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Agent-Based Simulation Model with
Artificial Intelligence-Assisted Learning,
Forecasting, and Optimization Algorithms
for Electricity Markets and Market
Analysis

The Impact of Renewable Energy Generation on the Day-Ahead Market
Price in Turkiye: Ex-Post Analysis on the Merit Order Effect

Impact of Market Factors on Day-Ahead Electricity Prices: Explainable
Machine Learning Analysis of the Turkish Market

A novel immune plasma-based automatic programming method for
electricity price forecasting in the Turkish market
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Motivation: The Importance of the MCP

The MCP plays a crucial role in daily electricity markets, influencing pricing and resource allocation. Understanding the effects of RES on
the MCP is essential for optimizing market operations and promoting the integration of renewable energy.

RES Potential in Tirkiye Energy Exchange Istanbul (EXIST)

Turkiye possesses significant potential for renewable energy, EXIST, the organized energy markets operator company in
making it a prime location for studying the impact of RES on Turkiye, has experienced significant growth since its
electricity markets. establishment in 2015, providing a valuable platform for

analyzing market dynamics.
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Methodology

This study employs a multi-faceted approach to analyze the effects of RES on the Turkish day-ahead MCP. It utilizes a large dataset from the EXIST transparency
platform and combines statistical analysis with machine learning techniques.

1 Prais-Winsten Generalized Least Squares Estimation

The study applies the panel-corrected GLS (Prais-Winsten algorithm) estimation to linearly assess the price-reducing effect of RES.

3 Machine Learning Algorithms

Several machine learning algorithms are employed to provide a comprehensive understanding of the RES' effects on the MCP.

3 SHAP Value Analysis

SHAP value analysis is used to understand the contributions of different variables to the MCP, providing insights into the magnitude and direction

of their effects.

4 Automatic Programming (AP) Models

AP models are utilized to generate mathematical models that accurately explain the input-output relationships, aiding in predictions and further

analysis.
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Methodology

This study employs a multi-faceted approach to analyze the effects of RES and other variables on the Turkish day-ahead MCP. We
utilize a large dataset from the EXIST transparency platform and combine statistical analysis with machine learning techniques.

1 Panel-Corrected Generalized Least Squares Estimation

The study applies the panel-corrected GLS (Prais-Winsten algorithm) estimation to linearly assess the price-reducing effect of RES.

7 Machine Learning Algorithms

Several machine learning algorithms are employed to provide a comprehensive understanding of the RES' effects on the MCP.

3 SHAP Value Analysis

SHAP value analysis is used to understand the contributions of different variables to the MCP, providing insights into the magnitude and direction

of their effects.

4 Automatic Programming (AP) Models

AP models are utilized to generate mathematical models that accurately explain the input-output relationships, aiding in predictions and further
analysis.

@ Made with Gamma


https://gamma.app/?utm_source=made-with-gamma

Prais-Winsten Generalized Least Squares
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Modeling the MCP Factors Influencing the MCP

The Prais-Winsten GLS method is a modification of the Cochrane-Orcutt Our model considers multiple factors such as load (demand), solar, wind,
procedure used for estimating autoregressive models with serial hydro, and natural gas. This comprehensive view provides a deeper
correlation in the errors. This approach helps us understand the understanding of how the MCP is influenced by the interplay of these
relationship between the Marginal Clearing Price (MCP) and key factors various energy sources.

driving the Turkish day-ahead electricity market.

MPC;; = aqLoad;; + aySolaryy + azWind;; + a,Hydro;: asNgas;;
+dyear + dmonth + dday +dhour + &t

This equation represents the model, incorporating dummy variables for year, month, day, and hour to capture any time-dependent
patterns that might influence the MCP.
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Merit Order

Resource Ranking

1 Energy sources are ranked based on their Costs Costs
. . g D, + D,
production costs, with the lowest-cost Wind

sources used first.
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... . Coal 4 Coal
Cost Minimization e Potb == mmmmmmmm e o2
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2 This ranking ensures that the total :
. . C .. . Hydro Hydro :
production cost is minimized, leading to an ;
Wind ‘
economical and efficient process. o Q.* KWh 0 Q. KWh
Merit order based on average costs Merit order based on marginal costs
Q,*; Py%) (Q,*; Py'<P,*)

Sequential Deployment

3 Higher-cost resources are only deployed

when necessary, minimizing overall costs.
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SHAP Value Analysis
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Automatic Programming (AP) Models

AP methods describe the relation between input and output variables by generating non-linear mathematical equations, which are very useful for further predictions and analysis.

