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A. Intelligent Sensing
B.
C. Power System Operation Support

Monitoring and Identification

1) Forecasting (off-line training neural networks, big data)

Even as early as 2013 IBM’s research division partnered with the Department of Energy in the
United States on leveraging machine learning for clean power. IBM has over 200 partners that use
their solar and wind forecasting technology [9]. The technology is built by combining dozens of
forecasting models and then integrating a multitude of data sources about the weather, the
environment, atmospheric conditions and how solar plants and the power grids operate -- 50% more
accurate than the next best solar forecasting model. — one case study

2) Scheduling

3) Security Assessment

Power System Control (online training neural networks, real-time data)
1) Local Intelligent Control -- three cases study

2) Wide-Area Damping Control

3) Wide-Area Power Flow Control

Power System Protection

1) Intelligent/Adaptive Relays

2) Intelligent Auto-Reclosers

3) Intelligent Fault Locating
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AMI (Institute for Information

Industry)
National Center University, Taoyuan
(2011~2013)
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Taiwan Power System
2010 Installed Capacity : 40.912.4MW

Linkou 900MW
(Linkou Rebuild 2400MW Under lmﬁemm

Everpower 900MW

Smart Grid Demo Site Planning
National Energy Project — Smart Grid and
AMI

(2013~2018)

Smart Home(Building)EMS
National Cheng Kung University, Tainan
(2011~2013)

EV Charging Stations
National Sun Yat-sen University, Kaohsiung
(2012~2014)
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2010# $28.18 $26.91 $55.09 51.15% 48.85% 161.25%
2011 & $52.95 $29.81 $82.76 63.98% 36.02% 50.23%
2012 # $82.89 $43.32 $126.21 65.68% 34.32% 52.50%
2013 & $79.11 $58.55 $137.66 57.47% 42 .53% 9.08% 39.11%
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2016# $118.70 $101.96 $220.66 53.80% 46.20% 12.71%
2017 & $171.76 $123.95 $295.71 58.08% 41.92% 34.01%
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The Smart Grid System of Shalun Green Energy Science City

27NN Goals:
27 X : ;
Ext | Electricitv Market 1. Innovation-- Build new business model
i xternal tlectricity iviarke and develop distribution level power
TPC Dispatch System
OvenADR — 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
Wheelir 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
technologies, and dispatch scheduling)

Roof type

Solar PV system 4. Increase penetration of green energy-

enhance power-supply reliability and
hosting capacity

Ev (9] ¥
Green Energy .

e _ X = Integration System 5. Avoid power shortage- develop VPP
L | Ground t technologies and enhance application

Smart meters ! EIVtChartsi"g sy ﬁﬁﬁﬁ Solar PV sy‘gf:n flexibility of dispatchable resources

ntegration . .

System Eﬁﬁﬁ 6. Postpone power utility investment-

_ "' Increase power-consuming efficiency

Electric Bus gy/,HVAZV
(G2V/V2G) : =) . .
N = - Shalun Green Energy Science City
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26
System Architecture - Integrated Smart Energy and Management

: NEHSE
Electricity
Market

anogri

. ::E:E;Ziglgee Small-scale
reen ener
systems g 8y

energy storage
systems

Medium and

large EV-
renewable charging
energy

systems
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VPP System Architecture

* Mitigate the dilemma in
distribution system

information acquisition, system
diagnosis, and commands

Substation-EMS

 High penetration of RE
ghp REREAEEL M

* Overvoltage, voltage/freq.

fluctuation DER-EMS user interface
. . Command execution and
* Regional power congestion benefit optimization
* Overload, under voltage, & DER- EMS e
power shortage RN E DER-EMS

e
* Enhance system rE|IabI|Ity e ﬁ Demancli):‘esponse
* Increase RE penetration Y — Semr( )
 Improve energy efficiency eﬁf _ ..
* Shave peak load E@ % TT@_

