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Sample Station Capacity

Beta Testing

e A set of example station configurations used during beta
testing

 Sample station configurations based on current and planned
stations and comments

* Not all variations (e.g., deliveries, fueling positions) have
been included
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Sample Station Capacity Calculations — Beta Testing

Description Station Total H2 Storage/ H2 Dispensed to H2 Delivered H2 Produced Time between
P Storage [kg] Dispensed [kg]  Dispensed SOC Limit [kg] [ke] [kg] fills [s]
Scenario | 0% medium, and high pressure current station 5, 137.76 2.5 103.02 0 0 180
configuration with gas delivery
Low and high pressure, with low eligible for
Scenario 2 cascade, same bank compress/fill, and gas 908 476.01 1.9 476.01 0 0 180
delivery
Scenario 3 Scenario 2 with 2 fueling positions 908 697.61 1.3 440.36 171 0 180
Scenario 4~ -OW» medium, and high pressure with gas 688 371.68 1.9 295.91 0 0 180
delivery
Scenario 5 Medium and high pressure with gas delivery 688 372.46 1.8 296.09 0 0 180
Scenario 6 Liquid storage 1477 476.01 3.1 476.01 0 0 180
Scenario 7 On-site production 174 196.18 0.9 86.58 0 144.75 180
Scenario 8 Pipeline with 2 fueling positions 288 822.07 0.4 690.77 0 793.24 180
Scenario9 O™ medium, and high pressure current small 202 131.11 15 55.14 0 0 180
station configuration with gas delivery
Scenario 10 Scenario 9 with low eligible for cascade 202 131.11 1.5 55.14 0 0 180
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Scenario 1: Current Station Configuration >300kg

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa]

Minimum Pressure [MPa]

HP Bank Yes 1 4.16 82
MP Bank No 1 2.03 53
LP Bank No 1 2.88 53

70

20

3

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] Minimum pressure [MPa] Maximum flowrate [kg/h] Efficiency [kWh/kg]
HP Compressor 1 90 20 216 4
MP Compressor 1 40 0.5 25 2

Table 3 Delivery truck parameters

Delivered H2 [kg] =~ Number of deliveries [-] ~ Number of banks [-] Pressure [MPa]

Flow rate [kg/s]

Dwell time [s]

Fuel type

Delivery truck 108 1 6 45

1

2700

Gaseous
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Scenario 1: Input file

Component Value Units Description

|Delivery 1 logical [0,1] Gas delivery to station

|Delivery 0 logical [0,1] Liquid delivery to station

Production 0 logical [0,1] On-site production at station

Storage 1 logical [0,1] High pressure storage at station

Storage 1 logical [0,1] Medium pressure storage at station

Storage 1 logical [0,1] Low pressure storage at station

Production % Storage level trigger for production

Production kWh/kg Production unit efficiency

Production kg/h flow/production rate

Production MPa output max pressure

Storage 4.16 m3 Volume high pressure (HP) bank $HITRF: 0.342925

;stcch 2.03 m3 Volume medium pressure (MP) bank $HITRF: 1.3224;

|Sterage 2.88 m3 Volume low pressure (LP) bank $Default: 2.6108;

|Sterage m3 Volume of liquid (LQ) bank (22.7125 = 6000 gallens)

|Storage 1 ¥ Number of high prssure banks

|Storage 1 # Number of medium pressure banks

|Storage 1 # Number of low pressure banks

|Storage # Number of liquid banks
Minimum HP bank pressure (Must use whole numbers or

Storage 70 Mpa adjust pressure lookup function, Must adjust dispensing
algorithm if min Php is less than or egqual to 0)
Minimum MP bank pressure (Must use whole numbers or

|Storage 20 MPa adjust pressure lookup function, Must adjust dispensing
algorithm if min Pmp is less than or equal to 0)

|Storage 3 MPa Minimum LP bank pressure

|Storage 82 MPa Maximum BP bank pressure

Storage 53 MPa Maximum MP bank pressure

Sterage Magimum LP bank pressure

| Vaporizer output pressure (must be greater than MP

ISEorage compressor minimum) (www.linde-

| engineering.com.hk/internet.le.le.hkg/zt/images/F_3 4 e
10_150dpi227 5776.pdf2v=.)

[storage 1 logical (0;1] Hign_pressure bank Eligible for fill, l=eligible, 0O=not
eligible

‘stomge 0 logical [0,1] Medium p¥e§5ure bank Eligible for fill, l=eligible,
O=not eligible

i _ Low pressure bank Eligible for fill, 1=eligible, O=not

|Storage 0 logical [0,1] eligible

Compressor

Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor

Y

aAllow compressor to fill bank which are used for

Rog catili) dispensing?, l=yes, 0=no.

B Number of high pressure compresscrs

# Number of medium pressure compressors

MPa Minimum High pressure compresscr (HPc) pressure
MPa Minimum Medium pressure compresscr (MPc) pressure
Mpa Maximum HPC pressure

Mpa Maximum MPC pressure

HPc maximum flowrate

MPc maximum flowrate

Liguid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Dispenser Average dispense flow rate (0.0167kg/s = 1 kg/min)
Dispenser 20 degC Ambient temperature
: Maximum number fueling positions capable of simultaneous
Dispenser 1 3 £i11
pelivery kg Mass per delivery
pelivery #/day Number of deliveries per day
pelivery i Number of banks delivering hydrogen
pelivery 15 MPa Pressure of delivery truck
pelivery 1 kg/s Delivery flow rate
pelivery 2700 £ Delivery truck dwell time
pelive 1 selector [1,2] Fuel delivery type, l=gaseous, 2=liquid
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Scenario 1: Capacity Estimate

