreal Protocol

1987 1970
Montreal Protocol Discovery of the ozone
on CFC and HCFC depletion process

Sustainable
Technologies:

1 9_95 - Environmentally
Global warming benign 1930-50
becomes an issue - Safe in use Inventi:)n of
- Affordable

safe refrigerants

NATURALS NATURALS + HFO

1834 Growing need for 2015 2019
Invention of the vapor  saferefrigerants ELU HFEC Montreal Protocol
compression process. phase-down BN HERE

Natural refrigerants




Kigali Amendment

The Path from Kigali: HFC Phase-Down Timeline

2047

HIC phase down complened 2020 2019
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2011- 2073 Non-Article 5 Baseline years
2019 - 2036 Non-Article 5 Phase-down (sarller start)

2020 - 2036 Non-Article 5 Phase -down (later start

2013 - 2030 HCFC Freeze & Phase Out: Article 5

) ~ ~-
Hun;:. - a‘%OzonAction
L evted Beteers . -

Vrrstoes Py o

Kigali Amendment

B e
cromacar surap g

R R B Rt -
St prAl =IO : o

AP LS oy e A b o DO rsivn P







African Countriee — Rolee and contribution

*Africa have been gignatories to thege protocol and amendment though we contribute legg than 2-3% of
cauges depleting the ozone and alarming global warming potential we are yet to be the most vulnerable.

*Quoting from UN climate change conference report held 2006 © the frequency and intengity of drought

seemg 1o have already worgened in partg of African; total available water in large bagin of Niger, Lake
Chad and Senegal hag decreaged by 40-60% .”

*Between (3.1 and [4.I million people are waking each day to face high level of acute food ingecurity and
severe water ghortages acrogs Ethopia, Kenya and Somalia due to drought in the firet quarter of 2022.




Mitigation Procedure To Environmental [mpact

Reduce Direct Impact

* Uge arefrigerant gag with lower environmental impact: Look to uge a refrigerant gag with zero ozone depletion potential (ODP) and low global
warming potential (GWP),

* Lower the leak rateg of your eystem: Refrigerants only create direct emiggiong when they leak to atmogphere. [t ie recommended that you
engure your ystem ig leak-tight, congidering every fitting, geale, O-ring within the systeme and follow a regular maintenance schedule.

* Enaure correct end-of-life treatment of refrigerant gages: Enaure that you recover and digpoge of refrigerant correctly when maintaining,
upgrading or decommiggioning a gystem.

Reduce [ndirect Emissions

* Minimize the power consumption of your refrigeration or air conditioning system: For existing syetems, engure that you are regularly
maintaining the system and uging the correct refrigerant gag. [ngtalling new systems may offer eubgtantial energy gavingg, via modern
technology uging next generation refrigerantg, including HC, HFOg, and Natural Refrigerant.

* Use your refrigeration or air conditioning system lesg often: Improve ingulation, ingtall doors on commercial refrigerators, freezerg and digplay
cageg, and change the temperature get-pointe for air conditioning.
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RECAP OF MAIN POINTS

Ozone Depleting Substances - CFC - RI2
(I00%), halon, HCFC - R22 (50%)

* Clobal Warming Potential - HCFC (50%),
HFC (100%)

*  (Breen houge Gages - Carbon dioxide, Methane,
Fluorinated Gageg, Chlorofluorocarbon

Bhage out period -
. CFC-RI2-2010
2. HCFC -R22-2030
3. HFC-RI344, 40 - 2047




The Future

Convergence and uncertainties
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LISTENING

Questiong & Angwerg



