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The Smart Grid System of Shalun Green Energy Science City

27NN Goals:
27 : : ;
Ext | Electricitv Market 1. Innovation-- Build new business model
i xternal tlectricity iviarke and develop distribution level power
TPC Dispatch System
OpenADR — control technology
AMI MDMS P Energy Auxiliary . .
DRAS market service 2. System integration-- sensors, controllers,
o and intelligent decision-making algorithm
Power 3. Industry promotion-- promote
Wheelin Wholesale  [Demand development of the virtual power plant
g bidding (VPP) with green energy policies
Firewall ﬁ ’ ? Regional electricity market
Internet Aggregator, Energy Management and P |Regional Auxiliary Service
P Regional Energy market

BEMS BEMS

SCADA (Big-data analysis, forecasting

Roof type technologies, and dispatch scheduling) _
Solar PV system 4. Increase penetration of green energy-
enhance power-supply reliability and
EV |e| § i i
Green Eneray host.lng capacity
e _ X = Integration System 5. Avoid power shortage- develop VPP
&Gy = - Ground type technologies and enhance application
EV Charging flexibility of dispatchable resources
Smart meters | Integration BESS Eﬁﬁﬁ Solar PV syster 6. P V - ity
System . Postpone power utility investment-
Electr}c Bus — 2 Eﬁlﬁﬁ Increase power-consuming efficiency
(G2V/V2G) . .
Shalun Green Energy Science City
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VPP System Architecture

* Mitigate the dilemma in
distribution system

information acquisition, system
diagnosis, and commands

Substation-EMS
BCEEAREREE IR A4

DER-EMS user interface

* High penetration of RE

* Overvoltage, voltage/freq.
fluctuation

. . Command execution and
* Regional power congestion benefit optimization
* Overload, under voltage, & DER-EMS
power shortage AHURENERE DER-EMS
REEE A &

* Enhance system reliability

Demand response

(()) “““““““““““ (DR)
* Increase RE penetration LA
ot ‘1 DR server
* Improve energy efficiency e A . g
ai 0 .'., K | “““
* Shave peak load g™ | % Tz T@_
Renewables

BESS
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23
System Architecture - Integrated Smart Energy and Management

/ RBSE
Electricity
Market

anogri

en:g:g;f)crzlgee Small-scale
reen ener.
systems g 8y

energy storage
systems

Medium and

large EV-
renewable charging
energy

stems
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Smart Home Energy Management System

Home Energy Management System

S

ACPower |~ = = T 7 | = e
Ling | Electricity | | Technical r ) _ }
II Tariff | Specifications C WA : o Data Collection and Load Pattern Analysis |
= | ® Load and Renewable generation forecasting System |

) | Structure | | and Standards ;
, 4 Smart | [ For A | > - : e Multi-objective Decision System :
(N ) . ] \ meter * - = = | @ Energy Management Algorithms '
. * \ ! e Personal ! o EMS Soft d User Interfaces 1= ===~ -
L [ N o | oftware and User Interfaces !"Chip Design and | I
’ e ) e 1 Fabrication !
] s
WiFi AP b !

/
; Micro
\® N Inverter
PV —& )
*n-/

\, N

WiFi AP

Home Gateway

PLC
wikiap )
o WiFi/RS23 N
Bridge PV V i
Control Center PLC

‘ ' Distribution
@ Automation

Control System

User Interface (Ul)

SBEMS / @ wonnisiess! SBEMS / @ ez

RS232 {'\
Zigbee <‘/ =\

I Interface Coordinator

|
Zigbee\< :| Ethernet || WiFi || PLC || Zigbee |
b v s s s s e T s s e | . &
Zigbee Device e \,
Setup Box ’ . ﬂ

Bi-directional
Charger

e

e v v v
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User Interface of HEMS

Power consumption
visualization

Optimized scheduling
e Cost minimization
e Comfort

Scenario control

* In/Out scenario

* Lighting scenario

e Air conditioner scenario
Demand Response

 Air Conditioner
* Lighting

System Operating Diagram
HEMS #® ¥ & 0

HE EETH o
I

ey S !

