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The subject of this thesis is the design, mathematical modeling, and temtwmmomic
evaluation of an autonomous, hybrid power generation unit, intended to meet the needs of
remote areas off the electrical grid. The study focuses on the production ofhvgngdrogen

via photovoltaic collectors for the full energy support of a residence. The system under
consideration includes photovoltaic panels, energy storage devices (batteries), an
electrolyzer, a fuel cell, as well as a hydrogen storage tank. In thiextoof this work, a
historical review and bibliographic investigation of the individual technologies are carried
out, while each subsystem is thoroughly analyzed through mathematical models. Particular
emphasis is placed on the electrolysis process, wisisimulated both mathematically and
with the use of the specialized software ASPEN Plus for the comparison of results. The work
concludes with the use of the HOMER Pro software, through which the optimization and
techno-economic analysis of the instdilan are performed, examining the viability of the
investment under real geographical and climatic conditions
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m PHOTOVOLTAIC GEOGRAPHICAL INFORMATION SYSTEM

> EU Science Hub > PVGIS > Interactive tools
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02 Conventional Simulation Approach 7782-44-7
[ pseudocomponents
@] Component Attributes H+ Conventional
4 [ Henry Comps OH- Conventional Select electrolyte simulation approach
[@] GLoBAL @ True component approach
[@] UNIFAC Groups © Apparent component approach
b Lg Polymers Find ] [ Elec Wizard ] [ SFE Assistant ]
4 [ Methods Generated reactions and Henry components will be placed in
@] specitications Chemistry form with ID: GLOBAL
b g Selected Methods
4 B8 Parameters Components Henry-Comps form with ID:  GLOBAL
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[ Analysis
b g Flowsheet = ~ ) Specifications 2!
4 g Streams .
b [g H2CAT Flash Type Temperature ~ Pressure ~ Composition v) I
r [_'6 H2H208 - State variables Mase-Frac M
> g H2H20C
» [ HzH200UT Temperature 25 C v Component Value
I [g H2020BAR Pressure 1 bar - 20 .
b [Lg H2050C Vapor fraction H2 0
4 L‘:&EZOFEED Total flow basis Mass - 02 0
@/ Input 0
EERESUHS Total flow rate 1,1345 kg/hr s c
¥ EO Variables Solvent o o
> [ H20H2A
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4 [ H20RECT Volume flow reference temperature
@Input C
Results Component concentration reference temperature
v EQ Variables
4 [ H20REC1B . S S ;
« | — n »
;Pmperties
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All ltems | _/PUMP1 (Pump) = | MIXH20 (Mixer) » | H20FEED (MATERIAL) ~ | Main Flowsheet » |+ i
b . e
E& MIXOZPER [ @ Specifications |Calculation Options l Flash Options l Utility l Comments ‘ o
4 [igPEM
(@] setup ~Model
@ Convergence @ Pump © Turbine ‘
@ Dynamic
[@] Block Options ~Pump outlet specification
b Lg EO Modeling @ Discharge pressure 30 bar v
[ Results i
) Pressure increase bar
[ Stream Results
vd Summary © Pressure ratio
4 |[£% PUMP1 © Power required kW
@ Setup ) Use performance curve to determine discharge conditions
[@] Performance Curves —
[@] User Subroutine
@ Dynamic c ~ Efficiencies
@ Block Options Pump Driver
I g EO Modeling ;