SampleStation HySCapEAnaheim

I I I I | ] | | I I |
[ Demand
B Actual Veh 1 340kg Station Starting Mass
0Okg Mass Delivered
Okg Mass Produced
-138kg Station Mass Change
138kg Mass Dispensed
103kg Mass Dispensed at SOC limit

8

-
o

Amount per Hour [kg/hour]

10

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 : 15 16 17 18 19 I 22 23 2 24
Time of Day [binned by hour] NREL | 6



Scenario 1: Station Pressures

Pressures
SampleStation HySCapEAnaheim
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Scenario 2: Low and High Pressure with Low Eligible

for Cascade

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa]

Minimum Pressure [MPa]

HP Bank Yes 4 0.42 90 45
MP Bank - - - - -
LP Bank Yes 9 3 50 0
Table 2 Compressor parameters
Number of compressors [-] Maximum pressure [MPa] Minimum pressure [MPa] Maximum flowrate [kg/h] Efficiency [kWh/kg]
HP Compressor 1 90 5 75 4
MP Compressor - -

Table 3 Delivery truck parameters

Delivered H2 [kg] ~ Number of deliveries [-] =~ Number of banks [-] Pressure [MPa] Flow rate [kg/s]

Dwell time [s]

Fuel type

Delivery truck 300 1 6 35 1

3600

Gaseous
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Scenario 2: Input file

[ Component Value Units | Description 1
Delivery 1 logical [0,1] Gas delivery to station v
|Delivery Q logical [0,1] Lir.mid delivery to station ~ §
|Production 0 logical [0,1] On-site production at station Compressor logical [0,1] :1°"n:°::e!::xe:° ;::i Dankiublon are uasdsox
‘Sco!age 1 logical [0,1] Hig_h pressure storage at station e wat)e ofq;l;.qh Lol Z
:Stoxaqe 0 logical [0,1] Medium pressure storage at station CoBpreshoT T ned.lu; pressure _c;npzeasoxa
Saotane = siinat el feliuelinG Lown ol oty Compressor Minimum High pressure compressor (HEC) pressure
scornqe_leVQl.tx"'mr fors produciton ACoupresuoz Minimum Medium pressure compressor (MPc) pressure
Of utitt Lt Compressor Maximum HPC pressurs
flow/production rate Compressor Maximum MPc pressure
ORYPRE IMAX PEEASURE Compressor HPC maximum flowrate
Volume high pressure (HP) bank RHITRF: 0.342925 Compressor MPc maximum flowrate
Volume medium pressure (MP) bank $HITRF: 1.3224; Chprekans FAauiA panp mexiimn cLourate
Volume low pressure (LP) bank %Default: 2,6108; Compressor Vaporizer maximum flowrate
Volume of liquid (LQ) bank (22.7125 = €000 Compressor HPc efficinecy (includes BOP)
gallons) Compressor MPc efficiency (includes BOP)

Number of high prssure banks

Number of medium pressure banks

Number of low pressure banks

|Storage Number of liguid banks

Minimum HP bank pressure (Must use whole numbers or

Dispenser .0 Average dispense flow rate (0.0167kg/s = 1 kg/min)
lszarage aé]usc pressuze %ooku? tugccxon,_uus: adjust Dispenser 20 degC Ambient temperature
dispensing algorithm if min Fhp is less than or Maximum number fueling positions capable of
equal to 0) Pl . * simultaneous fill
Minimum MP bank pressure (Must use whole numbers or Delivery 300 o Mass per delivery
ISt arage upa adjust pressure lookup function, Must adjust ‘Delivery 1 $/day Number of deliveries per day
dispensing algorithm if min Pmp is less than or lDelxvezy 3 F Number of banks delivering hydrogen
| equal to 0) |Delivery 35 MPa Pressure of delivery truck
|Storage MPa Minimum LP bank pressure Delivery 1 xg/s Delivery flow rate
;Stoxage MPa Haxfnum HP bank pressure Delivery s Delivery truck dwell time
{Sto!age MPa Maximum MP bank pressure Deli: Fuel delivery type, lw=gaseous, 2=liquid
|Storage MPa Maximum LP bank pressure

Vaporizer cutput pressure (must be greater than MP
compressor minimum) (www.linde-
enginesring.com.hk/internec.le.le.hkg/zt/images/P_3_
4 e 10 150dpi227 S5776.pdf?v=.)

High pressure bank Eligible for fill, l=eligible,
O=not eligible

Medium pressure bank Eligible for £ill, 1w=eligible,
O=not eligible

Low pressure bank Eligible for fill, 1l=eligible,
O=not eligible

|Storage

:5toxaqe

:Stoxaqe

logical [0,1]
logical [0,1]

|Storage logical [0,1]
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Scenario 2: Capacity Estimate

SampleStation HySCapEBeta noMP DC LPcascade
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Scenario 2: Station Pressures

Pressures
SampleStation HySCapEBeta noMP DC LPcascade
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Scenario 2: Station Mass
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Scenario 3: Scenario 2 with 2 Fueling Positions

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa] Minimum Pressure [MPa]

HP Bank Yes 4 0.42 90 45
MP Bank - - - - -
LP Bank Yes 9 3 50 0

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] Minimum pressure [MPa] Maximum flowrate [kg/h]  Efficiency [kWh/kg]

HP Compressor 1 90 5 75

MP Compressor - - - -

4

Table 3 Delivery truck parameters

Delivered H2 [kg] ~ Number of deliveries [-] =~ Number of banks [-] Pressure [MPa] Flow rate [kg/s] Dwell time [s] Fuel type

