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Enabling Green Hydrogen — Supply Chain

Stage3
Hydrogen
Consumption




MATLAB EXPP

Enabling Green Hydrogen — Microgrid

Electricity |
o Hydrogen
| (gas)
Wind — 2
(speed)
Generator Electrolyzer

Multi-domain simulation

/@?ﬁm@\

Electrical iveli Multibody Fluids
52 52 52 52
Simscape
"I @ e O i
S 2 §2 =

_ MATLAB & Simulink | Energy storage




MATLAE

Enabling Green Hydrogen — Motivation

- 100% sustainable - high energy consumption
= storable = high cost
- versatile - safety (managing H2)

= transportable

“Green hydrogen: an alternative that G

reduces emissions and cares for our planet”
Iberdrola > Sustainability > Green Hydrogen Simulation

Based
Engineering



https://www.iberdrola.com/sustainability/green-hydrogen

MATLA

Enabling Green Hydrogen — Key Takeaways

= Assert feasibility
— Techno-economic analyses
— Proven concept

= Secure sustainable and robust operation
— Design Automation
— Optimization



MATLAB EXF

Stage 1. Green Hydrogen Production
(from renewable energy to gas)




Enabling Green Hydrogen - Challenges

Component design
— electrolyzer
— energy storage
— power converter unit
— generator

Plant design
— concept evaluation
— physical requirements
— energy balance

MATLAB E

Production
(Micro-grid)

Asset digitalization
— anomaly detection
— lifetime estimation
— prognostics development

High-level algorithmic design
— supervisory logic
— setpoint definition



MATLAB

Enabling Green Hydrogen — Model Fidelity
milliseconds (ms) seconds months
microseconds (us) minutes years

< b

Embedded Key performance Techno-economic
development assessment Analysis (TEA)
(component) (system)

U { J

High
fidelity

Quasi-steady
(8760)
simulations



https://en.wikipedia.org/wiki/Techno-economic_assessment#:~:text=Techno-economic%20assessment%20or%20techno-economic%20analysis%20%28abbreviated%20TEA%29%20is,revenue%20based%20on%20technical%20and%20financial%20input%20parameters.
https://en.wikipedia.org/wiki/Techno-economic_assessment#:~:text=Techno-economic%20assessment%20or%20techno-economic%20analysis%20%28abbreviated%20TEA%29%20is,revenue%20based%20on%20technical%20and%20financial%20input%20parameters.

MATI

What Is a Quasi-Steady Simulation and
Why Is It Important for Techno-Economic Applications?

Techno-economic assessments are typically conducted across long durations of time at
regular time-intervals ranging from 1 minute to 1 hour (1 hour intervals across 1 year is
common — a so called 8760 simulation)

Techno-economic assessments typically do not care about system dynamics but do
care about steady-state operational conditions at each time-interval.

A quasi-steady simulation assumes that, at each time-step, the dynamics of a system
are fast enough that they have reached steady-state. It is primarily an algebraic, time-
based simulation.

A quasi-steady simulation therefore provides a foundation for techno-economic
assessments.



MATI

Reduced Order Modeling

= To incorporate a physical component and its functional control response into a quasi-
steady simulation, we need to remove the dynamics associated with moving from one
operating point to another.

= One way of doing this with an electrical component, is to create a Thevenin Equivalent
model, with Look-Up Tables (LUTSs) that define source voltage and source impedance for
a given power level.

= We can also consider the response of a power converter by creating a LUT that maps
duty-cycle to voltage level.



