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Abstract: Stone has been used for various purposes, such as for building stones, megaliths, ornamental
stones, hunting and grinding throughout history. The global stone production amounted to around 153
million tons in 2018 excluding quarry waste, up 0.8% on year. Of them, stone residues accounted for 71%.
The worldwide stone trading decreased 1.5 million tons to 56.5 million tons in 2018. The average price
of stone was 34.1 USD per square meter, down 2.5% from the previous year. It’s down 7% when only
considering trading between the world’s top twelve exporters. But in the three leading countries, Italy,
Greece and Brazil, the price saw a sharp increase. In 2018, stone imports and exports totaled 815 million
square meters, raising over 20 billion USD of revenue. Imports were largely led by six countries: China,
Italy, Turkey, India, Brazil, Spain and Portugal, from largest to smallest.) In terms of stone use per 1,000
population, it was 117 square meters in 2001, and it increased to 264 square meters in 2017 and 266
square meters in 2018. The volume more than doubled during the period, but it has been declining slightly
in recent years. China, India, Saudi Arabia and Belgium were the only countries that the stone use per
1,000 population exceeded 1,000 square meters. The increase rate was steepest in China, India and the
United States, from largest to smallest. The global stone production is likely to grow to 69.85 million tons
by 2025, despite the global economic downturn.
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A 2] B2, F55 0 TPH 9 54 240l 4

7S B 7} NZItHZichella ef al., 2020). 2017
Hol 39 1,0008H=(100%) A S 71338 o ¢+
A EL 9,0009HE(29%)°] 22, 71EF 29 2,0009HE
(71%)y= A FAHES A7 FAHE(Table 3)=
EEo] Aol AEgo] AlFE EAR FAE
TH(Careddu et al., 2019).
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Table 3. Global production and waste of dimension stones
in 2017

27}l Ry World stone productions 1,000tons
ATHAIM, 2020). 37) =7}k 10009 o]4} Axje  World quarry production 310,000
AAFEI] 3 Qe B El7] 4208 AA] AARS Wol World quarry net production (raw blocks) 152,000
a3, A AT 56%= XA AA A A World processed production (finished products) ~ 90.000
o] wo oJaFo] Z=QITHTable 2). A4 A2+ 24 Quarrying waste/scraps 158,000
oA MAlERs HAME Aals A A BAs o Stone processing waste/scraps 62,000
Table 1. Main uses of dimension stone
Division F looriqg and Memorial Special Wa!l Structural Steps Other
paving art works cladding works uses
Share (%) 35 18 18 17 7 3 2
Table 2. Leading quarry production from 1994 to 2018
Country 1994 2014 2015 2016 2017 2018

1,000tons % 1,000tons % 1,000tons % 1,000tons % 1,000tons % 1,000 tons %
CHINA 7,500 16.1 42,500 31.1 45,000 32.1 46,000 31.7 49,000 322 48,000 314
INDIA 3,500 7.5 20,000 147 21,000 15.0 23,500 162 24,500 16.1 26,000 17.0
TURKEY 900 1.9 11,500 84 10,500 7.5 10,750 7.4 12250 81 12,000 7.8
IRAN 2,500 5.4 7,000 5.1 7,500 54 8,000 5.5 8,700 5.7 9,000 5.9
BRAZIL 1,900 41 8,750 6.4 8,200 59 8,500 59 8,350 5.5 8,250 54
ITALY 8,200 17.7 6,750 49 6,500 4.6 6,250 43 6,300 4.1 6,000 39
EGYPT 1,000 22 4,200 3.1 5,000 35 5,250 3.6 5,300 35 5,000 33
SPAIN 4,250 9.1 4,850 3.6 4,750 34 5,000 34 4,900 32 4,950 3.2
PORTUGAL 1,950 42 2,750 2.0 2,700 1.9 2,600 1.8 2,750 1.8 3,000 2.0
USA 1,350 29 2,650 1.9 2,700 1.9 2,800 1.9 2,750 1.8 2,850 1.9
GREECE 1,800 39 1,300 1.0 1,250 0.9 1,200 0.8 1,500 1.0 1,450 1.0
FRANCE 1,150 25 1,200 0.9 1,250 0.9 1,300 0.9 1,350 0.9 1,350 0.9
S.ARABIA 250 0.5 1,300 1.0 1,200 0.9 1,250 0.9 1,250 0.8 1,300 0.8
PAKISTAN 200 0.4 1000 0.7 1,050 0.7 1,100 0.7 1,100 0.7 1,200 0.7
SUBTOTAL 36,500 785 115,750 84.8 118,600 843 123,500 85.0 130,000 854 130,350 85.2
OTHERS 10,000 21.5 20,750 152 21,400 157 21500 15.0 22,000 14.6 22,650 14.8
TOTAL 46,500 100 136,500 100 140,000 100 145,000 100 152,000 100 153,000 100

