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ABSTRACT

This paper proposes a novel power dispatch method for small and medium hydropower plants
supplying energy to electric vehicle (EV) charging stations, explicitly considering transmission
power losses. Unlike conventional approaches where losses are treated iteratively or
approximated, the proposed method integrates loss components directly into the dispatch
Jformulation via source-dependent loss coefficients. This enables an accurate representation of the
impact of transmission distance and line characteristics on each generation unit. Although several
studies have considered transmission losses in economic dispatch problems, limited attention has
been given to deriving explicit analytical solutions for distributed hydropower systems supplying
EV charging stations. This research gap motivates the development of the proposed loss-aware
power allocation method. A key contribution of this work is the development of an explicit solution
that determines generator outputs without relying on complex iterative algorithms, thereby
significantly improving computational efficiency. The method is validated using Matlab/Simulink
simulations with a 24-hour time-varying load profile. Results show high accuracy and stable
performance, with generation units having lower loss coefficients being preferentially dispatched.
The findings demonstrate that the proposed approach not only reduces computation time but also
enhances the physical realism of the dispatch model, making it suitable for practical applications
in distributed hydropower systems integrated with EV charging infrastructure.
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1. INTRODUCTION

In the context of the global energy transition toward carbon emission reduction, the
electrification of transportation is accelerating rapidly, particularly with the widespread adoption
of electric vehicles (EVs). The increasing number of EVs has led to a growing demand for large-
scale charging infrastructure, introducing a new type of load characterized by temporal variability
and strong dependence on user behavior [3]. Recent studies indicate that EV charging loads can
significantly affect daily load profiles and may impact power system operation if not properly
coordinated [5, 6].

At the same time, the utilization of distributed energy resources has gained increasing attention.
Among these, small and medium hydropower plants play an important role due to their fast response
capability, low operating cost, and high operational flexibility [1, 2]. These characteristics make them
well-suited for supplying energy to EV charging stations in distributed areas. However, due to the
geographical separation between generation sources and loads, transmission power losses become a
critical factor that directly affects the efficiency of energy delivery [3, 4]. Although transmission
losses have been considered in many economic dispatch studies, most existing approaches rely on
iterative optimization techniques or simplified loss approximations. Furthermore, limited attention
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has been given to deriving explicit analytical solutions for distributed hydropower systems supplying
EV charging stations. Therefore, developing a loss-aware dispatch method with an explicit solution
remains an important and meaningful research direction.

In practice, neglecting transmission losses in power dispatch may lead to inaccurate
representation of actual operating conditions, resulting in deviations in evaluating system
performance. Therefore, it is essential to develop dispatch methods that explicitly consider
transmission losses in order to better capture the physical characteristics of power systems [3, 4]. In
addition, recent studies on EV loads and distribution systems highlight the importance of considering
load location and network conditions to improve the reliability of analytical results [5, 6].

Economic dispatch (ED) considering transmission losses has been extensively investigated in
modern power systems. Classical approaches are typically formulated using Lagrange multipliers
and B-coefficient loss models, where generation costs and network losses are optimized
simultaneously. More recently, distributed optimization, quadratic programming, and fixed-time
consensus-based methods have been proposed for power systems with renewable energy sources
and electric vehicle charging loads [7, 8]. Although these methods provide satisfactory optimality,
most of them require iterative computations and repeated updates of Lagrange multipliers, which
may increase computational burden in real-time applications.

Several studies have incorporated EV charging demand into dispatch problems. Shafie-khah et
al. [5] investigated optimal demand response programs for electric vehicle parking lots in
distribution systems. Liu et al. [6] investigated economic dispatch in distribution networks with
EV charging integration. However, these approaches primarily focus on generation cost
optimization and often treat transmission losses as secondary constraints.

