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EXECUTIVE SUMMARY 

T H E  S T U D Y  AT  A  G L A N C E  

150,000+ 
TPD of municipal solid 

waste generated in India 

6 
ciƟes studied across Tier I, II 

and III 

5 
treatment technologies 
assessed through LCA 

GHG App 
GHG Emission Calculator 

Tool for ULBs 

 

This study, Ɵtled “Development of LCA Framework for Solid Waste Management (SWM) 
Technologies in India” presents an approach to improving waste management pracƟces in India 
using Life Cycle Assessment (LCA). Conducted by IISc Bangalore, IIT Madras, and IIT BHU with 
support from the Office of the Principal ScienƟfic Advisor, it addresses the growing challenge of 
municipal solid waste (MSW), now exceeding 150,000 TPD due to rapid urbanizaƟon, populaƟon 
growth, and changing consumpƟon paƩerns. Current waste management systems in India are 
largely inefficient and dependent on landfilling and open dumping, causing major environmental 
and public health concerns. 

An LCA-based framework is developed to evaluate the environmental impacts of waste 
management technologies across the lifecycle—from waste generaƟon and collecƟon to 
processing and final disposal. IntegraƟng Material Flow Analysis (MFA) and indicators such as 
greenhouse gas emissions, energy consumpƟon, and polluƟon, it enables systemaƟc 
comparison of treatment opƟons, including composƟng, bio-methanaƟon, recycling, waste-to-
energy, and landfilling, to support evidence-based decision-making. The framework is applied 
to case studies at different urban scales—Bangalore, Mysore, Tumkur, Delhi, Varanasi, and 
Chennai—using primary data from field surveys and secondary insƟtuƟonal data. The findings 
show that landfilling is the dominant contributor to environmental impacts, mainly due to 
methane emissions, while recycling, composƟng, and bio-methanaƟon offer benefits by 
reducing emissions and subsƟtuƟng convenƟonal energy and materials. However, poor source 
segregaƟon and limited processing capacity constrain these systems, so a large share of waste 
sƟll goes to landfills. 

This report emphasizes improved waste segregaƟon, expansion of decentralized treatment 
technologies, and integraƟon of the informal sector to enhance recycling. It highlights the need 
for landfill gas capture systems and recommends adopƟng digital tools for beƩer data collecƟon 
and monitoring. ImplemenƟng an LCA-based SWM framework can thus provide a scienƟfic basis 
for policy and planning, helping India transiƟon toward sustainable, resource-efficient, and 
environmentally responsible waste management aligned with circular economy principles. 

Tracking MSW flow is complex because of rapid urbanizaƟon and the informal sector’s dominant 
role in collecƟon and sorƟng, which leads to undocumented material pathways and 
underreported diversion. This creates major data gaps, with many zones failing to report 
accurate waste volumes and recycling rates, oŌen based on esƟmates rather than verified data. 
Consequently, GHG emission reporƟng by ULBs is inconsistent, hindered by varied 
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methodologies, generic emission models, a lack of localized waste composiƟon data, and the 
difficulty in measuring fugiƟve methane from unmanaged dumpsites. Without standardized 
protocols and site-specific data, municipal GHG inventories remain largely theoreƟcal, thereby 
complicaƟng climate miƟgaƟon. 

To address these gaps, an LCA-based web applicaƟon (GHG Emission Calculator) 
(hƩps://calc.greenaadhaar.in) is developed to evaluate environmental impacts of waste 
management technologies across the lifecycle—from waste generaƟon and collecƟon to 
processing and final disposal. This enables the systemaƟc comparison of treatment opƟons, 
including composƟng, bio-methanaƟon, recycling, waste-to-energy, and landfilling, with a 
scenario comparison feature that allows users to visualize mulƟple opƟons based on carbon 
footprint as a key metric while allocaƟng waste across treatments. A stakeholder workshop was 
organized at IIT Madras on Feb. 16, 2026 to demonstrate the GHG calculator to academics, 
industry, start-ups, ULBs and policymakers, and their feedback was incorporated in the current 
version. The report outlines the GHG calculator’s dashboard, user levels, data entry, background 
calculaƟons, and output formats, and describes the validaƟon of the app using data from the 
Tambaram and Avadi MunicipaliƟes in Chennai. Finally, it presents recommendaƟons that 
translate study findings into acƟonable measures for improving municipal solid waste 
management performance in ULBs, corporaƟons, and ciƟes, idenƟfying priority intervenƟons to 
reduce environmental burdens, strengthen data reliability, and support evidence-based 
decision-making. 
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1. PROJECT OVERVIEW AND OBJECTIVES 

1.1 Background: Overview of Municipal Solid Waste (MSW) in India 

India’s rapidly increasing populaƟon, urbanizaƟon, and changing consumpƟon paƩerns have led to a 
sharp rise in the quanƟty and complexity of municipal solid waste (MSW). TradiƟonal waste 
management pracƟces in the country have largely focused on collecƟon and disposal, oŌen neglecƟng 
the environmental impacts associated with the different stages of waste handling. In this context, there 
is a strong need for an LCA-based SWM framework that evaluates waste management opƟons 
holisƟcally, from generaƟon to final disposal, considering their environmental and economic 
implicaƟons (Fig. 1.1). 

 

 

Fig. 1.1 Life cycle assessment framework for solid waste management 

Furthermore, the heterogeneous composiƟon of Indian waste, which has a high proporƟon of 
biodegradable material, requires tailored soluƟons that maximize resource recovery while minimizing 
environmental harm. An LCA-based framework can help opƟmize the selecƟon of technologies such 
as composƟng and bio-methanaƟon for organic waste and recycling systems for dry waste, thereby 
improving overall efficiency (Fig. 1.1). It also supports the integraƟon of the informal sector, which 
plays a crucial role in recycling but is oŌen excluded from formal planning processes. 

The adopƟon of an LCA-based SWM framework is also aligned with naƟonal policies, such as the Solid 
Waste Management Rules, 2016, and iniƟaƟves, such as the Swachh Bharat Mission, which emphasize 
sustainable and scienƟfic waste management pracƟces. By incorporaƟng LCA, policymakers can 
develop data-driven strategies, prioriƟze investments, and implement region-specific soluƟons that 
account for local condiƟons. 
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1.2 Project Consortium and Division of Responsibilities 

The project aimed to generate data-driven evidence to support India’s transiƟon from current waste-
disposal challenges toward a sustainable, circular economy. IIT Madras, IISc Bangalore, and IIT (BHU) 
Varanasi collaborated to achieve the project objecƟves. 

The specific objecƟves of the work: 

 ObjecƟve I: IdenƟficaƟon of current waste management pracƟces in selected sites for both 
fresh waste and legacy waste (Common for all teams for their respecƟve ciƟes) 

 ObjecƟve II: LCA analysis of selected sites to idenƟfy the relaƟve advantages of current and 
proposed waste management pracƟces. (Common for all teams for their respecƟve ciƟes) 

 ObjecƟve III: Development of a user-friendly app to enable the collecƟon of key data from 
waste management faciliƟes (Taken up by IIT Madras team) 

 ObjecƟve IV: Development of proper SWMs pracƟces based on discussions with the Urban 
Local Bodies (ULBs) 

This report presents the development and applicaƟon of an LCA-based framework for evaluaƟng MSW 
management technologies under Indian condiƟons. The study focuses on assessing the environmental 
performance of exisƟng waste treatment systems (Technology readiness level 9) using region-specific 
data collected from selected urban local bodies represenƟng different city Ɵers in Bangalore, Chennai, 
and Delhi. 

The report evaluates mulƟple treatment technologies, including composƟng, biomethanaƟon, waste-
to-energy, recycling, leachate treatment, sanitary landfilling, and biomining. The analysis considers the 
impacts associated with waste collecƟon, transportaƟon, processing, resource recovery, and final 
disposal. 