L |

ERIR 27 C

b
2
&

>
»
E

FRAR 61 0
AMlEA 26 T D
BMLAR 70 %
pmas 26 C h77,%r.ﬂz

T

EM2LAR 70 %
AN
lux

FREA 30

LLES & 269 w J\
54 w

LN

Appliances Instant Status

I d

T e

2016/5/16
22:20:12

HERER 200-300
FREL:
C FARGAT 147.59
T BHER
% TARG TR 327.04 %
L3 3

L] 2016-02-26 14:02:00
HREFR 2016-02-26 14:03:00
HHEEE 39 W
201 W
BEHMER 1 5
MEEEH
BuATE 54 W 145 W
k)3
“HE
A 2 w 0 w
ERAHR BR&E
AE

Power Consumption Information

HEMS #® = i ¢

L W T @
imAii TiTH?

& 8T
[N T a8 M [T HtETEOV)

BRI REG)

C -

sl EF
am LEL L SR 8 EE W)
0.0 W

EFTEMA

= £ T F(W

am
. -

20160,
O | -
D“ 201640 22:30:40  22:30:55 10 03

2016-01-25 15:20:12 15:21:52 25 17 1 EY 3
DEISE
(T

B RS R

& § AT

HESH  SEE BHBETEVW) BEFRARAD) TRETEW) BERE
s
s
X
43651 LS

Energy Saving Operation Information
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Smart Building Energy Management System

Smart Building Energy BEMS (Disaster Prevention Center)

Management System

(Demand Response)

Meter Data -

Energy Cloud Information
Center (Intelligence
Service)

Pumping
Motor

Demand Response Automation
Server (DRAS)

PV System

Management :
System (MDMS) : PV System m'
’_ AMI Meter :
Data Collection : -
Unit (DCU) ... HEMS ﬂ HEMS
HEMS 5 HEMS
------------- E OpenADR \
HEMS ﬁ \ HEMS
HEMS HEMS  f——i
Smart meter = -

Elevator and Publiq Elevator and

Electricity Public Electricity
= m e Smart EV Charging :
J)LEJL })l .................. *Integration Management :
| EV Charging Station System '

Standby Generator

Green Public Microgrid

Pumping
Motor

Energy Storage
System
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User Interface of BEMS

* Energy monitoring and control BEMS # [ U3 = h 4 ¢ BEMS # 5 1 # I 8 ¢

ege l A S AR g I 0 s mmw &R R TE W) nF R mm( £ A Ko TERWD)
* Enhanced facility management | [
ff. ° *o-» 0.57 kW 0.00 KW ® 3F32 0 38.0 3F36 32 314
T 1 — 3F38 0 0.0 3F40 0 0.0
erticien cy A ._ — e : e 3F46 98 §7.9 3F42 181 105.3
° SEn D 350 ) 127.6 3F48 0 0.0
* Flexible demand control — Sl ;- | n O
/Z%_ - 4F38 1099 94.9 440 1060 953
i ;‘ ¥ ° _ DO |0 % 4F46 0 167.6 ara 32 468
. D a ta m a n a ge m e nt //‘/_\?\\‘\\ £ BEh & 4F50 838 24.7 4F48 231 1838
o l ll s 0 2842 SF36 253 257
o o o 5F38 289 1618 SE40 0 16
* Data collection, statistics, <) P T :
. ° . - ‘,f’ \_\. - L] SFS0 02 1214 SF48 46 18.5
wlane A i
analysis, visualization W B

°* Energy management Instant Power flow Status Users Consumption Information
e Optimal scheduling via PV and BEMS ® B 2 # 2 @ o BEMS & B 2 # ne ¢4 o

- - Lol BERR__RERN REEN 2 RARE 2 RWW Ll L RSl AERE  Rm@EH  RERE  RGER B
ESS coordination a st s s TS
0.66 kW am MR Ry BisHpda 8 ®EEGW) A RESHER(D) .
FHREM(A) 80 FHmuw(A): 80 v m
 Shaving peak load demand R
g p pn UEER L ARE | am mpam wren WSS 8 RERW) B BEAREAG) AR R I ]
BETRE 1 EROE S 1

* Supplying power during outage ' s

0000-00-00 00:00:00 RS 0000-00-00 00:00:00 e ARESH(R)
TRE AR2 m [ 2% T E F(kWh) 0 2% % € F(kWh):
T 0.0 B A EREA): 0.0 B R ARE(A)
HEMAE ’912 L 2 %20
0.404 =

0.0 a s EEME(V) 0.0 aargEE(V):

=9 S 2 12:04:14 12:05:14 00 1 0.590 a3h
m 2016-03-07 21:42:24 21:45:24 0.75: ﬁ‘:#] 260 2260
- o ax EV Charging Station Status and

