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Microgrids and its operation

Real-world examples of microgrids

Figure 1: Installed buildings sector DG capacity in AEO2013 Reference case (gigawatts) r:\
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«Island: 5.56 square kilometers (2.1 square miles) in Jindo ==Microturbines
County, South Jeolla s

« Residents: 280 residents in 3 villages = 10

« Average daily electricity consumption: 96 kilowatts (KW)

* Completion of microgrid construction: Oct. 2014
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Microgrids and its operation

Real-world examples of microgrids

Figure 1: Installed buildings sector DG capacity in AEO2013 Reference case (gigawatts) r:\
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Microgrids and its operation

Real-world examples of microgrids

Figure 1: Installed buildings sector DG capacity in AEO2013 Reference case (gigawatts) r:\
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Operation of Microgrids

Load forecasting

Main Grid

Tramemivson Lines
TE5, 500, 345, 230 and 138 kY

‘% Island Mode e Distribution Grid
/ Grid connected Mode

@» @» @»  Comm. Net.

/ MSO is assumed to know I/O curve of generation units

a3
§-i 1
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Puar Panax

Qutput Power
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Operation of Microgrids

Load forecasting

Main Grid

Tramemission Lines.
TE5, 500, 345, 230 and 138 kY
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Generator faults matters

Stator core 1%

Short-circuit
in stator windings

Source: Seinsch, H. O. "Monitoring und diagnose

Difficult to maintain individual generators in microgrids elektrischer maschinen und antriebe.” Proc. VDE
Workshop. 2001.

Image sources
Alewine, Kevin. "Wind Turbine Generator Failure Modes." Shermco Industries (2011).
PUNCH, Power failure: Nigerians burn N17.5tn on generators in five years
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In this study, we want to answer...

m| How does the slight fault influences the power generation?
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In this study, we want to answer...

m| How does the slight fault influences the power generation?

m| Is it possible to connect the fault detection methods to the
optimal power flow?

o) POSTECH ICSL.
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In this study, we want to answer...

m| How does the slight fault influences the power generation?

m| Is it possible to connect the fault detection methods to the
optimal power flow?

®| How can the MSO operate the microgrid in cost-optimal way in
faulty-generator scenario?
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Optimal power flow

Original OPF
—> Function of healthy generators

minZiEN Ci (PGi)
subject to

PGl-,min = PGi = PGi,max

QGi,min = QGi = QGi,max
Vi,min < Vi < Vi,max
P +jQ; =ViI;

where
Py =P;, —Pp;
Q; = QGi - QL,i

= Electrical Engineering
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Optimal power flow

Original OPF Optimal power flow in faulty-generator scenario
—> Function of healthy generators —> Function of heathy and faulty generators
min ;e C;(Pg,) min Y;en Ci(Pg,)
subject to subject to
Pg,min = Pg; = Pg, max PG, min = Pg; = PG, max
Qg min < Ug; = Q6;max Q¢ min < Ug; < Q¢;max
Vimin = Vi < Vimax Vimin = Vi = Vimax
P +jQ; =Vil; Pi+jQ; =Vil;
where where
Pi:PGi_PL,i Piszi_PL,i
Q; = QGi — QL Qi = QGi — Oy,

{‘E‘% rPoO=>TECH 7/15 ICSL I C s L
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Effect of incipient fault

®| Inter-turn short circuit fault in stator windings

In g Ugq € [0,1]: the percentage
of short-circuited windings in
phase a

-20 L
-40 L

Fault current (A)
N
o o
o o )
o
N
Fault index (%)

\ibs

b

_ Ha

S(%) = _l\;%al;clfl’ Habc = 'Zb
rms c

S: severity factor

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.
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Effect of incipient fault
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TABLE 1
OPERATION CONDITIONS

Characteristic Symbol Value

Rated power Pavom 50 kW

Rated voltage Viam 400 V

Number of pole pairs P 2

Stator resistance R 0.2448 Q
Rotor resistance R, 0.4847 2
Stator inductance Ls 80.76 mH
Rotor inductance L. 8212 mH
Mutual inductance Lo 77.2 mH
IG inertia J 0.1 kg/m?

Grid normal frequency fe 50 Hz

more severe

Severity factor (%)

ICSL........c
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OPF as a function of severity factor

PG,'L' = Oéi(PGf,z'a S?J)
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OPF as a function of severity factor
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PG,'L' = Ofi(PGf,z'a S?J)

~ 2
P, Si) = Pgi(@1i + a2,Si + a3,;S})

Polynomial approximation
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OPF as a function of severity factor

PG,'L' = sz'(PGf,z‘, S@)

2
. . . ~ . . . . . .
50 - a; PGf,l' Sl ~ PGf,l(al,l + aZ,lSl + a3,lsl
10 Polynomial approximation
o St W Optimal power flow
«~~ 30 /////;;,///’I///////////// %% 9 ol .
i e
9 W i —> Function of the power of heathy/
S 7 g ) . .
& Y. faulty generators and its severity
g 20 ~ /,/// //;////,////////l//,//////;é////,,///ll//////.//, //4;///,//;;,//
74
min Y;ep C;(Pg, )
subject to