An analytical approach to economic dispatch was presented by Lam et al. [9], who employed
variable substitution to derive a direct matrix solution relating generator outputs to total load
demand. For fixed generation cost coefficients, the coefficient matrix is constructed and inverted
only once, allowing generation outputs to be updated without iterative optimization or explicit
computation of Lagrange multipliers. However, transmission losses were neglected in that
formulation. This provides a methodological basis for investigating analytical power allocation
methods that explicitly account for transmission losses in distributed hydropower systems
supplying EV charging stations.

Therefore, there remains a need for analytical dispatch methods capable of explicitly
incorporating transmission losses while maintaining low computational complexity. This
motivates the development of the proposed dispatch algorithm.

The main contributions of this paper are summarized as follows: A transmission-loss-aware
dispatch formulation for distributed hydropower systems supplying EV charging stations is
developed. An explicit analytical solution is derived in matrix form without requiring iterative
optimization procedures. The computational characteristics and applicability of the proposed
approach are analyzed and discussed. Simulation studies are conducted under time-varying EV
charging demand profiles.

Motivated by these challenges, this paper proposes a power dispatch method for small and
medium hydropower plants supplying energy to EV charging stations, taking into account
transmission losses from generation sources to load points. The method is developed by modeling
source-specific loss coefficients and integrating them directly into the dispatch process, enabling
efficient and realistic determination of generation outputs.

Simulation results in the Matlab/Simulink environment with a 24-hour time-varying load
scenario demonstrate that the proposed method achieves reasonable power allocation, where
generation units with lower loss coefficients are preferentially dispatched. This confirms the
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validity and potential applicability of the method in modern power systems integrated with EV
charging infrastructure.

2. POWER DISPATCH ALGORITHM FOR SMALL AND MEDIUM HYDROPOWER
PLANTS SUPPLYING EV CHARGING STATIONS

Consider a system consisting of N generation sources (or supply stations), where the i-th source
provides an output power Pi (i = 1,2,...,N) to meet the EV charging demand. Corresponding to
each source, the transmission line resistances are denoted as r;,r»,...,rn. According to [2], the
transmission power loss on the lines is determined as follows:

2 2
B+Q"r,.

AR =23

(1

Here, Qi represents the reactive power. In EV charging stations, the reactive power component
is typically negligible due to the use of power electronic converters equipped with power factor
correction (PFC), which ensures operation at a near-unity power factor (i.e., cos ¢ = 1). Under
such conditions, the reactive power demand is very small compared to the active power and has a
limited impact on power dispatch. Therefore, Qi can be reasonably neglected in the formulation to
simplify the analysis without significantly affecting the accuracy of the results.

Accordingly, the output power Pi is determined as follows:

Pr
= @
Let us define:
V.
C = U—'z 3)
Thus, the power loss due to the transmission lines is given by:
AR =CP’ “)

The total transmission power loss associated with supplying the EV charging stations can be
expressed as:

N N
AP=3 AR =3 CF’ (5)
i=1 i=1

The objective is to determine the optimal allocation of AP that minimizes the total power loss,
subject to the power balance constraint that the total generation equals the total demand of the EV
charging stations, i.e.,

R+F+..+P =P, (6)

The generator output power limits are expressed as follows:

P<P' VAR <P, Vi=i,N (7)

The proposed model is established under the following assumptions: The transmission network
is represented by an equivalent radial structure. Bus voltage magnitudes remain constant during
dispatch calculations. Reactive power demand is negligible compared with active power demand.
Transmission losses are dominated by line resistance. Generator ramp-rate constraints are
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neglected. These assumptions allow the dispatch problem to be expressed in analytical form while
preserving the dominant physical characteristics of transmission losses.

This indicates that the maximum output power of each generating source is significantly lower
than the total load demand of the centralized electric vehicle charging station. In practical
operation, each hydropower unit is also constrained by its generation limits. Therefore, the dispatch
results obtained from the proposed analytical solution must satisfy the operating constraints of all
generating units while ensuring the power demand of the EV charging station is supplied reliably.

Here, P,. represents the total power demand required by the EV charging stations, which must
be met by the small and medium hydropower plants.

