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Overview

Timeline Barriers
Project start date: FY09 (A) System weight and volume
Project end date: FY15 (B) System cost
Percent complete: 85% (C) Efficiency
(E) Charge/discharge rate
Budget (1) Dispensing technology
FY13 DOE funding: $100K (K) System life-cycle assessments
Planned FY14 DOE funding: $125K Partners
Total project value: $1.8M Savannah River National Lab (SRNL) project lead,

Pacific Northwest National Lab (PNNL), United
Technologies Research Center (UTRC), Jet
Propulsion Lab (JPL), Ford, General Motors
(GM), Los Alamos National Lab (LANL), Oregon

State University (OSU), University of Michigan

@ Hydrogen Storage Engineering (UM), and the DOE Vehicle Technologies Office.
CENTER OF EXCELLENCE

Cost share percentage: 0%
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Relevance/Objectives

Support the HSECoOE with system design, analysis,
modeling, and media engineering properties for
materials-based hydrogen storage systems

* Manage Hydrogen Storage Engineering Center of Excellence (HSECoE)
vehicle performance, cost, and energy analysis technology area.

e Vehicle Performance: Develop and apply model for evaluating hydrogen
storage requirements, operation and performance trade-offs at the
vehicle system level.

* Energy Analysis: Coordinate hydrogen storage system well-to-wheels
(WTW) energy analysis to evaluate off-board energy impacts with a focus
on storage system parameters, vehicle performance, and refueling
interface sensitivities.

 Media Engineering Properties: Assist center in the identification and
characterization of adsorbent materials that have the potential for

meeting Department of Energy (DOE) technical targets for onboard
systems.

* Lead effort to make select HSECoE wide models available for use by other
researchers via Web-based portal.
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Objective: Vehicle Performance

 Develop and apply a model for evaluating hydrogen
storage requirements, performance and cost trade-
offs at the vehicle system level (e.g., range, fuel
economy, cost, efficiency, mass, volume, on-board
efficiency)

* Provide high level evaluation (on a common basis) of
the performance of materials based systemes:
o Relative to DOE technical targets
o Relative in class and across class for materials systems
o Relative to physical storage systems
o Relative to conventional vehicles
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Objective: HSECoE Model Web Access

Coordinate across the HSECoE to make select
models developed under this effort available to
other researchers and research organizations
through Web-based access.

e Assist with model selection

@ Hydrogen Storage Engineering

CENTER OF EXCELLENCE

e Coordinate model validation

* Coordinate model documentation
 Manage website and model posting
* Track and record Web activity

e Track and record model downloads

conepts, testing, and system analysis.

te
e U.S. DEPARTMENT OF

Home Mission Partners Approach Technology Areas Progress Technical Gap Models Comtact

Thyirogen Storge Bginesring Conter of Bcellince | @ 3011 41 Rights Reserved.
Powazed by Scisntific Computing | SRHL
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Approach/Milestones

Date | Milestone Status

10/13 | Participate in the HSECoOE face-to-face meeting and present on the status of the modeling 100%
efforts and development of GUI interface for the public release of the models.

6/14 Update the chemical system model with Phase Il performance data, integrate into the 30%
framework; document and release models to the public.

6/14 Present modeling efforts of the HSECOE and the projected status of adsorbent systems to 50%
meet the DOE 2017 target of 5.5 wt.%.

8/14 Report on vehicle system modeling of hydrogen storage impacts on vehicle range, 50%
acceleration, and fuel economy and associated trade-offs on volume and mass.

8/14 NREL will work with center partners to set up and run vehicle simulations to evaluate the 25%
key volumetric, gravimetric, and onboard efficiency trade-offs over three test cases (drive
cycles) and progress toward 2017 targets for two chemical hydrogen and two to three
adsorbent system designs in support of final design selection for each material class for
Phase Ill work.

