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Low Penetration of Cooling: Relative Energy

Consumption for cooling in India
S

dVery low penetration of per capita energy consumption for cooling in India
d Cooling demand is expected to grow at fast rate

2000 Per Capita Space Cooling Energy Consumption (kWh per person) 1878
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*Image Source: India Cooling Action Plan 2019



Market growth: Sector-wise Growth in

Cooling Demand
BT s
Note: Cooling demand is increasing globally: 8% in A5 and 2% in non-A5 countries

1200 Sector-wise Growth in Cooling Demand

O The aggregated nationwide
cooling demand, in Tonnes 1000
of Refrigeration (TR), Is
projected to grow around 8
times by 2037-38 as
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Vapour Compression
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Current Technology Options

o q

Q Vapor Compression Technology :
» Widely used technology

d Not-in Kind Technologies

» Vapor absorption technology;

» District cooling with low-GWP refrigerants- Vapour compression. Vapour absorption;
» Try-generation: power, cooling & heating;

» Evaporative Cooling

» Evaporative cooling with desiccant

d Solar thermal
» Space heating (and cooling?)

» Desiccant regeneration

J Industrial process heat recovery;



Why Vapour Compression Systems widely used?

1.Compressor :
AC Motor driven
2. Condenser Fan:
AC Motor Driven
3. Expansion Device:

d Compression Systems:

»Very effective & Reliable,

>Energy efficient and cost competitive; Capillary
4. Evaporator Blower :
»Continued Research & Development to AC Motor Driven
improve in terms of application, performance,
efficiency, aesthetics, etc.; == High Pressure side gas

High Pressure side liquid
== | oW Pressure side liquid
== Low Pressure side gas

Note: More than 85% of the global cooling requirements are met through
compression systems;



Improved VC System Efficiency?

(Source: Piotr Domeski, NIST)
.o J

o Advanced cycles

- Internal heat exchangers
- Economizer cycle

(a) heat rejected
to ambient
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o Advanced optimization; component level and system
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o Efficient electric motors (ECM vs permanent split-capacitor)
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Components Responsible for

Energy Efficiency

Indoor unit

Air filter

Heat Exchangers:

lllll
444444

E———=——m Chang in Technology, Design & Size

Blower

Qutdoor unit

Fan

Power consuming Parts:
Major Technology Change

Condenser
(condenser
coils)

U Enhancement of Energy Efficiency by:
= Energy efficient motors including DC motors
compressor " Lower tube diameter/ microchannel Heat Exchangers
= Electronic expansion valve
= |nverter Technology



State-of-the-Art Technologies: Variable Speed Technologies

Invertor ACs

ower consumption

O Compressor Duty Cycle:

> ACs are installed based on
maximum load;

» ACs operate most of the
time at part-load,

» Inverter ACs provide cooling
as per load,;

» Resulting In
energy savings;

» Energy Savings depend on
duty cycle.

Average power consumption is low.
Average power consumption

Fixed Speed ACs

Each restart means starting over from scratch,
SO consumes extra power.
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District Cooling: Vapour Compression and/or
Vapour Absorption System Integration

0 The DC system is best suited to areas that have appreciable
concentration of cooling loads.
O Higher capital investment
O Utilization Factor to be properly Assessed
0 The DC systems are good for the following:
U Densely populated urban areas, mixed uses of buildings
O High-density building clusters with high cooling requirement
O Tall building complexes
O Industrial complexes
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Power Generation Vapour Absorption System

Integration-Tri-generation system

2

YR TCLE Chilled water,
UL for cooling

Gas Generator A

—

Waste heat

D
g Tri-generation system of 347 kW (Power)

@ + 1250 kW (A/C) + 20 kW (Heating)

3
Hot water
for heating

4 Provides Power. Cooling & Heating/hot water
O Power generation is at sub-optimal efficiency: Lower utilization of Availability of Fuel
O Excellent system where gas fuel/waste heat available and power, cooling and heating are required



Evaporator Cooling: Direct & Indirect

Indirect Direct Evaporative Cooling System:

O Evaporative Cooling Offers a huge potential in the country especially in hot and dry climatic zones
In the country;

O Indirect-direct evaporative coolers (IDEC) offer the advantages of both direct evaporative coolers
and indirect evaporative coolers and cool the process air without adding humidity to the supply
air stream.

U The Indirect & Direct Cooling can be used in all climatic zones, humid climates should be
supplemented with additional air draft to realize thermal comfort.



Integrated Approach for Efficient & Sustainable Cooling

An integrated approach encompassing cooling load reduction and change in use
pattern along with energy efficiency are necessary for sustainable cooling.

Efficient Y A
Buildings & Efficient | Efficient | Energy

RAC | usage servicing ) saving
wuipment \ ‘ \ : \

Better

Service
Practices




Use Pattern: Minimum Indoor Temperature Setting

6y .
» Lack of awareness about the importance of preventive maintenance

» Maintain room AC set point at 25 * 1 Degree C, save money for the same
comfort

COOLING ENERGY-USE REDUCTION WITH INCREASING
ROOM TEMPERATURE SET

20° C 22° C 24° C 26° C
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