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Waste heat recovery from industrial sites 
(~35°C & ~230°C) with advanced heat pump technology to obtain heat 

(~130°C)

 Key challenges, however, are identification of suitable alloys and their characterisation for 
high-temperature MH heat pump application. This needs to be done before any theoretical and 
experimental analyses can be performed.

 In an energy-intensive industrial site such as a steel plant, there is plenty of medium and low-
temperature waste heat which could be recovered for heating purposes with advanced metal 
hydride (MH) heat pumps. 

 Compared to other heat pump systems the MH heat pump has some distinct advantages 
including low electrical power input, environmentally friendly working medium, compactness, 
and high-temperature heat delivery. 

 To address these, a test rig for the high temperature MH heat pump research has been 
designed and fabricated. Correlation models for MH alloy selections and initial characterisation
of MH  alloys have been developed followed by the development of a transient heat pump 
simulation model.



Comparison between metal hydride and 

absorption heat pump cycles 



Selection of metal hydride alloys
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MH alloys to be selected-thermodynamic analysis



Identification of applicable MH alloy pair for the MHHP system

MH Alloy for MH1 (HT):  LaNi4.25Al0.75

MH Alloy for MH2(LT):  Zr0.9Ti0.1Cr0.6Fe1.4



PCT Phase diagrams with correlations and measurements



Average relative errors between correlations and measurement data



Test rig development of MH heat pump system

Test rig of MHHP 

Two MH reactors (MH1 and MH2) in the rig

Test rig layout 
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Test rig is allocated in a purposely built hydrogen lab



CFD model

Schematic of the coupled reactor and its operating 
cycle on a Van’t Hoff plot

Two purposely designed metal hydride reactors in a MHHP system

Model Equations



CFD model

Performance parameters



CFD model validations

CFD Model Validation

Absorption

Desorption



Design and operating data and properties



Temperature distributions
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Dynamic parameter variations



Performance evaluation at different operating conditions



Effects of thermal conductivity

Effects of thermal conductivity on average volume temperature and hydrogen 
concentration of metal hydride bed



Effects of thermal conductivity

Effects of effective thermal conductivity on 
the overall heat transfer 

Effects of thermal conductivity on cycle time and SHP



Conclusions

 One metal hydride pair has been identified for the high-temperature MH

heat pump;

 Correlation models of PCT phase diagram have been developed to

characterize any MH alloy based on limited measurement data;

 A transient model of the MH heat pump system has been developed;

 The model can be used for the optimisation of system design and

operation.
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