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ABSTRACT 

Numerical models for the evaluation of cryo-adsorbent based hydrogen storage systems for fuel cell vehicles were 
developed and validated against experimental data. These models simultaneously solve the equations for the adsorbent 
thermodynamics together with the conservation equations for heat, mass, and momentum. The models also use real 
gas thermodynamic properties for hydrogen. Model predictions were compared to data for charging and discharging 
both activated carbon and MOF-5™ systems. Applications of the model include detailed finite element analysis 
simulations and full vehicle-level system analyses. The full system models were used to compare prospective system 
design performance given specific options, such as the adsorbent materials, pressure vessel types, internal heat 
exchangers, and operating conditions. The full vehicle model, which also allows the user to compare adsorbent systems 
with compressed gas, metal hydride, and chemical hydrogen storage systems, is based on an 80 kW fuel cell with a 
20 kW battery evaluated using standard drive cycles. 
This work is part of the Hydrogen Storage Engineering Center of Excellence (HSECoE), which brings materials 
development and hydrogen storage technology efforts address onboard hydrogen storage in light duty vehicle 
applications. The HSECoE spans the design space of the vehicle requirements, balance of plant requirements, storage 
system components, and materials engineering. Theoretical, computational, and experimental efforts are combined to 
evaluate, design, analyze, and scale potential hydrogen storage systems and their supporting components against the 
Department of Energy (DOE) 2020 and Ultimate Technical Targets for Hydrogen Storage Systems for Light Duty 
Vehicles. 
 
INTRODUCTION 

Onboard hydrogen (H2) storage is a major technical barrier to the development of practical H2 fuel cell (FC) 
vehicles. With input from American automakers, the DOE has published a set of technical targets that must be met for 
H2 vehicles to be competitive with modern gasoline/diesel vehicles [1]. While compressed, cryo-compressed, and 
liquefied hydrogen storage [2, 3] have shown great promise in FC vehicles, a significant amount of energy is required 
to put the H2 in a liquefied or highly compressed state. For this reason, alternative approaches using media-based H2 
storage are being examined. The media-based storage can be separated into three general classifications: chemical 
hydrides [4, 5, 6] that are regenerated off-board; metal hydrides [7, 8, 9], which undergo chemical reactions during 
the charging process and are refueled onboard the vehicle; and adsorbents [10, 11, 12, 13, 14] that uptake H2 via 
physisorption. The present work will focus on adsorbents. 

The DOE formed the Hydrogen Storage Engineering Center of Excellence (HSECoE) to bring materials 
development and hydrogen storage technology efforts together to address onboard H2 storage in light duty vehicle 
applications for all three media-based storage types. With respect to adsorbents, the HSECoE sought to create 
predictive adsorbent hydrogen storage computational models that have been validated experimentally by both excess 
adsorption measurements and laboratory-scale prototype adsorbent system evaluation. The hydrogen adsorption 
computational models have been used in detailed FEA studies to evaluate specific adsorbent-heat exchanger designs 
[14]. The adsorbent models have also been included in the HSECoE’s full-scale vehicle framework model [15, 16] 
that is available for download from the HSECoE’s webpage (www.hsecoe.org). 

http://www.hsecoe.org/


The present work uses these validated adsorbent computational models to perform a parametric analysis of 
possible onboard fuel cell vehicle adsorbent hydrogen storage systems. This parametric analysis was used to eliminate 
hydrogen storage technologies until only two adsorbent system designs remained, which were built into prototypes 
and tested at the conclusion of the HSECoE. 

