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Fig. 1 Life cycle system boundary of teapots’ refinery projects
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Table 1 Different stages of enterprise life cycle and external refining cost limits
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Table 2 Refining raw material purchase price and quantity of H in 2014

JEh G AL /(T /1) JEIR W B/ 7 t KOBRIIE A /(I /) RARHIR I B/ 7t
3100 60 3600 200

®3 R HE 2014 FERLEHEE
Table 3 Raw material transport data of H in 2014

28 BB (Ot ) PAp R EREVRNEFE R /L S /(g/mL) SRR km  JFRHS IR /%
SR 5000 0.03 0.85 100/200 0.2
F4 LERHE MIBMFEHNERERES
Table 4 Energy consumption of processing per unit crude oil of H
KRR /t MORF HTEK 1t TEFRIK 1t HL/(kW-h) 1.0 MPa Z& ]/t
RETRIMAER:  0.008 0.012 1 50 0.07
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Table 5 Crude oil processing cost structure of H

Pk, s mAs .

EC =0D, XZW:(EE XEK)

i=1

=11 730x(3 159x0.023+3.857x5.053 +52.857 x
5.053+32.143x0.144+1.5x1.101)

=4 287 467 JL~428.75 JiJt

Q) JFhm TANT A EC,

JEh o TR B R 32k 3 R T 2AHE

il A A /(T /) THFERL/(TT ) Fit&Hi/ it
AR - - 2 887
BRI 4500 2.08 9360
BREHS 5320 3.12 16 598.4
i K 3.35 260 871
TEHIK 0.8 1300 1040
L, 0.68* 13 000* 8 840
1.0 MPa 7534 85 18.2 1547
YNGS 1| - - 1265
(i - - 2330
it - - 44738.4
Hee AN SR A G /(KW -h), TEEEREAA AT kW h
F6 WHRHK 2014 EFRAMIE RN R BMESHE
Table 6 Refined oil type and quantity obtained from per unit crude oil of H in 2014
Seh bRl WAL iRl
o /(kg/t) 140 180 45 500
F 7 HEXHMHBERESRENE
Table 7 Charges and the environmental values of related emissions
Co, SO, NO, CcO TSP K Kt
e BRbRUE /(TT /kg) - 1.263 1.263 0.036 0.275 0.008 33 0.025
IBEAME: /% — 25 25 25 25 25 25
M E /(IT /kg) 0.023 5.053 5.053 0.144 1.101 0.033 32 0.100
x 8 RSB T HE R
Table 8 Emission factors of pollutants from diesel combustion
HEnew CO, SO, NO, CcO TSP
Hel R B/ (kg/) 3159 3.857 52.857 32.143 1.5
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EC,, =1 559 584+4 225 337+948 129+752+65 817+

654 139+41 778+225 129+1 191+4 122
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(c) [AHZHER

25 i R IR HER) EFErL 13 000 J7 B2, 1%
PRI A Bk AR s, AR (T 0E) B,
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Table 9 Emission factor, emissions and environmental costs of pollutants from processing

Co, SO, NO, TSP K R
HE R B (kg/t) 93.548 275 0.24 1 650 -
Hemci it 243 224 7150 624 2 600 1690 000 120
WEE A /o8 5594 152 36 128 950 3153072 28 626 000 56310 800 12 000
F 10 BB ARBITHIRM S RTRY LS
Table 10 Amount of various pollutants from combustion of per unit of fuel
CO, SO, NO, Cco TSP K
e /(kg/t) 2022 27.52 9.08 1.36 3.6 300
PR /(kg/m®) 3079 40 8.57 0.238 2.73 -
PR /(kg/10°m?) 2170437 630 3400.46 630 286.20 -
xR 11 BARLRRREHE O HER R, HEE RINE A
Table 11 Emission factor, emissions and environmental costs of pollutants from oil combustion
CO, SO, NO, CO TSP
Hel 2%/ (kg/t) 3260 42.105 9.021 0.251 2.874
Hewci: 1t 67 808 875.784 187.637 5.221 59.779
AR /o0 1559 584 4225337 948 129 752 65 817
F 12 BRSBRIEREHERYNHER R, SRS RIMER A
Table 12 Emission factor, emissions and environmental costs of pollutants from gas combustion
Co, SO, NO, Cco TSP
HEl 2% (kg/t) 911.565 0.265 1.428 0.265 0.12
Heilei /1t 28 440.828 8.268 44.554 8.268 3.744
PR AS /98 654 139 41778 225129 1191 4122




438

FIMELEER 201749 H 2 &5 3 )

EC, =2 418 312+7 231 045+2 385 824+
10 184+206 107+1 560 000
=13 811 472 Jt~1 381.15 JiJt
Zr LnTAs, BRI AN AR A«
EC, = EC,, + EC,, + EC,,
=129 824 974+7 725 978+13 811 472
=151 362 424 Jt~15 136.24 JiJG.
(3) B IE F B B AN AT EC,
Gt THIE Fa B B AR AR A
EC,=Q,D, xi(EFi xEV;)

i=1
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AR I HER R B R 15 s
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=85 343.2 /it ~8.53 147t
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WA DA R G R AZA, BT, WARHE 1 E b
SRS A BRAEAZ A -

EC = EC,,,,x20=170.6147C

ZEEAR, AR HER) A R AR AR -

LCC=IC+EC=204526+170.6=2 215.86/Z7T -

32 HEmEHRAST

M SCUERF ST, Ll AR HE O A AR
2215861270, AR RS R 11079 /298, A5 1R
FEAFE N T4 260 J7 e AE, DR N TR A A
426127 ght, H o N ES LA 3933.19 ok, b
92.3%, ANHELAS N 328.1 TGk, & 7.7%, WK 2 iR,

FRAE A 11 THE T A5 RS v A IS R s HE A b
WA EC,, W 16 iR,
Zi Falfs, WA HKE 2014 AESMAEE Jy .

