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• Currently, about 3.5 billion people live in regions with high 
temperatures, yet only about 15% of them own an air 
conditioner. 

• Across Southeast Asia, for example, the stock of air conditioners 
is set to increase ninefold between 2020 and 2040 based on 
today’s policy settings.

• The IEA identifies cooling as a critical, overlooked "blind spot" in 
energy policy, as it is the fastest-growing use of energy in 
buildings.

• Unchecked demand for air conditioning poses significant 
challenges for electricity systems, potentially accounting for 30% 
of peak electricity demand in ASEAN countries by 2040. 
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Solar PV-cooling technologies
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The correlation between solar radiation intensity 
and AC load makes it technically possible to 
solve the problem of energy consumption of AC 
by using solar energy as the energy source. 

Early research(~2010)  Solar PV–cooling was not 
practical due to the high cost of PV systems.

Now (as of 2024) PV module prices have 
decreased by ~90% since 2010.

This has made solar-powered cooling 
commercially attractive and increasingly feasible.

Photovoltaic (PV) panels convert the sunlight 
directly into electricity to run conventional 
cooling systems- Peltier or Vapour 
Compression Cycle Cooling system. 

https://www.deyeinverter.com/product/solar-air-conditioner/



AC= Alternating 
current 
DC=direct current

Solar PV-cooling technologies
Traditional AC or AC inverter unit

PV panel
Solar Charge Controller

Battery Storage

DC-AC INVERTER 

• AC fixed 
frequency 
motor

• Or AC inverter 
(With VFD or with 
EC motor)

https://www.deyeinverter.com/product/solar-air-conditioner/



Solar PV-cooling technologies

Hybrid (AC-DC) Fully DC

PV panel

Solar DC 
powered 
(directly)

Hybrid with AC 
power from the grid

• EC Electronic commutation-BLDC motor
• Same principal as typical AC inverter air conditioning unit. But 

can be powered directly by DC solar-DC bus. And AC from the 
grid rectified to DC –DC bus –EC motor 

https://conlin.en.made-in-china.com/product/WwPJaLpEsRVs/China-100-AC-DC-Solar-Air-Conditioner



Solar PV-cooling technologies
Off-Grid Fully DC Inverter  

PV panel
Solar Charge Controller

Battery Storage

• 48 Vdc system
• → 330 Vdc (to run the DC components) 



• While SEER values may be comparable, DC 
inverter systems can achieve higher real 
system efficiency when integrated with solar 
PV.

• Traditional AC systems show a wide efficiency 
range; standard units are lower, while high-
efficiency models can achieve SEER 20 or 
above. 

• Solar AC systems are often built with high-
efficiency features such as variable-speed 
compressors- just like AC inverter aircon

• Solar key advantage is not only high 
efficiency, but also the ability to use solar 
power directly, reducing grid electricity use 
and operating cost.

Summary

Parameter
System 1 (Off-grid AC 
non-inverter)

System 2 (Off-grid AC 
inverter)

System 3 (Off-grid full 
DC)

Cooling capacity basis 2 hp (≈18,000 BTU/h) 2 hp (≈18,000 BTU/h) 2 hp (≈18,000 BTU/h)

Input power (design) High (~2.0 kW) Medium (~1.8 kW) Low (~1.5 kW)

Compressor operation On/off (fixed speed) Variable speed
Variable speed  (DC-
driven)

Energy consumption (8 
h/day)

High Medium Low

PV size required Large (~4.8–5.0 kWp) Medium (~3.6–4.0 kWp) Small (~2.7–3.0 kWp)

Battery size (4 h night 
cooling)

Large (~12–13 kWh) Medium (~9–10 kWh) Small (~7 kWh)

Inverter requirement
Required (large capacity)
Surge current!

Required (moderate 
capacity)

Not required

Starting current Very high Low Very low

Solar utilisation efficiency Moderate High Very high

Conversion losses
High (DC→AC→DC 
internally)

Moderate (DC→AC→DC) Low (DC direct use)

Load matching with solar Poor Good Excellent

Temperature stability Moderate Good Excellent

Control complexity Low Medium High

System integration 
complexity

Low Medium High

Suitability for off-grid Low Moderate High

Suitability for solar 
optimisation

Low Good Excellent



Solar PV-cooling for refrigeration

https://dulas.org.uk/life-sciences/vaccine-cold-chain-blood-storage/solar-direct-drive-vaccine-
refrigerators/vc200sdd/

• Directly connected to PV panels 
without the need of additional 
charge controller.

