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Housekeeping

A Webinar is being recorded. The video will be placed in public domain and link
will be shared with everyone after the webinar.

A Ask questions by clicking on the question & answer [Q&A] mark on the bottom
of your screen. The presentation will be followed by a moderated Q&A.

A Future webinars will cover additional activities of the Global Cooling Efficiency
Accelerator
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Overview and Where we are



Cooling access is increasingly becoming a global necessity, yet
Qe ADAZLA de ANcEr y amdfeltigefants pdse dhe of the

largest end -use risks to the climate

By 2030 over 1/2 of

the worl dds p
live in hot climates
Impacting health, well-
being, productivity and
learning

Global energy use for
space cooling will boom

2.5-3X by 2050

driving peak demand

and stressing the grids

~3B more Room
Air Conditioner units
will be in use globally

by 2050

Source: Global Cooling Watch, 2023; IEA Future of Cooling, 2018; Solving the Global Cooling Challenge, 2018

air
single

Current room ACs are
inefficient at removing
humidity leading to more
energy consumption to
achieve comfortable
conditions




Neutralizing emissions from increased AC use is key. Global Cooling
Prize demonstrated the opportunity with two teams developing
Xs Hx AKAeao NaE OAdsAtoN ¢BnAQA

Lead Implementation Partner Achieved ~5X°
@ A Room AC responsible fopne-fifth of
) INNOYATION . . —
@b , R!ﬂ! Cj Testing T fu”_year the climate ImpaCt of...

Il nu1.r',d Seibhed nd Tuhmlnw

‘Govemmant of india simulated lab test

and field test A a 1.5 TR fixed speed ISEER* 3.5

W/W R22 room AC unit (most
'ﬁ MINISTRY OF POWER WW & commonly sold in 2018)

Lead Supporting Partners
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Finalists selected winning technologies o
(4 AC manufacturers; 2 from large AC weighting)
4 startups) manufacturers

Learn more - https://globalcoolingprize.org/ *ISEER is Indian Seasonal Energy Efficiency Ratio



https://globalcoolingprize.org/

Globally, adoption of these solutions at scale could be one of the
single biggest demand side actions we can take to mitigate
climate change

-68GT e (0.9°C

CO,eq emissions avoided
through 2050

Global warming mitigation by 2100

Equivalent Impacts

Avoid up t02,000 GW of new generation capacity globally in 2050

Source: Solving the Global Cooling Challenge, 2018.



u A\ DZbdgming demand for ACs makes its need for a lower climate
Impact solution urgent and evident I Scaling these solutions can be )
game -Ot AAT N& RexE dar NOQeAeBr AADZ nNenANr

A Potential to mitigate up to 16 GT of

A Up to 1,300 TWh/year in avoided
cumulative emissions by 2050

annual electricity consumption
A up to 400 GW avoided generation

' ' A Equivalent to Indiab
capacity (~US $380B in avoided costs*) emissions over last decade.

in 2050

A A super-efficient cooling technology in millions of homes
Al ndiabds oppoledadermiptogucttoonofbe a

lower climate-impact cooling

*Using a typical 500 Megawatts coal power plant as a cost benchmark @ US$ 895/kW

1 source: Sachar, Sneha, lain Campbell, and Ankit Kalanki, SoIvmgtheGIobal CoollngChalIenge HowtoCounterthe Cllmateé{thr from Ro om A| r Conditioner s. Rocky Mountain Institute, 20
coal fired power pl ant shiipl/ardhimedrdi@speSdrenicd Ryéndiasiemewadld estrmemtin-2016-cost-of-11-coal-fired-power-plants-6 . Accessed on Jan 20, 2019 8



http://archive.indiaspend.com/cover-story/indias-renewables-investment-in-2016-cost-of-11-coal-fired-power-plants-60251

We cannot let this efficiency opportunity to lay dormant any longer.
3 key areas were identified to make these solutions a market reality.