NOMENCLATURE 
BOP Balance of Plant 
CcH2 Cryo-compressed Hydrogen 
DOE Department of Energy 
EERE Energy Efficiency and Renewable Energy 
ENG Expanded Natural Graphite 
FCT Fuel Cell Technologies 
FEA Finite Element Analysis 
FTC Flow-through cooling 
H2 Hydrogen gas 
H2,usable Usable hydrogen gas (for vehicle FC operations) 
HSECoE Hydrogen Storage Engineering Center of Excellence 
−Δℎ𝑎𝑎0��� Isosteric heat of adsorption [J/mol] 
L-to-D Pressure vessel Length to diameter ratio 
LN2 Liquid Nitrogen 
m Distribution parameter, equal to 2 for most adsorbents 
MATI Modular Adsorbent Tank Insert 
MLVI Multi-layer vacuum insulation 
na Absolute adsorption per unit mass of adsorbent [mol/kg] 
nex Excess adsorption per unit mass of adsorbent [mol/kg] 
nmax Limiting adsorption per unit mass of adsorbent [mol/kg] 
ntot Total amount of gas stored within the system volume [mol] 
OSU Oregon State University 
P Equilibrium pressure [Pa] 
P0 Pseudo-saturation pressure (within the adsorption model), [Pa] 
PNNL Pacific Northwest National Laboratory 
PV Pressure vessel 
R Universal gas constant [8.314 J/mol/K] 
T Equilibrium temperature [K] 
Va Adsorption volume per unit mass of adsorption [m3/kg] 
Vg Interstitial volume within the adsorbent per unit mass of adsorbent [m3/kg] 
Vv Void volume of the adsorbent per unit mass of adsorption [m3/kg] 
α Enthalpic contribution to the characteristic free energy of adsorption [J/mol] 
β Entropic contribution to the characteristic free energy of adsorption [J/mol/K] 
ε Characteristic free energy of adsorption (ε = α + βT), [J/mol] 
ρg Density of the bulk gas in equilibrium with the adsorbed phase [mol/m3] 
  

ADSORBENT COMPUTATIONAL MODEL 
The backbone of any adsorption-based computation is the adsorption theory used to describe the process. The 

Dubinin-Astakhov (D-A) model as described by Richard et al [10, 11] was chosen to describe the hydrogen adsorption 
isotherms needed to model the hydrogen storage within the vehicle model. The absolute adsorption (na) is given by 
the following equation: 

𝑛𝑛𝑎𝑎 = 𝑛𝑛𝑒𝑒𝑒𝑒 + 𝜌𝜌𝑔𝑔𝑉𝑉𝑎𝑎 (1) 
where nex is the excess adsorption, ρg is the bulk gas density, and Va is the adsorption volume. The adsorption volume 
is interpreted as the volume of adsorption sites that can be micro-, meso-, and/or macropores within the adsorbent. 
The void space (void volume, Vv) within the adsorbent accounts for the pore space as well as the interstitial space 
within the adsorbent. The interstitial space within Vv where negligible adsorption takes place and where the density of 
the gas is the same as the bulk is defined as the gas volume: 



𝑉𝑉𝑔𝑔 = 𝑉𝑉𝑣𝑣 − 𝑉𝑉𝑎𝑎 (2) 
The void volume (Vv) is experimentally measured by helium probing or calculated from the bulk and skeletal density 
of the adsorbent. 

Using the D-A model, the absolute adsorption is: 
𝑛𝑛𝑎𝑎 = 𝑛𝑛𝑚𝑚𝑎𝑎𝑒𝑒exp �− �𝑅𝑅𝑅𝑅

𝜀𝜀
�
𝑚𝑚

ln𝑚𝑚 �𝑃𝑃0
𝑃𝑃
�� (3) 

where nmax, ε, and P0 must be determined for the pressure and temperature range of interest. The exponent m was 
preferentially set to 2, which is a special case of the D-A model corresponding to the Dubinin-Radushkevich equation. 
Czerny et al. showed that fitting the characteristic free energy of adsorption, ε, tends to vary linearly with temperature 
[12]. Thus, the characteristic free energy of adsorption is given by: 

𝜀𝜀 = 𝛼𝛼 + 𝛽𝛽𝛽𝛽 (4) 
where α and -β are the enthalpic factor and the entropic factor, respectively. 

Combining equations 1-4, experimental excess adsorption isotherms are fitted using the following equation: 

𝑛𝑛𝑒𝑒𝑒𝑒 = 𝑛𝑛𝑚𝑚𝑎𝑎𝑒𝑒exp �− � 𝑅𝑅𝑅𝑅
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where nmax, α, β, P0, and Va are the fitting parameters. The hydrogen adsorption data used in the present analysis 
primarily came from sources within the HSECoE [10, 11, 14, 17, 18, 19, 20, 21, 22, 23]. These internal isotherm data 
sets were also augmented with several external sources [3, 13, 24]. 
The isosteric heat of adsorption (−Δℎ𝑎𝑎0���), which is also based on the adsorption isotherm data, can be calculated by the 
following equation provided by Myers and Monson [25]: 

Δℎ𝑎𝑎0��� = −𝑅𝑅𝛽𝛽2 �𝜕𝜕ln𝑃𝑃
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This non-constant heat of adsorption is used within the energy balance to equation to account for the changes in 
temperature within hydrogen adsorption/desorption. 