This report also presents the structure and key funcƟonaliƟes of the newly developed web-based GHG 
emission calculator applicaƟon and concludes with treatment-wise recommendaƟons, strategic acƟon 
plan with prioriƟzaƟon, and roadmap to transform India’s municipal solid waste management systems. 
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2. METHODOLOGY 

2.1 LCA Framework and Methodology 

The research framework for developing an LCA-based framework for solid waste treatment 
technologies in India involves an integrated approach to evaluate the environmental performance of 
waste management opƟons under Indian condiƟons. The framework begins with goal and scope 
definiƟon, where the study objecƟves, boundaries, and funcƟonal units (such as treatment of one ton 
of municipal solid waste) are established. This is followed by LCI analysis, which includes the collecƟon 
of region-specific data on waste composiƟon, energy use, emissions, transportaƟon, and operaƟonal 
parameters of treatment technologies such as composƟng, bio-methanaƟon, recycling, incineraƟon, 
and landfilling. The stage involves LCIA, where environmental impacts such as global warming 
potenƟal, acidificaƟon, eutrophicaƟon, and human toxicity are quanƟfied using assessment methods. 
The framework integrates comparaƟve analysis to evaluate and rank waste treatment alternaƟves 
based on environmental performance, economic feasibility, and social acceptability. SensiƟvity and 
uncertainty analyses are incorporated to ensure the robustness of the results under condiƟons. Finally, 
the interpretaƟon phase provides insights and recommendaƟons for policymakers, urban local bodies, 
and stakeholders to support informed decision-making and adopƟon of sustainable waste 
management pracƟces. This framework is adaptable to diverse Indian contexts, enabling efficient, 
region-specific, and environmentally sound solid waste management strategies. The study areas are 
menƟoned in Table 2.1. 

Table 2.1 InsƟtute and ciƟes selected for LCA study 

InsƟtute CiƟes selected 

IISc Bangalore Bangalore (Tier I), Mysore (Tier II), Tumakuru (Tier III) 

IIT BHU Delhi (Tier I), Varanasi (Tier II) 

IIT Madras Chennai (Tier I) 

2.2 Data collection 

The data collecƟon strategy to develop an LCA-based framework for solid waste treatment 
technologies in India involves gathering primary and secondary data to ensure assessment accuracy, 
representaƟveness, and reliability. Primary data are collected through surveys, site visits, and direct 
measurements at waste management faciliƟes such as composƟng plants, bio-methanaƟon units, 
recycling centers, incinerators, and landfills, focusing on parameters such as waste composiƟon, 
energy consumpƟon, emissions, and operaƟonal efficiency. Secondary data are obtained from 
government reports, research publicaƟons, municipal records, and databases such as Ecoinvent, the 
Central PolluƟon Control Board, and insƟtuƟons. This strategy emphasizes region-specific data 
collecƟon to capture variaƟons in waste characterisƟcs, climate, and technological performance across 
India. Standardized data formats and consistent funcƟonal units ensure comparability across 
treatment opƟons. Data validaƟon, cross-checking, and gap-filling techniques address uncertainƟes 
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and missing informaƟon. This approach underpins the LCA study, enabling accurate inventory analysis 
and environmental impact assessment. 

2.3 Material Flow Analysis 

The MFA approach quanƟfies and tracks material flows within a system boundary over a period, 
making it relevant for solid waste management studies. For an LCA-based framework for waste 
treatment technologies in India, MFA helps map the generaƟon, collecƟon, segregaƟon, processing, 
recycling, and disposal of municipal solid waste. It involves idenƟfying key material streams such as 
organic waste, plasƟcs, paper, metals, and inert materials and analyzing their movement through 
waste management stages. By applying the principle of mass balance, MFA ensures that inputs, 
outputs, and accumulaƟons are accurately accounted for, thereby improving the reliability of data used 
in LCA. This approach enables the idenƟficaƟon of inefficiencies, leakages, and areas for resource 
recovery, such as recycling and energy generaƟon. MFA also supports decision-making by providing a 
clear understanding of material distribuƟon and helping opƟmize waste management strategies to 
enhance sustainability, reduce environmental impacts, and promote circular economy pracƟces in the 
Indian context. 

2.4 LCA of Waste Management Technologies 

The concept of LCA is based on a holisƟc approach that considers the cumulaƟve environmental effects 
rather than focusing on a single stage of a product’s life. It is typically carried out in four main phases: 
goal and scope definiƟon, life cycle inventory (LCI) analysis, life cycle impact assessment (LCIA), and 
interpretaƟon. In summary: 

 Goal and scope define the purpose of the study and system boundaries.  

 Inventory phase involves data collecƟon of inputs and outputs;  

 Impact assessment evaluates potenƟal environmental impacts such as global warming, 
resource depleƟon, and polluƟon; and  

 InterpretaƟon phase draws conclusions and provides recommendaƟons.\ 

The LCA-based SWM framework adopted in this study is illustrated in Fig 2.1, which is also aligned with 
naƟonal policies such as the Solid Waste Management Rules, 2016, and iniƟaƟves like the Swachh 
Bharat Mission, which emphasize sustainable and scienƟfic waste management pracƟces. 
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Fig. 2.1 System boundary of fresh municipal solid waste management system 

2.5 Development of GHG Emission Calculator App 

The project began with conceptualizaƟon and requirements definiƟon. The team defined the scope as 
GHG accounƟng for Indian SWM technologies (collecƟon, transport, processing, and disposal) and 
idenƟfied ULBs, consultants, policymakers, and researchers as target users. Through consultaƟons with 
IISc, IIT Madras, IIT BHU, and potenƟal end-users, they mapped user needs, defined funcƟons (scenario 
comparison, technology-specific emission factors, regional customizaƟon, and report generaƟon), and 
aligned methods with IGES EQT, MoEFCC, and CPCB guidelines. 

An LCA and GHG accounƟng framework was designed using a modular life-cycle inventory covering 
cradle-to-grave SWM processes. Technology-specific emission factors were compiled from the 
literature, field data, and project LCAs (e.g., AD, composƟng, WtE, and landfilling). System boundaries, 
allocaƟon rules, and biogenic carbon treatment were defined in line with ISO 14040/44 and GHG 
Protocol principles, and scenario logic was developed to compare baseline and alternaƟve SWM 
configuraƟons. 

A web-based applicaƟon architecture was selected to ensure accessibility for ULBs with varied IT 
capaciƟes. The front-end supports intuiƟve data entry, scenario building, and results visualizaƟon, 
while the back-end databases securely store emission factors, process libraries, and user data. 
CalculaƟon engines automate GHG computaƟons, and the app includes role-based access, CSV/PDF 
export, and mulƟlingual support (e.g., Hindi, English). 

A minimum viable product was developed with core modules for data input, emission calculaƟon, 
dashboards, and scenario comparison. Unit tests were run for key calculaƟon modules (e.g., transport, 
biomethanaƟon), followed by integraƟon tests to ensure smooth interacƟon between the UI, 
databases, and engines. Internal tesƟng also addressed UI/UX issues such as form validaƟon, error 
messages, and loading states.  The feature tree diagram of the app is shown in Fig 2.2. 

The prototype was shared with IISc, IIT Madras, and IIT BHU for technical validaƟon. Collaborators 
reviewed the data entry schema, emission factor libraries, scenario logic, and output interpretaƟon, 
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leading to refinements, such as simplified forms, toolƟps, and improved visualizaƟons. Usability 
walkthroughs with environmental engineers and LCA pracƟƟoners further streamlined the workflow. 

Case studies with pilot ULBs—Chennai, Tambaram, and Avadi—were used for real-world validaƟon. 
Primary and secondary data on waste quanƟƟes, composiƟon, transport distances, and technology 
performance were fed into app-based GHG calculaƟons, which were compared against spreadsheets, 
literature, and prior project LCAs. Discrepancies informed updates to emission factors and calculaƟon 
logic, improving accuracy and sensiƟvity. 

Stakeholder workshops and field tesƟng in February 2026 engaged ULB officials, NGOs, industry 
partners, and technocrats. The app was demonstrated and piloted in SWM master planning and 
technology selecƟon exercises, generaƟng feedback on usability, default parameters and report clarity. 
Stakeholders proposed features such as bulk data upload, custom emission factors, and naƟonal 
benchmarking. In parallel, user manuals, tutorials, FAQs, and a phased rollout with training and 
helpdesk support were prepared. 

