
So with my good friend chatGPT, there seem to 
be some viable options for cooling that don’t 
require the refrigerants above or emit nasties 
either. 

Like I said I’m a total novice but may be getting 
into this space so some of the suggestions 
were as below. It’s a very long read so my 
apologies but if there’s anyone here with 
appropriate expertise I’d love to get your take 
on the different potential solutions….. 

Designing a solar-powered air conditioning 
system that doesn’t emit greenhouse gases 
involves rethinking how cooling is achieved and 
integrating renewable energy. Here’s a 
breakdown of how it can work and the 
technologies that can make it happen:

1. Use Solar Electricity to Power Efficient Air 
Conditioning

A. Direct Powering with Solar Panels

• Install solar photovoltaic (PV) panels 
to generate electricity, which directly powers 
the air conditioning unit.

• Use a battery storage system to store 
excess solar energy for use at night or during 
low sunlight.

B. High-Efficiency Cooling Technology

• Replace conventional vapor-
compression systems (which rely on 
refrigerants like HFCs or HCFCs that contribute 
to greenhouse gases) with:

• Magnetocaloric Cooling: Uses 
magnetic fields to alter a material’s 
temperature without any refrigerants.

• Solid-State Cooling: Leverages 
thermoelectric or electrocaloric materials for 
cooling without refrigerants.

• Absorption/Adsorption Cooling: Uses 
heat (from solar thermal panels or solar 
electricity) to drive a cooling cycle, often 
relying on natural materials like ammonia, 



water, or salts.

2. Replace Greenhouse Gas Refrigerants with 
Natural Alternatives

If using traditional vapor-compression systems, 
you can switch to low-impact refrigerants:

• Carbon Dioxide (R744): A highly 
efficient and non-toxic refrigerant with a 
minimal greenhouse effect.

• Ammonia (R717): Effective and eco-
friendly but requires careful handling due to 
toxicity.

• Hydrocarbons (e.g., Propane R290): 
Natural, low-GWP (Global Warming Potential) 
refrigerants.

3. Solar Thermal Cooling Systems

Instead of using electricity, solar thermal 
cooling systems use solar heat to drive the 
cooling process. This works through:

A. Absorption Cooling

• Uses a heat source (solar-heated 
water) to power a cycle involving natural 
refrigerants like water-ammonia or lithium 
bromide.

• Example: Solar collectors heat water, 
which powers the cooling process to produce 
chilled air or water.

B. Desiccant Cooling

• Removes moisture from the air using 
a desiccant material (like silica gel) heated by 
solar thermal energy.

• This dry air is then cooled using 
conventional or solid-state cooling methods.

4. Design Air Conditioning to Minimize Energy 
Use

A. Passive Cooling and Smart Design

• Reduce the workload on the air 



conditioning system by using passive cooling:
• Insulation: Reduce heat transfer 

through walls, roofs, and windows.
• Smart Windows: Use low-emissivity 

(Low-E) coatings or electrochromic windows to 
reduce heat gain.

B. Hybrid Systems

• Use a combination of solar cooling 
and energy-efficient designs:

• Pair solar-powered systems with 
geothermal cooling to reduce the amount of 
energy required.

5. Examples of Next-Generation Solar-Powered 
Air Conditioning

A. Solar PV + Split AC

• A typical split air conditioning unit 
powered directly by solar panels and a battery 
system.

• Inverter technology improves 
efficiency by adjusting compressor speed to 
match cooling needs.

B. Solar-Assisted Adsorption Units

• Uses a solar thermal system to drive 
adsorption cooling with water or ammonia as 
refrigerants.

• Requires minimal electricity, as it 
operates primarily on solar heat.

C. Thermoelectric Cooling Systems

• Use electricity generated by solar 
panels to power thermoelectric coolers, which 
rely on the Peltier effect for refrigeration.

6. Benefits of This Approach

• Net-Zero Energy Consumption: Fully 
solar-powered systems can eliminate grid 
reliance and reduce carbon footprints.

