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The Benefit-Cost analysis for Korea Lithium-ion Battery Waste
Recycling project and promotion plans
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Abstract Korea faces major changes in energy policy, which include eco-friendly and zero-nuclear power. On the
other hand, there are very few policies for the waste-management of mid- to large-sized lithium-ion batteries, such
as electric car batteries and energy storage systems, which are expected to increase explosively due to such energy
policy changes. Therefore, this study estimated the amount of mid- to large-sized lithium ion batteries waste and
performed economics analysis of a middle and large sized secondary battery recycling project. Based on the results,
a policy alternative for the revitalization of the related lithium-ion battery recycling industry is suggested. As a result,
the B / C ratio of a domestic mid - to large - sized lithium ion battery recycling project is 1.06, in which the benefit
is higher than the cost, so the business is economic feasible. Although the recycling project's economic efficiency is
high, the recycling industry has not been activated in Korea because the domestic demand for rechargeable batteries
recycling is very low. To solve this problem, this study proposes a plan to activate the industry by adding lithium
secondary batteries to the EPR (Extended Producer Responsibility) items.

Keywords : Lithium-ion battery recycling, Benefit-cost analysis, Electric vehicle, Energy Storage System,
EPR(Extended Producer Responsibility)
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Table 1. Electric car stock and target in Korea(unit:

thousands)
Year ‘11 ‘12 ‘13 ‘14 ‘15
stock 0.338 0.753 0.78 1.075 2.907
Year ‘16 17 ‘18 19 '20
target 10 30 40 50 64
Year 21 22 ‘23 24 ‘25
target 68 72 77 84 92
Source: Joint ministry('15.12), The third environment-friendly

automobile development and diffusion plan
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Fig. 1. LIB(Lithium-ion Battery) waste forecast by year
(unit: MWh)
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Table 2. Electric car stock and target(unit: thousands)

Product ratio (%)
Manganese 10.23
cathode | Lithium 2.72
power Nickel 6.48
Cell Cobalt 6.28
Other cathode active material and cathode 245
powder
Others (Cu, Al, separate) 19
Source: Recent trends in recovering valuable metals from spent

lithium batteries
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Table 3. Price statistics for raw material in LIB
(unit: USD/ton)

Cobalt Lithium Nickel Manganese

Price Price Price Price
Mean 39,453.21 7,319.28 16,814.17 2,628.71
Min 23,348.02 4,500.00 8,309.52 1,488.44
Max 112,334.80 | 21,397.50 | 31,225.26 4,490.00
Std 19,249.38 4,253.78 5,360.26 687.42
skewness 2.58 2.30 0.43 0.67
kutosis 9.17 6.82 2.62 3.03
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Table 4. Benefit estimation from LIB recycling

£ 5 A gHoz FRsle] A WA EX
T9H] 8-S A7F 1,188MWhe] Tt
2 AZgsts 33 AEES Y8

td
o
W of)
=
ofh
o
x
2
N

2 o
bl
ot
o yg
=]
r)t
2
s o2
ao)
N,
lo,
o,
o oft
ol
=l
S
o2
N
N
i)
o,

k

>

=
2 oo on
oo o

—

=R

o of
>

2l

ol

kst

oy
1>
=L
_)ii_vl
i)
i
=
=
__(")L_v’
_)l.(_r‘
o

oo X
o MR
()
rio

-4
jin
= =

oo
=2
i
e
~N
)
~
et
iy
o 19
=

N
2
g
o
R
it
o
o
ol
=
E=
3
2
o dx
o3l
s}
g

N

[>

\n_&/l
4 4
o 8 o

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Opera(t;:)g rate 30 30 50 50 50 80 80 80 100 100
Plant throughput
AWh) 421200 | 421200 | 702,000 | 702,000 | 702,000 | 1,123,200 | 1,123,200 | 1,123,200 | 1,404,000 | 1,404,000
Cell
2,106 | 2,006 | 3510 | 3510 | 3510 5,616 5,616 5,616 7,020 7,020
throughput(ton)
Cobalt 137 137 276 276 276 364 364 364 455 455
recycling(ton)
Cobalt sales 6,057 6,057 | 12202 | 12202 | 12,202 16,092 16,092 16,092 20,115 20,115
(Million KRW) g 2 ’ ’ ’ g 2 g ' g
Lithium
_ 390 390 650 650 650 1,040 1,040 1,040 1,300 1,300
recycling(ton)
Lithium sales
(Million KRW) | 2190 | 3199 | 531 5331 5331 8,530 8,530 8,530 10,662 10,662
Nickel 141 141 235 235 235 376 376 376 470 470
recycling(ton)
Nickel sales 2,657 | 2,657 | 4428 | 4428 | 4428 7,084 7,084 7,084 8,855 8,855
(Million KRW) ? > > 4 4 B B A R 3
Manganese 220 220 368 368 368 588 588 588 735 735
recycling(ton)
Manganese sales
(Million KRW) 648 648 1,084 1,084 1,084 1,732 1,732 1,732 2,165 2,165
Total sales
(Millon KRw) | 12960 | 12560 | 23044 | 23044 | 23044 | 33438 33,438 33,438 41,798 41,798
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Table 5. Cost estimation from LIB recycling(unit: Million KRW)