• PCM integrated into the body of 
the freezer to replace battery. 

• DULAS life of science- Vaccine 
storage  (2025) 

• AC fixed frequency compressor 
with solar charge controller 

• DC compressor –but with solar charge controller 
and battery storage
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Commercially available solar powered air conditioning 
and refrigeration technologies 

Brand / Product Link

Deye Solar Air Conditioner View Product

HotSpot Energy Solar Air 
Conditioner

https://www.hotspotenergy.com/s
olar-air-conditioner/

STIN Hybrid Solar Air Conditioner
https://www.stinenergypv.com/120
00btu-18000btu-24000btu-solar-
hybrid-air-conditioner_p28.html

DS New Energy Solar Air 
Conditioner

https://www.dsneg.com/solar-air-
conditioing/ac-dc-hybrid-9000btu-
solar-air-conditioner.html

JNTECH Solar Air Conditioner
https://www.jntechenergy.com/sol
ar-air-conditioner/

Puremind Solar Air Conditioner 
(Alibaba listings)

https://www.alibaba.com/showroo
m/solar-air-conditioner.html

Huafeng Solar Air Conditioner 
(Alibaba listings)

https://www.alibaba.com/showroo
m/solar-air-conditioner-dc.html

Gree Solar Air Conditioner (OEM / 
listings)

https://www.gree-
airconditioner.com/solar-air-
conditioner/

Recreate Hybrid Solar Air 
Conditioner

https://www.recreatetech.net/Prod
uct/Recreate-18000BTU-hybrid-
split-solar-aircon.html

Nastech Hybrid Solar Air 
Conditioner

https://nastechsolar.com/solar-air-
conditioners/solar-air-conditioner-
multi-split-hybrid-wall-mounted/

Brand / Product link

SunDanzer Solar Refrigerators & 
Freezers

https://sundanzer.com/

SunDanzer Household 12/24V DC 
Refrigerator & Freezer

https://sundanzer.com/

Unique Appliances Solar DC 
Refrigerators & Freezers

https://uniqueappliances.com/colle
ctions/refrigerators-freezers-solar-
dc?

Unique 12/24V Solar 
Refrigerator/Freezer product page

refrigerators-freezers-solar-dc?

Steca PF solar refrigerator/freezer 
range

Steca PF | Steca Iberica

Vestfrost Solar Direct Drive vaccine 
refrigerators

https://www.vestfrostsolutions.com
/vaccine-cold-chain/sdd-vaccine-
refrigerators/?utm_source

B Medical Systems solar vaccine 
refrigerators

Solar Refrigerator & Freezer -
Reliable Vaccine Cold Chain - B 
Medical Systems
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Research trend in solar PV-cooling technologies – 
reducing/removing electrochemical battery storage 

doi: 10.1016/J.SOLENER.2017.09.002.                          doi/10.1155/2022/3441926                    doi: 10.1016/j.renene.2021.03.053                                                                     https://doi.org/10.1016/j.egypro.2015.02.171

• Ice thermal storage and 
Battery Storage using AC 
compressor.

• Theoretical calculation with 
experimental test.

• This system could 
continuously and stably 
serve user for 4 h during 
night.  

• Investigated ice thermal 
energy storage integrated 
with a DC variable 
frequency compressor for a 
refrigerated warehouse 
used to store food produce.

• Photovoltaic direct-driven ice storage 
air-conditioning (PDISAC) system 
using fan coil unit. 

• Conditioning using fan coil. Ice 
storing during the day and cooling at 
night

• Photovoltaic -Vapour compression for ice 
storage

• Refrigerator 50 l with and without PCM
• Indoor and outdoor experiment in hot arid 

country 
• The results show that this system can be 

used in remote hot arid areas for 
refrigeration of post-harvest crops 
transportation activities. 

https://doi.org/10.1016/j.egypro.2015.02.171
https://doi.org/10.1016/j.egypro.2015.02.171
https://doi.org/10.1016/j.egypro.2015.02.171
https://doi.org/10.1016/j.egypro.2015.02.171


Solar PV-cooling technologies

Fully DC with Thermal Energy Storage (cool storage)

PV panel

Solar DC powered (directly)
Or non-directly

Thermal (cool) 
energy storage. 
To remove/reduce 
electrochemical 
battery storage



PCM Cool & SolCool – Solar PV –DC vapor compression system with cool storage for off -
grid air conditioning application 

Project aim: To design and develop fully off-grid air conditioning system, 
including auxiliary components, for thermal comfort.