MATLAB |

Enabling Green Hydrogen — TEA (Solar Microgrid)

Performance
assessment

Techno-economic
analyses

Solar cell &

Reduced Order
MPPT algorithm Modeling (ROM)

—Dxllf

Duty Gycle (ROM) j

D irradiance +5 _|.%> v
¥ ? 10000} g
\\ [V] n irradiance| i b f : i

]

T | Zsource (ROM) A - ’ + :0.1 el L
(@, s @ ] _
MPPT L n —wa—Ji | J

Buck/Boost Converter

AN
Iy




Green Hydrogen Production — TEA (Solar Microgrid)

Solar Array (ROM)

Co—

Irradiance

Electrolyzer

@—# measurements
Electricity Cost
© 2
@ °
> K
Energy Storage (ROM) Grid (ROM)

MATLAB EXIPO

11



Irradiance (W/m2)

Enabling Green Hydrogen — TEA (Data Re-use)

The irradiance data is 8760 TMY3 from

National Renewable Energy Laboratory.
1200

1000

o
o
]

(&)
o
o

|
400 | ‘

200

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Time (hours)

Electricity price data is one day of data

40 1

(o]
co
T

Price ($/MWh)

(o8]
[N
T

30 r

(]
()]
T

w
=
T

from system operators.

5 10 15 20
Time (hours)

MATLAB BEXlPO
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Enabling Green Hydrogen — TEA (Outcome)

H, production: Highest grid cost & Lowest solar resource

Elapased time ia 510.209014 seconda.

Loweat grid cost is USD €76l.6456 at Phoenix Sky Harbor Intl AP
Higheat solar resource is 497.1227MWh at Daggett Barstow-Daggett AP

Higheat grid coat is USD 13217.5585 at Quillayute State Airport
lowest solar resource is 291.2997MWh at Quillayute State Airport

Reduced Parallel — Agile Insights
Order Models + Computing - (decision-making)

13
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Enabling Green Hydrogen — System Performance

expected H, production & water consumption

suitable control strategy (conditions, use of physical assets)
energy storage (dimensioning, expected duty regime)
planning of operations (collect — replace - maintain)

O O O O

> sSOC KW

= w xES

igen Vref W
wgen Vref ES|—
Supervisory Unit
PS
e r.:
| il — 2 o ut
— . g | i
in o . f— 7;'27 Sensor (Elect)
Sensor (Gen)
DC-DC
Converter (WIND) . 2

=

gnd [—5

Electrolyzer

]
|
T

2

1 —>|\Vret
1+
1-

Ce,

DC-DC
Converter (ES)
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Enabling Green Hydrogen — System Performance

"i Wind_DC_Battery_Complete/DC Generator - Simulink = X

SIMULATION MODELING FORMAT
~ ‘W DC Generator =
® Wind_DC_Battery_Complete > @DC Generator P W
&

E3

=2

5|

(=]

. Sensor
[ £ 2.2 > s 0w O
w % P \R | J 1 + =
c {>f—‘ —S t Oo—— <32
Factor wind_to_rpm e — ] —— p
1.25: strong Ideal Angular Gear Box o g
> 0.75: weak Velocity Source
A)--O e
T i
u
% ® ® <4 >
m
NNAN\NN =
f(x)=0
Solver

_ Configuration

[

[-H

»

137% daessc

Ready



Enabling Green Hydrogen — System Performance

MATLAB B>

MODELING FORMAT SIMSCAPE BLOCK
~ ‘4w Dynamic -
® @Wind_DC_Battery_Complete 4 @Battery > [P Dynamic v
Block Parameters: Battery1 X
series internal resistance and a constant voltage source. If you select Finite for the Battery charge capacity parameter, the block ~
models the battery as a series internal resistance plus a charge-dependent voltage source defined by:
V = Vnom*SOC/(1-beta*(1-SOC))
where SOC is the state of charge and Vnom is the nominal voltage. Coefficient beta is calculated to satisfy a user-defined data < 1 >
point [AH1,V1].
Settings p
Main Dynamics Fade  Calendar Aging  Variables
Nominal voltage, Vnom: }Battery.Wind.Un \ |V V\ Compile-time ~
Current directionality: Disabled X
Internal resistance: kBattery.Wind.Rs \ |Ohm V\ Compile-time ~
Battery charge capacity: Finite %)
Ampere-hour rating: fBattery.Wind.Qn \ |A*hr V\ Compile-time ~
Voltage V1 when charge is AH1: }Battery.Wind.Ul \ |V V\ Compile-time ~
52;;32 ,?;H\}l\:/vhen ne-iead Battery.Wind.Q1 | [A*hr ~| compile-time ~ < 2 >
Self-discharge: Disabled 3 . m
< >
Cancel Help Apply
L —
» o
Ready 289% daessc
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Enabling Green Hydrogen — System Performance

