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PREFACE 

Environmental sustainability has emerged as one of the foremost challenges and 

responsibilities of our time. With escalating demands on natural resources and the 

increasing impact of human activities on ecosystems, a profound understanding of 

environmental science is essential for fostering practices that protect and sustain our 

planet. Environmental Science for Sustainability aims to provide readers with a 

comprehensive understanding of the principles and practices that support a sustainable 

future, blending theoretical knowledge with real-world applications. 

This book is structured to cover a wide range of topics essential for 

environmental sustainability. From ecosystem dynamics, pollution control, and waste 

management to renewable energy, conservation practices, and sustainable urban 

development, each chapter offers a detailed exploration of how science can guide us 

toward more sustainable choices. Beyond presenting key scientific concepts, we aim to 

inspire critical thinking about the complex relationships between human activities and 

the natural world, equipping readers to approach environmental issues with both rigor 

and creativity. 

As environmental concerns transcend national borders, so must our solutions be 

globally informed and locally relevant. The authors have therefore drawn upon diverse 

case studies and contemporary research to illustrate how sustainability efforts vary 

across different regions and how we can adapt solutions to address unique 

environmental contexts. 

This book is designed not only for students and professionals in environmental 

science but also for anyone committed to understanding and addressing the 

environmental challenges of the 21st century. We hope that it will serve as a valuable 

resource for fostering the knowledge, skills, and motivation needed to build a 

sustainable future for all. 

- Editor s 
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Abstract: 

This study explores the evolution and optimization of waste management practices in Oran 

through the 3R-VE (Reduction, Reuse, Recycling - Valorization and Elimination) approach. 

Analyzing municipal solid waste data from 1980 to 2022, it highlights shifts in waste generation 

and composition and the transition to modern disposal methods, including sanitary landfills. 

Despite legislative efforts like Law 01-19 and the National Waste Agency's initiatives, waste 

treatment efficiency remains a challenge. In 2022, less than 1% of the 693.5 million tons of waste 

was composted, and about 11% was recycled, leaving 88% unprocessed. The study emphasizes 

missed opportunities from insufficient recycling, noting that energetic valorization of organic 

matter could yield 123.5 MWh/day, and composting could generate over 5 million US dollars 

annually. 

The study advocates for policy enhancements, such as mandatory sorting and selective 

collection, to support Oran's transition to a circular economy. Effective sorting is important for the 

proposed waste solutions, which could create 40,000 direct jobs and over 200,000 indirect ones. 

By adopting the 3R-VE principles, the study envisions a sustainable and resilient waste 

management system in Oran, aligning with national sustainability goals and improving the quality 

of life in Oran and Algeria. 

Keywords: Municipal Solid Waste, Recovery, Recycling, Valorization, circular economy, Oran, 

Algeria. 

Introduction : 

The management of municipal solid waste (MSW) represents a significant challenge for 

countries worldwide, encompassing environmental, socio-economic, and public health aspects 

(Hassaine and Abrika, 2023). Algeria, like several other developing countries, faces considerable 

hurdles in this domain, with negative implications for public health, the economy, and the 

environment. In 2020, Algeria generated approximately 34 million tons of waste, including 13 

million tons of MSW. The daily per capita waste production has increased from 0.5 kg during 

mailto:safia.abdelli@univ-mosta.dz
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1987-1998 to 0.80 kg in 2020, surpassing the national GDP growth rate and reflecting substantial 

consumption patterns (NAW, 2020; Mate, 2008). 

One primary limitation in Algeria's current waste management system is the low recycling rate, 

which remains below 10% despite 60% of the waste being recyclable. This rate is notably lower 

than those of developed countries, such as Germany and Singapore, which reached 67% and 60.5% 

respectively in 2019 (Sharma et al., 2028, OECD, 2020). Without effective prevention policies, 

Algeria's waste production could exceed 76 million tons by 2035, highlighting the urgent need for 

advanced waste management methods (Hassaine and Abrika, 2023). 

To address these challenges, Algeria's national waste management policy initially focused 

on creating controlled dumpsites and establishing landfills to replace illegal open dumpsites. 

However, the adoption of a linear waste management model has led to significant delays, with 

landfills rapidly reaching saturation. Approximately 80% of MSW produced in the country ends 

up in landfills, while the recycling rate remains below 10%, leading to considerable economic 

losses estimated at around 296 million US dollars annually due to the lack of waste valorization 

(Hassaine and Abrika, 2023; NAW, 2020). 

Shifting to a circular economy (CE) model is important for sustainable development, 

emphasizing the reduction, recycling, and reuse of resources. The CE aims to minimize natural 

resource waste, reduce environmental impacts, and enhance resource use efficiency throughout a 

product's lifecycle. The National Strategy for Integrated Waste Management and Valorization, 

initiated for 2035, aims to cut municipal solid waste by 6 million tons, achieve a 25% recycling 

rate, and a 50% composting rate, generating an estimated valorization value of 651 million US 

dollars and creating numerous jobs (Dahmane et al., 20224). This strategy aligns with global 

sustainable development goals and represents a shift towards more responsible and sustainable 

waste management practices. 

Environmental damage is a critical concern, threatening present and future generations. 

The Brundtland Report (1987) emphasized sustainable development (SD), recognizing 

environmental problems driven by a linear economic model focused on consumer demand. The 

circular economy (CE), advocating the 3 Rs (reduce, recycle, reuse), aims to extend the life of 

existing resources, reintegrating them into the economic circuit and minimizing raw material 

extraction. 

Effective waste management from the CE perspective ensures that resources are 

reintegrated into the economic circuit, enhancing the performance of the economic system and 

reducing environmental degradation. Several organizations, including the United Nations (UN) 

and the European Union (EU), have adopted large-scale energy and environmental policies to 

facilitate this transition. The EU's Directive 2008/98/CE and subsequent measures highlight the 

importance of optimal resource management and the promotion of the CE (Collard, 2020). 
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In Algeria, despite efforts to integrate CE principles, the recycling rate remains below 7%. 

The country's reliance on hydrocarbons and imported products, coupled with a lack of a diversified 

economy, impedes the effective reintegration of products into the economic circuit. The unrealized 

recycling potential represents a significant economic loss, underscoring the need for a 

comprehensive recycling policy and efficient waste management (Dahmane et al., 20224). 

This book chapter aims to analyze the inadequacies of previous waste management 

programs and evaluate the relevance of the National Strategy for Integrated Waste Management 

for 2035 (NSIWM-2035) in introducing new instruments for sustainable and integrated waste 

management. By absorbing CE principles, this strategy has the potential to unleash economic 

opportunities and improve waste management in Algeria, moving beyond reactive and linear 

approaches. 

In summary, this chapter seeks to contribute to the ongoing discourse on waste 

management in Algeria by providing a comprehensive analysis of current practices and proposing 

a pathway towards a more sustainable and economically viable future through the implementation 

of circular economy principles. 

Study Area Description 

 

Figure 1: Location of Oran city 

As illustrated in Figure 1, Oran is strategically located in northwest Algeria and is 

distinguished as the country's second-largest city. It is undergoing a period of remarkable 

demographic and economic expansion. As of 2022, the city's population has reached 2,296,026 

inhabitants, accompanied by key economic indicators such as a Gross Domestic Product (GDP) 

per capita of $5,130, a projected real growth rate of 3.1% for 2024, an unemployment rate of 11%, 

and an average monthly income of approximately 420 USD (Dahmane et al., 20224). This swift 

growth trajectory has resulted in a significant uptick in daily waste production, which currently 

surpasses 1,900 tons. As a pivotal hub for regional and national development, Oran is confronted 

with challenges in urban planning, infrastructure, and waste management. It is imperative for the 

city to adopt efficient and sustainable waste management practices to accommodate the escalating 

demand and to ensure the well-being of its growing population. 
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While cities such as Singapore and Stockholm have successfully addressed similar 

challenges through innovative waste management strategies and robust environmental policies 

(NEA, 2021), Oran also has significant potential, particularly in resource valorization from waste. 