PARAMETRIC STUDY 
After the adsorbent had been characterized using the equations from the preceding section, the remaining portions 

of the hydrogen storage system can be design. Table 1 provides the major cryo-adsorbent hydrogen storage system 
design components and the number of variations initially considered each within the parametric analysis. Note that 
the total combination of all parametric study options totals over 17 billion, which is far too many to list in this article 
(but are available upon request). 

 
Table 1. Parametric study components – Initial list 

Component Categories Variations 
Adsorbent materials – including augmented 

material conditions/combinations 20 

Media packing densities 5 
Internal heat exchanger – all design options 48 
Pressure vessel types 6 
Pressure vessel L-to-D ratios 6 
Pressure vessel endcap options 3 
Insulation options 6 
Full tank pressures 32 
Full tank temperatures 22 
Empty tank temperatures (related to full tank 

temperatures) 8 

 
Powder activated carbon (AX-21 and MaxSorb) and the metal organic framework MOF-5™ were examined for 

this work. MOF-5™ was mechanically compacted into pucks of varying densities [17, 18, 20] both with and without 
thermal enhancement using expanded natural graphite (ENG). Additional adsorbent material variations included 
combining more than one adsorbent material, such as filling in the gaps between compacted pucks with powder 
adsorbent. In addition, several packing densities were used due to either shape limitation or to reduce estimate 
manufacturing costs. Table 2 provides D-A parameters used for the several adsorbent options. 

 
 



Table 2. D-A parameters for select adsorbents 

Parameter Activated 
Carbon 

Powder 
MOF-

5™  

0.32 g/cc 
MOF-

5™  

0.52 g/cc 
MOF-

5™  
ρads    [kg/m3] 270.0 130.0 322.0 520.0 
α       [J/mol] 3080.0 2895.13 2095.25 2734.14 
β     [J/mol/K] 18.90 15.2912 22.632 15.70 
nmax [mol/kg] 71.60 96.4317 154.815 69.378 
P0          [Pa] 1.470e9 1.387e9 3.156e9 9.205e8 
Va      [m3/kg] 0.00143 0.00170 0.00220 0.00114 
Vv      [m3/kg] 0.00290 0.00725 0.00261 0.00143 

 
Including all design options for specific internal heat exchanges, 4 dozen possible internal heat exchangers were 

considered. These heat exchangers include everything from a simple centerline resistance heater (such as those found 
in CcH2 applications) to a complex micro-channel heat exchangers. More will be said on these heat exchanger designs 
below when describing the system diagrams. 

Once the internal heat exchanger and adsorbent were selected, the pressure vessel was designed around them. The 
design script used to create the pressure vessel was based on the H2 Tank Mass and Cost Estimator, which was 
nicknamed the "Tankinator". This Excel design tool was written by partners within the HSECoE at PNNL and 
Hexagon-Lincoln and can be downloaded from http://www.hsecoe.org/models.php. Just like the original, the adapted 
script used in the current work relies on hoop stress and von Mises stress calculations at the design temperature and 
pressure to create a several different pressure vessel types for cross-comparison. These hypothetical pressure vessel 
designs are not all inclusive, but provide a useful scoping tool to compare estimate gravimetric, volumetric, and cost 
performance during the conceptual phase of design.  

 The balance of plant (BOP) is the last step in creating the on-board vehicle hydrogen storage system. While these 
components are relatively similar, there are several keys differences based on the design of the internal heat exchanger. 
Table 3 provides a list of typical BOP components. More will be said about the specific BOP designs below when 
describing the system diagrams. 

 
Table 3. List of typical BOP components 

Insulated H2 wetted tubing Micron in-line filter 
H2 wetted tubing Pressure relief device 
3-way Solenoid valve Multi-port receptacle 
Separation/Isolation 

Valve/Connector 
External heat exchanger/ 

radiator 
Check valve Fuel cell coolant 
Pressure regulator Coolant tubing 
Pressure gauge Hose clamps 
Temperature sensor H2 fittings 
Pressure vessel burst disk Pressure vessel vacuum port 

 
Prior to performing the parametric study of possible on-vehicle cryo-adsorbent hydrogen storage system designs, 

the individual components and component combinations were examined to eliminate unrealizable systems. For 
example, the flow-through cooling (FTC) internal heat exchanger design did not work well with compacted adsorbents 
and, thus, these combinations were removed. Additionally, several internal heat exchanger designs could not handle 
the heat transfer requirement and were also eliminated. 

