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Problem Statement

A Findthe optimal infrastructure investmentto support electric vehicle
travel:
A Whereto deploychargingstations?
A How many chargingoutlets mustbe built at eachstation?

A Themodelingframeworkconsiders
A EVirip feasibility
A Minimizingchargingstationinvestmentcost

A Minimizingtravelersdelayincluding
A Chargingime
A Queuingdelaytime
A Detourtime

Thisstudyfocuseson investingin DCfast chargerdor long distance(intercity) trips of EVusers
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’-3‘\ NOTE The results presentedhere do not include tourism and seasonalvariation
Qﬁesults Thosearethe nextstepsof this study.




System Operational Assumptions

Battery size 100 kWh (Average of all EVs in the market)

Confident range: 0.81 (Travelers would recharge when the battery is
depleted 80% of its capacity.)

Charging efficiency: 1.31 (Converting energy/power ratio to charging time
accounts for waste of energy while charging )

Reduced Performancé:0%? (Reduced battery capacity in Winter temperatures)

Value of time: $18/h 1 6. aSR 2y dzZaSNERQ GAff AY-=

Battery charge limit: 0.81 (Users charge their vehicle up to 80 percent of capaci
as charging speed decreases significantly after this p

Charger power: 50 kW8 (Current average power in fast charging facilities)

Total demand: 2,979,998 (Number of intercity trips between major cities in the

state of Michigan per day)
Definition: Major city- Any city which has a population more than 50,000.
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1Source: Ghamami, M., Zockaie, A., & Nie, Y. M. (2016). A general corridor model for desigtiingl@dtige vehicle charginigfrastructure to support intercity travel.
Transportation Research Part C, 68,-382

2 Sourcehttps://www.energy.qgov/eere/electricvehicles/maximizigdectriccarsrange-extremetemperatures

3 Source: Discussion with stakeholders.

4 Source: Michigan Department of Transportation oridéstination travel data .



https://www.energy.gov/eere/electricvehicles/maximizing-electric-cars-range-extreme-temperatures

Economic Benefit Assumptions

A Economic benefits are measured in the value of transactions captured at th
charging station over a 3ear period (All estimates in 2018 dollars)

A Fees for charging
A$0.15 per kWh for DC Fast chargggbout $5.40 per connection

A Expected ancillary expenditures while charging
Alncreasingim 0 2 NS GaRg Sttt GAYSE o6& wm:> Sl dz
Almpacts arise from unplanned (new) stops generated by the DC Fast charger
station

A Average unplanned stop generates about $12.48 in sales (may vary significan
depending on shopping options)

A Economic Impacts

A Economic impacts accounts for all direct and secondary transactions (multiplier effects)
A Ancillary expenditures broken out into retail and food service (50/50)

A Net values of retail transactions attributed to impacts (only accounts for margins earned
A IMPLAN for Michigan used to calculate multipliers (secondary transactions)
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Reference Road Network

A Major cities and Interstate

. Houghton
highways '

L
o U5,
A Travel demand around majogystal F

cities is aggregated to the city
center

A Travel demand within the cities
were excluded

A The distance between candidate
points is less than 50 miles

A Candidate points may or may
not be selected for building
charging stations
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Four Scenarios Analyzed

UNIVERSITY

A Scenarios:
A Focus on 2030 EV market penetration for Michigan

A Four scenarios focusing on:

A Two rates of market growth
i Slow growth: 3%
I Rapid growth: 6%

A Two DC fast charger options
I 50 KW charger
i 150 kW charger

A Cost data cannot be currently shared because of nondisclosure agreemen
A Instead, scenario cost comparisons are presented as ratios of the base scenario
A Base scenario is rapid market growth and 50kW charger




Scenario 1: Rapid market growth, 50kw charger

Assumptions
EV market share: 6%
Charger power:  50kw

Results
A Total Stations (number): 40
A Total Spots (number): 988

Costs

A Station Cost (ratio): base value
A Land Cost (ratio): base value
A Charger Cost (ratio): base value
A Total Cost (ratio): base value

Time
A Average Delay (min): 47.16
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Scenario 2: Rapid market growth, 150kw charger

Assumptions
EV market share: 6%
Charger power:  150kw

Results
A Total Stations (hnumber): 36
A Total Spots (number): 295

Costs

A Station Cost (ratio): 1.04
A Land Cost (ratio):  0.30
A Charger Cost (ratio): 0.83
A Total Cost (ratio):  0.85

Time
A Average Delay (min): 13.76
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Scenario 3: Slow market growth, 50kw charger

Assumptions
EV market share: 3%
Charger power:  50kw

Results
A Total Stations (number): 34
A Total Spots (number): 458

Costs

A Station Cost (ratio): 0.84
A Land Cost (ratio):  0.46
A Charger Cost (ratio): 0.46
A Total Cost (ratio):  0.53

Time
A Average Delay (min): 47.36
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Scenario 4: Slow market growth, 150kw charger

Assumptions
EV market share: 3%
Charger power:  150kw

Results
A Total Stations (number): 26
A Total Spots (number): 144

Costs

A Station Cost (ratio): 0.72
A Land Cost (ratio):  0.15
A Charger Cost (ratio): 0.41
A Total Cost (ratio):  0.45

Time
A Average Delay (min): 14.38
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Project Data Requirements & Questions

UNIVERSITY

A Economic benefit assumptions
A Fees for charging

A Electricvehiclesmarketshare

A Currentlybasedon
ElectricVehicleCostBenefitAnalysis Plugin ElectricVehicleCostBenefitAnalysisMichigan
M.J Bradley& Associates, LOQMJIB&A),July2017

A Is there any other source or estimation available?

A Gridspecificationdata
A Inquirewith utility companies
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Project Data Requirements & Questions

UNIVERSITY

A What EV charging station investments are going to be made in your
service territory through pilots, demonstrations, or other opportunities?

A What are your actual or anticipated demand charges for EV charging?

A Is the current model for 2030 sufficient or should we look at five year
projections (e.g. 2020, 2025, 2030)?




Project Data Requirements
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Project Data Requirements
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Statewide continuous counting stations MICHIGAN STATE
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Monthly demand at counting stations MICHIGAN STATE
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Day of week demand at Counting stations MICHIGAN STATE

(January/February) UNIVERSITY

Day of Week Demand Factors in January (Average of All Stations)
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Day of week demand at counting stations MICHIGAN STATE
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Day of week demand at counting stations MICHIGAN STATE

(October) UNIVERSITY

Day of Week Demand Factors in October (Average of All Stations)
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Thank you!

MehrnazGhamami

Email:ghamamim@egr.msu.edu
Phone: (517) 354288

All Zockaie

Email:zockalea@egr.msu.edu
Phone: (517) 358422

Steven Miller

Email:milll707@anr.msu.edu
Phone: (517) 352153
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Selected continuous counting stations

A 5 out of 122 counting stations
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Demand at counting locations/Vinter 2016 UNIVERSITY

Day of Week Demand Factors in January
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Demand at counting locationsSummer 2016
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Day of Week Demand Factors in July
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Demand at counting location&all 2016 MICHIGAN STATE
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Day of Week Demand Factors in October
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