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Abstract

In deregulated power markets, Independent System Operators (ISOs) maintains adequate reserve requirement in order to respond to gen-
eration and system security constraints. In order to estimate accurate reserve requirement and handling non-linearity and non-convexity
of the problem, an efficient computational framework is required. In addition, ISO executes SCUC in order to reach the consistent opera-
tion. In this paper, a novel type of application which is Benders decomposition (BD) and Mixed integer non linear programming
(MINLP) can be used to assess network security constraints by using AC optimal power flow (ACOPF) in a power system. It performs
ACOPF in network security check evaluation with line outage contingency. The process of solving modified system would be close to
optimal solution, the gap between the close to optimal and optimal solution is expected to determine whether a close to optimal solutionis
accepetable for convenientpurpose. This approach drastically betters the fast computational requirement in practical power system .The
numerical case studies are investigated in detail using an IEEE 118-bus system.

Keywords: ACOPF; BD; SCUC; MINLP

1. Introduction

Unit commitment (UC) is a multifaceted assessment making
problem of determining which unit is on and how much produce
power hourly. Its objective is to minimize total operating costs
over a scheduling horizon (i.e. day-ahead) satisfying technical and
operational constraints. Exhaustive research work has been per-
formed in this area [1]. Conventional UC problem would not as-
sure the sufficient power flow from generator to load due to inde-
terminate network security constraints [2]. The incorporation these
constraints in traditional UC formulation is characterized as SCUC
in the open-access market organization [3-5]. System Operator
(SO) performs SCUC to provide the desired level of system secu-
rity after market clearing and operation cost is obtained from the
standard offer program [2]. Operation cost obtained from SCUC is
analyzed by generation companies (GENCOs) and daily generator
schedule is provided to power system operator [6-7]. Three ele-
ments are included in SCUC paradigm: supplying load reliability,
maximizing security and minimizing costs. Therefore, well-
organized explanations of SCUC problem canpromenientlyeffect
modern power system.

A lot of work in this area deals with utility of optimization
techniques to solve problem such as mixed integer linear pro-
gramming (MILP)-based method, semi-definite programming-
based method [2], Lagrangian relaxation method [8], Quadratic
programming using branch and bound method [9], linear pro-
gramming [10], dynamic programming [11], and BD method [12-
13]). The optimization technique of BD based approach in this

model is developed for optimal operation for solving SCUC prob-
lem obtainable, example in [14-15]. It is well-known that the re-
sult of MILP might need extensive computational time and huge
memory obtain ability for big rangeprogram, modern develop-
ments in this solution method [16], have presented excessive posi-
tion in enactment, on which inveterate by maximum 1SOs previ-
ously using MILP formulation. As the SCUC formulation would
be modeled as a MINLP solver. Since the SCUC problem is NP-
hard and hard to solve this. The subordinate of the UC formula-
tion is solved using MILP which is NP-hard [17], subordinate of
the ACOPF formulation as a non-linear programming (NLP), non-
convex need to solve also by NP-hard [18-20], the MINLP prob-
lem of ACOPF and SCUC combine the difficulty of mutually
subordinate and is challenge to explain the problem [18].

The major role of the proposed SCUC model including net-
work security constraints is to improve the computational perfor-
mance of the existing SCUC formulation. The work for determinis-
tic UC mechanism that signifies the network typically integrate
DC power flow equation instead of AC ones. Intellectual benefit
on the influential UC problem by [21], mainly approaches on
MINLP with non-convex representation of thermal unit operator
with undefined network constraints [22-25]; As UC problem have
been comprehensive classically to incorporate a DC representa-
tion both with or without (e.g., [26-27]) real power losses are con-
sidered. Although, with DC power flow constraints relatively than
AC problemmightguide to inaccuracy, as a DC model ignore reac-
tive power and voltage. Moreover, an AC network model becomes
more important in prudent way of power system scenario. In these
framework N-1 contingency criteria, considering ACOPF to en-
sure system security is established for optimal operation of SCUC
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problem. System operator wants to sufficient and consistent sup-
ply loads at single element outage at any assumed time [28].A new
contingency measure, identified as N-1, system operator refers to
be successive losing of twomechanismswith prevailing hours for
adaptation of ACOPF model [29]. However, benefits of the quick
response with N-1 contingency using ACOPF constraints have not
yet been considered in the framework of SCUC.

