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Modelling and Optimisation of Hydrogen Solid Storage 
Systems  
Objectives 

 An integrated modeling and optimization based approach and simulation tool has been developed for the 
efficient, safe and economic design of solid hydrogen storage tanks using advanced solid materials  

 Recent advances on dynamic optimisation are utilized to develop optimal operating policies and novel cooling 
system design options for hydrogen storage in solids 

Achievements 

GCMC Simulation-Construction of a 
Database

Heat of adsorption, ∆H, depends 
on pore size

Iterative ProcessA • x = B

GCMC
Optimum
IsothermPSD

0.00

0.02

0.04

0.06

0.08

0 100 200 300 400 500

Pressure (bar)

A
m

ou
nt

 o
f H

2 a
ds

or
be

d 
(g

r/g
r) H=0.6 nm

H=1.0 nm
H=1.5 nm
H=2.0 nm

0.0

2.0

4.0

6.0

8.0

10.0

12.0

0.5 1 1.5 2

Slit size (nm)

H
ea

t o
f A

ds
or

pt
io

n 
(k

J/
m

ol
)

 

P=100 bar

0

5

10

15

20

25

30

35

40

45

-1.2 -0.8 -0.4 0.0 0.4 0.8 1.2
slit size (nm)

<d
> 

(p
ar

tic
le

s/
nm

3 )

0.6 nm
1.6 nm
2.4 nm

0.6 
nm

2.4 nm

P=100 
bar

Conservation of 
Energy

( ) ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

⋅
⋅

∆
×=

refg
eq TTR

HMHfP 11exp)/(
0 θ

Constrains
0
2
4
6
8

10
12
14
16
18
20

0 2000 4000 6000 8000 10000

Time (sec)

Te
m

pe
ra

tu
re

 ri
se

 (
0 C

)

∆Tmax

∆Tavg

Optimum PSD for different constraints on 
the temperature rise

Case ∆Tbound 
(0C) 

sq  
/gr gr  

0b  
1bar −  

totalm  
/gr gr  
 

Time horizon 
(sec) 

(-∆H) 
(kJ/mol)

1 10 0.05 6.4x10-4 0.02174 16312 5.18 
2 8 0.05 5.8x10-4 0.01882 14579 4.84 
3 6 0.05 5.1x10-4 0.01552 15935 4.42 

 

Constrains

Solve using advanced dynamic Optimisation techniques 
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The approach takes into account realistic operating constraints related to maximum allowable tank temperature, maximum 
pressure drop and cooling fluid availability. A multi-scale modelling and optimisation framework is also investigated to explore 
the synergistic benefits between material design and storage processes, design and operation. Results indicate how process 
operating constraints, potentially expressing safety concerns, can affect material design. In particular:  

 Significant improvements in the total storage time can be achieved when optimising the design of cooling systems in 
metal hydride beds. 

 Optimal H2 charging rate is an important control variable to ensure satisfaction of maximum temperature limitations inside 
the bed. 

 Process operating constraints, expressing safety considerations, can significantly affect optimal Pore Size Distributions in 
nanoporous carbons.  

Future Perspectives 

 The tool is available for further testing and use in realistic tank design environments and applications 
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