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Hudge energy waste in datacenter
Electricity consumption of 
datacenter is ~300 TWh or ~1.5% of 
worldwide electricity consumption  

Maximum CPU temperature ~70°C

The energy for cooling takes up 
40% of total energy for datacenter

Sources: Forbes Online, New York Times Online (2012); Kooner, Growth in data center electricity use 2005 to 2010 (2011)
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Leibniz with IBM developed a Smart Data Center concept 
using a water adsorption Heat-Pump to convert wasted 
heat in cooling energy 

- Hot-water cooled server (45°C->55-60°C)

- Adsorption chiller

- Air-cooled server (21°C)

Sources: Michael Ott et al, 978-1-5090-2994-5 2017 IEEE
)

Cooling for « free » with an adsorption chiller

45°C
55°C

Hot-water cooled CPU

70°C
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Technology requires too much CAPEX
Technical-economic study on the "SuperMUC" in Leibniz
Large CAPEX -> ROI of 6 years « poorly economically attractive »
Requirements to get down to ROI of 3 years

- optimized adsorption chillers for low driving temperatures (Tr < 60°C)

-> new adsorbent should be 3-4 times more efficient than silica-gel

- at same cost than silica-gel !

CooLMUC-2 and adsorption chiller installation

Sources: Michael Ott et al, 978-1-5090-2994-5 2017 IEEE
)
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Al-fumarate is candidate, but not at all price

S.Henninger et al, RSC Adv., 2014, 4, 24073; Ind. Eng. Chem. Res. 2017, 56, 8393−8398
A. Chakraborty et al, International Journal of Heat and Mass Transfer, 2017, 114, 621-627 

)

Prons
- for 24/55, the water amount cycled can be ~4 x 
- stable during cycling
- fumaric acid is cheap

Demo. on coatings for high cooling power
But…
- larger investment costs
- use of organics (binder + solvent)
- loss of mass when coating
- require a specific Heat-Exchanger design

325-50   = 275g/kg
180-110 = 70g/kg
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Pilot lines of MOF production & demo
From laboratory (TRL 2-3)…..

• Phase purity

• Yield (>90%)

• Productivity (STY)

• Process safety

• toxicity

• explosivity

• corrosion

• Waste disposal

• Work-up

• Shaping

…..to pilot line (TRL 6-7)
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Successful production at 100 kg scale
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Impact of shaping on water uptake
Minor impact of shaping on water 
capacity
But strong impact on kinetics

Measurements by Large Temp

Major Mass Transport Limitation

Sources: D. Farrusseng et al, Faraday Discuss., 2021,225, 384-402
8



Water vapor isotherms

Type V Temperature dependent Model Type II - Toth-Aranovich–Donohue

Type V - Mahle
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C. Cardenas et al, 2022, Fluid Phase Equilibria 561, 113520.
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Modeling of water vapor isotherms

Alfumarate

CAU-10
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Dynamic water vapor adsoption

Flow rate

Temperature

CAU-10

Adsorption

Al-fumarate
Adsorption

Al-fumarate
Desoprtion

Desorption

CAU-10
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Mass balance in the bed column:

Mass balance in the particle:

Convection Axial dispersion

Effective diffusion

Film mass transfer

solidegas Diffusion

Modeling water vapor adsoption
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Merci 
pour votre attention

Questions?
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