9/14 | Report on progress of public release of HSECOE models. 0%

9/14 NREL will work with center partners to make enhanced and updated versions of the HSECoE | 0%
"modeling framework", with four new storage system options, available for public access
via the current Web portal.
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Approach: Develop HSSIM (Vehicle Model)
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Approach: Modeling Framework

Vehicle Model (HSSIM) Fuel Cell Model
[Top level control \ [ _ .
OUtpUt Power request Power Request Provides power to vehicle
Energy management Hydrogen request to storage
to Test matrix (drive cycles) IiYStlemll " |
Provides auxiliary power from 3 uel cell therma
HDSAM battery pack Power Achieved management and waste
\Post processing ) \_ heat stream y
Auxiliary Power
Delivered H2 Delivered Models of

baseline
physical, CH,

(Provides hydrogen to fuel cell N\ and
Auxil iary Contains storage system details adsorbent
(mass, volume, thermal system

Hydrogen Storage Model

Power management) )
Request Will request auxiliary power designs
from vehicle battery pack if H2 Request
\needed ) 700 Bar Gas
AB Slurry
L —
A tool used across the engineering center Alane Slurry J
to evaluate candidate storage system
: : . MOF-5 MAIT
designs on a common vehicle platform with

consistent assumptions MOF-5 HexCell
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Approach: Model Access Website

http://hsecoe.org

@ Hydrogen Storage Engineering

CENTER OF EXCELLENCE

The Hydrogen Storage Enginesring Center of Excellence (HSECoE) is working to help
reduce our Mation's dependence on foreign energy sources by changing the way we power
our cats, homes, and businesses. The HSECoE was selected through a competitive, merit
reviewed solicitation pracess by DOE.

The Center addresses the
significant engineering challenges
associated with developing lower-
pressure, materials-hased,
Iprdrogen storage systems for
Iyrdrogen fael cell and internal
combustion engine light-daty
vehicles.

This project is incorporated into
the DOE's Fuel Cell Technology
Prograny, which consists of
applied research and development
activities, conducted through Center of Exeall ials and engi ing teams, and
independent projects forusing on materials and concepts, testing, and system analysis.

U.S. DEPARTMENT OF

ENERGY

Home Mission Partners Apprnach Technology hreas Progress Technical Gap Models Comtact

@ Hypdrogin Starags Brgineering Certar of Bocellance | @ 2011, Al Rights Reserved.

Pomered by Scisntific Comprating | SRHL
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Approach: Model Access Website

Model Documentation and Downloads

@ Hydrogen Storage Engineering
CENTER OF EXCELLENCE
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AL Model

what i1 the Metal Hydride Finite Elements (MHFE) Model?
MHFE Hodel
A Base Cate Study: Sodium Aluminum Hydride (MHFE-SAH)

@ Hydrogen Storage Engineering i
CENTER OF EXCELLENCE

o Partoy

b Hews

*  What is the Metal Hydride acceptability Envelope (AE)?

» AE Model

* What is the Metal Hydride Finite Elements {MHFE) Model?

»  MHFE Model

* A Base Case Study: Sodium Aluminum Hydride {MHF E-SAH)

Dowmloads

The MHAE allows the user 1o evaluate the
distance (in rectangular or cylindrical
coordinates ) between two surfaces or walls inside the bed, containing the metal hydride
material, needed o attain determined targets, with selected material properties. The file
MHAERC refers to the rectangular coordinate model, while MHAECC refirs to the cylindrical
coordinate model.

wetal Hydride cceptability Emvelope (MHAE )

#tetal Hydride Finite Element - sodium aluminum Hydride (MHFE-54H] “““;E'S““ B8
model

under COMFOL 4.Za, which allows the user to see the thermo-chemical behawior of 3 storage
system composed of sodium aluminum hydride material. The storage bed is bazed on a shell-
and-tube, finned heat transfer system, with the structure and geometry of the UTRC
prototype.