Results
Stream Results
vd Summary
4 [1% SEPCELL -
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> g B11
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) ¥ summary L Degrees of superheating C
4 “"% LIEATERT Degrees of subcooling C
(@] Input
£3 HCurves Pressure 30 bar A
(@] Dynamic Duty Geal/hr
[@] Block Options Vapor fraction 0,1
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CE Results
Stream Results ["] Always calculate pressure drop correlation parameter
v Summary
4 % MIXH20 ~Valid phases
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Simulation ¢ | Capital: ___USD Utilities: ___USD/Year ()l Energy Savings: ___ MW (___ %) C
All ltems " | _/PEM (RStoic) » | MIXH20 (Mixer) H20FEED (MATERIAL) Main Flowsheet < | BT (Heater) -
4 [5G MIXH20 @ Specifications ‘Streams [QReactions lCombustion lHeatof Reaction lSeIectivity IPSD
@Input
(@] Dynamic - Operating conditions
(8] Block Options Flash Type Temperature  ~ Pressure -
b g EO Modeling
EResults
L5 Stream Results Temperature sellc
“ Summary Pressure 30 bar M
3 E_'QMIXO2H2P Duty 1500 | kW
b "_TEMIXOWER Vapor fraction
4 [[Gg PEM .
[@] setup L -Valid phases
@j Convergence Vapor-Liquid -
@Dynamic =
(@] Block Options
I g EO Modeling
g Results
E Stream Results
“ Summary
rl‘¢34/\,1h ALY " CoB < B ' e 1 > h * PEM & ' 7 > 8
Simulation < ICapltaI: ___UsD utiiities: ___UsD/Year (D) || Energy Savings: ___MW (___%) a» " Exchangers - Unknown: 0 OK: 0 Risk 0 _.[l
All ltems | _PEM (RStoic) » | MIXH20 (Mixer) H20FEED (MATERIAL) Main Flowsheet B7 (Heater) - Results HEATERT (Heater) - Results PUMPT (Pump) - Results PEM (R
4 Iﬁ‘&'gﬁ:ﬁ: | @specifications | streams [GReazticns |Ccmhusticn | Heat of Reaction | selectivity | D | component attr. | utiiity | comments |
@ Dynamic - Reactions
[@] Block Options Rxn No. Specification type Molar extent Units Fractional conversion | Fractional Conversion of Stoichiometry
b @ EO Modeling Component
[ Results > o Frac. conversion kmol/hr 0,9 H20 H20 > H2(MIXED) + 0,5 O2(MIXED)
[ Stream Resuits
2 Summary [ New || Edit |[ Delete | [ Copy |
b [g MIXO2H2P
» [ MIXO2PER [7] Reactions oceur in series
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“ summary
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Simulation < || Capital: ____USD Utilities: ____ USD/Year c’ | Energy Savings: ___ MW %) C’ " Exchangers - Unknown: 0 Ol
Al ltems _ N PEM (RStoic) SEPCELL (Sep) | MIXH20 (Mixer) H20FEED (MATERIAL) Main Flowsheet B7 (Heater) - Results HEATE
4 [ PUMP1 . [@Speciﬁcations Feed Flash ]OutletFIash IUtiIity ]Cnmments
ESetup
[@] Performance Curves -Qutlet stream conditions
[@] User Subroutine Outlet stream  ©20UT -
8] Dynamic Substream  MIXED -
E Block Options
b g EO Modeling o . .
Results Component ID Specification Basis Value Units
Stream Results H20 Split fraction 0
“d Summary H2 Split fraction 0
4 |5 SEPCELL o2 Split fraction 1
[@] Input ) .
E Block Options o SR ELED
b g EO Modeling OH- Split fraction
[ Results
Stream Results
“d Summary =
b g SPLITH2
> [Ig SPLITC2
> g VALVEH2
> g VALVEH20 .
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Stream Results
“ Summary
4 [ SPLITH2
(@] Input
@ Block Options
[_& EO Modeling
Results
[5 Stream Results
d Summary
4 |[5g SPLITO2
@ Input
[&@] Block Options
b Lg EO Modeling
[ Results
Stream Results