Delivery truck

300 1 6 35 1 3600 Gaseous

NREL |

14



Scenario 3: Input fi

Component Value Units | Description
{Delivery 1 logical [0,1] Gas delivery to station
Delivery 0 logical [0,1] Liquid delivery to station
|Production 0 logical [0,1] On-site production at station
|Storags 1 logical [0,1] High pressure storage at station
{Storage 0 logical [0,1] Medium pressure storage at station
1 logical [0,1) Low pressure storage at station

|Storage
Storage
|Storage

;Sta:age

|Storage
|Storage
|Storage
|Storags

|Storage

Storage level trigger for production
Production unit efficiency
flow/production rate

max pressure

Volume high pressure (HP) bank $HITRF: 0.342925
Volume medium pressure (MP) bank SHITRF: 1.3224;
Volume low pressure (LP) bank $Default: 2.6108;
Volume of liquid (LQ) bank (22.7125 = €000
gallons)

Number of high prssure banks
Number of medium pressure banks
Number of low pressure banks
Number of liguid banks

Minimum HP bank pressure (Must use whole numbers or
adjust pressure lookup function, Must adjust
dispensing algorithm if min Php is less than orx
equal to 0)

Minimum MP bank pressure (Must use whole numbers or
adjust pressure lookup function, Must adjust
dispensing algorithm if min Pmp is less than or
equal to 0)

:S\:ornqe MPa Minimum LP bank pressure
|Storags MPa Maximum HP bank pressure
fStozage MPa Maximum MP bank pressure

{Storage

|Storage

|Storage
|Storage

|Storage

Maximum LP bank pressure

Vaporizer output pressure (must be greater than MP
compressor minimum) (www.linde-
engineering.com.hk/internec.le.le.hkg/zt/images/P 3
4 e 10 150dpi227 5776.pdf?2v=.)

logical [0,1)

logical [0,1]

logical [0,1]

High pressure bank Eligible for £ill, 1w=eligible,
O=not eligible

Medium pressure bank Eligible for fill, l=eligible,
O=not eligible

Low pressure bank Eligible for fill, l=eligible,
O=not eligible

Y

Compressor

Compressor
Compressor
7Comzessoz
Compressor
compressoxr
Compressor
Compressor
Compressor
Compressor
] Compressor
Compressor
Compressor

Dispenser

logical [0,1]

Allow compressor to fill bank which are used for
dispensing?, l=yes, O=no.

of high np. s
Number of medium pressure COmMpressors
Minimum High pressure compressor (HPc) pressure
Minimum Medium pr mpressor (MPc) p
Maximum HPc pressure
Maximum MPc pressure
HPC maximum flowrate
MPc maximum flowrate
Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc sfficiency (includes BOP)

Average dispense flow rate (0.0167kg/s = 1 kg/min)

Dispensex 20 degC Ambient temperature

1 _ Maximum number fueling positions capable of
UarrEnact G x simultaneous fill

‘Delivery 300 kg Mass per delivery

Delivery 1 $/day Number of deliveries per day

fDelivezy & £ Number of banks delivering hydrogen
Delivery 35 MPa Pressure of delivery truck

Delivery 1 xg/s Delivery flow rate

Delivery 3600 s Delivery truck dwell time

Delive

Fuel delivery type, l=gaseous, 2=liquid

NREL | 15



Scenario 3: Capacity Estimate

70

SampleStation HySCapEBeta2Dispense noMP DC LPcascade
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Scenario 3: Station Pressures

Pressures
SampleStation HySCapEBetaZDmpense noMP DC LPcascade
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Scenario 3: Station Mass

Mass
SampleStation HySCapEBeta2Dispense noMP DC LPcascade
T T T T T T T T T T T T T

90 m‘”‘“—“«‘—‘-z,,ﬁl -

80 -
70
60 -

50 -

Mass (kg)

30 -

¥ W Fi owEy nihwmmﬂ'“wrwywuy ¥4 o

1 QO GRS T T T ﬁnm o LD GO Y N
01234567891011121314151617181920212223
Simulation Time (hr) NREL | 18




Scenario 4: Low, Medium, and High Pressure with

CENIEINYE R

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3]

Maximum Pressure [MPa] Minimum Pressure [MPa]
HP Bank Yes 12 0.33 90 45
MP Bank Yes 6 1 41 0
LP Bank Yes 8 2.6 24 0
Table 2 Compressor parameters
Number of compressors [-] Maximum pressure [MPa] Minimum pressure [MPa] Maximum flowrate [kg/h]  Efficiency [kWh/kg]
HP Compressor 1 93 20 30 4
MP Compressor 1 42 0.5 20 2

Table 3 Delivery truck parameters
Delivered H2 [kg] = Number of deliveries [-] =~ Number of banks [-]

Pressure [MPa] Flow rate [kg/s] Dwell time [s] Fuel type

Delivery truck 200 1 6 35 1 3600 Gaseous

NREL | 19



Scenario 4: Input file

Component Value Units l Description
Delivery 1 logical [0,1] Gas delivery to station
Delivery 0 logical [0,1] Liguid delivery to station
Production 0 logical [0,1] On-site production at station
Storage 1 logical [0,1) High pressure storage at station
Storage 1 logical [0,1] Medium pressure storage at station
1 logical [0,1)] Low pressure storage at station

%
kWn/kg
kg/n

Storage level trigger for production
Production unit efficiency
flow/production rate

QuTPpUt Max pressure

Volume high pressure (EP) bank 8HITRE: 0.342525

Storage Volume medium pressure (MP) bank $HITRF: 1.3224:

Storage Volume low pressure (LP) bank &Default: 2.6108;
Volume of liquid (LQ) bank (22.7125 = 6000

Storage
gallons)

Storage 2 Number of high prssure banks

Storage 3 Number of medium pressure banks

Storage £ Number of low pressure banks

Storage _t Number of liquid banks
Minimum HP bank pressure (Must use whole numbers or

Storage 45 vpa adjust pressure lookup function, Must adjust
dispensing algorithm if min Php is less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or

4 adjust pressure lookup function, Must adjust

Storage = Hea dispensing algorithm if min Pmp is less than or
equal to 0)

Storage 0 MPa Minimum LP bank pressure

Storage a0 MPa Maximum HP bank pressure

Stoxage 41 MPa Maximum MP bank pressure

Storage 24 MPa Maximum LP bank pressure
Vaporizer output pressure (must be greater than MP

SEaTage b compressor minimum) (www.linde-
engineering.com.hk/internec.le.le.hkg/zt/images/P_3
4 e 10 150dpi227 5776.pdf?v=.)

