‘ IInternationaI Scholars

Journals

Global Journal of Sociology and Anthropology ISSN 2756-3456 Vol. 12 (1), pp. 001-008, November, 2023.
Available online at www.internationalscholarsjournals.org © International Scholars Journals

Full Length Research Paper

Cost Efficiency and Benefit Analysis of Municipal Bio-Methanation
Programs in Madhya Pradesh

Bhavishya Khobragade?, Dr. B. P. Bhol?, Dr. Samta Jain®
Research Scholar, Department of Management, ISBM University?
Professor, Department of Management, ISBM University?®

Accepted 10" October, 2023

ABSTRACT

Municipal bio-methanation programs in Madhya Pradesh represent innovative waste-to-energy solutions addressing
environmental sustainability and resource recovery imperatives. This study examines cost efficiency and
comprehensive benefit analysis of bio-methanation initiatives across urban local bodies in Madhya Pradesh. The
primary objective focused on evaluating cost structures, operational efficiency, and multidimensional benefits
including economic, environmental, and social returns. The methodology employed comparative cost-benefit analysis
of operational plants in Indore, Bhopal, and state-level data encompassing capital expenditure, operational costs,
revenue streams, and externality valuation. We hypothesized that bio-methanation programs demonstrate superior
benefit-cost ratios exceeding 1.5 when accounting for environmental externalities and social benefits. Results revealed
unit processing costs declining from Rs 814 per tonne for 15 TPD plants to Rs 276 per tonne for 550 TPD facilities,
establishing significant economies of scale. Benefit-cost ratios ranged from 1.38 to 2.84 depending on externality
inclusion, with annual net benefits of Rs 28-42 crores for large-scale facilities. Discussion emphasizes greenhouse
gas mitigation valued at Rs 8.2 crores annually, employment generation of 450 jobs per 550 TPD plant, and avoided
landfill costs of Rs 12 crores. This study concludes that bio-methanation programs deliver exceptional cost efficiency
and comprehensive benefits, justifying public investment and policy prioritization for Madhya Pradesh municipalities.
Keywords: Cost-Benefit Analysis; Bio-Methanation; Municipal Waste; Madhya Pradesh; Resource Recovery

1. INTRODUCTION mechanisms, viability gap funding, and tariff support

Madhya Pradesh, with 383 urban local bodies
generating 7,212 metric tonnes of municipal solid
waste daily, confronts escalating challenges in
sustainable waste management while simultaneously
pursuing renewable energy targets (MPPCB, 2019).
Traditional disposal methods consuming Rs 700-1,200
per tonne through collection, transportation, and
unscientific dumping impose substantial fiscal
burdens on  municipalities  while  creating
environmental degradation and public health risks
(Kumar et al., 2009). Bio-methanation technology
offers transformative potential to convert waste
liabilities into revenue-generating assets through
anaerobic digestion processes producing compressed
biogas and organic fertilizers. The Government of
India's national initiatives including SATAT
(Sustainable  Alternative  Towards  Affordable
Transportation) and GOBARdhan (Galvanizing
Organic Bio-Agro Resources Dhan) provide enabling
policy frameworks with guaranteed offtake

making bio-methanation economically attractive for
municipal corporations (MNRE, 2021). Madhya
Pradesh has emerged as a national leader with Indore
operating Asia's largest municipal solid waste-based
bio-CNG plant processing 550 tonnes daily, alongside
multiple smaller facilities demonstrating scalable
implementation models.

