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The coal-oil industrial layout evaluation based on water footprint theory
WEI Sice', SHI Lei*”

1 Department of Chemical Engineering, Tsinghua University, Betjing 100084, China

2 State Environmental Protection Key Laboratory on Eco-industry, School of Environment , Tsinghua University , Beijing 100084, China

Abstract: “The Water Footprint Concept” as introduced by Hoekstra(2002) , indicates the consumption of water needed
for the production of the goods and services in a certain period of time consumed by any of the known population (a
country, a region or a person ). The products and services referred here contain the necessary human food, all kinds of daily
necessities, domestic water and environmental water. Green water, Blue water and Gray water are the three components of
the water footprint. This can be used to reveal the water consumption in the process of industrial activity and provide
scientific basis to manage and regulate water usage in industrial production activities. Coal Oil/CTL, also known as Coal
Liquefaction, is short for the coal chemical technology of producing liquid fuels and chemical raw materials based on coal.
There are usually two technical routes: Direct Coal-Oil and Indirect Coal-Oil. The Coal-Oil industry is a strategic choice for
China to cope with the oil crisis. Due to the high water consumption, however, the industry brings about many controversies.
Based on water footprint theory, we calculated the blue water footprints and gray water footprints of the planned coal-oil
industries in the nation’s five largest coal bases: Shendong, Jindong, Ningdong, Shanbei and Xinjiang Yili. The water
footprint includes direct water footprint and life cycle water footprint. The former means the water footprint associated
directly with the production while the latter means the water footprint in the whole production supply chain. As the coal-oil
industry consumes large amounts of coal and power resources, so the water footprints in coal plant and thermal power plant
are both considered in the life cycle water footprint. Thus, we not only calculated the power consumption of the thermal

power plant and coal plant themselves but also took the coal consumption in thermal power plant into account. The results
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show that three out of five coal bases, Shendong, Jindong, and Xinjiang Yili have over 100 million tons of blue water
footprint and their gray water footprint exceeded 300 million tons. Among them, for Shendong region as the largest coal-oil
producer, these two values reached 190 million tons and 410 million tons respectively. From 2015 on, every year 7.26
million tons of oil is expected to be produced. Among the blue water and gray water footprints, the life cycle water footprint
that includes coal and power resources water footprints accounted for nearly 50%. Therefore the life cycle water footprint has
become a very important part of the water footprint. In addition the coal plant water footprint is much greater than thermal
power plant. Compared with the local regional water resources, the utilization of water resources in Ningdong region is the
largest (28.2%) and Xinjiang Yili region the smallest (0.36% ). The results also show the regional average blue water and
gray water footprints data of the coal-oil industry is basically the same: to produce 1 ton of oil the average blue water
footprint is 20—26 tons while the gray water is 56—62 tons. All in all, the coal-oil industry layout planning should follow

the principles of supply-side management and be based on local water resources and water environmental capability.
Key Words: water footprint; coal-oil; life cycle; coal base
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Fig.1 The flow chart diagram and life cycle model of the direct coal-o0il industry and indirect coal-oil industry
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Table 1 Resources of coal and water in five coal bases!'®!]
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Table 3 Total blue water footprint of five coal base in 2015
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. . . 6500
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Fig.3 The ratio of coal-oil industry consumption and local water
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Table 4 Direct gray water footprint of five coal bases in 2015
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. . . 1331.04 3164.04 2256.00 564.00 3045.60
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gy J
PP 36.68 42.3 42.3 42.3 42.3

The average gray water footprint/ton

H13R 4 T BRI A T DK AR 0 (B A4 3 2 S A /KR T8, HE i - b X IR K R 7R 3K 2.66 12t
SRR BB 2 40% BB 7 i~ F- KK R B AN 36.7 1, T oAl 4 A3 DX, 3k 3 R A D 2 DR il
7V A PR EORIEAE 3% 9 al 1B AR i R 7K HE A | SO R e B AR Y 7K L 38 /0 T ] 4
g RN

http ; //www.ecologica.cn



&t
1

4210 2 SO Eire 3545

3.2.2 KoK

55 A iy JRV LR /K AL R e 7= b g A i JR S AR K A 2 A 38 v A AR R A, R B kT
FIRAIGET ™ B K 235 | ELAAR R 7K PP 4% 32005 Yol FBE R K AR i 5 n ¢ 3 R Y