The main contributions of this proposed framework in this
area aresummarized as follows:

1) Proposed a new SCUC problem based on BD and
MINLP method is formulated in this paper, computa-
tionally quick SCUC formulation framework with net-
work security constraints and solved using CPLEX
solver.Moreover, the variations of network constraints
parameter on operational cost, LMP, and for computa-
tional and cost performance are calculated in this model.

2)  Novel contribution of proposed work is inclusion of line
contingency in SCUC model with network security and
solved by using ACOPF equation is considered into this
model. Solving the MINLP model of SCUC is extra
complex than the obtainable (MILP) models based on
DC power flow modeling. For such system it would be
challenging task for solving this problem in practical

power system scenario.

The rest of the paper organization is as follows: Section Il ex-
plains a mathematical formulation of SCUC; section Il describes
the proposed SCUC algorithm; section IV describes the case study
to show the impact of SCUC on both economical and technical
feature and section V represents conclusion and future work

2. Mathematical Formulation of SCUC

The SCUC including network security model calculate line con-
tingency at each bus in a system. In SCUC model, the problem is
disintegrated with two subproblems. First problem is to calculate
major SCUC optimizes the commitment and schedule of all units
apart from network security constraints. On the other hand, second
problem calculate branch outage contingency by performing
ACOPF with network security to optimize hourly schedule of
SCUC.

t

Qij,l Reactive power flow of branch connecting bus ito j at
hourt

FL; . Line flow at node j and Iat hourt

Vi Voltage magnitude at busi athourt

T, Transformer tap limit at hour t

7 Phase shifting transformer at hour t

C. Binary Variables
U, Commitment status of unit g at hourt
ng't Vector are committed state of unit g at hourt

You Startup indicator

Zy, Shutdown indicator

D. Parameters

a,, bg G Cost coefficient parameter of unit g
PD,, Real power load of bus i at hourt (MW).
QD,, Reactive power load of bus i at hourt (MW).
P.P Maximum and minimum limits of real power genera-
er=e tion of thermal unit (MW).
Q ~ Maximum and minimum limits of reactive power
=9° 9 generation of thermal unit (MW)
V, ,\7i Maximum and minimum voltage magnitude at bus i
UR_ DR Ramping up, down limit of a unit g
g' g
MUT® MDT " Minimum down and up time of a unit g
g’ g
R,,R, Spinning and operating reserve requirements
ST, SDy, Start-up, Shut down cost of unit g at hourt
STg"I,SD;I Start-up, Shut down emission of unit g at hourt
STgft,SDgf‘ Start-up, Shut down fuel consumption of unit g at
hourt
ELmax Maximum power flow limit of branch attached of
! bus i to j
gmin g max Minimum / and Maximum fuel consumption of fuel
FT 19FT
type FT
T T Upper and lower limit vector of transformer tap
N4 Upper and lower limit vector of phase shifter angle
) Multiplier ouput vector

Notation
A. Indices and sets
g Index of thermal generating units
j,i Index of security buses
t Index of time periods
FT Index for fuel type
N, Set of all thermal generating unit
N, Set of security buses
N, Set of security branches
N(i; Set of all thermal generating unit attached to bus i
NIi Set of all branches attached to bus |
B. Variables
Py Real power generation of unit g at hourt (MW).
Qg . Reactive power generation of unit g at hourt (MW).
ch @) Production cost function of unit g
Fo() Emission function of unit g
|:gf 0 Fuel consumption function of unit g
SRgt Spinning reserve of unit g at hourt (MW).
ORgl Operating reserve of unit g at hourt (MW).
7 Real power flow of branch connecting bus ito j at hour

j,t

2.1. Objective function

In this objective function, 1SO is composed to minimize fuel
cost for producing electric power, shutdown and start-up costs
of generator units.

Ng Ny
MIN OF=)">[ FC, (P, )U,, +ST,, +SD,, | @

g=1t=1
In the first-stage OF includes shut-down, start-up, and fuel costs
of thermal units. The fuel costs FC, (P, ) are typically presumed

to be a quadratic of thermal generator.