[T | WE.
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Accomplishment: Model Posting

 MH Acceptability Envelope  SRNL

 MH Finite Element Model SRNL

* Physical H2 Framework Modes UTRC/NREL

* MH Framework Model UTRC/SRNL/NREL
¢ Tank Volume/Cost Model PNNL

* CH Framework Model UTRC/PNNL/NREL
 AD Framework Model UTRC/SRNL/NREL

e AD Finite Element Model SRNL
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Tanks/Volume Cost Model

Type 3 Tank sizing code

Notes on Calculation Strategy

Input parameters
Operating Temperature
Operating Pressure
Tank Material

Liner Material

Fiber Translation Efficiency

Primary Geometry Specification: Internal
Tank Length (Internal) [Lg]

Tank Radius (Internal) [Rg]

Tank Volume Goal (Internal) [Vg]

Tank Geometry Calculation

Tank Internal Length (cm) [L]

Tank Internal Radius (cm) [R]

Tank Internal Volume Actual (ccm) [V]
Volume goal attainment

Tank Liner estimate

total burst pressure load

liner burst load factor

liner burst load

Liner ultimate strength (Room Temp.)
Liner Thickness [t]

Upper Bound Wall Thickness Calculation
Carbon Fiber Composite Material strength
Safety Factor

Wall Radius = R+t

Tank Wall thickness (ideal)

Layer thickness increment

# layers

Rounded up thickness

Minimum layer thickness

Final wall thickness

units

D—"‘D

m
&
=)

§338 333
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a

250

Carbon Fiber
Aluminum

80%

81.0

225
105,000
100.0%

962.5
21.0%
1181
3103.0
0.86

15306

225

234
1.072949179
0.09144

12

1.09728
0.27432
1.09728

Final safety factor
Estimated burst pressure

Lower Bound Wall Thickness Calculation
Liner ultimate strength (RT)

Liner can support

Adjusted Burst Pressure on Composite
Tank Wall thickness (ideal)

Layer thickness increment

#layers

Rounded up thickness

Minimum layer thickness

Final wall thickness

Load share estimate

Mass Calculations
Intemal Radius (cm)
Internal Length (cm)
liner thickness (cm)
wall thickness (cm)
liner density (kg/ccm)
wall density (kg/ccm)

Ext Radius (cm)
Ext Length (cm)

Liner Ext Radius (cm)
Liner Ext Length (cm)

exterior volume (L)
Liner ext volume (L)
internal volume (L)

wall volume (ccm)
liner volume (ccm)

Carbon Fiber Composite mass (kg)
Aluminum liner mass (kg)
total mass (kg)

exterior L:D
Layers of composite (minimum is 3)

Tank Efficiency
Gravimetric (L/kg)

Tank Material Cost

aluminim matenial cost ($/kg)
Carbon fiber composite cost (3/kg)
aluminum line cost ($)

Carbon fiber composite cost (3)
Tank Wall total material cost ($)

2.30

Bar 5753

Bar 3103

Bar 118.125

Bar 444 375

cm 0.847629852

cm 0.09144

10

cm 0.9144

cm 027432

cm 0.9144

%CF 9%
Low Bound  High Bound

225 225

81.0 81.0

0.9 0.856529971

0.9144 1.09728

0.002663 0.002663

0.001611 0.001611

24 27092997 2445380997

8456168819 84.92744819

23.35652997 23.35652997

8273288819 8273288819

126.5489622 128.9213116

1151036997  115.1036997

105 105

1144526251 13817.61194

10103.69967 10103.69967

18.44 2226

26.91 26.91

4534 4917

1742036426  1.73648704

10 12

232 214

i 445

30.65 30.65

119.73

682.27

802.01

Pacific Northwest
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Framework Model GUI

Initial screen

System selection

System description

N\

Hydrogen V

icle Simulation Framework

Select storage system whcHss v

)

ic metal hydride model 30 kJimol enthalpy of dehydrogenation

Single-run

-

/

Running scenario

— Storage system variables - Single run

System-specific parameters

Auxiliary loads K 02-2 Inert weight fraction 0-0.4
g}yge ?f i Combustor efficiency 0E-1) Refueling fraction 0.5-1) Default values filled in
ingle run B
Ext | L - 200 Refuel b 0- 110 -
O Muliple (paramster sweer) dera . UTE' density  kg/m3 (E(UDU TUUJU) |EI- Refuel‘rlg Ipressuret ;r I‘;BZD 50)) -2
O Compare different systems el Ef En?' il ) m Slueling temperature e m
| Hydr. weight fraction 0.01-0.2)
Test case Hydride mass kg (1-400) \
Hydricle woid fractm\ 0.2-06) Valuera nges
\
pd A
Results (at end of simulation) \
H2 delivered kg ] Temperature [C] v
H2 used kg [ .
Gravimetric capacity w Hover over for tooltips 1
“alurnetric capacity sl [ 0g
Temper
0.6 a
Pressu Plot area for time traces
Fuel economy 04
Range miles I:l
Distance traveled miles l:l 0.2
1]
0 0z 04 05 0.5 1
— Save results Generate all plots | time 5]
Stop Generate MATLAB plots of time traces United Technologies
Save scalar results (used for further editing) Research Center
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Framework Model GUI

