
Technology Options for Doubling the 
Energy Efficiency of Room Air Conditioners



2

RAC Core Components and Their Energy Use
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Source: Kota Miyazumi and Masahito Yoshizawa, Promoting Inverter Air Conditioning and the Realization of a Decarbonized Society (Daikin Industries, Ltd., 2025)

 RAC’s core components — compressor, condenser, evaporator, fans, and controls — work together to 
circulate refrigerant and cool the room.

 The compressor is “heart” of RAC and also draws most of the power.

 Keeping the compressor at its optimal operating point is the single biggest lever for saving energy.
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Technology-Driven Efficiency Improvement

System-level optimization

 High-efficiency components matched and tuned 
for optimal system performance

 Smart controls and AI algorithms predict load 
demand and optimize RAC operation in real time, in 
response to demand and smart-grid signals

Component upgrades

 Advanced compressors and inverters optimized for 
stable low-frequency operation

 Larger heat exchangers with superior thermal 
materials and refined tube designs

 High-performance DC motors paired with efficient 
fans, to streamline airflow and reduce turbulence

 Smart sensors for temperature and humidity 
detection, together with precise expansion valve, for 
optimized refrigerant flow in response to varying 
cooling/heating demands
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Technology Options and Efficiency Gains

Key Technology Options and Efficiency Improvement Potential

T E C H N O L O G Y  O P T I O N
E F F I C I E N C Y  
I M P R O V E M E N T  W I T H  
A P F

C O S T  I N C R E A S E  L E V E L R E M A R K S

Inverter technology optimization 5%–10% Low  Continuous iteration 

Vapor injection cycle 15%–25% (heating) Medium 
In favor of heating in cold 
regions 

High efficiency compressors 3%–8% Low to Medium Continuous iteration 

Microchannel heat exchangers 10%–20% Medium 
Extra effect refrigerant 
reduction 

Coordinated intelligent control 8%–15% Medium (software development) Sensors and algorithms 

Fan system optimization 5%–10% Low 
BLDC penetration, aerodynamic 
blade design 

More details: Technology Options for Doubling the Energy Efficiency of Room Air Conditioners - CLASP

https://www.clasp.ngo/research/all/doubling-energy-efficiency-room-air-conditioners/
https://www.clasp.ngo/research/all/doubling-energy-efficiency-room-air-conditioners/
https://www.clasp.ngo/research/all/doubling-energy-efficiency-room-air-conditioners/
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Ultra-high Efficiency RAC
Target APF 6.25 within 10 years, while limiting costs to a 10% increase

Technologies Package APF 5.20 to 6.25 (~ CSPF 7.61 to 9.15), enabling a 20-30% efficiency gain

A D O P T E D  T E C H N I C A L  M E A S U R E S  T O  B O O S T  E N E R G Y - E F F I C I E N C Y
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 Replace induction motor with PMSM/BLDC: low-loss iron loss with high-performance silicon steel, less 
copper loss with optimized winding design (slot fill factor, wire diameter), reshaped magnetic path to 
reduce flux leakage.

 Refine inverter logic/algorithms and hardware; dual-rotary, soft valves, EVI, variable compression ratio 
compressor; micro-nano surface treatment lowers friction.

Heat exchanger
 Structural optimization
 Fin tweak: split-type, wettable skin; smaller tubes with inner wettability; upgraded expansion & brazing
 Oil-free/lean-oil processing in tube cutting, bending, and fin stamping

Expansion device  Intelligent EEVs
Cycle improvement  Superheat & subcool control

New materials & processes
 Carbon-based enhanced heat transfer with interfacial wettability control
 2D micro/nano interfacial material
 Directional heat conduction

Air-side optimization
 Fan blade
 Fan motor
 Airflow control

Control system
 Art-load operation control
 Dehumidification/defrost control
 Multi-factor multi-objective control logic & algorithm

Others  Standby power control
 Thermal-bridge control
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