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Abstract— In this survey paper discuss electricity market 

clearing price forecast based on ANN. In the current 

generation Electricity Market Clearing Price Forecast play 

on important role in market price forecasting. In the last 

decade there are many research work purposed in the area of 

based on ANN. In this review paper discuss based on ANN 

and its specification. Also discuss the Frequency And 

Amplitude Control arise in electricity market clearing price 

forecast based on ANN such as Electricity. 
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I. INTRODUCTION 

Competitive electricity power system is based on a 

deregulated market structure consisting of electricity 

supplier and consumer transactions, coordination and rules 

that serve to guarantee competition and non-discriminatory 

open access. The objective for deregulation is to 

significantly reduce the cost of power charged to the 

consumer, simultaneously provide viability for the 

generating company in realizing income, without 

compromising on grid reliability and security. This 

restructured power system objective, which includes 

competitiveness and customer choice, is facilitated through 

an energy trading system. Green power is characterized by 

intermittent generation. For green power trade to be robust, 

generation and load forecasting, models for market strategy 

optimization and identification of risks and uncertainties are 

essential to guarantee grid reliability for consumers, and 

maximize revenue for generating companies. This study 

provides a review of modeling methods for trading wind 

power, critical investments, market risks, as well as social 

benefit and performance compliance requirements for large 

scale wind integration. 

Wind resource assessment is a vital tool for 

effective design of wind turbine, wind farm design and unit 

commitment of operational wind farms. This problem is 

forecasting type and handled by statistical modeling. 

Machine Learning and artificial intelligence based 

algorithms also yield good results. These models improve 

the reliability of the renewable resource and capital 

investments. Unit commitments could be better managed 

with a high quality resource forecast by improving market 

returns. Power management of the wind turbine is another 

issue and has to be addressed.  

A. OVERVIEW OF WIND MARKET MODELS 

1) Optimization models 

The objective function to optimize in case wind energy 

system is maximizing the economic benefits to the operator 

of the wind turbine. This depend on market fluctuations, 

government policies and other external parameters which 

are difficult to model. The other important objective from 

technical perspective is maximizing power generation. Wind 

energy integration into the electricity market may be 

classified as a co optimization problem across an optimal set 

of investments, their anticipated returns and associated risks. 

The optimization problems in wind energy system includes 

1) Optimized design of wind turbine and its blade profile 

2) Optimal wind power system operation 

3) Wind farm optimization 

4) Optimal bidding in electricity markets 

 Wind power penetration greater than 32% has been 

shown to be economically more competitive and of 

improved market value. The higher competitiveness of wind 

energy has been attributed to the increased marginal costs of 

conventional power generation under high fuel price, 

evaluated through a deterministic programming optimization 

model. Improved wind power forecasts has been shown to 

have an impact on the annual generation costs and system 

operations of California Independent System Operator 

(CAISO), Midcontinent Independent System Operator 

(MISO) and Independent System Operator of New England 

(ISO-NE) electricity markets in United States of America, at 

different operational timescales, namely day-ahead, hour 

ahead, and real-time markets. Total system cost has been 

shown to have a strong dependence on corresponding cost 

changes across the key driving resources. Optimal design of 

wind turbine using traditional and non conventional 

optimization methods were reviewed in detail by various 

authors. 

 Based on the sample of studies enumerated above, 

identification of key drivers for energy market clearing price 

may be considered as an important requirement for co–

optimized energy trading and bidding strategies. To ensure 

secure and reliable operation of the power system with large 

scale wind integration, ancillary and reserve products would 

need to be co–optimized. Further studies on co–optimization 

have analyzed bidding strategies within ancillary services 

market with dominant thermal generating units with non-

convex curve operating costs, and have been co–optimized 

using self organizing hierarchical Particle Swarm 

Optimization with Time Varying coefficient. Competitor 

behavior has been modeled via Monte Carlo method and the 

Significant Risk Index has been maximized based on mean 

standard deviation ratio to generate an optimal bid. 

B. LEARNING MODELS AND ENSEMBLES 

Learning models applicable for large scale wind integration 

may be broadly classified as: 

1) Learning based on market return 

2) Learning based on Wind conditions 

 Forecasting of market return is generally not only 

based on an immense amount of information, but is also 

heavily influenced by opinions. Investors may perceive the 

equity markets to exhibit a powerful momentum that 

generates above average returns. In contrast, a conservative 

stance may cause a portfolio strategy to underperform the 
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equity indices. Considering different perceptions of the 

regulation down market and the regulation up market, 

locational marginal and regulation prices of CAISO were 

analyzed for a month, based on the current framework of the 

California electricity market.  

