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Motivation

• Increase in electricity consumption

• Air conditioning and refrigeration systems consume a major 
part of the electrical energy.

• Replacing the energy source from electricity to thermal
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System description
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Sorption
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𝐂𝐂 =
𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒐𝒐𝒐𝒐 𝒎𝒎𝒂𝒂𝒎𝒎𝒐𝒐𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒈𝒈𝒎𝒎𝒎𝒎 (𝒎𝒎𝒈𝒈)

𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 𝒐𝒐𝒐𝒐 𝒎𝒎𝒂𝒂𝒎𝒎𝒐𝒐𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 (𝒈𝒈)

Adsorption concentration
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Sorption
Adsorption isotherm
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Sorption compressors
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Sorption compressors
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Sorption Cell Design

Sorption compressors

HTF-Heat transfer fluid

HTF  Tube

HTF- in

HTF- out

Sorption cell
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Numerical model 
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Numerical model 

Sips adsorption model:

𝐶𝐶 = 𝐶𝐶𝑂𝑂
(𝑒𝑒1 � 𝑇𝑇𝑐𝑐2 � 𝑝𝑝)

1
𝑐𝑐

1 + (𝑒𝑒1 � 𝑇𝑇𝑐𝑐2 � 𝑝𝑝)
1
𝑐𝑐

𝜌𝜌𝑖𝑖𝑐𝑐 � 𝑐𝑐𝑖𝑖𝑐𝑐 � 𝑉𝑉
𝑇𝑇𝑖𝑖
𝑛𝑛+1−𝑇𝑇𝑖𝑖

𝑛𝑛

∆𝑒𝑒
= �̇�𝑞𝑔𝑔𝑐𝑐𝑐𝑐 𝑖𝑖 � 𝑉𝑉𝑖𝑖 + ∑𝑗𝑗𝑚𝑚

𝑇𝑇𝑗𝑗−𝑇𝑇𝑖𝑖
𝑅𝑅𝑖𝑖𝑗𝑗 𝑐𝑐

The energy equation:

Peng−Robinson Equation of State :

𝑝𝑝 =
𝑅𝑅𝑇𝑇
𝑉𝑉 − 𝑏𝑏

−
𝑎𝑎(𝑇𝑇)

𝑉𝑉 𝑉𝑉 + 𝑏𝑏 + 𝑏𝑏( 𝑉𝑉 − 𝑏𝑏)

Mass balance:
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Results CO2
Operation of a one-stage compressor (6 cells) Operating Conditions

Results
High pressure 6.8- 7 MPa

Low pressure 2.9 - 3 MPa

High temperature in 
the cell’s centre

449K

Low temperature in 
the cell’s centre 

300 K

Cell diameter 1’’

Gas flow 500 𝒎𝒎𝒈𝒈
𝒎𝒎

HTF hot 453 K

HTF cold 298 K

�̇�𝑸𝑯𝑯 6×145 W
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Transient operation Steady state
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Results CO2

Results

Operation of a one-stage compressor (6 cells) Operating Conditions

High pressure 7- 7.05 MPa

Low pressure 2.9 - 3 MPa

High temperature in 
the cell’s centre

408K

Low temperature in 
the cell’s centre 

310 K

Cell diameter 2’’

Gas flow 500 𝒎𝒎𝒈𝒈
𝒎𝒎

HTF hot 423 K

HTF cold 298 K 

�̇�𝑸𝑯𝑯 6×190 W
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Transient operation Steady state
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Experimental demonstrator
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Conclusions
 Sorption compressors are suitable for compressing any refrigerant, using the appropriate

adsorbent, a suitable sorption cell design, and operating conditions.

 In the current research we focus on carbon dioxide as the refrigerant.

 Sorption compressors can replace existing mechanical compressors, while maintaining all
other components in the refrigeration cycle as they are.

 The results of the numerical model confirm that the technology of thermally driven sorption
compressors is suitable for refrigeration and air conditioning.

 Incorporating sorption compressors in refrigeration and air conditioning systems makes them
thermally driven, instead of electrically driven. Consequently, we can significantly reduce the
global electricity consumption.
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