v Summary
3 E@VALVEHZ
> [g VALVEH20
> [g VALVEO2
[ Sensors

Stream Specification Basis Value Units Key Comp No Stream order
02A
O2PERM Split fraction 0,005
' €38 . >" <" . jhts>T g th L s |
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Simulation < | Capital: USD Utilities: USD/Year c’ " Energy Savings: MW %) C' " Exchangers - Unknown: 0 OK
Al Items M| VALVEO2 (Valve) ~ | H20REC (MATERIAL) - Results Main Flowsheet SPLITOZ (FSplit) PEM (RStoic) - Results SPLITH2 (FSpl
[@]Input [QOperatiOﬁ IVa\veParameters Calculation Options | Pipe Fittings | Comments
|&] Block Options
b g EO Modeling -Calculation type
Results @) Adiabatic flash for specified outlet pressure (pressure changer)
G Stream Results © Calculate valve flow coefficient for specified outlet pressure (design)
A summary
b [ SPLITH2 © Calculate outlet pressure for specified valve (rating)
I [g SPLITO2 o — Val . ficati
b [g VALVEH2 .ressure specification alve operating specification
b EE;VALVEHZO @ Outlet pressure 3 bar - % Opening
4 |[Eg VALVEO2 () Pressure drop bar Flow coef
@Input
@ Block Options ~ Flash options
» [ EO Modeling Valid phases Vapor-Liquid ~ Maximum iterations 30 C
[&] Dynamic Error tolerance 0,0001
Results 7l
E Stream Results
A summary 3
| Sensors
[ Utilities
[ Reactions .
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C‘ " Exchangers - Unknown: 0 (

1> g HEATER1

> L@ MIXH20

4 |5 MIXO2H2P

@ Input

,E Dynamic

[@] Block Options
[_& EO Modeling
G Results
Stream Results
“ Summary

> @ MIXO2PER

4 |[£g O2HE

,;a__] Input

[ HCurves

@ Dynamic

@ Block Options
g EO Modeling
Results
Stream Results
¥ summary

> [gPEM

> [gPUMP1

> % SEPCELL

M / O2ZHE (Heater) | 02C (MATERIAL) - Results (Default)

SEPH20AN (Flash2) - Results

VALVEQ?2 (Valve)

H20REC (MATERIAL

{QSpeciﬁcations | Flash Options | Utility | Comments |

- Flash specifications

Flash Type

Temperature
Temperature change
Degrees of superheating
Degrees of subcooling
Pressure

Duty

Vapor fraction

Temperature

Pressure

25

Pressure drop correlation parameter

["] Always calculate pressure drop correlation parameter

C
©
[
©

bar

Geal/hr

~Valid phases
‘ Vapor-Liquid

n

© ¢ 43xphh T hC

1 -

© OZHE h

T
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Simulation < || Capital: ____USD Utilities: ____ USD/Year a || Energy Savings: ___ MW (%) c’ " Exchangers - Unknown: 0 OK: 0
Al ltems - H20FEED (MATERIAL) Main Flowsheet H20REC1B (MATERIAL) - Results (Default) »_“SEPH20AN (Sep) » | SEPH2OAN (Sep) - Input
(g Resuits [QSpeciﬁcations Feed Flash | Outlet Flash | Utility | Comments

Stream Results
¥ Summary
4 |£g SEPCELL
@ Input
@ Block Options
I g EO Modeling
Results
Stream Results
A Summary
4 |[£% SEPH20AN
,§] Input
,E Block Options
% EO Modeling
Results
Stream Results
a Summary
b g SPUTH2
b [g SPLITO2
> £@ VALVEH2
I [g VALVEH20

< i ] »

- Outlet stream conditions

Outlet stream H2OREC1 -
Substream MIXED hd
Component ID Specification Basis Value Units

H20 Split fraction 1

H2 Split fraction 0

02 Split fraction 0

H+ Split fraction 1]