 It has been suggested that the potential to enhance 

profit for wind power producers is larger if they bid in the 

day ahead energy and regulation markets than if they only 

bid in the day ahead energy market. Day ahead and intra-day 

markets perception has been modeled for short term wind 

power forecast strategy. In the absence of one specific 

evaluation criterion, or one specific market perception, the 

methodology has been formulated as a simple forecasting 

model based on artificial neural network. 

 Learning based on weather conditions typically is 

based on a Numerical Weather Prediction (NWP) tool. An 

NWP tool for medium term wind speed prediction, called a 

Yearly Auto Regressive model, has been incorporated into 

discrete neural network for wind speed forecasts. Wind 

speed forecasting based on artificial neural networks has 

been reported. Ensemble of different prediction algorithms 

have been analyzed to produce higher accuracy in wind 

speed forecast.  

 A random forest ensemble method derived from 

artificial intelligence has been described for our ahead wind 

power prediction from spatially smoothened (averaged) 

wind speed and direction. Artificial neural network have 

been proposed for higher precision in wind speed prediction, 

as an ensemble of four algorithms namely Gradient Descent 

with Adaptive Learning Rate Back Propagation, Gradient 

Descent with Momentum and Adaptive Learning Rate Back 

Propagation, Conjugate Gradient Back Propagation with 

Fletcher-Reeves Updates and Broyden- Fletcher-Goldfarb-

Shanno algorithms. 

II. LITERATURE SURVEY 

 Exizidis, L., Kazempour, J., Papakonstantinou, A., 

Pinson, P., De Greve, Z., &Vallee, F. (2019) -  Driven by 

the importance of efficiency in electricity markets, this work 

explores a VCG auction adaptation on a two-stage stochastic 

market. The stochastic two-stage model ensures maximum 

efficiency under high wind penetration, while VCG 

contributes towards a transparent and incentive compatible 

payment scheme. Then the proposed mechanism is 

compared against traditional LMP setup, under both perfect 

and imperfect competition. A case study is presented, which 

numerically concludes in the following points: 1) The VCG 

mechanism achieves through incentive compatibility 

maximum social welfare, equal to the ideal LMP model. On 

the other hand, imperfect competition may lead to decreased 

social welfare due to the presence of strategic behaviors 

[01]. 

 Deng, L., Li, Z., Sun, H., Guo, Q., Xu, Y., Chen, 

R., ... &Guo, Y. (2019) - In the integrated market, relative to 

current pricing methods, the GLMP method has many 

salient features, such as allocation of energy coupling cost to 

reduce cross-subsidies and considering time-delay 

phenomena to obtain the results of fair competition for 

different types of energy suppliers. Potential 

implementations of the GLMP method include the 

following: (i) provide a short-run marginal cost reference for 

heat and electricity; (ii) encourage consumers to participate 

in markets and actively regulate energy use behaviors; (iii) 

disclose congestion and energy loss information to each 

node based on the economic efficiency [02]. 

 Tosatto, A., Weckesser, T., &Chatzivasileiadis, S. 

(2019) - The introduction of loss factors for HVDC lines, 

also called implicit grid loss calculation, has been Presented  

by the TSOs of Nordic Capacity Calculation Region to 

avoid HVDC flows between zones with zero price 

difference. Currently, it is under investigation for real 

implementation in the market clearing algorithm. In this 

paper, we have introduced a rigorous framework to assess 

the impact of the shift towards implicit grid losses, 

considering the introduction of loss factors for different 

interconnectors. We develop different loss factor 

formulations and study their main Presented on a 

representative test system. We find that although the 

introduction of HVDC loss factors is in general positive, it 

may lead to a decrease of the social welfare for a non-

negligible amount of time as it disproportionately increases 

the AC losses. For zonal pricing markets, this might happen 

also when implicit grid losses are implemented in all 

interconnectors because of intrazonal losses. To counter 

that, we introduce a methodology to estimate loss factors 

based on statistical analysis and linear regression. We prove 

theoretically that the introduction of both AC and HVDC 

loss factors in market clearing is guaranteed to increase the 

social welfare. We confirm our results through numerical 

tests in a representative test system [03]. 

