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1 Introduction 
 

The Configuration Manual's aim is to provide documentation regarding the hardware, software, 

and operational needs required for the "A Data-Driven Machine Learning Framework for 

Scope 3 Emission Estimation" research project reproduction. This writing is intended as a 

manual for the examiners and researchers as to the configuration of the environment, execution 

of the code artifacts, and the reproduction of the exact results, tables, and visualizations 

included in the final thesis report. It connects the theoretical methodology with practical 

implementation. 

 

2 System requirements 
 

The study was conducted and verified in a cloud environment (Google Colab) with the purpose 

of scalability and reproducibility. But it can still run on a local PC. The specs provided below 

indicate the best setup for the highest performance and productivity. 

2.1 Hardware requirements 

 

 Processor: Intel Core i5/i7 (8th Gen or newer) or Apple M1/M2 silicon. 

 RAM: Minimum 8 GB disk space (16 GB is the optimal for quick model training). 

 Storage: At least 500 MB of free disk space to accommodate dataset and libraries. 

 Internet Connection: Needed for the installation of Python packages and usage of Google 

Colab. 

2.2 Software requirements 

 

 Operating System: Platform independent (Windows 10/11, macOS, Linux). 

 Runtime Environment: Python 3.10.12 (or higher). 

 IDE: Google Colab (Recommended) or Jupyter Notebook/Lab (Local). 

 Browser: Google Chrome or Mozilla Firefox (for Colab compatibility). 

 

3 Environmental setup 
 

To ensure the file paths in the code function correctly, the project directory is organised as 

follows: 
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3.1 Library dependencies 

The implementation is based on the Python scientific stack. There were specific versions used 

in this research that are critical for reproducing the exact SHAP values and model metrics. 

Required Libraries: 

 numpy & pandas: For data manipulation. 

 matplotlib & seaborn: For data visualization. 

 scikit-learn: For preprocessing pipelines, K-Means, and Random Forest. 

 xgboost: For the Gradient Boosting regressor. 

 shap: For model explainability and feature importance. 

 

4 Implementation steps 
 

This section describes the sequential execution of the Carbon_Emission.ipynb notebook. 

Step 1: Initialization and Installation 

The first cell of the notebook installs the non-standard libraries (xgboost and shap) which are 

not included in the default Anaconda or Colab runtime. 

 Action: Run Cell 1. 

Expected Output: Installation logs confirming successful download 

 

 
 

Step 2: Data Ingestion 

The system loads raw firmographic data. Ensure the file company_dataset_.csv is uploaded to 

the runtime session or correctly linked in your Google Drive. 

 Action: Run Cell 2 ("Load the dataset"). 

 Verification: The output must print the dataset shape: (23808, 59). 
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Step 3: Exploratory data analysis (EDA) 

The missing values and skewness of distribution are identified using statistical profiling in the 

notebook. This step justifies the need for custom imputation strategy described in the thesis. 

 Action: Run Cells 3–5. 

 Expected Output: A histogram visualization of missing values and a statistical 

summary table. 

 

 

 



4 
 

 

 

 

 

 



5 
 

 

 

Step 4: Domain-Aware Preprocessing 

The present situation requires important bespoke implementation. A function 

impute_group_median has been defined in the code which takes care of filling in the missing 

data by grouping the Industry and Size strata, thus preserving the integrity of the data. 

 Action: Run Cell 6. 

 Verification: The console will print confirmations like Imputing 

total_procurement_spend_usd. 
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Step 5: Feature Engineering Pipeline 

The ColumnTransformer is set up with the intention of using One-Hot Encoding for 

categoricals and Standard Scaling for numericals. This is done to prepare the matrix for K-

Means algorithm. 

 Action: Run Cell 9. 

 Verification: Check that preprocessor.fit_transform executes without error. 

 

5 Model training & evaluation 

5.1 Unsupervised segmentation (K-Means) 

 

The system executes K-Means clustering (k=4) to segment the companies. 

 Action: Run Cell 16. 

 Expected Output: A breakdown of company counts per cluster (e.g., Cluster 2: 12,555 

companies). 

 Relevance: These cluster IDs are appended to the dataset for the final analysis. 
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5.2 Supervised prediction (Ensemble Models) 

 

The notebook trains the Random Forest and XGBoost models. 

 Action: Run Cells 10 and 11. 

 Expected Output: The console will print the evaluation metrics: RMSE and R² 

(approx 0.52 for XGBoost). 
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5.3 Explainability (SHAP) 

 

To generate the feature importance insights cited in the thesis, the SHAP explainer is run. Note: 

This step may take 1-2 minutes depending on CPU speed. 

 Action: Run Cell 14. 

 Expected Output: The SHAP summary beeswarm plot. 

 

 

6 Output generation 
 

To complete the experiment, obtained processed data and predictions are exported to CSV 

format from the system. These files provide for external validation of the results.  

 Action: Run Cell 20 ("Save cleaned data"). 

 Location: Files will appear in the outputs/ folder. 

o cleaned_with_clusters.csv: Contains the data with assigned Cluster IDs. 
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o test_results_total_emissions.csv: Contains Actual vs. Predicted values. 

 

Issue Potential Cause Solution 

ModuleNotFoundError: No 
module named 'shap' 

Library not installed. Rerun Step 1 (!pip install) and restart the 
kernel. 

FileNotFoundError: ...csv Incorrect file path. Ensure the CSV is uploaded to the root 
directory or update the path in Cell 2. 

MemoryError during SHAP Insufficient RAM. Reduce the sample size in the SHAP cell: 
X_train.sample(n=500) instead of 1000. 
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