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ABSTRACT

In power system operation, economic generation dispatch aims to maintain the balance
between power generation and load demand while minimizing electricity production cost.
Conventional approaches are usually based on complex mathematical optimization methods,
which require iterative calculations with high computational effort and are difficult to implement
in real-time dispatch centers. This paper proposes a generation dispatch algorithm based on a
linear relationship between generator outputs and total system demand. The proposed method
significantly reduces computation time while maintaining adequate accuracy and economic
efficiency, making it suitable for real-time and automated power system operation.

Keywords: Economic dispatch; Power system operation; Generation allocation; Optimal control; Real-time
computation.

1. INTRODUCTION

In power system operation, the problem of generation power allocation among generating units
plays a central role in simultaneously satisfying two fundamental requirements: (i) balancing
generation and load demand while maintaining the operational constraints of the power grid, and
(i1) minimizing electricity production costs under time-varying load conditions. These issues have
been systematically presented in textbooks on power system operation and stability analysis, and
are closely associated with mathematical modeling and optimal control theory. Classical domestic
and international references indicate that economic operation problems are strongly related to
Economic Dispatch (ED), Optimal Power Flow (OPF), and constrained optimization techniques
[1-4, 6-8].

However, as the scale of power systems increases and operational constraints become more
complex, many conventional solution methods based on nonlinear optimization or mathematical
programming require a large number of iterative computations. This leads to difficulties in
automation and fast response for real-time operation, especially in situations where system states
and load profiles must be continuously updated. Moreover, the growing integration of renewable
energy sources and various forms of uncertainty—such as wind and solar power, flexible loads,
and energy storage systems—necessitates that the generation power allocation problem consider
uncertainty scenarios, robust optimization frameworks, and/or emission-aware optimization
approaches. Recent studies have extended traditional ED models by incorporating emission
considerations and environmental constraints [9], developing robust cost-optimization models
under worst-case scenarios with aggregated generation—load components [10], as well as
reviewing and evaluating OPF-based techniques for operational decision-making in distribution
systems and power systems with high penetration of renewable energy sources [11].

Motivated by the above requirements, this paper focuses on developing a generation power
allocation algorithm aimed at reducing computational burden while ensuring solution correctness
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under operational constraints. The proposed approach is presented through clear illustrations of
cost function models and power allocation relationships, facilitating simulation implementation
and comparative analysis using commonly adopted computational tools in power system research
[1,3,7,12].

2. PROBLEM FORMULATION AND DEVELOPMENT OF A POWER ALLOCATION
ALGORITHM FOR POWER PLANTS

Assume that the power system consists of N generating units producing electrical power. In
this study, transmission line losses are considered negligible and therefore are neglected.
According to the reference [1], the operating cost characteristics of each generating unit can
generally be represented by the following equation:

Z =aF +bP+c (1)
where Z, is the operating cost of the i-th generating unit, P, denotes the output power of the i-th
generating unit, a,, b, ¢, are the quadratic, linear, and constant cost coefficients of the i-th

generating unit, respectively.

Based on the above equation, it can be observed that the relationship between the cost function
and the generated power is commonly approximated by a parabolic function.

— 2
Z,=al +bF +c

£k

Figure 1. Cost-power characteristic curve.

At a given time instant, the total load demand can be considered constant, i.e.,
B+B++P =P, @)
The problem considered here is to determine A, + P, +---+ P, such that the total operating cost
is minimized. According to reference [1], this can be expressed as follows:
Ly =L +Z2,+Z;++ 2, 3)
In the existing literature, this problem is typically solved using a Lagrange-based optimization
approach. Although this method is mathematically rigorous and accurate, it does not explicitly
show the direct relationship between the total cost and the system load and requires solving an

additional unknown, namely the Lagrange multiplier. To address these limitations, this paper
proposes a variable substitution—based approach that enables a direct solution of the cost equations.

Indeed, from equation (2), the following relationship can be derived:
PN:PZ_(E+P2+'“+PN—1) 4)
Substituting P, from (4) into the cost function in (1) yields:

Zy=ay[B~(B+P++P, )] +b,[B~(R+P++P.)]+c, (5)
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By expanding equation (5), we obtain:
Z, =a, [P; —2P(R+P+-+P, ) +(B+P, +-~-+PN71)2}

+by[R —(B+P++P ) ]+cy=ay(R+PR tot Py )

(6)
—(2R.ay +by)(R+P, +“'+PN4)+(‘1NP22 +by B, +cN)
The total cost is given by:
N-1 N-1 N-1 2
Zy=Zi+Zy++Zy +Zy = aP’+Y bB+Y ¢;+ay(R+P+-+P )
i=1 i=1 i=l (7)
—(ZPZaN +bN)(P1 +P, +'”+PN—1)+(aNPZZ +by Py +cN)

Equation (7) indicates that the total cost depends only on N —1 variables; hence, only these
N —1 variables need to be determined, with the remaining one obtained from (4).

