SH=2ol| 2k2kA - of| L K185 K| https://doi.org/10.7846/JKOSMEE.2023.26.2.183
J. Korean Soc. Mar. Environ. Energy ISSN 2288-0089(Print) / ISSN 2288-081X(Online)

Vol. 26, No. 2, 183-193, May 2023

Original Article |

sl kiAol bRt A7 e rlSH

713174]_%__]1 . o]%};ﬂz,f . 74._%_1_/':3 g:] I ‘i}"g—ﬂj
'HTEE79 A1 74 211 79)

)R EAE AT A S| okE T AR ATEY: 474
S| IEAE T4 ST T DATER AT
AU FEAEATL YT FTAL AT A4
HTEE 179 29ll 4]

A Study on the Economic Analysis of Best Available Techniques
Application in Marine Industrial Facilities

Kyewon Kim', Moonjin Lee*', Wonsoo Kang®, Choi Hoon*, and Youngkyu Park®

JPrincig?al Researcher, Humans & Technology Convergence Policy Institute, Seoul 04168, Korea
Principal Researcher, Ocean and Maritime Digital Technology Research Division,
Korea Research Institute of Ships & Ocean Engineering, Daejeon 34103, Korea
Principal Researcher, Ocean and Maritime Digital Technology Research Division,
Korea Research Institute of Ships & Ocean Engineering, Daejeon 34103, Korea
‘Junior Researcher, Ocean and Maritime Digital Technology Research Division,
) Korea Research Institute of Ships & Ocean Engineering, Daejeon 34103, Korea
’Principal Researcher, Humans & Technology Convergence Policy Institute, Seoul 04168, Korea

Q o
QA el EA wlEs 7150l A8 7St vgE oA W W AAE REsh
= QFYA] FleFatdAl el skt B Hs o3t 2ok AA, B]-2dollA], BAT 489

[8-2 100=5°] oF 382 ¢, 1,00055°] oF 3779 ¢, 5,000=5°] <F 1,886%] Yo = F 2,300%]
Aolgiet. TR0 & EA4H|8-2 &l do] oF 61129 ¢, TAkEA o] oF 6359 ¢, 184190 oF 1999 ¢, 4]

. L o= - =,
AgAEA Mo oF 6359 o2 AT B4, HelL o gitr T o|ejo] of 5239 9l XA H Fo|elo] of
122 2,5479 9, A7t Fo]9o] oF 5539 Yo7 F 13 3,7249 €1o]Qlt}. o]e] wE B/C W& 1.392 AFF

o, ofof mke} BAT 2]l whE A2 7150 Aol Sl 2o = ekttt

Abstract — The purpose of this study is to derive cost-benefit analysis methods and procedures applicable to efflu-
ent limitation standards of hazardous and noxious substances in marine industrial facilities. The scope of the study
was limited to marine industrial facilities in Incheon. The scope of the study was limited to the economic analysis
of marine industrial facilities in Incheon. The analysis results are as follows. First, in terms of cost, the cost of
introducing technology due to the application of BAT was about 3.8 billion won for 100 tons, 37.7 billion won for
1,000 tons, and 188.6 billion won for 5,000 tons, totaling 230 billion won. Next, the loss cost was calculated as
about 611.2 billion won in operating loss, 63.5 billion won in bankruptcy loss, 19.9 billion won in employment loss, and
63.5 billion won in local economic loss. Second, the benefits were about 52.3 billion won in fishing production
protection profits, About 1.2547 trillion won in local tourism protection profits, and about 55.3 billion won in civil
health protection profits, a total of 1.3724 trillion won. Accordingly, the B/C ratio was calculated to be 1.39, and
accordingly, the introduction of new technologies according to the application of BAT was found to be economical.

