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Who are we?

University of Hohenheim
9,500 Students(15% international)

40 Degrees, 2,000 Staff members

Tropics/Subtropics group of the

Institute of Agricultural Engineering
• 5 Departments (Professors)

• 150 Staff members

Attached to the multidisciplinary:

Institute of Agricultural Sciences 

in the Tropics (Hans-Ruthenberg)
• 10 Departments (Professors)

• 100 Researchers
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Tropics/Subtropics group (Prof. Dr. Joachim Müller)

■ Solar Drying

■ Irrigation (Solar)

■ Plant oil extraction (Solar)

■ Use of biogas/biomass

■ Postharvest technologies

■ Solar cooling

20 PhD Students

6 Post. Docs.

5 Technical staff

2 administrative staff

From 15 countries!

Prof. Dr. Joachim Müller
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Facilities of the Institute of Agricultural Engineering

Metal Workshop Wood Workshop Electric/Electronic

Laboratories Research hall Greenhouse
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Solar cooling testing facilities

Climate chamber PV Simulator

Weather profile Solar Power profile
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Solar cooling team

Victor Torres-Toledo

Ana Salvatierra-Rojas

Farah Mrabet Muaz Bedru

Florian Männer Kilian Blumenthal

Julian Krüger

Juliet Kariuki
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Motivation of cooling for food value chains

■ Saves nutritional value and taste

■ Minimizes mass loss and slows ripening

■ Controls rate of growth of microorganisms

Business opportunities

■ Helps to reduce postharvest losses

■ Increases product quality

■ Gives access to new markets

Challenges in rural areas

■ Low quantities

■ Limited electricity access 

■ High ambient temperatures

■ Lack of infrastructure

Opportunities

■ Cost reduction of PV panels
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Chilling damage

Source:UC Davis Postharvest Technology Center, University of Delaware



9Dr. Victor Torres Toledo | Institute of Agricultural Engineering│Tropics and Subtropics Group

Milk Cooling

■ Raw milk has around 37°C after milking

■ Highly perishable due to rapid bacteria growth 

■ Preservation of milk quality through reduction of temperature
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5 Times better quality after 

2.5 h

Effective quality 

preservation up to 16 h!
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Refrigeration methods

Refrigeration 
methods

Refrigerant 
free

Thermoelectric (Peltier)

Thermomagnetic

With 
refrigerant

Without phase 
change

Air compression

Vórtex tube

Stirling engines

With phase change

Open circuit Evaporative cooling

Closed 
circuit 
(cycle)

Vapor compression 
(heat pumps)

Absorption

Adsorption
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Solar Cooling Unit
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Coefficient of Performance (COP)

■ COP Refrigeration cycle (real) *

* Different for each refrigeration system

T warm (°C)

20 30 40

T cold 

(°C)

4
2.6   2.1   1.8   

-10
1.6   1.4   1.1   

Source: https://www.dimplex.co.uk
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Solar cooling with vapor compression heat pumps

17% efficiency

Solar->Electricity

34% efficiency

Solar->Ice
At 35 °C ambient Temperature!

PV Panel Heat pump
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Promote key components instead of key systems

Locally produced 

solar cooling systems
Solar cooling units +

Electronics and sensors +

Know-how
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Farmer / Cooperative

Preserve quality

Increase production

Storage

Processing

New 
markets

Technology supplier

Business models

Product 
development

Testing

Production

Distribution

Marketing

Challenges

• High transportation cost

• Lack of investments for R&D

• Expensive distribution and 

maintenance in rural areas

• No quality based pricing

• Seasonal fluctuations 

• Strong informal market

• Unreliable customers
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3 Example Systems 

Example System 3: 

Water Chiller for cold rooms

And water bath milk cooling

Example System 2: 

Refrigerator battery-free

Example System 1: 

Solar ice-maker
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Solar ice-maker
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Solar ice-maker
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Solar ice-maker 

Up to 30 kg ice per day + 3 days autonomy
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Solar milk cooling in insulated milk-cans with ice compartment
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Cooling on-farm or during transport to collecting centers
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Battery free refrigerator
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Battery free refrigerator 
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Battery free refrigerator

Direct connection to PV Panel!
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Water chiller
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Water chiller
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Water chiller for cold rooms
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Water chiller + water bath for milk cooling
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Scalability (Water Chiller)

1 Solar Cooling Unit

4 m³ cold rooms

or

80 L milk/day

12 Solar Cooling Units

20 feet container

or

1000 L milk tank
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Importance of climate friendly refrigerants

■ R134a has Global Warming Potential (GWP) of 1400 kg CO2 equivalent per kg

■ Natural refrigerants as R290(Propane) or R600a(Isobutane) have GWP of 

around 3 kg CO2 equivalent per kg. 

The refrigerant of a typical solar 

refrigerator with R134a implies the Co2

eq. emissions that are saved through the 

use of PV-Panels during almost 7 years!

Good to know!

Therefore, Solar always with natural refrigerants!

Source: http://naturalrefrigerants.info/
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Training on Solar Cooling
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Training on Solar Cooling
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Training on Solar Cooling
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Training on Solar Cooling
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Training on Solar Cooling
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Training on Solar Cooling
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Training on Solar Cooling
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Solar cooling manual
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Assembly
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Solar cooling manual
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Performance
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Solar Cooling Design Tool
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Solar Cooling Design Tool
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Projects
CGIAR. (2015). Field testing of an innovative solar powered milk cooling solution for the higher efficiency of the dairy subsector in 

Tunisia. Retrieved from https://mel.cgiar.org/projects/spmc

PARI. (2015). Program of Accompanying Research for Agricultural Innovation. Retrieved from http://research4agrinnovation.org/

GIZ-Powering Agriculture (2017) Assessment of business opportunities through the introduction of solar milk cooling in rural 

Colombia https://www.uni-hohenheim.de/organisation/projekt/assessment-of-business-opportunities-through-the-

introduction-of-solar-milk-cooling-in-rural-colombia

GIZ- Powering Agriculture (2017) Piloting business models for solar milk cooling in Kenya https://www.uni-

hohenheim.de/organisation/projekt/piloting-business-models-for-solar-milk-cooling-in-kenya

GIZ- Powering Agriculture (2018) Promotion of solar refrigeration for agricultural value-chains  in Kenya https://www.uni-

hohenheim.de/organisation/projekt/promotion-of-solar-refrigeration-for-agricultural-value-chains

Knowledge Management
https://energypedia.info/wiki/Do_It_Yourself_-_Solar_Cooling_Units

https://energypedia.info/wiki/Solar_Milk_Cooling_with_Insulated_Milk_Cans

https://www.facebook.com/solarmilkcoolingteam/

https://www.youtube.com/channel/UCeDM_4R0hrjWsj3EIKxYDrQ

Publications
On-farm milk cooling solution based on insulated cans with integrated ice compartment, International Journal of Refrigeration 

(2018), https://doi.org/10.1016/j.ijrefrig.2018.04.001

Design and performance of a small-scale solar ice-maker based on a DC-freezer and an adaptive control unit, Solar Energy 

(2016), https://doi.org/10.1016/j.solener.2016.10.022

Performance characterisation of a small milk cooling system with ice storage for PV applications, International Journal of 

Refrigeration (2015), https://doi.org/10.1016/j.ijrefrig.2015.06.025

Capacity Building and engineering services
http://solar-cooling-engineering.com
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Thank you for your attention!

Merci beaucoup pour votre attention!


