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Abstract

Hydrogen has been introduced as a clean energy source for various Received: 7 April 2023
demands and has been studied from different aspects. Therefore, Accepted: 9 July 2023
the leading challenges are choosing the best renewable source, Page Number: 30-40

determining environmentally friendly processes, and selecting storing
methods in the hydrogen supply chain. The analytic hierarchy process is
a multidimensional decision-making method based on organized
calculations to make logical decisions, which is used in this study to make
decisions among these cases. For hydrogen sources, issue economic
justification with 47% priority as the main criterion, and hydro resources
with 33% priority as the most preferred option are determined. In
the production process, the selected criterion is economic justification as
the most preferred one, and the thermal method with 32% preference has
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the highest priority. In the storage topic, economic justification has Hydrogen SELEE,
the highest priority, and storage in the form of nanomaterials is identified Hydrogen Generation,
as the best option. The calculated inconsistency in all three evaluated Hydrogen Storage System

sections is less than 10% and is acceptable.
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Figure 1. The AHP algorithm flowchart.
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Figure 2: The AHP flowchart for the hydrogen generation resource selection.
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Table 1. Final scores of AHP for prioritizing of hydrogen preparation resources.

Alternatives

Criteria & Sub-criteria Biomass | Geothermal Nuclear
Economic Capital Cost (0.157) 0.013 0.011 0.028 0.006  0.035  0.065
Justification
(0.471) Operating Cost (0.314) 0.070 0.021 0.129 0.011 0.026 0.056
GHG Emissions (0.126) 0.006 0.012 0.024 0.012 0.024 0.047
Renewability (0.020) 0.001 0.005 0.005 0.001 0.005 0.005
Environmental Required Yard (0.012) 0.001 0.001 0.001 0.0001 0.005 0.003
Justification Solid Waste Generation
0.006 0.013 0.013 0.003 0.024 0.013
(0.268) (0.072)
Water Discharge Quality ) 04 0.002 0007 0002 0012 0012
(0.38)
E ional iti
ducat'on(; (ipz';’ort”n'"es 0.002 0.0001 000l 0001 0003  0.005
Social Emplo m'ent Creation
Justification P y(o - 0.001 0.001 0001 0002 00001 0.0001
0.044 :
( ) General Acceptance (0.003) 0.001 0.0001 0.001 0.0001 0.001 0.0001
Public Health (0.022) 0.004 0.002 0.002 0.001 0.005 0.009
Energy Efficiency (0.039) 0.007 0.003 0.009 0.016 0.003 0.001
Technical Exergy Efficiency (0.073) 0.016 0.006 0.013 0.030 0.005 0.003
Justification Feedstock Consumption
0.002 0.004 0.001 0.001 0.008 0.004
(0.143) (0.02)
Process Control (0.11) 0.001 0.002 0.001 0.0001 0.004 0.002
Predictability (0.053) 0.012 0.002 0.004 0.022 0.010 0.004
Reliability Raw Material Importation
0.001 0.003 0.001 0.001 0.004 0.007
(0.075) Required (0.017)
Scalability (0.005) 0.001 0.0001 0.0001 0.002 0.001 0.0001
Total Weight 0.149 0.089 0.242 0.112 0.176 0.232
Rank 4 6 1 5 3 2
Inconsistency Ratio = 0.0101

30 Sldes lod i g calinl) Hlea jo 4Bl pl aS 09l oo
30 ed el 3,5 o )18 9)l9e s 0 el e u*"b
G po o a5 ol pealedes Lo o jlosliiull (ol
(Gl 93 g i 005y by mlie Glee jo 45 Biloads
Cewlaid 5158 s S 50 5,008 ae (sl )53 9 Jlo eSS
Sl gdlas 83ga e 40 (5,5 5Lb lade Slas Slowlore adl
Loai S oucaglyl sl pll b uizea (V) Jso2)
D9 Gierd ds Sl me (i (nl o &S Boe s
Sl 31 S (V) S8 )0 oadiosls lis auls leads jaseive
s P 0095 5 0L @lis 4 s (el LYY L g 000 e