Initial screen

n Figure 1: Vehicle simulation framework

/.Wehicle Simulation Framework

Test system with no internal

Select storage syg#m restsysten

namics. k|
cell, and this amount can be funed to und

Test system
Compressed 350 bar

2l cell at 6 bar. Ynce it has delivered 0.5kg of H2 the delivery pressure drops rapidly. The system demands a constant auxiliary powser from the fusl

B Compressed 700 bar

N\

| MH-GHI3s v3 |

Running scenari
Test case

1,Plel economy test (UDDS+HWY ..

Run simulation

Tank aux power w

[E=SiEcR ==
Hydrogen Vehicle Simulation Framework
Select storage system ui-Gis v -
Results (at end of simulation) Generc metal hydride model 30 kiimol enthalpy of dehydrogenation. 7
H2 delivered kg Distance t| &
H2 used kg EPA Fu . N
Running scenaric stem variables - Single run
Usable H2 kg Rang W (02-2) [o7 Inert weight fraction (0-04) Joq
Storage system mass kg Jestcas _, | Combustor efficient 05-1 |09 Refueling fraction 0.5-10 0885
1 Fuel economy test (UDDS+HWY, =
Storage system volume L {1 Fuel economy test (UDDS<HWY, 21?\‘ f2irs vhume M;mﬂ (5(:U~ 2::30) o :ef:‘n:mg :ussulel b: 16:n. 1;:: LL
imetri |2 Aggressive cycle (US05, 24C) 2 85141 Refueling temperature -20 - 397
Gravimetric capacity % S Coblcyete (FTRLTS, 200 ©01-02) a1
Volumetric capacity g/l 4 Hot cycle (SC03, 35C) kg (1-400) 5
On-board efficiency % void fraction 02-06) |03
Temperature C
Pressure bar Results (at end of simulation)
H2 delivered kg Distance traveled miles Temperature (€1 =
D | saveresus | | rcues @ EPARm ccmany  mogge
Usable H2 kg EPA Range miles
system knobs knobs SHorag0 ystam Mesa ‘9 08
an s E tem vol L
definition definition mapping oS Demctne i
s g b Gravimetric capacity %
,’ read L7 ‘ 1 e Volumetric capacity gl -
’ e On-board efficiency %
[, e - ~ mod \fy Temperature c 02
) -7 f RN N Pressure bar .
< ca ~ 0 02 0. 06 08 1
N — Save results ‘ Generate all plots 1 time [s
GUI |- () -
-
~~.

United Technologies
Research Center

e




Framework Model GUI—Inputs

scenario Storage system variables - Single run
Auxiliary loads kW (0.2-2) o7 | Inertweight fraction - 0-04) 01

g ~ Combustor efficiency - (0.5-1) 09 | Refueling fraction - (0.5-1) ‘0_8? | Key Re S u ItS

TR || Extra volume I (0-200) |o | Refueling pressure bar (60-110) 100 |
Hydr crystal density kg/m3 (500 - 7000) |g51.41{ Refueling temperature  C (20-50) 397 | . . . .
o | * Volumet met t

Fydr weight faction -~ (001-02) olumetric ana gravimetric Capaci
Hydride mass kg (1-400) |5

remes - coom * Fuel economy and range (case 1)
E——— . * Onboard efficiency
Toat case Auxiliary loads ° H2 fIOW rate

|3 Cold cycle (FTP-75, -20C) "