#1 AC testing standards need to be reassessed and updated

#2 Real-world demonstrations and data to build consumer
confidence

#3 Raise consumer awareness about humidity which is critical to
occupant comfort and how it can increase AC energy bills due to
need for overcooling

Support commercialization of super-efficient ACs and
spur their adoption by consumers

Limitations of current testing standard identified

A Unit operation not aligned with real -world
operation under native controls.

A Inefficiency of cycling of units that are fixed
speed not adequately highlighted.

A Improved part -load performance of variable
speed units not adequately captured.

A Performance metric does not capture
dehumidification efficiency.




An overview of the Global Cooling Efficiency Accelerator

Clean Cooling Collaborative, along with RMI, establishes a
collaborative to work with key actors What is a Super -efficient AC?

A Air conditioner with high efficiency

A Paving the way for commerci a '
efficient ACsd components and optimized for real-
x world conditions.
A Delivers efficient dehumidification
A Generate a scientific and data-driven evidence on without significantly overcooling the
Approach performance benefits and information gaps space.

A Catalyze manufacturing ecosystem

A Reduces energy use, provides better
comfort and lower bills for consumers.

, \ RMI CEPT ”“}H A Able to achieve 5X lower climate impact

\ . ' .
U\| /LRS| Y S when normalized for performance
Partners to | | -
date NRDC relative to the Global Cooling Prize

COLLABORATIVE

Clean Cooling G e baseline unit (see slide 7).



Field testing of
Room Air Conditioners




The need for real -world demonstration of super -efficient ACs

U I ndiadés AC mar ket has evolved in the | ast 5 year

U Need for more robust data collection over a wider timeframe

¢ Create scientific evidence base for policymakers who design standards and labeling programs,
¢ Inform performance specification that serves as guide map for aspirational buyers.

U Reinforce that super-efficient ACs are technically feasible and scalable, and with right mechanisms
can become commercially viable



We did 9-month field testing iIn a Warm and Humid climate zone to
assess energy use impact associated with cooling and
dehumidification in real -world conditions

Comparison of multiple air- Understand additional energy

conditioning systems in
identical setup

use needed to maintain humidity
level in space

Apartment homes that are materially
equivalent in size, envelope
characteristics, solar heat gain.

o T Location i Palava city, India (near Mumbai, India)

-nfea] Partner T Lodha Group



Testing Protocol

A AC units/prototypes are installed and tested for a period between October 2023 i June 2024 in residential
apartment homes.

A Comparison of real-life performance of super-efficient room ACs optimized for humidity control with the typical
ACs (3 star & 5 star).

A AC units/prototypes are operated concurrently and continuously ensuring similar conditions during testing.

A Internal load profiles are simulated based on the typical daily sensible and latent gains observed in a home from
lighting, appliances and occupants using electric resistance and humidifier.

A AC units/prototypes are assessed for their ability to achieve both indoor temperature (at or below 273 ) and
relative humidity (at or below 60%)



Thermal equivalence established between the apartments prior to

start of the real -world tests
=73
" 9
\‘

=
L B




Internal loads to simulate occupants, appliances

\  Humidifier

Temperature and Outdoeor Drybulb temperature

Outdoor Unit

VY /

Lﬁ%ﬁﬂ“’ﬁﬁ —

Sensor connection

Cooling setpoint temperature [—— Water pipeline
Relative humidity sensor sensor sensor ) -
= Refrigerant pipeline
Surface Temperature Sensor Water flow meter @ Sensible Electric heater s Electrical wiring



Monitoring Parameters

o O
4 ) /A =20 0%
- O —o AN
Temperature (°C) Humidity (%) Energy (kWh) Air Velocity (m/s) § Radiation (W/m?)