Keywords: Marine industrial facilities(3l] ¥4 A1 A2), Effluent limitation standards( ¥l & 3] -§-7] <), Hazardous
and noxious substances(] & -3l & Z!), Cost-benefit analysis(H] &3 2] 3-47), Technology based effluent limitations
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Table 1. Management and financial indicators

. Total sales Operating profit Operating profit ratio”
Sortation Employees (Ten million won) (Ten million won) (%)
L Sum 31,374 19,127,000 956,350 5.00
Large corporations
Average 2,241 1,366,214 68,311 5.00
. . ., Sum 727 25,080 1,254 5.00
Medium-sized enterprises®
Average 182 6,270 314 5.00
S 114 2,598 130 5.00
Small business® i ’
Average 19 433 22 5.00
Sum 19,154,678 957,734 5.00
Total
Average 798,112 39,906 5.00

% The facility name was treated as a code name for personal information protection.

"Large companies include marine industrial facilities up to M1-M14, and there are 14.

?Medium-sized enterprises include marine industrial facilities up to M15-M18, and there are four.

9Small businesses include marine industrial facilities up to M19-M24, and there are Six.

YFor the operating profit-to-sales ratio, KOSIS (https:/kosis.kr/index/index.do)’s corporate management analysis index (as of 2020) was
applied.

% The classification of companies was classified as follows, referring to Small and Medium Enterprises Act.

(1) Group A: Large Companies -> Sales Over 500 Billion

(2) Group B: Medium Business -> Revenue of 12 billion or more - less than 500 billion

(3) Group C: Small businesses-> 12 billion or less in sales

Table 2. Production cost and Ordinary expenses

Sortation Production cost” (Ten million won) Ordinary expenses® (Ten million won)
. Sum 13,067,566 5,103,084
Large corporations
Average 933,398 364,506
. . . Sum 17,135 6,691
Medium-sized enterprises
Average 4,284 1,673
Small busi Sum 1,775 693
mall business
" Average 296 116
Sum 13,086,476 5,110,468
Total
Average 545,270 212,936

YProduction cost was estimated as the amount of sales minus ordinary expenses and profits.
?Ordinary expenses were estimated as sales minus operating profit and cost.

Table 3. Cost/benefit analysis variables

Sortation Analytical variables Measurement indicators Relevant references

- Cheong et al. (1987)

- National Institute of Environmental Research
Initial investment cost - Facility installation cost (2002,2005,2006,2008)

- Kim et al. (2005)

- Ministry of Environment (2008)

- National Institute of Environmental Research (2005, 2006)
- Kim et al. (2005)
- Ministry of Environment (2008)

Cost Operating expenses - Maintenance costs
P & eXp - Labor costs

- Loss of corporate operating profit

social cost - Corporate bankruptcy : Na}tif)nal Institut.e of Environmental Research (2008)
- Loss of employment - Ministry of Environment (2008)
- Regional economic losses
Fisheries Production Protection - National Institute of Environmental Research (2008)
Benefits  Protection of tourism revenue protection - Marine Environment Management Act
Civil Health Protection - Environmental Impact Assessment Act

% The shaded part of the table is an item related to social impact assessment.

A9, 014 5 7 GBS Qo] ot e FUAGOR, o 3.2 HIBEA
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Table 4. Basic costs of candidate technology

D Maxim.urrll) processing Initial ins'tal.lation cost Operating e.:xpensesz) Personn?l .expense” Operating expenses -.Fpersonnel
capacity’ (tone/day) (One million won) (One million won)  (One million won) expense (One million won)
Ml 6,041 16,600 1,400 170 1,570
M2 4,320 700 400 85 485
M3 6,560 10,587 4,100 1,020 5,120
M4 4,560 1,844 938 255 1,193
M5 1,920 1,621 310 170 480
M6 720 251 276 170 446
M7 4,320 350 65 850 915
M8 3,120 470 125 85 210
M9 5,833 25,225 3,396 1,955 5,351
M10 3,195 7,847 1,585 7,395 8,980
Mil 2,409 5,231 799 935 1,734
Sum 42,998 70,726 13,394 13,090 26,484
Average 3,909 6,430 1,218 1,190 2,408

M1-MI11 are 11 power generation facilities in Korea sampled to derive candidate technologies.

UThis is the sum of generated waste water, desulfurized waste water, and total nitrogen.

PAnnual operating costs include electricity, drug, and repair costs, excluding labor costs.

