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ABSTRACT

Rapid population growth, urbanization, and industrialization have led to a significant increase in
Municipal Solid Waste (MSW), creating major challenges for sustainable waste management. The
biodegradable fraction of MSW has considerable potential for energy recovery through anaerobic
digestion or biomethanation. Biomethanation plants (BMPs) offer an environmentally sustainable
solution by converting organic waste into biogas which are usable as electricity, compressed
biogas (CBG), or fuel, while generating digestate that can be utilized as manure/compost/ soil

conditioner, thereby reducing environmental pollution.

In India, biomethanation technology has been actively promoted through policy initiatives and
financial support under programmes such as Swachh Bharat Mission (Urban and Gramin),
SATAT, and various other Waste to Energy Programmes, involving multiple Central Ministries.
Consequently, several BMPs have been commissioned over the past decade. However, a
significant number of these plants have become non-operational or underperforming due to
technical, managerial, financial, operational, challenges related feedstock, its quality, quantity etc.
This highlights the urgent need for a systematic evaluation of BMP efficiency to ensure their

sustainable integration into MSW management systems.

The performance of BMPs is influenced by multiple factors, including waste quantity and quality,
plant capacity, reactor design, investment structure, operational costs, labour, revenue generation,
biogas generation etc. In the absence of a national or state-level database on BMPs, primary data
were collected through a detailed questionnaire covering technical, operational, managerial, and
financial aspects. Data from 82 BMPs across 32 cities in 9 Indian states were compiled for analysis.
A comprehensive assessment revealed widespread issues such as underutilization of capacity,
inadequate waste segregation, poor feedstock quality, and financial non-viability, particularly in
small-scale plants. Although most plants were operational, limited revenue from biogas and
compost sales constrained long-term sustainability, underscoring the need for improved

technologies, waste segregation practices, and viable business models.



Data Envelopment Analysis (DEA), a linear programming based technique for measuring the
performance efficiency of organizational units called Decision Making Units (DMU’s) was
employed to evaluate the relative efficiency of BMPs, as it effectively handles multiple inputs and
outputs and provides benchmarking insights. Using the CCR output-oriented model, efficiency
scores were calculated for 30 BMPs (after excluding plants with incomplete or zero-value data)
across five states. Four DEA models were developed to assess operational, technical, economic,

and environmental efficiencies using relevant input—output variables.

The results showed that 86% of plants were operationally inefficient, while technical efficiency
was relatively higher, with 56% of plants nearing optimal performance. Economic efficiency was
observed in only 30% of the plants, and environmental efficiency was notably poor, with only one
plant achieving full efficiency. Overall, most BMPs operated below optimal levels due to

underutilization, high costs, and operational inefficiencies.

This study presents a comprehensive framework for evaluating MSW based BMPs in India and
identifies efficiency gaps, best-performing plants, and benchmarking opportunities. The findings
emphasize the need for standardized monitoring, centralized data systems, and targeted policy
interventions to enhance the sustainability and effectiveness of biomethanation technology. While
DEA provides valuable comparative insights, further plant level microanalysis and sector wide

evaluations are necessary to replicate best practices and strengthen long term viability.



AR

ol T T SHTETE!, TENHRUT 3R SERNHRUT & HRU FHRITd TS ae (MSW) T STt
IGIR B3 ¢, Y HOR1 st &l feprs, sAM | sl gHifaar TSt 81 718 &1 MSW &
TAfSISTd e # TIRIS® SZOIR a1 SRAFRARA & 9T Sl (AbTa- B BIw! edT
B B | SRR wWite (BMPs) Udh TITaRUI- 3% d 3R fedhTa:; T 3d §; 3 Sifasd &ar
D TR H F5Ad 8, o HT 3XaHTd faoTelt, SRS SRR (CBG) TT 389 & dR UR fhar o1
Tahdl g | W g, 379 S1geiee off §7aT 7, o) Wre/ar e /gt ol 98k &M a1 Uard &
IR TR ST {61 o Gahell &, ™ qafaror Uguor H9 giar g |