From (6), it follows that:
P, =P, —(B+P+..+b5) (8)
Accordingly, the power loss associated with the N-t/ transmission line can be expressed as:
AP, =CyP}=C, (P, ~(R+P+..+P.)) (9)
By expanding (9), it can be expressed as:
AP, =C, [P; +(B+P+...+P, ) —2P (R+P +..+ P, )} (10)

By substituting (10) into (5), it follows that:
N N-1 5
AP:ZC:‘Bz =Zci32 +CN [P}Zc +(Pl +Pz +”'+PN—1) _2Pyc(P1 +P2 +”'+PN—1):| (11)
i=1 i=1

It should be noted that the objective function considered in this study focuses on minimizing
transmission power losses rather than minimizing generation costs. Therefore, the proposed
formulation is not fully equivalent to the conventional economic dispatch (ED) problem, where
generator fuel cost functions are explicitly included in the optimization process. Instead, the
proposed approach can be interpreted as a loss-aware power dispatch strategy, which is particularly
suitable for distributed hydropower systems and renewable energy sources with relatively similar
operating costs. Under such conditions, minimizing transmission losses can significantly improve
overall energy utilization efficiency and reduce unnecessary power dissipation in the network.

Accordingly, the generation outputs P; of the small and medium hydropower plants are
optimally allocated to satisfy the power balance constraint in (6) while minimizing the total
transmission power losses, as expressed in the following objective function:

(R}
Based on optimization theory [2], (12) is satisfied when:
OAP
—=0,i=12,..,N -1
oP (13)
By combining (13) and (11), a set of (N — 1) quations is obtained:

2CP+2C, (B+P ++P,)=2C,P, (i=1,...,N-1) (14)

In matrix form, the (N — 7) equations in (14) can be represented as:
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2(C,+C,) 2C, 2C, P 2C,P,
2C, 2(C,+C,) 2C,, P, 2C,P,
2C, 2C, 2(C,+Cy) ... 2C, P, |=|2C,P, (15)
2C, 2C,, o 20C+CO NP, 2C,P,
Let us define:
2(C,+C,) 2C, 2C,
2C, 2(C,+Cy) 2C,
A= 2C, 2C, 2(C,+Cy) ... 2C, (16)
2C, 2C, o 2Cy+Cy)
B
b,
X=| PR
B (17)
2C\ P,
ZCNF;L‘
B = 2CNRC
20,2,
Accordingly, the following equation can be written:
AX =B (18)
From (18), the solution X can be obtained as:
X=4"B (19)

Remark 1: Difference from Classical economic dispatch
It should be emphasized that the objective function considered in this paper minimizes

transmission power losses only. Therefore, the proposed formulation differs from the conventional
economic dispatch problem, in which generation cost functions are included. The method can be
interpreted as a loss-minimization dispatch strategy applicable to distributed renewable generation
systems with comparable operating costs.

Remark 2: Invertibility of matrix A
The invertibility of matrix A is guaranteed when all loss coefficients C; are positive and

mutually independent. Numerical conditioning may deteriorate if several coefficients become
nearly identical. Nevertheless, for practical transmission systems with different line lengths and
resistances, matrix A remains well-conditioned.

Thus, by solving the linear system in (18), the solution in the form of (19) is obtained.
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Combined with (8), this enables the determination of the optimal power allocation for small and
medium hydropower plants to meet the demand of EV charging stations while ensuring system
balance.

Compared with the approach presented in reference [1], the proposed method provides an
explicit and direct analytical solution for determining the generation outputs without requiring
iterative optimization variables or intermediate updating procedures.

The proposed model is developed under the following assumptions: radial equivalent
transmission structure, balanced three-phase operation, constant bus voltage magnitude, negligible
reactive power contribution, and no generator ramp-rate constraints. Therefore, the proposed
formulation is primarily intended for fast dispatch calculations in distributed hydropower systems.