T » | OH- Split fraction 0

m

n' ¢ 4spn he o GEPEOAND L . 0 ¢
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[&] Block Options
I g EQ Modeling
Results
Stream Results
“d Summary
4 ||£g SPUTH2
[&] Input
[@] Block Options
> g EO Modeling
Results
Stream Results
“ Summary
> [g SPUTO2
> [g VALVEH2
b [g VALVEH20
> [g VALVEC2
1 Sensors
[ Utilities .
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1 " h ~— B h ! ! h * A h AY | ¥ ¢ ht B ¢ h AY
Simulation < Capital: _USD Utilities: __USD/Year a | Energy Savings: __ MW (__%) O |Exchangersf Unknown: 0 OK: 0 Risk: 0 g
Al ltems _ " _/SPLITH2 (FSplit) » | H2OFEED (MATERIAL) Main Flowsheet H20REC1B (MATERIAL) - Results (Default) SEPH20AN (Sep) SEPH2OAN (Se

N @ summary [GSpecificatiDns |F|ash0ptions I Key Components [Commems

4 |5y SEPH20AN

El Input - Flow split specification for outlet streams

Stream Specification
H20H2A
H2PERM Split fraction

Basis

Value

0,01

Units

Key Comp No Stream order

n

CS 4T h

h

¢

’

N

SPLITH

h [} A n
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H2PERMAN
VALVEHZ
HZPERM
n' S 488" "  >7 T MPPERM T h s YT oy
Simulation ‘ ‘I Capital: USD Utilities: USD/Year a Il Energy Savings: MW ( %) C’ ” Exchangers -
Al Items_ M VALVEH2 (Valve) | SPLITH2 (FSplit) H2COFEED (MATERIAL) Main Flowsheet H20OREC1B (MATERIAL) - Resu
“ Summary ‘ @0 . ; ; o
- peration | Valve Parameters | Calculation Options | Pipe Fittings | Comments
4 [ SEPH20AN [ ‘
[@] Input ~Calculation type
Eﬂ Block Options @ Adiabatic flash for specified outlet pressure (pressure changer)
b L@ EO Modeling () Calculate valve flow coefficient for specified outlet pressure (design)
Results

Stream Results () Calculate outlet pressure for specified valve (rating)
wd

v Summary

4 [ SPLITH? - Pressure specification -Valve operating specification
@ Input @ Outlet pressure 3 bar - % Opening
,_Q:| Block Options (©) Pressure drop bar Flow coef
I g EC Modeling
& Results | | ~ Flash options
Stream Results Valid phases Vapor-Liquid - Maximum iterations 30 c
d Summary = Error tolerance 0,0001

» Cg spUTO2
4 |5 VALVEH2
[@]Input
|@] Block Options
b g EC Modeling
@ Dynamic -

n' < 49ph he + ot v h joh QYALMER, b T Y > s
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Simulation 3 " Capital: USD Utilities: USD/Year a " Energy Savings: MW %) C’ || Exchangers - U
All Ttems N Vs H2H2O0HE (Heater) ["VALVEH2 (Valve) SPLITH2 (FSplit) H2OFEED (MATERIAL) Main Flowsheet H20RE(C
P Lg O2B -
> g oz2C [QSpecificatiDns |Flash0pti0n5 ]Utility ]Comments }
I [Lg O2CAT Flash icati
» [ 02D - Flash specifications
b [-5 20UT Flash Type Temperature -
> [§ O2PERM Pressure A
b [g O2PROD
b L@ PEMMIX a Temperature 25 C -
4 l':a_BIOEkS Temperature change C
> g B3 .
» [ B3 | Degrees of superheating C
4 g H2H20HE Degrees of subcooling C
[&] Input Pressure 0 bar v
13 HCurves Duty Geal/hr
IEDynamic )
E Block Options Vapor fraction
b [Lg EO Modeling Pressure drop correlation parameter
[ Results )
Stream Results || Always calculate pressure drop correlation parameter
. @ summary ~Valid phases
b [ HEATER1 o
b g MIXH20 . Vapor-Liquid -
b [ MIXO2H2P -
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Simulation

