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China‘s third largest 
island.  76km * 18km.
Area: 1267km2

Population: 800K

A county in Shanghai.

Main industries: 
agriculture, animal 
husbandry, tourism 
and shipbuilding.

Shanghai

Jiangsu

East C
hina Sea

Chongming Island
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Background and development plan

Chongming island Development Plan
Ideal place for utilization of 

large scale renewable energy

Diversified Renewable Energy
High-penetration: 48%(2015)

relatively 
independent

2015

Long-
term

•Wind: 223MW
•Solar: 3.8MW
•Biomass: 9MW
•CCPP:       400MW

•Max Load: 345MW
•RES Penetration: 48%

•Total RES installation:       
3,200～4,200MW

•CCPP:         800MW
•Max Load: 2,000~2,500MW

•Green energy  output  base



Purpose of the demonstration project

• Efficient and eco-friendly use
• Schedulable, Dispatchable, Controllable

Large-scale renewable energy utilization
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• Green Energy 
Output Base in 
Sea Island

Transmission

• Hierarchical 
Integration of 
DER using 
ADN

Distribution

• Local 
accommodation 
of RES, and 
responsive 
users

Consumption



Funding, organization of the demonstration project
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• This project is funded by National Science and 
Technology Support Program, and jointly completed by 
State Grid Corporation, Shanghai Jiao Tong University 
and several institutes and vendors.

• The implementation time of this project is from 2013 to 
2015.

State Grid 
Shanghai Municipal 

Electric Power Company

China 
EPRI

Shanghai
Jiao Tong 
University

State Grid
EPRI Vendors



Architecture of the demonstration project
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Consumer

Distribution

Transmission
Geographical Map of the Demo by 2015



Architecture of the demonstration project
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Transmission
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Architecture of the demonstration project
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Architecture of the demonstration project
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Architecture of the demonstration project
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Beiyan WP
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Architecture of the demonstration project
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Green Energy 
Output Base

Layer I，110 -220kV

• Large scale offshore, 
onshore wind plants,  
gas power plants

• Wind power bundled 
with gas turbines

• Schedulable and 
controllable equivalent 
power plant

Flexible and Reliable
Power Consumption

Layer III，0.4-10kV

• Microgrid and 
demand response 
users

• Interaction between 
highly autonomous 
microgrids and 
users

Layer II，10-35kV

• DERs (wind, solar, 
biomass, storage), 
various types of 
microgrids

• ADN

• Hierarchical 
integration and 
aggregation of 
DERs

Active Distribution 
Network



Horizontal Coordination
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In the transmission level, two types of green energy, wind and gas, are 
bundled, making the WGPP schedulable, dispatchable and controllable.

EMS in the control center (D5000 platform of State Grid)

Chongming 
Power Grid

CCPP

Local loads

Wind-gas 
Equivalent

Power
Plant

(WGPP)

Bulk 
Power 
System

Tie lines

EMS of Equivalent Power Plant

large wind farms

AGC

Power
Flow

DMS
(from Layer 2)

Measurement
& Control

MeasurementMeasurement
&Control

gas-steam combined 
cycle power plant



Vertical Coordination
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Layer I

Distribution 
Area

Management
System

Micro-grid
Management

System
Predict.& Analysis

of Dispatchable 
Resources

Optimal Allocation of 
Dispatchable 
Resources

Controllable 
Load

Dispatchable 
Power

Optimal Allocation of 
Dispatchable 
Resources

……

Energy 
Flow

……

Distribution
Management

System
Load

Control
Power
Control

Energy 
Management

System
(D5000)

Predict.& Analysis
of Dispatchable 

Resources

Sections 
& Areas

Micro-
grids

Layer II
Layer III

Agent
Agent

Controllable 
Load

Dispatchable 
Power

Controllable 
Load

Dispatchable 
Power

Predict.& Analysis
of Dispatchable 

Resources

Predict.& Analysis
of Dispatchable 

Resources

Optimal Allocation of 
Dispatchable 
Resources

Optimal Allocation of 
Dispatchable 
Resources

Load
Control

Power
Control

Load
Control

Power
Control

Hierarchical 
integration 
of RES and 
flexible 
resources
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# Application

1 Wind-gas equivalent power plant

2 Wind-storage combined 
generation

3 Active distribution network

4 Electric Transportation

5 Sodium-sulfur BESS

6 Demand response programs

7 Unified Information System 

8 Island-wide Integrated EMS

互动用户钠硫电池微网
电动汽车

充换储电站

光伏发电 生物质能发电

燃机电厂集中式风场

风燃打捆

风电 储能

信
息
流

能
量
流

配电网

信
息
流

能
量
流

1

2 3

45 6

78

Demonstration Applications

Wind farms CCGT

wind + storage

MG 

PV biomass ADN

NaS DR EV 
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# Application
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 Thanks to the high ramp-rate of CCPP, the Area Control 
Error ACE = ∑Ptie_line – Pschedule can be kept within 2%, such 
that the island power grid as a whole can be dispatched 
like a traditional power plant.