Several engineering constraints were also implemented, which further reduced the total number of possible system 
designs. For example, while the refueling station forecourt is beyond the scope of the present work, the cooling 
capabilities of the forecourt is assumed to be limited to LN2 temperatures, which also limits the minimum full tank 
temperature to 80 K. Additionally, Type 4 carbon fiber vessels with plastic liners were not considered due to the liner 
separation issues at cryogenic temperatures and low pressures (at time of the analysis). In addition, the aluminum 
version of the Type 1 pressure vessel options was the only one considered due to its decreased mass and cost compared 
to the other options. 

 
 

http://www.hsecoe.org/models.php


Table 4. Parametric study components – Reduced list 
Component Categories Variations 
Adsorbent materials – including augmented 

material conditions/combinations 12 

Media packing densities 5 
Internal heat exchanger – all design options 30 
Pressure vessel types 2 
Pressure vessel L-to-D ratios 3 
Pressure vessel endcap options 3 
Insulation options 1 
Full tank pressures 12 
Full tank temperatures 5 
Empty tank temperatures (related to full tank 

temperatures) 8 

 
After making the above and additional reductions to the parametric study components list, the total number of 

system design options has dropped below 16 million combinations, a full three orders of magnitude reduction. The 
updated reduced parametric study components list is shown in Table 4.  

While there are several ways to evaluate the results of the parametric analysis, the three most important results 
were the estimate system cost, volumetric capacity (H2,usable mass / total system volume), and gravimetric capacity 
(H2,usable mass/ total system mass), in that order. The analysis results were then ranked based on maximum estimate 
gravimetric and volumetric capacities coupled with minimum estimate total system cost. Based on these rankings, the 
final two cryo-adsorbent hydrogen storage system designs were chosen, called the HexCell and MATI system designs 
based on the internal heat exchangers used. Both system met the DOE goal for storing 5.6 kg of H2,usable. 

Figure 1 shows the system diagram for the HexCell system design, with system information provided in Table 5. 
This system is characterized by the internal heat exchanger, nicknamed the HexCell, which consists of longitudinal 

Figure 1. HexCell system diagram: Type 1 aluminum pressure vessel with powder MOF-5TM in a hexagonal channel flow-through 
cooling heat exchanger with rod resistance heaters. 



hexagonal channels that are lanced for cross-sectional H2 flow. The HexCell relies on flow-through cooling (FTC), 
which flows LN2-temperature H2 through the MOF-5™ powder within the pressure vessel to simultaneously cool the 
MOF-5™ and provide H2 for adsorption. Warm H2 that is not adsorbed is flowed out of the pressure vessel back to 
the refueling forecourt to be recaptured and cooled for future use. The hexagonal channels are lanced to allow the gas 
to pass freely between the hexagonal channels. The HexCell also has rod resistance heaters spaced throughout the 
hexagonal channels to heat the adsorbent during vehicle operation to desorb H2 and maintain the internal tank pressure 
necessary for fuel cell operation. 

The pressure vessel for the HexCell system design is an aluminum Type 1 pressure vessel designed with a safety 
factor of 2.5 and a 2:1 L-to-D ratio. The Type 1 pressure vessel was chosen over the Type 3 pressure vessel because 
the pressure vessel cost is significantly lower with no increased volume for design pressures below 100 bar. While 
more difficult to install on-board a vehicle, an L-to-D ratio of 2:1 was used to maximize the volumetric capacity and 
gravimetric capacities. The pressure vessel is wrapped with 1” MLVI and a 2-mm aluminum outer shell for dormancy 
and impact purposes. Note that while many vehicles use multiple smaller tanks for easier installation within existing 
vehicle frameworks, only single-tank system were considered in the present work to minimize the mass, volume, and 
cost of the system designs. 

Downstream of the pressure vessel are several BOP components to ensure the desired vehicle operation. For 
example, a H2 conditioning heat exchanger is installed downstream of the pressure vessel to heat the H2 delivered to 
the FC for above the required minimum -40 oC using waist heat from the FC. In addition, the FC rail pressure 
(minimum pressure needed for operation) of 5 bar is maintained using two separate pressure regulators, one on either 
side of the H2 conditioning heat exchanger.  

