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2. Literature Review
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3. Optimal Power Flow Formulation
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3.1.Optimal Power Flow Formulation
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Figure 1: Representation of power balance at each bus i
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3.1.1. Losses
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3.2. Generation Types
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Table 1: Summary of modelled generation types
Levelised Lifecycle GHG

Type Cost Intensity Operational Constraints
[$/MWh] [kg-CO,e/MWh]
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Figure 2: Siemens SWT-3.6-107 wind turbine power curve [53]
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Figure 3: Wind speed and generated wind power — 168-hour profile

3.3.Operating Cost Breakdown
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Table 2: Levelised cost breakdown by generation type [57]
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Table 3: Equivalent levelised cost breakdown by generation type
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Table 4: Cost breakdown by generation type
EIA Assumed Weekly Weekly Fixed Variable

Type CF (%) Capital Costs O&M Costs O&M Costs
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4. Jurisdictional Models

4.1, British Columbia Model
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Figure 4: 6-bus model of British Columbia's power network
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Table 5: Summary of generation in British Columbia

Location Bus Type Rating [MW]
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Figure 5: Annual aggregate demand profile - British Columbia

4.1.3. Location of PHEV Demand

4.1.4. Transmission Constraints
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4.1.5. Location of Wind Power
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Figure 6: 2009 average daily export profiles to Alberta and the United States

4.2. Ontario Model
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Figure 7: 10-bus model of Ontario’s power network (adapted from [62])
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Figure 8: Breakdown of installed generation capacity in Ontario [63]
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Table 6: Breakdown of installed generation capacity in Ontario

Zone Type Rating [MW]
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Figure 9: Annual aggregate demand profile - Ontario



4.2.3. Location of PHEV Demand
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Table 7: Inter-zonal transmission limits in Ontario
Originating Destination Flow Limit Flow Limit
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4.2.7. Generation
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Table 8: Location of generation in Alberta

Location Bus Type Rating [MW]
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Table 9: Geographic distribution of loads in Alberta

Location
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Figure 11: Annual aggregate demand profile - Alberta
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Table 10: Interregional transmission limits in Alberta
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4.3.4. Location of Wind Power
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5. Plug-In Hybrid Electric Vehicles
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Table 11: PHEV specifications [81]
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Table 13: Relevant statistics from the Canadian Vehicle Survey

Location Total number of cars Daily Vehicle-Kilometres [km]
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Figure 12: Assumed distribution of daily driving distances in Canada (adapted from [89])
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5.3.Economic Assumptions
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Table 15: Daily fuel requirements for each vehicle type

Vehicle Type ~ Distanceon  Gas Used Distanceon  Electricity
gas [km] [L] Electricity [km] Used [kWh]
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Figure 13: Daily PHEV charging profile - uncontrolled charging scenario
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Figure 14: Addition of uncontrolled and off-peak PHEV charging to utility load
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6. Results and Discussion
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6.1. Generation Cost
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Figure 15: Average cost of power - British Columbia (off-peak PHEV charging)
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Figure 17: Average cost of power — Alberta (off-peak PHEV charging)
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6.2. Generation Emissions
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Figure 18: Average emissions intensity of electricity - British Columbia (uncontrolled

6.2.2. Ontario
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Figure 19: Average emissions intensity of electricity - Ontario (off-peak PHEV charging)
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Figure 20: Average emissions intensity of electricity - Ontario (uncontrolled PHEV
charging)



6.2.3. Alberta
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Figure 21: Average emissions intensity — Alberta (off-peak PHEV charging)

6.3. Cost of Emissions Reductions
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Figure 22: Grid-related and road-related cost changes — Ontario (PHEV = 100%)
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Figure 23: Grid-related and road-related emission changes — Ontario (PHEV=100%)
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Figure 24: CO.e reduction cost for British Columbia - charging scenario comparison
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Figure 25: CO.e reduction cost for British Columbia - charging scenario comparison (area
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Figure 26: COze reduction cost for Ontario - charging scenario comparison
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Figure 27: Grid-related and road-related emissions changes — Alberta (PHEV=100%0)
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Figure 28: CO,e reduction cost for Alberta - charging scenario comparison
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6.3.2. Jurisdictional Comparison
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Figure 29: Jurisdictional comparison of GHG costs — PHEV = 0%
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Figure 30: Jurisdictional comparison of GHG costs - PHEV = 0% (BC results removed)



§
)

11
")
bk

GHG Reduction Cost [$/t-CO,e]

1200

1000

800

600

400

200

)

B?

5 . C e o>
- ) #919 )
) -

", § = . §

) .

) L.) ) >9

. P 919) , -KB2K*B </ 6

£919 ) . . 6 .

) =

-

a.... ...................l.......

20 40 60 80 100
Wind Penetration %

Figure 31: Jurisdictional comparison of GHG costs - PHEV = 50%
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Figure 32: Jurisdictional comparison of GHG costs — PHEV = 100%
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Figure 33: Seasonal comparison of GHG costs in Ontario - PHEV = 0%
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Figure 34: Seasonal comparison of GHG costs in Ontario - PHEV = 50%
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Figure 35: Seasonal comparison of GHG costs in Ontario — PHEV = 100%
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6.4.PHEV and Wind Interaction
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7. Review of Major Assumptions
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Figure 36: Sensitivity of CO.e reduction cost to changes in wind price
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Figure 37: Sensitivity of CO.e reduction costs to changes in nuclear cost
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Figure 38: Sensitivity of CO.e reduction cost to changes in hydro cost
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Figure 39: Sensitivity of CO.e reduction cost to changes in coal cost
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Figure 40: Sensitivity of CO2e reduction cost to changes in NG cost
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Figure 41: Sensitivity of COye reduction cost to changes in PHEV purchase price
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7.2. Constant Variable Cost Assumption
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Figure 43: Average capacity factor for hydro - Ontario (off-peak PHEV charging)



2*
*3
? :.
> J )
| AJ | )
* ) | ) #*
@J . | )K@<(
‘) ) o # |
#
) ) )
| | # | 2AJ 2* )
) #) # |
>9 @C ) # ) ) )
)) # ) #) » i | | O#K
. J | #
| >0 ( | )
: | )##) ) *J) ) % )
| )
# ) ) K*?
) 063 ) | # 919 |
| ’ ) | )% ) )
9 WeeJ AJ 3 ) B*
) 4 ’
K >9) | | ' -
<
/ 6 ) #) #K@CJ | #
| # ;¢C
| :
#9 §
. (0]
J
| )

>
9) ¢
)
)

C*



Change in GHG Reduction Cost [$/t-CO,e]

10.0
8.0
6.0
4.0

2.0 - =-33%

0.0

-2.0 —— +33%

-4.0

-8.0

_10.0 1 I I I 1

0 20 40 60 80 100
Wind Penetration %

Figure 44: Sensitivity of CO,e reduction cost to inclusion of NG plant efficiency
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8.4.PHEV and Wind Interaction
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8.5.Review of Major Assumptions
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Appendix - Breakdown of Displaced Generation
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Figure 45: Makeup of displaced generation in Ontario — (Off-peak PHEV = 0%)
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Figure 46: Makeup of displaced generation in Ontario — (Off-peak PHEV = 100%0)
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Figure 47: Makeup of displaced generation in Alberta — (Off-peak PHEV = 0%)
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Figure 48: Makeup of displaced generation in Alberta — (Off-peak PHEV = 100%0)
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