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2 Greenhouse Gases (GHG)
3 Solid Oxide Fuel Cell (SOFC)
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5 Rankine Cycle (RC)

6 Kaline Cycle (KC)
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Concentration CPVT power (kW) Deviation CPVT thermal (kW) Deviation
ratio Present study | Ref.[121] (%) Present study | Ref.[121] (%)
2 0.1285 0.127 1.18 0.5057 0.513 -1.42
5 0.3213 0.318 1.04 2.841 2.867 -0.91
10 0.6426 0.635 1.20 6.734 6.791 -0.84
15 0.9639 0.953 1.14 10.627 10.72 -0.87
20 1.285 1.272 1.02 14.520 14.64 -0.82
40 2.570 2.598 -1.07 30.092 30.33 -0.78
60 3.856 3.898 -1.08 45.664 45.99 -0.71
100 6.426 6.498 -1.11 76.808 77.32 -0.66

Vestas s sob s HAWT (sl ot ploxil (8l ke oonims kel sl
5bo e sl ot a5l ¥olne sline ol ot il SlgeliS VIYO b b L V27

o] 155 5 0Lty 55y oyl e la ke g5 el o0 duylia [VYY]

s (&l e gl 4 59 e oanlive i o0t alie sla el (ol (s

el 10,95 5 TV ZP Rt JUpw-1E

Jivy] &= 0 3o ol u’b)}f polio L HAWT i ‘5|).3 W) pl.qé‘ W)lﬁh-c‘ X-Y Jguo

Parameter Present study | Hofa (Vestas V27) | Deviation (%)
Hub height (m) 33.75 335 0.75
Rotor swept area (m?) 572.6 573 -0.07
Power coefficient (-) 0.2589 0.260 -0.42
Total rated power (kW) 1125 1125 0

(AAE) aid piy (2 LB 533 9 58Il it (55w Joo (Sbmwcono —F-)-F

[VYF] lolSoge lawg oo ools drwgs Jow 5l AAE g sjlo e slp

S Lis b 5 Y s S sk 5Lg s Led 5l s ogdle ke cppl o wansl o0k ooliciud
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aslllas ;o 0ul )l s Gelate (055 & pol> aalllas (55luJue s 58 o0 03 Z929

Syl pol> gt ;0 AAE gly ool ools anwgd Jow jo Cdo 5l lis a5 wll o 2> 0
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[1¥#] Saleh axllas 1o 00 o155 sol zulis 5 ORCAIHE pitcsas (5o Joke (61,

e slo i3 Lo (gl T Lole SVl §1 cass cinbs g po dalllas 5 sl o0 o0l
@lyoad byl Jle Vb 51T 7 Lol Giaghy o Wilaid)S 18 cw) 9,50 ORC
> ledily (gl ol s ol 5 wilodds KDl &> o asllae ;o ORCAIHE e
a5 el 0 duslie [VYF] addllae (0 o0l 5,155 polie b catiasw (coy> b,> 5 9
53 odal s zulis CB5 gl o 0000 AT jglailed g ol sal 00,51 TV Jgax o mls

Qb oo plaedsl LB 5 osllas b jol> gk

axfloo jo el )35 pwolio L ORC-IHE o (gl ool ploil i )Liel F-F Jgu

D8] &2 5o
Thermal efficiency (%) Mass flowrate (kg/s)

Working Ref. Present Deviation Ref. Present Deviation

fluid (%) (%)
[126] study [126] study

neo-pentane 13.37 13.36 -0.08 20.426 20.44 0.07
iso-butane 12.43 12.44 0.08 20.423 20.58 0.77
n-pentane 13.84 13.78 -0.43 16.331 16.46 0.79
iso-pentane 13.76 13.74 -0.15 17.439 17.51 0.41
n-butane 13.04 13.03 -0.08 17.746 17.84 0.53
R245fa 13.07 13.04 -0.23 33.424 33.85 1.27