Storage 1 logical (0,1} High pressure bank Eligible for £ill, l=eligible,
O=not eligible

Storage 1 logical [0,1] Medium pressure bank Eligible for £ill, 1=eligible,
O=not eligible

Sthrace 1 Yogical (0,17 Low pressure bank Eligible for fill, 1w=eligible,

O=not =ligible

Y

Compressor

Compressoxr
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressoxr
Compressor
Compressox

Dispenser
Dispensexr

1 logical [0,1]
1 #
1 £
20 MPa
0.5 MPa
a3 Mpa
42 Mpa
kg/n

0.0

167

2

0

Allow compressor to fill bank which are used for
dispensing?, l=yes, 0=no.

Numb of high p compressors

Number of medium pressure COmpressors

Minimum High pressure compressor (HPc) pressure
Minimum Medium p mp (MPc) p
Maximum HPC pressure

Maximum MPc pressure

HPc maximum flowrate

MPc maximum flowrate

Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Average dispense flow rate (0.0167kg/s = 1 kg/min)
Ambient temperature
Maximum number fueling positions capable of

1 ' simulvaneous f£ill
200 kg Mass per delivery

1 #/day Number of deliveries per day

€ # Number of banks delivering hydrogen
35 |MPa Pressure of delivery truck

1 kg/s Delivery flow rate

Delivery truck dwell time
Fuel delivery type, l=gaseous, 2=liquid

NREL | 20



Amount per Hour [kg/hour]
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Scenario 4: Capacity Estimate

SampleStation HySCapEBetaLargeGas DC LPcascade
T T T T 1 T !
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Actual Veh 3
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Scenario 4: Station Pressures

Pressures
SampleStation HySCapEBetaLargeGas Dc LPcascade
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Scenario 4: Station Mass
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Scenario 5: Medium and High Pressure with Gas Delivery

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa] Minimum Pressure [MPa]

HP Bank Yes 12 0.33 90 45
MP Bank Yes 6 1 41 0
LP Bank No 8 2.6 24 0

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] Minimum pressure [MPa] Maximum flowrate [kg/h] Efficiency [kWh/kg]

HP Compressor - - - - -

MP Compressor - - - - -
Table 3 Delivery truck parameters
Delivered H2 [kg] = Number of deliveries [-] =~ Number of banks [-] Pressure [MPa] Flow rate [kg/s] Dwell time [s] Fuel type
Delivery truck 200 1 6 35 1 3600 Gaseous
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Scenario 5: Input file

Component Value Units [ Description
Delivery 1 logical [0,1) Gas delivery to station
Delivery 0 logical [0,1] Liquid delivery to station
Production 0 logical [0,1] On-site production at scation
Storage 1 logical [0,1] High pressure storage at station
Storage 1 logical [0,1] Medium pressure storage at station
1 logical (0,1 Low pressure storage at station

Storage
Storage
Storage

Storage

Storage
|Storage

Storage

Storage _

0.33

Storage level trigger for production
Production unit efficiency
flow/pzoduction rate

output max pressure

1

2.6

Volume high pressure (HP) bank $HITRF: 0.342925
Volume medium pressure (MP) bank SHITRF: 1.3224;
Volume low pressure (LP) bank $Default: 2.6108;
Volume of liguid (LQ) bank (22.7125 = &000
gallons)

|

EoE e E EEE’EEEQ‘
B
&

Number of high prssure banks
Number of medium pressure banks
Number of low pressure banks
Number of liquid banks

Minimum HP bank pressurs (Must use whole numbers or
adjust pressure lookup function, Must adjust

Storngc s oa dispensing algorithm if min Php 1s less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or

Storage 0 MPa adjust pressure lookup function, Must adjust
dispensing algorithm if min Pmp is less than or
equal to 0)

Storage 0 MPa Minimum LP bank pressure

Storage <0 MPa Maximum HP bank pressure

Storage 41 [MPa Maximum MP bank pressure

Storage 24 MPa Maximum LP bank pressure
Vaporizer output pressure (must be greater than MP
compressor minimum) (www.linde-—

SLoZRaS 2 enzneexan .com.hk/internet.le.le.hkg/zt/images/P_3_
4 & 10 150dpi227 5776.pdf2v=.)

” 3 High pressure bank Eligible for fill, l=eligible,

Storage 1 logical [0,1] o=not eligible

7Stozage 1 logical [0,1] Medium pressure bank Eligible for fill, l=eligible,
O=not eligible

SrOrane 0 logical [0,1] Low pressure bank Eligible for £ill, l=eligible,

O=not eligible

Compressor

Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressox
Compressor

Dispenser
Dispenser

logical [0,1]

Allow compressor to f£ill bank which are used for
dispensing?, l=yes, O=no.

