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Backgrounds of VPP

® Status of Taiwan power system
— Nuclear power accounts for 16% of the total electricity generation
— However, all units will be retired in less than 8 years
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http://www.taipower.com.tw/

Goal of Renewable Energy Policy in New Government

M Strategic Directions: To achieve nuclear-free homeland and greenhouse gas reduction targets, the

new government will expand the solar photovoltaic energy policy, offshore wind power and other
renewable energy, also to accelerate provisioning smart grid and meter.
B Promoting Objectives: To promote solar PV 20GW (roof 3GW / ground type 17GW), wind power

4.2GW (onshore 1.2GW, offshore 3GW), till 2025 renewable energy will achieve 53.1% of

generation capacity, 18.5% of the total generating capacity. And 8 million livelihood users build link
to smart grid and smart meters.
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The PV Promote Situation in Taiwan

Bureau of Energy’s PV promotion targets is 20 GWp accumulative capacity in 2030. but
how to find out sufficient area for PV installation, the power grid connect capability,
and the regulation issues such as the electricity act, renewable energy act will be the
challenge of this policy.
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Promotion Goal and Strategy in Taiwan Offshore Wind Power

Strategy: Offshore wind farms are built in from shallow ocean regions under “Offshore Demonstration
Incentive Program” to deep sea regions via a district-based development model gradually.

Offshore Demonstration Incentive Program
Goal
. National Project Private Project
Taipower / SENERG TGC Formosa | Wind Power "
2016 * 5MW * 2 (demo turbines) * 4MW * 2 (demo turbines) * 4MW * 2 (demo turbines) - mf{a?‘ﬁﬁ“
» Water depth: 15-26 m » Water depth: 20-45 m * Water depth: 15-35 m L TN
* Distance to shore: 7-9 km * Distance to shore: 8-12 km * Distance to shore: 2-6 km o o m
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Progress of Offshore Demonstration Wind Farm Met Mast

Domestic offshore wind
farm developers have
completed the Met Mast
respectively in 2015, and
continue to measure the
meteorological data and

establish the |
Met Mast in Fuhai Met Mast in Formosa Met Mast in Taipower
meteo r0|0g|ca I data base Offshore wind farm  Offshore wind farm Offshore wind farm

Distance Depth Capacity | Support
Offshore CSBC Met Mast has been
Fangyuan, 8~12 20~45 30 120 Huadian completed in Aug
Changhua 1001  2015.
Formosa Offshore Domestic Met Mast has been
Chunan, 2~6 15~35 32 128 Platform completed in Aug
(Swancor) Miaoli B 2015
1aofl arge . Location of Taiwan Offshore Demonstration Wind
Offshore HongYu Met Mast has been Farms
1 slauise . Fangyuan, 5~8 15~ 25 22~36 108 NO 1 completed in Nov
Changhua ' 2015.
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Value Chain of Energy Storage System in Electricity Industry
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Energy Storage System Cost and Domestic Energy Storage Market Trends

A
High Combination of wind power generation/integration of renewable energy
Voltage Combination of photovoltaic power generation/distribution quality maintenance
Low : :
remote island application of microgrids/outlying and power supply bottlenecks
Emergency backup .
onremoteisland & Community
e user of photovoltaic Self-consumption / quality maintenance
User end Th f photovoltaic Self tion / qualit t
[ $940/kWh ~ If the EV Market grows up continuously, the battery price will reduce 50% each 5 years.
0~$1000/kWh ; | | S —
Storage of > 4550~830/kWh In 2018, the price of !
energy < flow batteries of US |
S~ . 1
System =) ViZn Energy Systems |
cost v will drop to $200/kWh. i
> ~$a70/kwh - ] TT——uo L e o]
Tesla Powerwall $350/kWh 7
>
2015 2020
Development
conditions | ﬁ
D dand ® The amount of renewable energy generation accounts for 50% of
High cost of diesel emandan 2021~2030 - : L3/ o 0
i user groups Mat distributi . national power generation (Taipower 30%)
power gen(-eratlon mature ature powme;d:;:s; lon service @® Offshore wind capacity target 4GW, solar photovoltaic target 20
on remote islands mechanisms GW
Note:The energy storage system does not include storage systems besides pumped hydro and compressed air = 4% A B
(Source: Marchment Hill Consulting Analysis, 2012; Executive Yuan Bureau of Energy , smart grid master plan,2012/10; Executive Yuan Bureau of Energy, 2014Energy and Industrial Technology White Paper,2015; 2015 Three [~} (\g ’ﬁ‘ ﬁ
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O PV Systems

