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A new metaheuristic method to solve the dynamic economic and 
emission dispatch problem while accounting for valve point 

effects 
 

Abstract. Thermal power plants, vital for the production of electrical energy, pose challenges due to the emission of harmful gases, contributing to 
environmental pollution and global warming. To address these issues while ensuring cost-effective operation, the Dynamic Economic Emission 
Dispatch (DEED) was formulated. This paper addresses Dynamic Economic Emission Dispatch (DEED) problems incorporating varying real 
transmission losses and considering valve point effects, which make DEED a non-smooth and more complex optimization problem that requires an 
effective optimization method. The method proposed in this article is new metaheuristic method, inspired by the lifestyle of African vultures. The 
algorithm is called the African Vultures Optimization Algorithm (AVOA), it is first tested on 36 standard reference functions. (AVOA) was applied to 
standard 10, and 15 unit test systems to meet 24-hour load demands. Comparison of the obtained results with other research shows that the 
proposed method outperforms other methodologies in terms of reduction in fuel cost, emissions, and transmission losses. 
 
Streszczenie. Elektrownie cieplne, niezbędne do produkcji energii elektrycznej, stwarzają wyzwania ze względu na emisję szkodliwych gazów, 
przyczyniających się do zanieczyszczenia środowiska i globalnego ocieplenia. Aby rozwiązać te problemy, zapewniając jednocześnie opłacalną 
eksploatację, opracowano Dynamiczny Ekonomiczny Wysyłanie Emisji (DEED). W artykule omówiono problemy dynamicznego ekonomicznego 
wysyłania emisji (DEED), uwzględniając zmieniające się rzeczywiste straty w przekładni i uwzględniając efekty punktu zaworowego, które sprawiają, 
że DEED nie jest gładkim i bardziej złożonym problemem optymalizacyjnym, wymagającym skutecznej metody optymalizacji. Metoda 
zaproponowana w tym artykule jest nową metodą metaheurystyczną, inspirowaną stylem życia sępów afrykańskich. Algorytm nazywa się 
algorytmem optymalizacji sępów afrykańskich (AVOA) i jest najpierw testowany na 36 standardowych funkcjach odniesienia. (AVOA) zastosowano 
w standardowych 10 i 15 systemach testów jednostkowych, aby sprostać wymaganiom obciążenia 24-godzinnego. Porównanie uzyskanych 
wyników z innymi badaniami pokazuje, że proponowana metoda przewyższa inne metodyki pod względem redukcji kosztów paliwa, emisji i strat 
przesyłowych. (Nowa metaheurystyczna metoda rozwiązywania dynamicznego problemu ekonomicznego i emisji przy uwzględnieniu 
efektu punktu zaworowego) 
 
Keywords: dynamic economic emission dispatch, metaheuristic method, valve point effects, African Vultures Optimization Algorithm. 
Słowa kluczowe: Dynamiczny Ekonomiczny Wysyłanie Emisji, metodą metaheurystyczną, efektów punktów zaworowych, algorytmem 
optymalizacji sępów afrykańskich. 
 
 

Introduction 
      Thermal power plants generate electricity by burning 

fossil fuels such as coal, natural gas, or oil. The use of 
these facilities can have significant harmful effects on the 
environment and human health, producing substantial 
amounts of carbon dioxide (CO2) and other atmospheric 
pollutants. CO2 contributes to climate change by enhancing 
the greenhouse effect and accelerating global warming. 
Additionally, thermal power plants emit harmful atmospheric 
pollutants such as sulfur oxides (SOx) and nitrogen oxides 
(NOx), which can lead to acid rain, respiratory problems, 
and negative impacts on air quality. Fine particles released 
through the combustion of fossil fuels can also cause 
respiratory health issues, particularly affecting populations 
living in close proximity to thermal power plants, 
emphasizing the need to minimize these pollutant 
emissions [1]. 