PCM Cool & SolCool – Solar PV –DC vapor compression system with cooling storage for 
off-grid air conditioning application 

Cooling from 
VAC unit via 
water coil

Charging the 
cool storage

Cooling from 
cool storage 

Charging the 
cool storage



Solar Energy Research Institute ,Universiti Kebangsaan Malaysia

Outdoor unit +cool 
storage+FCU 

PV system



Hemodialysis Centre, Sg Lembing, Pahang, Malaysia 

With 4800 Ah battery

Without battery
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Lessons Learned from the projects 

A proper framework is needed to size the PCM storage and PV panels because this system does not behave like a 
conventional off-grid PV system.
The PV panels and battery cannot be sized only from peak load demand. The design must also consider the extra 
demand during cloudy periods, and the PCM storage required when solar radiation is unavailable.

Meanwhile, sizing can start by estimating air-conditioner demand using a standard COP, PV output using a 
conversion efficiency of 0.8, and PV capacity based on standard sunshine hours.
However, the main challenge is that the system must match actual usage patterns, not only the load. This makes 
sizing more difficult because the system behaves dynamically. Machine learning could help improve prediction and 
sizing accuracy.

In the future, solar PV heating with thermal energy storage could support medium- to long-term storage.
The system could provide cooling in summer while storing waste heat, and the same heat pump may also support 
later heating use.

User acceptance is also important.
It is necessary to study how the system can be integrated into community cooling and whether it can also support 
heating.



SustFridge- Solar PV –DC Refrigeration system with cooling storage for off-grid 
application Research and Innovation for Development in ASEAN (RIDA)

Project aim: To address access to cooling for weak/off-grid location 
using solar powered PV refrigeration with cool storage 



Prototype testing-installation, and small community engagement  

1. Components of SustFridge 
 

 

 

 

 

 

 

 

 

 

 

Solar Charge 
Controller MPPT 

DC combiner with 
breakers, and timer 

USB outlet 

Battery storage 

PCM ice packs at 
melting temperature 

of 4 degC 

Solar PV panels 



•Cool Storage packs reduce the usable fridge storage space because they 
occupy part of the cooling volume. 
•Optimum PCM fraction ≈ 4.3% of fridge volume 

•With cooling storage packs, the fridge can operate for 2–4 hours without 
power. →For a 90 W solar DC fridge, energy use drops from 1080 
Wh/day to 720 Wh/day

•Although the cooling rate is slower, compressor power can be reduced 
at the optimum operating point. 

•This gives an energy saving of 360 Wh/day (33.3%), which could reduce 
both battery storage and PV capacity by about one-third. 

4 hours without 
power

Up to 20 degC 
in 4 hours. 



Rural Farm Bintulu, 

Sarawak 

Rural Local Shop Bintulu, 

Sarawak 

Solar Energy Research 

Institute UKM, Selangor 

Prototype testing-installation, and small community engagement  

Rural primary school, 

Bintu Sarawak 

Hemodialysis Centre, Sg 

Lembing Pahang



SustFridge- AURORA Project

Lessons learned from RIDA project

i. Is the market for solar fridges limited to rural or weak-grid 
areas?

ii. Can solar fridges also be applied in domestic settings?
iii. Could a stand-alone solar panel integrated with PCM packs 

reduce household energy consumption?
iv. Can DC solar fridges with cool storage packs contribute to 

circularity?
v. How can cool storage  packs be installed easily as a 

universal retrofit solution?
vi. There is also a need for a user-friendly retrofit monitoring 

unit.
vii. How many industries would be willing to adopt and 

commercialize SustFridge?
viii.How can SustFridge compete with existing technologies?

i. Document social engagement activities (SARL) at 
the community and industry levels.

ii. Introduce optimised SustFridge cool storage packs 
that can be retrofitted into existing solar fridges 
available on the market, thereby expanding 
usability.

iii. Create employment opportunities for local 
communities.

iv. Establish collaboration opportunities with UK 
manufacturers to further develop SustFridge.

v. Develop a digital twin approach or monitoring 
approach –plug and play approach

We would like to seek collaboration with the REEF-UKC 
network to create networking opportunities and would 
appreciate  industries and academia to join the project. 

A workshop/webinar  will be held in July in Malaysia and 
Indonesia. We would like to humbly invite all to join us 
and collaborating with ReefUKC whenever possible. 

Response via AURORA project
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