P, Wind_DC_Battery_Complete/Electrolyzer - Simulink —= X

SIMULATION MODELING FORMAT SIMSCAPE BLOCK

4w Electrolyzer
Wind_DC_Battery_Complete 4 @Electrolyzer 4 v

® ©

Water Pump

e A
.

md_h2o = f (Level)

OB N E®

Water Properties

i utF—
L ——gnd f ™ X

v @ E

Sensor
i_heat = f (theta)
Semiperfect
L T I
i_heat Hydrogen Properties
gnd theta >
3 purge 7
purg Simscape Storage Temperature

+

pH

Electrolyzer_Unit

I} Water

H2

Electrolyzer

{

&

H2 Storage Tank

Ready

93%

daessc
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MATLAB B

Enabling Green Hydrogen — System Performance

P4, Wind_DC_Battery_Complete/Supervisory Unit - Simulink —= X
SIMULATION MODELING FORMAT
fe] W Supervisory Unit 2=
® @Wind_DC_Battery_Complete 4 ESupervisory Unit P v
&
o T W > 5
— < 2 > >lu | LI el xW
= - - xES {>®
& N Switch Logic XES
]
X 3 .2 D>ligen
igen — o, Vref @
{4 >——Dfvgen Vref W
vgen . -
Electrolysis Setpoint
1.3 >SOoC U L1 Vref
i soC s Vref ES
[iﬂ Battery Setpoint
daessc

Ready 209%



Enabling Green Hydrogen — System Performance

Medium

fidelity

ZI'Scope
File Tools View Simulation Help »
O BOP® =-a-E-FA-
L3
Ci t [A Hyd M
- urrent [A] : 50 ydrogen Mass [kg]
Wind
Electrolyzer 4=
1500 40 P
35 _——
1000 i 30 P
L7
i ) il
|
500 0 20
! m, l LIJ nJ Ul g i //
0 — 10 /
5
-500 0
Voltage
ge [V] - Energy [kWh]
250 = Afrs i f in fnn
e
N WS -
200 “ .r ﬁ
150 ¥ i t i 1000 — _/
- : / Dﬁ
500
50 / Wind
Elect
" ¥ rolyzer
0
0 1 2 3 4 5 6 7 8 0 3 4 5 6 7 8
%10 x10%
Ready Sample based 1T=86400A000

MATLAB EXIPO
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MATLAB EXIPO

Enabling Green Hydrogen — System Performance Medium

fidelity

Voltage-based Control Energy-based Control

& scope - g X 4 Scope - o X
File Tools View Simulstion Help - File Tools View Simulation Help -
9-90P® -Q-E-F2- Q- SOPE -Q--FA-
2000, . Qi . . - : —Hydeogen less po) - L T T - —Hydropen Mese g) =
=== : | - 46kg
" 1 | - 38kg £
35| - 35|
1000 . 30| 1000 30|
25| 1 2}
500! 20 20
18| 15
o 10 10
5|
I L L
Energy [kWh] ot > Energy [kWh]
- 250]
1 o
. 200
1500+
SERT 150
1000
- 100
] i s00f-
- 0 0
ot ot

Ready Sampie based 186400 000 Ready
& Battery (=] x
File Tools View Simulation Help - File Tools View Simulation Help =
- S0P ® Q- H-Fld- @-AOP® - Q- FlE-

m

State-ol-Charge [%] m State-of-Charge [%]
T T T T T I T T T | | |




MATLAB E

Recap of Green Hydrogen Production

Solar Array (ROM) Electricity Cost

D . +
Irradiance D N 2

= Assert feasibility -
— Techno-economic analyses

A=

Multi-domain simulation

— Proven concept ( h

P @ *# =g - @

Electrical Driveline Multibody Fluids

$2 §2 §2 §2

Simscape
1) @&E S
i Applied Research/ . .