1 Fuel economy test (UDDS=HWY, 24C)
2 Aggressive cycle (US08, 24C)

3 Cold cycle (FTP-75, -20C) \

4 Hot cycle (SC03, 35C)
Key Parameters /Save results
* Storage system | to generate

. summa
 Test case / drive cycle text files r?rlmd ; PR
e Auxiliary loads

MATLAB®

Fie G Vew e Tesh Destp Wdos Web
Nads kL3092 L- A 08 (=D

 System specific \ figures Y, -
. -l
o Hydride mass (MH sys)
ol it
o Tank aux power (test sys)
T : - I::-‘l =

Results (at end of simulation)
H2 delivered kg 049 Distance traveled miles 24 enice speed frph] =]
H2 used kg 049 EPA Fuel economy mpgge 5
Usable H2 kg 048 EPA Range miles 24 pﬂ‘
Storage system mass kg 1000 Range [miles] based on adjusted fuel Aconomy (only interpret when running Test Case 1) |1 /ﬂ’\

Storage system volume 140.0

Gravimetric capacity 05

L

% United Technologies s B |
%
C

Research Center Or-board sficency %0

Temperature 30.0

o
[
—_

Pressure bar 6

T 500 T w0 20
_ Save results ‘ Generate all plots |
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Framework Model GUI—Model Results

- Figure 1: Vehicle simulation framework

Hydrogen Vehicle Simulation Framework

Select storage system testsysiem .

Test system with no internal dynamics. t delivers exactly the flow rate requested by the fuel cell at & bar. Once it has delivered 0.5kg of H2 the delivery pressure drops rapidly. The system demands a con|

cell, and this amount can be tuned to understand the effect on system efficiency. Hydrogen Vehicle Simulation Framework

Select storage system 1=

Running scenario — Storage system variables - Single run " iyl
Auxiliary loads kW 02-2) o7 | W 0
Test case Tank aux power W (0-1000) 100 Runsimuaton |

1 Fuel economy test (UDDS+HWY ... =

Results (at end of simulation)

[ o os Dt
W om era
T EPA R

Run simulation |

Results (at end of simulation)

H2 delivered kg 050 Distance traveled miles 37 Vehicle speed [mph] =

H2 used kg 050 EPA Fuel economy mpgge 50

Usable H2 kg 049 EPA Range miles 25 il J\P\

Storage system mass kg  100.0 50 il u' if N

Storage system volume 15 140.0 aolll ﬂm r N

Gravimetric capacity % 05 K {

Volumetric capacity gl 35 Save reSUItS and i ’l n ’I HH |

On-board efficiency % 980 generate MATLAB p|OtS E

Temperature c 300 10

Pressure bar 6 . w Zoomable

] 500 1000 1500 2000 2500 3000 3500 4000 4500
— Save results | Generate all plots | time [s]

plots

United Technologies
Research Center
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Framework—Model Results

| example.tt - Notepad
File Edit Format View Help
System: Test system 7

B igure s EE=)
Fle Edit View Insert Tools Deskiop Window Help -

Ddde | kA0 LL- G 08/ n0

Description:
Test system with no internal dynamics. It delivers exactly the flow rate requested by the

Running scenario:
Test case: 2 Aggressive cycle (US06, 24C) | h A
storage system & vehicle varfables: BFigue: o
suxiTiary loads [ku]: 0.7 = e
Tank aux power [W]: D 7] eample2 ¢t - Notepad = EeE = - Fie Edt View Inset Tools Desktop Window Help -
sl e File Edit Format View Help g DEHLS [k RV LL- S 08 |nO
Distance traveled [miles]: System: MH-GH/3s v3 . 3
EPA Fuel economy [mpgge] : o £ w2 o
EPA Range [miles]: 24 Description: =
G;a;w_l‘mtm( (aEamty [%]: 0.5 Generic metal hydride model 30 ki/mol enthalpy of dehydrogenation. s
H2 delivered s 5
HZ used Running scenario: m .
on-board E(g'ﬁmen(y [%]: 99.0 Test case: 1 Fuel economy test (UDDS+HWY, 24C) Erigures all@] =
pressure [bar]: File Edit View Inset Tock Desktop Window Help x
Storage system mass [kgl: 100 0 stura$e system & vehl(]e variables: 10 60 - - -
storage system volume [L]: auxiliary loads [kw]: 5 NS RNTIRL-QA 08| eDd
Temperature [c] 30.0 Combustor eff\ciancy [- ]: 0.9 =
usable H2 [kg 0.4 Extra volume [L]: O o g
volumetric capacity [g/L] 3.4 Hydr. crystal _density [k?/mﬂ: 851.415 (] 2000 4 Bs0 04
Hydr. weight fracmcn -1: 0.11 é
Hydr ide mass [ko] & o ]
Hydride void rac:inn [- = 0.3 e
Inert weight fraction
Rrefueling fraction achleved [ 1: 0.85
refueling pressure [bar]:
rRefueling temperature [C]: 39.7 kil .
scalar resuh:s] iRt
pistance travele miles
s el o) Save results and "
64

