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1 Introduction

The purpose of this configuration manual is to give all the directions required to replicate
the Multi-Source Deep Learning for T'SO-Level Electricity Demand Forecasting research.
2 Hardware Requirements

This research was implemented using the following hardware configuration.

2.1 Laptop Specifications

Laptop specifications (Device specifications & Windows Specifications) used in this re-
search are described in Table [l Figure [I] and Figure [2] to show the same.

Component | Specification

Processor AMD Ryzen 5 7520U (2.80 GHz)

RAM 16 GB installed (13.7 GB usable)

System Type | 64-bit Operating System, x64-based processor

Table 1: Laptop specifications

@ Device specifications

Device name LAPTOP-2MMFB2EP

Processor AMD Ryzen 5 7520U with Radeon Graphics (2.80 GHz)
Installed RAM 16.0 GB (13.7 GB usable)

Device ID FEFAC9EA-19F4-4A73-93FD-3A5A812FABS6

Product ID 00356-07494-52036-AA0EM

System type 64-bit operating system, x64-based processor

Penand touch Mo pen or touch input is available for this display

Figure 1: Device Specifications



Windows specifications Copy

Edition Windows 11 Home
Version 24H2

Installed on 18/01/2025

QS build 26100.7171

Serial number MP2Q6JVI
Experience Windows Feature Experience Pack 1000.26100.265.0

Figure 2: Windows Specifications

3 Software Requirements

3.1 Jupyter Notebook Configuration

The stages like EDA, preprocessing, merging datasets, and creating the unified feature
datasets were carried out using Jupyter Notebook installed on the local machine. The
device specifications are shown in Table 2] Details of Jupyter are provided in Figures

Component Configuration

Python Version | Python 3.10.18 (Conda-Forge build)
Platform Windows 10 (Build 26100), 64-bit (AMDG64)
Environment Jupyter Notebook (local machine)

Usage Preprocessing, EDA, dataset construction

Table 2: Configuration details of Jupyter Notebook

import sys
import platform

print("Python version:", sys.version)
print("Platform:", platform.platform())

Python version: 3.18.18 | packaged by conda-forge | (main, Jun 4 20825, 14:42:04) [MSC v.1943 64 bit (AMD&4)]
Platform: Windows-1@-10.9.26108-5P@

Figure 3: Python and platform information displayed in Jupyter Notebook

3.1.1 Libraries used in Jupyter Notebook

Libraries used include pandas, numpy, matplotlib, seaborn, plotly, scipy, statsmodels,requests,
urllib, json, os, sys, glob, pathlib, datetime, joblib, geopandas, shapely, rapidfuzz, unide-
code, sklearn, tqdm, gc.

The Jupyter Libraries with versions are shown in Figure

3.2 Google Colab Configuration

Google Colaboratory is used for the development of all models, hyperparameter tun-
ing, training, and evaluation, because of the computational complexity of deep learning
models. The device configuration provided of Colab is summarised in Figures [5] and [6]



file Edit View Run Kemel Settings Help Trusted

B + XDODO » ®m C » cCode ~ JupyterLab [7 % Python 3 (ipykemel) O =
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“sklearn": sklearn. version_,

"geopandas”: geopandas.__version_,

“shapely": shapely._version_,
“rapidfuzz": rapidfuzz._version_,
“tqdm": tqdm._ version_,

“python": sys.version

libs

{'pandas’: '2.2.3',
‘numpy’: '2.1.3°,
‘matplotlib’: '3.10.0°,
'seaborn': '0.13.2',
‘plotly': '5.24.1°,
‘scipy': '1.15.3',
‘e.14.4",
‘requests’: '2.32.3',
*sklearn': '1.6.1°,
‘geopandas': '1.1.1',
'shapely': '2.1.2',
‘rapidfuzz': '3.14.1°,
“tqdm': '4.67.1°,
"python’: '3.13.5 | packaged by Anaconda, Inc. | (main, Jun 12 2025, 16:37:03) [MSC v.1929 64 bit (AMD64)]'}

'statsmodels®

Figure 4: Library versions used in Jupyter Notebook

Invidia-smi

Mon Dec 8 12:56:57 2025

e e e LT e +
| NVIDIA-SMI 550.54.15 Driver Version: 550.54.15 CUDA Version: 12.4 |
| o mm e o mmm e +
| GPU  Name Persistence-M | Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp perf Pwr:Usage/Cap | Memory-Usage | GPU-Util Compute M. |

