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Abstract — Due to its limited oil reserves, it produces both conventional and unconventional oil. Oil sands development,
which represents a significant portion of unconventional oil, is actively pursued. As a result, there is increasing interest
in economic evaluation, particularly in the calculation of investment costs. In this study, the ES-SAGD central processing
facility process system, which involves the injection of steam and hydrocarbon solvent, was modeled using HYSYS.
The heat and mass balance were calculated for production capacities of 625, 1250, 2500, 5000, 10000, 20000, and
40000 BPD. Using this data, the total investment cost and total operating cost were estimated with APEA, an economic
analysis tool. As production capacity increased, all costs, including utility and equipment costs, showed an overall increase.
While the total investment cost rose proportionally, the increase in total operating costs slowed down. By comparing the
results of these process simulations with those calculated using the 6/10 factor rule from the rough estimation technique,
the effectiveness of the rough estimation method was validated.
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Fig. 1. Schematics of Expanding Solvent-SAGD (ES-SAGD).
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Fig. 2. The process flow diagram of the CPF in ES-SAGD Oilsands plant.
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Table 1. A design criteria of the oilsands plant

Oil

- Density 20~22API ASTM D4052
- Viscosity 350 ¢St ©] 3} ASTM D445
- BS&W 0.5 vol% ©] 3} ASTM D323

Water
- De-oiling 200-500 ppm after Skim Tank

20-50 ppm after IGF
10 ppm ©] 5} after Filter

- Water softening ABMA ASME

- Hardness 0.2 mg/L ©] 3} 0 mg/L

- Silica 50 mg/L 2 mg/L

- TOC 600 mg/L 0.2 mg/L
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Table 2. Economic evaluation via HYSYS by production scale
BPD 625 1250 2500 5000 10000 20000 40000

Total Capital Cost [USD] 8.87M 10.55M 13.68M 19.40M 30.49M 56.17M 116.06M
Total Operating Cost [USD/Year] 1.68M 2.33M 3.61M 6.18M 11.31M 21.6’"M 42.39M
Total Utilities Cost [USD/Year] 0.65M 1.22M 2.36M 4.65M 9.23M 18.51M 36.97M
Equipment Cost [USD] 1.39M 2.04M 3.30M 5.70M 10.23M 19.12M 37.56M
Total Installed Cost [USD] 3.96M 5.18M 7.44M 11.91M 20.67’M 38.30M 80.24M

FAW S FAe7] 918l A A B 7t 2 23 (aspen process =] ARl FEoletal BrlstEE JYPHE 6/10 A2 AFE
economic analyzers, APEA)S E-8-3It}. 2} x| of thsl 57 2 Lok el Kol B M=
A5 7dsto] FAHE-& AFE3kL, APEAC] Wid et HE ES-SAGD 7H=k2|Q1 4ol 9lo] HYSYS A" &4 23}l

A gato] TEAME AR on, T8l gn] g, SA8E
& Aketa, TREEE 82 AR, 945 H)E 55 FA
S TH(Table 2).

Figure 35 B A4Hg-2Fo] Full 714 o) F5A40]8 752
625BPD — 1250BPD 119%, 1250BPD — 5000BPD 130%, 5000BPD
— 10000BPD 142%, 10000BPD — 20000BPD 157%, 20000BPD —

40000BPD 207%% 24j o]3}= Z7}3lt},

9 6/10 2 2] Algo} A5 A FTK(Table 4). 233 6/10
2] 0% ES-SAGD 112 FAM]§-S AFE3H A& Table 59
eI, HYSYS o] 83t BAEEA Aoe} 6/10 HE o2 =&
3 A7}k @ X1= Table 601 7] AZIT}.

Table 4. Six-tenth rule correction factor for ES-SAGD Plant

BPD Exponent
A8 625BPD 7|02 AEFAA 7RI 6/10 AAF A (six- Total Capital Cost 0.62
tenths rules)= % -83}°] 1250, 2500, 10000, 20000, 40000BPD]| Total Operating Cost 0.78
A 7AHS £E53 Table 30 FelHck. Ao 7184k 0.6 284 Total Utilities Cost 0.97
B P 2307} 50% mlRiol ot A A SR E 93 Equipment Cost 079
HYSYS
$160M 45000
40000
$120M 35000
30000
25000
$80M
20000
15000
$40M 10000
5000
$OM 0
mmmm BPD «=@-- Capital cost === Operating cost
=== Utilities cost ==@-=Equipment cost «=@-=Total Installed Cost
Fig. 3. Economic evaluation vis HYSYS by production scale.
Table 3. Economic evaluation via six-tenth rule by production scale
BPD 625 1250 2500 5000 10000 20000 40000
Total Capital Cost [USD] 8.9M 13.4M 20.4M 30.9M 46.8M 71.0M 107.6M
Total Operating Cost [USD/Year] 1.7M 2.6M 3.9M 5.9M 8.9M 13.5M 20.4M
Total Utilities Cost [USD/Year] 0.6M 1.0M 1.5M 23M 3.4M 52M 7.9M
Equipment Cost [USD] 1.4M 2.1M 32M 4.8M 7.3M 11.IM 16.9M
Total Installed Cost [USD] 4.0M 6.0M 9.1M 13.8M 209M 31.6M 48.0M
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Table 5. Economic evaluation via six-tenth rule with correction factor by production scale
BPD 625 1250 2500 5000 10000 20000 40000
Total Capital Cost [USD] 8.9M 12.7M 182M 26.2M 37.5M 53.8M 77.1IM
Total Operating Cost [USD/Year] 1.7M 2.8M 4.5M 7.4M 12.1M 19.7M 32.3M
Total Utilities Cost [USD/Year] 0.6M 1.3M 2.5M 4.8M 9.3M 18.1IM 352M
Equipment Cost [USD] 1.4M 2.4M 42M 72M 12.4M 21.5M 37.2M
Total Installed Cost [USD] 4.0M 6.2M 9.6M 15.0M 23.3M 36.3M 56.6M
Table 6. Economic evaluation error rate: Comparing HYSYS and Six-tenth rule
BPD 625 1250 2500 5000 10000 20000 40000
Total Capital Cost 0.0% 20.6% 33.3% 34.8% 23.0% 4.3% 33.5%
Total Operating Cost 0.0% 18.5% 24.8% 19.2% 6.6% 8.9% 23.9%
Total Utilities Cost 0.0% 3.7% 4.1% 2.8% 0.7% 2.3% 4.9%
Equipment Cost 0.0% 17.8% 26.2% 26.2% 21.6% 12.5% 0.9%
Total Installed Cost 0.0% 18.9% 29.0% 25.6% 12.8% 51% 29.4%
S600M 100.0%
75.0%
$300M 50.0%
25.0%
§- - 0.0%
625 1250 2500 5000 10000 20000 40000
B Error rate =—ge=HYSYS e=l=2times ==—G6/10 =—$==5/10 (Correction Factor)
Fig. 4. Comparison of total capital cost: HYSYS, two times, six-tenth rule.
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Fig. 8. Comparison of total installed cost: HYSYS, two times, six-tenth rule.
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