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Abstract : This project sought to conduct an economic feasibility study regarding the commercial
production of bio-hydrogen by the marine hyperthermophilic archaeon, Thermococcus onnurineus NA1
using carbon monoxide-containing industrial off-gas. We carried out the economic evaluation of the bio-
hydrogen production process using the raw material of steel mill by-product gas. The process parameter was
as follows: H; production rate was 5.6 L/L/h; the conversion of carbon monoxide was 60.7%. This project
established an evaluation criterion for about 10,000 tonne/year. Inflation factors were considered as 3%. The
operating costs were recalculated based on prices in 2014. The total investment required for development
was covered 30% by capital and 70% by a loan. The operation cost for the 0.5-year test and integration, and
the cost for the first three months in the 50% production period were considered as the working capital in
the cost estimation. The costs required for the rental of office space, facilities, and other related costs from
the construction through to full-scale production periods were considered as continuing expenses. Materials,
energy, waste disposal and other charges were considered as the operating cost of the development system.
Depreciation, tax, maintenance and repair, insurance, labor, interest rate charges, general and administrative
costs, lubrication and miscellaneous expenses were also calculated. The hydrogen price was set at US$
4.15/kg for the economic evaluation. As a result, the process was considered to be economical with the
payback period of 6.3 years, NPV of 18 billion Won and IRR of 26.7%.

Key words : bio-hydrogen, Thermococcus onnurineus NAl, steel mill by-product gas, commercial
production, economic evaluation
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Table 1. Development system cost

Capital costs Production of 10,000 ton
Reaction system 149.4
H, Separation system 121.0
Compression system 96.0
Environmental disposal facilities 22.2
Pipeline 28.4
H, storage facilities 219
Headquater 40.0

Total 478.9 hundred million won

Operating costs

CO gas 63.2
Yeast extract 7.5
Utility (electricity, city water) 19.0
Wages and benefits 54.3
Maintenance and Repair 33.6
Insurance 14.9
Lubrication & Miscellaneous 4.8
General & administrative 14.4
Sales promotion & Marketing cost 11.1
Headquater, R&D 8.0

Total 230.8 hundred million won

Table 2. Total investment cost for commercial production
of Bio-hydrogen

It Production of 10,000 ton
em
Capital costs  Operating costs
Reaction system 149.4 72.0
H, Separation system 121.0 58.3
Compression system 96.0 46.2
Environmental disposal 22.2
facilities
Pipeline 28.4
H, storage facilities 21.9
Headquater 40.0 54.1
478.9 hundred  230.8 hundred
Sub-total . o
million won million won
Continuing expenses 57.3
Working capital 57.7
Total 593.9 hundred million won
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Table 3. Economic feasibility study results for the commercial production of bio-hydrogen

Sensitivity factor

Bio-hydrogen development

H, productivity Payback periods (year) NPV (one hundred million won) IRR (%)
5.6 H, L/L/h 6.3 180.4 26.7
(Unit: one hundred million won)
Operation periods

Item b Y‘;al‘ ond 3rd 4th 5th 6th ~7th gth gth 10t

Pro(jgcﬁon) year  year year  year  year  year  year year  year

Sales (A=B+C) 216 433 433 433 433 433 433 433 433 433
Operation income (B) 216 433 433 433 433 433 433 433 433 433

Other income (C) 0 0 0 0 0 0 0 0 0 0
Cost of sales (D=E1+E2+F +G) 177 302 304 307 309 312 316 320 326 331
Variable cost (E1) 79 164 169 174 179 184 190 195 201 207
Maintenance cost (E2) 23 48 49 51 52 54 55 57 59 61
Depreciation cost (F) 52 46 41 37 33 29 26 23 21 18
VAT Property tax (G) 22 45 45 45 45 45 45 45 45 45
Gross margin (H=A - D) 39 131 129 127 124 121 117 113 107 102
Marketing-General management cost (I) 13 26 27 28 29 30 31 31 32 33
Operating profit (J =H - T) 26 105 102 99 96 92 87 81 75 69
Interest income (K) 0 0 0 0 0 0
Interest payment (L) 0 17 15 14 12 11 9 8 6

Ordinary income M =J+K-L) 26 88 87 85 83 81 77 74 69 64
Corporate tax-Local tax (N) 0 24 24 23 23 22 21 20 19 17
Net profit during the term (O =M - N) 26 64 63 62 61 59 56 54 50 47
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Table 3. Continued

Operation periods

Item L A L UL ELE (O VA L L
year year year  year year year year year  year year
Sales (A=B +C) 433 433 433 433 433 433 433 433 433 433
Operation income (B) 433 433 433 433 433 433 433 433 433 433
Other income (C) 0 0 0 0 0 0 0 0 0 0
Cost of sales (D=E1+E2+F+G) 336 344 350 358 365 373 382 392 400 433
Variable cost (E1) 213 220 226 233 240 247 255 263 270 278
Maintenance cost (E2) 62 64 66 68 70 72 74 77 79 81
Depreciation cost (F) 16 15 13 12 10 9 8 7 6 29
VAT -Property tax (G) 45 45 45 45 45 45 45 45 45 45
Gross margin (H= A - D) 96 89 83 75 68 59 50 42 33 0
Marketing- General management cost (I) 34 35 36 37 39 40 41 42 43 45
Operating profit (J =H - I) 62 54 46 37 29 20 10 0 -10 -45
Interest income (K) 0 0 0 0 0
Interest payment (L) 3 2 0 0 0 0 0 0 0 0
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