EPA Range [miles]
Gravimetric (aBaUty [%]:
H2 de];vere

e

Flow r@te eouested [moks]
S

s £
-~ &

H2 us g
on-board & f|(1ency [%]: 97.5

generate summary
“:]][ i, text files and
[kl: 1.27

volumetric capacity [g/L]: 28.8 MA I I AB IIgu' eS time [s]
‘

2

o

)

Results (at end of simulation)
H2 delivered kg 049 Distance traveled miles 24 Vehicle speed [mph] =
H2 used kg 049 EPA Fuel economy mpgge
Usable H2 kg 048 EPA Range miley/ 24 E'D|
Storage system mass kg 100.0 [Range [miles] based on sdjusted fel economy (only interpret when running Test Case 1]y I \ { /\J
Storage system volume L 140.0
Gravimetric capacity % 05 & : l \
Volumetric capacity g/l 34
On-board efficiency % 99.0 = \l
Temperature C 30.0
Pressure bar 6 5

o 500 1000 1500 2000
— Save results | Generate all plots | time [s]
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Accomplishments: Model Website Analytics

Site Visits

Audience Overview Mar 27, 2014 - May 5, 2014
'F'l Ses_sims
Crwerview
# Sessions
Mar 23 Apr s Apr 12 Apr 13 Apris
W Mew Visitor [l Retuming Visitor

Sessions Users Pageviews

216 144 718

O A VY ' A T DOV PUSPY A\ =

FPages | Session Awg. Session Duration Bounce Rate

3.32 00:02:52 45.37%

MisomNen M | oSN | A A AN

% Mew Sessions

66.67%

Ny,

NATIONAL RENEWABLE ENERGY LABORATORY




Accomplishments: Model Website Analytics

New versus Return Visits

Audience Overview Mar 27, 2014 - May 5, 2014
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Accomplishments: Model Website Analytics

User Flows

Mar 1, 2014 -May 5, 2014

Users Flow
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Accomplishments: Model Website Analytics

