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Current status of electric vehicles

Introduction

Annual sales of  EVs In China  

Ten thousand Million

(2015-2040)Annual sales volume and forecast of global vehicle 

EVs sales 

Total vehicle sales
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Introduction

Challenges of EVs integration into power system

large-scale EVs integration

Disordered charging

Voltage 
fluctuations

Frequency 
fluctuations

Gird harmonic 

distortion

Other

problems
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Introduction

AC&DC hybrid microgrid

Higher  efficiency

Better Expandability

More reliable
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Relationship between Voltage Deviation and Power Increment in AC-MGs
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Relationship between voltage and power incensement in AC&DC-
HMG
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Relationship between voltage and power incensement in AC&DC-
HMG

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

1/ -D = DU U N P

Thus,         are mainly related to     
in the AC-MGs and DC-MGs

ȹU

ȹP

Relationship between Voltage Deviation and Power Increment in DC-MGs
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The EVs are used as active power 
units to regulate the bus voltages

This paper:
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Distributed voltage regulation 

algorithm

Centralized algorithm

DG

DG

DG

DG

DG

MGCC

1.Central  controller.

2.High communication burden.

3. Communication  period is longer.

4. Lower expandability.

2019-08-10 2019 Fort Collins Symposium on 

Microgrids

10



Distributed voltage regulation 

algorithm

Decentralized algorithm - Gossip  Algorithm

Local computer 1

Local computer 3

Local computer 5Local computer 4

Local computer 2

1.No  central  controller

2. Point to point

3. Multiple iterations
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Distributed voltage regulation 

algorithm

Objective  Function
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Distributed voltage regulation 

algorithm

Solution of  the Proposed Model
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optimal solution
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Distributed voltage regulation 

algorithm

Solution of  the Proposed Model
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Distributed voltage regulation 

algorithm

Distributed Voltage Regulation Strategy for AC&DC-HMG

Voltage regulation processing : É Internal regulation 

É unified   regulation 
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Distributed voltage regulation 

algorithm

The whole voltage regulation processing 

Stage 1: Each MG regulates its 

voltages by distributed voltage  

regulation  algorithm.

Stage 2: There are six cases of 

the second stage voltage 

regulation.
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Distributed voltage regulation 

algorithm

Six cases of the second stage

Six cases of  the second step

Different cases correspond to different solutions.

Scenarios AC-MG 
voltages

9±ǎΩ 
scheduling 
capacity

AC-MG 
voltages

9±ǎΩ 
scheduling 
capacity

Case 1 ---- ----

Case 2 Enough Not enough

Case 3 Not enough Not enough

Case 4 Not enough Enough

Case 5 Not enough Not enough

Case 6 Not enough Not enough
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Microgrids topography 
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Simulation results and discussion
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Simulation results and discussion

Parameter setting Initial voltages

The initial voltages of AC-MG and 
DC-MG are mostly over limits
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Simulation results and discussion

Case 1

After voltage regulation for the first 

stage, the voltage fluctuation is 

within ±5%
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Simulation results and discussion

Case 2

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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Simulation results and discussion

Case 2*

By  using the scheme for case 2, the 
voltage regulation coordinated 
within AC-MG and DC-MG for the 
second stage is launched.
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Optimal power of EV nodes 
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