3. SIMULATION STUDIES
3.1. Comparison with conventional dispatch methods

Compared with iterative approaches such as lambda iteration and iterative quadratic programming
solvers, the proposed method computes generator outputs directly through an explicit matrix solution.
This avoids iterative updates and can reduce the computational burden, suggesting potential for real-
time implementation. Table 1 below presents a qualitative comparison of the methods.

Table 1. Comparison of iteration requirements and computational burden of economic
dispatch methods.

Method Tterative Computational burden
Lambda iteration Yes Medium

Quadratic Programming Yes High

Proposed Method No Low

3.2. Discussion

To validate the proposed algorithm, this paper considers a cluster of small and medium
hydropower plants, in which the generation sources are connected to a common point through
transmission line branches. The lengths of these branches are referenced from the Power
Development Plan VIII, including: Nam On 5 — Pién Bién (22 km), Moc Chau — Trung Son
hydropower interconnection (35 km), and Ndam On 7 — Lai Chau (65 km). The system is assumed
to operate at a regional voltage level of U = 22 kV. The transmission lines use ACSR 330/43
conductors with an approximate resistance of 0.0869 (€2/km). Accordingly, the resistance of each
transmission branch is determined based on its length as follows:

r =22x0,0869 =1,912Q (20)
r, =35x0,0869 = 3,0420) 1)
ry = 65x0,0869 = 5,6490) (22)

It is assumed that the total power demand of the EV charging stations is Py, = 700 MW.
Based on (3), the corresponding coefficients C; can be determined as:

C - 1.912 - 1.29128 _39510" -
(220x10%)" 22710
3.042 _
2 :W=62910 1 (24)
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5,649

3 =

———=11.67.10" 25
22%.10° (23)

According to (16), the matrix A can be expressed as:

2(G+Cy) 2C; ) (31,24.10" 23,34.107" 26)
2C, 2(C,+Cy)) (23,3410 35,92.10™
The inverse of matrix A4~ is given by:
. 0,062  —0,0405 Lo 7
(-0,0405  0,0541 @7
Accordingly, the vector B can be expressed as:
1400.11,67.10"" 10° 16.34
B 00.11,67.10 ) 06 _ 10 28)
1400.11,67.10 10 16.34

Accordingly, the solution X based on (19) can be expressed as:

. 0,062  -0,0405)\(16.34) . (3559)
X=A4A"'B= 10” = 10 (29)

—0,0405 0,0541 )| 16.34 223,7
Therefore,
P =355.9 MW
P, =223,7 MW
P, =[700-(353+224)].10° =120,4 MW (30)

In addition, the authors carried out simulations under varying load demand conditions, where
Py ranged from 200 MW to 600 MW, in order to validate the accuracy and reliability of the
proposed method. However, for large-scale systems, the computation of the inverse matrix
A requires the numerical techniques presented in reference [4].

[0.0869 0.0869 040869]|—>r
| [22 35 65] |_>|_km ) c »c 4 A »A
fen fen
u
—»C
Calculate C ‘Ploss>

»s 4 xf—o—>»F  fen
fen
» Build Matrix A
1l m
=n 4
simin | PP_yc fcn P ye
Build Matrix B
Calculate X

Figure 1. Matlab/Simulink implementation of the proposed power dispatch method
for EV charging station systems with transmission line losses considered.

The results presented in Figure 2, which agree well with the analytical solutions in (29) and
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(30), confirm that the proposed model accurately captures the fundamental principle of power
dispatch, where generation units with lower loss coefficients C; are assigned higher output levels.
This validates that the proposed method achieves consistency with both economic objectives and
the physical characteristics of the power system.

The simulation results demonstrate that generators associated with smaller transmission-loss
coefficients are assigned higher output power. This behavior is consistent with the objective of
minimizing transmission losses and confirms the physical validity of the proposed formulation.

Compared with conventional iterative optimization methods, the proposed approach offers
several advantages: Explicit analytical solution. Reduced computational complexity. Easy
implementation in Matlab/Simulink. Suitability for real-time dispatch applications.