Academla Startup Incubation IndUStry \MATLAB & SImUIInk/,

Technology Readiness Gap

Fundamental Basic Applied Product Production
Science Research Research Development
3 |+ [ 5] 6 ] 7 [ | 9




Stage 2. Hydrogen Distribution
(from tank to consumers)

MATLAB EXF

22



MATLAB EXP

Enabling Green Hydrogen — Challenges H2 Handling and Usage

(Stage 2)

o Optimal components sizing
(cooling, storage, compressors)

o Reliable 24/7 software operation

o Meet critical safety requirements

23



MATLAB BEX
Modeling Gas Systems with Simscape

= Case study: Hydrogen Refueling Station

High
Compressor Pressure Chiller

Dispenser Vehicle

Storage

950 bar -40°C Test case:

30 bar -> 700 bar
m_H2 =6 kg

At <300 s
H2 low

pressure
supply
30 bar



"ﬁ HydrogenGasTank - Simulink - =
I SIMULATION DEBUG MODELING FORMAT APPS =S 0 (2]

[_‘-'-_‘] ECF! ) Open ~ 1] @ oF ‘ Stop Time qg (:J HD ~ ﬁ E‘H‘

1[5

> (
Project | New E SRR Library Model Property i [Normal = I Step Run Step ; Data Sequence Logic b
- v &9 Print ~ Browser Settings Inspector 0@ Fast Restart Back v = Forward Inspector Viewer Analyzer
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS >
< Ideal Compressor *  HydrogenGasTank X = Compressor Ideal Heat Exchanger >  Ideal Chiller riie
© |[’alHydrogenGasTank P v
— A
O
€3
- Hydrogen Gas Refuelling Station
o copyright MathWorks 2022
()
m
Hydrogen Low Pressure Supply
L s ’ N
foriie s Compressor Heat Exchanger
A ldeal Compressor
Supply @t —4- —1- A sk
Prossure [bad 30 . A
-' ué_m’s “tess [bar) u-'h.] ’[%""-“"“ H2_HPS_Tamp
fx) = 0 - H2_HPS_press Serworlynamic2 i

(@
-SRIF Software

= 3
» le >

Ready 80% daessc



i

,,h ) se L‘ 22 v F‘.JI File Tools View Simulation Help

SIMULATION DEBUG MODELING FORMAT APPS STATE
~- ‘4 1deal Compressor SupervisoryLogic_RefuellingStation X Compressor Ideal Heat Exchanger Ideal Chiller =
® ;mhycirogenGagTank » t.;BSuperw-;oryi.oc_]|c_Refm:I!ingStntion v
O}
[
” ?
0]
DispenserOff ] HP On TankStarts
\\ en: =4 en: en:
outDispenser = 0; B SRas .. joutChiller=1; ; outDispenser=1
D outChiller=0: [UserActive && HP Press >850] [after(2,sec)]
L
: [Vehicle Press>700]
[#]
G 2
ChargingComplete
oo outDispenser=0;
®
®
®
L]
L
» |4
Running 113% T=3602.206 daessc

4 Scope

© ~

Running

:" 1\") "_

n
N

:5..