Korean J. Mineral. Petrol.
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20183 A 4 (Code 68.02)0014 FE=e ==
o] 8204 EC R 7P WAL 7], QI olgg o},
Bap AT FEY £9E 25 #s 9o
Z3o] 5,007H WL (USD)E 7H =3 oleg
o}, eI, Bl7] ¥ Habd <A tk(Table 5). w0
Bt 7HL olgg]olrt 7Y ot 1,442 (USD/
ton)o] 3 5, 2], BEpd 9 W) FA At
TFETF 9 FEQNA F=o] 7P T8 YXE A

A&hH (Fig. 2) Wt 7H4L dde

e 2.5% 7Ha

shaich. AAAoZ A A A3 A 39 127
FE WL 1RO OF 1% Aastel 4L 341
H(USDIT. A4 B b 9ol o i
olgElel, 22l B Hepde o Be S n

| | I I

soilandstone  forest ~ medicinal use fruit wild timber landscaping mushroom athers
(25.2%) tree plant trees greens (6.7%) material (3.5%) (5.8%)
(23.9%) (12.0%) (9.4%) (7.2%) (6.3%)
Fig. 1. Gross production of Korea’s forest products in 2019.
Table 4. Domestic stone industry market sizefrom from 2014 to 2018. (KRW:100 million won)
Distinction 2014 2015 2016 2017 2018

Soil and rock extraction 18,414 25,855 34,689 33,978 17,336
Stone processing products 2,532 2,608 2,907 2,928 2,949
Stone import and export 7,929 8,082 8,746 9,520 9,845
Stone construction 13,755 15,771 19,346 22,200 20,076
Total 42,629 52,316 65,688 68,626 50,206
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Table 5. Special processed stone exports(code 68.02) and average prices from 2016 to 2018

c 1,000 tons Mill. USD USD/ton USD/m? Index

oun

untry 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018
ITALY 1365 1241 1147 1706 1645 1654 1250 1326 1442 67 71 77 100 100 100

GERMANY 94 93 83 107 111 106 1,145 1,202 1,228 61 64 66 91 9 &5
GREECE 241 240 221 166 173 181 692 722 823 37 39 44 55 54 57
BRAZIL 1,239 1,185 1,002 862 843 720 6% 711 719 37 38 38 55 53 49
BELGIUM 158 159 125 83 92 83 530 580 668 28 31 36 42 43 46
CHINA 9,085 9,124 8204 6270 5,149 5,007 690 564 610 37 30 32 55 42 42
SPAIN 744 638 664 419 385 396 863 564 597 46 30 32 69 42 41
MEXICO 108 78 80 78 55 46 725 710 586 39 38 31 58 53 40
PORTUGAL 411 425 435 223 227 247 542 536 569 29 28 30 43 40 39
FRANCE 122 133 144 74 76 74 613 574 516 33 31 27 49 43 35
INDIA 1,970 1,923 2,144 1,005 977 1,009 510 508 470 27 27 25 40 38 32
TURKEY 2,046 2209 2345 923 927 942 451 419 401 24 22 21 36 31 27
TOTAL 17,583 1,7493 16,594 11,922 10,666 10,471 678 609 631 36 32 34 54 46 43

Stone export (1,000tons)
9,000

8,000
7,000
6,000
5,000
4,000
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) I m e - _ _
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Stone export (Mill. USD)
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Fig. 2. Special processed stone exports in 2018.
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Table 6. Stone exporters from 2017 to 2018

= 2E 28 Frtsd
THAIM, 2020).