isitor Locations

Location Mar 23, 2014 - Apr 22, 2014 New Custom Report Mar 23, 2014 - Apr 22, 2014
All Sessions All Sessions
100.00% 7550%
Map Overl
ap Overlay Report Tab
Summary
-
1 — ] -
et . . 1 N
Acquisition Behavior Conversions
Country ! Goal Goal
; 3 o oa
Temitory Sessions ks:nnlk:l New Users Bounee Rate h::(::sl ::'n‘:::ﬂnn Conversion Rate | Completions | goa value
city Sessions
151 64.90% 98 | 43.71% 3.27  00:03:04 0.00% 0 $0.00
% of Total: Site Avg: % of Totak: Site Avg: | Site Avg: 327 | Site Aug: 000304 | Site Avg: D.00% % of Total: % of Total: 114
100.00% (151} . 100.00% (88) | 43.71% (0.00%) () (0.00%) ©.00%) 000% (@) | 0.00% (S0.00) % of Total: 75.50% (151)
(0.00%)
1 SM:;‘M 80 (5298%) 5125% | 41 @1man) 30.00% an 00:03:51 000% 0 oo $0.00 @o0%) Ay o 7 (e
United 2. Los Angeles 5 (439%)
2 ingdom 1M %) T273% B (0% 36.36% 355 00:03:20 000% 0 (oow) S0.00 (0O0%)
3. (notset) 4 (3.51%)
3. Japan 10 (562%) 3000% 3 (300%) 50.00% 420 00:05:03 000% 0 (oow) S0.00 (0O0%)
4. Yokohama 4 (3.51%)
4. Brazil 9 (596%) 10000% 9 (@1ew) 100.00% 1.00 00:00:00 000% 0 (oo $0.00 @Oo0%)
5. Fukuoka 4 (3.51%)
5. B (530%) B7.50% 7 (1.14%) 12.50% 458 00:03:20 000% 0 (oow) S000 (0O0%)
Germany
6. Sydney 3 (263%)
6 austraia 4 esw) 5000% 2 (204%) 25.00% 400 00:01:50 000% 0 (oo $0.00 @Oo0%)
7. SaoPaulo 3 (263%)
7. 2 (13z%) 10000% 2 @o4w) 100.00% 100 00:00:00 000% 0 @oow) $0.00 @oo%)
Bangladesh 8. Aiken 3 e
8. Belgium 2 (13%) 10000% 2 @o4%) 0.00% 600 00:13:57 000% 0 (oo $0.00 @Oo0%)
9. Richland 3 (263%)
EX China 2 (1am) 10000% 2 @M% 100.00% 1.00 00:00:00 000% 0 (oow) S0.00 (0O0%)
10. Stuttgart 2 (1.75%)
10. Egypt 2 (132%) 10000% 2 @M% 50.00% 150 00:00:18 000% 0 (oow) S0.00 (0O0%)
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Accomplishments: Response to Reviewers’ Comments

 Comment: There is a lack of variation in powertrain configurations. The
project team should add range extender powertrain sensitivity analysis.
o Response: The powertrain and vehicle platforms included in the vehicle

performance modeling task were limited by design due to project budget and
time constraints.

«  Comment: It would be instructive to redo the analyses on a fixed volume
basis. FCEVs will have a fixed packaging volume for fitting the storage
system on board the vehicle. Greater discrimination between the various
storage concepts could result from a fixed-volume analysis.

o Response: The focus of the vehicle level analysis for this project was to perform
simulations on a fixed usable H2 mass basis. As such, most of the analyses used a
5.6 kg usable H2 assumption and the storage models were designed and coded
to be consistent with this assumption. That said, a fixed volume analysis was
performed in FY12. A summary table of the results from this study is presented
on the following slide.
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Results: Fixed Volumetric Effects on Range Analysis

Example simulated volume effects on vehicle range and onboard usable H2  For three fixed
volume scenarios:

(from framework) for various adsorbent system designs 140/205/253 liters
Gravimetric
o siogesyam | Mbtedtue || Ve | farge(m) | Comdy | volmet | oume
percent)
Powder MOF-5 60 bar 80k Al 51.11 2.00 102.20 2.80 12.86 140!
Powder MOF-5 60 bar 40k CF 51.30 4.20 215.50 6.61 29.84 140
0.52 g/cc MOF-5 200 bar 80k Al 50.47 3.35 169.10 2.68 23.94 140
0.52 g/cc MOF-5 200 bar 40k CF 50.62 4.60 232.90 4.18 32.59 140
Powder MOF-5 60 bar 80k Al 50.95 2.80 142.70 3.15 13.67 205
Powder MOF-5 60 bar 40k CF 50.97 6.70 341.50 7.97 32.64 205
0.52 g/cc MOF-5 200 bar 80k Al 49.93 5.35 267.10 2.92 26.11 205
0.52 g/cc MOF-5 200 bar 40k CF 50.18 7.30 366.30 4.61 35.51 205
Powder MOF-5 60 bar 80k Al 50.73 3.60 182.60 3.39 14.18 253
Powder MOF-5 60 bar 40k CF 50.89 8.60 437.60 8.68 33.96 253
0.52 g/cc MOF-5 200 bar 80k Al 49.32 6.85 337.90 3.02 27.05 253
0.52 g/cc MOF-5 200 bar 40k CF 49.71 9.30 462.30 4.77 39.56 253

1 Actual volume used = 155.56 L, which represents the lowest value in the data set available.
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Response to Reviewers Comments, Cont.

