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Fig.3 Total mined minerals v.s. coal production of each mining site
Total mined mineral of each mining site are plotted to the coal production of each site. Total mined minerals
consist of crude ore, overburden, gangue mineral and others. The linier line with unit slope and intercept
yO=12.4 shows that total mined minerals are in 12.4 times proportion to coal production. G.S.D. means
geological standard deviation.
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-

hydrogen

Substance(s) input:.

o Natural Gas (Methane): Approximately 4.5 to 5.0 kg of methane is required.
o Water vapor (H20): Requires about 9 kg of water (used as steam).

Type and amount of energy:.

 |tis mainly supplied as thermal energy; it takes 7.2-10 kWh of energy to produce 1 kg of
hydrogen. Natural gas itself is also used as an energy source, emitting about 9-11 kg of

CO: as a byproduct.

Solvents and their recirculation rates

e **Water (steam)** is used as a reactant, but the circulation rate is typically 0%. Water

used in the reaction is consumed.



rust inhibitor

Input Item Name

Suggested input amount

Phosphoric acid (H;:PO,, 85% concentration) 0.4 to 0.5 kg
Zinc sulfate (ZnS0,, 98% concentration) 0.6 to 0.7 kg
Water (for reaction adjustment and dilution) 0.1 to 0.2 kg

Solvents and other process substance
s Name

Catalyst (acidic or basic catalyst)
coolant

Solvent for cleaning (e.g., methanol)

Type and amount of energy

electric power

Approximate amount used Cycloparametricr

(kg) ate

0.005 to 0.01 kg Almost 100%.

5-10 kg 80-90% (reused)
0.05 to 0.1 kg 70-85% of the total

Approximate consumption (kWh/kg)

0.2 to 0.4 kWh



A I H | 1 K | L M I T I W X b I AB | AC | AD
Configurat . coz .
element . . factor element electric Fuel TMEofFu L Basic
number ion element name Configuration Name weight unit energy Fuel CO2 fuel type quantity el emission unit €O
Number s

1 hydrogen 0 1 0 0 0 Dl 0 12
2 methane 4743416 0 13.0444 natural ga 4.743416 7.636901 1}

3 water vapor 9 ] 0 0 4] 0 0

2 methane a 1 2.828427 0.194454 natural ga 0.070711 0.113844 ]
4 natural gas 1.195826 0 0 0 a 0 0

5 air 0.1 0 a 1} 0 a 1}

6 water (esp. cool, fre: 1.549193 0 0 0 a 0 0

7 amine solution 0.049497 0 a a 0 a a

8 dimethyl ether 0.027111 0 a 1} 0 a 1}

9 Sulfur Sludge Treatn 0.014142 0 0 0 a 0 0

3 water vapor 0 1 0.022361 0.245967 natural ga 0.089443 0.144003 0
6 water (esp. cool, fre: 1.098863 ] 0 0 4] 0 0

10 coolant 0.353553 0 a ] 0 a ]

11 rust inhibitor 0.01 0 a 1} 0 a 1}

12 Oxygen scavenger 0.01 ] 0 0 4] 0 0

4 natural gas 0 0.999 0.387298 0.086963 natural ga 0.031623 0.050913 ]
13 gas field gas 1.341641 0 a 1} 0 a 1}

7 amine solution 0.00495 0 a ) 0 a 0

14 glycol 0.00495 0 a ] 0 a ]

15 methanol 0.003354 0 a 1} 0 a 1}

6 water (esp. cool, fre: 0.632456 0 0 0 4] 0 0

5 air a 1 0 a ] 0 a ]
] water (esp. caogl, fres ] 1 0 ] ] 0 ] ]
T amine solution a 1 0 a ) 0 a 0
16 monoethanclamine 1 0 0 0 a 0 0

