T Molten Carbonate Fuel Cells for SAGD

; Transitioning Alberta’s Oil Sands and Electricity Grid for a Low Carbon Energy Future

UNIVERSITY OF
BSc Chemical BSc Chemical BSc Mechanical BSc Mechanical BSc Chemical Correspondence:

Engineering Engineering Engineering Engineering Engineering jhb.robinson@gmail.com

INTRODUCTION RESULTS DISCUSSION

E
AN

3.& Jordan Bright Alex Fritz = v Jordan Robinson Peter Stegeman #=-¥ Subash Subramanian

AT

Greenhouse gas (GHG) emissions from Steam Assisted This studv i i iSSi i
. . - y investigates the emission reductions and
Gravity Drainage (SAGD) of over 24 Mt CO2elyr (76 kg CO,e/bbl) BUSlneSS'aS'Usual MCFC + SAGD costs associated with the integration of MCFC across the
have undermined public support for both oil sands. d_evelopment SAGD industry using scenario modelling [5, 6, 7, 8, 9, 10].
aqd_ market access. The resultln_g adverse economic impacts are 31000 . 000 MCFCs could be retrofitted to process the OTSG flue
d”V'”Q the nged for. tec_hnologles to  greatly reduce the CO, Fig 3. SAGD = a e~ b NOTE: gas from 27 SAGD standard facilities by 2037, accounting
footprint associated with oil sands recovery. © . © . f to 891.000 bbl/d f oroduction. Sub t net
Crude S 1600 - 3 1600 - or up to , ay of production. Subsequent ne
Mplten cgrbo_nate fuel cell_s_ _(MCFC) have been.proposed Broducti 3 E » MCFCs power generated by SAGD MCFCs would be exported to
[1,2] for mtegra;uon into SAGD faC|I!t|e§ where they could: roauction 2 1500 S 1500 installed on the grid to offset demand met by coal-fired power plants
« Capture 90% _of the CO2 emissions associated with SAGD =~ =" 27 facilities and combined-cycle natural gas plants, accounting for ~20
steam generation (OTSG) . SAGD Production S 200 S 800 by 2037 TWh/year of demand. Overall SAGD and grid emissions
* Provide a low GHG source of electricity for SAGD (kbbl/day annually): o 5 would be reduced by ~25 Mt CO2el/year. The resulting
. Suppl_y surplus low GHG power to the coal dominated Alberta MCFC-integrated 3 100 3 100 - would be among the lowest emissivity crude in North
_electrlcal grld o CO facility production O o America.
ThISI Stufg will NG/ Steam| |Pure CO,, H,0, H, [memmmslms} cCs shown in red o ) e - A carbon tax of $15-20/tCO2e by 2030 will account for
expliore the _ the total costs of MCFCs and additional financial risk
2000 2020 2040 2060 . . : .
system level — 2000 2020 2040 2060 associated with their deployment and operation.
pOtentlaI of the e Electricity Limitations of StUdy:
MCFC - SAGD _ 120 120 NOTE:  Low oil sands growth model — No new facilities.
technology. Grid Fig 4. Alberta — q _ b '  Technology adoption and cost reductions predicted by
] P © 100 - ) © 100 - - i
| e Electricity v 0 FCE Inc. — Sole North American MCFC Manufacturer
Demand Z Renewables Z Renewables RS . All SAGD facilities modelled as ‘COSIA Standard’
£ 80 £ 80 - Excess
E E Power
SAGD Flue Gas| [CO, Depleted Flue Gas Demand ey 60 ey 60 displaces
- i, 9 coal power CONCLUSIONS
generation broken =40 =40
METH 0 DS down by fuel type b = MCFC
for both scenarios S 20 . S 20 . Integrating MCFCs into SAGD facilities has the potential to
Assumptions: O Cogeneratlon © Cogeneratlon cut SAGD and electrical grid emissions while promoting
* Low growth oil sands model 0 0 early coal-fired power plant retirement in Alberta. Following
« MCFC capture of 90% CO, from flue gas (higher possible) [2] 2010 2035 2060 2010 2035 2060 the deployment model given will reduce emissions by 865
* Alternative scenario includes CO, compression needs [2] Mt CO,e to 2060.