 

Fig. 2.2 Feature tree diagram of the GHG calculator web applicaƟon 
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3. CASE STUDIES ON CURRENT WASTE MANAGEMENT 
PRACTICES  

3.1 Tier I City- Bangalore  

Bengaluru generates ~6,200 tons per day (TPD) of MSW, of which nearly 90% is collected through the 
formal system. Approximately 1,800 TPD of wet waste is processed in centralized composƟng faciliƟes, 
producing nearly 270 TPD of compost distributed to farmers (Fig. 3.1). AddiƟonally, approximately 70 
TPD of wet waste is treated in decentralized bio-methanaƟon plants with individual capaciƟes of 5–10 
TPD.   

In the dry waste fracƟon, ~ 300 TPD of recyclables is recovered and sent for recycling, while another 
300 TPD is sent as RDF to a waste-to-energy plant. However, a substanƟal amount of dry waste remains 
unsuitable for recycling due to contaminaƟon and poor source segregaƟon, leading to its diversion to 
landfill.   

Material flow analysis indicates a persistent reliance on landfills: roughly 60% of collected MSW is 
ulƟmately landfilled despite mulƟple processing and recovery pathways. This underscores the need to 
improve segregaƟon, reduce contaminaƟon of recyclables, and expand processing capacity to divert 
more waste from disposal. 

 

 

Fig. 3.1 Material flow analysis of MSW in Bangalore 

The LCA results showed a net emission of 795 kg CO2 eq. per ton of MSW. The contribuƟons of 
individual treatment processes to global warming (GW) are summarized in Table 3.1. The analysis 
shows that landfilling dominates GW, contribuƟng 4,532,880 kg CO2 eq., which exceeds the emission 
reducƟons achieved through resource recovery processes. This high impact is primarily aƩributed to 
the large fracƟon of waste disposed in landfills (60%) and the absence of landfill gas (LFG) capture 
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systems. Under these condiƟons, landfill sites funcƟon as uncontrolled sources of methane emissions, 
a greenhouse gas 27–30 Ɵmes more potent than carbon dioxide over 100 years. 

In contrast, resource recovery pathways provide notable climate benefits. Waste diversion through 
composƟng (−2,520 kg CO2 eq.), biogas producƟon (−840 kg CO2 eq.), recycling (−15,000 kg CO2 eq.), 
and waste-to-energy (−62,000 kg CO2 eq.) This results in net avoided emissions. These reducƟons occur 
primarily through material subsƟtuƟon, renewable energy generaƟon, and displacement of fossil-
based energy sources. 

Table 3.1 Global warming (GW) contribuƟons of solid waste management processes in Bangalore 

 Waste quanƟty 
(tons) 

GW 
(kg CO2 eq./ton) 

Net GW 
(kg CO2 eq.) 

ComposƟng  1800 -1.4 -2520 

Biogas plant (cooking) 70 -12 -840 

WTE 500 -124 -62000 

Landfilling  3333 1360 4532880 

Recyclables  300 -50 -15000 

Net emissions    4452520 

These results highlight two criƟcal prioriƟes for reducing the climate impact of Bangalore’s waste 
management system. 

 SubstanƟal reducƟon in the landfilling rate through enhanced waste segregaƟon, recycling, 
and organic waste treatment. 

 ImplementaƟon of landfill gas capture and uƟlizaƟon systems at exisƟng landfill sites to 
miƟgate methane emissions and recover energy 

3.2 Tier II City- Mysore 

The MFA of MSW illustrates collecƟon, processing, and disposal pathways in Mysore, with quanƟƟes 
in tons per day (TPD) (Fig. 3.2). Mysore generates 610 TPD of MSW, of which approximately 90% is 
collected. The collected waste comprises 55% organic waste (302 TPD), 36% dry waste 
(RDF/recyclables, 199.25 TPD), 7.5% inert materials (41.25 TPD), and 1.5% other waste (7.5 TPD).   

The organic fracƟon is fully sent to composƟng faciliƟes, producing 45 TPD of compost supplied to 
farmers. Approximately 30% of the composƟng rejects is landfilled. The RDF and recyclable fracƟons 
are only parƟally recovered, with 45 TPD (22.5%) directed to MRFs and the remaining 77.5% landfilled. 
Inert waste (41.25 TPD) and other waste (7.5 TPD) are also directly landfilled. In total, the landfill 
receives 233 TPD of waste, or 42% of the collected MSW, underscoring the need to improve 
segregaƟon and reduce the number of rejects to lower dependence on landfills. 
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Fig. 3.2. Material flow analysis of municipal solid waste in Mysuru 

Mysore demonstrated a moderate climate impact, with a net emission of 571 kg CO2 eq. per ton of 
municipal solid waste managed. The contribuƟons of the different treatment processes to GW are 
presented in Table 3.2. The results indicate that landfilling remains the major contributor to 
greenhouse gas emissions, accounƟng for 316,880 kg CO2 eq. despite the city diverƟng a significant 
fracƟon of organic waste through composƟng. Approximately 42% of the collected waste is disposed 
of in landfills, and in the absence of landfill gas capture systems, these sites act as major sources of 
methane emissions. 

Table 3.2 Global warming (GW) contribuƟons of solid waste management processes in Mysore 

 Waste quanƟty 
(tons) 

GW 
(kg CO2 eq./ton) 

Net GW 
(kg CO2 eq.) 

ComposƟng  302 -1.4 -422.8 

Landfilling  233 1360 316880 

Recyclables  45 -50 -2250 

Net emissions    314207 

Mysore’s waste management system achieves beƩer diversion of organic waste than many Indian 
ciƟes, but conƟnued reliance on uncontrolled landfilling limits the climate benefits. TransiƟoning to a 
more integrated circular system with improved recycling and methane recovery could substanƟally 
reduce the city’s greenhouse gas emissions. 

3.3 Tier III City Tumkur 

The MFA of MSW in TCC indicates a total waste generaƟon of approximately 150 TPD, of which 
approximately 140 TPD (~90%) is collected through the formal municipal system, while 10 TPD (~10%) 
remains uncollected (Fig. 3.13). Wet waste consƟtutes the major fracƟon (90 TPD, ~64%), followed by 
dry waste (35 TPD, 25%), mixed waste (14 TPD), and sanitary waste (1 TPD). The wet waste stream is 
enƟrely directed to composƟng faciliƟes (90 TPD). The dry waste fracƟon (35 TPD) is processed at the 
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MRF. Sanitary waste (1 TPD, 0.7%) is separately collected and treated through incineraƟon by the 
Ramky group. 

 

Fig. 3.3 Material flow analysis of municipal solid waste in Tumkur 

Tumkur had net emissions of 39,424 kg CO₂ eq., corresponding to 282 kg CO₂ eq. per ton of municipal 
solid waste managed. The contribuƟons of individual treatment processes to GW are presented in 
Table 3.3. Landfilling remains the primary source, contribuƟng 43,520 kg CO₂ eq., but the overall 
impact is lower because only ~23% of waste is landfilled. By diverƟng about 77% of collected waste to 
resource recovery pathways—composƟng, WTE (cement factories), and recycling—Tumkur reduces 
methane emissions from landfill disposal. 

Table 3.3 Global warming (GW) of solid waste management pracƟces in Tumakuru  

 Waste processed 
(tons) 

GW 
(kg CO2 eq./ton) 

Net GW 
(kg CO2 eq.) 

ComposƟng  90 -1.4 -126 

Cement factory (WTE) 30 -124 -3720 

Landfilling  32 1360 43520 

Recyclables  5 50 -250 

Net emissions    39424 

Tumkur’s waste management system highlights the importance of prioriƟzing waste segregaƟon and 
diversion strategies, parƟcularly composƟng, recycling, and energy recovery, to reduce reliance on 
landfilling. Further improvements could be achieved through enhanced recycling infrastructure and 
the introducƟon of landfill gas recovery systems. 