  In an electrical system, the Economic Dispatch (ED) 
problem focuses on optimizing the costs associated with 
energy production and distribution, ensuring that generated 
powers are optimally distributed to meet demand while 
minimizing production costs and transmission losses [2]. 
However, the optimal solution to the ED problem may no 
longer be satisfactory when environmental concerns are 
taken into account. When combined with the emissions 
from fossil fuel power plants, the problem becomes an 
Economic and Environmental Dispatch (EED). The goal of 
this problem is to minimize both multi-objective functions: 
fuel cost and gas emissions, while satisfying load demand 
and operational constraints. 

Large thermal power plants have multiple steam 
admission valves. Each time an admission valve is opened, 

losses suddenly increase, causing ripples in the fuel cost 
curve. As the valve is opened, transmission losses 
gradually decrease until the valve is fully open. These 
effects, called Valve Point Effects (VPE), are used to control 
the unit's output power and reduce transmission losses [3]. 

Considering these effects, the (EED-VPE) problem can 
be classified as a nonlinear optimization problem with non-
smooth and non-convex characteristics subject to various 
equality and inequality constraints. In the context of newer 
generations, such as forbidden zones [4] and ramp rate 
limits [5], which exhibit a high order of non-linearities, the 
(EED-VPE) problem becomes more complex, making it 
challenging to find globally optimal solutions. Academic 
attention has increasingly focused on Dynamic Economic 
Emission Dispatch (DEED) (over 24 hours), recognized as 
the optimal mode for real dispatching conditions. Efficient 
optimization algorithms are essential to optimally solve 
these problems. 

Several studies have been published to address this 
problem. In [6], the author introduced a multi-objective 
optimization based on an enhanced flame optimization 
approach to locate the optimal solution of hybrid DEED, 
including renewable energy production. In [7], the authors 
improved the tunicate swarm method to explore the DEED 
search space, applied to systems with 5, 10, and 15 units. 
Authors in [8] suggested a multi-objective virus colony 
search algorithm (MOVCS) to solve the DEED problem in 
the electric system integrated with electric vehicles and 
wind turbines over a 24-hour period. Reference [9] 
presented a new multi-objective differential evolution 
algorithm to address DEED problem constraints. In [10], an 
enhanced exploratory optimization algorithm for whales 
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(EEWOA) was proposed to solve dynamic economic 
dispatch (DED), considering VPE and power loss 
constraints. Authors in reference [11] proposed an 
innovative equilibrium optimizer (EO) and a hybrid multi-
objective approach combining differential evolution (DE), 
based on an optimization algorithm, to solve the dynamic 
economic emission dispatch (DEED) problem. The 
improved slimy mold algorithm (ISMA) developed in 
reference [12] is implemented to optimize economic 
emission dispatch (EED) problems, whether single or bi-
objective, while considering VPE. In [13], authors 
addressed combined dynamic economic and environmental 
dispatch (DCEED) problems with variable real transmission 
losses, using four metaheuristic techniques: seagull 
optimization algorithm (SOA), crow search algorithm (CSA), 
tunicate swarm algorithm (TSA), and firefly algorithm (FFA). 
In [14], an enhanced particle swarm optimization algorithm 
(PSOCS) integrated with a clone selection principle (CS) 
from the artificial immune system is proposed to solve 
dynamic economic emission dispatch (DEED) problems. 
    This article proposes, presents, and applies a new, more 
efficient metaheuristic method called the African Vulture 
Optimization Algorithm (AVOA)  [15] to solve the DEED 
problem, including VPE. Simulation results are implemented 
to indicate the robustness of AVOA. To demonstrate the 
effectiveness of the proposed approach, two test cases are 
discussed and compared with other algorithms from the 
literature. 
 
Problem formulation of DEED 
The DEED problem can be described as a nonlinear and 
dynamic mathematical optimization problem. DEED is a 
constrained optimization problem that attempts to 
simultaneously minimize cost and emissions, while 
satisfying equality and inequality constraints, including 
actual power balance and ramp rate bounds. The 
formulation of the DEED problem considers the following 
objectives and constraints. 
 

