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0 Research Background

Micro-grid technology can integrate Electric Vehicle Charging
Stations and Distributed Photovoltaic system, which helps to

S improve the overall economic and environmental benefits )

» PV generation could reduce the dependence of EVs
on fossil fuel and improve the utilization of renewable
and clean energy

» EVs could help solve the intermittent of renewable
energy and reduce the cost of energy storage system

weie > Micro-grids realize the self-consumption of
renewable energy on EVs and promote the
combination of EVs and renewable energy generation
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e Recent Studies
(  charging strategies ) energy management
4 ) (" )
® Economic and ® Minimize the operating
environmental impacts cost of micro-grid system

of charging strategies e
2 Maximize customers’

Optimization methods comfort with minimum

based on forecasting power consumption
1\ _/ g J

In these researches, most of the methods are based on day-ahead
optimization, the forecasting for PV power and user load are required. . =
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e the main contribution

e For the daytime charging demand of EVs, the operation aim to improve
the self-consumption of PV energy and reduce the dependence on the
power grid.

e According to the SOC of EV batteries and variation of PV output, the
charging rate of EVs is adjusted dynamically in the real-time event
triggering mechanism.

e The optimization process is simplified that either the statistical data or
the forecasting of PV output and EV charging demand is not needed.

e This method can be applied at very low cost. The algorithms can be self-
operating in an embedded system without any need for operators or be

directly embedded into the control system of converters.
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°Typical structure of commercial building micro-grids

Grid
«->
Information & Control > PV arrays
Power Transformer > DC/DC converter
ACBUS ; ¢ » Bidirectional AC/DC
AC/DC AC Loads of Inverter
Bi-directional Commercial
Converter DC Building » Chargers
A
| DCBUS o EV/s
(U |
T chargers > Loads of commercial
| . .
e ) I building
PV Arrays  comverter 1] > Embedded controller
- Embedded EVs
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°Typical structure of commercial building micro-grids

Intercommunication among Central Controller, Charger and EVs

***************************** DC 3
= e *» bel___

Other data

Batteries

Central controller Charger
| Event ‘ Target SOC | |
| monitoring — — === —| Human- ||
| v (— Departure time | oy yger |
| Power Data | | Control permission || interface | |
| distribution processing 4 T T T 3 3 BV
| Strategy y . Daa L e
| implementation N\ " processing [N T |

« Information of EV batteries (such as SOC, voltage, etc.) can be transmitted to
the chargers and embedded controller.

« The charging power is feasible to be regulated by chargers in a smooth way.

* Users can set some information on the panel of the charger by themselve
such as the departure time.
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e Basic Operation Principles Real-time Decision

® Expected Completeness of Charging Demand (ECCD)

1 Ne® SOC'(t)+C'(t)-(t; —t
Z( ( )J

ECCD) =T 0 - SOC:!
EV 1=1

obj
The first principle: maximize the ECCD.

® Deviation of PV Energy Consumed by EVs (DPCE)

Ney (1)

va(t)_ Z Pl(t)

=1

DPCE(t) =

The second principle: minimize the DPCE = improve self-consumption
rate of PV energy for EVs.

¥
§
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e Strategy for Real-time Operation of
Commercial Building Micro-grids

® Model of EV Feasible Charging Region (FCR)

soc 4 The user can set the departure time and
expected SOC of battery.
soc® o C=Asoc/ At
/ / |Asoc
1 At 1
2 /
SOCio
t, t,

to\T / \T /td :

FCRIA(, C) [t ety 1, ],C e [Cryp, Crp 1}
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® Mechanism of Dynamical Event Triggering (DET)

Eventl U Event2 Power
U Event3 U EVth4:0 allocatiOn
Eventl=1

Event2=1

Event Event3=1
monitoring

PAdone=1
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e Strategy for Real-time Operation of
Commercial Building Micro-grids

® Mechanism of Dynamical Event Triggering (DET)

> New EV arrives at the parking lot
> EV finishes the charging
» The output of PV system varies more than the accepted

extent :

>0.05- P, (t—At)

P, ()—F,

v _base

» The variation of the total charging power exceeds the
>0.05-P,

S _base

accepted extent: |P(t)—P, y...
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® Algorithm of Real-time power allocation (RTPA)

Initialization 1

Acquisition of real-time data of parking lots) ¢ N
(Nev(®) t, aSOCD), VL)) J&———
Y
Select EVs, if Yes ( Acquisition of PV power: Pp,(t) )
SOC'(t)>0.85 1 ==

( Monitoring the trigger event ) 2

C Calculate T, and (- t') )

. . No
7 [th the power allocatlonj :Event TGGTG?
Calct_llate CRFR of the _i-th EV TEs 'y

{(t'; Trl); (Clmin’ Clmax)} C i=1 ) 3

A4
C Calculate xiadj(t) of the i-th EV ) 4:_( Calculate feasible charging region for EVs!