 The purpose is making the large scale RES schedulable 
and dispachable.

1. Wind-Gas Equivalent Power Plant
Demo Applications

Wind Farm
Wind Farm Wind Farm Wind Farm

红星

长江

220kV 
SS

220kV 
SS

220kV 
SS

南门

Combined-
Cycle Power 

Plant 
(400MW)

汲浜

长兴

Chongming 
Island

江苏电网江苏

电网

Shanghai
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Wind-Gas Coordinated Dispatch
（Embedded in D5000)
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 The exchanged power of tie-line 
can follow the schedule curves 
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1. Wind-Gas Equivalent Power Plant
Demo Applications



19

 At the distribution level, a lithium iron phosphate BESS(2MW/2MWh) 
was constructed at the Dongtan wind farm (19.5 MW), which 
constitutes a combined power generation system.

2. Wind-Storage combined generation
Demo Applications

4*500kWh Battery Containers 1 Monitor & Control containers

2 PCS containers
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—Wind power
—Smooth power
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—max fluctuation of wind power (in 1 min)
—max fluctuation of smooth power (in 1 min)

 Max fluctuation decreased by 22% in 1 min, and 31% in 10 min

Demo Applications

—max fluctuation of wind power (in 10 min)
—max fluctuation of smooth power (in 10 min)

2. Wind-Storage combined generation
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Main purposes of the ADN demonstration are:
 To promote accommodation of RES and support hierarchical 

integration of DERs
 To make DSO act as interface between the transmission and 

DERs, to ease dispatch of DERs
 To improve system reliability 

3. Active Distribution Network
Demo Applications

Distribution 
Area

Management
System

Micro-grid
Management

System

Predict.& Analysis
of Dispatchable 

Resources

Optimal Allocation of 
Dispatchable 
Resources

Controllable 
Load

Dispatchable 
Power

Optimal Allocation of 
Dispatchable 
Resources

……

Energy 
Flow

……

Distribution
Management

System
Load

Control
Power
Control

Energy 
Management

System
(D5000)

Predict.& Analysis
of Dispatchable 

Resources

Sections 
& Areas

Micro-
grids

Agent
Agent

Controllable 
Load

Dispatchable 
Power

Controllable 
Load

Dispatchable 
Power

Predict.& Analysis
of Dispatchable 

Resources

Predict.& Analysis
of Dispatchable 

Resources

Optimal Allocation of 
Dispatchable 
Resources

Optimal Allocation of 
Dispatchable 
Resources

Load
Control

Power
Control

Load
Control

Power
Control

Transmission

ADN

Customer
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规划指标 Traditional 
planning ADN planning

负荷率 59.16% 58.10%
容载比 1.88 1.91

10kV平均主干长度 4.2km 4.7km
Total Investment 17960万元 15725万元

时间段
分布式电源出力（kW）

光伏1 光伏2 风机 充换储电站

0:00-6:00 0.000 0.000 0.498 -7.49

6:00-13:00 40.95 95.08 0.451 -2.24

13:00-16:00 58.95 148.56 0.575 -1.43

16:00-19:00 10.13 25.52 0.795 -2.33

19:00-24:00 0.000 0.000 0.414 -4.33

序
号

开关状态 有功网损(kW) 无功网损(kVar)
K
1

K
2

K
3

K
4

1 × √ √ √ 928 680
2 √ × √ √ 412 320
3 √ √ × √ 358 310
4 √ √ √ × 478 410

Planning software for ADN

Distribution EMS
Reconfiguration

Fault 
recovery
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3. Active Distribution Network
Demo Applications
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 Completed an island-wide EV energy supply system with 1 
charging-swapping-storage integrated station, 10 bus charging 
stations, 13 public charging stations, and 343 charging piles.

