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Abstract 

The use of renewable energy (RE) has recently increased worldwide.

Solar and wind, notably are the most emerging source of alternative
sources of energy. In regards to total energy consumption, India is ranked
third after China and the United States of America (USA).

The key challenge is to develop machine learning models for accurately
forecasting renewable energy, allowing grid operators and energy
managers to adjust energy supply and demand accordingly to improve
grid stability and reliability.
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Indian Power Scenario

Taken form ** National institute of Wind Energy (NIWE)
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Motivation
 India is world's 3rd largest renewable energy producer with 40% of energy capacity

installed in the year 2022 (160 GW of 400 GW) coming from renewable sources [1][2].

 India aims to achieve 175 GW of renewable energy capacity by 2022, with 100 GW
from solar, 60 GW from wind.

 India has committed for a goal of 500 GW renewable energy capacity by 2030 [3].

 Accurate forecasting of renewable energy allows grid operators and energy managers
to adjust energy supply and demand accordingly.

 To improve grid stability and reliability.

 India is committed to reducing its carbon emissions and meeting its climate change
goals. Renewable energy forecasting can help in achieving these goals.

 Collaboration with National Institute of Wind Energy (NIWE).

 NIWE has interest in short-term (1 hr to 4 hrs ahead) wind forecasting.

 Green energy corridor to facilitate Grid integration of large scale renewables.
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Challenges
 Weather variability: India's weather is highly variable and unpredictable, which

makes it challenging to accurately predict renewable energy generation.

 Lack of Sufficient Data: There are few weather stations and wind measuring devices,
and the data collected is often of low quality and insufficient to develop accurate
forecasting models.

 Lack of Standardization: lack of standardization in the data collection and
forecasting methodologies, making it difficult to compare results across regions and
technologies.

 Inadequate Forecasting Models: India lacks the technical expertise and tools to
develop sophisticated forecasting models. The existing models are often outdated
and not suitable for India's weather patterns and renewable energy sources.

 Policy and regulatory challenges: India's renewable energy sector is subject to
complex policies and regulations.
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Global Research Staus

 According to Table 1:

 Recent papers adopted Bidirectional
LSTM and reported better results.

 Most of the studies limited to one solar
station.

 There are very limited studies have
been conducted for India.

 According to [10], 42% of the analyzed
articles developed hybrid approaches,
83% performed short-term prediction.

 According to [11], research topics such
as spatial forecast verification or
forecast downscaling are to be tackled.

Taken form ** Malakar, Sourav, et al. "A novel feature representation for
prediction of global horizontal irradiance using a bidirectional model."
Machine Learning and Knowledge Extraction 3.4 (2021): 946-965
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Problem Space
 Problem 1: The current literature does not provide clear guidelines for

design choices of LSTM based models in solar forecasting [4-7].

 Problem 2: As renewable energy has a strong local weather dependence.
Hence, individual forecasting model for each station-season combination,
which results in a considerable number of models across India.

 Problem 3: For a country like India evidently, no such short-term solar
forecasting models have been found based on cloud-dependent clustering.

 Problem 4: Prior research provides no information on variations in model
performance for different terrains and seasons in wind forecasting.
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Case Studies

 Solution (problem 3): Deep-Learning-Based
Adaptive Model for Solar Forecasting Using Regime
Dependent Clustering [9]
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)

Sky conditions
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)
 Hourly Variation of Cloud Types (Taken from: https://www.waff.com/weather/
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)
 Parity plot showing forecast and actual clearness indices.
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)
 Variables used for K-medioid clustering.

 Clearness index (Kt): Ratio of surface radiation divided by the 
extraterrestrial radiation
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)

 Understanding cloud patterns via cluster-specific distribution of 
cloud type.
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)

 Forecasting performance of CB-LSTM compared to multivariate and 
spatiotemporal LSTM
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)
 Forecasting performance of CB-LSTM compared with benchmark 

models in terms of NRMSE (%).
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Deep-Learning-Based Adaptive Model for Solar 
Forecasting Using Regime Dependent Clustering 
(Contd.)

 Climatic-zone and region specific variability in predictions
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Future Scope

 Regime-dependent short-range solar forecasting needs
real-time forecasting.

 Propose new time-series imputation model for
continuous missing data in wind forecasting.

 Deploy the proposed algorithms in real-life scenarios in
India. Also extension of the testbed by covering more
climatic zones, and solar and wind stations across India.
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Research Staff
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