MIG M. |
| |
| @ NVIDIA A100-SXM4-40GB off | ooooee0n:00:04.0 Off | e |
| /A 29C ] A5W /  4e0W | oMiB / 40960MiB | o% Default |
| Disabled |
5

| Processes: |
| GPu GI cCI PID Type Process name GPU Memory |
ID ID Usage |

No running processes found

Figure 5: Google colab pro+ configuration

© !python --version
luname -a

e« Python 3.12.12
Linux b6cccedc66fb 6.6.105+ #1 SMP Thu Oct 2 108:42:05 UTC 2025 x86_64 x86_64 x86_64 GNU/Linux

Figure 6: Python version in Google colab pro+



4 Dataset

Multiple sources of data are used in this research to construct a unified dataset for TSO-
level electricity demand forecasting. The datasets include:

e TSO electricity consumption, generation and day ahead price data from SMARD.

e Open-meteo API weather data on parameters like temperature, relative humidity,
wind speed, shortwave radiation, precipitation, surface pressure.

e Socio-economic indicators such as GDP, Population density from Eurostat.

e Mapping of districts to control zones of German Transmission System Operators
(T'SOs) dataset from Zenedo.

All datasets were downloaded separately and processed using Jupyter Notebook. The
folder structure of the raw datasets is shown in Table [3| Screenshots of Jupyter details
are provided in Figures [7| Electricity_Demand/data. Below are the files and folders
inside the data folder.

File / Folder Description
weather_raw_tso Raw Open-Meteo weather data
SMARD_DATA Consumption, generation, and day ahead

price data in seperate folders

demo_r_d3dens_page_linear 2 0.csv Eurostat population density dataset for

NUTS3 regions

nama_10r_3gdp_custom 18511051 _linear 2 0.csv| Eurostat GDP dataset for NUTS3 regions

GER_NUTS3_TSOs . * NUTS3-to-TSO spatial mapping

shapefiles

Table 3: Description of dataset files included in the project

After data cleaning and transformation, all processed datasets and final datasets are
stored inside processed folder in data folder.
All code files are available in Electricity_Demand/Code folder as shown in Figure



&) (J > Downloads > Electricity Demand > data

© N sort ~ = View ~
Name
- Today
SMARD_DATA

weather_raw_tso

< Earlier this year

asa

demo_r_d3dens_page_linear_2_0.csv

ﬂ nama_10r_3gdp_ custom_18511051_linear_2_0.csv
[ GER_NUTS3_TSOs.cpg

[ GER_NUTS3_TSOs.dbf

[5] GER_NUTS3_TSOs

[ GER_NUTS3_TSOs.prj

[#] GER_NUTS3_TSOs

[ "] GER_NUTS3_TSOs.shp

[ GER_NUTS3_TSOs.shx

Figure 7: Structure of Data Folder

Name

~ Yesterday
IJ Model_code

~ Last month

Ij Merge_feature engineering

Ij generation_eda

Ij generation_clean

IJ market_price_cleaning_EDA

|j EDA_socioeconomic_features.ipynb
IJ socio_economic_linear_forecast
|J socioeconomic_features tso

|J TSO_Consumption_EDA

Ij consumption_Elean

Ij weather EDA

U_ weather_preprocess_clean

u weather_data_download_tso

Figure 8: Structuge of Code Folder



Using the notebook Merge_feature_engineering.ipynb, all processed datasets were
merged into a final unified dataset:

This merged dataset is then uploaded to Google Drive to use in Google Colaboratory
for modeling purpose.
4.1 Required Libraries

The following libraries must be installed in Colab is shown in Figures [11| and Figures

Ipip install pandas numpy scikit-learn --quiet

Ipip install “pytorch-forecasting>=1.1.6" “lightning>=2.2.0"

Reuirenent slreaty sotiafied: pytorch- forecastingont 10 £ fusr/local/Lb/pythars 42/dis packoges (159
irenent already satisfied: lightning>-2.2.0 in /usr/local/lib/python3.12/dist-p:

iy torints iy 6.5 4n fuser oL inuythons: 12/dist packagos Urnm ,.ymm forecasting>
already satisfied: torch! 3.0.0,5-2.0.0 in Jusr/local /1ib/pythe (from pytorch- -1.1.0) (2.9.0+cu126)
already satisfied: scipy<z.0,>-1.3 in usr/local/1ib/pyth @ kages (from pytorch- ing>=1.1.0) (1.16.3)