Learning from successful approaches in other developing regions, like Curitiba in Brazil, Oran can 

leverage strategic planning and government initiatives to advance towards more sustainable waste 

management practices. This shift would not only enhance environmental protection but also 

support the region's overall development (Rahmasary et al., 2019) 

Current Status of Municipal Solid Waste Management in the City of Oran 

The city of Oran has experienced significant changes in its approach to municipal solid 

waste management over the past decade. Until 2012, the primary method of handling waste was 

through collection, transportation, and open dumping. This method, while common in many 

developing regions, resulted in substantial environmental and public health issues. Recognizing 

these challenges, the city initiated a series of reforms beginning in 2016. 

One of the most notable changes was the elimination of all open dumpsites, including the 

closure of the El Kerma dumpsite, previously the second-largest dumpsite in Algeria. In place of 

these open dumps, Oran adopted a hybrid model of waste management, which included the 

construction and operation of sanitary landfills. This new approach featured three Class II landfills, 

reclaiming a total area of 205 hectares that had been previously used for open dumping (Abdelli 

et al., 2020). This transition towards more regulated waste management practices represents a 

significant step towards achieving responsible and environmentally sustainable waste management 

in Oran. 

As of now, the city boasts a collection coverage rate of 84%. Despite these improvements, 

the region continues to face challenges related to waste management and valorization. In 2020, 

Algeria produced a total of 13.5 million tons of MSW 90% being MSW and the remaining 10% 

consisting of assimilated waste from economic and administrative activities, including industry, 

commerce, services, and administrations (Abdelli et al., 2020). 

The NSIWM -35 outlines different scenarios to manage the increase in waste production. 

Under the Business As Usual (BAU) scenario, the quantity of MSW is projected to reach 23 

million tons by 2035. However, if the strategy is effectively implemented, incorporating measures 

such as prevention and financial incentives, the quantity could be limited to 20.5 million tons, with 

a recycling rate potentially reaching 25% to 30% (Dahmane et al., 20224). 

Despite Oran's economic significance, research on municipal solid waste management 

remains relatively limited. Existing studies primarily focus on quantifying MSW production, with 

less emphasis on comprehensive waste management and valorization strategies. This highlights 

the need for more in-depth research and data collection to inform better waste management 

practices. 
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Significant contributions to the research on MSW management in Oran have been made 

by Tabet Aoul et al. (2000), Benaama et al. (2011), and Bentekhici (2019). These studies, however, 

may not fully cover all dimensions of management. More in-depth investigations by Dahmane 

(2012), Bouhadiba et al. (2015), Abdelli et al. (2017), and Abdelli et al. (2020) provide detailed 

analyses of specific aspects of MSW management. Despite their focused approach, these studies 

may still leave gaps in understanding the broader context and complexities of municipal solid 

waste management. Therefore, while each study offers valuable insights, further research 

synthesizing and expanding upon these findings is necessary to build a comprehensive knowledge 

base on MSW management in Oran. 

Drawing from successful sustainable waste management practices in other developing and 

developed countries, such as Brazil, India, and Sweden, can provide valuable insights to improve 

Oran's waste management (Coelho et al., 2021; Rana, 2018). The transition towards a mixed model 

of municipal solid waste management, including the establishment of sanitary landfills, represents 

a positive move towards more controlled and environmentally respectful waste management 

practices. By adopting best international practices, Oran can enhance its waste management 

capabilities and progress towards a more sustainable and prosperous future. 

Integrated Analysis of MSW Evolution  

1. Study of the Evolution of MSW generation from 1980 to 2022 

The city of Oran has witnessed a significant evolution in the quantities of MSW generated 

over the past decades. Prior to 2013, the amount of waste produced increased dramatically, rising 

from 574.4 tons per day in 1980 to 1,201.6 tons per day in 1998, and reaching 1,523 tons per day 

in 2003 (Dahmane, 2012). This escalation in waste production per inhabitant is illustrated in Figure 

2, where the daily waste generation per capita increased from 0.76 kg in 1980 to 0.99 kg in 1998, 

and further to 1.05 kg in 2003. These figures are significantly higher than the national averages, 

which were 0.35 kg /inhab/ day in 1980 and 0.65 kg/inhab/day in 2000 (NAW, 2020). However, 

they are comparable to the quantities generated in France, which were 0.79 /inhab/day in 1980, 

0.97 kg/inhab/day in 1998, and 1.07 kg/inhab/day in 2009 (ADEME, 2009). 

 

Figure 2: Quantitative evolution of MSW from 1980 to 2022 
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The high ratios of MSW production in Oran reflect a situation that does not accurately 

represent the actual waste management practices, especially after the opening of sanitary landfills. 

These overestimated figures are explained by the approximate calculation methods used, including 

the volume of trucks entering the landfill and the number of daily rotations. Following the 

introduction of sanitary landfills in 2012, the quantities of waste showed a notable decrease, 

dropping from 1,523 tons per day in 2003 to 1,062 tons per day in 2013. Consequently, the per 

inhabitant waste generation ratio fell from 1.05 kg to 0.67 kg per day, marking a 36% reduction. 

This decrease is attributed to the implementation of more accurate weighing of the waste redirected 

from open dumping to landfills. 

Between 2013 and 2019, the quantities of MSW remained relatively stable, with an annual 

growth rate of 9%. The respective daily waste quantities for these years were 1,062.8 tons in 2013, 

1,167.12 tons in 2015, 1,328.8 tons in 2017, and 1,518.3 tons in 2019. The per capita waste 

generation also increased, from 0.67 kg per day in 2013 to 0.71 kg in 2015, 0.78 kg in 2017, and 

0.86 kg in 2019. This increase in waste quantities is linked to economic development, urbanization, 

and improvements in living standards, which led to a 6% annual increase in goods consumption 

and the complexity of the generated waste. 

However, the COVID-19 pandemic in 2020 had a significant impact on waste quantities 

due to decreased purchasing power and the shutdown of many economic, industrial, and 

commercial activities. Consequently, the quantities of waste treated at the CET decreased by 

19.5%, from 1,518.3 tons per day in 2019 to 1,294 tons per day in 2020. In 2021, a slight increase 

of 3.11% was observed, with quantities reaching 1,385.6 tons per day. The per capita waste 

generation ratio also fluctuated, dropping from 0.86 kg per day in 2019 to 0.72 kg in 2020, and 

then slightly rising to 0.73 kg in 2021 as activities resumed post-confinement. These variations are 

consistent with the national averages reported by the National Waste Agency, which were 0.8 kg 

per inhabitant per day in 2019, 0.67 kg in 2020, and 0.68 kg in 2021 (NAW, 2020). 

In 2022, waste production increased by 12% compared to the previous year, reaching 

1,545.85 tons per day, with the per capita production ratio returning to 0.83 kg per day. Despite 

this increase, the quantities remain below the pre-COVID-19 levels. Additionally, the National 

Waste Agency reported that Oran is the largest producer of MSW in Algeria, followed by the 

capital, Algiers, with a production ratio of 0.77 kg per inhabitant per day, while the national 

average is 0.68 kg per day (NAW, 2020). 

The evolution of MSW quantities in Oran underscores the importance of implementing 

integrated waste management policies that can adapt to economic fluctuations and exceptional 

events like health crises. Continuous improvement of waste management infrastructure and 

practices is essential to ensure sustainable and responsible MSW management in Oran, while 

minimizing the associated environmental and social impacts. 
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By adopting innovative and efficient waste management techniques, such as recycling, 

composting, and waste-to-energy technologies, the city can optimize resource utilization and 

reduce the amount of waste sent to landfills. Public awareness and education campaigns can also 

encourage responsible waste disposal practices, promoting waste reduction and proper sorting. An 

integrated approach to waste management can create economic opportunities, such as job creation 

in the recycling sector and the development of a circular economy, where waste materials are used 

as resources for new products and processes. 

