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The Efficiency Evaluation of Coking Coals Using Data
Envelopment Analysis*

Deokhyun Seong** - Min Soo Suh***

B Abstract ®

This paper proposes a DEA model for the performance evaluation of each brand of coking coals in an integrated
steel mill. The performance is defined as the efficiency which is the ratio of two linear combinations of the output
factors 1o the input factors. There is only one input factor considered in the model : unit price of each brand based
on CIF. Five output factors are chosen in consideration of their impact to the quality of cokes such as Ash, VM, LMF,
TD, and Rm. Some of the output factors are treated as undesirable in DEA model because the quality criteria are
given by the range.

The CCR and BCC efficiencies are derived by the DEA model, and the scale efficiency is calculated, too. Each brand

. of coking coal is classified into four categories according to the CCR and BCC efficiencies, and the most inferior brands
are identified as a result. The impact of the input and output factors to the efficiency is analyzed using a multiple
regression, then the unit price is revealed as the most critical among them. Also, ANOVA results show that there
exist efficiency differences among the coal types and the countries imported, respectively. Finally, the guantitative
projection for the inefficient brands is performed if they are to be efficient,

The result could be utilized in selecting the good or bad brands of coking coal based on the efficiency in an integrated
steel mill. Also, this model will be used to assess the relative efficiency of a new brand of coking ccal if it is a candidate
to be imported.

Keyword : Efficiency of Coking Coal, DEA, Coal Quality
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{Table 1> The Quality Criteria of a Coking Coal

Quality factors Ash VM LMF TD Rm
o Min 0 minym TN ME minm MifRm
Criteria
Max MaXAh MAaxyM MAXLMF maxp MAXRm
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(Table 2> The Specification of Coking Coals

Price Quality factor

Coal type |- Country | Brand o ") Ash VM LMF D Rm

Type I U§A A 214 6.25 3450 445 200 1.02

China B 181 960 2068 424 21 096

Australia C 149 65 333 365 157 082

Type I | Australia D 149 86 238 2.97 118 1.05

Australia E 149 65 33 348 275 093

Australia F 138 99 206 258 9 1.5

Australia G 149 99 193 2.2 83 134

Type I Australia H 149 97 184 184 200 1.46

Australia I 149 10 205 248 60 1.32

Australia ] 150 9.3 195 2.24 70 135

Canada K 150 97 28 204 31 114

Australia L 149 98 23 348 150 1

Australia M 149 6.7 217 2.35 % 112

Type IV | Canada N 148 95 235 2 50 122

Russia 0 139 949 18.10 108 2 151

Russia P 140 904 3497 448 236 075

Australia Q 105 91 265 16 7 09

Type V | Australia R 105 83 346 2.24 3% 069

Australia S 106 893 3893 348 100 071
7FACIF)o] vl digt Axg #Agd 4 ool 7P A, v A (DY) LP FEEFHe
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{Table 3> Input and Output Factors

DEA 2ol o3 A4 Hate] 184 37} 181

Input Unit price($ in CIF/ton)

Output

Ash, VM, LMF, TD, Rm
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{Table 4) DEA Result for each Brand

Brand ( Cgflil) Reference set (BIZZFCF:I) Reference set SE (%2(53)
A 0.87 D ES 1 0.874 Decreasing
B 092 ELP 1 0915 Decreasing
C 1 1 1 Constant
D 1 1 1 Constant
E 1 1 1 Constant
F 0.88 DL 09 DELQ 0.944 Constant
G 0.65 DL 0.76 E QS 0.851 Increasing
H 0.78 E Q 0.89 E QS 0.879 Increasing
I 0.71 LS 0.77 LQS 0.918 Increasing
J 0.65 DELQ 0.74 E QS 0.883 Increasing
K 097 M Q 0.9 DMQ 0.984 Constant
L 1 1 1 Constant
M 1 1 1 Constant
N 0.8 DM Q 0.86 D, MQ 0.990 Constant
(0] 040 CEPQ 0.75 QS 0528 Increasing
P 1 1 1 Constant
Q 1 1 1 Constant
R 0.83 C, P Q 1 0.831 Increasing
S 1 1 1 Constant

B 0.87 0.93 0.93
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(Table 5) Regression Results

Dependent variable :

