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» Industrialization Process in the 20th Century UN IV

» Importance of Transmission Lines

» To reduce power loss percentage, it is necessary to transmit electricity at high voltages. The higher the

voltage, the lower the current, which reduces the size of the required cable and the amount of energy
lost.

> Transmission Line Overload

« For various reasons such as line outages, generator outages, and changes in power exchange contracts,
parts of the transmission network may face overloads. For example, with the outage of one of the
network lines, several power transmission paths from production sites to consumption sites

» Transmission Congestion

* In a competitive market, consumers always prefer to purchase their required power from cheaper
production units. The concentration of more efficient and cheaper units in a specific area of the network

leads to an increase in the power density transmitted through the lines and transmission equipment of
that area
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» Security-Constrained Unit Commitment (SCUC) problem.

» This problem is one of the essential tools for system operators to create an operational and real-time
performance plan. Internalizing the transmission network and security constraints (e.g., N-1 criterion) can
lead to various decisions in production dispatching.

» Transmission Switching

 Fossil fuel-based power generation is expensive, especially in the long term.

» Electricity Shortages and Unreliable Power Supply

» This problem is used to reduce problem probability

* One of the main challenges of this issue is the high number of switching, which reduces the lifespan of
CBs, causes CB failures, and decreases system stability.

« In addition to improving operational costs, this research proposes a method to reduce the number of
transmission switching in TS.

« Congestion management here is used to reduce the number of switching and improve system reliability
because it prevents lines from operating at their maximum limit and avoids additional switching.
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Reviewed Paper

Description

Sheitkh Mohammadi
(2018)

Bi-level optimization model for coordination between transmission and distribution
systems interacting with local energy markets

Chabanloo (2018)

Examination of a comprehensive coordination of the resilience of radial distribution
networks in the presence of distributed generation sources using fault current limiters.

Saviozzi (2019)

This research designed and implemented two advanced functions in a real DMS:
load forecasting and load modeling.

Das (2019) This research examined security-constrained AC transmission network expansion
planning (TNEP) programs.

Gan (2019) In this study, the Benders decomposition algorithm is introduced to divide the joint
planning problem into a main problem and two sub-problems.

Sahoo (2012) This research investigated multi-objective planning of electrical distribution systems

Including sectional switches and tie lines using particle swarm optimization.
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Reviewed Paper

Description

Lee (2016)

This paper addresses the challenges of the transmission network by developing a
real-time contingency analysis (RTCA) tool based on corrective AC transmission
switching (CTS) that can manage large-scale systems in a reasonable time.

Chen (2022)

In this paper, a model-based Security-Constrained Unit Commitment (SCUC) for the
electricity market is presented.

Wu (2016)

This research analyzed Security-Constrained Unit Commitment (SCUC) with
uncertainties.

Rahmani (2020)

This research introduced a stochastic, two-stage, reliability-focused Security
Constrained Unit Commitment (SCUC) in the context of a smart grid.

Bahrami (2017)

This paper put forward a model-based SCUC for AC-DC grids with generation and load
uncertainty

He (2021)

This research examined how to enhance power grid flexibility using battery energy
storage transportation (BEST) and transmission switching (TS).
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Proposing a coefficient congestion-based water-power energy strategy to amend the

transmission switching within the power systems

Modeling linking energy management for multi-energy demands based on the water-power

energy system to be effective for improving the line congestion during the grid-connected mode.

Representing the UT-based uncertainty strategy to model the highrisk multi-energy demands

within the based electrical grid connected to the water-power system
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» The water-power demand supplement system

Hub System

Data management
ﬁ Sender

A | G

Electrical Grid

Power Transaction Receiver

seawater
Wat, rid
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» Research Purpose

« SCUC model that incorporates Transmission Switching (TS) with Dynamic Thermal Line Rating (DTLR)

serving as security constraints

» Main Objective Function

Min Z4own = Z Z C(Py¢) +SUye +SDy e + CAPS ;¢ (1)

g: generator

t: time

SU: generator start up cost
SD: generator shot down cost
Ar: scenario
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» Constraints

* Active and Reactive Powers

min S max S
Fy ugtucg < Py + Argy < P ugucy  (2)

Q' Mugcucy < Qgr + Argy < Q™ ugucs  (3)

uc: contingency state
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» Constraints

« Binary variables

Vgt = Wgt = Ugt — Ug,t-1 (4)

t t
> v sug ) D wpe<l-ug (6)
t'=t-UTg4+1 t'=t—-DT4+1

v: entry of generator
w; exit of generator
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» Constraints