 
LCA FRAMEWORK FOR SOLID WASTE MANAGEMENT TECHNOLOGIES IN INDIA Office of the Principal ScienƟfic Adviser 

IIT Madras  · IISc Bangalore  ·  IIT (BHU) Varanasi 11 
 

3.4 Tier I City- Delhi 

Delhi generates nearly 11320 TPD of MSW (as per annual reports of DPCC 2023-24), all collected 
through the formal system. Nearly 74% of the total waste is processed through five routes: WTE (54%), 
composƟng (17%), MRF (<1%), and bio-methanaƟon (<1%), while nearly 40% is landfilled (Fig. 3.18). 
Of the dry waste, approximately 6000 TPD is sent to four WTE plants, generaƟng nearly 80 MW of 
electricity and 800 TPD of boƩom ash. The total wet waste collected, approximately 2000 TPD, is 
processed through composƟng, generaƟng nearly 450 TPD of compost used as ferƟlizer. In addiƟon, 
nearly 50 TPD of wet waste is sent to a bio-methanaƟon facility with an individual capacity of 5 TPD.   

The material flow analysis shows that nearly 40% of the total waste conƟnues to be sent to landfills. 
Despite various treatment routes and recovery pathways, nearly half of the generated waste sƟll goes 
to landfill, highlighƟng the urgent need for beƩer segregaƟon to prevent the diversion of waste to 
landfill sites. 

 

Fig. 3.4 Material Flow Analysis of current waste management pracƟces in Delhi 

A comparaƟve life cycle assessment (LCA) was performed to examine the environmental implicaƟons 
of two MSW management configuraƟons implemented in the Delhi region. The first configuraƟon 
served as the reference (baseline) scenario 1, in which the environmental impacts arising from waste 
collecƟon, transportaƟon, treatment, and final disposal were assessed without considering the 
environmental benefits associated with resource recovery. In contrast, the second configuraƟon 
(scenario 2) adopted a system expansion approach by integraƟng avoided burden credits resulƟng 
from resource recovery acƟviƟes. These credits included electricity generated from waste-to-energy 
(WTE) and bio-methanaƟon faciliƟes, the subsƟtuƟon of chemical ferƟlizers through compost 
produced in composƟng plants, and the replacement of virgin raw materials through material recovery 
at material recovery faciliƟes (MRFs). The results are summarized in Table 3.4. 
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Table 3.4 Global Warming PotenƟal (GWP) contribuƟon of MSW management technologies 

Waste Management  
Strategy 

Waste Processed (TPD) 
Scenario 1  

GWP (kgCO2eq.) 
Scenario 2  

GWP (kgCO2eq.) 

WTE 6023 ~ 6 x 106 ~ 4.5 x 106 

ComposƟng 2250 ~ 2 x 106 ~ 1 x 106 

MRF 90 ~ 1.1 x 103 ~ - 0.5 x 103 

Landfilling 2930 ~ 7 x 106 ~ 1.75 x 106 

3.5 Tier II City Varanasi 

Varanasi generates nearly 1070 TPD of MSW, of which ~90% is collected through a formal collecƟon 
system. Nearly 74% of the total waste generated is processed through four major treatment routes: 
WTE (38%), composƟng (18%), MRF (<1%), and bio-methanaƟon (<1%), and nearly 41% of the waste 
is landfilled (Fig. 3.5).  

 

Fig. 3.5 Material Flow Analysis of current waste management pracƟces in Varanasi 

In the dry waste fracƟon approximately 360 TPD is sent to WTE plants and generaƟng coal nealy 150 
TPD. The total wet waste collected, approximately 170 TPD is processed through composƟng process. 
This treatment facility generates approximately 26 TPD of compost, which is further uƟlized as 
ferƟlizer. In addiƟon, nearly 5 TPD of wet waste is sent to a bio-methanaƟon facility with an individual 
capacity of 5 TPD. 

3.6 Tier I City Chennai 

The Sankey diagram (Fig. 3.6) summarizes Chennai’s municipal solid waste flows at approximately 
6,100 TPD, of which approximately 5,700 tons is collected, and approximately 400 tons remains 
uncollected or leaks from the system. Of the collected stream, approximately one quarter (1,396 TPD) 
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is segregated at the source, and three-quarters (4,306 TPD) remain mixed, yielding a combined 
composiƟon of approximately 2,916 TPD of wet, 2,194.93 TPD of dry, 520.48 TPD of inert, and 70.59 
TPD of domesƟc hazardous waste. Only modest fracƟons of the wet and dry streams are processed 
through resource-recovery routes (micro-composƟng, windrow composƟng, bio-CNG, coconut/garden 
waste treatment, RRCs, baling, incineraƟon, and pyrolysis), while the dominant pathway remains 
disposal, with approximately 2,329.85 TPD of wet residues and 1,904.31 TPD of dry residues sent to 
landfills, together with nearly all inert and hazardous fracƟons. In total, approximately 4,754.64 TPD 
of residual waste is landfilled, split between Kodungaiyur (≈2,204 TPD) and Perungudi (≈2,550.64 TPD), 
highlighƟng a system that is sƟll strongly landfill-dependent- despite the presence of mulƟple recovery 
and treatment opƟons. 

 

 

Fig. 3.6 Material flow analysis of current waste management pracƟces in Chennai 

The LCA of the selected solid waste management faciliƟes available in the city, including two 
biomethanaƟon plants of 100 TPD and a composƟng plant of 110 TPD. Table 3.5 presents the global 
warming contribuƟon associated with selected solid waste management, expressed per ton of waste 
treated and as net daily emissions for the corresponding facility capaciƟes. ComposƟng of 110 TPD of 
organic waste exhibited a negaƟve specific GWP of -5.62 kg CO₂-eq./ton, yielding a net climate benefit 
of -562 kg CO₂-eq., which reflects avoided emissions due to the displacement of syntheƟc ferƟlizers 
and reduced methane generaƟon compared to unmanaged decomposiƟon. In contrast, biogas plants 
configured for transportaƟon and cooking fuel each treated 100 TPD and showed posiƟve GWPs of 
46.34 and 51.76 kg CO₂-eq./ton, respecƟvely, corresponding to net burdens of 4,634 and 5,176 kg 
CO₂-eq.  
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Table 3.5 Global warming (GW) contribuƟon of solid waste management processes in Chennai  

Facility 
Waste quanƟty 

(TPD) 
GWP 

kg CO2 eq./ton 
Net GWP 
kg CO2 eq. 

ComposƟng 110 -5.62 -562 

Biogas plant (TransportaƟon fuel) 100 46.34 4634 

Biogas plant (Cooking fuel) 100 51.76 5176 

Landfill  4700 1110 5217000 

 

Across all ciƟes, landfilling without gas capture emerged as the dominant contributor to GHG 
emissions, whereas resource recovery pathways consistently provided net emission reducƟons 
through material subsƟtuƟon and renewable energy generaƟon. The findings demonstrate that 
increasing waste diversion, improving segregaƟon efficiency, and integraƟng energy recovery systems 
are criƟcal for reducing the climate footprint of MSW management. They further highlight the need 
for a systemic transiƟon toward a circular waste management framework that prioriƟzes enhancing 
recycling and organic waste treatment, minimizing landfilling, and implemenƟng landfill gas-capture 
systems. These measures are essenƟal for achieving substanƟal and sustained reducƟons in 
greenhouse gas emissions across urban waste management systems in India. 
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4. SALIENT LCA RESULTS 

4.1 Composting 

4.1.1 Composting: System Boundary and Scenarios 

In this study, life-cycle assessment (LCA) was used as an analyƟcal framework to compare OFMSW 
management alternaƟves. The LCA was performed using SimaPro (version 9.6.0.1). The funcƟonal unit 
was the treatment of 1 ton of OFMSW (Colón et al., 2010; Serafini et al., 2025a). The LCA model 
includes the operaƟon stage, collecƟon and transportaƟon of OFMSW, composƟng of waste, leachate 
handling, transportaƟon of compost and liquid manure, and subsƟtuƟon of syntheƟc ferƟlizer with 
compost and liquid manure (Fig. 4.1) (Nanlin et al., 2023; Tian et al., 2025).  