Local authorities should establish contingency plans to handle unexpected events, like 

pandemics, ensuring that waste management services continue to function efficiently during 

challenging times. Overall, a proactive and adaptive waste management strategy, supported by 

collaboration between stakeholders, policymakers, and the public, can contribute to a cleaner and 

more sustainable environment for Oran, while enhancing the well-being of its residents and 

preserving valuable resources for future generations. 

2. Study of MSW Composition in Oran 

Understanding the quantity and composition of MSW is important for devising appropriate 

treatment methods and developing sustainable waste management strategies. In Algeria, the 

predominant methods of waste disposal are landfilling and dumping, which account for 97% of 

waste management practices (Djemaci et al., 2018, Abdelli et al., 2017). A precise knowledge of 

MSW composition allows for targeted actions such as recycling, composting, and energy recovery, 

which in turn reduce landfill waste and mitigate environmental impacts such as pollution and 

greenhouse gas emissions. Table 1 summarizes the evolution of MSW composition generated by 

the city of Oran from 1984 to 2021. 

Table 1: Evolution of MSW Composition in Oran (Percentages by Weight) 

Materials 1984 1992 2003 2010 2015 2019 2022 
National 

Average 

Organic Matter 72 69 72.5 54.4 52.5 52.7 51.5 53.6 

Paper/Cardboard 16 16 9 6.6 12.7 6.6 6.4 6.7 

Textiles 2.6 - 2 3.3 2.8 2.36 3.4 4.5 

Sanitary 

Textiles 
- - - 6.3 10.4 7.8 14.6 11.8 

Plastics 2.5 2.5 12 24.9 12.3 12.8 17 15.3 

Metals 2.4 2.5 1.7 1.7 1.7 2.6 1.1 1.7 

Glass 1.2 - 1.8 1.2 1.1 1.4 0.6 1.0 

Others 3.2 10 0.6 1.2 4.2 9.86 2.70 2.72 

References 
Tabet ï 

Aoul, 2000 

Dahmane, 

2012 

Dahmane 

et al., 2024 

NAW, 

2020 

Dahmane 

et al., 2024 

NAW, 2020 
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The composition of MSW in Oran has undergone significant changes over the past decades. 

Before 2010, organic waste constituted over 70% of the total waste composition. This trend is 

consistent with other cities in Algeria, such as Msila, Blida, Constantine, Chlef, and Algiers 

(Derias et al., 2022). However, over time, the waste composition has become more complex with 

the emergence of materials like plastics, sanitary textiles, papers, and diapers. This shift is 

attributed to changes in lifestyle, dietary habits, and an increase in purchasing power. 

From 1984 to 2021, several notable trends were observed in the MSW composition in Oran: 

1. Decrease in Organic Fraction: The organic fraction of MSW decreased by 20% between 

1984 and 2015, though it remained above 50% in 2019 and 2021. This decline is linked to 

increased consumption of processed and packaged products. 

2. Change in Packaging Type: There was a significant shift in packaging types from 

paper/carton to plastic. In 1984 and 1992, paper/carton accounted for 16% of waste 

compared to 2.5% for plastic. By 2015, plastic waste had increased to 16.98%, while paper 

waste had decreased to 6.45%. 

3. Impact of COVID -19: The pandemic caused a notable reduction in waste quantities due 

to lockdown measures and decreased purchasing power. The plastic fraction decreased to 

12.3% in 2020, while the paper fraction increased to 12.7%. 

4. Stability of Metal Fraction : The metal fraction remained relatively stable, fluctuating 

between 2.4% and 2.5% from 1983 to 1992, with a slight increase to 2.56% in 2019 before 

declining to 1% in 2021. 

5. Emergence of New Fractions: New waste fractions, such as sanitary textiles emerged 

since 2010 due to population growth and increased commercial activities. 

These changes in waste composition reflect shifts in consumption patterns, lifestyle, and 

economic activities in Oran. Addressing these new waste streams requires tailored waste 

management strategies, including selective collection, recycling, energy recovery, and public 

awareness campaigns. 

3. Regression Analysis of Oran's MSW  

A regression analysis was conducted on the MSW generation in Oran, revealing a clear 

upward trend in waste production over the analyzed period. Using historical data from 1980 to 

2022, a linear regression model established the relationship between years and MSW generation 

in tons per day. The analysis indicated an average increase of 23.17 tons/day per year, with an R-

squared value of 0.86, demonstrating a strong correlation between temporal progression and waste 

generation. 

Furthermore, polynomial regression analysis was employed for individual waste 

components (organic matter, plastic, textile, metal, and glass) to derive equations representing the 

change in percentage of each component over time. The resulting equations are as follows: 
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1. Organic Matter: Percentage=ī0.2665x2+110.52xī110243.69 

2. Plastic: Percentage=ī0.0045x3+17.295x2ī20836x+8075140 

3. Textile: Percentage=ī0.0029x2+11.676xī11580.072 

4. Metal: Percentage=ī0.0008x3+3.0686x2ī3820.3x+1516114.4 

5. Glass: Percentage=0.0007x3ī5.1135x2+12226xī9633886 

These equations provide mathematical insights into how the composition of MSW has 

evolved over the years. Analyzing the coefficients and terms in these equations reveals trends and 

patterns of change in each component's percentage within MSW. This understanding is essential 

for developing effective waste management strategies aimed at promoting sustainability and 

efficient resource utilization. 

The evolution of MSW generation and composition in Oran highlights the need for 

adaptive and sustainable waste management practices. Investing in waste reduction initiatives, 

upgrading infrastructure, and enforcing regulations are crucial steps. Embracing innovative 

techniques such as recycling and waste-to-energy technologies can reduce landfill waste while 

promoting economic growth. Public awareness campaigns and contingency plans for unforeseen 

events are also essential components. Collaboration among stakeholders is vital for implementing 

these strategies, ensuring a cleaner and more sustainable environment for Oran. 

Application of the 3R-VE Principle 

The 3R-VE principle (Reduce, Reuse, Recycle - Valorize, and Circular Economy) is 

pivotal for waste management in Oran. It aims to minimize waste and maximize its reuse and 

valorization, thereby promoting a circular economy. This principle is applied locally through 

policies and strategies aligned with sustainable development. Legislation governs waste 

management, control, and disposal, accompanied by action plans for the integrated management 

of special waste and municipal solid waste. 

By 2035, Oran aims to reduce municipal solid waste by 10%, achieve a valorization rate 

of 47%, and eliminate 1,300 illegal dumpsites. However, in 2018, only 1% of waste was 

composted, about 10% recycled, and 82% disposed of in landfills. The strategy to achieve these 

goals includes promoting reduction at the source, reuse of products, and energy recovery from 

residual waste (Dahmane et al., 2024) 

1. Prevention 

Prevention is the key element in waste management, aiming to reduce waste accumulation 

by promoting recycling and material valorization. This approach treats materials as resources 

rather than waste, fostering a circular economy. The adoption of prevention strategies benefits the 

environment and creates green jobs, especially in the circular economy sector. The transition to a 

circular economy involves rethinking production and consumption patterns to minimize waste 

generation. 
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Promoting the circular economy and green jobs requires collaborative efforts from various 

stakeholders, including government, businesses, citizens, and civil society. It is important to raise 

awareness about waste prevention and implement policies favoring source reduction, product 

reuse, and material valorization. In Oran, prevention is a critical pillar for sustainable waste 

management, leading to the creation of an innovative environmental industry and contributing to 

the preservation of natural resources. Collective and concerted action is essential for addressing 

environmental challenges while fostering sustainable economic development in the region. 

2. Recovery 

In Oran, waste valorization efforts have been primarily focused on four main categories: 

plastics, paper/cardboard, ferrous metals, and aluminum. Figure 3 illustrates the evolution of the 

quantity of these materials recovered between 2015 and 2020. 

