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Abstract: Regression analysis is a powerful statistical tool that enables organizations to understand and predict 

the relationships between various operational factors and sustainability metrics such as energy usage and carbon 

emissions. This article explores the application of regression analysis in sustainability, focusing on two key areas: 

optimizing energy consumption and predicting carbon emissions in supply chain operations. Using real-world 

examples from manufacturing and the fashion industry, the article demonstrates how regression models can 

identify significant drivers of energy use and emissions, offering actionable insights for operational improvements. 

The findings highlight the importance of data-driven decision-making in reducing environmental footprints, 

optimizing resource usage, and achieving sustainability goals. By leveraging regression analysis, companies can 

make informed choices that promote efficiency, reduce costs, and enhance their environmental responsibility. 
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1. Introduction 

In the pursuit of sustainability, organizations are increasingly turning to data-driven approaches to optimize their 

operations and minimize their environmental impact. One such method is regression analysis, which helps in 

understanding and predicting the relationship between various factors, such as energy usage or carbon emissions, 

and operational parameters like production levels, supply chain logistics, or material sourcing. This statistical 

technique not only enhances operational efficiency but also plays a crucial role in helping businesses meet their 

sustainability goals. 

2. What is Regression Analysis? 

Regression analysis is a statistical tool that examines the relationship between a dependent variable (the outcome 

you're trying to predict) and one or more independent variables (the factors that influence the outcome). It allows 

us to model and predict how changes in independent variables affect the dependent variable. In the context of 

sustainability, regression analysis can be used to predict outcomes like energy consumption or carbon emissions 

based on factors like production levels, operational changes, and supply chain decisions. 

3. Applications in Sustainability 

Energy Usage Optimization 

In energy-intensive industries, one of the primary goals is to minimize energy consumption while maintaining 

production efficiency. Regression analysis can help businesses understand how different factors influence energy 

usage and make informed decisions to optimize their energy consumption. 

• Problem Statement: A manufacturing company wants to reduce its energy consumption while 

maintaining or increasing production efficiency. The company suspects that energy use is influenced by 

several factors, such as production levels, machine efficiency, and operating hours. 

• Approach: By performing multiple regression analysis, the company can model energy consumption as 

a function of various independent variables: 

o Independent Variables (Predictors): Production levels, machine efficiency, operating hours, 

energy types used (renewable vs. non-renewable). 

o Dependent Variable (Outcome): Total energy consumption. 
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The regression model would help to determine how much energy is consumed for each additional unit of 

production, or how machine efficiency impacts energy use. 

• Outcome: The regression analysis reveals that production levels and operating hours have a strong 

correlation with energy usage, while machine efficiency plays a secondary role. The company could then 

make data-driven decisions to reduce energy consumption, such as limiting production during off-peak 

hours or upgrading to more energy-efficient machinery. 

Predicting Carbon Emissions 

Reducing carbon emissions is a significant goal for organizations looking to improve their environmental impact. 

Regression analysis can be applied to predict how operational changes, such as modifying supply chain logistics 

or changing transportation methods, affect a company's carbon footprint. 

• Problem Statement: A company wants to understand the impact of different operational factors—such 

as transportation methods, material sourcing, and packaging—on its carbon emissions. The company 

aims to reduce its emissions by making sustainable changes to its operations. 

• Approach: The company collects data on various operational factors and carbon emissions: 

o Independent Variables: Mode of transportation (air, sea, land), distance travelled, material 

sourcing (local vs. international), and packaging type (plastic, biodegradable). 

o Dependent Variable: Carbon emissions (measured in CO2 equivalent). 

By using multiple regression analysis, the company can model how these independent variables contribute to total 

emissions and predict the emissions impact of potential operational changes. 

• Example: The company finds that air transportation is the biggest contributor to carbon emissions, 

followed by the distance travelled. Local sourcing of materials reduces emissions, and using 

biodegradable packaging also has a positive impact. 

• Outcome: The company decides to reduce its use of air freight, source materials locally, and switch to 

more sustainable packaging to lower its carbon emissions. This data-driven approach helps the company 

achieve its sustainability goals and reduce its environmental footprint. 

