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Economic Feasibility and Environmental Implications for the Use of Sea-
weed By-products as Feed for Ruminants
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In this study, the economic and environmental feasibility of seaweed by-products as livestock feed ingredients was
evaluated. In the last three years (2021-2023), the estimated average annual production of domestic seaweed by-
products, including processing residuals from sea mustard and kelp, was 210,000 tons. The economic feasibility
analysis of using seaweed by-products as livestock feed indicated a net benefit of 482,237 KRW per ton. Additionally,
substituting seaweed by-products at 0.25% 0.5%, 1%, and 2% in livestock compound feed generated net benefits of
6.5,12.9,25.9, and 51.7 billion KRW, respectively. The potential market value was analyzed from an environmental
perspective by examining the greenhouse gas reduction potential of seaweed additives. By adding 2% laver, 2% sea
mustard, and 0.25% sea mustard sporophyll to the feed, greenhouse gas emissions could be reduced by economic
values estimated at 10.8, 11.4, and 15.6 billion KRW, respectively. The findings of this study suggest that the use of
seaweed by-products livestock as feed ingredients can generate economic and environmental benefits.
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A& 5F5A7e dAYER QI Qlth(Maia et al., 2016;
Kinley et al., 2020; Roque et al., 2021).
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Table 1. Import prices of feed grains (2020-2022)

9.6%%} 10%= A5l thKang and Lee, 2019). 72 A4
Aol A Aol Eo Q)= xkEsF YR7T vitel] fAlEY 1
s AR & 4 glon, 7t ol A F4 o] A5t A
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etal., 2005).
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#|7) &3} 37 £3} e & E tHKMI, 2013; Kang and Lee, 2019).
7 AFolrs SAEFH 7SS Aggsto] ARSt S 4 E
71Eo s B8-S APtk S B SAEREIEY oF
89.7%= AT A& Tl A12] EH, o] 2jofl= 2 A A
2], FAks 7 A7) 9l 422f 5o WA 0 & A2 H AL QIEHKFTC,
2022). o] utet H]§F=2 D ETiAE 7 225 ]
&, AZE sErlger FEskirh SAERIvIEY A
& A7 h= A Ao &5, A FE AR H ol A2 5ol
wheh FER R BE7RE Aok Ao] of it 2 Aol
A= 202249 71 SA =R 79 4 A2driel 130,000
=S 288 2 H(KFTC, 2022) AlE-8-2 $19F =82
100,0009/E 2 &)= A 0 & 2859 tHKMI, 2013).
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Year Quantity (ton) Purchase price (USD)  Unit price (USD/ton)  Purchase price (KRW) Unit price (KRW/ton)
2020 11,843,000 2,619,118,000 221 3,145,560,718,000 265,605
2021 12,360,000 3,622,317,000 293 4,216,376,988,000 341,131
2022 12,426,000 4,677,280,000 376 6,150,623,200,000 494,980
Mean 12,209,667 3,639,571,667 297 4,504,186,968,667 367,239

Used the data from MARTA (2022).
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Zholl Arskar glod, AR 7] 50,000-70,0004/
Eof sl A0E ZARE QT 2 Aol A= AR I
wje} Fok B erlel 60,0009/ ES 28510 Hele 45)
et gk 598 uli Ak AJAES BFH(KOSIS, 2022) 0 &
(Table 2) A2 FZEAER 0.25%, 0.5%, 1% 2 2% th] A] &

Aol BAshrt.
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Table 2. Production volume of beef cattle compound feed (2020—
2022)

Alut gl oA E o] g5kGiTh SR A e =0k Al
Zhof| wha BlA A(F: 15°C, 1425 w| 93} thAJf: 15°C, 242, 1]
9 15°C, 3+) E A A (3: 60°C, 0.5+ 1] o2} thA|u}: 80°C,
245 v 9): 70°C, 3W) = A sttt AdA e & 29
s2t B2 olgstel 183428 WS Bl o 2L AA
sheleh A d 32 s 27 554 1£7](0OF-22GW; JEIO
TECH, Daejeon, Korea)o] 55°CoA 72A17F A% & cutting
mill £4}7](Shinmyung Electric Co., Ltd., Gimpo, Korea)E
olg3te] | mm YA Haek ARE HAol o] g3ttt In
vitro 9] 1) W2 S15) S48 AHRE 7142 o] §5H]
o, A7 W7 4L 7, vlel 9@ chalnks 22 0%, 0.5%,
1% 9 2%, 5] A= 0%, 0.25%, 0.5% 2 1% 443k},
H=9] Wf 48ks BAS fIske] Ridle sleetrt A2k
oA 2ALRSE FFALRE 82 HIE R TUX golgt
3 27 AbEro] 217(08:00)] ZHF BT AFH HH-S 2
9] cheese cloth® A& 3211, Tilley and Terry (1963)2] B
ol wehA] WHglola) viso] AR 0.5 g& E3ksko] Ankom
Daisyll incubator (Ankom Technology, Macedon, NY, USA)
ol A 48417t 52t vl FSto] in vitro A& 42 3H&(IVDMD)&
AL, 11 0]% 3714 © & neutral detergent fiber (NDF) $F
S B43519] in vitro NDF23-(in vitro neutral detergent
fiber digestibility, IVNDFD)& 245}5ict.