LiBr-H20 ) wlo s paaiad— T (32 0 i oismas (6 3LsJuko (riumcamao —~F -1 -F
(ARS

0ot GBI @l bl imgs 10 ARS (sl sud sl (5leJoe (xiwcons

el 0 awnlie 9 [VYA] Kaushik 3 ARORA 4 [VYV] Kumar g Anand asllae go o

s 45 jglilon om0 g0 i |y 155 e yo 35 L 3l s bt gl F-F g

Collae ¢85 (goaims Hlas S wibiee 1Y 5 end G315 gl o Byl o it el
Al o 0l plxil gile Jow o
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&0 axdllag 53 oud b ,135 yrolie b LIBr-H20 ARS (gl ous plowil oomiww L] F—F Jgu

JIYYAYA]
Present Anand and Deviation Arora and Deviation
Component study | Kumar [127] Kaushik [128]
Q(kw) Q(kw) (%) Q(kW) (%)
Evaporator 2355.76 2357.17 -0.06 2355.46 0.01
Absorber 2919.28 2922.39 -0.11 2945.27 -0.88
Generator/Desorber | 3040.99 3073.11 -1.04 3095.70 -1.77
Condenser 2477.50 2507.89 -1.21 2505.91 -1.13
Solution Heat | o0 27 | 5p3 95 0.67 518.72 1.55
Exchanger
Solution Pump 0.0308 - - 0.0314 -1.91
Coefficientof | 5 2742 | (76703 1.0 0.7609 1.81

Performance

sabzbe b U duze ilw 38 JSom gilwdae oo —F-)-Y
(LNGRC)

S wizradss phasw L8 090 0 55 el sl LNGRC S gy opl 5o

s (2l 50 VY Sl ol G ylgie 40 LNG adly 1o .ol ouils 435 5 0 10 00 0010 dsasgs

o)l55 polas b iegh ol )0 LNGRC (gl y 00l ploul (g 5lu o riwcons wiS oo Jos

seb a1y avslie opl 5l Lol i F-0 Jgoz .ol ooy plos! [OV] g po andllas o ool

59 0ad (5l polie p Gelate Yl guls canl Lasuine a5 jshailes aas oo (jlis 40>

sl 00U tﬁL?u‘ SilwJow wollae cds )i’L" as ‘)‘”‘L’Lf" & axlllas
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INF] 25 50 polio ULNGRC povww 5y 0dis (g3lwJbo yolio duuslio .F-0 Jou

Mass Pressure | Temperature Specific Specific
Stream flow rate (kPa) Q) enthalpy entropy
(ka/s) (kJ/kg) (kJ/kg-K)
1 (Ref. [114]) 27.91 101.3 -161.5 -910.9 -6.68
1 (Present
27.9 101.325 -161.5 -910.9 -6.677
study)
2 (Ref. [114]) 27.91 3000 -160.5 -903.3 -6.67
2 (Present
27.9 3000 -160.5 -903.3 -6.67
study)
3 (Ref. [114]) 27.91 3000 -95.9 -371 -3.34
3 (Present
27.9 3000 -95.88 -371 -3.339
study)
4 (Ref. [114]) 27.91 3000 65.3 68.36 -1.52
4 (Present
27.9 3000 65.24 68.24 -1.521
study)
5 (Ref. [114]) 27.91 300 -59.8 -187.6 -1.29
5 (Present
27.9 300 -59.84 -187.7 -1.298
study)
6 (Ref. [114]) 27.91 300 25.0 -2.94 -0.57
6 (Present
27.9 300 25.08 -2.747 -0.5691
study)
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Al iz ol g w55 0o 4z ) LSs il Slaptuce 5 (i liel plsil 5l
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] 00U S