Cost objective  
    The cost objective function, accounting for the valve-point 
effect, is formulated as the combined sum of a quadratic 
function and a sinusoidal function [3]: 
 

 (1)  F(𝑃௜,௧)=∑ ሺ𝑎௜
ே
௜ିଵ 𝑃௜,௧

ଶ +𝑏௜𝑃௜,௧+𝑐௜,௧)+ |𝑑௜sin(𝑒௜(𝑃௜,௠௜௡-𝑃௜,௧))|                         
 

Where F(𝑃௜) is the total cost, 𝑎௜,𝑏௜,𝑐௜,𝑑௜ and 𝑒௜  are the 
generator cost coefficients, 𝑃௜,௧is the power generation and  

𝑃௜,௠௜௡ is the minimum power generation limits. 

Emission objective  
     The function of the environmental dispatch problem is to 
reduce power plant gas emissions. It may be explained as 
follows 
(2)          E(𝑃௜,௧)=∑ ሺ𝛼௜

ே
௜ିଵ 𝑃௜,௧

ଶ +𝛽௜𝑃௜,௧+𝛾௜+𝜂௜exp(𝛿௜𝑃௜,௧ሻሻ                         
     
Where E(𝑃௜,௧) is the total emission, 𝛼௜,𝛽௜,𝛾௜ , 𝜂௜  and 𝛿௜  are 
 the emission coefficients. 
 

Equality Constraints 
To maintain power balance, it is necessary to satisfy an 

equality constraint. This constraint ensures that the total 
generated power equals the sum of the total load demand 
and the total line loss: 
 

(3)                           ∑ 𝑃௜,௧
௡ீ
௜ୀଵ = 𝑃஽,௧+𝑃௅,௧                   

Where 𝑃஽,௧is the power demand and 𝑃௅,௧ is the power loss. 
The expression of transmission loss as a function of the 
generated power is given by 

(4)     𝑃௅,௧=∑ ∑ 𝑃௜,௧
௡ீ
௝ୀଵ

௡ீ
௜ୀଵ 𝐵௜௝𝑃௝,௧ + ∑ 𝐵଴௜

௡ீ
௜ୀଵ  𝑃௜,௧ +𝐵଴,଴    

Where 𝐵௜௝  , 𝐵଴௜  and 𝐵଴,଴ are the constants called the 
losses coefficient. 
 

Inequality Constraints 
    In accordance with this, all generating units must operate 
within a specified generation limit. Mathematically, this is 
expressed as: 
(5)                         𝑃௜,௠௜௡<𝑃௜,௧<𝑃௜,௠௔௫                             
Where  𝑃௜,௠௜௡ and 𝑃௜,௠௔௫ are the minimum and maximum 
limits, respectivaly for the production the ith unit (in MW). 
 

Rampe rate  
    In practical scenarios, the operational boundary for each 
generator is constrained by its ramp rate limit, meaning that 
the adjustment of the output power 𝑃௜ cannot occur 
instantaneously. The limits for upward and downward 
ramps are denoted by: 
 

(6)          ൜
𝑃௜,௧ െ 𝑃௜,௧ିଵ െ 𝑈𝑅௜ ∗ 𝛥𝛵 ൑ 0
𝑃௜,௧ିଵ െ 𝑃௜,௧ െ 𝐷𝑅௜ ∗ 𝛥𝛵 ൑ 0 

Where 𝑈𝑅௜ and 𝐷𝑅௜ are the up and down limit of generator 

i, respectivaly. 𝛥𝛵 denotes the length of each dispatching 
time interval [14]. 
 

African vulture optimization algorithm  
    The new metaheuristic algorithm known as the African 
Vulture Optimization Algorithm (AVOA) was developed by 
Abdollahzadeh et al (2021)[15]. It is inspired by the way 
vultures hunt. This bird consumes dead animals and 
sometimes people. Although the carcasses can be infected 
and diseased. A brand new optimization algorithm called 
AVOA is used to mathematically model this behavior]. 
For the purpose of simulating the behavior of various 
vultures, the AVOA approach can be broken down into five 
parts [15]. 
 

Phase 1: Population Grouping 
The suitability of all solutions is determined after training the 
initial population (starting with random initial individuals), 
using equation (7). 