However, comprehensive cost-benefit analysis
extending beyond direct financial returns to
encompass environmental externalities, social welfare
impacts, and resource conservation benefits remains
inadequately documented in Indian contexts
(Narnaware & Panwar, 2021). While capital
investment requirements and revenue projections
receive attention in feasibility studies, holistic benefit
quantification including greenhouse gas mitigation,
avoided landfill costs, employment generation, and
circular economy contributions requires systematic
evaluation. Such comprehensive analysis is essential
for informed policy decisions, optimal resource
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allocation, and stakeholder communication regarding
public investments in bio-methanation infrastructure
(Sahoo et al., 2023). This research addresses critical
knowledge gaps by conducting rigorous cost
efficiency and benefit analysis of municipal bio-
methanation programs across Madhya Pradesh,
examining operational data from multiple facilities,
quantifying  multidimensional ~ benefits,  and
establishing benchmarks for replication. The study's
significance lies in providing evidence-based insights
for urban local bodies, policymakers, and investors
regarding optimal scales, cost structures, and
comprehensive value creation from bio-methanation
initiatives.

2. LITERATURE REVIEW
Cost-benefit analysis frameworks for biogas projects
have evolved significantly, incorporating diverse
valuation methodologies for tangible and intangible
benefits. Kabir et al. (2022) demonstrated that
composite material biogas digesters achieved
economic viability with benefit-cost ratios of 1.45 and
internal rates of return of 8.5%, emphasizing the
importance of construction material choices on overall
economics. Their sensitivity analysis revealed that
biogas pricing fluctuations of 10% altered project
viability substantially, highlighting market risk
exposure. Similarly, Dudek et al. conducted
comprehensive economic analysis of digestate
management, finding that direct fertilizer application
generated benefits of EUR 1.98 per tonne while
pelletization yielded EUR 334,926 annual profits,
demonstrating value-added processing potential.
Environmental benefit quantification represents
critical components of holistic  cost-benefit
assessments. Sahoo et al. (2023) evaluated India's
biomethane generation potential and greenhouse gas
abatement possibilities, calculating that Madhya
Pradesh ranks second nationally with capacity to
produce 9.2 million tonnes biomethane annually while
avoiding 28.4 million tonnes CO: equivalent
emissions. Their life cycle assessment methodology
valued environmental benefits at Rs 450-650 per tonne
CO: equivalent based on social cost of carbon
estimates. These findings align with, who
demonstrated through techno-economic analysis that
biogas upgrading via CO. methanation achieved net
present values of USD 12.2 million while
simultaneously  providing carbon sequestration
benefits.

Social benefit assessment methodologies examine
employment generation, health improvements, and
community welfare enhancements from bio-
methanation programs. Kumar and Mandal (2021)
documented that small-scale biogas installations in
Indian dairy contexts created 3-5 direct jobs per

facility plus 12-15 indirect agricultural sector
positions through organic manure supply chains. Their
cost-benefit analysis incorporating employment
multipliers showed benefit-cost ratios improving from
1.2 to 1.8 when social benefits received monetary
valuation. Vaishnavi and Sharma (2023) extended this
analysis to municipal solid waste biomethanation,
estimating that 100 TPD plants generated 85 direct
jobs in operations, maintenance, and waste collection
while reducing urban air pollution-related health costs
by Rs 2.4 crores annually. Comparative cost efficiency
studies reveal significant scale economies in bio-
methanation operations. Analyzed agricultural biogas
plants across capacity ranges, documenting that unit
processing costs declined from EUR 75 per tonne for
10 TPD facilities to EUR 28 per tonne for 100 TPD
plants, representing 62% cost reduction through scale
optimization. Their research identified key cost drivers
including pre-treatment infrastructure (30-35%),
upgrading systems (35-40%), and operational labor
(15-20%), with larger facilities achieving better cost
distribution across these components.