Renewables

BESS
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> & B EF% 3= 12 Deep learning techniques (off-line training neural
networks, big data) 32 * Bt 14 FERIBRREZF T

Roadmap and Goals

Single Site
Forecasting

Spatial
Forecasting

Now End of 2017 End of 2018 End of 2019
Sky Image + Sky Image + Sky Image +
Intra-hour Sky Image Deep learning Deep learning Deep learning
(Now-casting) | MAPE17% (Model tuning RMSE Skill Score RMSE Skill Score
process) > 25% > 36%

Day-head

74 kiR - Electric Power and Grid Technology Division

Green Energy & Environment Research Labs
Dec 20171 # Hi#5F7 3 Ix

Satellite+NWP
RMSE Skill Score
> 20%

Satellite+NWP
RMSE Skill Score
> 40%
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Web Server
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Forecasting AP

Deeping Learning
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» Predicted sequence
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SolarIrradiance
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251 1 2 T F M2 22 TR 3 E2RNEBFET R

Average Moving Average LPF PFNN PFNN-AMF
energy capacity,
KWh 2.23 0.332 0.324 0.281 0.263
o capacity. 1.018 0.834 0.788 0.685 0.643

252 f1* 2Tt 22 REL

Average Moving Average LPF PFNN PFNN-AMF
kW 0.378 0.17 0.163 0.139 0.133
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% = B % &): Requirements of LVRT of PV System
Using Intelligent Control

Limitlinel Limitline2 Lowestvoltage band

A A required additionalreactive
,3100 current Al/ly (%)
9\_1 90 L limitation of the
>Z -7 |range in which a voltage by voltage
S R disconnection is Dead band controd (underexcited)
o 75 o’ only permissible by |
S the automatic N voltage drop / rise
0,
S system 10 AVIV, (%)
o | 1 1 | | | I
= . -50 -10 0 20
e 45 / selective — supportpfthe 20
i i voltage py voltage
4 SISETEEIE Of control {overexcited) Vy: rated voltage
c generators V: present voltage (during fault)
E depending on their AV=V- Vy
E>: 15 condition S In: rate_d_current .
< i Al:additionalreactive current
s Time (s) -100%
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Power Control Using PWFENN Controllers

Reactive Power Supporting with Boost Converter Operated at Mode |

Case 1): single phase-to-ground fault
occurs with 0.5 pu voltage dip

* P,~=600Wand P =526 W
* Qrises to 380 VAR
* voltages: 1.0 pu, 0.77 pu and 0.77 pu

*V,,and I, remain unchanged due to
normal operating of the MPPT control at
Mode I.

* Vinpp = 150.7 V, irradiance = 600 W/m?

*V,,=150.9V, 1,,=4.03 A

* Pl controllers:

»settling time of Q= 0.3 s, overshoot
of V. =2.6 %

* PWFENN controllers:

»settling time of Q= 0.1 s, overshoot
of V(. =1.14 %
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Case 2): single phase-to-ground fault
occurs with 0.5 pu voltage dip

« P,~=1000 W — 836 W
*P=865W—> 720 W

* Q rises to 380 VAR

200V

0

« voltages: 1.0 pu, 0.77 pu and 0.77 pu

*V,, =153V > 164V
. IpV: 6.5A—>5.1A, at Mode II.

* Pl controllers:
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0.3 s,

overshoot of V,. = 2.5 %

»settling time of Q
* PWFENN controllers:
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overshoot of V.= 1.1 %
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Case 3): double phase-to-phase fault occurs
with 0.5 pu voltage dip

* P,,=1000 W — 112 W

*P=860W —>55W

* Qrisesto 720 VAR

» voltages: 0.5 pu, 0.92 pu and 0.92 pu
*V,, =13V > 174V
*1,,=65A—>0.62A, at Mode II.

* PI controllers:

»settling time of Q= 0.5 s, overshoot of
V . =4.63 %

* PWFNN controllers:

»settling time of Q= 0.2 s, overshoot of
V,.=6.71 %
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