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Direct heating of chemical catalysts for hydrogen and 
fertilizer production using Microreactors

1)Design MPBHX and compare other IHX 
alternatives for microreactor integration.

2)Exergy and techno-economic feasibility of 
microreactor integration for hydrogen 
production and ammonia/fertilizer production.

3)Investigate feasibility of microreactors for 
achieving sustainable agriculture.

• Moving ceramic particles have high 
volumetric heat density. 

• Store heat for later use.
• Catalyst carriers to sustain thermochemical 

reactions

Project Objectives



• Performed validation experiments with packed bed heat exchangers to 
obtain model for the MPBHX design.

• Design advantages of MPBHX as a function of exergy analysis completed.

• Evaluated and compared different microreactor IHX integration strategies

MPBHX concept design with calculations



Moving Packed Bed Heat Exchanger (Design and Evaluation)
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1 mm alumina particles[A] K. J. ALBRECHT and C. K. HO, 
Journal of Solar Energy Engineering,141, 3, 031006 (2019).



Exergy based integration assessment tool- Developed

[B] H. BINDRA, P. BUENO, and J. F. MORRIS, Applied thermal engineering,
64, 1-2, 201–208 (2014).
[C] A. BEJAN, G. TSATSARONIS, and M. J. MORAN, Thermal design and
optimization, John Wiley & Sons (1995).



Entropy generation number- Assessment parameter
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Carbon Neutron Corn farm (30,000 acre farm)

1 acre – 170 Bushel (Corn)

1.5 Ton (Residue Corn Stover)

180 kg H2 gas (Gasification yield)

1 acre – 150 lbs (Ammonia) ~ 30 kg H2

48 kWh to produce 1 kg H2

4320 kWh Total energy
18 MW Microreactor
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Needs

[D] David, W. I. F. "Ammonia: zero-carbon fertiliser, fuel and energy store." Policy Briefing, The 
Royal Society (2020).
[E] Carpenter, Daniel L., et al. Industrial & Engineering Chemistry Research 49.4 (2010): 1859-
1871.
[F] Technologies for hydrogen production