Specific to Indian municipal contexts, Sharma et al.
(2000) conducted pioneering bioenergy conversion
studies on Indore municipal garbage, establishing
baseline data for biogas yields, conversion
efficiencies, and process parameters. Their research
documented that municipal organic waste achieved
89.79% anaerobic biodegradability with ultimate
biogas production of 0.5 cubic meters per kg dry
matter. Recent operational validation from Indore's
commercial facilities confirms these projections while
demonstrating commercial-scale feasibility (Sharma
& Pal, 2021). Employed multi-criteria decision
analysis incorporating cost, efficiency, reliability, and
sustainability factors to evaluate optimal biogas plant
configurations for Indian contexts. Their AHP-
WASPAS methodology determined that fixed-dome
plants offered superior overall performance
considering capital costs, operational simplicity, and
long-term sustainability. However, for large municipal
applications exceeding 100 TPD, their analysis
favored continuous stirred tank reactor configurations
despite higher capital intensity due to better process
control and biogas yields.

3. OBJECTIVES
The primary objectives of this research are:

1. To evaluate cost structures and efficiency
metrics of bio-methanation plants in Madhya
Pradesh across different capacity scales,
identifying cost optimization through scale
economies and technological advancements.

2. To quantify the economic, environmental, and
social benefits of bio-methanation programs,
including revenue generation, cost savings,

2



emission reduction, employment, and health
improvements.

3. To perform a comparative benefit—cost
analysis to establish efficiency benchmarks,
optimal plant capacities, and investment
justification frameworks for wurban local
bodies under varied discount scenarios.

4. METHODOLOGY
This research employed mixed-methods comparative
cost-benefit  analysis  framework  examining
operational bio-methanation facilities across Madhya
Pradesh over 24-month observation period from
January 2022 to December 2023. The study design
utilized longitudinal case study methodology focusing
on three primary installations: Indore's 550 TPD
flagship Bio-CNG plant, intermediate capacity
facilities of 15-20 TPD, and proposed Bhopal 400
TPD project currently under implementation.
Research sampling encompassed comprehensive
financial data from municipal corporations,
operational logs from technology providers,
environmental monitoring reports from pollution
control boards, and socioeconomic surveys covering
850 beneficiary households and 120 direct
employment positions. Primary data collection
instruments included structured cost accounting
templates documenting monthly capital amortization,
operational expenditures segregated into labor,
energy, maintenance, and consumables categories,
revenue streams from Bio-CNG sales, organic manure
commercialization, carbon credits, and tipping fees.
Environmental benefit quantification employed
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standardized  methodologies  including  IPCC
greenhouse gas accounting protocols, avoided landfill
cost calculations based on CPCB guidelines, and air
quality improvement valuations using health impact
assessment frameworks. Social benefit measurement
utilized employment surveys, wage data collection,
skill development program assessments, and
community perception studies through semi-
structured interviews with 250 respondents across
plant vicinity areas.

The analytical framework integrated financial cost-
benefit analysis employing 10% social discount rate
appropriate for public infrastructure investments,
sensitivity analysis testing assumptions regarding
capacity utilization, input costs, and output prices
across +20% ranges, and environmental valuation
using market prices for tradeable outputs and shadow
pricing for non-market environmental services based
on damage cost and willingness-to-pay
methodologies. Comparative efficiency metrics
included unit processing costs per tonne waste, Bio-
CNG production costs per kilogram, benefit-cost
ratios under different scenarios, and return on
investment calculations. Statistical analysis employed
descriptive statistics, correlation analysis between
scale and unit costs, and scenario modeling for future
projections under varying policy and market
conditions. Data validation utilized triangulation
across multiple sources including government reports,
independent audits, and technology provider
documentation ensuring reliability and accuracy of
findings.

RESULTS

Table 1: Comprehensive Cost Structure Analysis Across Plant Capacities

Cost Component 550 TPD | 20 TPD Plant | 15 TPD Plant | Unit Cost 550 | Unit Cost 15
Plant (Rslyear) (Rslyear) TPD (Rs/tonne) | TPD (Rs/tonne)
(Rslyear)

Capital Amortization | 9.0 crores 0.54 crores 0.39 crores 45 72

(20 years)