 

Fig. 4.1 System boundary of the compost plant life cycle assessment 

 

End-of-life processes, such as compost applicaƟon and energy displacement, were included to ensure 
a cradle-to-grave perspecƟve (Biancini et al., 2022; Khandelwal et al., 2019). For the assessment of 
environmental impacts, the ReCiPe 2016 (H) method was employed for both midpoint esƟmaƟons 
(Singh et al., 2020).  

Scenarios Studied 

 S1- ComposƟng without energy recovery from leachate 

 S2- ComposƟng with energy recovery from leachate (biogas to electricity) 

 S3- ComposƟng with energy recovery from leachate (biogas to compressed biogas for 
vehicle fuel) 
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4.1.2 Composting: Global Warming Potential 

The global warming (GW) of a compost plant per tonne of OFMSW is shown in Fig. 4.2. The result 
highlights individual contribuƟons of various acƟviƟes, the most significant contribuƟon in gross 
emission (or total GW without credit) being associated with composƟng process 

 

 

 

Fig. 4.2 Impact on global warming from compost plant based on organic fracƟon of municipal solid 
waste a) scenario 1 – composƟng without energy recovery from leachate b) scenario 2 - composƟng 

with energy recovery from leachate (biogas to electricity) c) scenario 3 - composƟng with energy 
recovery from leachate (upgraded biomethane used as vehicle fuel) 

Scenario 2 (energy recovery from leachate for electricity generaƟon) emerged as the most 
environmentally favorable opƟon, demonstraƟng a net-negaƟve carbon footprint of -17.9 kg CO2 eq. 
Scenario 3 (energy recovery from leachate for CBG producƟon) resulted in a somewhat net-posiƟve 
footprint of 0.491 kg CO2 eq. indicaƟng near climate neutrality. This study shows that the 
environmental sustainability of OFMSW composƟng systems is governed not only by waste 
stabilizaƟon but also by the effecƟve valorizaƟon of all outputs, parƟcularly compost leachate. By 
integraƟng leachate-based energy recovery into the life cycle boundary, the analysis highlights a major 
opportunity to enhance the climate performance of composƟng faciliƟes. 
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4.2 Biogas/ Biomethanation Plant 

4.2.1 Biogas Plant: System Boundary and Scenarios 
The system boundary of treatment of OFMSW in biogas plant in this study follows cradle-to-grave 
approach (Fig. 4.3) which includes all major operaƟonal processes of the biogas plant. This study also 
idenƟfies the hotspots along the biogas system for various scenarios, where most environmental loads 
are associated. Specifically, five scenarios were considered based on the most common end-uses of 
biogas in India: 

 Scenario 1: Biogas flaring 

 Scenario 2: Electricity generaƟon from biogas 

 Scenario 3: Biogas directly used as cooking fuel in nearby areas 

 Scenario 4: Upgraded biomethane (CBG) used as cooking fuel 

 Scenario 5: Upgraded biomethane (CBG) used as vehicle fuel 

 

Fig. 4.3 System boundary of the biogas plant life cycle assessment 

4.2.2 Biogas Plant: Global Warming Potential 

The comparaƟve analysis of the GW for various treatment scenarios of organic fracƟon of municipal 
solid waste (OFMSW) in a biogas plant (Fig. 4.4) clearly shows that while flaring of biogas results in a 
net posiƟve GW of 13 kg CO2-eq., all other scenarios demonstrate a net negaƟve GW, indicaƟng 
increasing overall environmental benefits. The most significant level of GW reducƟon is achieved when 
biogas is converted to electricity while displacing coal-based electricity, leading to a net GW of -123 kg 
CO2-eq. Directly uƟlizing biogas for cooking (unpurified) also yields a substanƟal net GW of -108 kg 
CO2-eq. Even aŌer purificaƟon and boƩling, using biogas for cooking (purified) sƟll results in a negaƟve 
GW of -12 kg CO2-eq., which is less impacƞul than direct use. Lastly, uƟlizing biogas as vehicle fuel also 
provides a net negaƟve GW of -11 kg CO2-eq. while being the most economic opƟon so far.  
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Fig. 4.4 Impact on global warming from biogas plant based on organic fracƟon of municipal solid 
waste a) scenario 1 - flaring of biogas b) scenario 2 - biogas to electricity c) scenario 3 - biogas directly 

used as cooking fuel d) scenario 4 - upgraded biomethane used as cooking fuel and e) scenario 5 - 
upgraded biomethane used as vehicle fuel 

Using biogas to generate electricity presents significant economic hurdles. A criƟcal barrier is that the 
marginal economic return (price of biogas-based electricity 5-7 Rs. /kWh) oŌen leads to very low 
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profitability. This financial strain is compounded by direct compeƟƟon from cheaper electricity 
generated by large, established power plants. Without significant government subsidies or guaranteed 
high feed-in tariffs, these biogas-to-electricity projects frequently struggle to be economically viable. 
When used as a direct cooking fuel, biogas faces a different set of logisƟcal challenges. The limitaƟon 
is that biogas plants for cooking must be installed exactly where the fuel will be consumed, such as in 
a household's backyard or a community kitchen, making large, centralized producƟon plants for 
widespread distribuƟon impracƟcal. It should be noted that the ability to purify and compress the 
biogas as CBG opens avenues for commercial distribuƟon to areas creaƟng a high-value marketable 
product that improves energy access. Furthermore, this comparison underscores that energy recovery 
and fossil fuel displacement are crucial for maximizing the climate change miƟgaƟon potenƟal of 
anaerobic digesƟon plants, with electricity generaƟon offering the highest GW reducƟon. 

4.3 Waste to Energy Plant 

4.3.1 Waste to Energy: System Boundary and Scenarios 

The spaƟal boundary of the operaƟon stage included several key processes: collecƟon and 
transportaƟon of MSW to the plant, processing of waste via power generaƟon through incineraƟon 
coupled to high-pressure steam turbine, treatment of flue gas, disposal of residual boƩom and fly ash 
to an engineered landfill, and environmental credits gained from the subsƟtuƟon of coal-based 
electricity. Three disƟnct scenarios were modelled to provide a comprehensive comparison (Fig. 4.5).  

 Scenario 1: ConvenƟonal WTE without carbon capture. 

 Scenario 2: WTE with carbon capture and storage (CCS) 

 Scenario 3: WTE with carbon capture and uƟlizaƟon (CCU) 

 

Fig. 4.5 Process flow of various Scenarios of waste to energy plant based on municipal solid waste 

4.3.2 Waste to Energy: Global Warming Potential 

For Scenario 1 i.e., WTE plant (without carbon capture), the GW depends on the biogenic fracƟon, GCV 
and moisture content of waste. Overall, the net GW from waste to energy plants producing only power 
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for offseƫng coal-based electricity is in the range of -124 to -139 kg CO2-eq./ton (Fig. 4.6) and for 
offseƫng grid-mix electricity is 13 to 79 kg CO2-eq. 

The net GW from waste to energy plants producing power with CCS (Scenario 2) for offseƫng coal-
based electricity is in the range of -739 to -1030 kg CO2-eq./ton (Fig. 5.5) and for offseƫng grid-mix 
electricity is in the range of -609 to -819 kg CO2-eq. This confirms that CCS is a highly effecƟve strategy 
for significantly miƟgaƟng the carbon footprint of WTE faciliƟes, regardless of the precise biogenic 
fracƟon, GCV, or moisture content of the waste within the analyzed ranges. 

In Scenario 3, which involves carbon capture and uƟlizaƟon (CCU), the overall carbon footprint of the 
WTE plant remained almost idenƟcal to that observed in Scenario 2 (carbon capture and storage - 
CCS). 