Slready satisfied: pandasc.5.,5-1.3.0 in /use/local/Lib/python3. 12/dist-packsges (From pytorch-forecastings-1.1.0) (2.2.2)

alresdy satisflea: scikitleamnc2.6,>-1.2 i Jusr/local L/pythond. 12/dist-packages (From pytorch-forecastin .0) (1.6.1)

already satisfied: PyYANL<8.0,55.4 in /usr/local/1ib/python3. 12/dist-packages (from lightning:
Tlready Satiotied: Toapecsass?ops-2020-5.0 i /usr/local 11 eython. 13/dotpackages. (Fron.Faspec [NEtp]<2037.0,
already satisfied: lightning-utilities<2.0,>=0.10.0 in /usr/local/Lib/python3.12/dist-packages (from lightning>

.1.0) (2.0.2)

022.5.0-sLightning>-2.2.) (2025.2.0)
2)

already packaging<27.0,>=20.0 in /usr/local/1ib/python3.12/dist-packages (from lightning;
already sat torchmetrics<3.0,50.7.0 in /usr/local/1ib/pythons.12/dist-packages (from lightning
already £qdnK6.6,>=4.57.0 in /usr/local/1ib/python3.12/dist-packages (from lightning
alread

d: typing.extensions<6.0,>2.5.0 in /usr/lacal/1ib/pythons.12/dist-packages (fron
already satistied: pytorch-Llightning in /usr/iocal/lib/python3.12/dist-packages (from Lightning>-2. #
already satisfied: aiohttp!-4.0.0a0,!-4.0.0a1 in /usr/local/lib/python3.12/dist-packages (from fsspec[http]<2027.0,>=2022.5.0->lightning>=2.2.8) (3.13.2)
it already satisfied: setuptools in /usr/local/lib/python3.12/dist-packages (from lightning-utilities<2.e,> 5.2,

already satisfied: python-dateutil>=2.8.2 in /usr/local/lib/python3. 12/dist-packages (From pandasc3.0.0,>-
already satisfied: pytz>=2020.1 in /usr/Local/1ib/python3. 12/dist-packeges (from pandas<3.0.0,>=1.3.0->pytorch-fForecasting>=1
already satisfied: tzdata>=2022.7 in /usr/local/1ib/pythond. 12/dist-packages (from pandas<3.e.0,>-1.3.0->pytorch-forecastings-1.1.0) (2025.2)
already satisfied: joblib>=1.2.0 in /usr/local/Lib/pythond. 12/dist-packages (fron scikit-learnc2.0,
already satisfied: threadpoolctly=2.1.6 in /usr/local/1ib/pythona. 12/dist - packages (from scikit-lesrnc.0,>=1.2 >pytorch-forec
already satisfied: filelock in /usr/Local/lib/python3.12/dist-packages (from torch <a.0.0,> pytorch- forecasting>-
already satisfied: sympy>=1.12.2 in /usr/local/Lib/python3.12/dist-packages (from torchi=3.0.1,<3.0.0,5=2.0.0-pytorch- forecasting>=1.1.0) (1.14.0)
Requirenent already satisfied: networkx>-2.5.1 n /usr/local/11b/pythons.12/dist-packages (From torchi-2.0.1,<3.0.6,5-2.0.0-5pytorch-forecasting> 1.1.0) (3.6)

Figure 9: Pytorch package in Colab

1pip install optuna

. Requirement already satisfied: optuna in /usr/local/lib/python3.12/dist-packages (4.6.0)
Requirement already satisfied: alembic>=1.5.0 in /usr/local/lib/python3.12/dist-packages (from optuna) (1.17.2)
Requirement already satisfied: colorlog in /usr/local/lib/python3.12/dist-packages (from optuna) (6.10.1)
Requirement already satisfied: numpy in /usr/local/lib/python3.12/dist-packages (from optuna) (2.0.2)
Requirement already satisfied: packaging>=20.0 in /usr/local/lib/python3.12/dist-packages (from optuna) (25.6)
Requirement already satisfied: sqlalchemy>=1.4.2 in /usr/local/lib/python3.12/dist-packages (from optuna) (2.0.44)
Requirement already satisfied: tqdm in /usr/local/lib/python3.12/dist-packages (from optuna) (4.67.1)
Requirement already satisfied: PyvamL in /usr/local/lib/python3.12/dist-packages (from optuna) (6.6.3)
Requirement already satisfied: Mako in /usr/local/lib/python3.12/dist-packages (from alembic>=1.5.0->0ptuna) (1.3.10)
Requirement already satisfied: typing-extensions>=4.12 in /usr/local/lib/python3.12/dist-packages (from alembic>=1.5.0->optuna) (4.15.0)
Requirement already satisfied: greenlet>=1 in /usr/local/lib/python3.12/dist-packages (from sqlalchemy>=1.4.2->0ptuna) (3.2.4;
Requirement already satisfied: Markupsafe>=0.9.2 in /usr/local/lib/python3.12/dist-packages (from Mako->alembics=1.5.0->0ptuna) (3.0.3)