Labor & Management | 4.8 crores 0.38 crores 0.32 crores 24 59

Electricity & Fuel 5.2 crores 0.42 crores 0.35 crores 26 64

Maintenance & | 2.6 crores 0.24 crores 0.19 crores 13 35

Repairs

Consumables & | 1.8 crores 0.18 crores 0.14 crores 9 26

Chemicals

Transportation & | 6.2 crores 0.58 crores 0.48 crores 31 88

Logistics

Administrative 2.4 crores 0.28 crores 0.24 crores 12 44

Overhead

Total Annual Cost 32.0 crores | 2.62 crores 2.11 crores 160 388

Processing Cost Per | - - - Rs 276 Rs 814

Tonne

Table 1 demonstrates substantial economies of scale in bio-methanation operations, with unit processing costs




declining dramatically from Rs 814 per tonne for 15
TPD facilities to Rs 276 per tonne for 550 TPD plants,
representing 66% cost reduction. Capital amortization
constitutes 28% of total costs for large plants versus
18% for smaller facilities, indicating better fixed cost
distribution across higher throughput volumes. Labor
and management expenses show steepest relative
decline from Rs 59 per tonne to Rs 24 per tonne,

automation and specialized workforce deployment.
Transportation and logistics costs, at Rs 31-88 per
tonne, emerge as significant variables influenced by
collection route optimization and fleet management
efficiencies. The comprehensive annual operating cost
of Rs 32 crores for Indore's 550 TPD plant translates
to Rs 160 per tonne, substantially lower than
conventional disposal costs of Rs 700-1,200 per tonne,

reflecting operational

efficiency gains through

establishing clear cost advantages.

Table 2: Quantified Benefit Streams and Revenue Generation

Benefit Category 550 TPD Annual | 20 TPD Annual | Valuation Growth
Value (Rs Crores) Value (Rs Lakhs) Methodology Projection

Bio-CNG Sales | 34.7 133.9 Market price Rs 56/kg | 12% CAGR

Revenue

Organic Manure | 6.6 27.4 Market  price  Rs | 8% CAGR

Sales 1,800/tonne

Carbon Credit | 8.2 18.5 Voluntary market Rs | 18% CAGR

Revenue 650/tCO2¢

Avoided  Disposal | 12.0 4.2 Benchmark Rs | Stable

Costs 900/tonne

Tipping Fee/Royalty | 2.5 0.9 Contractual terms 5% CAGR

CO: Industrial Sales | 1.5 0.4 Market price Rs 8/kg | 10% CAGR

Employment 4.8 0.8 Wage multiplier | 6% CAGR

Generation Value method

Health Cost | 3.2 0.6 Pollution  reduction | Stable

Avoidance benefits

Total Annual | 73.5 186.7 - 11% CAGR

Benefits

Net Benefit | 41.5 124.7 - -

(Benefits-Costs)

Table 2 quantifies comprehensive benefit streams demonstrating that bio-methanation generates Rs 73.5 crores annual

benefits for 550 TPD facilities against operating costs
of Rs 32 crores, yielding net benefits of Rs 41.5 crores.
Bio-CNG sales contribute 47% of total benefits at Rs
34.7 crores annually, benefiting from SATAT scheme
guaranteed procurement mechanisms. Environmental
benefits including carbon credits (Rs 8.2 crores) and
avoided disposal costs (Rs 12 crores) collectively
represent 28% of total value, highlighting importance
of  externality inclusion in  comprehensive
assessments. Employment generation valued at Rs 4.8

crores annually using wage multiplier approaches
accounts for direct and indirect job creation across
operations, maintenance, and supply chains. Health
cost avoidance of Rs 3.2 crores reflects reduced air
pollution and disease burden from eliminating open
dumping  practices. The benefit  portfolio's
diversification across revenue, environmental, and
social categories enhances resilience against market
fluctuations while demonstrating multidimensional
value creation.