FC,(P,.)=a,(P,.)* +b,(P, ) +¢, 2)
NG
> OR, U, =R,, Vt (3)
g=1
Ng
> SR, U, =R, vt (4)
g=1

Ramp rate constraint
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Pt —Pyts SRD (=Y, ) +Y,.P,, VG, Wt (5)  Reactive power constraints
Pg,t+1_Pg,t SRUg(l—Zgyt)+th4J,Vg vt (6) qug,l SQgt —QgUgt' Vg vt (19)
Minimum ON/OFF times Limits of voltage at each bus
or, V, <V, <V, Vi, vt (20)
;(l—ugv‘) =0, vg Limits on phase shifting and tap changing transformer
t+MUTS" -1 ™ _
You+ Z o <L Vg vt=UT +1..T T<T<T, (21)
j=t+1
ys<nsy, vt (22)
UT, = max{0,min[ NT,(MUT;" ~USg)U, o |} (8) -
L 3. Proposed a Two-Stage SCUC Formulated
gUg,t ~0, vg as an BD and MINLP Approach
t=1
t+MDTS" -1 © The proposed SCUC model is an MINLP and two-stage prob-

Yoot 2, (-z,,)<1, vg,vt=DT +1..T

j=t+1

DT, = max{o, min[ NT, (MDT," —US;ffo)(l—Ugvo)]} (10)
Fuel constraints

NG NT
SH <> > [F (P )U, +ST/ +SD{, |<SF*  (11)

g=1t=1
Emission constraints

Ng Ny
ZZ[ or +ST¢, +SD;, |<EM™ (12)
g=1t=1
Active power constraints
PU, <P, <PU, , VgVt (13)

2.2. SCUC model with network security evaluation

The purpose of the SCUC model is to allocate the value of each
bus voltage, LMP and transmission congestion at each bus. In-
volvement in spinning and operating reserve needs optimal num-
ber solution and hourly dispatch to permit the energy delivery for
a longer time. Due to limit of generation resources, the number of
branch flow limits is introduced. Therefore, optimal capacities at
each node needed to be identified such that the above discussed

issues are mitigated. Network constraints are mentioned as follows:

Security constraints

~FLM™ < FL,, < FLI™ (14)

ijt =

Real and reactive nodal power balance constraint

2

P

|j,!

It 1t COS(é‘i‘t _é‘j‘t +0ij) (15)

ij Ij

V2 V.V, . 2
Q. = Zifsm(gij) - %Sm(é‘m O+ '9|J) -
ij ij
Real and reactive power balance at scheduling time at every node
and for every hour period

(16)

N'G

Z 17)

g=1

ZG:Qg,t -QD,, = ZI:Qi,-,t (18)
g=1 j=1

lem is difficult to solve directly. Altough its clear from the exceed-
ing problem, the existing constraints are non-convex, so, solving
this difficulty with the assist of famous solver such as (DICOPT)
and SBB [20]. The simplymethod to explain a MINLP is decom-
posed it keen on integer and non-convexfragment. BD will be use
to hole the master problem into MIPfragment, and a NLP one to
check the network security subproblem and feasibility benders cut
is used to connect these parts.In regulate to explain the proposed
SCUC formulation in Section 2, a BD has been adopted to solve
this problem.As shown in Figure 1, Stage | considered master
problem applies to the basic UC problem excluding AC network
constraints. It contains binary variables as the on-off status of the
generating units and real integer as unit schedules. As such, it is a
MINLP problem. On the other hand in Stage I, subproblem con-
sidered here, consists of two subproblem. First is the network
security consideration and second contingency analysis. Network
security constraints are checked by running ACOPF.In concern
with BD algorithm, the unique significant optimization problem
spirit is decomposed into a sub-problem and a master problem.
The comprehensive conversation schedule is obtained using BD
[30-31]. The UC master problem, which include constraints (2-13)
and objective function (1), provide the dispatch and schedule solu-
tion to minimize operational cost excluding network security con-
straints. After the solution of master problem, the network security
ISO verifies for each hour. The output of the vector in Equation
(16) are current commitment and dispatch solution obtain from the
master are checked with the violation of transmission constraints.

Using these value Ish,t and Zﬂm, lower sub-problem objective is

formulated by checking new security constraints as in equation
(16). If any network violation arises on any of the subproblem, the
benders cuts would be created and connected to the master prob-
lem in the subsequently simulation of UC. Moreover benders cuts
are created establish on subproblem results.