 

Figure 3: Evolution of municipal solid waste recovery in the city 

In Oran, waste valorization efforts have been primarily focused on four main categories: 

plastics, paper/cardboard, ferrous metals, and aluminum. The selective sorting projects launched 

in 2015 initially saw low recovery rates for these materials. However, after their discontinuation 

in 2017, the recovery efforts were limited to the operating bins at the city's landfills. A significant 

growth in the amount recovered was observed in 2018, driven mainly by the economic value of 

plastic. This trend continued with plastics constituting the majority of recovered materials, 

exceeding 5,000 tons per year by 2019. In contrast, the quantities of recovered paper/cardboard 

and ferrous metals, although slightly higher than in previous years, remained relatively low, with 

annual volumes well below 1,000 tons. 

The COVID-19 pandemic in 2020 led to a slight decrease in overall recovered volumes, 

particularly affecting plastics. This decline can be attributed to the impact of the pandemic on the 

recycling market, including a drop in the price of virgin plastic raw materials compared to recycled 
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plastic (Singh et al., 2022). Aluminum represents the category with the lowest quantity recovered, 

mainly due to the absence of a well-established recovery channel, unlike ferrous metals, plastics, 

and paper/cardboard. 

An analysis conducted in 2019, chosen as the reference year, revealed the following 

recovery rates and economic potential of the materials: 

¶ Cardboard/Paper: 874.8 kg/day recovered with a recovery rate of 2.73%. 

¶ Plastic: 4,337.32 kg/day recovered with a recovery rate of 7.01%. 

¶ Ferrous Metals: 129.56 kg/day recovered with a recovery rate of 1.04%. 

These figures illustrate the current state of waste recovery in Oran and the economic 

potential that remains untapped. The low recovery rates, despite the high proportion of recyclable 

waste, indicate the need for improved strategies and infrastructure to enhance waste valorization 

and move towards a more sustainable and economically efficient waste management system. 

Theoretical estimates for 2021 and 2022 suggest that the recovery volumes of plastics could 

have been 82,701 tons in 2021 and 85,182 tons in 2022, with potential sales of over $13.6 million 

and $14 million, respectively. However, these figures do not reflect the reality on the ground. The 

actual recovery rate of plastics barely exceeds 7%, leaving the majority of these materials outside 

the valorization channels. A similar phenomenon is observed for ferrous metals, with theoretical 

volumes estimated at over 5,500 tons, but an actual recovery rate barely above 1%. As for 

paper/cardboard, despite projected volumes of over 31,000 tons in 2021 and 32,000 tons in 2022, 

their recovery rate remains below 3%. 

These significant discrepancies between theoretically recoverable quantities and actual 

recovery rates highlight considerable economic losses for the city of Oran. The non-valorization 

of these materials represents a missed opportunity to generate substantial revenues, while also 

contributing to the reduction of the ecological footprint. The valorization channels, particularly for 

ferrous metals and paper, appear underutilized, leading to avoidable financial losses and waste of 

valuable resources. It is imperative to rethink current strategies to improve recovery rates, 

maximize the value of recyclable materials, and fully exploit the economic potential of waste, 

while reinforcing the transition towards a sustainable circular economy. 

Several critical observations underscore this situation: 

¶ The shift from open dumpsites to landfills did not fulfill the primary objective of integrated 

solid waste management, which is promoting material valorization. 

¶ Municipal solid waste management often focuses on collection, transportation, and landfill 

disposal, with insufficient emphasis on recycling and material valorization. 

¶ Local authorities have yet to actively develop a value chain for waste recovery and promote 

material valorization. 
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¶ The formal waste sector heavily relies on the informal sector, which dominates the 

recovery of plastics, non-ferrous metals, paper, and cardboard. 

Developing valorization channels on a national scale is essential to alleviate pressure on 

landfills and foster a more circular and sustainable economy. In the long term, waste recovery 

could significantly increase sector revenues if compostable and recyclable products are processed 

to meet international quality standards. Comparing the prices of these recycled products with 

international prices is crucial to establish efficiency ratios. For instance, the profit margins could 

be up to 1.5 times for plastic if converted into fuel, 2 times for paper, 3 times for compost, 3.5 

times for glass, and 8 times for metals (Hassaine and Abrika, 2023). However, several factors, 

such as the quality and quantity of compostable and recyclable products, necessitate expertise in 

valorization and source sorting. 

Achieving the goals of the NSIWM-2035 and financially empowering Algeria's waste 

sector requires a significant increase in the current recovery rate for municipal solid waste, which 

is currently insufficient to cover transport costs. Increasing this rate to 1% of MSW income is 

essential (NAW, 2020). Moreover, composting and recycling processes can have negative 

environmental impacts if transformation standards are not aligned with the Sustainable 

Development Goals (Hassaine and Abrika, 2023). 

A SWOT analysis conducted by Doumani (2017) on the overall waste sector highlighted 

that the strategic framework of the NSIWM-2035 is in development, with indications of political 

will for its implementation. The potential for recycling and composting presents an opportunity 

for Algeria in terms of cost reduction, job creation, and environmental benefits (Doumani, 2017). 

However, weaknesses and threats currently outweigh strengths and opportunities. 

Challenges include developing a specific taxation system for waste and the low recovery rate for 

both MSW and special waste. The regulatory, institutional, organizational, and incentive 

frameworks are not sufficiently aligned to support manufacturers in complying with regulations. 

Consequently, the private sector remains marginalized in waste collection, landfill, and processing. 

The waste sector is dominated by the informal sector, which is challenging to regulate. Awareness-

raising and communication efforts have also been sidelined in the national strategy. Exogenous 

threats, such as international and regional shocks, could hinder foreign investment in the waste 

sector. The 51/49 rule established by the Algerian government, which restricts foreign financing 

and loans, deters international companies and institutions from investing. The authorities 

responsible for implementing the NSIWM-2035 might see minimal impact due to their 

marginalization in the strategy's development (Hassaine and Abrika, 2023). 

3. Recycling 

Recycling presents significant opportunities for Algeria, offering both economic and 

environmental benefits such as reduced raw material imports, preservation of natural resources, 
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creation of green jobs, and waste reduction. To fully realize these advantages, additional efforts 

are needed to develop the recycling sectors and promote education. Accredited training structures, 

including higher education institutions, are increasingly involved in fostering recycling-related 

skills. 

The waste sector in Algeria, particularly in Oran, is identified as a promising area for 

transitioning to a circular and sustainable economy. By developing recycling chains and 

emphasizing education and innovation, Algeria can decrease its reliance on raw material imports, 

create new business opportunities, and generate jobs in the recovery sector. This transition towards 

recycling can yield economic, environmental, and employment benefits, fostering a more circular, 

sustainable, and resilient economy while reducing environmental impact. 

Addressing the significant challenge of rising plastic consumption in Algeria, with an 

annual growth rate of 11% over the past ten years, the per capita usage has increased from 10 

kg/person in 2007 to 23 kg in 2017, projected to reach 25.8 kg in 2020 (Dahmane et al., 2024). 

Nearly 60% of the plastic consumption is related to packaging, 20% is used in the building and 

construction sector, while the rest is utilized in other plastic industries. Plastic waste accounts for 

a significant portion of the annual municipal waste, approximately 15.31% of the total, resulting 

in around 2.1 million tons of plastic waste generated annually. However, the plastic recycling rate 

in Algeria is about 15%, indicating potential for improvement in the management and recycling of 

plastic waste (Hassaine and Abrika, 2023; Djemaci, 2012). 

Regarding paper recycling, the existing capacity of the local paper industry in Algeria does 

not exceed 10% of the total waste generated annually. The national consumption of paper and 

cardboard is estimated at 600,000 tons per year, while local production does not exceed 50,000 

tons per year. Paper and paper derivatives import amount to nearly 289.5 million US dollars, and 

approximately 335,000 tons of paper waste are buried annually. However, the local company 

Tonic Emballage in Algeria plans to increase the recycling rate from 10% to 38% through 

improved sorting, selective collection, and government support for small recycling businesses 

(Abdelli et al., 2020; Djemaci, 2018). 