The average annual salary of employees of power generation companies (as of 2022): 85 million won was applied for labor costs.

Table S. Installation and operation costs per ton

ID Initial installation cost per ton” Operating expenses per ton”
M1-M11) (1,000 won) (Labor cost included) (1,000 won)
Sum 17,468 8.002
Average 1,588 727

‘_‘)Reﬂects inflation rate of 1.48% over the past 10 years (https://www.index.go.kr/).
Nt reflects the 3.73% wage increase rate over the past 10 years (https:/www.index.go.kr/).

Table 6. Initial investment cost by facility size

D Initial investment cost Operation costs
(MI-M11) 1 QO‘Fon 1 OQQton SOQQton 1 QOFon 1 OQQton SOQQton
(One million won) (One million won) (One million won) (One million won) (One million won) (One million won)
Sum 1,747 17,468 87,341 800 8,002 40,008
Average 159 1,588 7,940 73 727 3,637
Discount rate of 4.5% 1,189 11,8427 59,243
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Table 7. Total cost

ID Total cost (Initial investment cost+operation costs)
(MI~M11) 100ton (One million won) 1000ton (One million won) 5000ton (One million won)
Sum 2,547 25,470 127,350
Average 232 2,315 11,577
Discount rate of 4.5% 3,779 37,709 188,576

ol 288 5= = 1,000255, 719l 287 a3 5,00085-2
2 gHEete] nle-S Akl

WA 7)) FAE dellA] 17 A1 715 100EF0] 159
T 1,000850] 1,588 50008 50] 7,940 Wk © 7 Ak
AENA, TR o2 AZREYHE-2 10087°] 7399k, 1,0008
o] 727874 50005 F0°] 3,637HRk 0 7 A EI} o] &
< TR Az FH]E2 1008F0] 2329W%H, 1,00085°] 2,315
wakel - 5.000=F0] 11,5779 9ot}

T3] 7]EEslel i AR ATIREe] ARk vy
o] Q37| wjio] o]F &7 Tejsloiof LW o] = &
gelgo] HEF ATREYH]E-2 100=5°] 1,189MTH, 1,000=
o] 11,8421kl 5, 000E50] 59,243Wk¢] © & AP E|Q] 71, o]
w} FH]EE 10055°] 3,77997H, 1,000&5°] 37,7099k,

Table 8. Sales and operating profit, technology introduction cost

5,000=3°] 188,576M 710 2 HE AFFE AT
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Sales

Facility (10 million won)

Operating profit
(10 million won)

Technology introduction Technology introduction
cost(one-time)* (cost-division)”
(10 million won) (10 million won)

Large corporations Sum 19,127,000 956,350 43,046 8,609
MI1~M14) Average 1,366,214 68,311 3,075 615
Medium-sized enterprise Sum 25,080 1,254 2,460 492
(MI15~M18) Average 6,270 314 615 123
Small business Sum 2,598 130 369 74
(M19~M24) Average 433 22 61 12

Total Sum 19,154,678 957,734 45,875 9,175

Total Average 798,112 39,906 1,911 382

% As for the operating profit ratio, the operating profit ratio of 5% of KOSIS' 2020 corporate management analysis index was applied col-

lectively.

Table 9. Changes in operating profit

one-time division(Five years)
Facility Changes in operating Cha.nge in Reduction rate Changes in operating Cha.nge in Reduction
profit operating profit (%) profit operating profit rate
(10 million won) ratio (%) ? (10 million won) ratio (%) (%)
Sum 913,304 59.69 10.31 947,741 68 2
MI1-M14
Average 65,236 4.26 0.74 67,696 4.85 0.15
Sum (1,206) (30.58) 50.58 762 9.88 10.12
M5-M18
Average (301) (7.64) 12.64 191 2.47 2.53
M19-M24 Sum (239) (89.79) 119.79 56 6.04 23.96
Average (40) (14.97) 19.97 9 1.01 3.99
Total Sum 911,859 (6.12) 11.12 948,559 2.78 222
ota
Average 37,994 39,523
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Table 10. Total Cost
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Category

Enterprise Size

Amount

Discount rate applied amount (4.5%)