Number of high pressure compressors

Number of medium pressure compressors

Minimum High pressure compressor (HPC) pressure
Minimum Medium pressure mp (MPc) e
Maximum HPc pressure

Maximum MPc pressure

HPc maximum flowrate

MPc maximum flowrate

Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Average dispense flow rate (0.0167kg/s = 1 kg/min)
Ambient temperature
Maximum number fueling positions capable of

[openace 3 i simultanecus £111
200 kg Mass per delivery
3 #/day Number of deliveries per day
€ 3 Number of banks delivering hydrogen
35 MPa Pressure of delivery truck
T kg/s Delivery flow rate
60 Delivery truck dwell time
1 Fuel delivery type, l=gaseous, 2=liguid

NREL |
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Scenario 5: Capacity Estimate

35 SampleStation HySCapEBetalargeGas
— e L S S S E A A R B T T T T T
man
[ Actual,Veh 1 688kg Station Starting Mass
[JActual,veh 2 Okg Mass Delivered
B Actual,Veh 3 Okg Mass Produced
[ Actual,ven 4 -372kg Station Mass Change
30 |0 Actualvehs | | oo — |
I Actual,Veh 6 372kg Mass Dispensed
[ Actual,Veh 7 296kg Mass Dispensed at SOC limit
[ Actual,ven 8
[JActual,veh 8
—@— Actual Hour
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Amount per Hour [kg/hour]
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Scenario 5: Station Pressures

Pressures
SampleStation HySCapEBetaLargeGas
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Scenario 5: Station Mass

Mass
SampleStation HySCapEBetaLargeGas
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Scenario 6: Liquid Storage

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa] Minimum Pressure [MPa] Vaporizer outlet pressure [MPa]

HP Bank Yes 4 0.33 90 45 -
MP Bank - - - ; ) ]
LP Bank - - - - - -
LQ Bank - 1 20 - - 0.92

Table 2 Compressor parameters

Number of compressors ~ Maximum pressure Minimum pressure Maximum flowrate Efficiency Vaporizer maximum flow rate
[-] [MPa] [MPa] [kg/h] [kWh/kg] [kg/h]
HP Compressor 1 93 20 25 4 100
MP Compressor - - - - - -
Table 3 LQ Delivery truck parameters
Delivery rate [kg/s] Pump efficiency [kWh/kg]  Refrigeration efficiency [-]  Boil-off [kg/day] Vaporizer efficiency [kWh/kg]
Delivery truck for LQ 0.4464 0.6644 0.26 0 0
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Scenario 6: Input file

Component Value Units Description
Delivery 0 logical [0,1] Gas delivery to station
Delivery 1 logical [0,1] Liquid delivery to station
Production 0 logical [0,1) On-site production at station
Stoxage 1 logical [0,1] High pressure storage at station
Storags 0 logical [0,1] Medium pressure storage at station
0 logical [0,1] Low pressure storage at station
Storxage level trigger for production
Production unit efficiency
flow/production rate
max p.
Storags Volume high pressure (HP) bank $HITRF: 0.342925
Storage Volume medium pressure (MP) bank %HITRF: 1.3224;
Storage Volume low pressure (LP) bank S$Default: 2.6108;
Volume of liquid (LQ) bank (22.7125 = €000
Storage
gallons)
Storage Number of high prssure banks
Storage Number of medium pressure banks
Storage Number of low pressure banks
Storage Number of liquid banks
Minimum HP bank pressure (Must use whole numbers or
Searane adjust pressure lookup function, Must adjust
dispensing algorithm if min Php is less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or
S earage adjust pressure lookup function, Must adjust
dispensing algorithm if min Pmp 1s less than or
equal to 0)
Storags Minimum LP bank pressure
Storage Maximum HP bank pressure
Storage Maximum MP bank pressure
Storags Maximum LP bank pressure
Vaporizer output pressure (must be greater than HP
Storage 0.92 MPa compressor minimum) (wWww.linde-
engineering.com.hk/internet.le.le.hkg/zt/images/P 3
4 e 10 150dpi227 5776.pdf2v=.)
Storage 1 logical [0,1) High pressure bank Eligible for £ill, 1l=eligible,
O=not eligible
Medium pressure bank Eligible for £ill, lweligible,
Storage logical [0,1)
O=not eligible
S arace logical [0,1) Low pressure bank Eligible for fill, 1l=eligible,
OTno\: eligible

Y

Compressor

Compressor
Compressor
Compressor
Compressor
Compressor
Compressoxr
Compressor
Compressoxr
Compressor
Compressoxr
Compressor
Compressox

logical [0,1]

Allow compressor to f£ill bank which are used for
dispensing?, l=yes, 0=no.

Number of high pressure compressors

Number of medium pressure compressors

Minimum High pressure compressor (HPc) pressuzre
Minimum Medium pressure compressor (MPc) pressure
Maximum HPc pressure

Maximum MPc pressure

HPc maximum flowrate

MPc maximum flowrate

Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Dispenser 0l Average dispense flow rate (0.0167kg/s = 1 kg/min)

Dispenser 20 degC Ambient temperature

Dispenser 1 " Maximum number fueling positions capable of
simultaneous fill

Delivery 0 kg Mass per delivery

Delivery 0 #/day Number of deliveries per day

Delivery 0 i Number of banks delivering hydrogen

Delivery 0 MPa Pressure of delivery truck

Delivery 0 kg/s Delivery flow rate

Delivery 3600 s Delivery truck dwell time

Delive:

Fusl delivery type, l=gaseous, 2=liquid

NREL |
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Scenario 6: Capacity Estimate

30

B I
I Demand
I Actual,Veh 1
[_JActual,Veh 2
I Actual,Veh 3
I Actual, Veh 4
[JActual,Veh 5
B Actual, Veh 6
I Actual Veh 7
[ Actual,Veh 8
[JActual,Veh 9
—&— Actual by Hour

25 —

nN
=

Amount per Hour [kg/hour]
s

10

T T

1477kg Stalion Starting Mass

Dkg Mass Delivered

kg Mass Produced

~476kg Station Mass Change

476kg Mass Dispensed

476kg Mass Dispensed at SOC limit

10 11 12 13 14
Time of Day [binned by hour]
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Scenario 6: Station Pressures