This highlights Algeria's potential for recycling improvement, particularly for plastic and 

paper waste. Investing in sorting infrastructure and encouraging small recycling businesses can 

reduce import dependence, decrease waste burial, and preserve natural resources. Proactive 

recycling contributes to environmental protection by limiting pollution. The growth of plastic 

recycling depends on establishing primary sorting infrastructure for high-quality recycled plastics. 

Algeria is currently focusing on waste management with selective collection centers and 

sorting facilities, promoting the emergence of a national waste recovery and valorization industry. 

Public and private sectors, supported by organizations like Support National Microcredit 

Management, National Agency for Youth Employment, and National Investment Development 



Bhumi Publishing, India 

14 
 

Agency. Algerian operators have recently launched PET valorization units, demonstrating positive 

progress in this area. Training programs for waste management professionals are important for 

proper recycling channel functioning. Algeria aims to increase material recycling, reaching a 40% 

or higher recycling rate (Doumani, 2017) 

Various mechanisms, from subsidies to regulations and training initiatives, support 

recycling development. Oran city has seen a positive trend in waste recovery activities, with an 

increase in registered companies. MSW valorization, especially composting for the organic 

fraction, is emphasized as an effective and sustainable solution. However, any waste management 

approach must consider socio-cultural and economic impacts on the community, as these factors 

influence the adoption of waste valorization initiatives. 

The first law on waste management of 2001, 01-19, constitutes the reference framework, 

integrating the universal principles of sustainable waste management, and was the starting point 

for the development of the National Municipal Solid Waste Management Program (NMSWP). 

Subsequently, the National Strategy for Integrated Waste Management for 2035 (NSIWM-2035), 

whose target was to strengthen waste recovery at a recycling rate of 30%, was signed. Tax 

instruments with an environmental orientation can constitute one of the essential factors in the 

transition to the circular economy and sustainability (Dahmane et al., 2024; Djemaci, 2012). 

In terms of financing, spending on waste management increased from 0.06% of GDP in 

2002 (56.76 billion US dollars) to 0.03% in 2016 (159 billion US dollars). However, it is important 

to point out that these figures are below the minimum expenditures required to reduce the cost of 

environmental degradation due to waste, which has been increasing constantly, at 0.2% of GDP in 

1999, reaching 0.7% in 2011 (Hassaine and Abrika, 2023). 

From an operational point of view, burial is the first method of waste treatment in Algeria; 

from 2002 to 2016, 172 waste treatment facilities, divided between technical landfill sites and 

controlled landfills, were put into operation (Tolba et al., 2020). Despite these efforts, Algeria, 

with its considerable economic, environmental, and social potential, is still struggling to truly 

implement a recycling policy or manage the waste efficiently. The unrealized recycling potential 

represents 0.25% (USD 412 million) of GDP in 2015 (NAW, 2020), while the amount of 

household waste recycled is less than 7% (Doumani, 2017). 

The public character shows predominance in the waste management sector with 95% state 

financing (NAW, 2020). The country, which exports 97% of its hydrocarbons and imports almost 

all the products it uses, lacks a diversified economy and a consistent production structure that 

would allow products to be reused and reintegrated into the economic circuit. 

4. Composting 

In Oran, the valorization of organic matter through composting has been a pivotal initiative 

since 2018, particularly at the wholesale market. The cityôs cleaning services actively collect green 
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waste, as well as vegetable and fruit scraps from the market, to produce compost. This effort aims 

to reduce the amount of waste sent to landfills while providing valuable compost for agricultural 

soils and green spaces throughout Oran. 

Despite these initiatives, the actual quantity of compost produced remains relatively 

modest compared to the total waste generated. Daily, approximately 10 tons of organic waste are 

produced at the wholesale market, with green waste reception at the landfill ranging from 60 to 80 

tons per day during the peak season from September to February. The data of figure 4 indicating 

the quantity of compost produced, the actual quantity collected, and the loss rates from 2018 to 

2022 reveals significant progress: the amount of compost produced increased from 0.3 tons per 

day in 2018 to 25 tons per day in 2022, while the actual quantity of compost collected rose from 

38 to 63 tons per day. 

 

Figure 4: compost produced from the waste of the city of Oran 

Moreover, loss rates have generally declined, falling from 0.99% in 2018 to 0.60% in 2022, 

although some fluctuations have occurred. This reduction in loss rates signifies an improvement 

in the efficiency of composting systems. However, the valorization of organic waste remains 

insufficient ; the quantity of organic matter collected from the wholesale market constitutes only 

18% of the total organic matter disposed of in landfills, leading to an estimated economic loss of 

90% due to non-valorization. 

Consequently, it is imperative to continue optimizing the processes of collection and 

composting to reduce reliance on landfills and enhance the environmental and economic benefits 

associated with waste valorization. 

Investing in composting has significant economic and environmental benefits. Over the 

past two years (2021 and 2022), potential gains from compost production were estimated at 

157,838 tons and 162,573 tons, respectively. The sales revenue from this compost would amount 

to 5.3 million USD and 5.4 million USD, with potential profits of 3.7 million USD and 3.9 million 

USD. These figures demonstrate that investing in composting is profitable and environmentally 

beneficial, reducing landfill waste and producing high-quality organic fertilizers. 
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To ensure high-quality compost, a source-separated selective collection system is essential. 

This system requires rigorous collection, monitoring, and control, as well as awareness-raising 

programs and mechanisms for taxation and/or fines to encourage good practices. By maximizing 

the potential of composting, Oran can reduce landfilling, conserve resources, and create an 

environmentally friendly and economically efficient waste management system. 

In Algeria, composting remains an underutilized method for waste management. The 

current model relies heavily on the importation of minerals in the form of N-P-K fertilizers or 

animal feed to produce fruits and vegetables, which are consumed locally or exported. Waste from 

these value chains ends up in landfills, and only a portion of animal manure is recycled for 

vegetable production. The biowaste from agriculture is not adequately recycled, resulting in a 

continued dependency on imported minerals. 

The composting process stabilizes organic waste to produce nutrient-rich compost, 

containing essential macronutrients like N-P-K-Ca-Mg. This compost can effectively replace 

imported chemical fertilizers, reducing import dependence and promoting sustainable agricultural 

practices. 

5. Energy Recovery  

Energy recovery from municipal solid waste presents a critical solution for addressing the 

escalating energy demand in both developed and developing nations. Poor waste management not 

only poses environmental and health risks but also leads to energy losses. However, with a well-

crafted waste management policy, it's possible to tackle waste issues while simultaneously 

addressing the energy crisis. Energy recovery involves converting waste into electricity, heat, or 

fuel, thereby reducing landfill waste and creating a renewable energy source. This approach not 

only aids in environmental preservation by curbing greenhouse gas emissions but also promotes 

the use of clean energy. The implementation of effective policies and infrastructure for waste-to-

energy conversion is essential for sustainable waste management, supporting the transition to a 

low-carbon economy. It is imperative to ensure that energy recovery technologies are 

environmentally friendly, with stringent emission controls to minimize potential impacts on air 

and water quality. A comprehensive waste management strategy, encompassing recycling, energy 

recovery, and sustainable practices, is vital for establishing an efficient and sustainable waste 

management system, contributing to a cleaner and more prosperous future. 