 

 

 

Fig. 4.6 Impact on global warming from waste to energy plant a) producing only power without 
carbon capture b) coupled with combined heat and power with carbon capture and storage c) 

coupled with combined heat and power with carbon capture and uƟlizaƟon  (Waste composiƟon A) 
represents 60% biogenic mass of GCV – 1650 kcal/kg and moisture 36% B) represents 40% biogenic 

mass of GCV – 2000 kcal/kg and moisture 36% C) represents 20% biogenic mass of GCV – 2350 kcal/kg 
and moisture 25%) 

 

a 

b 

c 
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4.4 Landϐill with and without Bioremediation 

4.4.1 Landϐill: System Boundary and Scenarios 
. The system boundaries were defined as cradle-to-grave, encompassing collecƟon, transport, 
treatment, LFG recovery for uƟlizaƟon, and leachate handling. For Open Dumping (OD) and Sanitary 
Landfill (SLF), the focus was on tradiƟonal pracƟces without energy recovery (Fig 4.7). Six scenarios 
were considered based on the most common MSW disposal pracƟces in OD and SLF in India: 

 Open Dumping (OD/S1),  

 Sanitary Landfilling with leachate treatment and passive gas venƟng (SLF_LT/S2),  

 SLF with Leachate RecirculaƟon and Flaring (SLF_LR_F/S3),  

 SLF with electricity generaƟon (SLF_LR_ELE/S4), and  

 SLF with bio-CNG producƟon (SLF_LR_BCNG/S5)—. The bio-CNG producƟon scenario was 
subdivided into two sub-scenarios, uƟlizing bio-CNG as vehicle fuel (VF) and cooking fuel (CF), 
named as SLF_LR_BCNG_VF (S5a) and SLF_LR_BCNG_CF (S5b), respecƟvely.  

 

 

Fig. 4.7 System boundary of the different scenarios for life cycle assessment, a) Open dumping, b) 
Sanitary landfill with leachate treatment, c) Sanitary landfill with leachate recirculaƟon and LFG 

flaring, d) Sanitary landfill with leachate recirculaƟon and electricity generaƟon from LFG, e) Sanitary 
landfill with leachate recirculaƟon and bioCNG (BCNG) used as vehicle fuel or as cooking fuel 

4.4.2 Landϐill: Global Warming Potential 
The GW of six scenarios are presented in (Fig. 4.8 a-e). The results highlight the main contribuƟons of 
various acƟviƟes, with surface emissions making the most significant contribuƟon to gross emissions. 
The significant reducƟon in GW in scenarios 4 and 5 (Fig.4.8 e and f) is primarily driven by the 
substanƟal "LPG offset,” which represents the avoided emissions from displacing LPG-based cooking 
with bio-CNG. The considerable offsets from replacing fossil fuels ensure that the overall system is 
almost carbon-neutral, highlighƟng its potenƟal for sustainable waste management and 
decarbonizaƟon of household cooking 
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Fig. 4.8 Impact on global warming from different landfilling scenarios a) Open dumping, b) Sanitary 
landfill with leachate treatment, c) Sanitary landfill with leachate recirculaƟon and LFG flaring, d) 
Sanitary landfill with leachate recirculaƟon and electricity generaƟon from LFG, e) Sanitary landfill 

with leachate recirculaƟon and bioCNG (BCNG) used as vehicle fuel, f) Sanitary landfill with leachate 
recirculaƟon and bioCNG (BCNG) used as cooking fuel 

4.5 Biomining 

4.5.1 System Boundary and Scenarios 

 Scenario 1: Current baseline scenario -biomining with SLM and RDF recovery 

 Scenario 2: Enhanced biomining material recovery - recyclable fracƟons and ash from WTE 
plant 
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Fig. 4.9  System boundary of Biomining 

4.5.2 Practical implications  
The Central PolluƟon Control Board (CPCB) guidelines (2019) establish a necessary foundaƟon for 
legacy waste handling. However, to move beyond ad hoc remediaƟon, these guidelines must be 
transiƟoned into a regulatory framework with verifiable performance metrics. Currently, the lack of 
mandatory stabilizaƟon thresholds and recovery targets leads to sub-opƟmal environmental outcomes 
and the "secondary dumping" of unprocessed fracƟons. By establishing quanƟfiable key performance 
indicators (KPIs), regulatory bodies, such as the State PolluƟon Control Boards (SPCBs), can ensure that 
dumpsite remediaƟon contributes to a true circular economy. The major issues or gaps in the 
guidelines and their corresponding recommendaƟons are listed in Table 4.1.  

Table 4.1 Issues or gap and proposed recommendaƟon 

Issues/Gap RecommendaƟon 

Lack of formal standards for 
stabilizaƟon condiƟon 

Establish stabilizaƟon thresholds before further processing: Moisture < 25%, 
Organic content < 10%, Bulk density > 1.0 t/m³ 

Lack of defined drying 
period and operaƟonal 
condiƟons 

Specify 8–12 weeks drying, depending on climate; mandatory aeraƟon and 
periodic windrow-turning (Min 2 Ɵmes/week) to ensure acƟve stabilizaƟon 

No standards for monsoon 
/ rainy-season operaƟons 

Define rain-resilient operaƟonal protocols: temporary covered processing 
zones, storm-water diversion, rapid transfer to covered dryers 

Lack of on-site air quality 
monitoring 

Mandatory monitoring for methane, PM10 and PM2.5, and odor control; use 
of dust suppression systems 

Absence of leachate 
management direcƟves 

Leachate collecƟon, storage, and on-site treatment must be operaƟonal 
throughout remediaƟon; groundwater protecƟon monitoring required 

No requirement for 
performance audits of 
processing machinery  

Enforce quarterly performance audits: throughput capacity, breakdown 
frequency, emission norms for excavators/screens 

No requirement of baling of 
RDF before transportaƟon 

Mandatory baling/compacƟon of RDF prior to transport; covered 
transportaƟon to minimize liƩer and combusƟon risk 
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Issues/Gap RecommendaƟon 

Low calorific value RDF 
fracƟon (<1500 kcal/kg) 
usage provision 

Introduce pre-processing/blending standards to improve calorific value: 
drying, shredding, etc. 

Insufficient emphasis on 
resource recovery  

Min. Recovery: >50% of the total mined volume (by mass) diverted from 
landfills. 

Weak enforcement and 
accountability  

Convert guidelines into legally binding rules; impose penalƟes for delays, 
and incenƟve schemes for high-performing municipaliƟes  

Inadequate post-
remediaƟon land-use 
guidelines 

Issue clear safe land-use cerƟficaƟon criteria: prioriƟzed use for green 
buffers, solar parks, industrial uƟliƟes; residenƟal use only aŌer long-term 
monitoring 

4.5.3 Carbon Credit Based on Landϐill Age 

Analysis shows that biomining is most carbon-efficient for "young" legacy waste. As a site reaches 40+ 
years, the waste largely stabilizes, and emissions from energy-intensive excavaƟon machinery may 
nearly equal the emissions saved (Fig. 4.10), creaƟng a "carbon-neutral" or "carbon-posiƟve" 
operaƟon that may not qualify for credits or meet the 'addiƟonality' requirements of standard carbon 
accounƟng protocols. To achieve a verifiable carbon credit, emissions avoided through methane 
avoidance and displacement of fossil-fuel-based electricity must exceed operaƟonal emissions from 
fuel for excavators, electricity for trommel screens, and transport of segregated fracƟons. 

 

Fig. 4.10 Net emissions from dumpsites based on their age 

To achieve a carbon credit, avoided emissions (methane avoidance and displacement of coal 
(electricity generaƟon)) should exceed operaƟonal emissions. Combining carbon credit value and real 
estate value of reclaimed land may show that if a 40-year-old site has zero carbon credits, it is 
"profitable" because of land recovery. Revenue from recovered materials alone is insufficient to offset 
excavaƟon, processing, and transportaƟon costs, making LFM dependent on value streams such as 
land reclamaƟon benefits and carbon credits. LFM carbon credit eligibility is linked to landfill age and 
residual biodegradability, as older dumpsites may offer limited methane avoidance potenƟal. These 
interdependencies highlight the need for an assessment framework that considers environmental 
performance, economic feasibility, and policy relevance. 
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5. GHG CALCULATOR APP 

The developed web-based GHG Calculator, tentaƟvely named ENVISAGE (Environmental NavigaƟon 
& Vision for Impact Scenario Analysis and GHG EsƟmaƟon), is designed to esƟmate GHG and SLCP 
emissions associated with municipal solid waste management systems (Fig. 5.1). The applicaƟon is 
accessible at hƩps://calc.greenaadhaar.in/login; the key features and funcƟonaliƟes of the applicaƟon 
can be explored by selecƟng “ConƟnue without login” on the login page.  