PGi,min(Si) < PGi < PGi,max(Si)

Qg;min(Si) < Qg; < Qg max(Si)
Vi,min < Vi < Vi,max

Pi+jQ; =Vil;

Electrical Engineering 10/15 C S L




Severity estimation and OPF

Main Grid

frammizsion Lines
TE5, 500, 345, 230 and 138 kY
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Current, voltage, speed sensors

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.
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Severity estimation and OPF
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Current, voltage, speed sensors

De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.
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Severity estimation and OPF

50 - -

Adjust optimization problem by using
Main Grid
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De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.
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Severity estimation and OPF

Adjust optimization problem by using

Main Grid
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De Angelo, Cristian H., et al. "Online model-based stator-fault detection and identification in
induction motors." IEEE Transactions on Industrial Electronics 56.11 (2009): 4671-4680.
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MSO solve OPF using faulty information

min ;e Ci(Pg, Si)

subject to

P, min(Si) < Pg; < Pg,max(S1)

Qe min(81) < Qg < Qgmax(S)
Vimin < Vi = Vimax

Pi+jQi=Vil{
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Case Study

®| 10 node Microgrid

Simulation parameters

Transmission System (154 ~ 345kV) Line impedance:
Zmn = 04576 + j1.078

Distribution System

Substation (4. 16kV) Coefficients for quadratic generation cost

c2; =200,c,; =40,¢c9; = 1,i € {1,5,7,10}
\2 ,4\ 8, Faylt
Q ~ # Generation power limits of healthy generators
3 6 7 Pmin,i =5 kW, Pmax,i = 50 kW
O O
g ~ E'I Active/Reactive power Load at each node
8 9 10 40
O O ﬁ-l 30

2

o

1

kW (KVAR)
o

™ Distributed generator
Nodes

o

EP HQ

{‘;z;j rPOsSTECH 12/15 ICSL, ]

Electrical Engineering



Comparison of total costs against original OPF

®| 10 node Microgrid

Transmission System (154 ~ 345kV)

Faulty generator at node 5

Distribution System
Substation (4.16kV)

12.7
2 4 2 Faylt
k= 12.5
~
3 6 7 7o
0—O
m 12.2
12.1
8 9 10 Normal 0.03 0.07
O O Q-I Severity (%)
H O OPF mPOPF

™ Distributed generator
Nodes
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Power dispatches with generator fault at node 5
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Conclusion

W] Concerned the tertiary control of microgrids in a faulty-generator scenario
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Conclusion

W] Concerned the tertiary control of microgrids in a faulty-generator scenario

m]| Investigated how the inter-turn short circuit fault affects to power generation
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Conclusion

W] Concerned the tertiary control of microgrids in a faulty-generator scenario
m]| Investigated how the inter-turn short circuit fault affects to power generation

m] The optimal power flow problem in a faulty-faulty generator scenario is

formulated as a function of generation of faulty generators and its severity
factor
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Conclusion

W] Concerned the tertiary control of microgrids in a faulty-generator scenario
m]| Investigated how the inter-turn short circuit fault affects to power generation

m] The optimal power flow problem in a faulty-faulty generator scenario is

formulated as a function of generation of faulty generators and its severity
factor

W] The proposed optimal power flow algorithm provides less operation cost
compared to the original one in faulty-generator scenario
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Diesel and induction generator

Direct Current Microgrid Power Modeling and Control Energizing Renewable Energy Systems and Distribution

Manuela Sechilariu, Fabrice Locment, in Urban DC Generation

Microgrid, 2016 T. Adefarati, R.C. Bansal, in Pathways to a Smarter Power
3.6 Diesel Generator Operating Mode Modeling System, 2019

The diesel generator is used as a backup source only in

the off-grid mode of the DC microgrid. 2.4.3 Diesel Generator

Diesel generators can be utilized as standalone, emergency,
standby, and peak shaving units because of the following

https*//homesteadv com/how-12055415— characteristics: availability, quick start up, reliability, fast
; ; ramp up, durability, etc. [8]. The diesel generators have high
make-own-3phase-converter.html operating cost and generate electricity on demand when

compared with renewable DERs.

B vomeoo
2 Howlo Usea Three Phase
E g::}ll(l:(l:.:lltool:,l“()t(w as a Wind Turbine Components and Descriptions
R. Nolan Clark, in Small Wind, 2014
W D Synchronous generators are not normally used on small wind
s A S S machines because of the additional equipment needed to make
e mpprnach i b ke ko e o eppbcdion, nd o o et them operate efficiently.

while it is Operating--with an engine, windmill, or turbing 1o reverse current flow and push power back
into the grid. This practice effectively slows the demand meter

Electrical Engineering C ) L



https://www.sciencedirect.com/topics/engineering/wind-machines
https://www.sciencedirect.com/science/article/pii/B9780128037362000049
https://www.sciencedirect.com/book/9780128037362
https://www.sciencedirect.com/topics/engineering/dc-microgrid
https://homesteady.com/how-12055415-make-own-3phase-converter.html
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®| Image sources
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Generator faults matters

Fault Diagnosis of Rotor Winding Inter-turn Short
| Circuit in Turbine-Generator Based on BP MNeural

Network
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