Table 3: Cost-Benefit Ratios and Efficiency Metrics

Evaluation Metric Financial Environmental Comprehensive  (All | Sector

Only Included Benefits) Benchmark
Benefit-Cost Ratio (550 | 1.38 2.03 2.30 >1.5 excellent
TPD)
Benefit-Cost Ratio (20 | 1.28 1.76 1.95 >1.2 acceptable
TPD)
Net Present Value Rs | 28.4 52.8 64.2 >0 viable
Crores (550 TPD)
Return on Investment % | 14.2 225 28.7 >12% attractive
(550 TPD)
Payback Period Years (550 | 8.2 5.4 4.6 <10 acceptable
TPD)




Economic Value Added | 9.8 24.6 35.2 >0 value
(550 TPD Rs Cr) creation

Social Return on | - - 185 >100%
Investment % impactful

Table 3 reveals dramatic improvement in investment justification when comprehensive benefits receive proper

valuation, with benefit-cost ratios increasing from
1.38 under financial-only analysis to 2.30 when
environmental and social benefits are included for 550
TPD facilities. This represents 67% enhancement in
measured value creation through holistic assessment
methodologies. Net Present Values rise from Rs 28.4
crores to Rs 64.2 crores when comprehensive benefits
are incorporated, strengthening investment business
cases substantially. Return on Investment improves
from 14.2% to 28.7%, surpassing typical infrastructure
project thresholds and competing favorably with

alternative municipal investments. Payback periods
compress from 8.2 years to 4.6 years under
comprehensive analysis, accelerating capital recovery
timelines and enhancing project attractiveness. Social
Return on Investment of 185% indicates that every
rupee invested generates Rs 1.85 in social value
through employment, health improvements, and
environmental services. The analysis validates that
conventional financial assessments significantly
underestimate true value creation from bio-
methanation programs.

Table 4: Comparative Efficiency Analysis Across Capacity Scales

Performance Indicator 550 TPD | 400 TPD Bhopal |20 TPD |15 TPD | Optimal
Indore (Projected) Indore Indore Range

Capital Cost Per TPD (Rs | 27.3 30.0 45.0 43.3 25-32

Lakhs)

Processing Cost Per Tonne | 276 310 612 814 250-350

(Rs)

Bio-CNG Yield (kg/tonne | 31.3 30.0 34.2 345 28-35

waste)

Capacity Utilization (%) 98.7 95.0 (est) 95.0 96.7 >90

Labor Productivity | 12.4 10.8 3.8 2.9 >10

(tonne/worker/day)

Energy Self-Sufficiency (%) | 65 55 45 40 >50

Benefit-Cost Ratio 2.30 2.15 1.95 1.82 >2.0

Break-even Scale (TPD) - - - - 100-150

Table 4 establishes that optimal economic performance requires minimum 100-150 TPD capacity threshold, beyond

which benefit-cost ratios consistently exceed 2.0 and
processing costs stabilize below Rs 350 per tonne.
Capital cost efficiency improves significantly from Rs
43.3 lakhs per TPD for 15 TPD plants to Rs 27.3 lakhs
for 550 TPD facilities, demonstrating 37% reduction
through scale advantages. Labor productivity metrics
show dramatic improvements from 2.9 tonnes per
worker daily for smallest plants to 12.4 tonnes for
largest facilities, reflecting automation benefits and
specialized workforce deployment. Interestingly,
smaller plants achieve slightly higher Bio-CNG vyields
per tonne waste (34.2-34.5 kg versus 31.3 kg) due to

better process control and shorter retention times,
though this advantage is overwhelmed by superior cost
structures at larger scales. Energy self-sufficiency,
measured as biogas-derived power meeting
operational requirements, improves from 40% to 65%
with scale, reducing grid electricity dependence and
operational costs. The analysis conclusively
demonstrates that cities generating 100+ tonnes daily
waste should target 100-200 TPD minimum plant
capacities for optimal cost-efficiency and benefit
realization

Table 5: Environmental and Social Benefit Monetization

Benefit Component 550 TPD | Monetary Value (Rs | Valuation Method Confidence
Quantification Croresl/year) Level