Ng R R
v(U,P,) = \9+z/1g”|t(Pg Uy —RUg)
NH (23)
+Z/”g,t Qg Yy, _Qg.tug‘t)
g=1
In Equation (23), where v, A/, , B, Qgtand U represents

the optimal solution for the master problem, S|mplex multiplier
vector, the output of vector which are obtained in commitment
state and real and rective power generation of unit g at hourt of

the master problem.
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[Input data of load, generator and transmission components]

Stage |

v
[ M = Master problem |}
1 (solving UC and ED) |

Infeasible
solution

Feasibility
Benders cuts

A

Stage 11
Network security check

S= Subproblem ED
Hourly network evaluation for AC constraints (NLP)

Line and Generator Contingencies network security
evaluation

Feasibility
Benders cuts

tolerance

No

Fig. 1: Framework of SCUC Algorithm
4. Simulation Results

In order to focus a major issue, an improved IEEE 118-bus sys-
tem is new to learn the BD and MINLP based on UC and SCUC
problem. There are fifty four thermal units (G1....G54), and
186 transmission lines. The complete 118-bus system data are
specified on website i.e. motor.iit.edu/data/SCUC_118. The peak
load is6000 MW occur at Hour 21. Figure 2 shows the forecasted
load demand. Different operational cases are discussed in this
paper:1) Base case Il) Dispatch with load demand on network
security. 1) Impact of SCUC on line contingency.

a) Base Case

In this case, UC is solved using MINLP and BD with daily op-
eration costs of $1643854.51. The CPU time is about 597s. The
proposed algorithm solved only the master problem. Consecu-
tively the optimization problem with all generating units from

Equation (1-13), is satisfied. Excluding network operating con-

straints, the problem SCUC verify the dispatch and commit-

ment of units specified, u and Pg, real power generating units in

MW are shown in Table 1 and 4 respectively.

6000 o-©
o
o o o °
5000 0% Te, ST ° 4
—~ o o
= 4000f o o
: o 0
= 3000 °
]
< o
= 2000
1000
2 4 6 8§ 10 12 14 16 18 20 22 24
Time (h)

Fig. 2:Forecasted Load Profile
It can be seen that, the economical units (such as H4-H5, H10-
H11, and H24-H25 etc.) are used as cheapest units and costly units
(such as H6, H12-H13, H41-H42 and H46 etc.) are not committed
for 24 h horizon. However, in some hours yet although the output
of unit H7 and H14 is not met its ability so far, the H7 unit should
be on due to lack of spinning reserve. The outstanding units are
committed consequently to satisfy hourly load demand as shown
in Figure 2.
Table 1: SCUC status without network security constraints
Unit Hour (1-24)
H1-H2 0000

I
o

PPOOOPFr OO
PP OOORFr OO
PPOOOFr, OO
PPOOORFr OO
PP OOOFr OO
PPOOORFr,r OO
PPOOORFr OO
PPRPORFPOPFR OO
PPOPFRPOPRFR, OO
PPOPFRPOPRFR, OO
PPRPOFPOFR OO
PFRPORFRP,ORFRO

PFRPORFRP,ORFRO

PPORFPOPRFP, OO
PFRPOPRFPORFRO

PPRPOPFPOPRFR OO
PPOPFPORFL, OO
PPRPOPFPOFR OO
PPRPOPFPOPFrR OO
PFRPORFRPORFROO
PPRPOFPOFR OO
PPRPOFPOFR OO
PFRPORFRPORFROO
PPOFPOPRFP, OO

H12-H13 0000000000000000000000O00O0
H14 0oo0000011111111111111111
H15 000000O00O0OOOOOOOOOOOOOOOO
H16 0oo000OO0O01111111121111111111
H17-H18 000000000000000000000000
H19 0oo000OO0O01111111121111111111
H20-H21 111111111111111111111111
H22-H23 000000011111111111111111
H24-H25 111111111111111111111111
H26 00oo000OO0O011111111111111111
H27-H28 111111111111111111111111
H29 111111111111111111111111
H30 00000OO0011111111111111111
H31-H32 000000000000000000000000
H33 000000O0O0O0OOOOOOOOOOOOOOOO
H34-H35 000000000000000000O0000O0O0O0O
H36 111111111111111111111111
H37 0oo0000O011111111111111111
H38 00000000O0OOOOOOOOOOOOOOOO
H39-H40 111111111111111111111111
H41-H42 000000000000000000000000
H43-H44 111111111111111111111111
H45 111111111111111111111111
H46 00000000O0O0O0OOOOOOOOOOOOOO
H47-H48 000000011111111111111111
H49-H50 000000000000000000000000
H51-H52 000000011111111111111111
H53 0oo0000011111111111111111
H54 000000000O00O0OODOOODOOOOOOOOO

b) SCUC with network security

In Case 1 after the master problem has been solved, the sub-
problems are considered using the network security constraints are
described in Section 2.2.