Pressures
SampleStation HySCapEBetaLiquid
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Scenario 6: Station Mass

Mass
SampleStation HySCapEBetaliquid
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Scenario 7: On-site Production

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa] Minimum Pressure [MPa]

HP Bank Yes 4 0.33 90 45
MP Bank Yes 3 1 41 0
LP Bank No 8 2.6 3 0

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] ~ Minimum pressure [MPa] =~ Maximum flowrate [kg/h]  Efficiency [kWh/kg]

HP Compressor 1 93 20 25 4

MP Compressor 1 42 0.5 10 2

Table 3 Production parameters

Trigger for production [%] Efficiency [kWh/kg] Production rate [kg/h] Output maximum pressure [MPa]

Production 90 54 8 3
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Scenario 7: Input file

Component Value Units | Description
Delivery 0 logical [0,1] Gas delivery to station
Delivery 0 logical [0,1] Tiquid delivery to station
Production 1 logical [0,1] On-site production at station
Storage 1 logical [0,1] High pressure storage at station
Storage 1 logical [0,1) Medium pressure storage at station
Storage 1 logical [0,1] Low pressure storage at station
ion Qa0 % Storage level trigger for production
on 54 kWh/kg Production unit efficiency
Production 8 kg/h flow/production rate
Production 3 Q‘ output max pressure
Storags 0.33 m3 Volume high pressure (HP) bank $SHITRF: 0.342925
Storage 1 m3 Volume medium pressure (MP) bank R%HITRF: 1.3224;
Storage 2.8 m3 Volume low pressure (LP) bank $Default: 2.6108;
Volume of liquid (LQ) bank (22.7125 = €000
Storage m3
gallons)
Storage 4 3 Number of high prssure banks
Storags 3 2 Number of medium pressure banks
Storage 8 i Number of low pressure banks
Storage _# Number of liquid banks
Minimum HP bank pressure (Must use whole numbers or
Storage 45 Mpa adjust pressure lookup function, Must adjust
dispensing algorithm if min Php is less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or
storage 0 MPa adjust pressure loockup function, Must adjust
dispensing algorithm if min Pmp is less than or
equal to 0)
Storage 0 MPa Minimum LP bank pressure
Storage 90 MPa Maximum HP bank pressure
Storage 41 MPa Maximum MP bank pressure
Storage 3 MPa Maximum LP bank pressurs
Vaporizer output pressure (must be greater than MP
compressor minimum) (www.linde-—
Stozage Hea enzneexing .com.hk/internet.le.le.hkg/zt/images/P_3_
4 e 10 _150dpi227_5776.pdf2v=.)
Sthrage 1 1logical [0,1] High pressure bank Eligible for fill, l=eligible,
O=not eligible
. Medium pressure bank Eligible for £ill, l=eligible,
Storage 1 logical [0,1] Ownot eligible
~ . Low pressure bank Eligible for fill, l=eligible,
Storage 0 logical [0,1) o=not eligible

Compressor

Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor

logical [0,1)

Allow compressor to fill bank which are used for
dispensing?, l=yes, O=no.

Number of high pressure compressors

Number of medium pressure compressors

Minimum High p re mp (HPc) p e
Minimum Medium pressure compressor (MPc) pressure
Maximum HPc pressure

Maximum MPc pressure

HPc maximum flowrate

MPc maximum flowrate

Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Dispenser Average dispense flow rate (0.0167kg/s = 1 kg/min)

Dispenser 20 degC Ambient temperature

Dispensar 1 $ Maximum number fueling positions capable of
simulcaneous f£ill

Delivezy 0 kg Mass per delivery

Delivery 0 #/day Number of deliveries per day

Delivery [ 2 Number of banks delivering hydrogen

Delivery 0 |MPa Pressure of delivery truck

Delivery 0 kg/s Delivery flow rate

Delivery 3600 s Delivery truck dwell time

Delive: Fuel delivery type, l=gaseous, 2=liquid
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Scenario 7: Capacity Estimate

SampleStation HySCapEBetaProduction
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Scenario 7: Station Pressures

Pressures
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Scenario 7: Station Mass

Mass
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Scenario 8: Pipeline with 2 Fueling Positions

Table 1 Bank parameters
Eligible for fill [-] Number of banks [-] Volume [m3] Maximum Pressure [MPa] Minimum Pressure [MPa]

HP Bank Yes 4 0.33 93 45
MP Bank Yes 3 1 41 20
LP Bank No 8 2.6 10 0

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] ~ Minimum pressure [MPa]  Maximum flowrate [kg/h]  Efficiency [kWh/kg]

HP Compressor 1 93 20 100 4

MP Compressor 1 42 0.5 50 2

Table 3 Production parameters

Trigger for production [%] Efficiency [kWh/kg] Production rate [kg/h] Output maximum pressure [MPa]

Production 90 2 50 10
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Scenario 8: Input file

