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Motivation
 PHEV use & Power Grid
— In market,
* Increase by 80% each year since 2000 [1]
* 10% vehicle sales will be PHEVs in 2015(2]
— In power grids,

* Expected to add an additional 18% load to existing power
grids [3][4]

— Current PHEVs,
* Relatively short driving range and long charging time
* Charging stations are essential for their proliferation [6]-[9]

Propose a cooperative PHEV charging station framework
ﬁff which addresses above issues
@pks

Power & Energy Society®




———— -
PHEV Charging Station Model

. Lmkage between statlons and location service

~ » Station Vehicle Backlog Dynamics
Q;(t + 1) = max|Q;() — si(£), 0] + a;(t)

a(t) : PHEV arrival | o s

 Framework performance under multiple-stations

I °““"! > Station Throughput
SN "2 » Customer QoS

Decision ----—5 Station n (e.g., sojourn time at
-

Problem . : ) stations)
StationSize L, (t)

1. The degree of stations’ charging capability
2. Station waiting-room size

3. PHEV’s station selection behavior
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Optimal PHEV Allocation Policy
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* Multi M/M/1 system conversion with work conserving queues
 Reduce PHEV waiting-time at stations

— Global queue size m|n|m|zat|on problem

P i . s
minipnize > i Allocation vector A°Pt
i=1 " ‘

n A+ 32 (VG — 1)
t =1 L J
subject to E i = A » ,\Ep — J . Where 7 = {1. e -n}

n [y
i=1 Z.’izl \/ B
i — Ai >0

(&s 0 A= 0 (shown in Appendix A)
CPES e ¢ IEEE

Power & Er1erg1,r Society®



Optimal Allocation with Station-Size

. . . Algorithm 1 PHEV Allocation with Overflow Relaxation
Charging stations can suffer congestions gem W it -

Require: Station reports \;[k], y2;[k] and C;[k], where i € N/
. . . and /& is a measurement time-slot.
Congestion indicator C;(t): AK] = 3 sen Ailk]

for i =1 — |\ do

O@(t) — 1{Qi(t)>Li}7 where 1 =— {1’ el n} if C;[k] =1 then

wik] < 0 (Exclude Station i)
. . d if

[IDEA] Temporarily exclude congestion end for

. . . . ;\;;;[k L) A + 32 (IR R —pas [K])
suffering stations from optimal allocation e
CompUtationS Optimal Allocation | Uniform Random

Mean Queue size 3.307 15.124
Throughput 6337 6343
<Measurement for 10,000 s>
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Price Control and PHEV Behaviors
Charging Event 5 ----_}ﬁ Station 1
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Decision Ty ----_b Stationn

Problem .
Station Size L, (t)

s

Jopt
e PHEV behaviors are controllable?

— We have the optimal condition 1°Pt to maximize performance
both for station throughput and customer service quality

— But, no guarantee that PHEVS’ charging station selection will follow

the condition 1
* Price differentiation at stations is.. e
— Give incentives or penalties for PHEVs %%M H\\\
— Modify their station selection behavior c

Min Price P Pic Max Price
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Price Matching Methods
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Method1:Utilizing pre-

measured sensitivity

— The price sensitivity of PHEVs is
known by surveys or long-
period measurements

— Inverse Matching Problem
pi = flei) «— ¢i = f~ (ps)

Lo

— Station Price Vector

AL
?(tk,tk+T] - [f_l(%)a ceey f_l(

A
)

Method2:Regression-Based

price matching

— The PHEV price sensitivity (i.e.,
distribution) is unknown.

— Consider d;[I]:
di [1] = i [1] = NP [1]
\2 v

— Price p; Set up
pill + 1] =pil] +~-d;l]
— Reduce the gap d[!] all the time

[Daily Price Range]
. |

under general
PHEV behaviors

Station Selection
Probability (g)

Pmax

Pmin
Charging Price (p)
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Price Control Tests (Method 1)

* 5 PHEV charging station framework ( i = [0.2,0.2,0.25,0.25,0.3],L; = 10)

1. Normal charging event occurrence with A = 1 and linear PHEV price sensitivity
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Price Control Tests (Method 2)

5 PHEV charging station framework ( i = [0.2,0.2,0.25,0.25,0.3],L; = 10,y = 0.5 )

Under linear PHEV price sensitivity
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Tests under Electric Regulation
Time—vi;ggng electric support
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Conclusion

= The necessity of PHEV allocation policy:

»  Station backlog comparisons between 29Pt and uniform policy
= Determine an optimal allocation policy:

» At station side: Maximize Throughput

» At PHEV user side: minimize sojourn time
= PHEV behavior controllability

» Achieve the optimal solution by price differentiation

Framework test and effectiveness PRS- @J

» Autonomous Price Adjustment 50 - scheduled support 2

» Load Balancing
»  Relax Station Overflows
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