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. Current status of electric vehicles

Annual sales of EVs In China (2015-2040)Annual sales volume and forecast of global vehicle
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B Ac&DC hybrid microgrid

Higher efficiency

Better Expandability

More reliable

AC/DC AC/AC AC/DC i
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Turbines AC EVs AC loads :
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.Relationship between Voltage Deviation and Power Increment in AC-MGs

[ OP 0P |
AP a0 U AO M N AG
In MGs: _| o0 U =
AQ| |8Q aQ|AU/U| |K LJAU/U
| 00 0oU |
Mij :UiU J (Gij sin ‘9ij o Bij COsS Hu) Lij = _Ui (Gij sin ‘9ij + Bij COsS ‘9.])
N N
Mijz_UiZUj(Gij Singij - Bij Cos‘gij) Lij = ZU j (Gjj sin 6;; — B;j cos G;;)
1 i1
J# J=i

Higher R/X in MGs
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— AUTU=N"AP
A0 =KTAQ
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Relationship between voltage and power incensement in AC&DC-
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.Relationship between Voltage Deviation and Power Increment in DC-MGs

Different from AC-MGs, the line of DC-MGs is only of the resistance characteristics

AU,
L v,
AR Ny Ny oo Ny, AU
AP, B N,y Ny oo Ny U : AU /U = N'AP
= 2

AP N. N. .. N
4 nl n2 nn _| AU

This paper:

The EVs are used as active power

Thus, AU are mainly related to
AP in the AC-MGs and DC-MGs units to regulate the bus voltages
8
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1.Central controller.

2.High communication burden.

3. Communication period is longer.

4. Lower expandability.
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. Decentralized algorithm - Gossip Algorithm

Local computer 1 1.No central controller
N 2. Point to point
=

3. Multiple iterations

X
Local computer 2 \ Rl " Local computer 3
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¥
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. Objective Function

minF = NZ(AUi)Z = NZ(Ui (AP) = Upee)’

: i f \
/ Vo|tage magni’CUdeS

voltage deviations power increments

St Uimin SUi SUimax

AI:)imin < API < API max
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. Solution of the Proposed Model

min F(X By the penalty function method

M
F'=F + 4 (inf0,g; (x)})’
i=1

quadratic function

I

I

I

I
v optimal solution
X*

|_l T T
__H% F EX HXx+cC X
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. Solution of the Proposed Model

(O’F' P O’F" |
ox>  oxox,  oxox, &
O'F' O°F' O'F"
H=| ox,0x, ox2  ox,0x,
O’F' O'F' O'F"
| Ox,0x, Ox,0x, ox, |

\—'—I

N
x*=-H"c ) X =AR =) H'(kjU; +k{P; +k{C))
=1
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——— Control signal () smartmeter @ node

Voltage regulation processing: € [nternal regulation

.

€ unified regulation
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. The whole voltage regulation processing

m=0, n=0, collecting information : U; P;

Stage 1: Each MG regulates its
voltages by distributed voltage
regulation algorithm.

Stage 2: There are six cases of
the second stage voltage
regulation.

SRR regulate U,-OfAC&DC'HMG |
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. Six cases of the second stage

Six cases of the second step

AC-MG
voltages

EVs’
scheduling

capacity

Case 1
Case 2
Case 3
Case 4
Case 5
Case 6

<5%

<5%
<5%
> 5%
> 5%
> 5%

EVs’ AC-MG
scheduling | voltages
capacity
<5%
Enough > 5%

Not enough  >5%
Not enough <5y,
Not enough <50
Not enough > 50y

Not enough
Not enough
Enough

Not enough
Not enough

Different cases correspond to different solutions.
2019 Fort Collins Symposium on
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. Microgrids topography
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Simulation results and discussion