LFMNBIYA] SOFC i 55lw o 1y (69959 s ol )by F-F oo

$99,9 yol,l ylade oy
Lo sloo 25 °C
b jlis 101.325 kPa
SOFC & 53,5 sles 727 °C
SOFC 25,5 5 (599)9 o sles B3 100 °C
by sl Slass 5000 —
ok S8 6000 A/m?
S5 (§590 40 ;55 0.85 —
Jbd o ol 0.01 m?
O B e 2.5 -
9 S 5 oy HLES e 8.88 —
ST oy S8 Jobs 6500 A/m?
S b JBe Jobs 2500 A/m?
ST Gasb 5l fse 5 iy 0.2E-4 m? /s
S &b 5l Fee 5B i 0.05E-4 m? /s
O 0.05E-2 m
S Ceoles 0.005E-2 m
Cedg Sl Cualiea 0.001E-2 m
o2 4 Jlail Cwlks 0.3E-2 m
Fosml pleadl, 0.97 -
3 s S in ol 0.85 -
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95 3 Ly Soag il leai, 0.85 -
l92 g e Sopg 5551 ol 0.85 -
CSg jge oS Sy i Lo 0.85 =
Gy Syl e 0.85 -
SOFC s jLus sl 2 %
Sl Joe o jLed 2l 2 %
g 5o yliad 3 %
= abhis glos S 10 °C
O3 omlb Sl b))l 236.09E3 | ]J/mol
Ot ol SOl 85 3.97E3 J/mol
0595 omb (Sl b)) 0.72E3 J]/mol
ol ol SOl G 831.2E3 J/mol
oS SeSlgise ol il 53 274.71E3 | ]/mol
<l ol Sl G5l 9.5E3 J/mol
gl <l omb &)l U5))) 0.9E3 J/mol

G (63355 8 2l 51 CCS § LNGRC (ORC-IHE (glimses (5 jlos ke (5

el 00l oolaiwl F-V Jous )0 oo

CCS 9 LNGRC ORC-IHE s pivwanw g3lw oo gl 69959 s 2lyl F-V Jous

I AN AN
$99,9 »ol,l Sl u>lg
ORC-IHE o

P & (899,9 ,Lad 2000 kPa
ygeslaiS glos 10 °C
T ahis glos S 10 °C
S Gl Jas 2L 0.90 —
ST Il mryg8 Seag il olendl, 0.85 -
1 b ooy Sog5585T et 0.80 -
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LNGRC posmw
eddple camb B 35 sled -161.5 °C
ondmle grmb B Gy (29> Lud 3000 kPa
oddgle srb S (s (o295 5l 300 kPa
oimbo e bk o min alis sles OS] 5 °C
S Il g g lensl 0.85 -
SN b oy Sog55T et 0.85 -
CCS i
OS5 deS1ed (gilwe S Lid 1500 kPa
OS5 deSlies (g5l S (gleo -30 °C
DS ManST60 g paS S il olenil, 0.85 —
ARC o
(ABS) sus L gles 35 °C
(DES) soissgds sbes 87.8 °C
(CON) jguilocs slos 35 °C
(EVA) o5 5 sleo 5 °C
Jslee 551> Jae 2L 0.75 —
Blop-poaid ol 65,557 101.6E3 J/mol

Cod (699,58 s el b 5l AAE 4 CPVIT HAWT (slapins (silw e sly g

el 00l oolaiwl F-A Jgum )0 oas

AAE g CPVIT HAWT b pivucnw 55w o (gl p ool  p25 (69959 syl )by .F-A Jouo

LIVVarYyare]
&2959 byl sl a>lg
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&b g5 ol Zod 5 225 kw
oL (85 595, yhad 27 m
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ool s s 14 m/s
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Ul ey 25 m/s
S 0.95 -
L9155 el 0.97 —
Y SREUTERCEo 28.5 rpm
lga Lo 25 °C
lga )L2d 1.013 bar
Iy s s Sk 5.5 m/s
CPVIT oo
s Jla i i 800 W/m?
Sl Lyl o5 s Jssbe sleasl, 0.18 _
lod gy 0.004 1/K
35 5 S 10 _
did (53 oload 0.85 -
G 95 559l Loy 0.95 —
Sllgsis mhaw sles 100 °C
Jo 9, 0k ey 2 m/s
Al piS g po 0.90 -
Slilygi p5 0.35 —
0SS i I o po 0.26 -
Gile p5 o b 0.30 -
AAE qinss
Shles slos 75 °C
Slebos jLad 9 bar
g xSl v Coluo 0.1 m?2
SeS ol 400 A
59,90 ddgi 75 0.55 mol/s
Sl o sl 4 (5l Sl 0.167 K/W
Sl 2 il Sl pley 2o 29 hr
Sl o) Jl o035 | W/
e &)l JU] 3.0 w/°C
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aM TV B F- Jolas jo o1 5l ol Lol ol .l oas plos! il aizalss i

.(SOFC) M@M»\Jgﬂ farnont) adgl S yxo 6}LwJ.M 3! J»ob @Ln ¥-14 Jg..\.'?