Comparation, Yes (Sort EVs by )\-iadj(t) from small to large) | 4
Y

if Mag(<1

Comparation, if
.min(t)+Ps.un(t)>va t -
No The i-th EV of Ney(t)

Charging the i-th
EV with C'ax

Yes - ._ charging at Cpin',
¢ P g;:\l;ulat(ltt))zpi ﬁ( i keeping total charging
( Update Nev(®O=Nev(®O-Nun®) ) | ggraniin P oo, ¥ PO 25 Pe ) +Psn)

»[ C=C0+0.06Cre ]

by A'aqj(t) from small to large

v

( Calculate Py(t) )

Comparation, if
Ps()+Ps un(t)-Ppv(t)[<e

The i-th EV 0'_f NE\/(t)
charging at C'(t)
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aAnaIysis and comparison of results

® Parameters of simulation

» Peak value of regular load: 500kW

» Rated capacity of the PV system: 240kW
» Number of EVs: 60

® Experiment cases

Casel: Uncontrolled operation strategy

Case2: FCR + PSO operation strategy PSO algorithm is widely

used in optimization for
charging strategy of EVs.

Case4d: FCR + DET +PSO operation strategy

>
>
» Case3: DET + PSO operation strategy
>
» Case5: FCR + DET + RTPA operation strategy
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Casel: Uncontrolled operation strategy
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Power variation

During the peak hours, the charging power of EVs leads to about
extra 420kW loads than the original peak loads.
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cAnaIysis and comparison of results

Case2: FCR + PSO operation strategy
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The extraload is only 70 kW and most of the EVs can leave with objective
SOC successfully. However, the total charging power and the charging
rate of EVs fluctuate frequently.
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Case3: DET + PSO operation strategy

Power variation Charging rate SOC of EVs
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The charging rate varies dramatically and randomly. Besides, the
charging demand of many EVs cannot be satisfied before leaving.
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Case4: FCR + DET +PSO operation strategy
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The DET mechanism makes the charging rate of EVs varies more smoothly

than above cases.
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cAnaIysis and comparison of results

Case5: FCR + DET + RTPA operation strategy
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The extra load is cut down to 70 kW and most of the EVs can leave with
objective SOC. Moreover, the charging rate of EVs is obviously the
smoothest one of the five cases.
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a Comparison of efficiency

NETlE] FCR+PSO DET+PSO FCR+DET+PSO FCR+DET+RTPA
23.87 s/1 23.92 s/1 23.97 s/1 0.27 s/1
26.47 s /10 26.22 s/10 26.56s/10 1.125 s/10
Time cost on 30.53 s/20 29.34 s/20 30.49 s/20 0.708 s/20
calcliationiith 35.11 s/30 34.36 /30 35.03 /30 0.567 /30
different number
of EVs 41.72 /40 39.69 s/40 41.53 s/40 0.567 /40
46.14 s/50 45.05 s/50 46.08 s/50 0.432 s/50
55.26 s/60 54.98 s/60 55.3 s/60 0.432 s/60
Calculation times 450 180 168 172
per day
Occupancy time
on processor per 17411.73 s 5966.27 s 6079. 75s 54.53s

day

Our proposed charging strategy performs well in many aspects, such

as small calculation scale, high efficiency and low occupancy rate of
computation resource.
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Heuristic operation strategy: FCR+DET+RTPA

The strategy is based on the real-time decision without
forecasting of PV output or EV charging demand.

The FCR model ensures the EVs leave with objective or
maximum SOC of EV batteries

The DET mechanism can cut down the calculation
/frequency to avoid unnecessary calculation

“,

3 The RTPA algorithm proves to be excellent in calculation
time, efficiency and occupancy time on micro-processor
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Microgrid Laboratory Platform of NCEPU
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Microgrid Laboratory Platform of NCEPU

Monitoring and Distribution | @

® Main Structure ok
control center

A Platform includes PV, wind =T == WL
power, EVs, Energy Storage A
and simulative load. ‘ -
TR |
AC bus 380V t[ [ [ l[ |
Simulative WPG 30kW 3 j j & ii
PV System 130kW Cha?g?nzm:n?’:jli;marging in order ;@%Tf

Energy storage system 75Ah/352v  Main interface of software for monitoring and control center
15 TRt PSS B A S A R

25Ah/352V

Bi-directional converter
2x30kVA
EV charger 3x15kW
Vehicular charger 2x3kW

Simulative AC load 30kVA




Microgrid Laboratory Platform of NCEPU

® Laboratory

Equipment
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