All ltems

< “ Capital: USD Utilities: USD/Year

C <. >8 A .
Ny s

- T
3 S
AN’y B h *
Ch b @

LY L BH2OMIXh AR > vy

¢ h

" (FROREGBJ*™ A h7"_

~

M

WVALVERZO

a " Energy Savings: MW %)

H2OREC2

~

<
e
—
>
cC-

B

0]

C’ " Exchangers - Unknown: |

v

g MIXO2H2P

[L& MIXO2PER

£§ O2HE

& PEM

g PumMP1

[@ SEPCELL

@ SEPH20AN

[0 SEPH20CA

[ SPLITH2

[ SPLITO2

@ VALVEH2

4 |0 VALVEH20
@ Input
[@] Block Options

I g EO Modeling

@ Dynamic
Results
Stream Results
“ Summary

> g VALVEO2

| Sensors

[ Utilities

| 1 Reactions

v VvV VYV VYV VYV V¥V

m

- /'\?ALVEHZO (Valve) « | H2H20OHE (Heater)

VALVEH2 (Valve)

SPLITH2 (FSplit)

H20FEED (MATERIAL)

Main Flowsheet

[QOperaTion IVaIve Parameters | Calculation Options | Pipe Fittings | Comments 1

-Calculation type

@ Adiabatic flash for specified outlet pressure (pressure changer)

©) Calculate outlet pressure for specified valve (rating)

© Calculate valve flow coefficient for specified outlet pressure (design)

- Pressure specification
@ Qutlet pressure

©) Pressure drop

1 bar -

% Opening

Flow coef

-Valve operating specification

~Flash options
Valid phases Vapor-Liguid

~ Maximum iterations

Error tolerance

A

302
0,0001

¢ 55 h “ h

¢

] [ N t ¢

f

j

VALVERO h

B

January 16, 202¢ e

‘lly\"-‘
e -7 w T OB
> ' B B
? B \V h
h B g w
¢ h * ¥ i h <ij
BC'h "> B

h Ah ¢ G

¢ Y



= i

N w4

VT w. i< hS oA o th T hgpataY g R0 A

K <' C" L Chytch-®oh - S wsh v <o
Ch o, ., v oS v S K HQ_QQ\‘IF g Vv ‘Jh';/\"" *‘;\" Coh - 5’<"|5"_‘ B
>t ,h o SRt s 7Y MPPYREL L b <h  h S htoh T
t h . . 4 t A _SEP_ ~ - v‘. " L} A t wZSEP Nt ‘B >’ __ <‘ e 4 _ A B h t ~ -

vo- L R O °1 ¢ h

o~ f ~ F TR
1 1 AT HPURE ., -
> t v ot - > " ¢ s~
AR ' hv' B PHIPddze T _n>Phhhdo
- ' - ' - N N ~ ' - d - '
s AW 5 WPCAT ' >~ <" " _ A& _h' n ">h _h h -
' N - N - - - ’
s~ N v ~ ~ > ' s~ o n - ' v =~
> EH2PURB® ™ _ 8 <& i} h - A h
h = h 1 ' > B A e 1 A N e e ! < B G oY < A S
B vh > A" h — Y+ m™¢g v ~ * AT <t Y h AT >
N ' - ~ ~ , N -
H2PURE
t t s N ' s~ N [ "o
n ¢56/\.Ji1 h o, > " B >K hf BH S A AKX ¢ h
- ' ' - n
h - B <8 BT AT A h *
Simulation < H Capital ___USD Utilities: __UsDpvear () || Energy Savings ___ MW (___%) (@ ) " Exchangers - Unknown: 0 OK: 0
Al ltems - H2PURE (MATERIAL) - Results (Default) O2CAT (MATERIAL) - Results (Default) H2SEP (Sep) | VALVEH20 (Valve) H2H2OHE
4 |og 02CAT -
[@]Input [@Speciﬁcatians Feed Flash IOutIetFIash Iutlllty lCommEnts
g Resurs Outlet st diti
7 £O Variables -Outlet stream conditions
» [g oD Outlet stream H2PURE -
> [g0zouT Substream  MIXED -
b [@ O2PERM
» [g 02PROD Compenent ID Specification Basis Value Units
> g PEMMIX ) H20 Split fraction
4 [[FBlocks i .
» B HZH2GHE H2 Split fraction 0,99999
4 |[6g H2sEP = » 02 Split fraction
E Input H+ Split fraction
[g] Block OpTIVDnS OH- Split fraction
b g EO Modeling
Results
Stream Results
¥ Summary
b g HEATER1
b g MIXH20
b [ MIXO2H2P
> g MIXO2PER
b @ O2HE -
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[oor