« Ramp up/down

Pg,t - Pg,t—l S R;ug’t_l + Rguvg,t (7)

+ SU
Pg,t - Pg,t—l S Rg ug’t_l + Rg vg’t (8)
» Generator’s reserve capacity

—SR} < Arg, <SR} (9)

R, SRS - maximum ramp up/down rate [MW]
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» Constraints

* Active and Reactive Power Balance

Z (Pye + Ar;’t) + PEH — Z (PS;+0.5PLy,) =PDy, (10)
vg(b) Vk(b,m)

D Qe+ ) (05, -05015) = QD (A1)

vg(b) Vk(b,m)
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» Constraints

» Operation of Transmission Switching

Plf,m,k,t_M(l ZktZCk)<Pkt<Pbmkt+M(1 ZktZCk) (12)

Qg,m,k,t - M(l Zk tZCk) < th = Qbmkt + M(l Zk tZCk) (13)

zcy . contingency state of line k
Zy ¢ - connection and disconnection line

Pj mk.c - Power flow between line b and bus m
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» Constraints

 Limits on the Lines Power Flow

max

max
— ZktZCk<Pkt Py

Zye-ZCo  (14)

—SIM% 7y 26) < QRy < Sz g2 (15)
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» Constraints

 Active & Reactive Power Line Loss

9 Z KDASE(D = M(1 = zi76f) < PL,, < gkz k(DASE (L) + M (1~ zgezcf)  (16)

0< PL}gc’t < Zk,t.ZC,f.gk(5,Tax)2 (17) , 0< QL}g{,t < —Zk,t.zc,f.gk(&znax)z (18)

—bkz k(DASE (1) — M(1 — z,2¢5) < QLS , < —bkz k(DASE (1) + M(1 — 2 ,z¢5)  (19)
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» Constraints

« Limitations on the Magnitude and Angle of Bus Voltage
S <8R < SO (20)
AV < AV, < AV™EX(21)
—ASPM — M(zy o1 — Zir + 1)zcg < 83 < ASPP + M(2j 01 — Zie + 1)zcg  (22)
8¢ = Oki =Sk (23)

AVS? — AV P = AVy,  (24)
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» Constraints

 Congestion Management

Z(GSgAPg) + P < P (25)
g

zAPg -0 (26)
g

APy,
APy

0Py, 66b+aPk 06m

k —
G3g 08, 0Py 986y 0Py

(27) , GSk = (28)
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» The mathematical definition of the introduced water-power system

» Objective Function

chub — Z (PEH X Rgy + Pa?at X Rapge + PCtCH X Rceyp + PbEOi X Rbpgg; + Wagrid X Rawater) (29)
teqTl
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» Water-power System Constraints
» Electrical:

PL + pPes = §TPEH + PFU 4+ 5., PcfH + Pal?, vt € QT (30)

—>bat
Ea’® < Ea?® <Ea ,vte QT (31) , Eab® = (1 — @loss)Eal% + Pal®,vt € QT (32)

—bat —FEH
—Pa"* <Pabi <=Pa vteQl (33) , PFH<PFH <P, vteql (34)

e

PFU = pFL 4 pFB yt € QT (35) , PMin < pFL 4 pFB < pmax v e 0T (36)

0 <nH: <nHM* vee QT (37) , nHE=(PFL+ PFB) x 1?59 ,/;,“/’h vee QT  (38)
Kg
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Problem Formulation
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» Water-power System Constraints
e Heat:
PH = 8, Pcft + 8,,;PbE° vt € QT (39)
P& = Pcf® + PhBOL, vt € QT (40)
sIranspEH < capT vt € QT (41)

S.pPcff < Cap®,vt € QT (42)

8poi PPPO < Cap?i,vt € QT  (43)
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» Water-power System Constraints

« Water:

ST =SL,+Wet rweet —whvt el (44)
—T
ST<SI<s ,vteQl (45)

wsea, [PT < wsea < W L IPT vt € QT (46)

PLPeS — Wtsea_ CFDeS—W (4_7)

21



Problem Formulation

Modeling of Uncertainty
The probability of equipment failure

The correlation probability among these failures

UT uncertainty model
Failure of all lines

Failure of generation units
Water demands

Thermal demands

Electrical load demands
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» UT Approach for Uncertainty
« Step 1: Compute the points by:

X°=2z (48)

X"=z+<\/ﬁYaa> k=1,2,....p (49
k

X'<+C=z+<\/1_LWOYaa> k=1,2,...,p (50)
k

Y, is the covariance matrix by R = z

23
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» UT Approach for Uncertainty