• No Refrigerant Emissions: By using 



natural refrigerants or solid-state systems, 
greenhouse gas emissions from leaks are 
eliminated.

• Scalable: Can be adapted for 
residential, commercial, or industrial use.

7. Challenges and How to Overcome Them

A. Intermittent Solar Energy

• Use battery storage or pair the 
system with a grid connection for consistent 
operation.

B. Initial Costs

• Although solar and advanced cooling 
technologies have high upfront costs, long-
term savings and incentives (e.g., rebates, 
grants) make them financially viable.

C. Efficiency in Hot, Humid Climates

• Combine solar cooling with 
dehumidification (e.g., desiccant systems) to 
handle humidity effectively.

8. Real-World Examples

• Gree Solar Air Conditioner: A hybrid 
system that integrates solar PV with advanced 
AC units.

• Mirai Intex Systems: Use air-cycle 
technology that eliminates refrigerants 
altogether.

• Solar Thermal Chillers: Popular in 
countries like Germany and Australia for 
commercial applications.

……

The Peltier effect is a phenomenon in which 
heat is absorbed or released when an electric 
current flows through the junction of two 
different materials (typically metals or 
semiconductors). It is the basis for 
thermoelectric cooling and is used in devices 



like portable coolers, CPU coolers, and 
scientific instruments.

How the Peltier Effect Works

• When an electric current passes 
through a circuit containing two different 
materials, heat is either absorbed (causing 
cooling) or released (causing heating) at the 
junction where the materials meet.

• The direction of the heat flow 
depends on the direction of the current:

• Reverse the current, and the heat 
flow is reversed (the cooling and heating sides 
swap).

Key Components

1. Two Different Conductive Materials:
• Typically semiconductors like p-type 

and n-type materials are used because they 
provide a stronger thermoelectric effect than 
metals.

2. Electric Current:
• The current drives the movement of 

electrons or holes (charge carriers), which 
carry thermal energy with them.

3. Heat Transfer:
• One side of the junction cools (heat 

is absorbed), and the other side heats up (heat 
is expelled).

Applications of the Peltier Effect

1. Thermoelectric Coolers (TECs):
• Used in portable refrigerators, wine 

coolers, and medical equipment to cool objects 
or areas without refrigerants.

2. CPU and Electronics Cooling:
• Used in compact systems to cool 

processors or GPUs.
3. Laser Cooling:
• Stabilizes the temperature of lasers 

in optical systems.
4. Temperature Control for Sensors:
• Maintains consistent conditions for 

sensitive measurement devices.



Advantages

• No Moving Parts:
• Silent operation and less wear 

compared to mechanical compressors.
• Compact and Lightweight:
• Ideal for portable cooling devices.
• Environmentally Friendly:
• Does not require refrigerants, making 

it safer for the environment.

Challenges

• Low Efficiency:
• Peltier devices are less energy-

efficient than traditional cooling systems, 
requiring a lot of electricity for significant 
cooling.

• Heat Dissipation:
• The heat from the “hot side” must be 

effectively removed to maintain the cooling 
effect.

Example of Use

In a thermoelectric cooler:
• The “cold side” absorbs heat from 

the object being cooled.
• The “hot side” releases that heat to 

the surrounding environment, often using a 
heat sink to improve dissipation.

Would you like to explore how the Peltier effect 
could work in your solar-powered air 
conditioning system?

Using heat energy to produce cool air without 
emitting greenhouse gases or pollutants is 
achievable through technologies that rely on 
thermodynamics and natural refrigerants. Here 
are the most effective methods:

1. Absorption and Adsorption Cooling

These systems use heat energy as the primary 
input to drive the cooling cycle, eliminating the 



need for electricity or greenhouse-gas-emitting 
refrigerants.

A. Absorption Cooling

• How It Works:
• A heat source (e.g., solar thermal 

energy, waste heat, or geothermal energy) 
drives a refrigerant (commonly water or 
ammonia) through a thermodynamic cycle.

• The refrigerant absorbs heat and 
evaporates, creating a cooling effect.

