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Summary of Information UNIVERSITY

No.of No.of Generated Generated Demand Lane Length Miles
Nodes Zones Demand (without Intra-Zone) (mi) Traveled

Cities/Parameter

62 21 178,741 142,042 336 931,957
52 535,443 410,954 916 3,161,057
36 624,618 503,611 789 3,894,950
55 712,796 534,587 1128 4,085,052
84 985,411 787,699 1557 6,760,436
1,054,842 808,925 2726 7,122,931
1,086,242 890,079 2030 7,183,037
1,726,732 1,353,026 2045 10,447,668
8,185,778 6,568,349 8776 52,293,864
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Dynamic Traffic Assignment (DTA)
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Data Collection UNIVERSITY

The required inputs to the model include:

" Road network

= Traffic Analysis zones

" Travel demand matrix

= Electricity Provision Costs

" Land Use

= Average Land Cost

= Car Companies

Charging station and charger costs
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Modeling Framework Tk

The modeling framework considers:

e Origin-Destination travel demand (input)
* Simulated trip trajectories

* Minimizing charging station investment cost
e Cost of charger
e Land cost
e Electricity provision cost

* Minimizing travelers’ detour

The required inputs to the model include:

= Road network

=  Traffic Analysis zones

= Travel demand matrix

=  Electricity Provision Costs

-
SIEN
Y
N - .
W = Land Use

F = Average Land Cost
This phase focuses on investing in DC fast chargers for urban trips of EV users
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Land use and trip purpose UNIVERSITY

12.0%

Trips start point are classified as:
= Single family homes
= Multi-family residential

=  Work places H||||
Hillil

nt of Trips

Perce

= QOther (i.e. commercial)
0.0% —— -1 I I I I L.
. T . @b&“é‘ & NS
Affects initial state of charge (i-SOC) PR —

B HBWork ®NHBWork mHBSchool HBShop M HBSocial MHBOther M NHBOther

|
Time dependent trip purpose in Michigan

Source: Nancy McGuckin, Jesse Casas, Martha Wilaby, (September 2016),
Ml Travel Counts Ill Travel Characteristics Technical Report
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Traffic Analysis Zones (TAZ)

Unit area defined to be used in transportation

planning.

Important factors:

= Size of area

=  Density

= lLand use

=  Geographic features

¥ ‘-J LLLLLL
U Bath Twp
Eagle Watert®wn il
O Twp =, 2
s U .
0 e ) s o
Grand | edge L o o0 CL it
Oneida  Delig Charier '_nsii’g ';” EAL '\gﬁ';gt':r"*
Charter T®p Township SO0 L] S Swrahip
L i) o =
DOOO
L]
2 L
. O
Poterville ® Delhi Charter
TCI'Iv;Ir‘IShIp
i
. M'asu.n
lotte o A58,
(&) 0

Feim

SHaftshurg @J!

L
William®ton
W
L . |
L L)
Dansville @



Candidate Points

MICHIGAN STATE

e e e oy — Sy

UNIYERSITY

Select candidate points

Electricity Provision Costs
Average Land Cost
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Lansing

Large small large
tery and battery and battery and
low tech high tech  high tech
charger charger charger

Small battery bat
Scenario and low tech
charger

Small battery and
low tech charger-
External demand
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. . . I u Delay Cost Detour Cost
Optimization .
(Csx; +Cz)+v|(zz |+ 0
T€T i€l
subject to:
x; € {0,1}, Viel (2)
Z,-le-M, Viel (3)
D D¢
Required energy at each statiog® = 4. F — 5, F + CODREI) Vi€eJi€l (4)
to complete a trajectory B .
D’ ..
Charge up to battery capacity z Z QTGEg < Spax F = SF + %, Vi€eJ, i€l (5)
T€T €T
Charge at accessible stations zz Z QTQD(’(]) H S < B(S — Smin)F, Vjie] (6)
i€l teT Q€T
Charge only at locations seIect% Z Z QTQ <x;M, Viel (7)
to build a station T€T O€ET j€J
Charge vehicles that need Z z z Q7 =1, vj €] (8)
charging only once TET O€T (€]
o yiT=ZZQ}].9, VteT,iel 9)
Chargers’ visiting flow &
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Optimization Model (3/3)
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= Linear programming
= Minimizes the cost Mixed Integer Non-Linear Model

of refueling and

detours’ Solution Method

experienced : :

> Problem Decomposition " Queuing delay is

= Minimizes the cost . [ . ||  minimized

of b-U”ding charging Cha:ging}station . Aflharier = Solved using an

ocation ocation .
stations analytical
: \

= Solved using —L \( method

commercial solver (Golden-Section Method)
= Solved using a

metaheuristic |

algorithm for larger

cities Chargers at each

| charging station

Location of charging stations

Time-dependent EV demand
at each station
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Small battery bat
Scenario and low tech
charger

Small battery and
low tech charger-
External demand
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