Public Charging
Station

Charging-Swapping-Storage 
Integrated station

Bus charging 
station

Quick Charging 
Station

4. Electric Transportation
Demo Applications
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Integrated Station Capacity

Total Capacity 1.25MW/2.25MWh

Charging System 2 quick charging points 
19 slow charging points

Swapping System 40 cars per day 
20 buses per day

Charging-swapping-storage integrated station
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Charging-
Swapping 

System

Second-use 
Battery Storage 

system

EV

Energy flow

Power flow

Power
Grid

converter

• multi-purpose 
converters

• multi-direction 
E/P flow

BUS

更换电池

更换电池

Charging-swapping-storage integrated station
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Charging-swapping-storage integrated station

Achieving intensive 
construction,

saving land resources 

Improving battery efficiency,
lowering battery use-cost

Benefitting auto companies, 
gird companies ,battery 
companies and EV users

Shifting peak load, 
improving energy quality,

Increasing renewable 
energy penetration

 EV Charging Station
 Battery Swapping Station
 Second-use Battery Storage Station

Benefits
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 A Sodium-sulfur BESS (200kW / 1MWh) was installed to mitigate 
the impact load caused by industrial users.

System Structure

Sodium-sulfur BESS Station

Batteries PCS

10×电
池模块
MCN-

5E

10×电
池模块
MCN-

5E

10×电
池模块
MCN-

5E

DC
DC

DC
DC

DC
DC

DC
DC

AC
DC

AC
DC

储能电池

PCS系统

电网系统

BMS

DMU1

DMU2

DMU3

DMU4

BMU1

BMUn

电池管理系统

电池数据

控制保护

使能信号

AC断路器 AC断路器

DC
断路器

DC
断路器

DC
断路器

DC
断路器

PCS A
控制系统

PCS B
控制系统

电网数据

崇明信息平台 数据库

监控系统

实时数据库

SCAD
A系统

电
池
信
息

P
C
S
信
息

控
制
策
略

就地控制

报表

电
池
数
据

10×电
池模块
MCN-

5E

5. Sodium-sulfur BESS 
Demo Applications



28

energy efficiency 
optimization system 

Intelligent Control 
Terminal 

 Constructed a demand-side energy efficiency optimization 
system to realize unified access and coordination of DR 
resources such as residents, industrial & commercial 
buildings and community microgrids.

6. Demand Response Programs
Demo Applications

Resident

Industry
Microgrid

Commerce

energy efficiency 
optimization system 
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 Residential users: account for 
23~33% of expected DR potential, 
by direct control of ACLs; 

 Industrial & commercial users: 
account for 64%~73%.

Effects of demand response：

 Purposes of DR: promoting local accommodation of RES,  peak 
shaving;

 Measurements: DLC, IL, TOU, Personalized bill services；
 The DR programs increased the energy efficiency by 5% during 

commissioning.

6. Demand Response Programs
Demo Applications
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Intelligent Socket

Infrared remote 

controller

Information collection

Remote Control

Home Gateway

Protocol conversion

Information 

Transmission

Interactive Terminal

Data Presentation

Information 

Interaction

Energy Efficiency Control Terminal 
for  Residential Users
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Efficiency monitor terminal

Information Collection

Remote Control

Intelligent control terminal

Equipped with 14 'LCD touch screen, 

industrial protection grade

Data Presentation, information 

transmission

Energy Efficiency Control Terminal 
for Industrial & Commercial Users
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Energy Efficiency Control Terminals
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Demand-side Energy Optimization System

33
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7. Unified Information Platform (UIP)
Demo Applications

EMS

Unified Information Platform (island-wide)

Substation
Gateway

Substation
SAS

Gateway

Local 
M&C

UIP (Distribution Level)

UIP (Microgrid)

MMS
Gatew

ay
Local 
M&C

WindBESS

Gatew
ay

Local 
M&C

Gatew
ay

Local 
M&C

Biomass

EV Operating 
SystemDMS

DMS

HV
Large 
Wind 
Farms

marketing 
systemIEC 61970/CIM

IEC 61850 IEC 61400-25

CommunitySolar

Local 
M&C

IEC 61850
-7-420
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Information Flow

Transmission Distribution Demand

wind farm
CCGP

PV power 
station 
storage

micro-grid
EV
DR users

IEC61970 IEC61968

Model Profile & Extension

UIP

model base

Integ.
Services
Control
signals

Island-
wide

Integr. 
EMS

tie-line power

DMS

IDP

SCADA/EMS

Wind Farms

Gas Turbine

Model

CCPP

demands

wind power

Integ.
Services

7. Unified Information Platform
Demo Applications
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 Based on UIP, the integrated EMS provides multi-level 
energy coordination control for the whole island.