AAA A7 £ 2010~20143 7HA & FE3)
Z7Vshes ZAdko] B 201595 HAaslr] Al
zZ}ste] 2017'd 20,6008 W2 (USDYZHA] 7428H3
o} QlF AA T3 §ARE Ao E 20109 ~2014
d 7 e 58] Sk AR 2sken 2016
ArF o7 7ozl 20173 9,320t R =
7}t ti(Table 7). Y Folle 7PEAE2 g3t 2|
ol7F AAe™, HA 1008HE o) FYshks =7 &
M F=, v, g, 5Y Qs 9 XA BE
kil Hl%ﬂ “ZH FUe] 45.6%= AT AF
Aol =Al 7 @A AR 30%7HK] EER
(20108 21.5% th®]) 342 A AGolA B=
73R o] AATHAIM, 2020).

AAA FZoll 72%= A8

Year Cod. China Italy Turkey India Brazil Spain  Portugal Others Total

25.15 17.6 4529 44032 39.1 6.0 142.6 71.8 867.6 2,700

25.16 32.1 38.8 9.2 812.5 177.7 34.4 32.6 539.0 1,675

2017 68.01 266.8 34.5 44 6.9 7.5 13.9 46.7 177.5 560

mill. USD 68.02 5,149.7 1,6459  927.0 977.7 843.3 385.8 227.8 4,752.1 14,910
68.03 158.5 8.3 0.6 9.6 385 2914 5.5 236.5 750

Total  5,824.7 2,184.4 2,0444 1,8458 1,073.0 868.1 3844 6572.7 20,595

25.15 13.5 435.9 9443 39.1 10.9 101.6 100.3 779.1 2,425

25.16 36.1 40.7 8.6 819.6 176.1 52.3 37.0 555.1 1,725

2018 68.01 265.7 37.0 6.6 38 6.1 17.2 58.5 183.0 578

mill. USD 68.02 50073 11,6546 9422 1,009.3 720.4 396.7 247.7 461.0 14,649
68.03 162.6 7.5 0.5 13.7 41.1 295.2 5.4 241.9 768

Total 54852  2,175.7 1,902.2  1,885.5 954.6 863.0 448.9 6430.0 20,145

Table 7. Value of the exports from 2010 to 2017
Years Natural Stone Artificial Stone Total
mill.USD Index % mill.USD Index % millLUSD %

2010 16,350 100.0 78.5 4,480 100.0 21.5 20,830 100.0
2011 17,960 109.8 75.7 5,760 128.6 243 23,720 113.9
2012 19,360 118.4 76.1 6,090 135.9 239 25,450 122.2
2013 22,250 136.1 74.2 7,720 172.3 25.8 29,970 143.9
2014 22,870 139.9 74.0 8,940 179.5 26.0 31,810 152.7
2015 22,760 139.2 73.2 8,350 186.4 26.8 31,110 149.4
2016 21,100 129.1 72.7 7,920 176.8 273 29,010 139.3
2017 20,600 126.0 68.9 9,320 208.0 31.1 29,320 140.8

Vol. 35, No. 1, 2022



A - olg

(=)
o

MR AL 5%t

A A AAARSZ A AT 2001 117 m*ell 4]
2017 264 m% 2018\ 266 m*E A|&FH 07 Z713)
THAIM, 2020). A1A] AR&-2 2001 o] 5] 20) ©]
4 7 A, Ao 28 Ak YA A A
B 1,000m? o) ARk w7te sl 2912,
Sh=t, ARl olEi]of 2 M 7o), 71 Hol F
7Hek 57 29 T, s 2 vFE UERT
(Table 8). E=FZ3} AH|Q1e A AAAIES
Tate F7HldE et wid fhashe 5ol
Aol YERstth Sk AA|ARS-Eo] 2014 ©]
ha FA 7k, 201837 ZhAas] o HY T
1,340 m*Z JEPSth(Fig. 3).