3.2 9B R A AR AT
Xk 3 A = iy JE 399 0 PR AR R 4

R 13 BEEBHARMMEHIR R, HIRERIMENE

Table 13 Emission factor, emissions and environmental costs of pollutants from coal-fired power

HR) HLRI A
HR) IR BRI N R A 90 12TT, AR B AR

CO, SO, NO, Cco TSP Rl
HEf 2 5 (kg/t) 2022 27.52 9.08 1.36 3.6 300
HedlcR 1t 105 144 1431.04 472.16 70.72 187.2 15 600
PRI A /7T 2418312 7231045 2385 824 10 184 206 107 1 560 000

F 14 WHEHE 2014 FErEHRMBEE
Table 14 Amount of refined oil refined in H in 2014

B bRl WAL T

Lt IR /t 364 000 468 000 117 000 1300 000

F 15 BRSRAGIR Ml FTHE M S RTEYE (BN kg

Table 15 Amount of various pollutants from combustion of per unit of refined oil

CO, SO, NO, CO TSP
Seah 3159 3.857 52.857 32.143 1.5
PRI 2 985 0.407 29.103 233.103 0.843
WA 1463 0.3 4.51 19.146 0.004 68
T 3260 42.105 9.021 0.251 2.874
F 16 BmitifERAEEFTWHER MR A
Table 16 External cost of waste discharge after use of refined oil
S (EC,,)) PRIl (EC,,) WAL IS (EC,,)  EFUEMm(EC,,) BIT(EC,)

A/ I8 13 304.67 11 805.96 710.38 43 747.61 69 568.62
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Fig.2 Proportion of internal and external costs of H

®17 DIEHAFZENTRAENREEZmNEF

AR R i A%, AR S s £, 45
G725 Al AR AN R 4 o i T I TR B A P AR
PR T DAL, BRRH AT H S 3R B RE TR TH
FE 7 SN T B P A (1 24 R4y e, 43 )
07 37%. 21% 1 20%, HUGHFHBI R SA | B34k
FORA . ZRIRFIZK A, N B 9l A st a4
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B 5
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Fig. 3 Internal cost structure and accounting within the

phase of production and operation

Table 17 Internal cost structure and its influencing factors within the phase of production and operation

N A4 WA 42 TT AT

JEIMSR I 90.6 I (BRI ) Birds, RIg

JEIhAZ 0.767 7 SEIANAS , B, B e

JESN T 4.473 84 FARBRURE . MORHOAS . HAER . AP . 4B
NIz 2.0167 EINANAS, B, B

R 18 WK H AR B &L RIS HISMDR AL (BAL: L)

Table 18 External cost structure of H divided by various pollutants

JEH N TR B

Hesy iz TR ik R BB EEHEE Bat

CO, 85.227 559.415 221372 241.831 41.668 15 998.862 17 148.375
SO, 22.861 3612.895  426.712 723.105 11.177 28 481.752 33278.502
NO, 313.292 315.307 117.326 238.582 153.173 22796.671 23 934.351
Cco 5.429 - 0.194 1.018 2.654 1776.364 1785.659
TSP 1.937 2862.6 6.994 20.611 0.947 514.968 3 408.057
K - 5631.08 - - - - 5631.08
JE i - 1.2 - 156 - - 157.2
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CO, 0.50 3.26 1.29 1.41 0.24 93.30 100.00
SO, 0.07 10.86 1.28 2.17 0.03 85.59 100.00
NO, 1.31 1.32 0.49 1.00 0.64 95.25 100.00
Cco 0.30 - 0.01 0.06 0.15 99.48 100.00
TSP 0.06 84.00 0.21 0.60 0.03 15.11 100.00
EK - 100.00 - - - - 100.00
13z - 0.76 - 99.24 - - 100.00
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Table 20 Output of oil products and average ex-factory price one year of H
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Life cycle cost estimation models and applications for refineries

CAO Feng', GUO Xiaoyue', JIANG Hongdian', LI Baike?, SUN Renjin'
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2 Sinochem Petroleum Zhejiang Co., Ltd., Zhejiang 310016, China

Abstract The petroleum refining industry is a basic pillar of China’s economy. The nation’s refining capacity increased by 21.1
million tonnes in 2016. However, with the background of the world economic slowdown, China's oil refining industry has been
affected the continuing slump in oil prices, slow oil demand growth and oil refining industry overcapacity. In order to pursue a
good future, refineries should seek approaches for reducing internal and external costs. We use life cycle cost theory to define the
boundary of the life cycle of the local refineries and define the stage of the life cycle. We have analyzed the internal and external
cost structures of the life cycle. And then we constructed a set of local oil refinery life cycle cost estimation models. We took a
local refinery in Shandong Province as an example to do the empirical research. Based on the identification of the key factors
affecting the costs, this paper introduces a green factor to evaluate the influence of the changes of key factors on the life cycle
cost. Finally, learning from the results of the typical case of a small Shandong “teapot” refinery and combined with data from
actual “teapot” refineries, this paper makes a series of recommendations for cost reduction, energy conservation, improvement in
efficiency in the aspect of internal cost control and external cost management.

Keywords refinery; life cycle cost; estimation model; cost accounting; cost analysis
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