Q-E-F4-

Sample based T=3600.127




P4 HydrogenGasTank * - Simulink — L X |
SIMULATION DEBUG MODELING FORMAT APPS 'lgi el B2 2 Be SN}l File Tools View Simulation Help ~
— = ©- BOP® | =-a-|C-|FS-
R ||[Bearch A =] .
- — H2 HPS p [bar]
Get

Add-Ons =
ENVIRONMENT @ Control System Designer +
o esign single-input, single-output (SI15Q) controllers
D g _| | :|| jul (5150 |
]
= @ag Control System Tuner +

L Tune fixed-structure control systems
ﬁ LY - S W 1 J_l- |
(e - Requirements Manager &
] g Manage requirements and links for this model

=" Requirements Editor " e

) Create a requirement set and organize related requirements >

. Model Advisor

B Chice ool iyl miods *

Check model for compliance with modeling gquidelines and standards
mics2

Simulink Test

Autamate model testing and arganize large sets of tests (sltestmar)

&l
%
Y

[\e

Coverage Analyzer

m
]
(]
=
m
3
]
(]
i
]
]
o
'n)
Q
1
"
3

ode coverage to indicate untestad elements of your design

&

Generate C and C++ code optimized for embedded systems

et PLC Coder - ) ) +
PLE| Generate I[EC 61131-3 Structured Text and ladder diagrams for PLCs and PACs
m Report Generator "

|_I Design and generate reports from your MATLAB code and Simulink model (report)

=l _ _ v

D L _ . =
"- n Gene tor _."' 1T iNd geneérate reports fmom y IT I.!"'\.r _.'.";_-! L 1€ d 1 SIr N MC ! report * :

Ready (J0alTy code generation and verification ool Tor 150 20262 and IEC B1508 certimcaton x daessc Ready Sample based |T=4000.000




Algorithm Model and Deployment on Real-time Controller

All relevant PLCs supported

38 - Smart Software
Solutions

B&R Industrial

Automation

Bachmann Electronic

Beckhoff Automation

Bosch Rexroth

Mitsubishi Electric

Omron

Phoenix Contact

Rockwell Automation

Siemens

CODESYS

Automation Studio

SolutionCenter

TwinCAT

IndraWorks

CW Workbench

Sysmac Studio

PC WORX

RSLogix / Studio 5000

TIA Portal / STEP 7

Reduced coding time & errors

RLLL L8&Ks

Automatic code generation from models

Hardware independent source code

X & L8488k s

Know-how captured in single source (model)

LRLLL8L8LLKL L

Software

MATLAB E

Vehicle_Press

SupervisoryLogic_RefuellingStation

PLCs, ECU, custom hardware

28



MATLAB |

Scalable to Certification Workflows Ensuring Highest Quality & Safety

= |EC 61508 - Safety-related systems

ISO 26262 - Automotive / Motorcycle

B

ISO 25119

0/
I
Q)
|

Agriculture and Forestry

- EN 50128 - Rall

= |EC 62304 - Medical
IEC 61511 - Process Control

- DO-178 & DO-254

»- l-?ﬁc_? D

MATLAB and Simulink
For Verification, Validation and Test

IEC Certification Kit

Model-Based Design for ISO 26262 Report to.the.Gertificate

Z10 067052 0018 Rev. 01

b
CERTIFICATE : Poly IEC Certlﬁ::anon .Klt
No. 210 067052 0018 Rev. 01 Polyspace® Bug Finder™ and Polyspace
Bug Finder™ Server™ Conformance
Demonstration Template

azvise
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https://ch.mathworks.com/solutions/verification-validation.html
https://ch.mathworks.com/solutions/verification-validation.html

Enabling Green Hydrogen — Challenges H2 Handling and Usage

(Stage 2)

o Optimal components sizing
(cooling, storage, compressors)
» Leverage multi-domain simulation
platform
o Reliable 24/7 software operation
» Develop supervisory logic
with state-of-the-art V&V capabilities
o Meet critical safety requirements
» Model-Based Design streamline
certification of your embedded
systems

MATLAB BEXlPO
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Stage 3. Hydrogen Consumption
(e-mobility, electrification)