* Comment: The progress in MOF-5 isotherm measurement appears to be
slow, perhaps due to limited funding.

o Response: The "material characterization” component of this effort was only
involved with sorbents, and leveraged the vast amount of information generated
by the Hydrogen Sorption Center of Excellence. This part of the effort provided
guidance for identifying potential sorbents for the Engineering Center and
providing the specific engineering properties needed to make down-selections
and to improve model confidence. Most of this activity in the past focused on non-
metal organic framework materials (MOFs), and ultimately, since MOFs were
selected for Phase Il and Phase Il activities, the vast majority of the work and
information provided was down selected. At this time, the main focus of the NREL
"material characterization" effort is involved with model validation, especially for
temperatures below 75 K.
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Collaboration and Coordination:
Web Model Team Roles and Responsibilities

e Storage system model development, coding and
documentation—convert models to appropriate format for
use in framework (Simulink®). PNNL and SRNL

e  Framework management—GUI development and storage
system model integration. UTRC

e \Vehicle model development and validation—framework A

. . + Los Alamos

@>SRNL output management and validation. Storage system model
integration and framework update posting. NREL

3 Rosoarcn Lomter > Fuel cell model development and validation. Ford combNSOLY

A Mumbar of Husigos Conyeuatos Groep

e Framework model and standalone model posting and Web
-BASF portal management, NREL

Tow Chmmis G Pacific Northwest

e Model documentation. NREL, PNNL, Ford, SRNL, UTRC

Management of collaboration efforts across organizations is done through monthly and on- qab
o/

demand modeling team telecons, bi-annual face-to face-meetings, and through SharePoint
LGS
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Proposed Future Work

e Focus on model validation and model Web access

o Add CH models to Framework (June)
o Add Adsorbent models to Framework (September)
o Post Adsorbent finite element model similar to MH FE Model

e Continue to run vehicle simulations to:

o Evaluate the impact of changes to Phase Ill storage system designs and
refinements

* Energy analysis

o Work complete

e Media engineering properties

o Work complete
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Summary

 Manage HSECoE vehicle performance, cost, and energy
analysis technology area.

* Lead effort to make models developed by HSECoE
available to other researchers via Web-based portal.

* Vehicle Performance: Develop and apply model for
evaluating hydrogen storage requirements, operation and
performance trade-offs at the vehicle system level.
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Results: Fixed Volumetric Effects on Range Analysis

Example simulated volume effects on vehicle range and onboard usable H2  For three fixed
volume scenarios:

(from framework) for various adsorbent system designs 140/205/253 liters
Gravimetric
o siogesyam | Mbtedtue || Ve | farge(m) | Comdy | volmet | oume
percent)
Powder MOF-5 60 bar 80k Al 51.11 2.00 102.20 2.80 12.86 140!
Powder MOF-5 60 bar 40k CF 51.30 4.20 215.50 6.61 29.84 140
0.52 g/cc MOF-5 200 bar 80k Al 50.47 3.35 169.10 2.68 23.94 140
0.52 g/cc MOF-5 200 bar 40k CF 50.62 4.60 232.90 4.18 32.59 140
Powder MOF-5 60 bar 80k Al 50.95 2.80 142.70 3.15 13.67 205
Powder MOF-5 60 bar 40k CF 50.97 6.70 341.50 7.97 32.64 205
0.52 g/cc MOF-5 200 bar 80k Al 49.93 5.35 267.10 2.92 26.11 205
0.52 g/cc MOF-5 200 bar 40k CF 50.18 7.30 366.30 4.61 35.51 205
Powder MOF-5 60 bar 80k Al 50.73 3.60 182.60 3.39 14.18 253
Powder MOF-5 60 bar 40k CF 50.89 8.60 437.60 8.68 33.96 253
0.52g/cc MOF-5 200 bar 80k Al 49.32 6.85 337.90 3.02 27.05 253
0.52 g/cc MOF-5 200 bar 40k CF 49.71 9.30 462.30 4.77 39.56 253

1 Actual volume used = 155.56 L, which represents the lowest value in the data set available.
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