Methanization, with recovery rates ranging from 73% to 80%, offers an immediate solution 

to the current scenario marked by inadequate collection control, high production of municipal solid 

waste, and low recovery rates. This valorization technique helps to conserve landfill space by 

effectively treating the majority of waste types found in municipal solid waste. According to 

Abdelli et al., 2017, the city of Oran has a significant potential for landfill gas, primarily generated 

by the anaerobic digestion of biodegradable waste fractions buried in landfills. This landfill gas is 

mainly composed of CH4 (35-65 vol. %) and CO2 (15-40 vol. %) (Chandra et al., 2023). 
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Consequently, energy recovery through the methanization of municipal solid waste represents an 

opportunity to meet the increasing energy demand while mitigating the negative environmental 

impacts associated with improper waste management. It is important to implement appropriate 

policies and technologies to harness this resource sustainably and cost-effectively. According to 

Abdelli and al. 2020, the energy potential lost due to the non-valorization of organic matter buried 

in open dumps and landfills is estimated at 2613.20 GWh. With an average daily production of 

193.5 MWh/day, these findings are consistent with those published by Abdelli et al. in 2020, 

indicating that the city of Oran could produce approximately 200 GWh per year, representing 15% 

of the total electricity demand. This estimate suggests that methane can serve as an economical 

energy source and significantly reduce greenhouse gas emissions. This information can assist 

policymakers in assessing the potential for electricity generation from municipal solid waste and 

the necessary equipment to be installed. 

The experimental results from the city of Oran, as described by Abdelli and al. in 2024, 

reveal a substantial production of methane from the biodegradation of organic waste, with an 

estimated CH4 production of 19.88 gigagrams annually, equivalent to 27.7 × 106 m3. This 

considerable methane emission underscores the environmental impact of unmanaged waste and 

highlights the urgency for effective waste management strategies. This suggests that a substantial 

amount of methane is generated from the decomposition of organic matter in waste, emphasizing 

the need for measures to capture and utilize this potent greenhouse gas (Abdelli et al., 2024). 

It is essential to consider these quantities of CH4 generated by municipal solid waste, as 

methane is a potent greenhouse gas, and its emissions must be controlled and managed responsibly 

to reduce the impact of climate change. The energy recovery of methane can be a solution to 

harness this resource while contributing to the reduction of greenhouse gas emissions. 

Conclusion:  

This comprehensive analysis of the qualitative and quantitative changes in municipal solid 

waste in Oran has underscored the critical issues surrounding waste management and pinpointed 

pathways to foster a more sustainable circular economy. The aim was to evaluate the qualitative 

and quantitative changes in municipal solid waste and investigate the feasibility of applying the 

3R-VE principles (Reduction, Reuse, Recycling - Valorization, and Elimination). Data collected 

from Oran between 1980 and 2022 showed a substantial rise in the generation of municipal solid 

waste, peaking prior to 2013. 

Notably, the introduction of sanitary landfill sites in 2012 has led to a reduction in the 

volume of waste, reflecting improved waste management strategies. The makeup of municipal 

solid waste has transformed over the years, moving from an organic waste majority before 2010 

to a mix including plastics, textiles, and paper, reflecting lifestyle shifts and greater purchasing 

power. The analysis underscored the financial advantages of composting and advocated for 

increased investment in composting facilities to diminish waste. Moreover, methanization has been 
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recognized as an effective strategy to tackle waste management issues while also aiding in the 

city's energy requirements. To effectively shift from a linear to a circular economic framework, 

regulatory measures such as compulsory sorting and the adoption of selective collection are 

imperative to bolster waste reduction, recycling, and energy recovery efforts. A holistic and 

coordinated waste management approach is vital for establishing a more sustainable and efficient 

waste management system in Oran and across Algeria. By embracing the 3R-VE principles and 

investing in eco-friendly practices, the city can cultivate a vibrant circular economy, lessen its 

environmental footprint, and enhance its ability to withstand future challenges. 
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Abstract:  

The concentration of CO2 has significantly increased from an annual average of 280 ppm 

in the late 1700s to 424 ppm in May 2023. The agricultural sector contributes 15-20% of annual 

global GHG emissions, with tea being a notable agricultural product worldwide. Tea production 

contributes to greenhouse gas emissions at various stages, from cultivation to consumption, due to 

its high energy consumption and complex life cycle system. The production stage accounts for 

57% of the environmental burden. Different farming management and processing techniques 

significantly impact the carbon footprint and primary energy demand of tea products. Despite its 

environmental impact, tea plants exhibit substantial carbon sequestration potential, with mature 

tea bushes assimilating around 5134.4 ± 831.6 kg CO2/ha per year in their biomass. Continuous 

organic cultivation of tea plantations results in a 43% higher above-ground biomass production 

compared to conventional systems, with notable below-ground carbon accumulation. However, 

tea production also contributes significantly to CO2 emissions, with tea factories and gardens 

emitting substantial amounts. For instance, total CO2 emissions from tea factory production in July 

2021 reached 509,540.67 tones, while tea cultivation in the North-eastern states of India emitted 

4,491.708 tones of CO2. The overall CO2 emissions from tea cultivation and production in the 

same period summed up to 514,032.38 tones, with a discrepancy of 103,541.1 tones between CO2 

generation and sequestration by tea plantations. The reliance on fossil fuels and high-energy 

processes in the tea industry leads to heavy greenhouse gas emissions, especially from plucking, 

transportation, drying, and withering processes. Green tea shows high carbon emission intensities 

during consumption, processing, and cultivation. Packaging materials and logistics further add to 

the overall carbon footprint. To mitigate these impacts, the tea industry should adopt sustainable 

practices, such as using solar energy for drying, biodiesels and ethanol for transportation, and 

optimizing packaging materials. By implementing these measures, the tea industry can 

significantly reduce its carbon footprint and contribute to a more sustainable future, minimizing 

its impact on climate change. 

Introduction : 

Recently, organizations worldwide have become increasingly concerned about carbon 

credits, focusing on carbon emissions, the amount of carbon emitted by organizations, and the 

climate resilience of various systems. While there is considerable discussion about carbon 

mailto:bidisha.hazarika.adj22@aau.ac.in


Bhumi Publishing, India 

22 
 

sequestration, the topic of carbon footprints, which has become crucial, is often overlooked. It is 

very important for tea sector also to maintain a balance sheet in tea factories to measure the amount 

of carbon emitted and sequestered. Additionally, no carbon audits have been conducted. Although 

literature on carbon sequestration is available, studies on carbon footprints are limited. Some 

research has been conducted in China and other regions, but there has been no research on carbon 

footprints in Assam's tea industry to date. The concentration of CO2 has increased significantly, 

rising from an annual average of 280 ppm in the late 1700s to 424 ppm in May 2023 (Aditya et 

al., 2023). The agricultural sector contributes 15-20% of annual global greenhouse gas (GHG) 

emissions (FAOSTAT, 2018), with tea being an important agricultural product worldwide. The 

total planting area and yield of tea have been increasing in recent decades (Liang et al., 2021). Tea 

production contributes to GHG emissions at various stages, from cultivation to consumption 

(Cichorowski et al., 2015). The tea industry is considered to have high energy consumption due to 

its complex life cycle system (Zhang et al., 2023). The production stage accounts for 57% of the 

environmental burden compared to other steps in the entire tea life cycle (Soheili-Fard et al., 2018). 

In tea packaging, two-layer packaging is the most polluting scenario, while in terms of 

consumption, stoves are more environmentally friendly than electric kettles (Soheili-Fard et al., 

2018). Different farming management and processing techniques significantly impact the carbon 

footprint and primary energy demand of various tea products (Xu et al., 2019). The carbon 

footprint of tea production and consumption is critical as it has substantial effects on the 

environment, economy, and society. 

What is Carbon Footprint 

 A carbon footprint is a calculated value or index that makes it possible to compare the total 

amount of greenhouse gases that an activity, product, company or country adds to the atmosphere. 

Carbon footprints are usually reported in tonnes of emissions per unit of comparison 

(example: tonnes CO2-eq per year). A product's carbon footprint includes the emissions for the 

entire life cycle. These run from the production along the supply chain to its final consumption 

and disposal. 

 

Figure 1: Carbon footprint illustration 
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Figure 1 shows the carbon footprint in different sectors. Highest footprint was found in 

industry (19.6%) 2nd highest in electricity and heat (18%) and 3rd one was in agriculture which is 

15% 

Types of Carbon Footprint  

1. Individual carbon footprint 

Carbon footprints based on individual use, take into consideration the GHG emissions 

associated with a personôs chosen means of transportation, use of electricity at home, consumption 

of goods, eating habits, and recycling methods. 