il

O
i ot ¥

}

it
—_o

=S

TFERA 7 S ol e ST E71,
olgh, Hepd gl ojggjolt}, AlAl AjA9] 70%S A
ARSI, 20 B9t 30% ol AR N, AA A
5 9o delez el Heldy) ojgdgols ¢S

ol
-,

=

e

5% - U5

Ho

vl

TR A AA 7 JeERsEtH(Table 9). 718 2
W= Q1 A Aqbo] FEs] F7fetaL, F=ollAl
st d 5 Yol S Aol 5] o
5,000 2] AAE ANshs T2 AAZCR o
A g AR 2(A ArkEFe] 31%0) dld sk ALk
1912 FA8HL, Qs 17%7HA i8] A3
AAF 714 L 20163 67.62 2 (USD/m?), 20173
71.728 3} vwated 20183 78L& FF3] F7)
3k ATHAIM, 2020).

s |

==

e

EIZII

M 42 % Sl

=& 20189 8,559 72 (USD)=
7t ¢ & S7telt. st 7 A
A8, 2026 12,221 Rkd =
CTHKEFS, 2021). °]& =2 O =7ke] 24|
#+d T8 ARE 2A  de AT F7RERE 97
o]tk A2 = Code(25.15, 25.16, 68.01, 6801 2 68.03)>
43 A FEAo] ZAFTHTable 10). 20143
6,664 k2ol A 2018 5485 bt =E 74l
oh B3 A 20141 2,9979 b ol A 2018

24

/Ké 7((3]—61—

o~
-

Table 8. Global stone use per 1,000 population from 2001 to 2018. (m%1,000inh.)

Country 2001 2013 2014 2015 2016 2017 2018
SWITZERLAND 1,493 1,558 1,894 1,733 1,746 1,773 1,719
SOUTH KOREA 556 1,013 892 1,063 1,307 1,446 1,340
S.ARABIA 779 1,727 1,573 1,770 1,680 1,510 1,317
BELGIUM 1029 1,775 1,708 1,475 1,485 1,485 1,303
PORTUGAL 938 714 735 806 775 756 798
ITALY 1040 875 865 815 798 767 751
SPAIN 1147 516 551 558 595 628 683
TAIWAN 891 1,040 1,084 984 792 635 626
NETHERLANDS 543 360 354 455 581 405 538
UN.KINGDOM 144 356 481 504 525 471 458
FRANCE 447 547 485 521 491 501 453
GERMANY 525 392 462 405 404 425 408
GREECE 1367 459 360 355 382 357 374
CHINA 60 304 298 300 322 365 372
BRAZIL 78 327 321 297 304 290 316
USA 190 270 307 318 304 347 302
INDIA 38 115 122 147 161 157 158
JAPAN 273 162 153 128 118 118 112
OTHERS 72 152 174 180 184 181 189
WORLD 117 226 237 243 252 264 266

Korean J. Mineral. Petrol.
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Fig. 3. Global and South Korea’s stone use per 1,000 population.

Table 9. Exporters of processed stone (Code 68.02) from 2016 to 2018

ITALY SPAIN

2017

Country

Total exports (Mill.USD)

Processed stone exports (Mill.USD)

2016 2017 2018 2016 2017 2018
TURKEY 142,503 157,055 168,023 923.9 942.2 942.2
GREECE 27,811 32,604 39,445 166.8 173.5 181.9
PORTUGAL 55,677 62,182 68,452 223.1 2278 247.7
INDIA 260,327 295,847 323,056 1,005.5 971.7 1,009.3
ITALY 461,529 506,307 546,643 1,706.5 1,645.9 1,654.6
BRAZIL 185,235 217,739 239,889 862.9 8433 720.4
BELGIUM 398,033 429,280 466,723 83.8 92.3 83.6
FRANCE 488,885 522,838 568,449 74.9 76.4 74.4
SPAIN 281,777 320,146 345,166 419.4 385.8 396.7
MEXICO 373,894 409,476 450,920 78.3 554 46.9
GERMANY 1,340,752 1,444,918 1,557,176 107.7 111.8 106.2
CHINA 2,097,637 2,271,796 2,494,230 6,271.1 5,149.7 5,007.3
TOTAL 6,114,087 6,670,188 7,268,172 11,922.9 10,666.6 10,471.2