The system diagram and key system information for the MATI system design are shown in Figure 2 and Table 5, 
respectively. MATI stands for Modular Adsorbent Tank Insert, which is a microchannel isolated-fluid system designed 
by OSU for the HSECoE [26]. A schematic of the MATI internal heat exchanger within a generalized pressure vessel 
is shown in Figure 3. During refueling, LN2 flow through the microchannel plates isolated from the internals of the 
pressure vessel to cool the compacted MOF-5™ pucks via conduction while H2 flows into the pressure vessel to be 
adsorbed. This continues of the target full tank operating pressure and temperature are reached. Alternately, during 

Figure 2. MATI system diagram: Type 1 aluminum pressure vessel with compacted MOF-5TM pucks in a microchannel isolated-fluid 
heat exchanger system. 



vehicle operation, H2 flows from the pressure vessel downstream to the H2-conditioning heat exchanger (first pass), 
where H2 flows back to the pressure vessel and into the MATI through the headers. For the MATI system design, the 
H2-conditioning heat exchanger must also contain a microchannel H2-combustor that uses up to 0.5% of the H2 flow 
to increase the temperature above what is possible from the FC radiator. This ensures that the MOF-5™ can maintain 
the needed H2 desorption rates to maintain the needed internal tank pressure. Once the heated-H2 passes through the 
inside of the MATI, the H2 is cooled below the FC’s minimum required temperature and then flows back through the 
H2-conditioning heat exchanger (second pass) where it is heated above -40 oC for use by the FC. 

 
Table 5. System design specifications 

 HexCell MATI 
Tank operating pressure [bar] 5 – 100  5 – 100  
Tank operating temperature [K] 80 – 140  80 – 140  
H2,usable [kg] 5.6 5.6 
Internal tank volume [L] 188.4 180.1 
Tank L-to-D ratio 2:1 2:1 
Aluminum PV thickness [mm] 14.00 13.06 
MLVI thickness [mm] 25.4 25.4 
Outer Al shell thickness [mm] 2.0 2.0 
Total system mass [kg] 140.99 141.59 
Total system volume [L] 287.70 246.03 
Total system cost*  $2219 $2616 
System Gravimetric Capacity 

[gH2,usable/gsystem] 0.03974 0.03957 

System Volumetric Capacity 
[gH2,usable/Lsystem] 19.47 22.77 

*System costs are for system-to-system comparison purposes only and not intended to represent the actual market cost of these systems. 
 

The pressure vessel for the MATI system design is also a single aluminum Type 1 pressure vessel designed with 
a safety factor of 2.5 and a 2:1 L-to-D ratio. As with the HexCell system, the pressure vessel is also wrapped with 1” 
MLVI and a 2-mm aluminum outer shell for dormancy and impact purposes. Downstream of the pressure vessel, the 

BOP has several additional/different components 
compared to the HexCell system design. 
Specifically, the downstream H2-conditioning 
heat exchanger is designed for multiple passes and 
contains a micro-combustor, as described in the 
previous paragraph. In addition, there are 
additional components and H2 tubing to support 
the multiple passes between the pressure vessel 
and the H2-conditioning heat exchanger. 

ADDITIONAL TRENDS & OBSERVATIONS 
While the HexCell and MATI system designs 

both ranked highly within the constraints of the 
current parametric study, neither system design 
meets the DOE’s gravimetric capacity or 
volumetric capacity targets [1]. By analyzing the 
designs more closely, trends can be seen that could 
produce future system designs that do meet or 
surpass the targets. Figure 4 shows percentage 
breakdowns of the total system mass, volume, and 
cost for both the HexCell and MATI system 
designs. Note that the total system mass, volume, 
and cost are listed in Table 5. 

For both system designs, the adsorbent 
material accounts for more than half of the system 

Figure 3. Schematic of a generic MATI internal heat exchanger 
within a pressure vessel. 



volume. If MOF-5™ were replaced by an 
adsorbent with a higher H2 storage capacity, this 
volume and the volume of the overall system 
could be greatly reduced. This is part of the 
argument behind adsorbent densification. Note 
that the adsorbent H2 storage capacity is defined 
as the difference in H2 storage between the full 
tank temperature and pressure and the empty tank 
temperature and pressure. Thus, an adsorbent may 
store more total H2 than MOF-5™ at the same 
temperature and pressure but not have a higher 
capacity because it is based on the difference and 
not an absolute value. The tank components 
(pressure vessel, insulation, etc.) make up most the 
total system mass for both system designs because 
both systems use Type 1 aluminum tanks. If a Type 
3 tank were used at the systems’ 100 bar maximum 
operating pressure instead, then the total system 
mass would be greatly reduced while maintaining 
a similar system volume. However, Type 1 
pressure vessels are less expensive than the 
comparable Type 3 pressure vessels and were 
chosen to keep the overall system costs as low as 
possible. 