To minimize the total cost, we take the partial derivative of Zs with respect to F,, yielding:

oz
—2-0,i=1,2,..,N—1
oF,

0Zy

- =2a,P+b,+2ay(R+P,+-+P,_)—(2Ray +b,)=0 (for i

=12,...,N-1) (8)

Dividing both sides of equation (8) by 2a, and rearranging terms, we obtain:

. 2P.a, +b, —b -b
P+P +'“+PN—1+_lB=w:PZ+bN b (fori = 1,2,,.,’N—1) 9)
v 2a,, 2ay

From expression (9), the following N —1 linear equations are obtained

(ﬂH]PI +P 4P =P +ov=h
a, 2a,

b, —b
}’1+[&+1JP2+---+PN_1=PZ+ N2

Ay 2ay (10)
P+P+-+ M_FI PN—1=Pz+bN_bN_1
ay 2a,
By expressing the above equations in matrix form, we obtain:
(i-{-lJ 1 1 p +bN—b1
>
Ay 2ay
A b, —b
1 % +1| - 1 P, B+ )
ay C= 2ay (11)
. PN71 .
1 1 U = P, + by =bu-y
ay 2ay
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To simplify the solution of the equation, we define:

(iHJ R 1
ay

2a,

P+ bN _bN—l
> 2a,,

Accordingly, equation (11) can be rewritten as:

AP=B

Under this formulation, the solution for P is obtained as follows:

P=A"RB
3. SIMULATION STUDY

R

P

; (12)
(13)
(14)
(15)

In the considered case study, three generating units are assumed, and their cost functions are

defined as follows:
Z,=2P+3P +3
Z,=3P} +P +2
Z,=5P’+2P+2

(16)
(7
(18)

Accordingly, the required total load demand £ is satisfied at minimum cost as follows:

B 2¢+c,+e;=3+2+2=7

From (12), the following results are obtained:
(z + lj 1
5 —
|, 8
1 (E + 1] -
5 5

1

(VYN

A=

—

(19)

(20)

According to linear algebra [5], for a second-order (2x2) matrix, if:

[0

The inverse matrix can be obtained as:

ey
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4 1 d -b -
det(4) ¢ a (22)
where det(4) is given by:
det(A4)=ad —cb (23)
Using the matrix result in (20) for 4 and the expression for det(4) in (23), we obtain:
det(A4)= 2|22 Zu8 ) 2262 30 (24)
5 5 55 25 25
Hence, the inverse matrix 4" given in (22) is obtained as:
8 ) (% 2
a4 25|15 31 31
A== =
W, 1] 3 )
5 31 31
Similarly, the value of B can be computed using (13), yielding:
pR+2 1l p4l
10 > 10
Finally, the solution P is obtained using (15):
P=|""'|= 27)
P, 25 35 1
— P PZ+_
31 31 10
Hence, it follows that:
40 1 25 1 40 25 40 25 15 13
P=—|R-—|-—~|R+—|=—R-"RBR-———-—"—="P —— 28
! 31[ > 1oj 31( > 10} 31 % 31 % 31x10 31x10 31 = 62 (28)
Pz:—é Pz—i +3—5 PZ+i :—EPZ+EPZ+A+ 35 :&Pz+£ (29)
31 10) 31 10 31 31 31x10 31x10 31 31
For the conventional simulation case, (2) yields:
R=R-R-P (30)
Substituting (28) and (29) into (30) yields:
15 13 10 6 6 1
P=P—| 2P -2 || =P+ =P +— 31
32(31262j(31231j31262 D)

The analysis in Section 2 and the case study in Section 3 demonstrate that generator power
allocation can be efficiently determined using linear expressions. The algorithm is illustrated by
the flowchart in Figure 2.