5,8 6,Lal i e LVA 5 VS L

A asetis conbatil)] Slopsgs ply ol pealade low alool L
Sl 59 S 4, 3l i 1TV b (gl it Jlone 45
(s darme ladz o o Ja gan glead) o ey lxe
ezl 3 eloizl Az g g ogliebl BB« SESS
5 a8 6,5l e (V) Jgaz 5 eabailyl slaosls ulul
e el liabl B 6, S praas SIS 45 sl +/)
039 L damaie 6L lne 05 o )3 39,000 gte (el (Slias
e ogdledy . Caldd S 18 o &5, 0 <V il
0plSSl L St oS sl <1 5 2aS o0 s (5,5l
15 o0 piie SYUae L Liaglio &yp0 10 el 56T oyl

i ([Y+ gV Vas 08 anzlye) anl b (solamdl Julos i)

Iranian Chemical Engineering Journal — Vol. 23 - No. 134 (2024)



Wind
26%

Solar
13%

Nuclear
3%

Biomass
18%

otherma
|
7%

Hydro
33%

0590588 (rpeli galis i Cusaal pulead s Loy S gyl ¥ JSid

Figure 3. Priorities of alternative according to importance with respect to hydrogen production resources.
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Figure 4. Decision structure of hydrogen generation methods.
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Table 2. Final scores of AHP for prioritizing hydrogen providing pathways.

Alternatives

Biological | Electrical | Photonic

Criteria & Sub-criteria

Economic Justification Capital Cost (0.) 0.111 0.111 0028 0222
(0.472)
CHG Emissions (0.138) 0.031 0.009 0.089 0.009
. A Required Yard (0.013) 0.002 0.005 0.005 0.001
Environmental Justification
(0.268) . .
Solid Waste Generation (0.076) 0.031 0.009 0.031 0.003
Water Discharge Quality (0.040) 0.006 0.006 0.023 0.006
Social Justification Educational Opportunities
0.006 0.012 0.003 0.023
(0.044) (0.044)
Technical Justification Energy Efficiency
0.016 0.062 0.021 0.043
(0.143) (0.143)
Reliability (0.075) Scalability (0.075) 0.004 0.045 0.013 0.013
Total Weight 0.207 0.259 0.214 0.320
Rank 4 2 3 1
Inconsistency Ratio = 0.0150

Thermal
32/0%

Biological
20/7%

Electrical
26/0%

Sad daciieds Csedl uleal 3 a3l 95 LAl gy 5o a8 lacu glgl Hlade 0 Jsud

Figure S. Priorities of production methods alternatives according to importance with respect to the goal.
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Storage Method Selection for Hydrogen Production
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Figure 6. Framework of hydrogen storage approaches.
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Table 3. Final scores of AHP for prioritizing of hydrogen storage.

Alternatives | Chemical | Compressed | Cryogenic Metal Nanomaterials
Criteria & Sub-criteria Hydrides Gas Liquid Hydrides
Economic Capital Cost
Justification FO 155) 0.065 0.122 0.020 0.034 0.214
(0.455) '
CHG Emissions
0.007 0.004 0.002 0.007 0.013
(0.033)
Environmental Land Use (0.062) 0.013 0.007 0.004 0.013 0.025
Justification Solid Waste
(0.120) Generation (0.009) 0.001 0.002 0.001 0.001 0.004
Water Discharge
0.002 0.001 0.001 0.004 0.008
Quality (0.017)
Social Justification ~ Employment Creation
0.063 0.017 0.017 0.031 0.113
(0.240) (0.240)
Technical -
Justification E"erg&’) E‘::;'e"cy 0.014 0.007 0.002 0.014 0.026
(0.064) ;
Reliability Scalability
.012 .041 .004 .022 .041
(0.120) (0.120) 0.0 0.0 0.00. 0.0 0.0
Total Weight 0.177 0.201 0.051 0.126 0.444
Rank 3 2 5 4 1
Inconsistency Ratio = 0.0035

(V&) JUp 9 9 390 0 )louds — pganguimsy Jlw — Yyl (Foud i &3 pdas

© 0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000



JOTTRR

Ye—¥. LR — O‘)IS""“ 9 ‘;ého

0B e e cocc00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000ssccsccssssscssccsscsssssscsccacsss

) @lo (o

»b

lgi s yhy ol

239

Solwo

e

0J9)

¥4

Nanomaterials
44%

Metal
Hydrides
13%

Chemical
Hydrides
18%

Compressed
Gas
20%

Baa (38 S s 3 b Cusadl ubial 3 059588 s 5le pidd slaghi gy yo Ladas 38 slacu gl gl ke V Jsud

Figure 7. Priorities of hydrogen storage methods alternatives according to importance with respect to the goal.
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