Island-wide Integrated Energy Management System

Platform Services
Log Authority Message Database Events

Topology Sampling Fault Graphics …

E-file XML CIM SVG

Interface Services

WebService DatabaseFTP

Island-
wide whole

Island
Dist.

Areas
DERs

State Awareness

Dist.
Areas

Wind
Farms

Forecast

Capacity 
Analysis

Multi-level 
energy 

coordinated 
control

Hierarchical Integration

Distrib. 
Areas Mon Model Topo Alarm Query

Basic Functions

DER
Forec.

Feeder
Forec.

Optimiz
ation

Distribution level EMS F
a
u
lt

8. Island-wide integrated EMS
Demo Applications
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Aggregate max/min 
flexibility capacity

schedule curve,
control signal

4.50
2.05

52.98

50.53

51.12 2.64

PV

Transmission Distribution Consumer

BiomassCCPPAggregatorsWind
Farms

Aggregators EV Storage Flex. Load

multi-level energy coordination & control
Upward: aggregate demands, flexibility (up/down reg.)
Downward: schedule curves, control signals 

Regulation
Capacity

Flex. Capacity Flex. Capacity

0

100

200

300

400

1 3 5 7 9 11 13 15 17 19 21 23

350MW

8. Island-wide integrated EMS
Demo Applications
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9. Real-time Digital Simulation & Validation

A hardware-in-the-loop test bed was built based on RTDS
 validate strategies and test controllers before 

commissioning;
 validate concepts that cannot be realized at present. 
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9. Real-time Digital Simulation & Validation

 Lab configuration. 

Wind farms

Substation

Island-wide

Bulk system

Wind PV Storage Gas

RTDS

Controller

EMS

录波
装置

通用测控
无功控制 光伏

控制器
变浆控制器 储能控

制器

风电变流
器控制器

主控制器

风电变流
器控制器

主控制器

风电变流
器控制器

主控制器

变浆控制器 变浆控制器

通用测控
无功控制

升压站（集群）多元协调控制

机组控制

场站控制

联络线
保护

联络线
保护

交换机

通信网关 通信网关

全岛控制

监控系统
RTDS控制台

通用测控
全网测控

EMS优化协调控制 动态可视化

一次系统

数字物理混合仿真：
• 电力系统（常规电源、负荷、输电线、

变电站、无功补偿）；

• 风电场（风力、风机、电动机、变流
器）；

• 光伏电站（PV阵列、变流器）

• 三个层面



40

 A cluster of PCs was used to simulate residential users, 
which runs in parallel with RTDS.

 The co-simulation system can operate continuously and 
check different test scenarios, e.g., different wind 
penetration levels & profiles, user preferences.  

9. Real-time Digital Simulation & Validation

RTDS

PC
(Gridlab-d) 220kV

110kV
35kV35kV

Communication 
System

GTNET

GTNET
GTAO/GTDI

Wind 
Controller
(dSpace)

Equivalent power 
plant real-time 

dispatching 

AC Cluster 
Controller

IEC104

T=5min

T=1min

T=1min

T=1s

T=4s

T=1ms

Shanghai
Grid

LD6

220kV 
Substation A

220kV 
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CCPP (400MW)CCPP (400MW)

LD1 LD2

LD3

LD4
LD5

Community 
Load

Beckhoff 
IPC

Chongming 
Grid

T-line

PC

Wind Farms A (48MW)Wind Farms A (48MW) Wind Farms B (48MW)Wind Farms B (48MW)

Network 
Card

Network 
Card

Network 
Card

PC

Community 
Load

Network 
Card

AC Cluster 
Controller

Ethernet
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Future prospects

Further promote the demonstration
application of energy storage in renewable
energy integration; promote the
development of EVs.

Based on UIP, promote the big
data application in distribution;
explore the new business mode
of "Internet + power supply".

Construction of smart city in
Shanghai; green, ecological and
sustainable development of
Chongming Island.

Build a green, interconnected,
shared and flexible regional EI to
achieve comprehensive utilization of
large-scale renewable energy.

Promote the introduction of policies and
regulations, standard development; From
technical feasibility to economic
feasibility and mode replicable.

EV and Storage

Internet + Power Supply

International ecological 
island

Regional Energy Internet

Policy & Regulation
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