2. Product footprint 

A product's footprint is the use of energy as it applies to all stages of production when it 

comes to creating a product. This includes GHG emissions from raw material extractions, various 

production processes, the generation of energy required, product alteration for companies, product 

use by customers, transportation between different stages, and all waste associated with it. 

3. Corporate footprint 

A corporate footprint includes an inventory of GHG emissions relating to the operations 

within an organization or a company.  

Itôs one of the main ways to identify energy efficiency within an organization as well as results 

from joint efforts and collaborations with other companies in the sector.  

Why is it Important in Tea? 

Tea is one of the most widely consumed beverages and is cultivated on more than 3,691.89 

hectares of land worldwide. As demand for tea continues to rise, the production chain consumes 

significant amounts of energy and materials to achieve higher yields in both cultivation and 

processing. This increased consumption of resources leads to unfavourable impacts on greenhouse 

gas emissions and contributes to climate change. Therefore, it is essential to assess the tea 

production system to identify its carbon footprint throughout its entire life cycle, from cultivation 

and processing to waste disposal. 

Different Stages of Tea 

¶ Production 

¶ Processing 

¶ Consumption 

Different Operations in Tea Production 

1. Land Preparation 

2. Planting 

3. Fertilizer Application 

4. Pruning 

5. Plant Protection 

6. Plucking 

7. Transportation 
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Land Preparation 

Tea is a perennial plant, and once planted, the soil cannot be disturbed for the next 50-60 

years, making proper land preparation essential. The preparation process differs for virgin areas 

and uprooted areas. In virgin areas, trees should be killed, uprooted along with their root systems, 

and the land should be levelled. In the case of uprooted areas, thorough ploughing and cross-

ploughing should be carried out. Tractors are used for ploughing, and for larger areas, more than 

one tractor may be needed, leading to higher carbon emissions into the atmosphere. 

Planting 

For pit-making during planting, a number of laborers are involved, which contributes to 

carbon emissions. 

Pruning 

To form the bush frame, a series of pruning is carried out, involving laborers in the process. 

If machines are used instead, less labour will be required, but the machines will contribute more 

to carbon emissions. 

Fertilizer application 

Different types of synthetic fertilizers are applied in tea gardens, contributing to GHG 

emissions through runoff and leaching. Laborers are also involved in the process, which further 

contributes to carbon emissions. 

Plant protection 

Various chemical pesticides are applied in tea gardens to control pests and diseases, 

contributing to GHG emissions through runoff and leaching. Additionally, the involvement of 

laborers in this process further adds to carbon emissions. 

Plucking 

The harvesting stage, where tea leaves are plucked, is the most labour-intensive process, 

and therefore, it contributes more to carbon emissions compared to other operations. 

Transportation 

During transportation, from the garden to the factory, factory to warehouse, warehouse to 

auction house, and finally to the consumer, a significant amount of fossil fuels is burned, 

contributing substantially to carbon emissions. 

Table 1: Operation wise fuel consumption & CO2 produced in tea gardens 

Farming Operations Fuel used (kg/ha) kg CO2 eq/ha 

Land development and planting 0.69 1.83 

Irrigation 0.45 1.20 

Fertilizer and chemical application 0.70 1.85 

Pruning 0.89 2.35 

Plucking and transportation 2.42 6.38 
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Figure 2: Operation-wise CO2 produced in tea gardens in percent ((Aditya et al., 2023) 

Table 1 provides a breakdown of the fuel usage and associated carbon dioxide emissions 

across various farming operations in tea cultivation. Land development and planting consume 0.69 

kg/ha of fuel, leading to 1.83 kg CO  equivalent per hectare. Irrigation uses 0.45 kg/ha of fuel, 

resulting in 1.20 kg CO  equivalent per hectare. Fertilizer and chemical application utilize 0.70 

kg/ha of fuel, contributing to 1.85 kg CO  equivalent per hectare. Pruning operations use 0.89 

kg/ha of fuel, emitting 2.35 kg CO  equivalent per hectare. The most fuel-intensive activity is 

plucking and transportation, which uses 2.42 kg/ha of fuel, resulting in the highest emissions at 

6.38 kg CO  equivalent per hectare. Overall, plucking and transportation contribute significantly 

more to carbon emissions compared to other operations. 

Figure 2 shows the highest carbon produced by plucking and transportation which is 47% 

of total carbon production of the garden. 

Different Operations in Tea Processing 

 

Figure 3: Steps involved in production of various varieties of tea ((Aditya et al., 2023) 
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Different Operations in Tea Processing & Their Energy Consumption 

1. Withering  

Å This process involves temporarily storing the harvested shoots to partially remove 

moisture, causes changes in the texture of the shoots & making the leaves flaccid  

Å Chemical changes that occur during withering contribute to the teaôs flavour, aroma, 

colour, and taste  

Å Factory used equipment such as a centrifugal fan, heater, coal stove, axial fan, and 

withering trough for withering 

Å Estimated energy consumption for withering per 1,000 kg of made tea was 20.27 L of 

diesel, 43.93 kg of coal, and 87.17 kWh of electricity (Dutta et al., 2019) 

Å For 100 kg of tea production, the specific electrical consumption required for withering 

was found as 5.54 kWh, and the required thermal energy was 179.11 MJ (Sharma et al., 

2019) 

2. Rolling 

Å This operation imparts a specific shape and size to the withered leaves, resulting in a tea 

product that is acceptable to consumers  

Å There are two types of black tea produced based on the rolling method: Orthodox tea and 

CTC tea  

Å Factory used machines for rolling are rotor vane for CTC tea and table roller for orthodox 

tea rolling machine  

Å For 1,000 kg of made tea, the estimated electrical energy consumption for rolling was 190 

kWh, and the thermal energy consumption was 574.63 MJ (Aditya et al., 2023) 

Å Tea-processing units also rely on diesel generators for electricity during power cuts 

3. Fermentation 

Å This process involves the oxidation of tea leaves  

Å Tea is classified into different types, including green, white, oolong, and black, based on 

the extent of oxidation  

Å Factory used equipment such as CFM machines, humidifiers, floor fermentation, 

fermenting troughs, electric fans, and blowers for fermentation  

Å Estimates of energy consumption for fermentation per 1,000 kg of made tea were 0.79 L 

of diesel and 89.65 kWh of electricity (Aditya et al., 2023) 

Å Tea production of 100 kg, the required electrical consumption for fermentation was found 

as 8.63 kWh (Sharma et al., 2019) 

4. Drying  

Å Drying process is carried out to reduce the moisture content of the tea leaves to an 

appropriate standard (2.8%ï3%) to halt enzymatic reactions and create a stable tea product  

Å It is one of the most energy- intensive processes in tea production 

Å For every 1,000 kg of made tea, the estimated energy consumption for drying is 16.08 

litters of diesel, 630.22 kg of coal, and 103.41 kWh of electricity (Sharma et al., 2019)  
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Å In terms of thermal energy, the drying process requires 8.41 times more energy compared 

to the withering process (Sharma et al., 2019) (Aditya et al., 2023) 

5. Sorting and Packaging: 

Å After the tea leaves have been dried, they undergo sorting, where any fibre and stalky 

substances are separated and the tea is sieved and graded based on particle size  

Å The final step in tea manufacturing is packaging, which is crucial for protecting the tea 

from moisture and contaminants  

Å These processes combined require an energy consumption of 61.72 kWh of electricity and 

161.48 MJ of thermal energy per 1,000 kg of made tea (Aditya et al., 2023) 

Å Energy requirements in these processes are comparatively lower than those in other stages 

of tea processing in factories 

Table 2: Thermal and electrical energy requirements per 1000 kilogram of made tea & 

corresponding CO2 emissions in tea factories at various stages of tea processing (Aditya 

et al., 2023) 

Operations 
Thermal 

energy (MJ) 

Electrical 

energy (kWh) 

kg CO2 eq per 1,000 

kg of tea made 

Withering 2837.16 87.17 475.39 

Rolling 574.63 190.00 41.52 

Fermentation 29.30 89.65 2.08 

Drying 23868.68 103.41 2762.28 

Sorting 134.00 53.15 9.52 

Packaging 27.48 8.57 1.95 

Table 2 shows the highest carbon footprint in drying process which is 2762.28 kg CO2 eq 

per 1,000 kg of tea made. 