Figure 10: Optuna package installed in Colab

#Import Libraries

import numpy as np

import pandas as pd

from sklearn.metrics import mean_absolute_error, mean_squared_error, r2_score
from sklearn.preprocessing import StandardScaler

import torch

from torch.utils.data import Dataset, DatalLoader

import torch.nn as nn

import time

from pytorch_forecasting import TimeSeriesDataSet

import lightning.pytorch as pl

from lightning.pytorch.callbacks import EarlyStopping, ModelCheckpoint
from pytorch_forecasting import TemporalFusionTransformer

from pytorch_forecasting.metrics import QuantileLoss

import warnings

Figure 11: Libraries needed in Colab

4.2 Colab GPU Configuration
Enable GPU before training:

Runtime - Change runtime type - Hardware accelerator - GPU



import optuna

from google.colab import drive
import matplotlib.pyplot as plt
import seaborn as sns

plt.style.use("default™)
sns.set(style="whitegrid")

Figure 12: Libraries needed in Colab

Change runtime type

Runtime type

Python 3 -

Hardware accelerator @

QO cru @ awoeru (O sy (O T4GPU

QO wee-1tPu (O vse-1TPU

High-RAM @

Runtime version ®

Latest (recommended) ~

Cancel Save

Figure 13: Change Runtime to A100



4.3 Mount Google Drive

The Dataset needs to be uploaded in Google drive. Then mount the google drive with
Google colab as shown in Figure |14l

from google.colab import drive

# Mount Google Drive
drive.mount("'/content/drive")

Mounted at /content/drive

Figure 14: Mount Colab

4.4 Loading the Dataset in Colab
The dataset is loaded in Google Colab as shown in Figure

# Define file path
file_path = "/content/drive/MyDrive/Final Tso Dataset Updated.csv"

# Load dataset
data = pd.read_csv(file path)

© #Print basic info
print(“shape:", data .shape)
print("columns:", data .columns.tolist())
data .head()

.. Shape: (20159, 65)

Columns: [*consumption_muh', ‘tso’, ‘timestamp_utc', ‘total generation meh', 'total_renewable mwh', ‘total_conventional mwh', ‘biomass_mwh', ‘hydropower_
consumption_meh  tso timestamp_utc total_generation_mwh total_renewable_mwh total_conventional mwh biomass_mwh hydropower_muh wind_offshore !
2020-01-01 .

0 930750 50Herlz (0 00000 13654.75 5432.25 8222.50 1143.00 133.75 63
1 9089.50 50Hertz 20200101 15117.00 5237.25 9879.75 1149.00 134.25 728

01:00:00+00:00

Figure 15: File Loaded in Colab

5 Execution Steps

1. Unzip the ICT Solution Artefact-23414952 Folder and extract the Electricity_Demand
folder.

2. Run all notebooks except Model_code. ipynb in the code folder (inside the Electricity Demand
directory) directly in Jupyter Notebook by clicking Restart Kernel and Run All.

3. Run the files in the following order:

weather_data_download_tso.ipynb

(b) consumption _clean.ipynb
¢ eneration_clean.ipynb
g Py
(d weather_preprocess_clean. ipynb

socioeconomic_features_tso.ipynb

socio_economic_linear_forecast.ipynb



(g) TSO_Consumption EDA.ipynb
(h) generation_eda.ipynb

(i
U

weather_EDA.ipynb

) Py
)

(k) EDA_socioeconomic_features.ipynb
)
)

market_price_cleaning EDA.ipynb

(1
(m

4. Execute Model_code.ipynb in Google Colab Pro+. Prior to the execution of the
code, update dataset path to match your Google Drive directory.

Merge_feature_engineering.ipynb

Model _code.ipynb (Google Colab Pro+)

5. Ensure GPU runtime is enabled to avoid slow training.

6. Click Run all.

After this, open the research_dashboard.pbix in Power BI. Then upload the combined
result CSV file generated from Collab, then click Home — Refresh. Figure is the
Power BI Desktop Version used in this research.

Microsoft Power Bl Desktop

Microsoft Power Bl Desktop is a companion product to app.powerbi.com.
Version: 2.149.1252.0 64-bit (November 2025)

User ID: b3dcceb9-2e3d-4bb4-8af8-a39b3c771a05

Session ID: 46df0a17-bf4f-4cfd-acce-eb87c610985d

Copy session diagnostics to clipboard Copy

Privacy Statement

Close

Figure 16: PowerBI Version

These steps will make sure that the entire process of working with raw data until the
final model prediction can be reproduced successfully.
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