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

. Ej:td acquisition 6250 . . . . . . . . .
* Construction cost 50 - - - - - - - - -
-Building cost 35 - - - - - - - - -
-Machine cost 3 - - - - - - - - -
-Electricity cost 6 - - - - - - - - -
-Communication cost 2 - - - - - - - - -
-Fire cost 1 - - - - - - - - -

-Civil and Landscape ) . . . . . . . . }

Architecture cost
- Facility cost 46,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000 6,000
-investment cost 40,000 - - - - - - - - -
rcpl_acl:;iiitr ::S‘i 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000
~Depreciation cost 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000
- Operation cost 6,359 6359 | 10596 | 10,596 | 10,59 | 16951 | 16951 | 16951 | 21,188 | 21,188
- material cost 2,027 2,027 3,379 3,379 3379 5,406 5,406 5,406 6,758 6,758
pmces';:egmiz*; 2,027 2,027 3,379 3,379 3,379 5,406 5,406 5,406 6,758 6,758
-Waste battery : : : : : : : : : :
collection fee

+ Labor costs 1,103 1,103 1,838 1,838 1,838 2,940 2,940 2,940 3,675 3,675

) g{;’;ﬁfmmg 3,063 3,063 5,102 5,102 5,102 8,162 8,162 8162 | 10201 | 10,201

_Utility 2,129 2,129 3,548 3,548 3,548 5,676 5,676 5,676 7,095 7,095

Repair 288 288 480 480 480 768 768 768 960 960

malm‘;ff;:clz 89 89 146 146 146 234 234 234 291 291
-depression cost 557 557 928 928 928 1,484 1,484 1,484 1,855 1,855

* Welfare benefit 166 166 277 277 277 443 443 443 554 554
Total cost 58,659 | 12,359 | 16,596 | 16596 | 16,596 | 22,951 | 22951 | 22951 | 27,188 | 27,188
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Table 6. Net Present Value(NPV) for LIB recycling scenario |
IR
project (40% price increase 1.17 27,893
compared to base case)
Year 2020 2021 2022 2023 2024 .
scenario 2
NPV for (20% price increase 1.07 11,074
Benefit 10,696 10,139 17,632 16,713 15,841 compared to base case)
{(Mllion KRW) Base case 1.06 10,188
NPV ﬁER(i;’/St 49955 | 9976 | 12,698 | 12,036 | 11409 scenario 3
(Mlin KRW) (40% price decrease 1.01 1,337
Year 2025 2026 2027 2028 2029 compared to base case)
NPV for scenario 4
Benefit 21,788 20,652 19,576 23,194 21,985 (20% price decrease 0.96 -7,515
(Milion KRW) compared to base case)
NPV for Cost
(Mllin KRW) 14,955 14,175 13,436 15,087 14,300
NPV (Million KRW) 10,188 Table 9. Sensitivity Analysis based on Cobalt price
B/C Ratio 106 change
NPV
Cobalt price B/C ratio (Million
g tﬂﬁ}oﬂ e WE 24 A= Table 700 KRW)
oF o) HlLo 0/ ol X 0/ AT AF2=F) scenario 1
£ QOJ Stk & mlgol 10%el4 20% (40% price increase 1.27 45,472
- B/C7} 1ED]' v =&E o] Alee] AA|Ado] A compared to base case)
SHA] = Ao 7 _H‘;:H o] o1 = 3] o] ﬁx H scenario 2
]- ] e }\< —'QN\ &% T ] ]—; ] H (20% price increase 1.17 27,830
HeElY 45 FF D §5F S/ o)FolHA ALE A compared to base case)
FA Aol v]g =71 @ HAA - e FHu)rt Base case 1.06 10,188
Ak 761_?_ o]o]] Lﬂ—‘?— /\}OJ/H o]-§]_oﬂ EH EHH]7]_ bajie} scer‘lario 3
B _ (40% price decrease 0.96 -7,453
g Aow C‘ﬂé%q compared to base case)
scenario 4
. . (20% price decrease 0.85 -25,095
Table 7. Sensitivity Analysis based on total cost change compared to base case)
. NPV
Total cost B/C ratio (Million KRW)
+20% 0.88 -23,418
+10% 0.96 6,615 3.4 =2
0 1.06 10,188
-10% 118 26,991 T AT THA AREFHo] Bk H7IAEAL
20% 133 43,793 Hal @ oYX A28 5o 7] o2 AR S ot
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