Moreover, in regulate to verify if there are some network viola-
tions, to charge the network hourly security verifysubproblem-
based on original UC in Table 4.Although this system, there are
transmission line violations on line 84-83 at time 10-14 and 22-24.
In calculation, the voltage at bus 101 is more than its lower limits
of 1.0 p.u. After simulation, the novel UC solution is accessible in
Table 5 with a total production cost of $1723019.51. The imple-
mentation time is about 9742s. In Table 2 and 5, unit H37 in Zone
2 is not committed at hours 1-18 to alleviate the violations by
droppingto deliver of power on Zonel.Likewise, units H22, H23,
H26, H31-32, H33, H34 and H51 in Zone 2 is committed at posi-
tive hours (e.g., 1-2, 8-20, 10-24, and 9-24) to recompense for the
concentrated supply from Zone 3.

Table 2: SCUC status with network security constraints

Unit Hour (1-24)

H1 111000000001100000000111
H2 110000000000000000001111
H3 110000000011100000000000
H4 111111111111111111111100
H5 00000000000O00O00O00O01111111111
H6 110000000011000000000011
H7 ooo000O0O0O1IZ1I1121121111111111111
H8 110000000000000000000111
H9 110000000000000000000000
H10 111111111111111111111111
H11l oo0011111111111111111110
H12 110000000000000000011000
H13 110000000000000000000000
H14 1100011101121111111111111
H15 110000000000000000000000
H16 11000121111111111111111111
H17 110000000000000000001100
H18 110000000000000000000000
H19 11111111111000000121111211
H20 0000011111111 11111111111
H21 0o0o00OO01111111111111111100
H22 110001110111111111111111
H23 111001212111111111111111111
H24 111111111111111111111111
H25 100000111111111111110000
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H26
H27
H28
H29
H30
H31-H32
H33
H34
H35
H36
H37
H38
H39
H40
H41
H42
H43
H44
H45
H46
H47
H48
H49
H50
H51
H52
H53
H54

PP OORORFPROFRPRORRFPORRLPPOORRPRORRLROORE
PP OOROORORRPRRPRRPORRLRRPRORRLRRPORRLROORER
HFPOOORrROOOORRPRRPRFRPORROORRRLPOOOORRERO
POOORrROO0OO0OORRPRPROOOROOOROOOOROR RO
PP OOROROORRPRRPROORROORRLRRPROOROR RO
ORPrO0OO0OO0OORROORRPROOROOORRPRRPROORORE R
ORPr 00000 RrROORROORFRPROORRPROOORORERE R
PORPFPOORRFRPROORRFRPROORROORRLRRPROOROR R
OCORRPOOROORRPRROORRPROORRPRRPROORORERER
PP RPPRPOORRPRORRPRRPROORRPROORRLPRRPOOROR R
PP PP OORRFRPORRPRPPORPRRPOORRLPPOOROR R
PP RPPRPOO0OOCORORRPRPRPORPROOORRPROOOROR R
PP RPPRPOORRPRORRPRRPROORRPROOROROOROR R
PP RPPRPOORRPRORRPRPOORRPROOROROOOOR R
ORrRPRFRPOORRORRPRROORFRPROOROROORORRERE
ORRPFRPROORRORRPROORRFRPOOROROORRRERR
ORrORO0OO0OO0ORORRPRPROORRFRPOOROROORRREERR
ORrRPRRPOORRPRORRPRPROOORFROORRPRRPROORRRERR
ORrRPRPOORRPRORRPRRPROOORORRPRRPRPROORRRERR
ORrRPPOORRPRORRPRRPROOORORRPRREPRPRORRPRERERER
OFRPrRPRPOORRPRORRPRPOOORORRPRRPRPORRERRERR
ORPRPRPPORRPRORPRPRPOOORORRPRRPERLPOORRERERR
ORRPRRPRPORRPRRPRPRPRPOOORRPRRPRRPREPRPLPRPRORRRERER
OFROORORRPRRPRPRLPRLPOOOORRREPREPRLPRORRERRR