Vol. 35, No. 1, 2022



8 A - ol Pl -

Ho

Table 10. China’s stone exports and imports from 2014 to 2018

. Export Import

Unit  Code

2014 2015 2016 2017 2018 2014 2015 2016 2017 2018

25.15 100.9 123.0 76.1 82.7 67.0 8,479.6  6,756.8 7,180.0 8,588.6  8269.0

25.16 22101 1,593.0 1,107.3 3873 4250  6,6302 5490.1 5,161.7 59640 6,206.0

1,000 68.01 1,075.1 14520 9189 1,344.0 1,068 2.0 2.0 8.0 3.0 2.0

tons  68.02 9,533.7 19,1882 19,0847 19,1240 8,204.0 41.9 36.8 39.0 143.0 64.0

68.03 437.7 412.9 417.3 387.0 350.0 2.0 5.0 1.0 5.0 2.0

Al 13,3575 12,769.1 11,604.3 11,325.0 10,114.0 15,1557 12,290.7 12,389.7 14,703.6 14,543.0

25.15 24.0 19.6 17.3 17.6 13.5 1,7156 12741 1,223.8 1,7262  1,550.6

25.16 80.8 79.4 553 32.1 36.1 1,2459  989.1 888.6 987.7 1,029.1

Mill.  68.01 304.4 221.8 265.1 266.8 265.7 0.5 0.3 0.3 0.2 0.4

USD  68.02 6,0722 7,082 6270.1 51497 5,007.3 34.7 27.6 28.1 28.4 359

68.03 182.6 181.0 193.0 158.5 162.6 0.4 0.4 0.1 0.4 0.5

Total  6,664.0 7,588.0 68008 56247 54852 2997.1 22915 2,1409 27429 2,616.5

Stone Export (Mill. USD)

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
0
2014 2015 2016 2017 2018
Stone import (Mill. USD)

3,500
3,000
2,500
2,000
1,500
1,000
500

0

2014 2015 2016 2017 2018

Fig. 4. China stone exports and imports from 2014 to 2018.
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He, A 2 w2 Sof 7|dk Ao TEZA v
=2 S 8254 AFEE4E th(Zichella et al., 2020). 3}
7] sedS AR A3t
ulAgk A}, G, A E QS B, v
Ehdro]al ol x| 8hg-TFo| W2 Aoz eht, 2
g o]l A B tig B JHEAIE A
£-0] 71538l (Tozsin et al., 2014). AtF o] @k}
o] A FAHEo] Frlsla
dol AAsiA L U}, o] whet
grgale] AFg3ro N HARLS

RN

AA AR FAHEe AR ALk vlEste] St
sk A dko] YeRsth 20159 71Eo2 AA) A4t
&9 =S T, Rl Bepd, B, olgE]o}, &
#HQl B x2EZ FAjol A ARl 9,865
Eo|tk(Marras et al., 2017). A FAHES ALkt HEo] Be F/
Hlg|sle] 3,8669HEC 2 WA A 39%E 24| SERE Y

A 9] B R 5 A

3% 8 Arlete)

FAckFig. 5). A FAEL YFHE WX @ &HX| 2

o
2 F-Foh=tl(Karaca ef al., 2012) Z48732] vy Zol|a FES B o
A5, FH, T4 9 Ay Se2 gdsi A A3y HIZ gle
&4 3UTH(Table 12). =3 AV, w8 Hl5, 2 A, B3 5
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Fig. 5. Quarry production and wastes in 2015.
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Table 11. Market prices of raw materials in South Korea in

ol

2015

Raw material Market price (USD/ton)
OPC 65.9
GGBFS 44.6
Stone powder sludge 0.0
Fine aggregate (crushed sand) 11.0
CaO 89.2
Gypsum 25.5
Sodium sulfate 237.9