AAZTE vt o & koo g il ST A7 = 2H4F
317] Y3l IPCC (1996) 7Fo] =2kl 9] Tier 1 W] o2 A5}
k. Hg BiESEE 7] v EA oll 79 AR FE w5510
Agst o, s RH- AbsEaE FAIR G B AR
9] AG AR E 4351 HKOSIS, 2023b) (Table 3). Bl
E79= gt &4 47 (kg CH, /head/year) S ©]-8-31%0
o PR 4] (3)3 2 THMOE, 2018). U F2of A

Table 3. Number of Hanwoo cattle (2023)

Quarter Number

1/4 3,367,423
2/4 3,523,376
3/4 3,535,813
4/4 3,475,537
Mean 3,535,813

Used the data from KOSIS (2023b).

Table 4. Emission trading prices (2021-2023)

Year Quantity (ton) Year Item name Price (KRW/ton)
2020 5,050,393 2021 KAU21 23,402
2021 5,384,825 2022 KAU22 23,889
2022 5,659,639 2023 KAU23 11,757
Mean 5,364,952 Mean - 19,683

Used the data from KOSIS (2022).

Used the data from KRX ETS (2023).
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3WZH2021-2023) wlfe] Hat FA AAFRFE
575,067F0]n] SHAE-2 285t Adt, FARES 130,885

AL 614,004 %01 EAHEL 76,7505 0 2 12.5%7} 2
A Ao 2 A E QI whabA] s 25 AARFS] 67%E
R SH= v <1} ThA| Aol A 207,635E 9] FAMEo] HhAlEl=
Ao g Uepylth. 1% S8 FARE A% vl& 10%E A8
atglom, u|da} chr|abz} Zb2t 13,0883 7,675E0% &
20,763%0 & eI THTable 5).
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Table 5. Seaweed production and by-product generation

of| A = v]-8-2 217151 482,239 /= 0 2 EA %9 thTable 6).
E3t 209 wigiE 98E JRBHAER (0.25%, 0.5%,
1% 9 2% A A] <= Bl BAsct. 1 A3 34
o &5 0S8 AR ABARRFS 5,364,952 0 2 SR
AHEO] S-9-8 viRkALR €=9] 0.25% thA| A gt ks
S A% THNF 134128, &= W2 oF 65902 EA4H
Atk 0.5% thAl Al D agh FARES 26,825%, = Hel2 oF
12991 0 = BAE T 1% A Al 2 23k FAba2 53,650
E, & W& oF 2599 olH, 2% thA Al Bagt FARES
107,299%, <= #2]-2 oF 5179910 &2 E-A %] gl ch(Table 7).
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A2 2% H7ollA 15.7% H4astch v Y-S NDF 43}
& G e S o] titol] vl A @A 2% M7l A
16.6% 43l ct. chA|ok= A& 9 NDF &3hg o et 2
Aol AAA 2] Al A 2]4t7ke] {212 Q1 Aol 7} LR tA] 9F
Sttt 1)Y= NDF 43k & wjgh WAgko] o 2+of ]3]
AGAE] 0.25% H7HElA 22.7% 4dH AR Uelyith
AE ATE B o & s 25 7ol whE 247 viETF A
ol tiet A7 HA & 24 8FA T

2023 =] - ARSF 71 A E 2 A7 A
2 IPCC (1996)2] Tier 1 gholl 2314 3,489,847 CO,eq.2
etk A date] web 7 2% Fe R OF 547,906
CO,eq.0] A7k~ #7to] 7HgshH, ol= vi&Ed A71H4
& Agoto] ARTIAZ kst oF 1089 AR E
ok ole Ao R ARSI nd Y] H9- 2% do s
F 5793155 CO,eq.o] &7k~ Azro] 71538l 114919
of sFsh= A7 E A= 4= Stk vix9t o &2 n|Y =
0.25% T2 2 2F792,195% CO,eq.2] &AI7kA A 7to] 71
g A0 & Uehgom A7 2= 1569 o aget= 714
EAET 5 = AR BAE I wheba] o] 2A7FA uf
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Category Varieties Production quantity (ton) Conversion rate (%) By-products (ton) Dry weight (ton)
Consumption 345,040 25 86,260 8,626
Feed 230,027 5 11,501 1,150
Sea mustard )
Processing 345,040 9.6 33,124 3,312
Total 575,067 - 130,885 13,088
Brown algae -
Consumption 307,002 10 30,700 3,070
Kel Feed 307,002 5 15,350 1,535
e
P Processing 307,002 10 30,700 3,070
Total 614,004 - 76,750 7,675
Red algae Laver Consumption 543,628 - 0 0
Total 1,732,699 - 207,635 20,763
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Table 6. Costs and benefits of using seaweed by-products as feed

Amount

Category Item (KRW/ton)

Collection and transportation cost (A) 130,000

Costs  Recycling consignment cost (B) 100,000

Total cost 230,000

Incineration cost reduction 285,000

. Import substitution benefit 367,239
Benefits )

Feed sales revenue (Dry weight) 60,000

Total benefit 712,239

Net benefit (Total benefit-Total cost) 482,239

Table 7. Net benefits based on the seaweed by-product substitution
rates

Substitution Required amount of by-products ~ Net benefit
rates (%) (Dry weight, ton) (KRW)
0.25 13,412 6,467,972,719
0.5 26,825 12,935,945,438
1 53,650 25,871,890,875
2 107,299 51,743,781,751

Table 8. Greenhouse gas (GHG) emission reduction effects of sea-
weed additives

Additi GHG Market value
Category i ! |Oc/>n emission reduction  generation

ate (%) (ton CO, eq.) (KRW)
Laver 2.0 547,906 10,784,252,081
Sea mustard 2.0 579,315 11,402,457,615
Seamustard 55 792,195 15,592,517,340

sporophyll
No greenhouse gas reduction effect observed with kelp addition.
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