MATLAB BEXP

31



Enabling Green Hydrogen — Challenges H2 Handling and Usage

(Stage 2) (Stage 3)
Consumption
(E-mobility)
o Optimal components sizing o Component-level vs system-level simulation
(cooling, storage, compressors)
> Leverage multi-domain simulation o Optimal system architecture
platform (e.g., fuel cell multi-stack, battery)

o Reliable 24/7 software operation

» Develop supervisory logic o EXxpensive physical prototype testing

with state-of-the-art V&V capabilities
o Meet critical safety requirements
» Model-Based Design streamline
certification of your embedded
systems

MATLAB EX

32
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Fuel Cell System in Vehicle

p
Fuel Cell System g lance of Plant (BoP)

1 )
1( \ )
I'| Air Handling Hydrogen I
| Handling I
I System -

Fuel Cell 1 \ ) System | I

Stack : [ cooling/ | [ Power | : 5C/DE

I Thermal Distribution |=g=f=—>b c .
| (Management J {___unit ]I Onverter

\__________________'

. J




MATLAB BEXP

Multiple Domains Used to Simulate Fuel Cell Systems....

Custom Fuel Cell Domain Membrane
:‘VIUIIillsngIHeS Ig_jlagnetwork Exchange species and
Or N2,Us, My Hp generate elec. power & heat, N,
diffusion
M Electrical Koad
Hydrogen T - Cygen
Source Anode Ancde Gas Membiane Elgctrods Cathode Gas Cathode Source
Recirculation Humidifier Channels j:semblyr Channels Humidifier
OHZ 47 B A B B A o | +t: A B B ‘A 02@
o
7 c Min 1 X el Mi | \
- Controllers
& a L X Tin 3 i o— si o
- I I F /
Gas Mixtur F | | “
Properties Anode Exhaust Pluia xicrel Cathode Exhaust
% _ #
Controllers
—> . O
MEA

Cooling System Thermal Mass

—df) =0

Try it out in :
R2022° Liquid cooling system

>> sscfluids fuel cell 24



... and Electrolyzers!

Water

Suppl
PPy Recirculaticn

- [H20

Controllers

Try it out in R20220 ;

>> ssc_electrolyzer

Heat
Exchanger

)

A

v+

Electrical Supply

Anode Fluid Membrane Electrode Cathode Gas
Channels

A

Assembly

Channels

A C

H H2

@) - FC
T

C

H2 but

Hydrogen
Output

Dehumidifier

A B

7

H2

f(x)=0

-

MEA
Thermal Mass

mdot
v
P
T

Measurements

i

MATLAB BEXlPO
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z Figure 1: sscfluids_fuel_cell 5
File Edit View |Inset Tools Desktop Window Help
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MATLAB B

Fuel Cell System in Vehicle

( N
FuEl CEll SsiE Balance of Plant (BoP)
r(— N
I'| Air Handling l_l—ll);c:qrc(ljl?nen |
: System S g :
Fuel Cell 1 U ystem | I
Stack (" coolina/ ) [ P 11
ooling ower i i
I e I
H fherma e o Ccu))nc\gr(t:er Fuel cell system operation in an FCV
| (Management ) |___ Unit I - Determine instantaneous power demand

= Convert power demand to current demand

= Translate current command to H2 / Air flow

. \ commands
Driver e Cel Electric - Distribute current demand between battery
System
Motor and fuel cell
Environment Fuel Cell Vehicle
Stack Body
Powertrain Balance Battery
Controller of Plant
. J




MATLAB E

Choose the Appropriate Fidelity Level for Fuel Cell System Modeling

A C::oda Gas Cathode  gource
Model what you need ... E L —©
when you need it i
y l Wcamaust
@ %:ELH Me&m Pe#@nce
LOO kU p'ta.b I e Cooling System |  Thermal Mass N2
statistical model
no dynamics