YRA H, TAEHYARE dh-11d & By Hard FATC) &1 UIMGRT ard HRIGHL—oN 6 W
R AR (1631 SR UTHI), SATAT, 3R TR I Sl (Waste to Energy) I SIS 310 HTAHHI
& d8d §18 113 Al 3R fifes Haa & IRT SIS THM WR Ferar faan g | Feitera, fisa
T VP H B BMPs Tl fHT U §| gTefifop, 370 ¥ St J= | Wiie do-iia!, TSIy,
3 3R uf=mem § St gHIfaal - SRk fos S=a AT (feedstock) BT SUARIAT, SHD! TOIGT
3R A 3M1fe & BRI AT Al e 81 T AT bR Ui O &aT A &1 el R UIRe &1 U8 39
S1d IR SR &1 & fob BMPs @1 STI&HdT &1 Hafyd Jedidh- dxAT fdha-l e &, i 3¢
MSW TseH gunferdl § fednrs, axid © e fobar i 9 |

BMPs &1 ®TIUUC % BRI I THIFAT gt 8, S8 Ser &1 7mE 8k T[urd, Wi &
&, Nuaex &1 fewgH, Fawr &1 s, uRareas anTd, S9ed, IR gor, SN 3dTe
31T TMA § | BMPs ¥ ST Bls AP AT Mod-TRIT Screl JUds A G & BRI, TP [awd
gyTadt & q1eay 9 Uil Sl syl fhdn T, 59 UsTaeh § ddeie!, URareH, Ududmi
3R 3nfie ygqsii o1 emfire fasa ar 4T fawayor & g, YRd & 9 sl & 32 W § fyd
82 BMPs ¥ UTWd Sl 1 Hebferd foar |

TP ATUH HeUich1 T Udl Il foh s aRg Pt TN 311 ¢, O fob & T QRT SXHTe
BT, HTR BT 31 J ST 7 o ST, Foed [T 1 /RIS T[0ra 3R 371 &9 F SIerHHRY

Vi



8T, ¥ I foRY =0 § B¢ TAM W 9a ard Wicl § WTal ¢@- &1 el | giaife
TTETCR Wie are grad H 3, Afde I 3fR SR o1 foh! & g1 arl Iifird 3 = 3t
e (R &I gwifad foan| a8 39 91d &1 @ifdd Rl § [ IgaR adb-id!, Haxl
3T T & SR D! 3R MH T T TIgR HGHRAS Alsd! DI [dha-! T shexd
gl

BMPs &1 TTUe HTIEHAT BT Hedich B b (018 'Sl TIdaUHe TATRIT (DEA) THE
de-iidb T STANT fhaT 1| T8 U "T-ER TR W Senikd da-ie g, foreT s
foprht e @t faftr sersal, = Fvfa AR arell STl (DMUSs) BT ST 8, &) srdermd
1 AU & forT foha ST 1 59 debiies o SaferT AT 74T, i Ug s o & YL 3R
3{T3TYC I YHTA! 7T T THTA Tt § 3R Ja-Tedd Hedid (benchmarking) ¥ & Heeaguf
3= UG HRT 81 CCR TITYT - 3NNULS HIST BT JXHTA B, Ui sl & 30 BMPs
(T S1ERT T Y - HH aTell ST AT, I8 8 & §16) P (o Gerdl WhR Pt T0HT Hi T3 |
RIS 3 TYC-3M3eye @R HT ITUNT HRop IR, ddb-1db!, e 3R gafaruiy gemrsit
BT e H & ol IR DEA Hied fasRid fau Ty

gl 8 gl gl fob 86% I9F ularaH o1 = ¥ & U, Safd ddb-id! q&fdr 3uaThd
3ifere o, o 5600 T S¥aH UeRH & B A1 s gerd Had 30% T & St TS,
3R yafaruit gerr Ry wu @ WRie ff, o/ Faa U 93 2 quf gerdt 31Ra &1 Fa
TR, ST BMPs HH JUTNT, Iad ANTT 3R URETe 3l & HRUT IFAH WRI 9
i Srferd gul