 

Fig. 5.1 The homepage of the developed GHG Calculator plaƞorm 

The applicaƟon framework is based on the Emission QuanƟficaƟon Tool (EQT) developed by the 
InsƟtute for Global Environmental Strategies (IGES), Japan. The structure and workflow of the GHG 
calculator app are shown in Fig. 5.2. 

Fig. 5.2 Workflow of the GHG Calculator 

 



 
LCA FRAMEWORK FOR SOLID WASTE MANAGEMENT TECHNOLOGIES IN INDIA Office of the Principal ScienƟfic Adviser 

IIT Madras  · IISc Bangalore  ·  IIT (BHU) Varanasi 26 
 

5.1 Avadi Scenario Comparison 

Four alternaƟve management strategies were developed for Avadi and evaluated against the BAU case. 
The alternaƟves comprised a composƟng-intensive strategy (S1), an anaerobic digesƟon-intensive 
strategy (S2), a waste-to-energy intensive strategy (S3), and an integrated approach with minimum 
landfill disposal (S4). The total quanƟty of waste considered under all scenarios was maintained at 
286.5 TPD to ensure consistency in comparison. Fig. 5.3 depicts the user interface of scenario 
comparison module showing waste allocaƟon of Avadi.  

Figs. 5.4–5.7 show the results of the GHG calculator depicƟng the waste collecƟon and composiƟon 
metrics, scenario-wise waste allocaƟon, overall GHG emission for all the scenarios, individual 
emissions, and process-specific emissions, respecƟvely. 

 

Fig. 5.3 Scenario comparison module showing waste allocaƟon for Avadi 
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Fig. 5.5 Scenario-wise waste allocaƟon in Avadi 

 

Fig. 5.6 Greenhouse gas emissions under alternaƟve scenarios in Avadi 

 

Fig. 5.7 Gas-wise emission comparison for Avadi scenarios  

 

Fig. 5.4 Waste collecƟon and waste composiƟon metrics considered for BAU and all other scenarios 
of Avadi 



 
LCA FRAMEWORK FOR SOLID WASTE MANAGEMENT TECHNOLOGIES IN INDIA Office of the Principal ScienƟfic Adviser 

IIT Madras  · IISc Bangalore  ·  IIT (BHU) Varanasi 28 
 

Table 5.1 summarise the comparaƟve assessment of alternaƟve waste management scenarios for 
Avadi 

Table 5.1 ComparaƟve assessment of alternaƟve waste management scenarios for Avadi 

 Emissions ReducƟon Ranking 

BAU 793.31 kgCO₂e/ton - Rank 5 

S1- ComposƟng ↑  591.75 kgCO₂e/ton 25.4 % Rank 3 

S2 – AD ↑  463.96 kgCO₂e/ton 41.5 % Rank 2 

S3 - WtE ↑ 677.16 kgCO₂e/ton 14.6 % Rank 4 

S4 - (Integrated)  
Landfill ↓ 

 
347.20 kgCO₂e/ton 

 
56.2 % 

 
Rank 1-BEST 

Overall, the integrated strategy (S4) emerged as the most environmentally preferable opƟon for Avadi, 
achieving the highest reducƟon in GHG emissions among all the alternaƟves considered. Based on 
emission reducƟon performance, the scenarios were ranked in the order S4 (56.2%) > S2 (41.5%) > S1 
(25.4%) > S3 (14.6%) > BAU. The superior performance of S4 can be aƩributed to the balanced 
integraƟon of mulƟple treatment technologies, enhanced resource recovery, increased energy 
recovery, and extensive diversion of waste away from the landfill. In contrast, the waste-to-energy 
intensive strategy (S3) exhibited the least improvement among the alternaƟve scenarios owing to 
comparaƟvely higher emissions associated with thermal treatment. 

5.2 Tambaram Scenario Comparison 

Four alternaƟve management approaches were developed for Tambaram, similar to Avadi, and 
assessed in relaƟon to the exisƟng waste management system to examine their potenƟal for reducing 
GHG emissions. The alternaƟves include a composƟng-oriented strategy (S1), an anaerobic digesƟon-
oriented strategy (S2), a waste-to-energy-based strategy (S3), and an integrated resource recovery 
strategy with minimum landfill disposal (S4). The quanƟty of waste considered under each alternaƟve 
was maintained at 455.25 TPD to ensure uniformity in assessment. Fig. 5.8 depict the user interface 
for scenario comparison module and how to do the waste allocaƟon for different scenarios. 

Fig. 5.9, 5.10, 5.11, and 5.12 show the results of the GHG calculator depicƟng the waste collecƟon and 
composiƟon metrics, scenario-wise waste allocaƟon, overall GHG emissions for all the scenarios, and 
individual and process-specific emissions, respecƟvely. 
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Fig. 5.8 Scenario waste allocaƟon interface for Tambaram 

 

 

 

 

 

 

 

 

 

Fig. 5.9 Waste collecƟon and waste composiƟon metrics under different scenarios for Tambaram 
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Fig. 5.10 Scenario-wise waste allocaƟon in Tambaram 

 

Fig. 5.11 Greenhouse gas emissions under alternaƟve scenarios in Tambaram 

 

Fig. 5.12 Gas-wise emission comparison for Tambaram scenarios 
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Table 5.2 summarizes the comparaƟve assessment of alternaƟve waste management scenarios for 
Tambaram. 

Table 5.2 ComparaƟve assessment of alternaƟve waste management scenarios for Tambaram 

Scenario Emissions ReducƟon Ranking 

BAU 776.40 kgCO₂e/ton - Rank 5 

S1- ComposƟng ↑  565.21 kgCO₂e/ton 27.2 % Rank 3 

S2 – AD ↑  490.46 kgCO₂e/ton 36.8 % Rank 2 

S3 – WtE ↑  633.85 kgCO₂e/ton 18.4 % Rank 4 

S4 - (Integrated)  
Landfill ↓ 

 
372.97 kgCO₂e/ton 

 
51.9 % 

 
Rank 1-BEST 

Overall, the integrated strategy (S4) emerged as the most sustainable opƟon for Tambaram, very 
similar to the Avadi case, achieving the maximum reducƟon in GHG emissions among all the 
alternaƟves evaluated. Based on the emission reducƟon performance, the scenarios can be ranked as 
follows: S4 (51.9%) > S2 (36.8%) > S1 (27.2%) > S3 (18.4%) > BAU. The superior performance of S4 can 
be aƩributed to the combined benefits of resource recovery, biological treatment, energy recovery, 
and significant reducƟon in landfill disposal. Conversely, the waste-to-energy intensive strategy (S3) 
demonstrated the least improvement among the alternaƟve opƟons due to the relaƟvely higher direct 
emissions associated with thermal treatment. 
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6. KEY RECOMMENDATIONS 

6.1 Preamble  

The recommendaƟons from this study are grounded in life cycle assessment (LCA) outcomes, wherein 
the approach aligns operaƟonal choices with measurable impacts, such as greenhouse gas (GHG) 
emissions, resource recovery efficiency, and disposal-related losses. The LCA idenƟfied the principal 
environmental hotspots across the municipal solid waste processing ecosystem, with treatment-stage 
emissions and unmanaged disposal accounƟng for the largest share of GHG burdens. QuanƟtaƟve 
results show that processes that fail to capture methane (landfills, poorly managed biogas plants) and 
high-carbon thermal treatments without emission controls are dominant contributors to global 
warming potenƟal. Hotspots concentrate where organic degradaƟon, uncontrolled combusƟon, or 
inefficient energy recovery occur, specifically open dumping, unmanaged landfills, and sub-opƟmally 
operated biogas and composƟng faciliƟes. CollecƟon and transportaƟon contribute non-trivially to 
emissions where rouƟng inefficiencies, vehicle idling, and high diesel dependence persist; however, 
their relaƟve impact is lower than that of disposal-stage methane emissions. Gaps in plant-level 
operaƟonal reporƟng, variable waste composiƟon datasets, and non-standardized emission factors 
undermine comparability between ciƟes and technologies. 