Table 4 and 5 shows the dispatch result with and without network
security constraints. When a network constraint is measured, the
costly thermal units H10, H27-H28, H39-H40 and H43-H44 ought
to be committed in regulate to persuade the demand at peak hour.
The extra committed would be essential in the case cheaper gener-
ating units cannot be completely utilized, due to the network secu-
rity constraints. The dispatch result of unit H7, H14, H16, H19,
H26, H34-H35, H47-48, H51-52 and H53 in Table 4, considering
without network constraint committed from 8 to 24 hours. With
network constraint the unit is committed H14, H16, H20, H21 and
H26 from from 6 to 24 hours. At hour 6, H14 and H16 are gener-
ating 50 MW that is within security power flow constraints.
By considering network security, H26 jumps to lower limits, H27-
H28 is maximum power generating unit (420 MW), H31-H32
requirements be committed to stability the energy production and
utilization. H14 and H26 is minimum power generating unit
(25MW), since energy require decreasing the generation stage of
H24 to equilibrium the stage of reserve. Since reserve zone of
H22-H23, quite generate 100 MW. However, observed that H22-
H23 is an economical unit, but it cannot be utilize cost-effectively
because of reserve requirement.

¢) SCUC effect on branch contingency
In this context, an AC-OPF study is used for mathematical analy-
sis of deterministic SCOPF method as the load vary and the result
of ranking scheme is demonstrated on the basis of operational
costs. In Table 3 shows that the highly critical contingency rank
selects on line 19-34 outages to show the special consequence on
the production values and operation cost to secure the network.
Zone B, units P13 was oblige to take the phase of the misplaced
line because the residual line adding point the particular resources
P15 is incapable to deliver the area excluding violation. Moreover
at 4-6 and 12-14 h, all units are committed. In Zone 2, P50-P54 is
committed for 24 horizons as compare to Case 2 which is more
cheapest unit because it dispatch on 1-3, and 7-24 hour. Contin-
gency which proves to be incredibly costly and the operational
cost of network security turn to be $1910836.51. Incorporation of
the loss of interact line 19-34 contingency occurs to be high-priced
$187817, which is ~ 20% more than the Case 2.The CPU time on
this case is 1043s.

Table 3: SCUC with line 19-34 outage

H53
H54

Unit Hour (1-24)
H1 111111111111111111111111
H2 111111111111111111111111
H3 111111111111111111111111
H4 111011111111111111111111
H5 100000111111111111111111
H6 111111111111111111111111
H7 111111111111111111111111
H8 111111111111111111111111
H9 111111111111111111111111
HIO0O 1000002111111111111111111
H11 100000121111121121111111111111
H12 111111111111111111111111
H13 0000000000000000O00O00O0O0O0OQCOCOO0OO
H14 111111111111111111111111
H15 000000000000000000000000O
H16 111111111111111111111111
H17 111111111111111111111111
H18 111111111111111111111111
H19 111111111111111111111111
H20 111111111111111111111111
H21 111111111111111111111111
H22 111111111111111111111111
H23 111111111111111111111111
H24 111011111111111111111111
H25 111001111111111111111111
H26 111111111111111111111111
H27 001001000110001100111000
H28 001001000110001100111000
H29 111001111111111111111111
H30 111111111111111111111111
H31 111111111111111111111111
H32 111111111111111111111111
H33 010110001001100011001110
H34 111111111111111111111111
H3% 111111111111111111111111
H3 000000000000000000000000O
H37 111111111111111111111111
H38 111111111111111111111111
H39 000000000000000000000000
H4 000000000000000000000000O
H41 0101100110011000110121110
H42 111111111111111111111111
H43 1100000000000001011211111
H4 100000211112121111111111111
H45 1100001211111111111111111
H46 000000000000000000000000O0
H47 111111111111111111111111
H48 111111111111111111111111
H49 000000000000000000000000O
H50 111111111111111111111111
H51 111111111111111111111111
H52 111111111111111111111111
111111111111111111111111
111111111111111111111111

Impact of SCUC on system operational cost

Figure (3) indicates the sensitivity analysis of operational cost
with respect to case consider. Although generating units it can
provide reduction in system dispatch cost. Case 1 is showing min-
imum cost when network security constraints are neglected; Cost
of $1723019.51in Case 2 is higher as compared to
$1643854.51for Case 1 due to consideration of security con-
straints; Whereas in Case 3, incorporation of line contingency
increases the cost of $1910836.51to maximum of three Cases.