(ton) (million won) (million won)
100 159 159
Initial investment cost 1000 1,588 1,588
5000 7,940 7,940
subtotal 9,687 9,687
100 73 1,189
Technology . 1000 727 11,842
introduction cost Operation costs 5000 3,637 59,243
subtotal 4,437 72,274
100 232 3,779
1000 2,315 37,709
Sum
5000 11,577 188,576
subtotal 14,124 230,064
100 620 10,099
Corporate/Industrial . 1000 6,150 100,177
Operating profit loss
Loss Costs 5000 30,750 500,883
subtotal 37,520 611,159
100
Amount of 1000 3,900 63,527
bankruptcy loss 5000
subtotal 3,900 63,527
Cost of social loss 100
Loss of employment 1000 1,220 19,872
5000
subtotal 1,220 19,872
Regional economic losses 3,900 63,527
subtotal 3,900 63,527
Loss cost Sum 46,540 146,926
Total Sum 60,664 988,149

3¢ The calculation of the loss was based on the application of one-time cost.
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Table 11. Total Benefits
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Sortation

Measurement items

Results of calculation

Incheon Metropolitan City GRDP
Population of Incheon Metropolitan City

89,615,465,000,000(won)
3,015,634(Person)

Incheon Fishery Production (as of 2021) 232,680,649,000(won)
Fisheries Production Protection Discount rate" 1.38%
Amount of protection profit 3,210,992,956(won)
Number of tourists (as of 2019)? 7,586,854(Person)
Average Daily Travel Expenditure Per Person® 238,000(won)

Protection of local tourism

Annual tourism revenue (estimated)”

7,275,792,986,000(won)

Discount rate”

Amount of protection profit

77,643,863,836(won)

health expenditure per person® 4,929,820(won)

Total health expenditure in Incheon”

Civil Health Protection

Discount rate
Amount of protection profit

14,866,532,805,880(won)
0.476%
3,396,705,415(won)

Total amount of protection
Discount rate of 4.5%

84,251,562,208(won)
1,372,364,306,483(won)

DThe fishery production reduction rate was applied by 10% based on the fishing volume reduction rate of -13.75% over the past 10 years.
*Ministry of Oceans and Fisheries; Korea Fisheries Resource Management Corporation, TAC Fish Type Exhaustion Status, refer to the data

for each year.

22019 Incheon Tourism Survey Report; Based on the 2019 Incheon Tourism Industry Status and Policy Tasks (Incheon Headquarters of the

Bank of Korea).

*In 2020, 2021 was judged to be difficult to consider as normal statistics due to variables such as travel restrictions due to COVID-19, and

2019 indicators were applied.

It was based on data from the 2018 National Travel Survey Report (Statistics) (Ministry of Culture, Sports and Tourism).
“The tourism income of Incheon Metropolitan City in 2019 was estimated as the average of the number of tourists visiting the Incheon area

in 2019 x the daily travel expenditure per person.

9The depreciation rate was estimated by reflecting 30% of the total tourism types in Incheon and 10% of the revisit rate of domestic and

foreign tourists (85.8%).

JThe amount of health expenditure per capita was based on the "health expenditure per capita" of the National Statistical Portal (https://
kosis.kr/)’s Health Insurance Statistics and the National Health Insurance Corporation (https://www.worldbank.org).

®The total health expenditure in Incheon was estimated as the population of Incheon x the amount of health expenditure per person.

1t was estimated by reflecting 10% of these averages based on the average prevalence of three major chronic diseases such as asthma, aller-
gic rhinitis, and atopic dermatitis as of 2020 (9.03%) and the total cancer incidence rate (0.50%) as of 2019.

*Refer to the 2020 National Health Statistics (Ministry of Health and Welfare and the Korea Centers for Disease Control and Prevention)
and the 2020 chronic disease status and issues (Korea Centers for Disease Control and Prevention).
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Table 12. Cost/benefit analysis results
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Sortation Amount Cost/benefit  discount rate
(100 million won) ratio (%/30 years)
Total Cost 9,881
1.39 4.5
Total Benefits 13,724
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