 

Fig. 6.1 Life cycle assessment (LCA) framework for solid waste management processes 

6.2 Key Challenges Identiϐied 

The key challenges idenƟfied and limitaƟons of the exisƟng SWM systems are illustrated in Fig. 6.2, 
which are as follows: which are as follows: 

 Inconsistencies in waste generaƟon and composiƟon data: The ULBs in India depend 
hugely on historic thumb-rule esƟmates of waste composiƟon in a specific region over 
different periods of the year. This does not include the varying waste composiƟon due to 
rapid urbanizaƟon and evolving regulaƟons on waste management pracƟces. 
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 Incomplete plant-level operaƟonal reporƟng, especially for throughput, rejects, energy 
use, methane capture, and residue management. The lack of actual waste handled vs. 
installed plant capacity data limits the outcomes of LCA models and city-wise planning. 

 Lack of reliable emissions data: Daily datasets of gaseous, liquid (leachate), and solid 
residue emissions vis-à-vis the type/composiƟon of waste processed in bio-gas, 
composiƟng, landfills, and waste-to-energy plants are lacking. 

 

Fig. 6.2 Effect of data quality challenges and limitaƟons on SWM assessment 

6.3 Recommendations for Data Collection and Monitoring 

• StandardizaƟon of data collecƟon and reporƟng across municipaliƟes, treatment faciliƟes, and 
regulatory agencies with uniform definiƟons, units, sampling procedures, and digitalizaƟon of data 
collecƟon and entry are vital to improve traceability, support centralized databases, and create a 
stronger foundaƟon for consistent LCA-based policy evaluaƟon. 

• Periodic measurement of waste quanƟty and composiƟon is necessary rather than esƟmated 
through staƟc or thumb rules. DigitalizaƟon of waste collected, segregated, transported, and 
processed is necessary to avoid data manipulaƟons oŌen done through handwriƩen records. This also 
helps establish a reasonable mass balance in ULBs. 
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• Methane and GHG monitoring: Improving gaseous leakage quanƟficaƟon is criƟcal in all waste 
management processes, because even small methane losses can substanƟally alter the climate 
performance. 

Fig. 6.3 illustrates a standardized approach to address data reporƟng gaps in the LCA of SWM systems. 

 

Fig. 6.3 A standardized approach to address data reporƟng gaps in LCA of SWM faciliƟes 

6.4 Recommendations on Treatment Technologies 

This study evaluated treatment technologies using LCA methodology, including biomethanaƟon, 
composƟng, waste-to-energy, landfill and landfill gas management, biomining, and leachate treatment 
and reuse. Fig. 6.4 illustrates the recommendaƟons for SWM acƟviƟes and treatment technologies. 
BiomethanaƟon environmental performance can be improved by maximizing biogas uƟlizaƟon as 
compressed biogas (CBG), cooking fuel, or electricity, while controlling fugiƟve methane emissions 
across digesƟon and purificaƟon stages. Digestate valorizaƟon requires processing and conversion to 
value-added products (including biochar and biofuels) to improve technoeconomic viability. 
PurificaƟon-intensive pathways upgrade biomethane for cooking or vehicle fuel, but offer lower 
benefits due to methane slip and higher energy inputs, especially at medium scales within 100 TPD 
input. Environmental sustainability of organic fracƟon of MSW composƟng systems depends on waste 
stabilizaƟon and valorizaƟon of compost leachate. IntegraƟng leachate-based energy recovery into the 
life cycle boundary highlights an opportunity to enhance the climate performance of faciliƟes. 
ComposƟng combined with anaerobic digesƟon of leachate and biogas-to-electricity generaƟon is the 
best opƟon from environmental and LCA perspecƟves. LCA studies of landfills and landfill gas 
management demonstrate that landfill-based energy recovery enhances the environmental and 
economic performance of MSW systems. Open dumping exhibits the highest warming impact, 
whereas electricity generaƟon from landfill gas reduces emissions through avoided coal-based power 
generaƟon. Economic analysis proves that electricity generaƟon yields the highest revenue surplus and 
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shortest payback period (< 4 years), and a posiƟve net present value when carbon credits and tax 
revenues are included. Therefore, landfill sites should prioriƟze landfill gas capture, leachate 
recirculaƟon, and electricity generaƟon as decarbonizaƟon efforts to reduce long-term environmental 
burdens and improve site stability. 

 
Fig. 6.4 Key recommendaƟons on various solid waste management technologies 

 Our analysis shows that biomining should focus on waste excavaƟon, land reclamaƟon, and improving 
the efficiency of mechanical systems during processing. OpƟmizing trommel performance, energy use, 
and material separaƟon is necessary to reduce the environmental burden of biomining and improve 
recovery. These intervenƟons affect refuse-derived fuel (RDF), a high-calorific-value feedstock for WtE, 
and recyclable fracƟons diverted to MRF. Without verifiable metrics, such as stabilizaƟon thresholds 
(Moisture < 25%, Organic content < 10%) and drying periods (8–12 weeks), biomining risks "secondary 
landfilling" and sub-opƟmal recovery. To achieve a circular economy, we recommend mandaƟng a 
resource recovery rate of >50% by mass and improving RDF quality through standardized pre-
processing. Financial analysis at sites like Mandur shows that biomining is not self-sustaining through 
material recovery alone. Economic feasibility depends on land reclamaƟon credits and avoided costs 
(e.g., Ɵpping fees and long-term maintenance). Furthermore, carbon credit potenƟal is sensiƟve to 
landfill age; younger sites offer methane avoidance, while sites over 40 years old may become carbon-
neutral, with operaƟonal emissions offseƫng savings. Frameworks on leachate treatment advocate 
“treatment for disposal”; however, a shiŌ is required toward “treatment for valorizaƟon,” where 
leachate is managed as a resource stream rather than a waste liability. Sustainable strategies must 
prioriƟze nutrient recovery, water reuse, energy generaƟon, and design tailored to landfill age and 
leachate characterisƟcs. Guidelines should promote the reuse of treated effluent for non-potable 



 
LCA FRAMEWORK FOR SOLID WASTE MANAGEMENT TECHNOLOGIES IN INDIA Office of the Principal ScienƟfic Adviser 

IIT Madras  · IISc Bangalore  ·  IIT (BHU) Varanasi 36 
 

applicaƟons such as dust suppression, industrial washing, or greenbelt irrigaƟon to reduce freshwater 
demand, rather than targeƟng drinking water quality. 

6.5 Implementation: Prioritization and Roadmap 

PrioriƟzaƟon of technology should be based on a combinaƟon of environmental benefits, 
implementaƟon cost, technical readiness, and insƟtuƟonal feasibility, as described in Fig. 6.5. 

 In the short term (0–1 year), priority should be given to strict enforcement of source 
segregaƟon, digitalizaƟon of waste collecƟon, movement, and segregaƟon, opƟmizaƟon of exisƟng 
plant capaciƟes, strengthening of data monitoring systems, and establishment of BAU scenarios of 
GHG emissions across different ciƟes to support informed decision-making.  

 The medium term (1–3 years) should focus on expanding treatment infrastructure, improving 
operaƟonal efficiencies, and maximizing resource recovery and uƟlizaƟon, supported by robust market 
mechanisms for the recovered products.  

 In the long term (3–7 years), LCA-based evidence should lead to a shiŌ from disposal-oriented 
pracƟces to a resource-efficient, technology-driven, and circular waste management system. This 
includes a transiƟon towards engineered landfill systems with proper environmental controls, power 
generaƟon from landfill gas, widespread adopƟon of biomethanaƟon and composƟng for wet waste 
streams, and maximum resource recovery from different non-biodegradable wastes, alongside the 
development of sustainable financing mechanisms such as carbon credits. 

 

  

Fig. 6.5 Strategic acƟon plan for solid waste management transformaƟon in India 
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