Backgrounds of VPP
® Dilemma to be faced

— Impacts caused by renewable energy (RE)
— Power congestion in densely populated areas

Distribution Feeder * "wtame
PV Impact Heat Map AP

® Virtual power plant (VPP) in smart grid

® Demand side management (DSM)
« Smart home/building energy management system (H/BEMS)
« Automated demand response (ADR)

— Distributed energy resource (DER) integration

« Distributed generators (DG)
« Energy storage system (ESS)

B Goals

® Relieve power congestion, increase RE penetration,
improve reliability, and postpone investment in
power industry

PV Impact
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Relationship between VPP and Grid Operators
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®m VPP Technologies Developed in Taiwan
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Smart Home/Building Energy Management System
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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

Certificate of System Conformance Awarded to

— Integrating DR programs of end-users
— Promoting energy saving via management SOR————
— Via third-party certification of OpenADR ‘ =

« To develop the energy-service industries
 To increase the opportunity for product exporting

(@ openADR'| 2.0b )

Certificate of System Conformance Awarded to

National Cheng Kung University

W ( re 0)
PLus OUR _EARTH
NCI(U SMART MANAGLR Certified August 27, 2015 to OpenADR 2.0b Test Plan 1.0.6
(¢4 Ciowd ’Ta%
Ralf. Barry Haaser =

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

SCADA System Architecture

Building 1

Building 2

Building3 Building4 Building5 Building6

Building7

\
Building8
| /

k L | | |
Modbus
f User Interface\ a4 \
system >
EMS User SCADA SCADA | Modbus
Interface Database (Modbus or DNP3) |
Modbus\_ 1 ffr :
Modbus f’ 61850
convert to
Energy Management System DNP3 AR . DNP3

Database
Updating
Program

E M S EMS g)?;fecr?]stlng
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International Standard IEC61850/DNP3 Data
Transformation Gateway

m [EC61850 data €=>» DNP3 data
— Through data mapping table

® Technology first established in Taiwan

| A 1
OOOOOO

IEC61850/DNP3

B Procedure of Data Convert Data Transformation Gateway
Get the all data attributes Constructing Read the necessary data attributes
of 61850 mms server # Browse - table and construct the mapping list

61850 ‘ 61850 ‘ Mapping ‘ DNP3 ‘ DNP3
server client table outstation master

31 E—RABERBIRERIGTE
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Integrated EMS, SCADA and DER
Remote Control Interface
m System conversion structure: EMS & SCADA & DER remote

control interface
Socket =
g RW Data Linking RAW ﬁ RIW ‘ S
R HEMS
DER-EMS SCADA Server  RTU | Database

= Controller ~
Server Client/

= o= —_———
||
DER-EMS Data Linking SCADA Point DER User
Scheduling Results Controller Table Interface
ﬁ ﬁ‘ & T HAREIREISR RS EtE 20
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Smart Inverter of Wind Turbine

® With the functions

— Power factor adjustment

— Remote control :
NCKU SCADA Server
IP: 140.116.163.18

Controller of Wind

Turbine’s Inverter
IP: 192.168.0.10

Voltage of DC bus

Output Current

MPPT duty
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Forecasting Systems

Load Forecasting PV Generation Forecasting  WT Generation Forecasting
| ! m!-m ; ; e | | | | | " | | | R ===
B — - _— — e q |
R J\
Day_ - -
: iy

Vl N
| NS

Error 4.35% Error 12.2%

){)

| M
\’ H
“l | ' ml AN

1.4197% RMSE=15 75446000

MAPE = 398%
T

| h ﬁ T B s e

\ | | L N T T[]