Detailed first principles

Voltage vs. model with gas dynamics

current curve

Computational Time

model without

gas dynamics

Model Complexity and Detalls
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| MATLAB EXPO

’i Dual_FC_Battery_Mobile - Simulink —

SIMULATION MODELING FORMAT

Dual_FC_Battery_Mobile

~ =
® |[*al Dual_FC_Battery_Mobile » w
- —&
E - . £ Fuel Cell_On ':I | > .
R
— B =
= i =i —
COOLING Bl = s - ’. -
@ Subsystemd ' Supervisory Logic i
IIB A[l
] s
Bat_HT_unit u  Pcool
S. " |
@ . 2 o Vet 4 P
ensor (Bat, pr—— 55 A = R
v L e B
fx)=0 ' 1 - ":.‘2
Three Drives
Saolver DC-DC Converter (Battery) "
Configuration S
+ de_p
< I Q il
dibyogim ey —— Sensor (L)
FC_HT_unit
de_m
o
DutyCycle /5, ]
logic ut "—-._ v Multi-Drive
o " I —_—::_] :
& Sensor (FC) DC-DC Converter (Fuel Cell) l
utlet Air | o o ——
7 < @ =
‘L Chiller
: z &
@ :
2 yl
-H - ¥
l Inlet Air %
»
Ready 69%

auto(daessc)



| MATLAB EXF

’i Dual_FC_Battery_Mobile/Multi-Drive/Three Drives * - Simulink == X
SIMULATION MODELING FORMAT
« 4  Three Drives &=
® @Dual_FC_Battery_Mobile » MuIti-Drive > Three Drives v
(CY
- D,
dc_p
& C
@ Speed (rad/s)
]
<>
dc_m
J—
Speed_Nom
@
»

Ready View 6 warnings 88% auto(daessc)



| MATLAB EX

’ﬁ Stateflow (chart) Dual_FC_Battery_Mobile/Supervisory Logic/Chart * - Simulink — X

SIMULATION MODELING FORMAT

<« 4 Chart
® E‘Dual_FC_Battery_Mobile > Supervisory Logic P %Chart b

e R o % R

.’bropulsion
(Dual_Mode \

entry:
Fuel_Cell On = 1;

ttery_Only [Qbat < Qlow] Ramp = 1;
entry: during:
Etézl_CJ(l’l_?n =0; counter = counter+1;

=Udc_lo; e SR if TFC<30
[Qbat > Qreq && counter > Nc] Udc = Ude_hi;

else

Udc = Udc_hi*0.9;
end
exit:
Ramp =-1;

\counter = (J; /

[Load<0] j

O 8 @

(o)

[ (counter > Nc*6 && Load>10) || (Qbat<Qlow)]

Dual_Mode_StandBy \
entry:

during:

counter = counter+1;
exit:

counter = 0;

S

i S T .
!
i C_Medium_Cooling
: [That=35] : entry:
E - © =0.5: hel = 100K md2 = 0.5 he2=75;
1 [c1>Nc && That < 32.5] Ié : [c2>Nc && TFC < 72.5] | during:
: 2 11c1=c1+1; ' ] | €2 = €241}
E exit: i exit:
i cl=0; 2=0;
H
i
!
[c1>Nc && Thbat<42.5] (Tbat>45] [c2>Nc && TFC<87.5] [TFC>90]

Battery_High_Cooling
entry:

md1 =0.5; het = 250;
during:

cl=cl+1;

exit:

c1=0;

PEeOERGHSE. - OO

md2 = 2; he2 = 150,

during:
c2=c2+1;

-
-H ; J p

Ready View 6 warnings 63% auto(daessc)



MATLAB EX

System Level Electrified Propulsion Unit

= Explore design space

—Battery (Config1)
-~ -Fuel Cell (Config1)
— Example: ——Total (Config1)
Battery (Config2)
200 1 |- - “Fuel cell (Config2)
— Total (Config2)

