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Abstract

There has been a rapid increase in metal prices in recent times, due to global competition to acquire rare metal resources, as
well as the resource weaponization policies of resource-rich countries. Some resource-rich countries are strengthening export
controls and taxation through protectionist trade policies, enhancing instability in the supply of minerals. Futhermore, the
current global reserves and mining amounts of tin are 4.9 million tons and 4.6 million tons, respectively, with an estimated
reserve life of 15.3 years. Considering these circumstances, this study conducted a material flow analysis to examine the
fluctuation of tin on an annual basis and analyze relevant industry trends. Through this, we aim to achieve stable management of
tin, which is a not only a limited resource but also designated as a conflict mineral. The results of the material flow analysis
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indicate that tin, due to its low melting point and corrosion resistance, is widely used as a key material in industries, such as

electrical and electronics, display, and steel industries. Among these products, printed circuit boards, metal products, and gas

sensors experienced significant fluctuations in 2021. In particular, printed circuit boards witnessed a 55% increase, as compared

to 2018. Furthermore, printed circuit boards accounted for 47%, or 5,625 tons out of 11,963 tons, of the flow of intermediate

products in primary processed goods. Currently, the global market size of printed circuit boards is growing consistently, and

domestic demand is also increasing. However, in 2021, the resource circulation and recycling rates of tin declined slightly to

4.3% and 27.5%, respectively, compared to 5.1% and 29.6% in 2018. This suggests the need for the recovery of tin within

printed circuit boards, from the perspective of resource circulation and recycling rates. Therefore, in this study, we conducted a

comparative analysis of the material flow of tin in both, 2018 and 2021, to derive key implications and propose measures to

improve the rate of its resource circulation and recycling.

Key words : Tin, Material flow analysis, Resource circulation rate, Recycling rate, Printed Circuit Board
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Fig. 1. Integrated material flow analysis diagram developed by the Center for Resources Information & Management(CRIM),

KITECH.
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Fig. 3. Comparative analysis of domestic supply and demand
ratio of Primary Processed Products stage in 2018
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Table 1. Comparison of recycling rate and resource circulation rate in 2018 and 2021

Recycling The amount of collection(ton) Production Resource
quantity Production | Accumulation - Recycling rate| ~ circulation
Year (ton) N N Import Export Accumulation (%) rate
(a) collection collection (d) (e) (ton) (a/(btctd-e)) (%)
(b) (©) ® (a/(btd+f-e))
21 501 712 1,225 17 130 11,148 275 43
’18 525.5 593.2 951 437.8 209.5 9,411.7 29.6 5.1
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Table 2. Changes in demand for major items in 2018 and 2021

Raw materials and basic materials

1* Processed Products

T Domestic demand(ton) The rate of - Domestic demand(ton) The rate of
e e
P ’2lyear ’18year change(%) P ’21 year ’18 year change(%)
Sn alloy 21,710 11,365 91.02
Tin-plate 3,018 2,598 162
steel sheet
Tin ingot 14,976 14,404 3.97 Tin 403 512 21
compound
Solder 7,346 7,066 3.9
ITO target 53 67 -20.9
Intermediate product End product
T Domestic demand(ton) The rate of - Domestic demand(ton) The rate of
e e
P ’21 year ’18 year change(%) P ’21 year ’18 year change(%)
Printed cireuit | ¢ 5,9 4192 55.7 Computer 6,980 2,504 178.8
board optics
. Electrical
Bearing gear 2,032 2,313 -12.1 . 1,911 390 390
equipment
Other metal 2,964 4,441 33.2 Mechanical 2,429 1,522 59.6
products equipment
Construction 1,327 762 741 TransPortatlon 974 2493 61
metal equipment
Gas sensor 73 230 -68.2 Metal products 1,216 1,831 -33.6

A= FA-g1F0] 20219 7]= 21,710 tonO 2, 2018
3 11,365 ton ] 2F 91% Z7}5F Ao 2 Yehdth &
5], SUAETOIA & HEES B AlE2 AH3=
714, wolg 719, 718t S5A1E, AE5EaS5AE, 7tA
AA IR AP OIT) o] FoflA] QI3 & 7]
(Printed Circuit Board, ©]3} PCB)2] 7392018 4,192
ton TH] 2021E9)= 6,528 tonC 2 F 55% 71 ==k
o] Z7Fstl o ol PCB 419 443t & Aol
U= Ao E AlmELh

FZAFAIRD TN 7Y & HEES Bl B
E3 5E, AR H Fekr]719}, A71gEE 2018W o
H] 9F 179%, 390% F7151310m, ol SXHAlELlA
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AAZA7139] Technavio AFF0f T2, 2019 =+
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Table 3. World mine production and reserves(Unit : ton)

Mine production
Country Reserves
2021 2022

Indonesia 70,000 74,000 800,000

China 90,000 95,000 720,000

Burma 36,900 31,000 700,000

Brazil 15,517 18,000 420,000

Bolivia 19,628 18,000 400,000

Etc 72,955 74,000 1,560,000

World total |55 5 310,000 | 4,600,000
(rounded)
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Table 4. Quarterly Tin price(Unit : USD/ton)

Quarter ’17 ’18 ’19 ’20 ’21.1

21.2

’21.3 21.4 ’22.1 222 ’22.3 ’22.4

Tin Price| 20,105 | 20,153 | 18,643 | 17,135 | 25,189

31,236

34,828 | 38,956 | 43,391 | 36,948 | 23,647 | 24,700
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Fig. 6. Diagrams of current flow and new flow assuming tin extracting from PCB waste.
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