3 AAEATHHyun er al., 1996). A $-ueh=
AZF 1009R=2] A& Sefx|7F wAskar flom, x|
w718y 2GR ER AR Qo AR &
217 o] wigEe] Azhek 24 EAlolvh(Park
et al., 2016). AA) EHX = Aol X9 @77} A
E2(ZERO)EA ZAEo] 7H¢ & sz duiA
ATHTable 11). 1A =7H4 o= zpele] dofst 2
Zg 310 Ao HEC] Ao AdFore] T

(Tozsin et al., 2014), FF Az FAES o] &3t ESF
F3 2 f83 Y Y52 A% 3]

74 2 % Alolth, MAH =
1710 = B3 20208300 3t 2
ey & A4 F& 59980HEC 2 34 H v (Fig.
6), O FZE X|&H o= FIkete] 2025 6,985
E7HA s AeE o SHTHAIM, 2020). A
Akt vl sted A FAEE AA) ikl 39~
T1%7F @A Aoz ghd=m ol tigh Fh7F d
a3t} gh=re] MA2 20189 1.82Y (R +&
42%)01 A4 202613 2397 F71E AdEd
(Table 13) $t=r2 T =7F= AlAl AA] AHS-3F 2
9, AR A AE SR AA) BdEste] %

o o
2,
=2
<
4o )

=
gk A ke A Wito] mi EojA] AL it =7FOEHKFS, 2021). oI A1) JZHE 713
=3 9alel 47 65AHoNA AAS BYe] ol5t o) waow Agela F& AR A9uFL v
34 E4e BAS 29 20199 APES FE shw AR AT A, A e, A7)
pH(Lee et al., 2020)y= 4322 2HA43} Ae)7} =% 71e N, FobE 28 Wt A4, AE ALY
A7 A% A Vg FaF A4 Fo it A P, AN BYEE 9 FUAY 5
7} EF Awolu], AA) PAHES olgel EF pH o] Basit.
4.17°14 pH 6.38~6.847FA] NAAIZL AHHI7F d o]
Table 12. Classification of stone wastes
Group Description Properties Industry (usage area)
rejection
rice
diamond wire fragments .
Quarry waste vidia bits stone (vase, trinket)
some chemicals
Solid oil
valvestone
paladian
Plant waste abrasive residues construction (aggregate, fill materal, amourstone, gabion)
saw other cutter residues
oil
. chemical (filling, whitening, abrasive) agriculture and
Dust . stone particle livestock (acid regulatory, fertilzer and animal breeding)
. . . stone (pore filter)
Semi-slurry - stone-particle, sawdust, resin construction (finer)
slurry, cake metal, chemicals, oil chemical (fill material for ceramic and plastic)
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Fig. 6. Forecast of global stone market from 1994 to 2025.

Table 13. Stone market scale by country in 2018 and 2026

2014

2015 2016 2017 2018 2020 2025

2018 2026
Country — —
Billion won (KRW) Share (%) Billion won (KRW) Share (%)
CHINA 10.2 244 14.5 254
MIDDLE EAST 6.3 15.2 7.7 13.5
USA 35 83 54 9.5
INDIA 33 8.0 5.1 8.9
THE OTHERS ASIA-PACIFIC 34 8.2 4.6 8.1
LATIN AMERICA 2.8 6.8 3.8 6.6
THE OTHERS EUROPE 1.8 44 2.7 4.7
ITALY 1.9 4.6 24 4.1
SOUTH KOREA 1.8 42 23 4.0
GERMANY 12 2.9 1.5 2.7
JAPAN 1.2 2.8 1.4 2.5
FRANCE 1.1 2.6 1.4 25
AFRICA 1.0 2.5 1.4 2.5
SPAIN 0.9 23 1.3 23
CANADA 0.7 1.7 1.0 1.8
MEXICO 0.4 1.0 0.6 1.0
TOTAL 41.7 100.0 57.1 100.0
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