The system cost distribution within Figure 4 
appears relatively well distributed between the 
individual system components. Upon closer 
evaluation, the valves within the BOP account for 
the highest single impact to the system cost. 
Specifically, the 3-way solenoid valve and the 
pressure regulator valves make up approximately 

1/3 of the estimate total system cost. Thus, a lower cost alternative that is still rated for cryogenic hydrogen at the 
operating pressures would have the highest benefit. 

While an adsorbent with a higher H2 storage capacity may not have been developed yet, mechanical compaction 
may provide an engineering solution to increase an existing adsorbent’s volumetric capacity.  Figure 5 shows the 
capacity changes for various compaction levels for a MOF-5™ H2 storage system utilizing a MATI internal heat 
exchanger in a Type 1 aluminum pressure vessel with a 100-bar full tank pressure. Note that the 0.0 g/cc compaction 
density is a CcH2 with the same operating conditions. As expected, the volumetric capacity increases with increasing 
compaction level for all operating conditions shown, but this comes at the cost of the decreased gravimetric capacity 
with increasing compaction level. However, the volumetric capacity increase is not linear toward the highest MOF-
5™ compaction densities for the 70 K, 80 K, and 90 K data sets. The compressed gas portion of the H2 storage remains 
relatively constant within a given temperature data set at the 100-bar operating pressure, which means the decreased 
H2 storage can be attributed to the adsorbed H2 portion. Because mechanical compaction is used, it is hypothesized 
that the adsorption sites may be damaged at higher levels of compaction. This also implies that there is an optimal 
level of compaction, but this will need to be confirmed experimentally (which is beyond the scope of the present 
work). 

Figure 6 shows gravimetric capacity and volumetric capacity results for powder MOF-5TM in the HexCell system 
design and two levels of compacted MOF-5TM (0.32 g/cc and 0.52 g/cc) in the MATI system design at various operating 
conditions. Each of these systems utilized an aluminum Type 1 pressure vessel with a 2:1 L-to-D ratio at various 
operating pressure with a 60 K temperature swing between the full and empty tank temperatures. As is expected, the 
volumetric capacity increases with decreased operating temperatures and increased full tank pressure. The volumetric 
capacity seems to approach a plateau for pressures above 100 bar across all of the operating temperatures shown. This 
trend can be attributed to the decreased excess H2 stored compare to pure CcH2 at higher pressures coupled with the 
increases pressure vessel wall thickness needed at the higher pressures. In addition, across all systems shown in Figure 
6, the gravimetric capacity has a definitive maximum for each set of operating temperatures, which can also be 
attributed to the decreased excess H2 stored coupled with the thicker pressure vessel wall.  

Figure 4. Total system mass, volume, and cost breakdowns for the 
a) HexCell and b) MATI system designs. 



Figures 4-6 could be made for another 
adsorbent material, a different pressure vessel 
(such as a Type 3 tank), or any number of 
parametric study options, but will not be described 
here for the sake of brevity. Note that the trends 
described in the present paper hold throughout the 
parametric analysis performed. 

CONCLUSIONS 
Cryo-adsorbent based hydrogen storage 

systems for fuel cell vehicles were evaluated using 
numerical models that were validated against 
experimental data. These models simultaneously 
solve equations for adsorbent thermodynamics 
together with the heat, mass, and momentum 
conservation equations. These models also utilize 
the real gas thermodynamic properties for 
hydrogen. Model predictions were compared to 
data for charging and discharging both activated 
carbon and MOF-5™ systems in various 
conditions (powder, compacted, etc.). The full 
system models were used in a parametric analysis 
to compare prospective system design 
performance given specific options, such as the 
adsorbent materials and their condition, pressure 
vessel types, internal heat exchangers, and 
operating conditions. 

Given various physical restrictions and 
engineering restrictions, the system design options 
is reduced from billions down to millions of 
option. These design options are then ranked 

based on their estimate system cost, volumetric capacity, and gravimetric capacity. Using these rankings, the two 
system designs were chosen, the HexCell and MATI system designs. Additionally, trends and comparisons from the 
parametric analysis provide guidance for areas of improvement and future research directions. 

Note that prior to performing the above parametric analysis for the HSECoE, several adsorbent materials were 
eliminated from consideration due to a lack of available experimental data. Using the tools described in this work, 
these materials could now be evaluated if the necessary data was now available. 
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