;([
|

| _

Error 3.98% Error 1.33% Error 3.77%
NEP() St r@msaruzsts 22

National Energy Program-Phase 11

B
-
=

———

—

—

—

T

T ==
=
—

e S

WindPower

Real-
T ]
me gl WVMJM'M

||||||||
- W W =w mW_ @mw mw =m @ 2w

=
=

3 o T =0 £ £ £




Hierarchical Structure DER-EMS

RE Power Forecasting  Load Forecasting
3 : :
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Case Study in Shulin TPRI Campus

® Feeder loading management M Dispatching allocation for DERs

90 o —~ 150 B e B
rlglnal con E I Demand Response
80 bt 100 [ Diesel Generator
()]
20 % o | IESS
NV :
o _ o compensation o O —
S~ 60 The revision & 0 i
?50 of real-time 0 2 4 6 8 10 12 14 16 18 20 22 24
o) decision = Time (h)
© T 60 | \ ‘ ‘
>
8 40 f‘: SPV Power
V 401 1 Wind Power
30 J \j Dc;z - Diesel Generator
20 \//\-\W/ v 20,,,-Ess
10 § 0
O 2 4 o6 8 10 12 14 16 18 20 22 24 o O 2 4 6 8 10 12 14 16 18 20 22 24
Time (h) Time (h)
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User Interface of Distribution-level EMS
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Qutline

® Operational Experiences of VPP in Taiwan
— System in Shulin TPRI Campus
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System in Shulin TPRI Campus

SCADA System Development

HECLGET-SLEIE
(W

Microgrid Testbed DER Construction

— i

Meter Construction

t Sockets Meter | | High-Voltage Meter ] | 10kW Wind Turbine ) 50kW Diesel Generator

—

BIREIRSEETE
gy Program-Phase II
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System Integration of 1st Testing Building BEMS and ESS

m Integrating ESS in the demo site EEELEN SR i
with BEMS system al,
— Increasing equivalent load . TRESSE S, e

shedding for DR event i
. | Bt i
B ESS control page functions .
— Showing real-time operating status =~ = =0 s
| BEBE
— Automatic/manual charging/ onna © raue |
discharging setting S ] b

— User emergency setting

The ESS Control Page zmusyszsts

_ _ sgram-Phase II
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Performance Analysis of DR in Shulin TPRI Campus

200 [ [ i T [
Note: the DR event was executed from 13:30 to 15:30, 19t July, 2016
180 v:177 i
| ESS started to
160 ' discharge at 50 kW .
: ESS stopped
g discharging \ | s
< - | 1/\4 AN
g 127 I I
o “\J : DR event finished and l :
120~ : appliances restored ' l i
: BEMS reduced about 60 D em )
| kW load demand L
. I
‘w0 |
80— ]
ol 1 ( [ I |
13:0013:06 13:21  13:30 14:30 15:3015:36 16:00

NEP() St r@msaruzsts
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® Operational Experiences of VPP in Taiwan

— System in Xinglong Public Housing
=
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Six Smart-City Demo Sites (over 6,000 Households)

Neihu District -
Reiguang Market

Base
Datong District - : —
?\A?,ggngliy:% ~ R Nangang District -
Elementary School F S Dongming Public
Base : Housing
% . A_N _u NN N _N_N_N_J _J§ J§ 5 =
Wanhua District - |© & Xinyi District - I
Youth Camp Guangtsz-Boai i
- K Campus i
Wenshan District - ----!!.:?'_;__-:'—— - \ e L = ~ Xinyi District - :
the Xinglong Public al o= : : Liuzhangli Camp AB I
Housing 1stBlock Blocks Base i
1
L_-------_-------------------------------_------------------l
Agency Cooperative Contents
oo EALTREATES TR Offering Xinglong Public Housing 1st Block, Xinyi District Guangtsz-Boai Campus

Department of Urban Development, Taipei City Government

and Liuzhangli Camp AB Blocks as the smart grid demonstation fields

® The experimental period for the 24 smart grid householders is from Mar. 2016 to Feb. 2017.