• Refrigerants:
• Ammonia-Water Systems: Ammonia 

acts as the refrigerant, and water as the 
absorbent.

• Water-Lithium Bromide Systems: 
Water is the refrigerant, and lithium bromide is 
the absorbent.

• Applications:
• Large-scale cooling systems (e.g., 

chilled water for air conditioning).
• Solar absorption chillers for homes or 

offices.
• Key Advantage:
• Uses no synthetic refrigerants, 

relying on natural substances like water or 
ammonia.

B. Adsorption Cooling

• How It Works:
• A solid material (adsorbent) like silica 

gel or zeolite absorbs a refrigerant (e.g., water) 
under low pressure.

• When heated, the refrigerant is 
released as vapor, which is then condensed 
and evaporated to create a cooling effect.

• Applications:
• Ideal for low-temperature waste heat 

sources or solar thermal energy.
• Key Advantage:
• No moving parts and no need for 

high-pressure systems.

2. Desiccant Cooling



Desiccant cooling removes moisture from the 
air to lower humidity, which makes the air feel 
cooler and enables more effective cooling.

• How It Works:
• A desiccant material (e.g., silica gel 

or zeolites) absorbs moisture from humid air.
• The air is then passed over a heat 

exchanger where it is cooled, often using 
evaporative cooling techniques.

• The desiccant is regenerated using 
heat energy, allowing the system to be reused 
indefinitely.

• Applications:
• Works well in hot and humid climates, 

where humidity is a significant factor in thermal 
discomfort.

• Key Advantage:
• Uses natural processes and no 

harmful refrigerants.

3. Thermoacoustic Cooling

This emerging technology uses sound waves 
and heat energy to produce cooling effects.

• How It Works:
• Heat energy drives sound waves in a 

pressurized gas within a resonator.
• The oscillation of sound waves 

causes parts of the gas to expand and cool, 
while other parts compress and heat.

• The cool air is extracted and used for 
air conditioning.

• Applications:
• Experimental systems for small-scale 

cooling; future potential for larger applications.
• Key Advantage:
• No refrigerants or moving parts, only 

heat and sound waves.

4. Solar Thermal Air Conditioning

Solar thermal air conditioners use solar heat to 
produce cool air. These systems are often 
integrated with absorption cooling or other 
heat-driven technologies.

• How It Works:
• Solar thermal collectors (e.g., 



evacuated tube collectors) gather heat energy.
• The heat powers an absorption chiller 

or similar cooling system.
• The system outputs cool air or chilled 

water for air conditioning.
• Applications:
• Residential or commercial cooling, 

particularly in sunny climates.
• Key Advantage:
• Powered entirely by renewable solar 

energy.

5. Solid-State Cooling

Solid-state cooling, such as thermoelectric 
cooling, could be driven by heat-generated 
electricity in a closed-loop, emissions-free 
system.

• How It Works:
• Heat energy (e.g., solar thermal) is 

converted into electricity using a 
thermoelectric generator (Seebeck effect).

• The electricity powers thermoelectric 
coolers (Peltier effect) to produce cold air.

• Applications:
• Compact, portable cooling devices or 

niche applications.

6. Advanced Evaporative Cooling

While traditional evaporative coolers use water 
and can release water vapor, advanced systems 
can be designed to:

• Use heat energy to regenerate 
desiccants or drive air movement.

• Minimize water use and eliminate 
synthetic refrigerants.

7. Combining Technologies

In real-world applications, systems often 
combine these methods for optimal efficiency:

• Hybrid Systems: Combine desiccant 
cooling with absorption cooling to handle both 
humidity and temperature in a single process.

• Solar Thermal with Adsorption 
Cooling: Use solar heat to regenerate 



adsorbents and cool air simultaneously.

8. Practical Example: A Green Cooling System

1. Solar Collectors:
• Install solar thermal panels to collect 

heat energy.
2. Absorption Chiller:
• Use the heat to power an absorption 

cooling unit with natural refrigerants (e.g., 
ammonia-water system).