600

500

100

0 1 | | 1 1 1 1 1 1 1 Il 1

1 | 1 1
0o 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hour)

1 1 1 1 1 Il 1

Figure 2. Simulation results of the 24-hour power dispatch under a time-varying load Py..

However, several limitations remain: Reactive power is neglected. Voltage constraints are not
considered. Generator cost functions are omitted. The network topology is simplified into an
equivalent radial structure.

Future research will focus on extending the formulation toward full economic dispatch and
optimal power flow problems.

4. CONCLUSIONS

This paper proposed a transmission-loss-aware power dispatch algorithm for small and medium
hydropower plants supplying EV charging stations. By introducing source-dependent loss
coefficients into the dispatch formulation, an explicit analytical solution was obtained without
relying on iterative optimization procedures.

Simulation results verified the effectiveness of the proposed approach under a 24-hour varying
load profile. The obtained power allocation naturally prioritizes generation units with lower
transmission losses, thereby improving energy delivery efficiency.

Compared with conventional dispatch approaches, the proposed method offers lower
computational complexity and simpler implementation, making it suitable for real-time
applications in distributed hydropower systems.

Future work will focus on incorporating generation cost functions, voltage constraints,
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reactive power optimization, and multi-node network structures to establish a complete
economic dispatch framework.
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TOM TAT

Xiy dung thuit toan xac dinh cong suét phat cho cic nha may thiy dién vira va nhé
cap nang lwgng cho cic tram sac pin xe dién khi tinh dén ton that duwdmg day

Bai bdo nay dé xuat mét phwong phép diéu dé cong sudt méi cho cdc nha mady thuy dién
vita va nho cung cap dién cho cdc tram sac xe dién (EV), trong do xét den 16n that cong sudt
trén dwong truyén tai. Khdc véi cic phwong phap truyén thong, noi ton that thuong duwoc
xi [y thong qua cac qud trinh lap hodc cac phép xap xi, phirong phap dioc dé xudt tich hop
truc tiép thanh phan t6n thdt vao mé hinh diéu do thong qua cdc hé sé ton that phu thudc
theo tung nguon phat. Biéu ndy cho phép phan dnh chinh xdac anh hwong ciia khoang cach
truyén tai va ddc tinh dwong day déi véi tirng t6 mdy phat dién. Mdc du da c6 mét s6 nghién
cibu xem xét ton that truyén tdi trong bai todn diéu do kinh té, nhung van con rat it nghién
cuu tap trung vao viéc xdy dung nghiém giai tich twong minh cho cac hé thong thuy dién
phdn tan cap dién cho cac tram sac xe dién. Khodng trong nghién citu ndy la dong luc thic
day viéc phat trién phirong phdp phédn bé cong sudt c6 xét dén ton that dwoc dé xudt. Mot
dong gop quan trong cua nghién ciu la xdy dung dwoc nghiém tuong minh nham xdc dinh
cong sudt phdt ciia cde nguon ma khong can sir dung cdc thudt todn lap phire tap, qua dé
cdi thién ddng ké hiéu qua tinh toan. Phwong phdp dwoc kiém chimg théng qua mé phong
trén Matlab/Simulink véi phu tai bién thién theo thoi gian trong chu ky 24 gio. Ket qua cho
thdy phuong phdp dat do chinh xac cao va van hanh on dinh, trong do cac nguon phat co
hé so ton thdt nho hon sé dirgc wu tién huy dong cong suat. Cac két qua nghlen cuu chirng
minh rang phuong phap dé xudt khong chi giip giam thoi gian tinh todn ma con ndng cao
tinh thye tién vit Iy ciia mé hinh diéu do, phit hop cho cdc vmg dung thirc té trong cdc hé
thong thuy dién phan tan tich hop ha tang sac xe dién.

Kkhoa: Phan bd cong suit; Thiy dién; Tén that duong day; Tram sac xe dién; Ngudn phan tan.
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