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A Basic Method for Composite Power System Expansion Planning under Security Criteria

Jungji Kwon, TrungTinh Tran and Jaeseok Choi
Gyeongsang Nationl University’

Abstract - This paper proposes a method for choosing the best
composite power system expansion plan considering a
contingency security criterion. The proposed method minimizes
the investment budget for constructing new transmission lines
subject to contingency criterion. It models the power sysiem
expansion problem as an integer programming one. The method
solves for the optimal strategy using a branch and bound method
that utilizes a network flow approach and the maximum
flow-minimum cut set theorem. Although the proposed metiod
is applied to a simple sample study, the test results demonstiate
that the proposed method is suitable for solving the power
system expansion-planning problem subject to practical future
uncertainties.

1. Introduction

Composite power system expansion planning (CPSEP) with
open access to the power system has become a hot issue in the
electricity energy industry in recent years [1],[2]). CPSEP
addresses the problem of broadening and strengthening an
existing generation and transmission network to optimally serve
a growing electricity market while satisfying a set of economic
and technical constraints [5],{6]. The problem is to minimize the
cost subject to a reliability level constraint [7]. Various
techniques including branch and bound, sensitivity analysis,
Bender decomposition, simulated annealing, genetic algorithms,
tabu search, and GRASP (Greedy Randomized Adaptive Search
Procedure) have been used to study the problem [12]. It is
difficult to obtain the optimal solution of the CPSEP in an actual
system due to transmission system expansion planning (TSEP) is
usually performed after generation expansion planning.
Deterministic and probability reliability criteria such as a N-1 or
N-2 or N-/-1 contingency criterion and load balance constraints
have used in most TSEP and CPSEP because of computation
time problems. This paper proposes a method for choosing the
best CPSEP which includes generation as well as transmission
system using a security constraint criterion (N-n). The
conventional branch and bound and network flow methods are
used to search for the optimum mix of transmission network
expansion [12]. The proposed method also includes the ability to
include generation additions in the determination of the optimum
mix of generation and transmission facilities required to meet the
composite system security constraint criterion (N-n).

2. The Composite Power System Expansion
Planning Problem
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Fig. 1 A composite power system

The objective function
The CPSEP problem is to minimize the total cost C'to be
investments cost in new generators and transmission lines as
expressed in (1) [12].
mx.y) . R
minimize CT= Y [ 3 ClamlUie ]
(x)eB =l (1)
where,
B: the set of all branches (generators and transmission lines)
m(x,y): the number of new candidate branches connecting

nodes x and y

1)
Cér.y): sum of the total costs of the new generators and lines

Ist through i-th that connect buses x and y

1)
Céx-y): construction cost of the new j-thgenerator or line

connecting nodes x and y
U((;) ): . . . .

) the decision variable associated with the generator or
line (1 if from Ist to i-th generators or lines are to be
constructed, and 0 otherwise).
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() .
P(x,y): sum of the capacities of new branches (new generators or
new transmission lines) between nodes x and y

AP

N . . .
(x) " capacity of the j-th element of the candidate branches

connecting nodes x and y

(0) . . .
P(r,y)Z capacity of the existing generators and lines that connect

nodes x and y.
Constraints

The problem considered here has a constraint, which is the
security constraint criterion (N-n). First, no shortage of power
supply requires that the total capacity of branches involved in
the minimum cut-set should be greater than or equal to the
system peak load demand, Lp. This is also referred to as the
*bottleneck” capacity. Therefore, a no shortage power supply
constraint can be expressed in (2)

PC(X,Y)sz (seX,teX) @

where, PC(XaX)N-z is the capacity of the minimum cut-set of

two subsets, X and X, containing source nodes s and terminal
nodes ¢ respectively when all nodes are separated by a minimum
cut-set under N-z contingency analysis.