Component Value Units Description
Delivery 0 logical [0,1) Gas delivery to station
Delivery 0 logical [0,1) LicEid delivery to station
Production 1 logical [0,1] On-site production at station
Storage 1 logical [0,1] High pressure storage at station
Storage 1 logical [0,1] Medium pressure storage at station
Storage 1 logical [0,1) Low pressure storage at station
Production S0 ® 5 level tri for on
on 2 kWn/ kg Production unit efficiency
Production 50 kg/h flow/production rate
Production 10 &A output max
Storage 0.33 m3 Volume high pressure (HP) bank $HITRF: 0.342925
Storage 1 m3 Volume medium pressure (MP) bank SHITRF: 1.3224%;
Storags 2.6 m3 Volume low pressure (LP) bank $Default: 2.6108;
Storage == Volume of liquid (LQ) bank (22.7125 = 6000
gallons)
Storage 4 £ Number of high prssure banks
Storage 3 3 Number of medium pressure banks
Storage 8 i Number of low pressure banks
Storage _6 Number of liquid banks
Minimum HP bank pressure (Must use whole numbers or
adjust pressure lookup function, Must adjust
Srozage s Hpa dispensing algorithm if min Php 1s less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or
Storage 30 MPa adjust pressure lookup function, Must adjust
dispensing algorithm if min Pmp is less than or
equal to 0)
Storage 0 MPa Minimum LP bank pressure
Storage a3 MPa Maximum HP bank pressure
Storage 41 MPa Maximum MP bank pressure
Storage 10 MPa Maximum LP bank pressure
Vaporizer output pressure (must be greater than MP
S MPa compressor minimum) (Www.linde-
engineering.com.hk/internec.le.le.hkg/zt/images/P_3_
4 e 10 150dpi227 5776.pdf2v=.)
Storage 1 logical [0,1] High pressure bank Eligible for £ill, l=eligible,
O=not eligible
storage 1 logical [0,1) Medium pressure bank Eligible for fill, l=eligible,
O=not eligible
SCordge ° rogical J[a,1] Low pressure bank Eligible for £ill, l=eligible,
% O=not eligible

Compressor

|Compressor
Compressor
Compressoxr
Compressor
Compressor
/Compressoxr
Compressor
7Conpresao:
|Compressor
Compressor
|Compressor

Compressoxr

™

Y
l\)wu‘C\

=y

Allow compressor to fill bank which are used for
dispensing?, l=yes, 0=no.

N of high pr mp

Number of medium pressure compressors

Minimum High pressure compressor (HPc) pressure
Minimum Medium (MFc) re
Maximum HPc pressure

Maximum MPc pressure

HPC maximum flowrate

MPc maximum flowrate

Liquid pump maximum flowrace
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

|Dispenser 0.0167 BAverage dispense flow rate (0.0167kg/s = 1 kg/min)

Dispenser 20 degC Ambient temperature

Dispenser 2 M Maximum number fueling positions capable of
simultaneous fill

Delivery 1 kg Mass per delivery

‘Delivery 0 #/day Number of deliveries per day

Delivery 0 ¥ Number of banks delivering hydrogen

Delivery 0 MPa Pressure of delivery truck

Delivery 0 xg/= Delivery flow rate

Delivery 3600 s Delivery truck dwell time

Deli 1 Fuel delivery type, l=gaseous, 2=liquid
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Scenario 8: Capacity Estimate
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Scenario 8: Station Pressures

Pressures
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Scenario 8: Station Mass

Mass
SampleStation HySCapEBetaProductionPipeline 2Dispense
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Scenario 9: Current Small Station Configuration >200kg

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-]  Volume [m3]  Maximum pressure [MPa] = Minimum pressure [MPa]

HP Bank Yes 3 0.33 90 45
MP Bank Yes 1 1 41 0
LP Bank No 3 2.6 24 0

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] ~ Minimum pressure [MPa]  Maximum flowrate [kg/h]  Efficiency [kWh/kg]

HP Compressor 1 93 20 25 4

MP Compressor 1 42 0.5 10 2

Table 3 Delivery truck parameters
Delivered H2 [kg] Number of deliveries [-] Number of banks [-]  Pressure [MPa]  Flow rate [kg/s] Dwell time [s]  Fuel type

Delivery truck 200 1 6 35 1 3600 Gaseous
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Scenario 9: Input file

Component Value Units I Description
Delivery 1 logical [0,1] Gas delivery to station
Delivery 0 logical [0,1] Liquid delivery to station
Production 0 logical [0,1] On-site production at station
Storage 1 logical [0,1) High pressure storage at station
Storage 1 logical [0,1] Medium pressure storage at station
Storage 1 logical [0,1] Low pressure storage at station
level i for prod i
kWh/xg Production unit efficiency
flow/production rate
OUTPUT Max pressure
Storage Volume high pressure (HP) bank SHITRF: 0.342925
Storage Volume medium pressure (MP) bank $HITRF: 1.3224;
Storage Volume low pressure (LP) bank %Default: 2.6108;
Volume of liquid (LQ) bank (22.7125 = €000
Storags
gallons)
Storage Number of high prssure banks
Storage Number of medium pressure banks
Storage Number of low pressure banks
Storage Number of liquid banks
Minimum HP bank pressure (Must use whole numbers or
e as Mpa adjust pressure lookup function, Must adjust
dispensing algorithm if min Php is less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or
adjust pressure lookup function, Must adjust
Storage 0 HPa diipenasng algorithm :f min Pmp, iz less ihan or
equal to 0)
Storage 0 MPa Minimum LP bank pressure
Storage £l MPa Maximum HP bank pressure
Storage 41 MPa Maximum MP bank pressure
Storage 24 MPa Maximum LP bank pressure
Vaporizer output pressure (must be greater than MP
compressor minimum) (www.linde-
ol R engineering.com.hk/internet.le.le.hkg/zt/images/P_3
4 e 10 150dpi227 5776.pdf?v=.)
High pressure bank Eligible for fill, l=eligible,
Storage 1 logical [0,1] O=nac eligibie
Ceorane 1 1logical [0,1] Medium pressure bank Eligible for fill, l=eligible,
O=not eligible
Low pressure bank Eligible for fill, l=eligible,
Storage ) logical [0,1) O=notleligible

Y

Compressor

.Conp:euaoz
|Compressor
Compressox
Compressor
Compressor
VCowreaaoz
Compressor
Compressor
|Compressor
Compressor
Compressor
Compressox

Dispenser

logical [0,1]

Allow compressor to fill bank which are used for
dispensing?, l=yes, O=no.