Figure 2 illustrates the flowchart of the proposed algorithm. First, the cost function coefficient
a,, b, and c, of the generating units are used to construct matrix A according to (12), followed

by the computation of its inverse 4. This step represents the most computationally intensive
operation of the algorithm and is performed only once for a given set of cost coefficients.
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Begin

Enter the coefficients a,b;, |
and ¢;, for i=1,2,...,n

L‘ly

Determine matrix 4 (12)

}

Compute A~/

\1

———> Input total load demand Py

L#

Determine matrix B (13)

}

Compute generation power
vector P (15)

!

Allocate generation power to
units P, Py, P;,.. Py

Check operating
constraints

e
ls

End

No

Figure 2. Flowchart of the generation power allocation algorithm.
When the total load demand P, varies, the algorithm requires only the determination of matrix

Busing (13) and the direct computation of the generation power vector P using (15). These
subsequent steps involve only simple linear operations and do not require any iterative procedure.
As aresult, the proposed method exhibits a clear computational advantage over classical Lagrange-
based economic dispatch methods.

Based on (28), (29), and (31), the numerical results corresponding to the total load demand P,

are calculated and summarized in Table 1, where a comparison with the classical Lagrange-based
method is presented. Both methods yield identical optimal power allocations and satisfy the total
load demand, thereby confirming the correctness of the proposed approach.
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Table 1. ED results: Lagrange vs. proposed method.

Method Proposed method | Lagrange
Lambda N/A 487/31
Number of iterations | N/A 2

F 7 7

P, 197/62 197/62

P, 76/31 76/31

P, 85/62 85/62

As shown in Table 1, the Lagrange-based method requires the explicit computation of the
Lagrange multiplier 4=487/31 and converges within two iterations, whereas the proposed
method directly determines the optimal generation outputs without computing the Lagrange
multiplier. This demonstrates that the proposed method achieves the same optimal economic
dispatch with reduced computational effort.

45
4

3.5
197/62

3

P = :li'|‘ P-4

—_—P= P+

Figure 3. Power allocation curves for generating units.

Figure 3 depicts the power allocation curves of the generating units derived from the
quadratic cost functions. The intersection point of the incremental cost curves occurs at P, =7

, corresponding to the minimum-cost operating condition identified in Table 1.

At this operating point, all generating units share the same incremental cost, thereby
satisfying the economic dispatch optimality condition. This graphical representation provides a
clear visual confirmation of the numerical results summarized in Table 1.

4. CONCLUSIONS

The paper proposes a substitution-based approach that establishes an accurate and linear
relationship between generator outputs and total load demand. The algorithm requires only simple
linear computations within the iterative loop, while complex calculations are performed once
outside the loop. This significantly reduces computational time and enables fast economic dispatch
with real-time capability. The obtained results are equivalent to those of the Lagrange multiplier
method for multi-unit systems, showing consistent simulation agreement.

Transmission loss modeling will be addressed in future work. The obtained results are
consistent with those of the conventional Lagrange multiplier method for multi-unit generation
systems, and the simulation outcomes further confirm this agreement.
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As a result, the optimal generation power allocation can be determined efficiently without the
explicit computation of the Lagrange multiplier. By transforming the economic dispatch problem
into an unconstrained formulation, the proposed approach allows classical optimality conditions
to be satisfied while reducing the overall computational effort. The method therefore provides a
simple and effective analytical alternative to conventional Lagrange-based economic dispatch
techniques.
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TOM TAT

Xéy dung thuit toan phén bd cong suét phat cho cac nha may di¢n
nham dat hiéu qua kinh t€ trong van hanh h¢é thong dién

Trong vdn hanh hé thong dién, viéc phan bé cong sudt phat kinh 1é nham dam bdo cdn

bang cong sudt phat—tiéu thu vd 16i thiéu héa chi phi san xudt dién. Cac phwong phap giai
truyén thong ‘thuong dya trén 161 wu héa toan hoc phu’c tap, yéu cau tinh todn lgp véi khoi
legng 16m, dan dén thoi gian xit Iy kéo dai va kho dap ing yéu cau thoi gian thiee tai trung
tam diéu do. Bai bao dé xudt mot thudt todn phan bé cong suat phat dira trén quan hé tuyén
tinh giita céng sudt phat ciia cdc nha mdy va tong cong sudt phu tai. Thudt toan givup giam
thoi glan tinh todn so voi cdac cach tiép cdn truyén thong, dong thoi van dam bdo dg chinh
xdc va hiéu qua kinh e, phit hop cho diéu do tw dong trong hé thong dién hién dai.

khoa: Phén bd cong suat phat; Van hanh hé thdng dién; Pidu do kinh té; Diéu khién t8i wu; Thoi gian thyc.
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