NEP S—mssrmsmwrysstm ® AMI planning and construction

T NetonalEnersyprogramphase® | @ Implementing the EMS, microgrid, smart EV charging integration management system, etc.
® Researching the most suitable TOU of smart grid to increase the energy efficiency

((g>) Taiwan power company Assisting the AMI and DR mechanism related matters

81
D 'SSSSS5>’’’hHEHEHEEGGEEEEEEEREE TP/ YY'NAOUNATIETEY TTURTANITTTIASTIT |



Xinglong Smart Collective Housing EMS

Smart Building Energy BEMS (Disaster Prevention Center)
(Demand Response)  Management System ‘

P Energy Cloud Green Public
- Information Center

ha (Intelligence Service) Microgrid
« Pumping : ADR Demand Response
Meter Data PV System Motor : Automation Server (DRAS)

Management : : Pumping
System (MDMS): Motor
Data Collection e

Unit (DCU) .......... , :J
llllllllllllllllllllllllllllllllllllllll . Elevator and
| Public Electricity Energy Storage
Smart EV Charging - System
""""" Integration Tr. N
Management System = @

Standby Generator BEIRBIZRZIRIIZETE= 32
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Building Energy Management System (BEMS)

B Energy monitoring and
control

— Enhanced facility
management efficiency

— Flexible demand control

® Data management
— Data collection, statistics,
analysis, visualization
® Energy management

— Optimal scheduling via PV
and ESS coordination

— Shaving peak load demand
— Supplying power during
outage
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Home Energy Management System (HEMS)
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B Power visualization
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Green Public Electricity Microgrid

PV Generatlon System
on Roofs

EnergS/ storage systems “ , - AMI- s‘n‘,érlt Grid
in The Basement EV Charging Station 1 Infrastructure ]
NEP i E-teRERARREt S

. . National Energy Program-Phase II



Xinglong Public Housing Smart Grid Project
Energy-Saving Analysis
« Past 8 months (3/1~10/31) household AMI power consumption data
 The smarfc grid demonstration households (with .HEMS) saved aboutpower
consumption than the others (w/o HEMS) for comparison

The Daily Average Power Consumption for Each Household

[ BN
a1

§  « With HEMS s

2< Total: 80.68 kWh
2 AVG: 5.38 kWh

s PP IRIE IR e XTI 1/(10,63% Saved)

Room Number

§ "« Wio HEMS Eorens

2 " Total: 90.33 kWh
2 = AVG: 6.02 kWh
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Daily
Consumption

Xinglong Public Housing Smart Grid Project
Energy-Saving Analysis

« Low-voltage users not been provided with DSM programs, such as TOU and DR, yet

— Only through HEMS, providing power visualization and energy-saving control autonomously

« According to foreign experiences, expected to further increase energy-saving efficiency
through TOU and DR programs

Saving

(kWh)

(%)

Comparison of Daily Average Power Consumption
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.| -e- w/o HEMS Al X i
. Y N .
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Qutline

® Future Work

SE_RAERBIREIRIISTE

. (NEP) T rEsatsst® o



Taipel City Smart Community Promotion Strategy

Technological
Innovation and
Development Stage

SCADA System, EMS, end-
user DSM, ADR, etc.

Tech e10gy{
/ma{yr;is and R&D

—

Demo Site Operations

- Pioneering
Demonstration Stage

The demo site of public
housing flagshipiindex

projzcyj € first
hstration stage)

y

A

Bringing into the public
construction, including
procurement, promoting
participation, urban
renewal, etc. (The second
demonstration stage)

All-Round
Implementation Stage

Based on the previous
technology integration,

establishing application and
incentive mechanism for the
private investors executing
themselves

specification and experience,

Actual Flagship Field Government Private Autonomous
Demonstration Dominating Engagement
ﬂ HUE Natl_offl Enﬁ; l%:)grjr‘-r?giz:% 39




Beitou-Shilin Technology Campus (BSTC)

Smart Ecological Community Base

B Community Energy Management System (CEMS)

® Smart public housing
— Implementing RE and ESS, H/BEMS system, EV (U-car rental station), etc.