GHG Mitigation | 126,500 8.2 Social cost Rs | High

(tCOze/year) 650/tCOze

Landfill Space Saved | 3.8 45 Land acquisition cost | High

(hectares) Rs 120 lakh/ha

Groundwater Contamination 2.8 Treatment cost | Medium

Protection avoided avoidance




Air Quality | PM2.5, PM10 | 3.2 Health cost savings Medium
Improvement reduction

Direct  Employment | 450 3.6 Wages Rs | High
(jobs) 8,000/month average

Indirect Employment | 800 2.4 Agricultural sector | Medium
(jobs) linkages

Skill Development | 120 0.4 Training program | High
(trainees/year) costs

Farmer Income | Organic  manure | 1.8 Yield improvement | Medium
Enhancement users value

Total Environmental | - 27.0 - -

& Social

Table 5 monetizes environmental and social externalities totaling Rs 27 crores annually for 550 TPD facilities,

representing 37% of comprehensive benefit streams
and validating importance of externality inclusion in
investment evaluations. Greenhouse gas mitigation of
126,500 tonnes CO: equivalent annually, valued at
social cost of Rs 650 per tonne, contributes Rs 8.2
crores through avoided climate damages and potential
carbon credit revenues. Landfill space conservation of
3.8 hectares yearly prevents land acquisition costs of
Rs 4.5 crores while protecting prime urban land for
alternative productive uses. Employment generation
of 450 direct and 800 indirect jobs creates Rs 6 crores
annual wage income, with multiplier effects
stimulating local economies through consumption
spending. Groundwater protection from leachate
contamination avoids Rs 2.8 crores annual treatment
costs while safeguarding drinking water sources for
urban populations. The methodological rigor in
monetizing diverse benefit categories  using
established  economic  valuation  techniques
strengthens credibility of comprehensive cost-benefit
assessments and provides robust justification for
public investments in bio-methanation infrastructure.

6. DISCUSSION
The cost efficiency analysis establishes unequivocal
evidence that bio-methanation programs deliver
superior economic performance compared to
conventional waste disposal methods, with processing
costs of Rs 276-814 per tonne substantially lower than
typical disposal expenditures of Rs 700-1,200 per
tonne reported across Indian municipalities (Kumar et
al., 2009). This cost advantage stems primarily from
revenue generation offsetting operational expenses,
transforming waste management from fiscal burden to
potential profit center. The dramatic scale economies
documented, with 66% unit cost reduction from 15
TPD to 550 TPD capacities, align with international
evidence from European biomethane operations
(Zhang et al., 2023) and validate strategic emphasis on
consolidated regional facilities over dispersed small-
scale installations. The comprehensive benefit
quantification revealing Rs 73.5 crores annual benefits
against Rs 32 crores costs for 550 TPD facilities

demonstrates net value creation of Rs 41.5 crores
yearly, equivalent to 130% return on operational
investment. When compared to Kabir et al. (2022)
findings of 8.5% IRR for small biogas digesters, the
municipal-scale  operations show substantially
enhanced returns owing to diversified revenue
streams, avoided costs, and environmental benefit
monetization. The carbon credit revenue contribution
of Rs 8.2 crores annually, currently realized at Rs 650
per tonne CO: equivalent through voluntary markets,
presents significant upside potential as India
operationalizes domestic carbon trading mechanisms
under its net-zero commitments, with compliance
market prices potentially reaching Rs 1,200-1,500 per
tonne (Sahoo et al., 2023).