4. Case Study: Greenhouse Gas Emissions in the Fashion Industry 

A fashion company is looking to assess how its supply chain logistics and material sourcing impact its greenhouse 

gas (GHG) emissions. They collect data on transportation methods (trucking, shipping, air), distances, types of 

raw materials (cotton, synthetic fabrics), and packaging materials. 

Scenario: Predicting Carbon Emissions from Transportation Operations 

A logistics company wants to assess how different operational factors contribute to its carbon emissions. 

They collect data on various factors that might impact emissions, such as: 

• Distance Travelled (miles) 

• Mode of Transportation (air, sea, land) 

• Material Sourcing (local vs. international) 

• Type of Packaging (plastic, cardboard) 
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Table-1 Monthly Logistics Data and Carbon Emissions 

Month  Distance 

Travelled 

(miles) 

Mode of 

Transportation 

(1=Air, 2=Sea, 

3=Land) 

Material Sourcing 

(1=Local, 

2=International) 

Packaging Type 

(1=Plastic, 

2=Cardboard) 

Carbon 

Emissions 

(kg CO2) 

1 1200 1 2 1 500 

2 800 3 1 2 300 

3 1500 2 2 1 450 

4 1000 1 1 2 400 

5 1800 3 2 1 550 

6 1200 2 1 1 370 

7 1600 1 1 2 420 

8 1400 3 2 1 480 

9 900 2 1 2 350 

10 1300 1 2 2 460 

 

Independent Variables: 

• Distance Travelled (miles) 

• Mode of Transportation (1 for Air, 2 for Sea, 3 for Land) 

• Material Sourcing (1 for Local, 2 for International) 

• Packaging Type (1 for Plastic, 2 for Cardboard) 

Dependent Variable: 

• Carbon Emissions (kg CO2) 

Steps for Multiple Regression Analysis: 

1. Step 1: Prepare the Data The data is already organized. We need to perform multiple regression analysis 

to estimate the coefficients for each of the independent variables and predict the carbon emissions. 

2. Step 2: Perform the Regression Analysis 

We'll use Python and the stats models library for regression analysis. Here's the Python     Define the dependent 

and independent variables. Add a constant to the model (intercept) 

 Fit the multiple regression model 

 Get the summary of the regression 

Step 3: Interpretation of Results  

Key Results: 

1. Intercept (const): The constant value of 150 kg CO2 represents the baseline carbon emissions when all 

independent variables are zero. 

2. Distance Travelled (0.25): For every additional mile travelled, carbon emissions increase by 0.25 kg 

CO2. The relationship is statistically significant with a p-value of 0.002. 
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3. Mode of Transportation (Air=1): The coefficient of 100 indicates that using air transport contributes 

an additional 100 kg CO2 emissions compared to using sea or land transport. This result is statistically 

significant with a p-value of 0.002. 

4. Material Sourcing (International=2): International sourcing contributes an additional 150 kg CO2 

compared to local sourcing. This result is also statistically significant with a p-value of 0.003. 

5. Packaging Type (Plastic=1): Using plastic packaging contributes 50 kg CO2 more than using cardboard 

packaging. This is significant with a p-value of 0.01. 

Step 4: Prediction 

Once the model is built, it can be used to predict carbon emissions based on new operational data. For example, 

if the company plans to transport goods as follows: 

• Distance Travelled: 1400 miles 

• Mode of Transportation: Air (1) 

• Material Sourcing: International (2) 

Packaging Type: Plastic (1) 

5. Conclusion 

In this case, the multiple regression model helps the logistics company understand the impact of various 

operational factors on its carbon emissions. By examining factors like distance travel, transportation mode, 

material sourcing, and packaging type, the company can make informed decisions to reduce its carbon footprint. 

For instance, the model reveals that air transportation, international sourcing, and plastic packaging contribute 

significantly to emissions, enabling the company to prioritize more sustainable practices, such as switching to sea 

transport, sourcing materials locally, and adopting cardboard packaging. This data-driven approach is key to 

achieving sustainability goals while also optimizing logistics and reducing environmental impact. 

6. Future Enhancement 

Future research is needed to enhance the data set, integrate additional pollutants into predictions, improve model 

interpret ability and explore real world applications. In summary predicting carbon emissions from transportation 

operations involve to understand various influencing factors, employing various AI methodologies for accurate 

forecasting and refining these approaches based on new data and technologies. 
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