3. Integration with Air Distribution:
• Connect the cooling output to your 

air conditioning ducts or a fan system.
4. Zero Emissions:
• No electricity from the grid, no 

synthetic refrigerants, and no greenhouse gas 
emissions.

9. Challenges and Solutions

A. Efficiency:

• Challenge: Heat-driven systems can 
be less efficient than electric systems.

• Solution: Use advanced materials 
(e.g., zeolites) and high-efficiency solar 
collectors.

B. Initial Costs:

• Challenge: High upfront investment 
for solar panels and absorption chillers.

• Solution: Government subsidies or 
incentives for renewable energy projects.

C. Scalability:

• Challenge: Some systems are better 
suited for large-scale applications.

• Solution: Modular systems that can 
be scaled for residential use.

Conclusion

By leveraging heat energy with technologies 
like absorption cooling, adsorption cooling, or 



solar thermal air conditioning, you can achieve 
zero-emissions cooling without synthetic 
refrigerants or pollutants. Combining multiple 
methods can create efficient and scalable 
solutions for both residential and commercial 
applications.

Would you like help designing a system for your 
specific needs or exploring the viability of a 
particular method?

…. 

Providing affordable, miniaturized cooling 
systems for low-income households in very hot 
climates is a pressing challenge, particularly in 
areas facing wet bulb conditions (where 
temperature and humidity combine to create 
life-threatening heat). To address this at the 
household level, the key is to simplify existing 
technologies, make them cost-effective, and 
integrate renewable energy sources like solar. 
Here’s a roadmap:

1. Principles for Household-Level Cooling

• Reliance on Heat Sources: Use solar 
thermal energy or waste heat to power the 
system.

• Eliminate Dependence on 
Refrigerants: Avoid traditional refrigerants and 
focus on natural cooling processes like 
evaporative cooling, adsorption/absorption, or 
solid-state cooling.

• Low Energy Demand: Design systems 
that can operate on low-cost, small-scale solar 
setups without batteries or expensive 
infrastructure.

• Simple Materials: Use locally 
available, low-cost materials for construction.

2. Specific Miniaturized Cooling Solutions

A. Solar-Powered Evaporative Coolers

Evaporative cooling is simple, affordable, and 
works well in dry or semi-humid climates.



1. How It Works:
• Air is drawn through a wet pad or 

desiccant material.
• The evaporation of water cools the 

air.
• A small solar panel powers the fan 

that drives airflow.
2. Advantages:
• Minimal power requirements (a 20–

50W solar panel suffices).
• Costs can be reduced with simple 

materials (e.g., cellulose pads, recycled plastic 
housing).

3. Challenges:
• Limited effectiveness in high 

humidity.
• Requires access to clean water for 

evaporation.
4. Enhancements for Wet Bulb 

Conditions:
• Use a desiccant-based evaporative 

cooler, which removes moisture before cooling.
• Regenerate the desiccant using low-

grade solar heat.

B. Adsorption Cooling

Adsorption cooling works by using solar heat to 
regenerate a natural adsorbent like silica gel or 
zeolite.

1. How It Works:
• Solar thermal collectors heat the 

adsorbent, which releases refrigerant (water or 
ammonia).

• As the refrigerant evaporates, it 
creates a cooling effect inside a small chamber.

• The cooling air is circulated by a fan 
powered by a small solar panel.

2. Advantages:
• Works in humid conditions as it 

doesn’t rely on evaporation.
• No moving parts (except for the fan), 

making it durable and easy to maintain.
3. Miniaturization:
• Use compact adsorption modules 

with locally manufactured silica gel.
• Build systems for single-room cooling 



(~50–100 sq. ft.).
4. Cost Reduction:
• Simplify the solar collector design 

(use low-cost flat-plate or DIY collectors).
• Design with readily available 

materials like aluminum or steel tubing.

C. Thermoelectric (Peltier) Cooling

Thermoelectric cooling uses the Peltier effect 
to provide cooling with no refrigerants.