® Low-carbon Park

Smart Ecological Community {\] Technology Business
- RE and ESS Energy Cloud Data Center | g){ N
oy e Office - Low-Carbon Campusg®
D trati
® Low-carbon campus i M) -

y ESmart"Bﬂmldmg andt S‘ . solar power “
ome Energy-Management System oV Pon = systemenergy storage

—Z o ( V:An \ Y
= s ' = = = > system
Public Housing ® ystem syl 0N o
Smart Grid Demonstration “Wind Turbine Meter High Renewable Energy
(H/BEMS) eneration and Low-Carhon
Park (EMS :

= =1l SE_HARERBEIZREIRIEET= 40
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Architecture of CEMS in BSTC

Energy Cloud Information
Center (Intelligence Service)

Substation-EMS

DRAS

~ Smart Public
. Renewable Housing
High Renewable Energy Generation Energy v
and Low-Carbon Park/ EMS ml BEMS
S EIe\I/ators alnd
S R Electrica
I\S/Ir:taerrts 2 ii : ﬁ Facilities
Yo Offerlng Energy and : & @ ESS
ANy reauency Adjustment:
\?/ Services (VPP) Low-Carbon ..l Gsetggl(‘:lal?cgr
I I_| I School Campus
; | P\L EV Charger

Lo
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High Renewable Energy Generation and Low-Carbon Park
(Public Park no. 2)

B B o~ E

Ruan Qiao Park

| LED Pan
=
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Battery Pack Bidirectional Embedded
Inverter  Computer with 4G
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Renewable Energy Demonstration Park
(Public Park no. 5)

EquipmentItems:

Bidirectional Embedded
Inverter Computer with 4G

Meer Box
Location

m @ B

e f‘LA‘,).JM&—M'

(Y}D ‘JOJO i
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Park and Street Lights Office,Public Works Department,Taipei City Goverament T (o) iz

Public Park no. 5 Plan
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Smart Grid Project Phase 1-

Guangtsz-Boai Campus Base

Area of Base s nl Lo e o T R BT
Coverage \ i \\ .
Ratio/Floor Area 35%/350% e
Ratio
Green Area 42,141.14m' (at least 65%)

2,800
(About 840(30%) are low-income subsidized
by Social Affairs Bureau)

Public Household
Count

Estimated Total

2
Floor Area 381,614m?2(115,438.24 footage)

Xinyi Administrative Center

Social welfare facilities (for the elderly, the
Participation disabled, public nanny, parenting Hall)

Service Space e Relay of rehabilitation and care facilities
Branch library

Commercial space ; 'g | =

Total Funding for = =
Construction of Initially estimated 600 million US$ = =
T - o

Zone N ==

It

.....

4

|

* Entrust project management services
procurement (Feb. 2016)

Tendering Time |« Design including supervision procurement

(Sep. 2016)

Engineering procurement (Apr. 2017)

N

f
l
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Smart Grid Project Phase 1-
Liuzhangli Camp AB Blocks

Area of Base

14,904 m' (4,508 footage)

Using Partition

Specific Third Residential

Coverage Ratio 50%
Floor Area Ratio 350%
Estimated 972

Household Count

Estimated Scope

16F-25F / B1-B4

Affiliated Space(1-
2F)

Public nanny

Social welfare facilities (multi-functional care
center)

Remote care link to field experiments
Commercial space

EPA's office

Tender and the
Estimated Amount

Entrust project management (including
supervision) Procurement Services (3 million
US$)

Turnkey engineering procurement (1.3 billion
US$)

Tendering Time

Entrust project management (including
supervision) procurement services (Oct. 2015)
Turnkey engineering procurement (Apr. 2016)
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CEMS Substation
EMS

4

Wind
\Turbine

BSTC | :
Low-Carbon Park v

DD-EMS :... Taipower
(VPP) DDCC

| DER-EMS A
PVAsystem * :
#’# \
lm'.;; R |
NOIL ; > :

Turbine o
/- Generaidr NP S seermRuiyssts
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Conclusion

« Establishing the first VPP system in Taipei City
» To relieve the dilemma to be faced in distribution system

 Regional power congestion and high-penetration RE impacts on grid

« DSM: H/BEMS system and ADR

« DER integration: SCADA system, DER remote control interface,
Substation-EMS, DER-EMS optimal dispatching algorithm, etc.

e Shulin TPRI campus

« Xinglong public housing

« Other fields specified by Taipower Company

« Developing DD-EMS and promoting system to smart ecological CEMS

» To achieve energy sustainability in a smart city

Pl E—esR@mxatysstE
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Thanks for
your attention!
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