Blower-door test Thermography
of the test room of the test room

= Outdoor Air Outdoor Air Consumption Outdoor Air Global
: : from Grid : Horizontal
>
fT_.’ Room Air Room Air Room Air Irradiance
= Room Ceiling AC Indoor
= Surface Supply
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Final test setup




Results and Insights




Outdoor weather characteristics during the 9

T " LT N

16.5

Dry bulb temperature

Relative humidity

40.8
90

20.3

27.4
54.6

Outdoor air temperature and relative humidity 1 distribution by number of 15-

minute instances

Dry bulb temperature

! <21 | 21-24 | 24-27 | 27-30 | 30-33 | 33-36 | 36-39| 39-42
(3 ) -right

Relative humidity (%)
- below
20-29 10 34 62 114 | 153 | 11
30-39 94 | 276 | 435 | 302 | 167 | 105 | 119 | 71
40-49 426 | 718 | 1051 | 1777 | 2396 | 1829 | 241
50-59 555 | 1112 | 1526 | 1404 | 960 | 282 | 2
60-69 434 | 1355 /439 1429 m\
70-79 26 41({ 1040 | 1504 | 24 \
80-89 199\ 1877 | 182
90-100 8 \54

-month testing period

Main takeaway:

A Wide range of temperature
and humidity observed

A Approx. 3 months equivalent
of testing days are warm and
humid T a common
experience between June 1
September months in India.



gt An D2Nr dA ANAKA ?2rS rss !'> 2N dgr
temperature; humidity is a critical factor of occupant thermal
OeBReEn AADZ DZedW Nr ! > 2 Nr

8

Main takeaway:

To meet occupant thermal comfort

conditions, ACs should operate to
- — deliver desired temperature and
humidity in the space.

Relative Humidty (%)
8 8 &8 8 8 3 8 8§

)

QO|2141818202224262830323436
Drey-buld Tomporature [*C)

Indoor condition at or below 273 AND 60% relative humidity would be required to achieve
thermally comfortable conditions in a typical Indian residence
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Struggling to meet indoor condition at or below 273 AND 60% relative humidity qualifies as UNMET HOURS

Global Cooling Prize Typical AC High-efficiency AC Super-efficient AC

Parameter baseline unit (3-star inverter) (5-star AC) prototype*

Measured

Energy Use (kWh)** 4,127 2,761 1,952 1,402

Percent of unmet hours
due to increased Humidity 41% 49% 51% 0%

(of total operating hours)

Main takeaway:

All commercially available AC units achievethe 0 T e mp e r eonditione 6
but strugglet o meet tRHO .t arget 0
Super-efficient AC meets both!

**Energy use for the period of real-world tests

*One of the super-efficient AC prototype tested was second-generation prototype inspired by Global Cooling Prize winning technology



While overcooling the space can reduce unmet hours, it results in
significant increase in energy use

Global Cooling Prize lgloel qullng .PI‘IZG
Parameter : ) baseline unit
baseline unit : .
with overcooling controls

Measured
Energy Use (kWh)* 3,756 4,521
Percent of unmet hours dueto
increased Humidity 45% 9%
(of total operating hours)**

Main takeaway:

20%+ additional energy use to achieve desired humidity conditions in the space

Still not able to meet conditions for a fraction of conditions

*Energy use for the period of real-world tests for 253 days
*When RH is more than 65%



Super -efficient ACs provide substantial energy savings and reduce
stress on the grid  Vmore so on a warm and humid day V by
obviating need for overcooling to achieve desired humidity levels

Room AC energy use on a typical
warm and humid day

0.s0 kiloWatt-hours Main takeaway:
\_\’\/\,\/\ On a warm and humid day,
2 0.60
%f A Typical ACs must overcool the
* 0.0 space to achieve desired

humidity conditions for comfort.

0.20

A Super-efficient AC has 60% less
energy consumption than

1 a 7 10 13 16 19 22 typical AC.

—Typical room AC (inverter, 3-star)

0.00

Super-efficient room AC prototype

Energy use of typical AC and Godrej R290 AC to meet indoor comfort conditions is
esti mated from measured 6overcoolingd data for Prize baseline u



Super -efficient ACs can bring significant peak load reduction,
particularly on extreme hot and humid days, due to their high

efficiency and effective dehumidification capabilities

Main takeaway:

Super-efficient ACs
substantially reduce the stress
on the grid.

A up to 50% less peak power
draw compared to typical AC.