= SHE AR m 2016- :07 0.500 1 0.000 £
2016-03-0 11:15:39  11:17:39 8.000 2 0.800 KR M a n age m e nt
HEMDNE AR m 2016-03-01  11:07:27  11:00:27 9.000 2 0.800 £ 3

DR Event Information and
Reducible Load Setting
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Green Energy Microgrid - BEMS

 Hardware facilities: Electricity monitoring (smart meter), smart inverter, energy
management system and energy storage system

 Advantages:
e Can provide backup power and emergency electricity
* Use the storage system to reduce the contract capacity
* Available to participate in demand response/ancillary service programs
77\ (~~  Normal user

______________________________ public power network_\ I &
smart inverter \

storage system

Electric vehicle charging elevators  pumping motors public lighting

N e e e e e e e e, e e e

AC Power Line
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Green Energy Microgrid - BEMS

v =i’
PV Generation System
on Roofs

).
AMI- Smart Grid
Infrastructure

Energy storage systems
in the Basement EV Charging Station
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Certification of Open Automated Demand Response (OpenADR 2.0)

* H/BEMS systems receive control signal from ADR
management center for load management

— Integrating DR programs of end-users
— Promoting energy saving via management

— Via third-party certification of OpenADR
e To develop the energy-service industries
e To increase the opportunity for product exporting

1\\ *Pws Our EARTH
\ 4 NCKU SMART MANAGER

(The OpenADR 2.0 is the standard for energy demand response regulated by the USA)

Certificate of System Conformance Awarded to

National Cheng Kung University

DR Plus
(Firmware V1.0)

Barry Haaser
Managing Director

(@ openADR'| 2.0b )

Certificate of System Conformance Awarded to

National Cheng Kung University

DRPlus b
(Firmware v. 1.0)

Certified August 27, 2015 to OpenADR 2.0b Test Plan 1.0.6

Barry Haaser
Technical Director Managing Director
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SCADA System Architecture

BEMS

~

Building 1

Building 2 Building3 Building4 Building5

Building6 Building7 Building8

@ | =2

k | | | | | | | j
Modbus
f User Interface\ / \
system >
EMS User SCADA SCADA 5 Modbus
Interface Database (Modbus or DNP3) )

MOdbus k A A A A /

v

v

- - <

Modbus > 61850
|

Energy Management System

Database
Updating
Program

CEMS Forecasting

g DNP3 Profile for
.. Advanced PV

CEMS System
sQL .
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International Standard IEC61850/DNP3 Data Transformation Gateway

* |EC61850 data €= DNP3 data
* Through data mapping table

* Technologies first established in Taiwan

IEC61850/DNP3

* Procedure of data convert Data Transformation Gateway
Get the all data attributes B Constructing Read the necessary data attributes
of 61850 mms server ‘ rowse table and construct the mapping list

61850 61850 Mapping DNP3 DNP3
server ‘ client table outstation master
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Integrated EMS, SCADA and DER Remote Control Interface

* System conversion structure: EMS <~ SCADA < DER remote control

interface

Socket

DER-EMS
Server

| nMM,

R/W

Data Linking

el &
Controller *

SCADA Server

Client/

. R/W

DER-EMS Scheduling

Results

DERs

HEMS
Database

R

Cpetion Muce Setire.

Data Linking
Controller

SCADA Point

DER User Interface
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Integration of Smart Inverter and Cloud Dispatch System

Smart Inverter Controller

i IEC 61850 Hﬂ

DNP advanced e T T T~

DG

Central dispatch
system

e Output P,Q control
* Islanding detection

* Provision of virtual inertia
e LVRT

% Agilent Technologies

TUE FEE 05 16.53.36 2013
B 200v/ B z00v/ @ 2004/ @ 2004/ % 00s 10008/ Stop § @ 2488

Output Voltage 385.2 V,,
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LLoad and Renewable Generation Forecasting Systems

Load Forecasting PV Generation Forecasting WT Generation Forecasting

T T T T T T 2014101125 MRE = .3272%
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Hierarchical Control Structure DER-EMS

RE Power Forecasting Load Forecasting
Forecasting Error Analysis and 2 | 0w |
ower Shortage Risk Assessment[¢ 1 1 oo
o 6 . ;2(h) 18 24 % 6 ﬁ;z(h) 18 24
DDCS <
Energy Management System
--------------- % Power System Slngle Llne Dlagram
[T TBefore Dispaich % %% %
lelt .3..I. R :.m. o S . G'_-,Be R S P &el
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Demand P =g B g Eg T3 F
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