The demand constraint (2) can be expressed in (3) with &
being the cut-set number (k=1..n), where, n is number of cut-set.

m X,y) . :
- St

)elx, %)

3. Testing The Proposed Approach

The proposed method was tested on the two-bus sample
system shown in Fig.2. The CPSEP is a static problem, which is
considered for a target year and can be described as follows.
"What is the optimum mix of new generators and lines to
minimize total cost and considering security constraint
criterion?” The security constraint criterion is selected (¥ - /) in

this paper.
Bus 1
G1 Ly, =25+25=50 MW
10 MW x 2 units
TL=5MWx2
lines
G2
10 MW x 4 units
Ly, = 10+ 10=20 MW
Bus2

Fig. 2. Two- bus sample system

The configuration of the capacity, construction cost and
number of new addition candidates (generator, transmission

line)and the FORs(forced outage rates) of the clements are
presented in Table 1. The load duration curves at buses present
in Fig.3.

Table 1: Existing capacity, cost and candidate units of system

Existing Capacity | Candidates |Construction FOR —l
[MW] units cost [M$]
G1 10x2 10x4 10 0.015
G2 10x4 10x4 8 0.005
T 5x2 Sx4 2 0.00457
MW MW
P 6 hours 50
10 bowrs
40 40
30 < 30
a0 - § hours 10 L8 hours
18 hours
10 + 10 ~
/// o ours
o LLLLLLL, o
0 6 8 16 24 6 3 16 24
(a) LDC at bus 1 (b) LDC at bus 2

Fig. 3 Load curves of standard day in future target years at the system
buses

The proposed the security constraint criterion approach,
which satisfies the load balance constraints, is applied using a
criterion (N-1). Fig..4
configuration of a branch and bound search optimal solution

security  constraint shows the
using the security constraint criterion approach proposed in this
paper. System 14, which has 24 [M$] cost and G,', G,*, T...' and
T...> for new construction elements is obtained as the optimal
solution. Fig.5 presents the optimal system obtained using the

security constraint criterion approach.
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Fig. 4 Configuration of a branch and bound search optimal solution
using the security constraint criterion approach
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Bus 1
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4
10 MW x 2 units { \s ¥
=\ b L = somw

G1
10 MW x 2 units @—
TL=5MWx2

lines

S MW x 2 lines

G2
10 MW x 4units  (/\y

——> L, =20 MW

Bus 2

Fig. 5 Optimal system using the security constraint criterion approach

A comparison optimal CPSEP approaches which are
deterministic reliability criteria, probabilistic reliability criteria
and security constraint criteria, can be presented in Table 2. The
case land case 2 are only considered investment cost of new
construction elements (generator, transmission line) to satisfy
their objective and subjective.

Table 2: Comparison optimal composite system expansion planning

approaches
Cases | Total cost [M$] Optimal solution Remark
case | 14 G, T, Tod
case 2 16 Gi T Tid Tid' Tid
case 3 24 GG Tos, Tud N-1

(1) Deterministic Reliability Criterion
(2)  Probabilistic Reliability Criterion
(3)  Security Criterion (N-1) contingency

Table 3 shows the results obtained by using security criterion
with the more deep contingency analysis. The N-1G-1T in case
means the contingency analysis of N-1for generator and N-1 for
line. As contingency is deeper, the investment cost is increasing.

Table 3: Comparison optimal composite system expansion planning

approaches
Total cost R -‘
Cases Optimal solution Remark
s} |
case 4 24 G G T, Thd N-1
case 5 26 Gy, Gi, Ti Tod T, N-1G-1T
case 6 32 G G G T T N-2

4. Conclusions

This paper addresses a basic method for the CPSEP problem
using a security constraint criterion. Optimal sites and the
capacity of generators as well as transmission lines can be
determined using the proposed method. It presents a new and
practical approach that should serve as a useful guide for the
decision maker toselect a reasonable expansion plan prior to
checking system stability and dynamics in detail. The proposed

method finds the optimal CPSEP considering uncertainties
associated with the forced outage rates of generators and lines. A
proposed integer branch and bound algorithm, which includes
the network flow method, and the maximum flow-minimum cut
set theorem is proposed to solve the problem. The two-bus
sample system has demonstrated this proposed. The paper shows
that the proposed method can be used to perform CPSEP that
includes the residual uncertainties existing in practical systems.
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