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Refrigerants & Global Warming
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ODP & GWP

Refrigerants are evaluated on the basis of:
Ozone Depleting Potential (ODP) — Montreal Protocol and Global
Warming Potential (GWP) — Kyoto Protocol (&MP?).

Ozone Depleting Potential (ODP):
It Is the measure of the ozone depleting capability of a refrigerant as
compared to that of CFC-11 (ODP of 1.0.)

Global Warming Potential (GWP)*:
It Is an index which compares the warming effect over time of different
gases relative to equal emissions of CO, by weight.
e.g.. CFC-12 : ODP=0.82 and GWP= 8100

HFC-134a: ODP=0.0 and GWP= 1300

HC-600a : ODP=0.0 and GWP=4
* GWP values are from IPCC AR4 for policy issues but are revised by
IPCC periodically for scientific assessments.




S GWP Classification

100 Year GWP Classification
< 30 Ultra-low or Negligible arants and HFOs
<100 Very low
<300 Low
300-1000 Medium
> 1000 High

> 3000 Very high ;
> 10000 Ultra-high




HCFC Phasge-out Schedule for Ad Countries

Previous cap was to be set for 2015 consumption level
Hew cap set for average 2009-2010 consumption levels

Previcus Limit

Mew Limit
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*50% more reduction overall of HCFCs
*Early baseline. early freeze date, phase-down schedule, service tail
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Glo6al HFC Phiase Down — Kigali Agreement
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KigaliTargets and Avemqa qguwp

Development in the average GWP (AvGWP)

EU F-gas reg |Growth 3.30
AS group A |[Growth 17.00
AS group B |Growth 15.00

non-A5S Growth
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Non-AS gr. B |Growth
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A model for HVACR growth and
Average GWP to meet Kigali
targets.

Depending on the Kigali Group,
the timelines and the required
average GWP threshold varies.
Even for A5, the target GWP is




Alternativeg to HCFCsg & HFCg-
Degiralle Characterigtics
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Alternative Refrigerants: ODP & GUWP
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Glo6al HVACR Market Trends

HVACR indusgtry ig poised for a significant
growth

* Refrigerant uses witl also grow
EE OB 0 o * Keep the average GWP of refrigerants in focus

_ = E B * To meet Kigali targets, most countries need to
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Market Share of HVYACR (2018)
Sub-sector sales as a percentage of total sales (2018)
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Source: P&S inteligence, Green Cooling Initiative, EIU analysis.




Life-Cycle Climate Performance (LCCP)

. . In order to comprehensively analyze global warming
Environmental Impacts of Refrigerants impacts, the concept of Life-Cycle Climate Performance
(LCCP), has been evolved from the earlier concept of "Total
Equivalent Warming Impact (TEWI)".

Direct Emissions ;-.' i
Al v il F \.,‘i;'-:_l L. 4 LCCP calculates the cradle-to-grave climate impact of
il | It + 0| P direct and indirect greenhouse gas emissions including
I 1. inadvertent emissions from chemical manufacture, energy

bodied in components, operating energy, and emissions
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+ Source: The Life-Cycle-Climate Performance Metric for Mobile Air Conditioning
Technology Choice, Stella Papasavva and Stephen 0. Andersen, Environmental

Progress and Sustainable Energy Journal, Vol, 30, 2010,
3 IIR Working Party: Life Cycle Climate Performance Evaluation @



Glolal installations of Low Charge
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_Ammonia Chillers

Ammonia - R-717 (B2D) ultra-Low GWP energy efficient and readily
availalble Cow cost natural refrigerant

GClo6ally Low charge R-#17 chillers (<1.3 kg/ kW Gut ) are increasing
rapidly with over 4,000 ingtallations in 2079.

Ultra-Low charge R-717 chillers have 0.06 g/ /W, reducing the risk
gignificantly.

Mostly used for indugtrial refrigeration.

In Europe, many plants are now operational with R-717 for air conditioning
for space heating e.g., KWN Engincering Vienna (1998), Saab Sweden (1999),
Frigopol (2000), Berlin Ostbahnk of Train Station (2000), Stuttgart Airport
(200%) Rochies HQ London (2006), Dutch ABN Amro Bank London (2006),
Mulligan Letter Sorting Center Switzerland (2008), Ozeancum Stralsund
(20710), Heathrow Airport terminal 4, 0880 Airport, terminal 3 and many
more.

Although Ammonia chillers may Ge cost-effective for Guilding air
conditioning, stiCl Garriers continue to stand in the way of wider adoption,
even in Non-Ad Countreis.

Jssues are safety concerns, 6uilding codes, capex and psychological.

A 6 countries should first adopt the emerging safety standards and good
manufacturing, installation and service practises for R-717 and then only
expand its uge for CAC.




Evaporator

Absorption Chillers & Poly-generation

Abdocbent pump

Energy efficiency: Power + Cooling +Hotwater 92%

hitp://en.broad.com/

W l Jacketwater

Gas M I l
e - Gas engine Exhaust

410°C Exhaust chiller

NewsDetail-63.aspx

HOTWATER/4 & #4K65°C
Efﬁciencxl;‘&i& 15%

'COOLING/A7K6°C

Efficiency/5%#38%

ELECTRICITY/EE 51

Efficiencyi iE39%

Gas engine generator
supplies electricity -1.1 MW
Absorption chiller recovers
heat from exhaust @ 410C
(hot water) for cooling - 1.9
MW
Supplies hot water from
boling at 65°C




Concluding Remarks

There is no ready single route for 6oth HPMP and Kigali

High GUWDP HECs are still used still in many developed countries.

Low GWP refrigerants have emerged 6ut yet applied globally with common alignment.

Europe is avoiding HFCs (by using Natural refrigerants)

Performance characterigtics of Cow GUWP HFCs under Indian conditions are yet to Ge established.
Ab Countries should first adopt the emerging safety standards and good manufacturing,

ingstallation and service practises for flammable (A2,A2L, B2L, and A3) refrigerants and then
expand their uses for CAC.

There is an urgent need for training engineers and technicians in A5 Countries for all safety
guidelines in degign, manufacture, trangportation, installation and maintenance.

Should make training and certification on safe handling of fCammalble refrigerants ang Good
practices as mandatory

Time Lines, Technology Transfer, IPR and Techno-economics of Low GUWP HFCs are not yet clear
More RED and demonsgtration uging LGWP refrigerants are needed in A 5 Countries



TRank you very much!
Any guegtiong?