CCR efficiency

Hy * Regression model is not significant p-value = 0.0001 Y =087
Ho : Each factor is not significant Parameter estimate p-value
Unit price -0.00597 0.0001
Ash 0.02543 0.1571
VM 0.005%0 0.6007
LMF 0.09669 0.0103
™ 0.00058 0.1576
Bm 0.88167 0.0121
Intercept 1.06135 < 0.0001
Dependent variable : BCC efficiency
Ho : Regression model is not significan p-value = 0.0143 ¥ = 069
Hp  Each factor is not significant Parameter estimate p-value
Unit price -0.00282 00140
Ash 0.02628 01211
VM 0.00601 0.5692
LMF 0.06008 0.0668
D 0.00022 05473
Rm 0.282%6 0.3312
Intercept 0.98301 < 0.0001
71 ZA YEE vHER oo gEjME Fs 6% o &3t BCC 842 4% % el
Z1&ook & BT gk &dte BA=(U)), viAYe® 2 Ve CCR
847 BCC E84 BF 3k D% &3ke
323 BAA=H F849 15 HA=2A, 0152 U89 A4 AN E F
put BHE 7102 FRANSG A8 4 oy @bl il BdsY @ 5 982 v
3 #golM rA=E TEBstyrh [Figure 119 Uitk o)X W F Vel &ty BAZEL 23
Aot Zol 1FHE Input 2¥L 7|F 22 CCR & BAdEE giAE FESAY §2 ke
4E& 7t2Ed, BCC 2848 A E%—‘ﬁl Ue o] Frjsh= Aol BodY Zlow RuHH 3
ou|, 2t ZEAY] ANARESITE HuFon A0, L G 1E 47 BA=T} ofo] &ah= Aog
UrEM‘RiE‘r. LHEbstth
Bl SI3hA 1§ I'S CCR &843} BCC
e BF IS 5% ol ke pd=RA 3.2.4 1_%—‘*53 €4 (ANOVA)
Wb o) Bdo] ‘B nFoR ERE 4 9o wsze] m84e Aol tehbeol e
o, @4 137) BT} o)d) &= Aoz U ANOVAZ 3tk <Table 6> YeRA wis} 7
stk mREA R, OF OE CCR 2842 49 01 CCR &&4d dhafre gLt 1 Apol7} gl
el 4% BCC &4 a9 5% & Aoz velde) ey BCC £848 10% &
B=(17W), 1§ M CCR £842 319 SrFol Al B el Zelrt Sl Ao vEht
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[Figure 11 Grouping the Brands According to the Efficiencies
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{Table 6> ANOVA Results for the Difference among
Coal Types

Hy 1 No differences of BCC efficiencies among coal
types(p-value = 0.0826)
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Duncan {Table 7> ANOVA Results for the Difference among
grouping Mean Coal type Countries
A 1.0 1 Ho : No differences of SE among countries
A 10 i (p-value = 0.3105)
A 10 \% :
B A 0922 v Duncan grouping Mean Country
B 0.848 m A 0.9870 Canada
B A 09422 Australia
B A 0.9370 USA
4, S7bd FRESHSE s AOVAES B A 09150 China
FA% A7 g9 <Table 7>l o] 10% B 0.7640 Russia
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3.2.5 Projection
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{Table 8> Projection of the Inefficient Brand(part)

Brand Quality CCR input model BCC in.putv model
Raw Data Projection %(+/-) Raw Data Projection %(+/-)
Score 0.87 1
CIF 214 187 ~13 214 214 -
Ash 6.25 6.25 - 6.25 6.25 -
A VM 3450 31.22 -9 3450 3450 -
LMF 445 445 445 445 -
D 200 207 48 200 200 -
Rm 1.02 102 1.02 102 -
Score 1.00 1
CIF 149 149 - 149 149 -
Ash 6.50 6.50 - 6.50 6.50 -
C VM 33.30 3330 - 33.30 33.30 -
LMF 365 365 365 365 -
TD 157 157 - 157 157 -
Rm 082 032 - 0.82 082 -
Score 0.88 094
CIr 138 122 -12 138 129 -6
Ash 9.90 9.24 -7 990 893 -10
F VM 20.60 2087 6 20.60 2399 16
LMF 2.58 258 - 2.58 2.58 -
TD 8] 106 7 9 %9
Rm 1.25 1% - 1.25 1% -
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