« Step 2: the points’ weights are computed using:

_1—W0

Wk
2p

. k=1,2..2p (51

« Step 3: Ultimately, the outputs can be obtained by using f(X*) as follows:

T =P Wkrk  (52)

2p

Crr = ) WK(T*=T)(T*=T)"  (53)

k=1

24
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Case Study
» System Models

» |EEE standard 6-bus system

 |EEE 118-Bus System

25



Case Study

> Detailed information

 |EEE standard 6-bus - Generators data

price of energy bid (S/MWHh)
Ramp up/down rate (MW/h)

cost of start-up ($)

Minimum down time (h)
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N
20 23 35

50
100
200

20
100
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Case Study

> Detailed information
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|IEEE standard 6-bus — Transmission Lines Data

mmmw

0.17 0.005

0.258 0.003 150
0.037 0.022 150
0.197 0.007 150
0.018 0.005 150
0.037 0.002 37
0.14 0.002 150

g B W N N 2 -
o U U1 b W BN
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Case Study

» Detailed information
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» Load of IEEE 6-bus test grid — Load curve over 24 h

280 1 1 1 1

260

power load [MW]
N
o

Time
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Case Study

> Detailed information
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» Load of 6-bus IEEE test grid — Computation Details

Processor
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Evaluation of The Proposed Energy Strategy m
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« The congestion management was performed during 24-hour period to demonstrate its effects on the

TS power flow
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Evaluation of The Proposed Energy Strategy
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» Scenarios according to the high-crucial lines and generators for two 6-bus and 118-bus power grids

Outage of generator # | switching of line #-# | SLR method | Proposed method

_ 6 bus
: 45 . 6 bus
2 2-4 * 6 bus
2 4-5 * 6 bus
13 30-34 * 118 bus
n 13 67-78 * 118 bus
13 90-92 * 118 bus
“ 13 30-34 * 118 bus
n 13 67-78 * 118 bus
13 90-92 * 118 bus
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Evaluation of The Proposed Energy Strategy
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e Comparison of TS implementation in Static Line Rating (SLR) mode and introduced model with

various scenarios

6 bus system SLR mode
5
(generator 2 is out) 3.108 X 10
1l 4-5 14
Proposed model 1 2-4 2 23935 x 105
IV 4-5 3
118 bus system SLR mode \/ 30-34 11
6
(generator 13 is out) Vi 67-78 10 1.091 x 10
VII 90-92 8
Proposed model VI 30-34 6
X 90-92 4
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Evaluation of The Proposed Energy Strategy m
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« Generation schedule of generator number 1 for SLR mode and proposed model
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Evaluation of The Proposed Energy Strategy m
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« Generation schedule of generator number 3 for SLR mode and proposed model

0.5
0.4
0.3
il 0.2

201

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

Time (hour)

Generator active power
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Evaluation of The Proposed Energy Strategy
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« Computation result for SLR model for 6-bus system

| SRModel || | | | | | | | | | |
Time 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 0 0 0 0 0 0.076 0 0
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Evaluation of The Proposed Energy Strategy

« Computation result for proposed model for 6-bus system

| PropusedModel || | | | | | | | | | |
2 3 4 5 6 7 8 9 10 11 12

1
AP,y 0 0 0
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0 0 0 0.076 0 0

19 20 21 22 23 24

I 8 9 10 11 12
0 0 0 0.024 0.141 0.218

19 20 21 22 23 24
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Energy transaction analysis of the water-power system m
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» The consumption gas of the CHP, boiler and input units.

350 | 1 T

— Input Gas
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Energy transaction analysis of the water-power system m
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* The generated water.

Water Network

the Generated Water of Hub
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Time (h)
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Energy transaction analysis of the water-power system m
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» The injected powers of fuel cell and storage units.
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The simulation of the uncertainty model

* The cost of energy for both normal and uncertainty conditions.

Operation Cost (¢)

245875 ¢

B \ormal Operation
|:|Uncertainty Operation
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» \WWe proposed a coefficient congestion-based water-power energy strategy to amend the transmission
switching within the power systems

» We represented a UT-based uncertainty strategy to model the high-risk multi-energy demands within
the based electrical grid connected to the water-power system

« We modeled linking energy management for multi-energy demands based on the water-power energy
system to be effective for improving the line congestion during the grid-connected mode.
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Future Work
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» Cybersecurity applications
* Integration with Advanced Renewable Energy Sources
« Enhanced Uncertainty Modeling

« Economic and Policy Implications
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