Q Temperature (C)
\ MIXO2PER D Pressure (bar)
B Mass Flow Rate (kg/hr)

Q  Duty (Watt)

W Power(Watt)
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H20OFEED
H20ORECAN
H20REC1B

H20IN
H2030BAR
H2050C
PEMMIX
0o20UT
O2A
O2PERM
02B
0oz2C
02D

O2PROD
H2H200UT

H2PERM
H2PERMAN

H20H2A

H2H20B

H2H20C
H20REC?2
H2CAT
O2CAT
H2PURE

°C
25
25
25,64
25,06
26,78
50
60
60
60
60
54,31
51,52
25
25
60
60
39,66
60
59,98
25
25
25
25
25

30
30
30
30
30
30

30
30
30
30
30
30
30
30
30
30

1,

0,9863
0,0010
0,1086
1,095
1,09%0
1,095
0,109

0,0010
0,0010

0,109
0,0010
0,0010
0,1086
0,1086
0,1086
0,1086

|
hos T
- (karh)
H O
0 0
0 0
0 0
0 0
0 0
0 0
0,1104 0,8759
0 0,8759
0 0,8715
0 0,0044
0 0,8715
0,001 0,8715
0,001 0,8715
0,001 0,8715
0,104 0
0,001 0
0,001 0
0,1092 0
0,092 0,044
0,1092 0,044
0 0
0,1092 0,044
0 0,004
0,1092 0
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' 82,50%
' 50,00 N
2 80,00% P
77,50% 48,00 =
T 75,00% 4600 =
A 72,50% 4400 °
70,00% v
< 67,50% 42,00 -
3 65,00% 4000
02 04 06 08 10 12 14 16 18 20 =
[oear o oI (Nend) > T
----- ' stack LHV ' system LHV- ' stack HHV
' system HHV= = = SEC Stack SEC System
nthi 7P hj Yo pht>_ A h= g ¢ ht LR
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J MH2 Wistack Waux ' stack LHV ' stackaHV Isystem LHV 'system HHY  SEGack SEQ/stem
Alcm?  kg/h w w % % % % kWh/kg kWh/kg

0,2 10,0197 893,94 14 72,26% 85,52% 73,40% 86,86% 45,38 46,09
0,4 0,0421 1852,82 28 74,55% 88,23% 75,68% 89,56% 44,01 44,68
0,6 0,0644 2860, 42 73,90% 87,45% 74,98% 88,74% 44,42 45,07
0,8 0,0868 390990 60 72,82% 86,18% 73,94% 87,51% 45,04 4574

1 0,1092 5000,00 76 71,70% 84,85% 72,79% 86,14% 45,76 46,45
1,2 0,1316 6118,72 92 70,57% 83,52% 71,63% 84,78% 46,49 47,19
14 0,154 72745 110 69,46% 82,20% 70,51% 83,45% 47,24 47,95
16 0,1764 8462,25 128 68,39% 80,94% 69,43% 82,17% 47,97 48,70
1,8 0,1988 968190 147 67,36% 79,72% 68,39% 80,93% 48,70 49,44

2 0,2212 10932,58 166 66,38% 78,56% 67,39% 79,75% 49,42 50,17
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