(7)      𝑅ሺ𝑖ሻ ൌ ൜
𝐵𝑒𝑠𝑡𝑉𝑢𝑙𝑡𝑢𝑟𝑒ଵ 𝑖𝑓 𝑃௜ ൌ  𝐿ଵ

𝐵𝑒𝑠𝑡𝑉𝑢𝑙𝑡𝑢𝑟𝑒ଶ  𝑖𝑓 𝑃௜ ൌ  𝐿ଶ
 

 

Where, 𝐵𝑒𝑠𝑡𝑉𝑢𝑙𝑡𝑢𝑟𝑒ଵ represents the best vulture and 
𝐵𝑒𝑠𝑡𝑉𝑢𝑙𝑡𝑢𝑟𝑒ଶ   represents the second-best one, L1 and L2 
describe two parameters in the interval [0, 1] that are 

achieved before optimization.and 𝐿ଵ ൅ 𝐿ଶ ൌ 1 . 
Equation 8 is used to determine 𝑃௜ , which was 
accomplished using the roulette technique[. 
 

(8)                    𝑃௜ ൌ ி೔

∑ ி೔
೙
೔సభ

                                                      

Phase 2: The Rate of Starvation of Vultures 
The𝐹௜  , a hunger level, of the 𝑖th vulture at the 𝑡th  iteration 
is computed using Equation (9), which is employed as an 
indicator of the vultures shift from exploration to 
exploitation.This can be modeled as follows:  

(9)    𝐹௜ ൌ ሺ2 ൈ 𝑟𝑎𝑛𝑑௜ ൅ 1ሻ ൈ 𝑧 ൈ ቀ1 െ
௜௧௘௥௔௧௜௢௡೔

௠௔௫௜௧௘௥௔௧௜௢௡௦
ቁ ൅ 𝑡   

Where 𝐹௜ shows that the vultures have had enough,  𝑟𝑎𝑛𝑑௜ 
is a variable whose random value is between 0 and 1, and 𝑧 
is a random value in the interval [1,1] that changes at each 
iteration, and 𝑡 is calculated by equation (10) 



PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 6/2024                                                                                        33 

(10)    𝑡 ൌ ℎ ൈ ൮

𝑠𝑖𝑛ఠ ቀ
గ

ଶ
ൈ

௜௧௘௥௔௧௜௢௡೔

௠௔௫௜௧௘௥௔௧௜௢௡௦
ቁ ൅

𝑐𝑜𝑠ఠ ቀ
గ

ଶ
ൈ

௜௧௘௥௔௧௜௢௡೔

௠௔௫௜௧௘௥௔௧௜௢௡௦
ቁ െ 1

൲     

where, the probability of the vulture performing the 
exploitation step is determined by the parameter 𝜔, which is 
specified in advance. In addition, ℎ h is a random value 
between -2 and 2 .  

Phase 3: Exploration stage  
There are two different ways that AVOA vultures can 
inspect different random locations, and they can choose 
between them using the P1 parameter, which has a range 
of [0,1]. A random number between 0 and 1 called 
𝑟𝑎𝑛𝑑௉భ is used to select one of the strategies during the 

exploration phase. If 𝑟𝑎𝑛𝑑௉భ >𝑃ଵ, equation (11) is used. In 
such a case, Otherwise equation (12) is applied.     

 (11)           𝑃ሺ𝑖 ൅ 1ሻ ൌ 𝑅ሺ𝑖ሻ െ 𝐷ሺ𝑖ሻ ൈ 𝐹௜ 

(12) 𝑃ሺ𝑖 ൅ 1ሻ ൌ 𝑅ሺ𝑖ሻ െ 𝐹௜ ൅ 𝑟𝑎𝑛𝑑ଶ ൈ ሺሺ𝑢𝑏 െ 𝑙𝑏ሻ ൈ 𝑟𝑎𝑛𝑑ଷ ൅ 𝑙𝑏ሻ   

 𝑅ሺ𝑖ሻ is one of the best vultures selected in the current 
iteration using equation (6), 𝑟𝑎𝑛𝑑ଶ is a random number 
between 0 and 1, and 𝑙𝑏 and 𝑢𝑏 are the lower and upper 
bounds of the variables, respectively.  𝑟𝑎𝑛𝑑ଷ is utilized to 
give a high random coefficient throughout the search 
environment. 
𝐷ሺ𝑖ሻ  is the distance between the vulture and the current 
optimum  it is calculated according to equation 13 