Tea Consumption & Co2 Emission  

Factors influencing carbon emission in tea consumption are  

1. Brewing Method 

2. Energy Sour 

3. Tea Type and Preparation 

4. Packaging and Disposal 

5. Additives 

6. Frequency of Consumption 

7. Waste Management 

Brewing Method 

1. Electric Kettle vs. Stovetop: The energy source and efficiency of the appliance used to boil water 

can significantly impact the carbon footprint. Electric kettles are generally more efficient than 

stovetop kettles  
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2. Quantity of Water: Boiling more water than necessary increases the energy consumption and, 

consequently, the carbon footprint.  

Energy Sour 

Carbon intensity of the energy source used for boiling water (e.g., coal, natural gas, 

renewable energy) plays a significant role. Regions with cleaner energy grids will have a lower 

carbon footprint for the same activity.  

 

Tea Type and Preparation 

Different types of tea (e.g., loose leaf, tea bags, instant tea) have different carbon footprints. 

Tea bags and instant tea often involve additional processing and packaging, which increase their 

overall carbon footprint  

Packaging and Disposal 

The type of packaging (biodegradable vs. non-biodegradable) and the disposal method 

(recycling, composting, landfill) affect the carbon footprint. Packaging materials that are not 

biodegradable or recyclable contribute to higher emissions.  

Additives 

Adding milk, sugar, honey, or other ingredients increases the carbon footprint. For 

example, dairy milk has a higher carbon footprint compared to plant-based alternatives.  

Frequency of Consumption  

The frequency with which an individual consumes tea affects the cumulative carbon 

footprint.  

Regular, heavy consumption will have a higher overall impact  

Waste Management 

The disposal of used tea leaves, bags, and any associated waste contributes to the carbon 

footprint. Proper composting or recycling can mitigate some of these impacts.  

Carbon Footprint of Green Tea 
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The specific considerations for each stage are as follows: 

Cultivation : Emissions from the upstream production of fertilizer and pesticide, as well as 

emissions from fertilizer application in the field and the use of agricultural machinery in the 

pruning and harvesting period.  

Processing: Emissions from electricity, coal, and pellets consumed by mechanical equipment in 

the processing stage 

Packaging and transportation: Emissions from the production of packaging materials and 

energy consumption during transportation  

Consumption and disposal: Emissions from boiling water and tea residue treatment (He et al., 

2023) 

Results: 

  

  

(He et al., 2023) 

Among the various farming operations, consumption exhibit the highest carbon footprint, 

significantly surpassing other operations. Within the processing stages of tea, steaming and drying 

have been identified as significant contributors to the overall carbon footprint. The use of coal 

during these processes further amplifies the emissions, making them the most carbon-intensive 

steps in tea processing. Additionally, when comparing the carbon footprint across different green 

(i) 
(ii)  

(iii)  (iv) 
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tea products, both during cultivation and processing, noticeable variations are observed. Certain 

products demonstrate a higher carbon footprint, influenced by specific cultivation practices and 

processing methods. Finally, an analysis of the carbon balance in tea cultivation reveals a 

concerning trend. The carbon emissions are higher than the carbon sequestration rates, resulting in 

a positive carbon balance. This indicates that more carbon is being released into the atmosphere 

than is being absorbed, contributing to an increase in greenhouse gases and potentially 

exacerbating climate change. 

Overall, these findings highlight the critical areas where interventions could reduce the 

carbon footprint of tea production, particularly in optimizing energy use during the most carbon-

intensive stages and enhancing carbon sequestration practices. 

Carbon Footprint & Carbon Sequestration 

Tea bushes have shown significant potential in absorbing CO2, with a range of 1243.8ï

2526.7 kg CO2/ha per year (Phukan et al., 2018). Notably, higher-yielding tea cultivars 

demonstrate a greater capacity to assimilate CO2 compared to those cultivars that focus more on 

quality production (Phukan et al., 2018). Approximately 50% of the atmospheric CO2 absorbed 

by tea plants is sequestered within their biomass (Pramanik and Phukan, 2020). Moreover, tea 

bushes release organic carbon through their roots, equivalent to 5.9%ï8.6% of the CO2 they 

assimilate (Pramanik & Phukan, 2020). Mature tea bushes aged 25ï30 years have been found to 

assimilate more CO2 than younger plants, with an estimated sequestration of around 5134.4 ± 

831.6 kg CO2/ha per year in their biomass (Phukan et al., 2018). The tea-albizzia plantation system 

has shown the highest potential for carbon offsetting (61.2 kg/plant) from the atmosphere, as well 

as carbon storage (33.66 kg/plant) both above and below ground (Alom et al., 2021). 

Continuous organic cultivation of tea plantations results in 43% higher above-ground 

biomass production (194.4 t/ha) compared to conventional systems (136 t/ha), with below-ground 

carbon accumulation recorded at 135 t/ha in organic plantations versus 125 t/ha in conventional 

systems (Subramanian et al., 2013). For every ton of tea produced, tea factories contribute 

approximately 3,292 ± 493.91 kg of CO2 emissions, while tea gardens contribute about 13.61 kg 

CO2/ha (Kalita et al., 2018). Within tea cultivation, the soil component holds the maximum 

proportion (80%) of carbon stock, followed by shade trees (11%), tea bushes (5%), and litter (4%). 

In July 2021, total tea production from the North-Eastern states amounted to 157.23 million 

kgs (Tea Board of India, 2023), leading to total CO2 emissions from tea factory production 

reaching 509,540.67 tonnes (Tea Board of India, 2023). The total tea crop area in the North-Eastern 

states covered 330,030 ha, resulting in a total CO2 emission of 4,491.708 tonnes during tea 

cultivation (Indian Tea Association, 2023). Collectively, the overall CO2 emissions during 

cultivation and production in July 2021 summed up to 514,032.38 tonnes. The tea cropôs 

atmospheric CO2 sequestration in the same year, calculated using the algorithm, amounted to 

approximately 410,491.3 tonnes (Phukan et al., 2022). This resulted in a discrepancy of 103,541.1 

tonnes between CO2 generation through tea production and sequestration by tea plantations 

(Aditya et al., 2023). 
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Assessing of Carbon Footprint in Tea 

Life Cycle Assessment (LCA) is a systematic method used to evaluate the environmental 

impacts associated with all stages of a product's life, from raw material extraction through 

production, use, and disposal. This comprehensive approach is particularly useful in assessing the 

environmental footprint of tea production and consumption.  

 

Goal and Scope  

Objective: To understand the environmental impacts of tea production and consumption 

Scope: Includes all stages from raw material extraction (tea planting) to the end-of-life (disposal 

of tea leaves/bags)  

Life Cycle Inventory (LCI)  

ÅData Collection: Gathering data on inputs (water, fertilizers, pesticides, energy) and outputs 

(emissions, waste) at each stage of the tea life cycle.  

ÅStages: 

§ Cultivation: Use of land, water, fertilizers, and pesticides; emissions from soil  

§ Processing: Energy used in withering, rolling, fermenting, drying, and packing 

§ PackagingMaterials used, energy for manufacturing and transportation 

§ Transportation: Fuel consumption and emissions from transporting tea to markets 

§ Consumption: Energy used for boiling water, waste generated from packaging and tea residues 

§ Disposal: Waste management practices for used tea leaves, bags, and packaging  

Life Cycle Impact Assessment (LCIA)  

ÅImpact Categories:  

§ Global Warming Potential (GWP): Greenhouse gas emissions across all stages  
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