8 dimethyl ether a 1 0.282843 0.194454 natural ga 0.070711 0.113844 1}
15 methanal 1.997498 4] 0 0 a 0 0

| L~




A H I J | K AQ AR AS AT AU Av. | AW | BR | BS BT
Configurat .
element . . Power Electricit Fuel Resource
ion element name Configuration Name CQO2FFP TCPF TCFP TMR
number FP ¥y TMR TMR TMR
Number
TN
1 hydrogen 0] 41.69681 39.97784 59.95059) 41.69681 12.39129 613.643% 704.8421
2 methane 39.93399 24.6463W 39.93399 10.31318 583.1306 918
water vapor 1.762817 3.331453 4.175842 1.762817 2.078113 30.51319 35.92303
2 methane 0] 8.418825 5.19591 9.228528 B.418825 2.174209 122.9347 141.0205 methane 9.228528 141.0205
4 natural gas 5.387193 4.580928 7.161393 5.387193 1.939441 115.6747 127.7959
5 air 0 0 0 0 0 0.1 0.1
6 water (esp. cool, fres 0 0 1] 0 0 1.549193 1.549193
T amine solution 0.140358 0.296227 0.363458 0.140358 0.103982 2.98971 3.358969
8 dimethyl ether 0.052662 0.121061 0.146286 0.052662 0.015281 2.585581 2.700394
9 Sulfur Sludge Treatn 0.010185 0.003241 0.008119 0.010185 0.00166 0.035552 0.056462
3 water vapor 0] 0.195869 0.370161 0.463982 0.195869 0.230901 3.390355 3.991448 water vap 0.463982 3.991448
6 water (esp. cool, fres 0 ] 0 0 0 1.098863 1.098863
10 coalant 0 0 0 0 0 0.353553 0.353553
11 rust inhibitor 0.063231 0.050836 0.081124 0.063231 0.072898 1.095783 1.28R188
12 oxygen scavenger | 0.110277 0.073358 0.126181 0.110277 0.014 0.842155 1.064579
il natural gas 0| 4.504997 3.830764 5.988658 4.504997 1.621842 96.73204 106.8683 natural ga 5.988658 106.8683
13 gas field gas 4.084938 3.689413 5.646098 4.084938 1.549102 95.46209 104.7317
T amine solution 0.014036 0.029623 0.036346 0.014036 0.010398 0.298971 0.335897
14 glycol 0.012791 0.014856 0.020983 0.012791 0.009527 0.109969 0.143671
15 methanol 0.002694 0.007156 0.008447 0.002694 0.000736 0.158997 0.164825
6 water (esp. cool, fres 0 ] 0 0 0 0.632456 0.632456
5 air 0 0 0 0 0 0 1 1 air 0 1
3] water (esp. cool, fres 0 0 0 0 0 0 1 1 water (es) 0 1
Sheet1 ) (4] | [»]
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Excel Sheet for TMR and TCFP ® Japanese v
— S —
_— 2
The Excel sheet for calculation of TMR and TCFP
{8
A - - J K — == ==
1 element nureference e Configurati elemant name Cenfiguration Name factor weigta = :
2 1 #DIV/0! 0 0 I 5
3 2 3 2 he 0 == —
4 6 3 natural gas . .
5 7 4 liguid nitrogen scat123plus
6 3 4 natural gas 0
7 4 5 liguid nitrogen 0
8 g 5 air
9 5 8 air 0
10 6 10 6 Ne 0 Pr— = =
11 9 5 air == .
12 13 7 nitrogen (N) U B
13 7 12 nitrogen (N) 0 Bl ==— .
14 8 14 8 argon (Ar) 0 = i3
15 g 5 air —= = e
16 , 4 liguid nitrogen : === = -
17 S 17 g krypton (Kr) 0 — = = E ==
18 5 air = -
19 7 4 liguid nitrogen
20 10 20 10 xenon (Xe) 0 SCAT123
21 g 5 aif nttps ca.sdgoods.net atl2
22 7 4 liguid nitrogen
22 " 24 11 water {ran cool fresh water p o minL.':n:: et

= Sheetl Sheet2

The sheet consists of “element name J" and “configuration name K" and data from L to AH,

where all elements forming the system are described.