5 10’

| I -

Case | Case 2 Case 3

=

Operational Cost ($)
o

o

Fig. 3: System dispatch cost ($)
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5. Conclusion and Future Work

This paper proposed SCUC with network security constraints
using MINLP method. Recommended technique is measure on
modified IEEE-118 bus transmission system and simulation re-
sults are create to be inspiring. A major enhancement in the com-
putational time can be obtained by using the CPLEX solver in
General algebraic modeling systems (GAMS). Moreover three
different cases are considered, validate the realistic situation and
to obtain better optimal solution. Results also shows that when
contingency occur on branch 19-34, congestion cost at each node
increase as compared to network security case extensively. Alt-
hough, this techniqueobtainable can be beneficial for individuals
SCUC problem to facilitate this modeled to DC power flow equa-
tion, for that case the use of AC constraint is manadatory, an addi-
tional sophistacted method is necessary in practical power system.
However, having a new approach BD and MINLP process that can
be used as ainitial point to findnear optimal solution would poten-
tially assist the NLP solvers to locate the global solution efficient-
ly. In future, the anticipated work can be potentially extended to
investigate AC-based SCUC problems considering uncertainty
behavior of renewable power generation and load demand.
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Table 4: Dispatch of SCUC without network security
Hr Hour(1-24)
Daily operation costs = $1643854.51
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
H1-H2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H4 213 189 146 62 104 157 213 248 258 275 278 265 254 241 275 281 268 279 293 300 300 281 273 258
H5 208 186 143 58 98 154 208 245 250 271 276 260 246 233 272 277 262 274 289 300 300 277 269 255
H6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H7 0 0 0 0 0 0 0 50 15 27 3% 19 10 50 32 36 25 34 48 57 63 36 31 24
H8-H9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H10 213 189 146 62 104 157 213 248 258 275 280 265 254 241 275 281 268 279 293 300 300 281 273 258
H11 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350 350
H12-H13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H14 0 0 0 0 0 0 0 13 23 36 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H16 0 0 0 0 0 0 0 13 23 36 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H17-H18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H19 0 0 0 0 0 0 0 13 23 36 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H20-H21 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250
H22-H23 0 0 0 0 0 0 0 13 23 36 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H24 200 200 200 87 190 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
H25 100 100 100 65 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
H26 0 0 0 0 0 0 0 13 23 38 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H27-H28 420 403 358 272 315 370 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420
H29 213 189 147 62 104 157 213 250 258 275 278 265 256 241 275 281 268 279 293 300 300 281 273 258
H30 12 6 0 0 0 0 2 20 23 26 3 24 22 19 29 28 27 29 34 3 39 28 29 23
H31-H32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H34-H35 0 0 0 0 0 0 0 13 23 38 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H36 212 189 147 62 104 157 212 248 258 275 278 265 254 241 275 281 268 279 293 300 300 281 273 258
H37 0 0 0 0 0 0 0 13 37 38 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H39 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
H40 200 187 147 62 104 157 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
H41-H42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H43-H44 213 189 146 62 104 157 213 248 258 278 278 265 254 241 275 281 268 279 293 300 300 281 273 258
H45 213 189 146 62 104 157 213 248 258 278 278 265 254 241 275 281 268 279 293 300 300 281 273 258
H46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H47-H48 0 0 0 0 0 0 0 13 23 40 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H49-H50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H51-H52 0 0 0 0 0 0 0 13 23 40 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H53 0 0 0 0 0 0 0 13 23 40 40 28 18 90 38 43 30 40 52 64 72 43 35 23