K Confi§2

i 3 Battery Modules
COangl 2 Fuel Cell Stacks
150 -
=
=
=
VS =
>
© 100 -
(11}

'\.ﬂx/“’“‘“\\/%f“’_’j“:\/“ N \/ \ C_:@_flgl
Config2

50

0 0.5 1 1.5 2 2.5 3 3.5
Time [sec] x10*
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Hardware-in-the-Loop

Development Computer

sp

real-time simulation and testing

Emulated Sensor
Signals, Digital
Protocols (CAN)

Controller
Commands

MATLAB EXF

= Control
[ asa Fusl_Cellon €C_Loge]
[
s B
o -
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MATLAB BEXP

Enabling Green Hydrogen — Challenges H2 Handling and Usage

(Stage 2) (Stage 3)
Consumption
(E-mobility)
o Optimal components sizing o Component-level vs system-level simulation
(cooling, storage, compressors) » Flexible modelling and simulation
» Leverage multi-domain simulation platform
platform o Optimal system architecture
o Reliable 24/7 software operation (e.qg., fuel cell multi-stack, battery)
» Develop supervisory logic » Perform trade-off analysis and
with state-of-the-art V&V capabilities monte carlo simulations
o Meet critical safety requirements o Expensive physical prototype testing
» Model-Based Design streamline » Reduce physical prototypes, reuse
certification of your embedded models for Hardware-in-the-Loop tests

systems
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User Testimonial — Nuvera Cells

Hydrogen Is the New Diesel:
Electrifying Heavy-Duty Vehicles
with Nuvera Fuel Cells

Video
“Using and
enables Nuvera’s engineers to iterate
on their design and allows

for experimentation without putting
a real engine “

MATLAB
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https://www.mathworks.com/videos/hydrogen-is-the-new-diesel-electrifying-heavy-duty-1622094938388.html
https://www.mathworks.com/videos/hydrogen-is-the-new-diesel-electrifying-heavy-duty-1622094938388.html
https://www.mathworks.com/videos/hydrogen-is-the-new-diesel-electrifying-heavy-duty-1622094938388.html
https://www.mathworks.com/videos/hydrogen-is-the-new-diesel-electrifying-heavy-duty-1622094938388.html

MATLAB E
Enabling Green Hydrogen - Conclusions

- ~N T
& | K on - . Assert feasibility
R etk B ‘ - — techno-economic analyses
ImSC(Jpe | with | Models ) Test and ]
ME@LEEom U T\ — concept evaluation
2 X N\
(MATLAB & Simulink | “{esmiendy

= Secure sustainable and robust operation
— design automation
— optimization

Applied Research/
Startup Incubation

Academia Industry

Technology Readiness Gap

Fundamental Basic Applied Product
Science Research

Research Development> Production >

EERfTENEAEaEs
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MATLA

Call to Action

= Developing Hydrogen Production and Fuel Cell Applications with MATLAB
and Simulink
— In-depth videos & resources
— Customer references

= Additional resources
— MATLAB and Simulink for the Utilities and Enerqgy Industry
— MATLAB and Simulink for Electric Vehicle Development
— MATLAB and Simulink for Developing Power Generation and Transmission Equipment
— MATLAB and Simulink for Verification, Validation and Test

=  Shipping examples
— PEM Fuel Cell System (2022a)
— PEM Electrolysis System (2022a)
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http://content.mathworks.com/viewer/623b22e2e4d6192b38034fdd
https://ch.mathworks.com/solutions/utilities-energy.html
https://ch.mathworks.com/solutions/automotive/electric-vehicle.html
https://ch.mathworks.com/solutions/industrial-automation-machinery/power-generation-transmission-equipment.html
https://ch.mathworks.com/solutions/verification-validation.html
https://ch.mathworks.com/help/physmod/hydro/ug/fuel-cell.html
https://ch.mathworks.com/help/physmod/simscape/ug/pem-electrolysis-system.html
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