iy % RBER |RI&HE |BED BRI Z A4 ZBRRIE
=5 1 1 20.5 |85 0
AF—IL 15 0 0
MDF# 8 0 0
B 0.5 0 0
TSRF Y 0.3 0 0
B 0.1 0 0
AEEM 0.2 0 0
BEX 0.3 0 0
0 0
RF—IL 1 1| 1.774824|K$A 4 2 | 0.031623
7 1Y Iy ) 1.074709 0 0
B 0.014142 0 0
18R 0.024495 0 0
Giikin) 0.014142 0 0
FERRANE 0.014142 0 0
[EIEEEE 0.022417
Ay REE 0.009083
0 0
MDF#x 1 1| 0.774597|/N A #~< A 0.244949
ZNa 1.341641 0 0
AR 0.122474 0 0
(LA 0.007071 0 0
7K 0.244949 0 0
INA F < RTEBENIE 0.070711 0 0
BEH AL 0.070711 0 0
MDF #iE 45 & 0.007906 0 0




RUTFL YV 1| 1.095445|RAH X | 0.52915
FT7Y 3 0 0

=07 — - Fyv aEhE 0.003162 0 0

TZEMK 0.707107 0 0

K ALTE 0.707107 0 0

TIRFyIoBET T b 0.01 0 0

0 0

R 7REL Y 1| 0.916515| KA A X | 0.387298
A= R P 1.039952 0 0

=07 — - F v XA 0.003162 0 0

TEAK 0.290474 0 0

BEK AL 0.5 0 0

TIRFyvoBETT b 0.01 0 0

0 0

RUBfkE= L 1| 1.549193|RA A X | 0.387298
IFL v 0.4 0 0

oA 0.6 0 0

PN | RN ]2 0.007071 0 0

TZERX 0.316228 0 0

BEKALER 0.5 0 0

PVCELERE 0.0125 0 0

0 0

RYRFL v 1| 1.095445|RAH X | 0.387298
AFLYE/ST— 1.039952 0 0

BRI 0.003162 0 0

TZEMK 0.244949 0 0

K ALTE 0.3 0 0

PS&EIEXRE 0.0111 0 0




[EREEE 1
X 0.547723
e 0.273861
sOLEY 7TV 0.070711
BHLEHR 0.014142
3 0.03873
ATV LR 0.031623
Ay FEE 1
Ry 7oLy 0.447214
27 v L 2SUS316L 0.141421
e 0.070711
TILIZTLEE 0.03873
527 0.070711
FRYV 0.031623
3 0.031623
B HR 0.017321
RUEBEZ L 0.070711
ABS 0.017321
MDF&&2:E 1
e 0.447214
ATV LR 0.244949
57 A L5 0.173205
TEH 0.070711
T FEE 5 0.070711
RUEBE=Z L 0.031623




ik (B A - 20km) 1 1 0|#&m 1.56
oo 0.12 0 0

0 0

N7 5000 5000 0 0
SY-vak 2200 0 0

AR 1800 0 0

TIL S = LB 250 0 0

A7 MBI T 7 X F v U 120 0 0

KR L 450 0 0

Ry 7oeL v 80 0 0

RUIL &Y 70 0 0

SRR 25 0 0

ESCEr ) R D 15 0 0

& 0.002 0 0

=k 0.005 0 0

71 25 0 0

FF YL 0.01 0 0

v27av A 0.005 0 0
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» Refurbish: #HA15 S5FE# Rf1A
10FE# Rf1A
1SF# 1R%FH 15EE
206 Rf1A

« Remanufacturing: #1811 107 5% Rml17 10F# RmlAo 155F#
rm1/3 20F# Rml1/3 EFtRm4~
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EBENY 77—y a 1 B|RAA X 1
AF — L8k 2.44949 0 0

MDF#x 3.162278 0 0

BN 0.387298 0 0

BEEH 0.1 0 0

A F —ILER AR 0.2 0 0

EsDi=pizd 0.05 0 0

BEM 0.1 0 0

B RALIE 0.1 0 0

0 0

EENVSZ2770F v ) 1 15|88 5
A F —ILER R 4.898979 0 0

MDF# 6.324555 0 0

FEM 0.632456 0 0

T RF v U ERm 0.316228 0 0

e il 0.1 0 0

BN 0.244949 0 0

BEEH 0.2 0 0

R A2 0.2 0 0

0 0

0 0

BN TV v IER 1 0.3 0
=Eib=1l 0.1 0 0

BiRoOX 0.007071 0 0

EfaER 0.06 0 0

0 0

0 0

BEHN T TER 1 3 0
R F —ILER 1.414214 0 0

BEH 0.1 0 0
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