120 120 . .
Reference Facility Output 33,000 (bbl/day) [2] Fig 5. Total T a. T NOTE: 'SPS Jdy recommends. .
_ _ T © 100 - © 100 - * Proactive investment in MCFC technology to set up
SAGD Steam Oil Ratio 3 (bbl H,O/bbl) Emissions 2 2 - pilot plant trials
MCFC Size 76 MW [2] Reductions § 80 - § 80 - TSN - F-- > dEgc];II?r?Ieogje ‘o  Fast-tracking of approvals and regulation process
Coal Emission Factor 1020 (kg CO,e/MWnh) e 60 et 60 - ~25 MtCO2e/ year SAGD CCS surrounding MCFC to bolster deployment_
(G50 Emisson Facor 500 (kg CO,0MWH 61 Savings basedon £ sacD [ T | B Vv wonpti Ao
%)) %))
NG-CC Emission Factor 380 (kg CO,e/MWh) SAGD Carbon-capture 5 - s 4 SAGD power electrigal rid for ultra-low emissivity bitumen
S : with MCFCs as wellas  *3 D [ replacement a9 Y
SAGD Emission Factor 76.3 (kg CO.e/bbl bitumen) MCEC-derived electrical 2 20 . : 2 o S production
qeneration E Electrical Grid E Electrical Grid These will allow the full potential of MCFC integration in
BAU Scenario 0 0 SAGD to be reached.
2010 2035 2060 2010 2035 2060
NG: 14  Boiler: 14 tS_ACéD} 13.3
roauction emissions. . - . .
Input: 18.8 Oil: 76.3 kgCO,e/bbl Flg 6. CO2 EmISSIVIty of SAGD Crude REFERENCES
Power: 1.02 tCOze/ MWh . [1] COSIA Challenge, "Natural Gas Decarbonization,” COSIA, 2015.
E m |SS|OnS 80 800 {2} Con_sultancy, _Ja?cc;bs, "Evalu?tion of Integrating a,MoItep éarbon_ate Fu_el Cell (MCFC.) Wi.th a SAGD Facility,".Jacobs Consultancy, July 2015.
Loss: 4.1 decline over — - - < 150 - 1A, M. Sears, "Ghanges o e regulation of greenhouss gas ermissions n Albera: The Govermmant of Alberta announces fretstep in new climats
Coal: 4.8 Plant: 4.8 . g 61kgCO2e/bbl © | S e e 1
Grld. 1 4 tlme due to % _ g E/ - E = %Ctl?l?:IrCZe(l)né!\'er "White Paper: Carbon Capture Using Direct FuelCell Systems," FuelCell Energy, 2013. [Online]. Available: htt ://[
SAGD CCS 8 by 2030 g _'g N \[N\]Nw.fuelcellenergi’.com/assetsp/DFC-Carbon-gapture-W?witePaper.pdf. [Acc%assed E’;rd October 20195)3’. [11]P.[C. G. I\]/I.Stefano Can?panari, "CO2 capture
Alt Scenario and coal power o 60 - ; - 600 % E }}?Ef%?ﬁiﬂzigEﬁcéisv‘vr‘ﬁii.riief’“ﬂ“é‘&ﬁ2”82?&?2{5 and Phosphorichcid Stationary Fuel Galls: Overview and Gap Anatysis. National Renewable Energy
replacement by 'E : : : \x; %100 - glel'\;.nﬂéiesé[;;S.IBCuc’)[Inet:,o'l':A\;/)c;))ll.i(;a1t’iopnpf)f2;/l6cilézr;’C;%rfso.nate Fuell Cell for CO2 Capture in Thermal In Situ Oil Sands Facilities," International Journal of
7 I '5 & [Efsr]];gi \%l I\qsts) E,p Ss.éai\én%anzaor;,;Economic analysis of CO2 capture from natural gas combined cycles using Molten Carbonate Fuel Cells," Applied
Boiler: 14 SAGD: 13.8 net MCFC § o : B 5 E _ [9] Jacébs éons’ultaﬁcy, "vaal’uation.ofslolid Oxide Fuel Cells for Combined He"atand Power at a SAGD facility," Jacobs Consultancy, 2014.
Input: 16.8 NG: 16.8 Production Emissions: power E 40 | | - 400 £ B
Oil: 6.63 kgCO,e/bbl generation. S I : T g
Power: 0 {CO,e/MWh g & Es0 ACKNOWLEDGEMENTS
' ©
Loss: 1.6 1 ‘ = -
MCFC: 2.8 Grid: 1.4 20 | by2030f —- 200 © The authors would like to thank Whatif? Technologies for the use of
. . ) C their CanESS model in this work. Thanks are also due to our expert
Fig 2. En_ergy Comparison for BAU Vs_' Alt Scenario, 2010 2035 2060 0= advisors Dr. Song Sit and Dr. Viola Birss. Lastly, we would like to thank
Single 33,000 bbl/day Facility, in PJ/yr Dr. David Layzell and Dr. Bas Straatman for their input and guidance.

This poster produced as part of University of Calgary course Scied29 in Fall 2015. For info: dlayzell@ucalgary.ca