g 31eggd YR & MSW 3MTHTRT BMPs & Heidh & folt Uah AU Gl IRd &l § 3R
G SR, TIIY TR I AT TaAT SR ST & SawRl Bt Uga Fal 5| e
R Wi ot FRRAT 3R THTaRiddr & o™ & e AM®ied FIRET, Heiepd
ST yunferdt 3R @férd Hforra gxaaTl St a=adhdl R SR <d & | gTdlie DEA HeadH
JATTAD e USH Bl 8, Jarad Yursfi &1 e 3R e sadgridT &1 aolad
B & o G T geH fazam iR &7 st i oy g
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AHIDF - Animal Husbandry Infrastructure Development Fund
AIF - Agriculture Infrastructure Fund

BCC - Banker, Charnes and Cooper

BM - Bio methanation

BMP - Biomethanation Plant

CAP - Common Agriculture Policy

C&D - Construction & Demolition

CBG - Compressed biogas

CCR - Charles, Cooper and Rhodes

CFA - Central Financial Assistance

CGD - City Gas Distribution

C/N - Carbon/Nitrogen

CNG - Compressed Natural Gas

COD - Chemical Oxygen Demand

CPCB - Central Pollution Control Board

CPHEEO - Central Public Health and Environmental Engineering Organisation
CRS - Constant Return to Scale

CSR - Corporate Social Responsibility

CSTR - Continuous Stirred Type Reactor

DA&FW - Department of Agriculture & Farmers Welfare
DEA - Data Envelopment Analysis

DoAH&D - Department of Animal Husbandry and Dairying
DMU - Decision Making Unit

ECM - Efficiency Contribution Measure

FW - Food Waste

FY - Financial Year

GAIL - Gas Authority of India Limited

GHG - Green House Gas
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Gol - Government of India

HRT - Hydraulic Retention Time

IEA - International Energy Agency

IREDA - Indian Renewable Energy Development Agency
ISWM - Integrated Solid Waste Management

JNNURM - Jawaharlal Nehru Urban Renewal Mission
LCA - Life Cycle Assessment

LPG - Liquefied Petroleum Gas

MCDA - Multi-Criteria Decision Analysis

MDA - Market Development Assistance

MJ - Mega Joule

MNRE - Ministry of New and Renewable Energy
MoA&FW - Ministry of Agriculture & Farmers Welfare
MoC&F - Ministry of Chemicals and Fertilizers

MoEF & CC - Ministry of Environment, Forest and Climate Change
MoFAHD - Ministry of Fisheries, Animal Husbandry and Dairying
MoHUA - Ministry of Housing and Urban Affairs

MoJS - Ministry of Jal Shakti

MOoPNG - Ministry of Petroleum and Natural Gas

MSW - Municipal Solid Waste

MSWM - Municipal Solid Waste Management

MTD - Metric Tonnes Per Day

MW - Mega Watt

NE - North East

NEERI - National Environmental Engineering Research Institute
NPK - Nitrogen, Phosphorus and Potassium

NPV - Net Present Value

ODM - Organic Dry Matter

OFMSW - Organic Fraction of Municipal Solid Waste
OLR - Organic Loading Rate

O&M - Operation and Maintenance
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PNG - Piped Natural Gas

PPP - Public Private Partnership

PROM - Phosphate Rich Organic Manure
PSTR - Partially Stirred Tank Reactor
RBI - Reserve Bank of India

RDF - Refuse Derive Fuel

SATAT - Sustainable Alternative Towards Affordable Transportation
SBM-G - Swacch Bharat Mission-Gramin
SBM-U - Swacch Bharat Mission-Urban
SDG - Sustainable Development Goals
SRT - Solid Retention Time

SBM - Swachh Bharat Mission

SWM - Solid Waste Management

TAD - Thermophilic Anaerobic Digestion
TFWE - Task Force on Waste to Energy
TPD - Tonnes per Day

TS - Total Solids

VFA - Volatile Fatty Acid

VRS - Variable Return to Scale

VS - Volatile Solids

ULB - Urban Local Bodies

UN - United Nations

UT - Union Territories

WAS - Waste Activated Sludge

WTE - Waste to Energy
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