(13)             𝐷ሺ𝑖ሻ ൌ |𝑋 ൈ 𝑅ሺ𝑖ሻ െ 𝑃ሺ𝑖ሻ| 

Here, 𝑋 is a random number between 0 and 2, and 𝑃ሺ𝑖ሻ is 
the position of the ith vulture. 

Phase 4: Exploitation (First Stage) 
If 𝐹௜has a value less than 1, the AVOA initiates the first 
operation phase. To choose which technique to adopt, 
utilize the parameter 𝑃ଶ in the [0,1] range.If this  𝑟𝑎𝑛𝑑௉మ is 

greater than or equal to the parameter𝑃ଶ, the siege-fight 
technique is employed slowly. The rotational flying 
technique is employed in all other cases. This process is 
shown in Equation (14). 

(14)  

𝑃ሺ𝑖 ൅ 1ሻ ൌ ቊ
𝐷ሺ𝑖ሻ ൈ ሺ𝐹௜ ൅ 𝑟𝑎𝑛𝑑ସሻ െ 𝑑𝑡                𝑖𝑓 𝑃ଶ ൒ 𝑟𝑎𝑛𝑑௉మ

 
𝑅ሺ𝑖ሻ െ ሺ𝑆ଵ ൅ 𝑆ଶሻ                                𝑖𝑓 𝑃ଶ ൒ 𝑟𝑎𝑛𝑑௉మ

 

where 𝑑𝑡 represents the distance between the vulture and 
one of the best vultures in the two groups, as determined by 
equation (15) , and 𝑟𝑎𝑛𝑑ସis a random number between 0 
and 1.  
(15)                 𝑑ሺ𝑖ሻ ൌ 𝑅ሺ𝑖ሻ െ 𝑃ሺ𝑖ሻ 

𝑆ଵ and 𝑆ଶ are calculated using equations (16) and (17), 
respectively, as follows:      
(16)                𝑆ଵ ൌ 𝑅ሺ𝑖ሻ ൈ ቀ

௥௔௡ௗఱൈ௉ሺ௜ሻ

ଶగ
ቁ ൈ cos ሺ𝑃ሺ𝑖ሻሻ 

(17)             𝑆ଶ ൌ 𝑅ሺ𝑖ሻ ൈ ቀ
௥௔௡ௗలൈ௉ሺ௜ሻ

ଶగ
ቁ ൈ sinሺ𝑃ሺ𝑖ሻሻ 

where, 𝑟𝑎𝑛𝑑ହ and 𝑟𝑎𝑛𝑑଺ are random numbers between 0 
and 1, respectively 

Phase 5: Exploitation (Second Stage) 
the algorithm's following step is executed  if |𝐹௜| is less than 
0.5, the technique is used if the parameter 𝑃ଷ is larger than 

or equal to 𝑟𝑎𝑛𝑑ଷ. Equation  (18) can therefore be used to 
update the vulture's location 

(18)                       𝑃ሺ𝑖 ൅ 1ሻ ൌ
஺భା஺మ

ଶ
 

Equations (19) and (20) are used to calculate 𝐴ଵ and 𝐴ଶ, 
respectively. 