 Xu, S., Lin, J., Zhang, J., Sun, Y., Liu, L., Cheng, 

L., &Bao, Y. Q. (2019, November) - In this paper, bi-level 

optimization properties for bidding of retail electricity 

market. The main contribution of this paper may be 

summarized as following: 1. Bi-level optimization method is 

proposed for blockbased (piecewise) bidding of retail 

electricity market. 2. Iterative-based optimization method is 

designed for lower layer optimization generators. The 

properties is capable of solving nonlinear block-based 

bidding problem, and computationally efficient than 

Heuristic-based methods The future work may focus on the 

market rule designing based on the proposed bi-level 

optimization method [04]. 

 Wang, J., Wei, Z., Yang, B., Yong, Y., Xue, M., 

Sun, G., ... & Chen, S. (2019) - The operational risk of IIESs 

increases with increasing RES penetration due to 

uncertainties in RES generation. The present work 

addressed the impact of this issue on the market revenues of 

IIESs by establishing an IEM clearing model based on two-

stage stochastic programming, where the clearing process of 

the IEM is driven by the minimization of the expected 

system cost composed of the day-ahead dispatch costs and 

real-time operation costs. The simulation results 

demonstrated that the proposed two-stage IEM clearing 

process can appropriately adjust the power generation plan 

of the IIES corresponding to changes in load demands or the 

degree of RES uncertainty based on the optimal economic 

operation of the IIES to ensure cost recovery. At the same 

time, the twostage clearing process ensures the benefits of 

market participants and promotes fair competition in the 

market [05]. 
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 Dvorkin, Y. (2019) - This paper described an 

alternative approach to design a stochastic wholesale 

electricity market that allows one to internalize uncertainty 

of renewable generation resources and risk tolerance of the 

market operator in the price formation process using the 

chance constraints. The resulting stochastic market design 

exploits SOC duality to obtain a robust competitive 

equilibrium that has the cost recovery and revenue adequacy 

properties similar to existing deterministic markets. our 

work will focus on the application of the presented  pricing 

theory to multi-period network- and security constrained 

stochastic market designs, which are needed by current 

market practices, and on achieving revenue adequacy of the 

stochastic market (e.g. by means of using alternative auction 

schemes [06]. 

 Chen, R., Paschalidis, I. C., Caramanis, M. C., 

&Andrianesis, P. (2019) - In this paper, we properties an 

inverse optimization method to estimate electricity 

suppliers’ cost functions in the dayahead electricity market 

based on historical bidding data. The problem of computing 

optimal bidding strategies can be seen as an equilibrium 

computation problem given the estimated payoff functions. 

We applied a “random search” algorithm to estimate the cost 

function parameters of electricity generators; specifically, 

the parameters that are proportional to their generation 

output. The algorithm essentially seeks cost function 

parameters (among multiple possible values compatible with 

the past data) which have good out-of-sample generalization 

performance. We established strong, exponential-type 

probabilistic convergence guarantees for this algorithm. 

Extensive numerical experimentation verifies that one can 

recover accurate estimates of the cost function parameters, 

which, in turn, allows generators to bid with knowledge of 

how competitors would respond. Even though we 

considered a simple setting involving no congestion or 

transmission network effects, we discussed an extension of 

the methodology to location dependent prices [07]. 

III. MARKET FRAMEWORK  

The present energy market is dominated by conventional 

sources of energy because renewable energy integration is 

expensive. The risk avoidance and maximal benefits are the 

objectives addressed in this paper. Better operational models 

are deduced and demand side management is identified as a 

better approach for integration of the wind systems. Various 

approaches are used in detail for effective modeling of wind 

energy economics.  

A. Settings of the Integrated Market  

In the integrated market, ISO collects bids and offers from 

electric generation companies, heat production companies, 

cogeneration companies, energy retailers and consumers; 

clears the competitive day-ahead market; and delivers LMP 

and H-LMP to the EPS and DHS, respectively. Because of 

the transaction cost, only large consumers can participate 

directly in the market; other consumers freely choose their 

retailers to purchase heat or electricity. A schematic diagram 

of the integrated market is illustrated in Fig. 3.1. 

 
Fig. 3.1: Competitive integrated market framework. 

 The structures of national DHSs differ from 

country to country; even in the same country, there may be 

several organizational models for DHSs belonging to 

different regions. Densely populated urban areas promote 

the rapid development of DHSs, constructing a perfectly 

competitive heating market and accepting the H-LMP 

method. Sparsely populated rural areas may consider the 

enormous costs of metering and communication as a burden 

and prefer the regulated market mode with a fixed charge. 

However, the H-LMP method could also adapt to this mode 

by calculating the weighted-sum average price of the day 

according to the scheduling H-LMP and demand. Even if 

the price is fixed, ISO can obtain the “real marginal value” 

in each node via the H-LMP method and introduce penalties 

to those consumers incurring higher operation costs and 

incentives to those with lower fees.  