Model Advantages

Improved accuracy in predicting MCP
«  Enhanced understanding of complex relationships

Support for informed decision-making

Models

- ABCP: Artificial Bee Colony Programming
GP: Genetic Programming

«  |IPP: Immune Plasma Programming

«  MHABCP: Multi Hive Artificial Bee Colony Programming
MGGP: Multi Gene Genetic Programming

«  MPIP: Multi Plasma Immune Programming @ Made with Gamma
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Key Findings - GLS

Merit Order Effect of the Renewable Energy Sources to MCP.

MOE of Wind -16.595
MOE of Solar -2.009
MOE of Hydro -35.362
MOE of RES -63.479
Total MOE of RES -53.97 -63.48

-8EEEBBEEE

s 383sk55¢88¢8:

An increase in renewable The share of hydrois the The marginal effect of solar The hourly impact of solar
energy use decreases the highest so its MOE is the energy is the highest. energy is significant.
market clearing price. highest.
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Key Findings - ML
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- The LightGBM model excelled in making the most accurate predictions.
«  The CatBoost and XGBoost models outperforms the rest.

- DT model fell short in predicting accurately
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Key Findings - SHAP Analysis

Highest
Moderate

Moderate

High

Moderate

Unilateral, Moderate

Positive (higher previous price,
higher day-ahead price)

Positive

Negative (higher solar
generation, lower price)

Positive (higher gas price,
higher price)

Negative

Negative Unilateral: Low
generation decreases MCP
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Key Findings - AP Models

Al L) L L AJ
ABCP GP PP MHABCP MGGP MPIP

MAE Results

- ABCP and IPP have higher median
error values compared to the
other methods

«  GP and MHABCP perform better.

«  MGGP and MPIP exhibit a smaller
error distribution.
«  MPIP has the best fit.

AP Feature Analysis

- MCP is affected mostly by the
previous day, week, and month
prices.

« Then, natural gas.
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MPIP Formulation

« The effect of the previous day,
week, and month are generally the
same direction (mostly price-

increasing).

*  Previous week and month have a
regulator effect on previous day
price effect.
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Conclusion

Agent-Based Simulation Model with Artificial Intelligence-Assisted

Learning, Forecasting, and Optimization Algorithms for Electricity Markets
and Market Analysis

Our studies provide valuable insights into the impact of RES on the Turkish
day-ahead MCP. The findings highlight the importance of considering the
interplay of electricity demand, energy technologies, and financial factors in
shaping electricity market dynamics.

The use of advanced ML algorithms, SHAP value analysis and AP models,
offers a comprehensive understanding of the complex relationships
involved. These insights can be leveraged to optimize market operations,
promote the integration of renewable energy, and ensure a sustainable and
efficient electricity system in Turkiye.
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Future Research Directions

This ambitious project aims to model and understand electricity markets. By creating a
cutting-edge, agent-based simulation (ABS) model, we'll unlock new insights and

possibilities. .
Advanced Analytics
Electricity Market as a Game By combining cutting-edge machine
We'll model the market as an learning, optimization, and simulation
interactive game, where Al-powered methods, we'll develop a
players make strategic decisions and comprehensive model to examine the
respond to one another in real-time. impacts of renewable energy and

market structures.

1 2 3

Intelligent Agents

Firms and other market actors will be represented by Al
agents, whose learning, forecasting, and decision-
making capabilities will be powered by machine
learning and optimization techniques.

When complete, this project will deliver 7 unique contributions to the field, including a
novel ABS model, innovative algorithms for learning and forecasting, and
groundbreaking insights into the future of electricity markets. _
® Made with Gamma
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