(19)     𝐴ଵ ൌ 𝐵𝑒𝑠𝑡𝑉𝑢𝑙𝑡𝑢𝑟𝑒ଵሺ𝑖ሻ െ
஻௘௦௧௏௨௟௧௨௥௘భሺ௜ሻൈ௉ሺ௜ሻ

஻௘௦௧௏௨௟௧௨௥௘భሺ௜ሻൈ൫௉ሺ௜ሻ൯
మ ൈ 𝐹௜ 

(20)    𝐴ଶ ൌ 𝐵𝑒𝑠𝑡𝑉𝑢𝑙𝑡𝑢𝑟𝑒ଵሺ𝑖ሻ െ
஻௘௦௧௏௨௟௧௨௥௘మሺ௜ሻൈ௉ሺ௜ሻ

஻௘௦௧௏௨௟௧௨௥௘మሺ௜ሻൈ൫௉ሺ௜ሻ൯
మ ൈ 𝐹௜ 

The position of the vultures be updated using equation (21) 
(21)         𝑃ሺ𝑖 ൅ 1ሻ ൌ 𝑅ሺ𝑖ሻ െ |𝑑ሺ𝑡ሻ| ൈ 𝐹௜ ൈ 𝑙𝑒𝑣𝑦ሺ𝑑ሻ 
Where, 𝑑 represents the problem dimensions.  

Equation (22) presents the derivation of the Lévy flight 
models (LF) used to increase the efficiency of the AVOA 

(22)   𝜎 ൌ ቆ
Гሺଵାఉሻൈ௦௜௡ቀ

ഏഁ
మ ቁ

Гሺଵାଶఉሻൈఉൈቀ
ഁషభ

మ ቁ
ቇ

భ
೛

 (23)    𝐿𝐹ሺ𝑥ሻ ൌ 0.001 ൈ
௨ൈఙ

|௩|
భ
೛

      

  Results and discussion  
     AVOA is employed for addressing the DEED issue in 
two cases to guarantee optimal efficiency. In these papers, 
the objective function is characterized by multiple objectives 
constrained by the yield limits of production units and 
transport losses. The effectiveness of AVOA is assessed 
through a comparison with several optimization algorithms. 
To conduct this comparison, we have created programs 
within the MATLAB 7.9 environment. 
 

Test case 1 
In this case, we deal with combined dynamic economic and 
environmental dispatch (DEED) by considering power 
losses, valve point effect loading and ramp effects for a 
network of 10 units. The simulation results are in Table 1, 
which summarizes the best powers generated for 24 hours 
by varying the requested power which are presented in ref 
[14] with the network data. Table 2 presents a comparison 
of the results obtained with other methods such as 
(PSOCS) [14], (PSO) [16] and (DE-SQP) [17].  
The results in Table 2 highlight that the suggested approach 
consistently achieved a lower total cost compared to the 
total costs derived from alternative algorithms. 
 

Test case 2 
This system is comprised of fifteen production units, each 
characterized by quadratic cost and emission functions that 
consider valve point effects and ramp effects. The input 
data utilized in the system is derived from [14], and the 
demand is varied over a 24-hour period to manage the 
network's operation for a day. The results from the 
proposed AVOA in this scenario are detailed in Table 3 and 
juxtaposed with outcomes from (PSOCS) [14], (PSOAWL) 
[16], and (PSO-SQP) [18] in Table 4, focusing on optimal 
economic and environmental conditions.  
 

Table 2. Comparison of the 10-unit test system with previous 
algorithms for DEED 

 
Table 4. Comparison of the 15-unit test system with previous 
algorithms for DEED. 
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Table 1. Results of DEED (24 hours) for 10 Units. 

 
 

able 3. Results of DEED (24 hours) for 15 Units. 
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Conclusion 
The Dynamic Economic Emissions dispatch (DEED) 

problem presents a formidable challenge in optimization 
searches due to its non-smooth and non-convex 
characteristics, featuring multiple local optimal points that 
complicate the quest for the global optimum. In this study, 
we introduce a new innovative principle-based Improved 
Optimization Approach (AVOA) designed to address the 
intricacies of the DEED problem, considering loading effects 
at the valve point and the ramp rate. The fundamental idea 
behind this optimization technique is that metaheuristic 
algorithms are easy to implement and versatile for 
addressing various problems. Our experimental results, 
conducted on two test systems (10 and 15 unit systems), 
display the superior performance of the proposed algorithm 
compared to state-of-the-art methods documented in the 
existing literature. 
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