W5 A AL B HE s G B b R AR (28 ) AH LT LAAR B IR 52 e R, 45 0TS Y 1 B
S5 PR - e U KA 7.5 1A i Aol iy Az A R AR R 38, i ISR AR TR B b 2015 472 i Jol 1]
PR EIMEANER 5 PR

£5 FAEM 2015 £ 4 A FHAK KR
Table 5 Life cycle gray water footprint of five coal bases in 2015
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Wastewater emissions of coal plant/ten thousand tons
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Coal plant gray water footprint/ten thousand tons 641.55 8.35 99090 988.70 0913.35
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Appendix 1 The life cycle blue water footprint of indirect coal-oil in five coal bases in 2015
53 Base MR (HE)  #AR(HE) HAR TR Bkt TR AL
BRI =
A .E/ﬁ ! . 236 500 561 400 100 540
Production planning/ten thousand tons
HEHIAE/TT kWh
19. . 46. 2. .2 44.2
Power consumption of coal-oil/ten thousand KWh 935 59.00 6-00 32.80 8.20 8
k%rﬁﬁﬁ%% . 6.64% 6.64% 6.67% 6.72% 6.65% 6.70%
Power consumption rate of thermal power plant itself
SRR/ T t . . 859.04 1650 2042.04 1456.00 364.00 1965.60
Coal consumption of production/ ten thousand tons
BARAEFE R T /T 1
Power consumption of coal plant ten thousand KWh/ ten 23.30 23.30 24.10 25.50 24.00 25.30
thousand tons
BRI A SR v T kWh
Coal consumption of thermal power plant ton/ ten 3.55 3.55 3.55 3.55 3.55 3.55
thousand KWh
L) AR/ TT kWh
23.13 49.04 55.02 39.27 .81 53.07

Total power consumption /ten thousand KWh ? ? ?
BRI/ . 75.17 174.10 187.63 142.18 33.74 217.07
Power coal consumption/ ten thousand tons
R : E.‘:v EE=R
Rep B RFER T l 934.21 1994.10 2229.67 1598.18 397.74 2182.67
Total coal consumption /ten thousand tons
LA R LT KM/ JT kWh
Water consumption of thermal power plant ton/ ten 28 28 28 28 28 28
thousand KWh

. e,
R K b—,t X 647.64 1373.18 1540.65 1099.70 274.59 1486.08
Water consumption of power/ten thousand tons

e 5 bR e 2L

SRS A 2.69 2.69 1.4 1.7 1.8 1.98
Water consumption of coal plant per ton / ton
ﬁkﬁﬁﬁﬂﬁﬂ(/ﬁt . 2513.03 5364.13 3210.72 2716.90 715.92 4321.70
Water consumption of coal/ten thousand tons

K
iuuﬂﬁ;ﬁ KRB/ ¢ . 3160.67 6737.31 4751.38 3816.59 990.51 5807.78
Life cycle blue water footprint/ten thousand tons
A R ISP 18 i K AR 5
The average life cycle blue water footprint/ten 13.39 13.47 8.47 9.54 9.91 10.76

thousand tons

Mtz 2

SR B R K R B TS MR

Appendix 2 Coal-oil direct wastewater pollutant concentration

A
Pollutant

Hi B oK B (1L2)

Surface water quality

standards ( fifth level )

V5 K AL BE ) A HRE 9 7K
Concentration of

treated wastewater

PR [ 1

Environmental Factors

COD/(mg /L)

A2 0i/ (mg/L)

24 Ammonia/ ( mg/L)

ALY Sulfide/ ( mg/L)

¥E £ Volatile Phenol/ (mg/L)
JKIK I Gray water footprint

40
1
2
1

0.1

60
5

15
1

0.5

1.5
5
7.5

7.5
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Appendix 3 Coal-oil life cycle wastewater pollutant concentration
KT - TR I -

. vipiii wRpgok T T SRR KBRS P T
55125 RGeS e 2[R .

. . Wastewater of . Wastewater of thermal Environmental Factors
Pollutant Surface water quality | blant Environmental Factors Lant ¢ rewat

standards ( fifth level ) coal plan of coal wastewater power ptan ol power wastewater

COD/(mg/L) 40 50 1.25 60 1.5
AL 0il/ (mg/L) 1 5 5 5 5
A Ammonia/ ( mg/L) 2 0 15 7.5
ALY Sulfide/ ( mg/L) 1 0.4 0.4 1 1
¥ £ Volatile Phenol/ ( mg/L) 0.1 0.5 5 0.5 5
JKIK I Gray water footprint 5 7.5
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