H54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 5: Dispatch of SCUC with network security
Hr Hour(1-24)
Total operation costs = $1723019.51
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
H1 30 30 30 0 0 0 0 0 0 0 0 30 30 0 0 0 0 0 0 0 0 30 30 30
H2 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 3 30 30
H3 30 30 0 0 0 0 0 0 0 0 30 30 30 0 0 0 0 0 0 0 0 0 0 0
H4 300 266 300 150 300 150 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 O 0
H5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 300 300 300 300 300 300 150 300 300
H6 30 30 0 0 0 0 0 0 0 0 30 30 0 0 0 0 0 0 0 0 0 0 30 30
H7 0 0 0 0 0 0 0 50 100 100 100 100 50 50 50 50 50 50 100 100 100 100 100 100
Hs 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 30 30
H9 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H10 300 150 300 270 100 100 300 300 300 300 207 300 300 300 300 300 300 300 132 300 300 300 300 300
H11 0 0 0 0 309 267 234 350 343 350 344 337 293 282 344 344 344 344 344 344 322 32 322 0
H12 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 30 0 0 0
H13 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H14 100 75 0 0 0 100 75 25 0 50 200 75 50 50 50 50 75 75 100 100 100 100 100 100
H15 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H16 100 40 0 0 0 50 40 60 8 100 100 40 20 20 20 20 40 8 100 100 100 100 100 100
H17 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 30 0 0 0
H18 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H19 100 67 33 0 33 100 67 67 66 67 67 0 0 0 0 0 0 100 100 100 100 100 100 100
H20 0 0 0 0 0 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250
H21 0 0 0 0 0 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 250 O 0
H22 100 77 0 0 0 100 78 23 0 92 100 78 47 39 92 8 78 70 92 92 92 92 92 92
H23 100 100 50 0 0 100 100 50 50 100 100 100 50 50 50 50 50 50 100 100 100 100 100 100
H24 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
H25 133 0 0 0 0 0 200 200 133 67 200 200 200 200 200 200 133 133 133 133 0 0 0 0
H26 100 75 0 0 0 100 75 25 50 100 100 75 50 50 50 75 75 75 100 100 100 100 100 100
H27 420 420 420 420 420 389 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420
H28 0 0 420 420 420 389 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 420 419
H29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 300 227 300 150 272 150 300 300
H30 80 35 0 17 8 3 17 17 62 35 62 80 44 0 27 18 4 36 27 3 72 35 712 72
P31-P32 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 30 0 0 0
H33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 20
H34 100 100 68 0 92 100 0 68 38 92 48 0 68 64 60 57 53 100 96 9 9 96 96 96
H35 100 67 33 0 33 100 67 67 66 67 67 67 0 0 0 0 0 33 100 100 100 100 100 100
H36 0 300 300 150 275 150 150 300 300 300 300 300 300 300 300 300 150 300 300 300 300 150 300 300
H37 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 25 100 25 100 100
H38 30 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 30
H39 300 300 300 0 95 0 300 300 300 200 100 0 200 207 300 260 300 200 200 200 200 200 200 O
H40 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 O 0 0 0 0 0 0
H41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H42 5 50 50 0 0 0 0 0 0 0 50 50 0 0 0 0 0 0 0 0 0 0 0 0
H43 300 270 210 120 0 100 150 300 291 270 240 210 180 150 212 100 100 270 90 258 270 270 90 270
H44 0 268 232 229 220 70 195 192 271 267 264 296 292 289 285 296 229 148 296 296 296 296 153 296
H45 297 275 234 174 97 0 0 0 296 278 259 240 222 203 300 296 296 282 282 282 282 282 282 282
H46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 20
H47 100 55 0 0 0 100 5 33 0 55 100 55 78 67 55 45 33 23 89 8 8 8 89 89
H48 100 0 0 0 48 100 0 22 3 48 52 0 22 15 10 5 0 94 94 94 94 94 94 94
H49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H50 5 25 50 25 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 50 50
H51 0 0 0 0 0 0 0 75 5 100 75 10 75 75 50 75 25 75 75 75 75 50 50 0
H52 0 0 0 0 0 0 0 100 50 100 100 100 100 50 100 50 0 5 5 5 50 50 50 0
H53 100 100 0 0 28 100 57 0 0 8 72 57 43 43 8 8 8 8 100 100 100 100 100 100
H54 50 25 50 25 25 0 0 16 0 16 33 50 16 16 0 0 0 0 0 0 0 0 0 0