B. Assumptions and Simplifications  

The main assumptions are as follows:  

1) Steady-state optimal energy flow models: Unit 

commitment is settled previously and only optimal flow 

model is considered in this paper, which is in 

accordance with multiple previous studies [3], [4], [25]. 

Unit commitment is an integer problem in which 

marginal prices are difficult to obtain. Readers can refer 

to [26] for further insights. 

2) Nonrealistic demands: LMP mainly focuses on price 

decomposition of the OPF problem with fixed demand; 

hence, our work aims to extend LMP into the integrated 

energy system with fixed demand. Although demand 

response is an important application for GLMP, this 

topic is beyond the scope of this paper. For a detailed 

demand-side market model, refer to.  

3) Renewable energy resources are not considered: A 

deterministic pricing strategy is developed to reveal the 

pricing method and discuss its characteristics. However, 

we suggest that stochastic programming for renewable 

energy resources is a matter of importance to the 

operation of the integrated market, which could be 

addressed in future work. 

IV. ARTIFICIAL NEURAL NETWORK (ANN)  

The original goal of the ANN approach was to solve 

problems in the same way that a human brain would. But 

over time, attention moved to performing specific tasks, 

leading to deviations from biology. ANNs have been used 

on a variety of tasks, including computer vision, speech 

recognition, machine translation, social 

network filtering, playing board and video games, medical 

https://en.wikipedia.org/wiki/Human_brain
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Computer_vision
https://en.wikipedia.org/wiki/Speech_recognition
https://en.wikipedia.org/wiki/Speech_recognition
https://en.wikipedia.org/wiki/Machine_translation
https://en.wikipedia.org/wiki/Social_network
https://en.wikipedia.org/wiki/Social_network
https://en.wikipedia.org/wiki/General_game_playing
https://en.wikipedia.org/wiki/Medical_diagnosis
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diagnosis, and even in activities that have traditionally been 

considered as reserved to humans, like painting. 

A. Fundamentals of ANN  

A fundamental objection is that ANNs do not sufficiently 

reflect neuronal function. Back propagation is a critical step, 

although no such mechanism exists in biological neural 

networks. This information is coded by real neurons is not 

known. Sensor neurons fire action potentials more 

frequently with sensor activation and muscle cells pull more 

strongly when their associated motor neurons receive action 

potentials more frequently. Other than the case of relaying 

information from a sensor neuron to a motor neuron, almost 

nothing of the principles of information is handled by 

biological neural networks is known. 

 A central claim of ANNs is that they embody new 

and powerful general principles for processing information. 

Unfortunately, these principles are ill-defined. It is often 

claimed that they are emergent from the network itself. This 

allows simple statistical association (the basic function of 

artificial neural networks) to be described as learning or 

recognition. Alexander Dewdney commented that, as a 

result, artificial neural networks have a "something-for-

nothing quality, one that imparts a peculiar aura of laziness 

and a distinct lack of curiosity about just good these 

computing systems are. No human hand (or mind) 

intervenes; solutions are found as if by magic; and no one, it 

seems, has learned anything".  

1) Neural Networks 

In spite of his emphatic declaration that science is not 

technology, Dewdney seems here to pillory neural nets as 

bad science when most of those devising them are just 

trying to be good engineers. An unreadable table that a 

useful machine could read would still be well worth having. 

 Biological brains use both shallow and deep 

circuits as reported by brain anatomy, displaying a wide 

variety of invariance. Weng argued that the brain self-wires 

largely according to signal statistics and therefore, a serial 

cascade cannot catch all major statistical dependencies. 

B. Models 

ANNs began as an attempt to exploit the architecture of the 

human brain to perform tasks that conventional algorithms 

had little success with. They soon reoriented towards 

improving empirical results, mostly abandoning attempts to 

remain true to their biological precursors. Neurons are 

connected to each other in various patterns, to allow the 

output of some neurons to become the input of others. The 

network forms a directed, weighted graph.An artificial 

neural network consists of a collection of simulated neurons. 

Each neuron is a node which is connected to other nodes 

via links that correspond to biological axon-synapse-

dendrite connections. Each link has a weight, which 

determines the strength of one node's influence on another. 

C. Components of ANN 

1) Neurons 

ANNs are composed of artificial neurons which retain the 

biological concept of neurons, which receive input, combine 

the input with their internal state (activation) and an 

optional threshold using an activation function, and produce 

output using an output function. The initial inputs are 

external data, such as images and documents. The ultimate 

outputs accomplish the task, such as recognizing an object 

in an image. The important characteristic of the activation 

function is that it provides a smooth, differentiable transition 

as input values change, i.e. a small change in input produces 

a small change in output.  