=95 ylyly o s>y
Sl Cglite bz gadg (S Sl g 209.178 kW
B oy oadg (SoSl g 196.486 kW
35 s 9,50 sadsl (S ySIl lgs 40.958 kW
192 g oS (B yan (S Sl Blgs 183.547 kW
CS g jgm S (Brae S8 ol 3.844 kW
Sl ey (Bpan (S S Gl 0.020 kW
SOFC _al sads (S xSl lgs 259.211 kW
SS9 e Jok 3L 0.7188 Vv
lo2 (5590 4 552518 0.1781 —
Vgeom 00 SNl ol S 655 5.721 kW
¥ oigmom o ST ele)S 655 2.368 kW
CSgus Joo by £ 0.4727 mol/s
g2 Jso Ol &5 20.78 mol/s
<l Jye b £ 1.182 mol/s

ARS ¢ LNGRC ORC-IHE (¢ 31 5 5w oo 31 Jols mio gl aods F-Ve Jgus

=95 ol Sl u>ly
ORC-IHE o

I b enng Sy Ol 37.637 kW

Sl b ooy (B pae g5 1.013 kW

0iiS yu3es )3 el ole ol S (655! 142.873 kW

seilasS 3 0als dole ol )5 (65 5] 106.249 kW
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&35 plessly 25.63 %
&5,551 el 53.65 %
LNGRC posuw

b 55 e sy ol 40.204 kW
LNG oy (B yao o)lgs 1.610 kW
oadmle s S (o> 0> E5 0.1998 kg/s
CRI 5 oadodgi (cioleym b 51.008 kW
CR2Z )5 oalodgi (cioleymw b 46.366 kW

55 olensl, 78.82 %

CCS i
OS5 SeSles ooz Db &S 0.0208 kg/s
OS5 SS163 Hgm oS (Bran Ol 5.525 kW
OS5 S S (68 (GBS 9 (555 7.473 kW
ARC i

00S &85 ;0 ouls dole Il (555 67.69 kW
0aiS Ldz 4o o dole 5Ll (65, 64.99 kW
00iiS 5 4o ead ol Iyl (5] 53.46 kW
soS e ;0 oo ol 5l (655! 56.15 kw
Jelows ()l e 50 0ad dobs (51> (635 10.79 kw

3 Shes o 0.7898 -
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63l o9 65,557 el 42.97 %
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Abstract

The world's primary energy consumption has been steadily increasing along with
population growth, technology advancement economic development. This increase
in primary energy consumption is accompanied by an increase in the emission of
various environmental pollutants. This has led to the implementation of various
preventive measures to control pollution and reduce damage to the environment. In
this regard, the use of renewable energy resources for energy production, carbon
capture and storage (CCS) technologies and high-efficiency multi-generation
energy systems, all of which are in line with the goal of sustainable development,
has been prominently suggested. For this purpose, in this study, a sustainable and
green multi-generation energy system based on solid oxide fuel gas and gas turbine
(SOFC-GT) with carbon dioxide (CO2) capture and storage process comprised of
internal heat exchanger organic Rankine cycle (ORC-IHE), liquified natural gas
cycle (LNGRC), Li-Br absorption refrigeration cycle (ARC), concentrated
photovoltaic/thermal (CPV/T), wind farm (WF) and advanced alkaline electrolyzer
(AAE) subsystems, designed, developed and modeled. The energy system
presented in this research is capable of simultaneously generating electricity,
cooling, hot water, carbon dioxide, hydrogen and oxygen. Under defined operating
conditions, the proposed system is capable of generating up to 357 kW of net
electrical power, 150 kW of cooling load, 2.2 kg /s of domestic hot water at 75 °C,
0.473 mol /s CO2, 0.55 mol/s green hydrogen and 0.275 mol/s of oxygen. The
developed multi-generation energy system is zero-emission (ZE) and its
performance is enhanced through the production and utilization of green hydrogen.
Under defined operating conditions, the energy and exergy efficiency of the system
are 57.94% and 32.22%, respectively. It is worth noting that to cover the issue of
uncertainty and unpredictability of renewable energy resources that supply
electricity consumed by the AAE system, a 10% confidence margin of more power

generation has been considered.

Keyword: Multigeneration Energy System, Sustainable Development, Green
Hydrogen, Solid oxide fuel cell (SOFC), Carbon Capture and Storage (CCS).
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