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Abstract

Steam-assisted gravity drainage (SAGD) is the most common method for heavy oil extraction
which has high energy consumption and carbon dioxide emissions. In this study, the optimal energy
consumption for 6 SAGD processes has been targeted using pinch analysis. To ensure that the targeted results
are achievable, the design of the heat exchanger network of unit 3 has been presented. The results showed that
if the units are designed correctly, the required hot utility and energy consumption in the boiler are 7.3-13 and
4.5-10.6 % lower than the existing condition, respectively. Then, the effects of key parameters on the energy
consumption of the process were investigated. The steam to oil ratio in the range of 1.5-7, the steam quality
between 65-95 %, the steam injection temperature between 200-350°C, the water recovery rate between 65-95
%, and the emulsion temperature between 140-250°C were changed. Varying the steam to oil ratio had the
most significant impact (100.94%) and changing the water recovery had the least effect (1.77%) on the optimal
energy consumption of the process.
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1'U.S. Energy Information Administration (EIA)
2 Bitumen

3 American Petroleum Institute (API)

4 Steam-Assisted Gravity Drainage (SAGD)

5 Carbon capture
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¢ Steam oil ratio (SOR)

7 Machine learning

8 Artificial neural networks (ANN)
9 Cluster Analysis
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Figl. Schematic diagram of the Steam-Assisted Gravity Drainage (SAGD) Unit
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Table 1. Process stream data for Unit-3

Stream Supply Temperature (°C) Target Temperature (°C) Flowrate (kg/h) | AH (kW)
H1 164 133 812476.8 26167
H2 164 55 325896.3 22139
H3 130 50 2729.8 889
H4 130 50 273252.6 12056
H5 129 85 589210 29342
H6 310 248 195715 17611
H7 186 80 168129.1 21028
H8 186 185 27586 15500
H9 175 130 680511.6 9167
Cl 5.8 50 52030.2 1222
C2 5 69 157544 12083
C3 82 310 851809 486419
C4 5 20 643862.5 2708
C5 5 35 35677.9 639

14 One-through steam generator (OTSGs)
15 Co-generation
16 Canada's Oil Sands Innovation Alliance (COSIA)
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Fig 2. Simplified process flow diagram of the SAGD — Unit 3
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Table 2. Economic data

Value
Exchanger capital cost ($) [14, 15] 13680.34 + 120.39 (A), A: m?
Fired heater (boiler) capital cost ($) [14, 15] 72478.63 + 94358.97 (Q)°8, Q: Duty (MW)
Hot utility cost ($/GJ) [16] 2.85
Cold utility cost ($/GJ) [16] 1.2
Plant life time (N) (yr) 15
Interest rate (i) (%) 20
Annualization factor = &
(i+DHV -1

17 Chemical Engineering Plant Cost Index (CEPCI)
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Table 3. Bitumen properties [13]

Variable Value
TBP?3 0% 242 °C
TBP 5% 337 °C
TBP 10% 354 °C
TBP 30% 456 °C
TBP 50% 567 °C
Standard density 1019 kg/m®
API 7.3

DV¥] oas 3.3, olo> F Jga
Table 4. Diluent properties [13]

Variable Value
TBP 0% -2 °C
TBP 5% 76 °C
TBP 10% 91 °C
TBP 30% 109 °C
TBP 50% 127 °C
TBP 70% 146 °C
TBP 90% 200 °C
TBP 95% 240 °C
Standard density 765 kg/m®
API 53.5
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21 Peng-Robinson
22 ASME Steam (American Society of Mechanical Engineers)
2 True Boiling Point
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Composite Curves

350.0

300.0 3
2500 3
200.0 3

150.0

Temperature (C)

100.0 3

0.0000 3 . . . . .
0.0000 100004005  2.000e+005  3.000e+005  4.000e+005  5000e+005  6.000e+005

Enthalpy (kW)

ol )5 il az 10 A0 sles BB JBlas 0 ¥ axly 0y g 0,5 S 0 sla e F JSCh
Fig 4. Hot and cold composite curves of Unit 3 @ ATmin = 9.5°C
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Fig 5. Heat exchanger network (HEN) design for unit 3 @ ATmin = 9.5°C
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Table 5. Results of energy targeting using pinch analysis for 6 process SAGD units

Parameter Unit-1 Unit-2 Unit-3 Unit-4 Unit-5 Unit-6
Water treatment method WLS? Evaporator | WLS WLS Evaporator WLS
Emulsion transfer method ML ML GL*® ML ML ML
Steam generation method OTSGs* OTSGs | OTSGs @ OTSGs/ Co- | OTSGs/ Co- Co-
generation generation generation
Steam quality (%) 77 90 77 77 90 77
BFW?3! temperature (°C) 170 163.3 150 170 163.2 170
Emulsion temperature (°C) 175.3 175.3 163.8 175.3 175.3 175.3
Electricity Consumption 0.3 0.56 0.25 0.27 0.54 0.23
(MWh/m? of bitumen)
Electricity generation (MW) 0 0 0 43 43 88
(GJ/m?3 of bitumen) (0) (0) (0) (0.708) (0.708) (1.5)
Equivalent heat of electricity 0 0 0 78.2 78.2 160
generation (MW)
(GJ/m3 of bitumen) 0) (0) (0) (1.288) (1.288) (2.635)
AT minoptimum (°C) 12.5 9 9.5 12.5 8 12
Tcold,pinch (°C) 1735 175 154.5 1735 176 174
THot,pinch (OC) 186 184 164 186 184 186
Emulsion temperature (°C) 175.3 175.3 163.8 175.3 175.3 175.3
Stack temperature (°C) 195 188.3 174.9 195 188 195
QH.min (MW) 369.3 365.8 374.7 368.6 364.6 367.8
(GJ/m? of bitumen) (6.081) (6.023) (6.17) (6.07) (6.004) (6.056)
Qc,min (MW) 13.7 25.4 24.9 16.1 28.3 21.7
(GJ/m® of bitumen) (0.226) (0.418) | (0.410) (0.265) (0.466) (0.357)
Boiler heat reduction (%) 7.45 45 10.6 7.66 4.84 7.86
Hot utility reduction (%) 10.5 7.3 13 10.34 7.36 9.6

27 Warm lime softening
28 Mechanical lift
® Gas lift

30 One-through steam generator

31 Boiler feed water
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Fig 6. The effect of process parameters on energy consumption
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Fig 7. The effect of process parameters on total annual cost
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