1. How It Works:
• A solar-powered Peltier module 

creates a cold side and a hot side.
• Heat is dissipated from the hot side 

using a heat sink, while the cold side cools the 
air.

2. Advantages:
• Highly compact and scalable for 

single households.
• Can run on a small solar PV system 

(100W or less).
3. Challenges:
• Low efficiency compared to other 

methods.
• Limited cooling capacity for larger 

spaces.
4. Potential Use:
• Provide localized cooling (e.g., cool 

sleeping areas or workstations) rather than an 
entire room.

D. Passive Cooling with Phase-Change 
Materials (PCMs)

PCMs store and release thermal energy by 
changing between solid and liquid states.

1. How It Works:
• A solar thermal system heats water or 

PCMs during the day.
• At night, the stored cool energy is 

released to lower the air temperature in the 
room.

2. Advantages:
• Minimal moving parts, long lifespan.
• Works without electricity (fans can be 

added for active cooling).



3. Applications:
• Use ice or salt hydrates as PCMs to 

maintain a small living space at a survivable 
temperature.

E. Direct Solar Air Conditioning

Directly using solar thermal air conditioners in a 
smaller form factor.

1. How It Works:
• Use small-scale solar absorption 

chillers powered by flat-plate solar collectors.
• Designed to cool single-room spaces 

(~100–150 sq. ft.).
2. Miniaturization:
• Reduce the size of the solar collector 

and cooling unit to suit household needs.
• Incorporate water or ammonia as 

refrigerants for environmental safety.

3. Affordable Design Considerations

A. Cost-Saving Strategies

• Use low-cost materials like recycled 
plastics, aluminum tubing, and locally sourced 
silica gel.

• Design systems to run without 
batteries (directly powered by solar panels).

• Modular systems: Scale up cooling 
capacity by connecting multiple small units.

B. Maintenance and Durability

• Keep the design simple to reduce 
moving parts and maintenance.

• Train local technicians for assembly 
and repairs.

• Use robust materials to withstand 
harsh conditions.

C. Energy Independence

• Pair cooling units with small solar 
panels to eliminate reliance on electricity grids.

• Use ultra-efficient fans and 
components to minimize energy use.



4. Implementation in Low-Income Areas

A. Deployment Strategies

1. Community Cooling Hubs:
• Install shared cooling units in 

community centers or shelters where multiple 
families can cool off during extreme heat.

2. Subsidized Household Units:
• Partner with NGOs, governments, or 

donors to provide subsidized cooling units for 
vulnerable households.

B. Training and Local Production

• Train local workers to assemble and 
repair units, creating jobs and reducing costs.

• Use open-source designs to 
encourage local innovation and scaling.

C. Leveraging Carbon Credits

• Solar-powered, emissions-free 
cooling systems could qualify for carbon 
credits or climate adaptation funding, offsetting 
deployment costs.

5. Example: A Household Cooling Unit for a 
Hot, Humid Region

1. Design:
• A hybrid solar-powered adsorption 

cooler with silica gel adsorbents, designed for 
a single room.

• Powered by a 50W solar panel, using 
a small fan for airflow.

2. Cost:
• Estimated cost of $100–$200 per 

unit, scalable with subsidies or mass 
production.

3. Performance:
• Cools a 100 sq. ft. space to 

survivable temperatures (~25°C) even in wet 
bulb conditions.

6. Challenges and Solutions



A. Extreme Humidity:

• Use desiccant-based systems to 
dehumidify air before cooling.

B. Upfront Costs:

• Scale production locally and seek 
government or NGO partnerships to lower unit 
costs.

C. Cultural Adoption:

• Demonstrate effectiveness through 
pilot projects in communities.

Conclusion

By focusing on small-scale adsorption or 
evaporative cooling, paired with solar power 
and natural refrigerants, you can create low-
cost, zero-emission cooling solutions for 
individual households in hot, humid regions. 
Such systems can provide a lifeline for 
communities facing increasingly dangerous wet 
bulb conditions while being sustainable and 
affordable. Would you like help with designing a 
specific prototype or sourcing materials?