2) Connections and Weights 

The network consists of connections, each connection 

providing the output of one neuron as an input to another 

neuron. Each connection is assigned a weight that represents 

its relative importance. A given neuron can have multiple 

input and output connections. 

3) Propagation Function 

The propagation function computes the input to a neuron 

from the outputs of its predecessor neurons and their 

connections as a weighted sum. A bias term can be added to 

the result of the propagation. 

4) Organization 

The neurons are typically organized into multiple layers, 

especially in deep learning. Neurons of one layer connect 

only to neurons of the immediately preceding and 

immediately following layers. The layer that receives 

external data is the input layer. The layer that produces the 

ultimate result is the output layer. In between them are zero 

or more hidden layers. Single layer and unaltered networks 

are also used. Between two layers, multiple connection 

patterns are possible. They can be fully connected, with 

every neuron in one layer connecting to every neuron in the 

next layer. They can be pooling, where a group of neurons 

in one layer connect to a single neuron in the next layer, 

thereby reducing the number of neurons in that 

layer. Neurons with only such connections form a directed 

acyclic graph and are known as feedforward 

networks. Alternatively, networks that allow connections 

between neurons in the same or previous layers are known 

as recurrent networks.  

Market ANN is an information processing 

paradigm whose working mechanism is inspired from the 

functioning of human nervous systems. ANNs, like people, 

learn by example and therefore highly suitable for function 

approximation. In the last few decades ANN is widely used 

for approximating complex function by using known input 

output data. Therefore, ANN it is highly suitable for 

forecasting application. Large number of researchers had 

used ANN for load and price forecasting in restructured 

electricity market. ANN learning involves adjustments to its 

synaptic weight vector such that error in output vector 

reduces. Typical representation of ANN is shown in Fig. 

4.1.  

https://en.wikipedia.org/wiki/Medical_diagnosis
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https://en.wikipedia.org/wiki/Action_potential
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https://en.wikipedia.org/wiki/Emergent_properties
https://en.wikipedia.org/wiki/Alexander_Dewdney
https://en.wikipedia.org/wiki/Directed_graph
https://en.wikipedia.org/wiki/Weighted_graph
https://en.wikipedia.org/wiki/Vertex_(graph_theory)
https://en.wikipedia.org/wiki/Glossary_of_graph_theory_terms#edge
https://en.wikipedia.org/wiki/Artificial_neurons
https://en.wikipedia.org/wiki/Neuron
https://en.wikipedia.org/wiki/Deep_learning
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https://en.wikipedia.org/wiki/Directed_acyclic_graph
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Fig. 4.1: Three Layered Artificial Neural Network layer.  

These layers are shown in Fig. 4.1. The number of 

hidden layer and number of neuron in one hidden layer 

depends on complexity of problem. Input layer of ANN is 

composed of artificial neuron which brings initial data for 

further processing by hidden layer. Hidden layer is present 

between input and output layer as shown in Fig. 1. The 

function of hidden layer is to give output by applying 

activation function to the weighted input. These output are 

then passed to next layer. Output layer gives the desired 

output. Any two neuron in ANN are connected by synaptic 

weight between them. The input-output relation of ANN is 

defined by Eq. 1.  

 

 
activation function and is an associated bias. The weight of 

ANN is adjusted in an iterative process such that output 

error get reduces over time. Back propagation learning 

algorithm is earliest and most popular algorithm for 

adjusting synaptic weight of an ANN. But to get very good 

results using Back propagation method initial guess must be 

very close to optimal solution otherwise there is possibility 

that the solution may converges to sub-optimal point. 

Evolutionary optimization algorithm can be used to get the 

optimal weight of ANN such that output error should have 

minimum value. Y ij W B agreement. 

V. CONCLUSION 

In this survey paper discuss on electricity market clearing 

price forecast based on ANN. The important outcomes of 

this paper are shown in the section of comparative analysis.    

 In this survey paper observe that the based on ANN 

is the major problem in Electricity. Also most of the design 

Electricity Market Clearing Price Forecast suffers from 

lower gain problem.   

 In future design a better Electricity Market 

Clearing Price Forecast based on ANN. That can improve 

all these problems in this communication area. In future try 

to design Electricity Market Clearing Price Forecast Based 

on ANN that can perform better result in terms of 

Electricity. 
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