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ABSTRACT With the increased interest in renewable energy, various hydrogen production technologies have been developed.
Hydrogen production can be classified into green, blue, gray, and pink hydrogen depending on the production method; each method
has different technical performance, costs, and CO, emission characteristics. Hence, selecting the technology priorities that meet the
company strategy is essential to develop technologically and economically feasible projects and achieve the national carbon neutrality
targets. In addition, in early development technologies, analyzing the technology investment priorities based on the company’s
strategy and establishing investment decisions such as budget and human resources allocation is important. This study proposes a
method of selecting priorities for various hydrogen production technologies as a specific implementation plan to achieve the national
carbon neutrality goal. In particular, we analyze key performance indicators for technology, economic feasibility, and environmental
performance by various candidate technologies and suggest ways to score them. As a result of the analysis using the aforementioned
method, the priority of steam methane reforming (SMR) technology combined with carbon capture & storage (CCS) was established
to be high in terms of achieving the national carbon neutrality goal.

Key words Hydrogen production(=2~ A4}, Technology selection(7] < 4174)), Energy storage( ol R| A4, P2G(of| U A 7} 2 3hH)
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Fig. 2. Hydrogen production technology: Technology readiness level™
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Table 1. Technology selection parameters
Target Technology selection parameters Ref,
(D Energy efficiency 2 Exergy efficiency (3) Cost
Technology . . e .
seloction (@) Global warming potential (GWP) () Acidification potential (AP) [10]
i
(®) Production cost (7) Social cost of carbon
Technolo (D Greenhouse gas emissions (2) The availability in Moroco of the energy used
lecti Y (3 The availability in Moroco of waste generation @) Cost of hydrogen [11]
selection
(® Maturity @) Yield (7) Security (8 Availability of raw materials in Moroco
- Renewable energy potential: (1) capacity factor (2) variability
- Location viability: 3 recycled water availability @) Existing desalination plant
(® Proximity to coast (6) Fresh water availability (7) Existing infrastructure
Technology &

Site selection

- End use opportunity: (8 Existing port with energy export capabilities
(9 Proximity to coast (0 Local Hy demand () Gas pipeline for H2 injection
(1 Opportunity to displace natural gas/ diesel power generators

- Storage opportunities: (3 Salt cavern (9 Depleted gas field
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Table 2. Criteria for allocation of technology selection component

Component Conditions Ref,
Technology Readiness Level 18 =1~3, 28 = 4~6, 3% = 7~9 [10]
Technology Energy Efficiency (%) 17 < 40%, 27 = 40~60%, 37 ) 60% [10]
Exergy Efficiency (%) 17 < 40%, 27 = 40~60%, 37 ) 60% [10]
1) 4 US$/keHy
Production cost (US$/kgHy) 2% = 1-4 US$/kgH, [10]
Economy 34 {1 US$/kgH;
. 1% = Green Hy, 2% = Blue Hy
Market S ’ ’ 1
ret wize 3% = Grey Hy &
Global ) tential 18 > 5 tonCOy/tonHs,
obal warming potentia
Environment (t0nCOy/ tonk )g P 27 = 1~5 tonCOy/tonHs [10]
S 3% (1 tonCOy/tonH;
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Table 3. National hydrogen supply planm

10k Ton / Year 2020 2030 2050
Domestic production 22 194 500
Fossil Grey Hy 22 94 -

Fuel Blue Hp - 75 200
Renewable | on m, 2% 300

energy
International import - 196 2,290
Sum 22 390 2,790
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Table 4. Hydrogen production technologies[m]
Class Technologies Pathway Case #1 | Case #2
Water electrolysis (Renewable Energy) H,O — Electrolysis — Hy o
PV Electrolysis (Photonic) HsO — Electrolysis — Hs O O
G - Photocatalysis (Photonic) HsO — Photocatalysis — Hp 0
reen
? | Artificial Photosynthesis (Photonic) HyO — Photosynthesis — H ¢)
Photofermentation (Photonic) Biomass — Photofermentation — Hy [¢)
Photoelectrochemical cell (Photonic) HeO — Photoelectrochemical water splitting — Ha O
—_ Coal gasification with CCS Coal — Gasification + CCS — H, o
ue
’ Steam methane reforming with CCS | Methane — Steam Methane Reforming + CCS — Hp e}
Grov H Steam methane reforming Methane — Steam Methane Reforming — Hy o
re;
v Plasma reforming Feedstocks — Plasma reforming — Hp O
Table 5. Hydrogen production technology database!™™!
Technology Energy Exergy Production | Market Size GWP
Class Technology Readiness Efficiency™* Efficiency cost [million [tCOu/tHo]
Level (%) (%) [US$/kgH,] Ton/yr] /AN
Water electrolysis 76.0 36.0 2.76 0.5
PV Electrolysis 5 12.4 7.0 5.70 3.0
Green | Photocatalysis 1 2.0 1.0 4.98 095 0.5
Hy Photoelectrochemical cell 4 6.3 1.3a 6.36 ’ 0.5
Photofermentation 2 0.9 0.9 2.45 0.5
Artificial photosynthesis 2 3.3 2.9 2.55 0.5
Blue | Coal gasification with CCS 9 61.0 44 .0 0.96 075 2.1
He Steam methane reforming with CCS 9 65.8 42.0 2.66 ’ 1.0
Cray Steam methane reforming 9 72.5 46.0 0.75 004 9.0
Hy Plasma reforming 2 47.0 21.0 0.85 ’ 11.0
* Green Hy: cell or reactor efficiency
3.2 Case #1 &AM Hpar 7|HHe] Bjfd Al Ve Vs B sol A
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olof ghafl Z1glo] 44 7|Rke] Sefxut /jAT|e W 1 Fig. 4. hydrogen production technology feasibility evaluation
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Table 7. Sensitivity analysis results
Priority Base case Case #1—1 Case #1—-2 Case #1-3
1 Steam methane reforming Steam methane reforming Steam methane reforming Steam methane reforming
with CCS with CCS with CCS with CCS

Water electrolysis Water electrolysis

Water electrolysis Water electrolysis

Coal gasification with CCS

Coal gasification with CCS

Steam methane reforming Coal gasification with CCS
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Plasma reforming Plasma reforming
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