TABLE II. MAXIMUM CONTROLLED EVS POWER

[ DC voltagep.u AC voltagep.u
Controllable Component | Maximum power to be I gl o T =
dispatched/ MW I 4 R L1s
EV 1 + 0.61 11 . 11
EV 2 + 0.79 I 1‘°:v """"""""""""""""""""""" ' :'05
|
EV3 + 0.96 s 7 1 ST o
I 0.9 0.9
TABLE III. ACCESS POWER OF EACH NODE | 0.85 LA Sl 0.85
p 0.8 , C0s
Node Active power/MW : 1 3 5 7 9 N 1315171920 2325 27
Node 2 (load) 0.45 | node
Node5 (BT) -0.5 [
Node 7 (PV) 0 : The initial voltages of AC-MG and
Node 12 (load) 0.00575 I DC-MG are mostly over limits
Node 14 (load) 0.01395
Node 17 (load) 0.0091 |
Node 18 (load) 0.00605 |
Node 21 (WT) 0.62 I
Node 27 (PV) 0 I
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. Case 1l

DC voltage/p.u. AC voltage/p.u.
111': ' iis After voltage regulation for the first

. " stage, the voltage fluctuation is
105 - L 1.05 within £5%

1- -1
0.95 - - 0.95

0.9 - - 0.9
0.85 - - 0.85

l].3 T 1 L L L L L L L L L ™1 T 17 11 1 1 1 “,3

1 3 5 7 9 11 13 1517 19 21 23 25 17
node
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. Case 2

'DC voltage/p.u

Simulation results and discussion

AC voltage'p.u.

1.2

- L15
- L1
- 105
-1
0.95
- 0.9
- 0.85

1.2 <
| hefore regulation
L15 - DC | AC
Upper limit
1.05~====qg========— Bl == -mmmmmmmmmo oo
1 -
0.95 - B e e o SEEYEEEEEMA g1
0.9 - After the first step
Lower limit
0.85 -
ﬂ.s ) ) ) 1 1 ) III ) ) 1 1 ) ) ) ) ) 1 ) ) ) ) ) ) ) )
1 3 5 7 9 11 13 15 17 19 21 23 15 17
node
2019-08-10

0.8

After the first stage regulation,
the node voltages are still
mostly over the limits in DC-MG.

[The solution of case 2 is launched. ]

[ Case 2*]
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. Case 2*

DC voltage/p.u. AC tcltagefpu
12 12
115 - DC A N 115
L R e N TN 1.05

1 -1

R T e O ok - 0.95
0.9 - 0.9
0.85 - 085
1 3 5 7 9 11 13 15 17 19 21 23 25 17
node

By using the scheme for case 2, the
voltage regulation coordinated
within AC-MG and DC-MG for the

second stage is launched.

Optimal power of EV nodes

=

AP, = —0.8041IMW
AP.,, = 0.0931IMW

AP.,,, = —0.4550MW
A\ 4
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Simulation results and discussion

After the first voltage regulation

DC voltage/pu. AC voltage/puu. stage, there are still some node

l‘l"; A Befosgyegulation | 111;5 voltages over the limits in AC-MG.

1.1 - 1.1

1.05 - - LO5

1- -1

0.95 - - 0.95

0.9 Z - 0.9

. | o [ The solution of case 4 is launched. ]
0.5 0.5

T T T T T T T H T T T T T T T T T T T T T T T T T T
1 3 5 7 0 11 13 15 17 19 21 23 25 27
node

[ Case 4*]
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. Case 4*

By using the scheme for case 4,
the voltage regulation coordinated

DC voltage’pu ACvoltage’pu . '
1.2 within AC-MG and DC-MG for the
. second stage is launched

1.05
1- ,- .
095 - NYoee Moo 0. Optimal power of EV nodes

0.0 - After the second step 0.0
0.85 - - 0.85 /
o8 1' '3' '5' '?' 9 '11' '13' '15' '1?' '19' '21' '23' '25' '2? o3 APEVl — _01355MW
node
AP, =0.00956 MW
AP, , = —0.1566MW
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IConcIusions

» By the proposed method, the voltage deviation of the AC&DC-HMG can be stabilized
within 5% with power coordination between AC-MG and DC-MG with EVs connected
the related nodes.

» In addition, each node regulates its voltage based on communication only within
neighboring nodes, thus reducing the burden for communications.

IFuture works

» We only considered the grid connection situation, and did not consider the situation
when the EVs was connected in the island mode.
» The scheduling of electric vehicles can be optimized.

2019-08-10 2019 Fort Collins Symposium on 26



Vg XA L & ¢

HEFEI UNIVERSITY OF TECHNOLOGY

Thank you!
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