of high pr D
Number of medium pressure Compressors
Minimum High pressure compressor (HPc) pressure
Minimum Medium p TP (MBc) p
Maximum HPc pressure
Maximum MPc pressure
HPc maximum flowrate
MPc maximum flowrate
Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Average dispense flow rate (0.0167kg/s = 1 kg/min)

Dispenser degC Ambient temperature

i npenBer $ Maximum number fueling positions capable of
simultaneous f£ill

[Delivery kg Mass per delivery

Delivery #/day Number of deliveries per day

|Delivery # Number of banks delivering hydrogen

Delivery MPa Pressure of delivery truck

|Delivery kg/s Delivery flow rate

Delivery s Delivery truck dwell time

Deliver

Fuel delivery type, lwgaseous
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Amount per Hour [kg/hour]
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Scenario 9: Capacity Estimate
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Scenario 9: Station Pressures

Pressures
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Scenario 9: Station

Mass
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Scenario 10: Scenario 9 with Low Eligible for Cascade

Table 1 Bank parameters

Eligible for fill [-] Number of banks [-] ~ Volume [m3]  Maximum pressure [MPa] ~ Minimum pressure [MPa]

HP Bank Yes 3 0.33 90 45
MP Bank Yes 1 1 41 0
LP Bank Yes 3 2.6 24 0

Table 2 Compressor parameters

Number of compressors [-] Maximum pressure [MPa] ~ Minimum pressure [MPa] =~ Maximum flowrate [kg/h]  Efficiency [kWh/kg]

HP Compressor 1 93 20 25 4

MP Compressor 1 42 0.5 10 2

Table 3 Delivery truck parameters
Delivered H2 [kg] Number of deliveries [-] Number of banks [-]  Pressure [MPa]  Flow rate [kg/s] Dwell time [s]  Fuel type

Delivery truck 200 1 6 35 1 3600 Gaseous
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Scenario 10: Input file

Component Value Units I Description
Delivery 0 logical [0,1] Gas delivery to station
Delivery 0 logical [0,1] Liquid delivery to station
Production 0 logical [0,1] On-site production at stcation
Storage 1 logical [0,1] High pressure storage at station
S:orage 1 logical [0,1] Medium pressure storage at station
1 logical [0,1] Low pressure sStorage at station

Storage
Storage
Storage

Storage

Storage
Storage
Storage

Storage _

Storage level trigger for production
Production unit efficiency
flow/production rate

max pressure

Volume high pressure (HP) bank RHITRF: 0.342925
Volume medium pressure (MP) bank $HITRF: 1.3224;
Volume low pressure (LP) bank S§Default: 2.6108;
Volume of liquid (LQ) bank (22.7125 = 6000
gallons)

W

Number of high prssure banks
Number of medium pressure banks
Number of low preéessure banks
Number of liquid banks

Minimum HP bank pressure (Must use whole numbers or
adjust pressure lookup function, Must adjust

Sxozage 45 o dispensing algorithm if min Php is less than or
equal to 0)
Minimum MP bank pressure (Must use whole numbers or
adjust pressure lookup function, Must adjust
Storage 0 ) dispensing algorithm if min Pmp is less than or
equal to 0)
Storage 0 (MPa Minimum LP bank pressure
Storage 90 MPa Maximum HP bank pressure
Storage 41 MPa Maximum MP bank pressure
Storage 24 MPa Maximum LP bank pressure
Vaporizer output pressure (must be greater than MP
SEoTRGe upa compressor minimum) (www.linde-
g engineering.com.hk/internec.le.le.hkg/zv/images/P_3
4 e 10 150dpi227 5776.pdf?v=.)
High pressure bank Eligible for fill, l=eligible
Storage 1 logical [0,1] 95 PSS 9 ’: 9 i
O=not eligible
Medium pressure bank Eligible for fill, l=eligible,
Storage 1 logical [0,1] O=niot e1igibie
Low pressure bank Eligible for fill, l=eligible
Storage > | logical [0,1] 3 b % g g

O=not eligible

Y

Compressor

Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressor
Compressox

Dispenser

logical [0,1]
#

Allow compressor to f£ill bank which are used for
dispensing?, l=yes, 0=no.

Number of high pressure compressors

Number of medium pressure compressors

Minimum High pressure compressor (HPc) pressure
Minimum Medium pressure compressor (MPc) pressure
Maximum HPc pressure

Maximum MPc pressure

HPc maximum flowrate

MPc maximum flowrate

Liquid pump maximum flowrate
Vaporizer maximum flowrate
HPc efficinecy (includes BOP)
MPc efficiency (includes BOP)

Average dispense flow rate (0.0167kg/s = 1 kg/min)

Dispenser 20 degC Ambient temperature
Maximum number fueling positions capable of
Dispemser A X simultaneous £ill
Delivery 200 kg Mass per delivery
Delivery 3 #/day Number of deliveries per day
Delivery € $ Number of banks delivering hydrogen
Delivery 35 |MPa Pressure of delivery truck
Delivery 1 kg/s Delivery flow rate
Delivery 3600 £l Delivery truck dwell time

Deli

selector [1,2] Fuel delivery t

l=gasecus, 2=liguid
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Scenario 10: Capacity Estimate

SampleStation Hy SCapEBetaSmallGas LPcascade noDel
[ | I |

| I | I I | | T

Actusi Veh 1 202kg Station Stariing Mass
Actual Voh 2 Okg Mass Delivered

Okg Mass Produced

~131kg Station Mass Change
131kg Mass Dispensed

55kg Mass Dispensed at SOC limit

8

-
[

Amount per Hour [kg/hour]

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 18 17 18 19 20 2 2 23 24
Time of Day [binned by hour] NREL | 51



Scenario 10: Station Pressures

Pressures
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Scenario 10: Station Mass

Mass
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