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ARTICLE INFO ABSTRACT

In the twenty first century, energy systems are undergoing a profound transformation
as renewable energy sources increasingly replace fossil fuels. Effective energy
foresight methods are essential for managing this transition, addressing challenges
such as supply-demand dynamics, investment planning, and policy formulation. This
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planning. Special attention is given to the role of foresight models in accelerating
renewable energy adoption and optimizing its integration into future energy systems.
This study emphasizes that a comprehensive understanding of different foresight
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Introduction

In the twenty first century, energy systems are undergoing a fundamental transformation as renewable
energy sources increasingly replace fossil fuels. This shift is driven by the need to address
environmental challenges and meet growing global energy demands. Effective energy foresight and
assessment methods are essential to manage this transition, ensuring optimal resource allocation,
energy security, and policy formulation. This study explores various energy foresight models,
categorizing them based on criteria such as geographical coverage, time horizon, sectoral coverage,
analytical approach, and data requirements. By analyzing these models, the research aims to provide a
comprehensive framework for understanding and implementing energy foresight systems that support
the transition to sustainable energy systems.

Methodology

The study categorizes energy foresight models based on several key criteria: geographical coverage
(global, regional, national, local, and project-specific), time horizon (short-term, medium-term, long-
term), sectoral coverage (single-sector vs. multi-sector), and analytical approach (top-down, bottom-
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up, hybrid). Additionally, models are classified based on their accessibility (commercial, proprietary,
open-code, open-access), spatial resolution (single-node vs. multi-node), and data requirements
(qualitative, quantitative, hybrid). The research also examines advanced methods such as predictive
modeling, scenario analysis, backcasting, and dynamic approaches, as well as innovative techniques
like system dynamics, agent-based modeling, and Bayesian networks. These methods are evaluated for
their applicability in addressing the complexities of modern energy systems.

Key Results

The findings reveal that energy foresight models vary significantly in their scope, complexity, and
application. Top-down models are effective for macroeconomic policy analysis but lack detailed
technical insights, while bottom-up models provide a granular view of energy systems but may
overlook broader economic impacts. Hybrid models, combining both approaches, offer a balanced
perspective. Advanced methods like machine learning and system dynamics are particularly useful for
handling non-linear relationships and uncertainties in energy systems. The study also highlights the
importance of integrating qualitative and quantitative data to improve the accuracy and applicability of
energy foresight models. Overall, the research underscores the need for tailored approaches based on
specific energy system characteristics and policy goals.

Conclusion

Energy foresight models are indispensable tools for guiding the transition to renewable energy
systems. This study demonstrates that a comprehensive understanding of various foresight methods,
categorized by geographical, temporal, and analytical criteria, is essential for effective energy planning
and policy-making. The integration of advanced techniques, such as machine learning and system
dynamics, can enhance the accuracy and robustness of energy models, enabling better decision-
making in the face of growing environmental and economic challenges. Future research should focus
on developing hybrid modeling approaches and leveraging data analytics to further improve the
precision and applicability of energy foresight systems, ultimately supporting the global transition to a
sustainable and resilient energy future.
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2. In-Q-Tel

3. Max Planck
4. Fraunhofer
5. Top down
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. Autoregressive Model (AR)

Moving Average Model (MA)

. Autoregressive Moving Average Model (ARMA)

. Autoregressive Integrated Moving Average Model (ARIMA)
Simple Exponential Smoothing (SES)

. Double Exponential Smoothing (DES)

. Triple Exponential Smoothing (TES)

. Autoregressive Conditional Heteroscedasticity Models (ARCH)
. Generalized Autoregressive Conditional Heteroscedasticity Models (GARCH)
10. Machine Learning (ML)

11. Data Driven

12. Supervised

13. Unsupervised

14. Training
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. Regression

. Classification

. Clustering

. Decision Tree

Support Vector Machines (SVM)
. Ensemble Learning

. Artificial Nueral Network (ANN)
. Genetic Algorithm (GA)

. Deep Learning (DL)

10. John von Neumann

11. Oskar Morgenstern

12. Von Neumann

13. Morgenestern

14. John Nash

15. analytic hierarchy process (AHP)
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. Helmer and Gordon

. Scenario Wizard

. System Dynamic (SD)

. Agent Based Model (ABM)
Bayesian Network (BN)

. insight maker

vensim

. Bayes Theorem

. Thomas Bayes

0. Dynamic Bayesian networks (DBN)
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