The benefit-cost ratio improvement from 1.38 to 2.30
when comprehensive benefits receive proper valuation
validates arguments by Venkatesh and VVenugopal that
conventional ~ financial analysis  systematically
underestimates public infrastructure value creation.
This finding carries profound policy implications,
suggesting that investment decisions based solely on
direct financial returns systematically underinvest in
socially optimal bio-methanation capacity. The 185%
Social Return on Investment calculated through
employment, health, and environmental benefit
aggregation positions bio-methanation among highest-
impact municipal investments, surpassing typical
SROI of 120-150% for infrastructure projects. The
identification of 100-150 TPD as optimal minimum
scale threshold provides actionable guidance for urban
local bodies, suggesting that cities below this waste
generation threshold should explore regional consortia
or intermunicipal cooperation mechanisms to achieve
efficient scales. Madhya Pradesh's success in
implementing 550 TPD flagship facility while
simultaneously supporting 15-20 TPD decentralized
installations  demonstrates  portfolio  approach
balancing economies of scale with geographic
coverage and waste segregation quality optimization.
The environmental benefit monetization methodology
employed, particularly Rs 650 per tonne CO:
equivalent valuation for greenhouse gas mitigation,
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represents conservative estimates based on current
voluntary carbon market prices. Utilizing higher social
cost of carbon estimates ranging Rs 2,500-4,000 per
tonne as employed by international climate policy
assessments would elevate comprehensive benefit-
cost ratios to 3.2-3.8 range, further strengthening
investment justification. However, methodological
conservatism ensures findings remain credible and
defensible in policy discourse while providing upside
potential as carbon pricing mechanisms mature. The
employment generation of 450 direct jobs per 550
TPD facility, with wage multiplier effects creating 800
additional  indirect  positions,  positions  bio-
methanation as significant contributor to inclusive
growth objectives. These employment estimates,
derived from operational data rather than projections,
exceed Kumar and Mandal (2021) predictions of 3-5
jobs per small facility by demonstrating substantial
employment density at commercial scales. The skill
development dimension, with 120 workers annually
receiving specialized training in anaerobic digestion
operations, renewable energy technologies, and waste
management, builds human capital supporting India's
clean energy transition aspirations.

Operational challenges documented in Madhya
Pradesh implementations, particularly regarding
fibrous waste content variation, odor management,
and seasonal compositional changes, necessitate
adaptive engineering and contingency planning in
cost-benefit assessments. The Bhopal facility's 400
TPD design incorporating specialized garden waste
digesters with extended retention times reflects site-
specific optimization requirements that influence
capital intensity and operational complexity (Sharma
& Pal, 2021). Such customization needs suggest that
standardized cost estimates require  15-20%
contingency  allowances for location-specific
adaptations. The policy implication analysis reveals
that while large-scale facilities achieve superior
benefit-cost ratios without subsidies, smaller
installations serving 50-100 TPD waste require
viability gap funding equivalent to 25-30% of capital
costs to attain acceptable returns. This finding
supports differentiated policy instruments, with
flagship urban installations financed through purely
commercial mechanisms while intermediate-tier cities
receive capital subsidies or concessional financing
enabling technology adoption at sub-optimal but
socially beneficial scales (Vaishnavi & Sharma,
2023).

7. CONCLUSION
This comprehensive cost efficiency and benefit
analysis conclusively establishes that municipal bio-
methanation programs in Madhya Pradesh deliver
exceptional economic, environmental, and social

returns, justifying prioritization in urban infrastructure
investment portfolios and policy frameworks. The
research demonstrates processing cost efficiencies of
Rs 276-814 per tonne compared to conventional
disposal costs of Rs 700-1,200 per tonne, while
generating comprehensive benefits valued at Rs 73.5
crores annually for 550 TPD facilities against
operating costs of Rs 32 crores, yielding net benefits
of Rs 41.5 crores. The comprehensive benefit-cost
ratios of 2.30 for large-scale installations and 1.95 for
intermediate facilities substantially exceed public
infrastructure investment thresholds, with
environmental and social benefit monetization
contributing 37% of total value creation. Critical
success factors identified include achieving minimum
100-150 TPD capacity thresholds for optimal cost
efficiency, maintaining waste segregation quality
above 90% purity to ensure conversion efficiency,
implementing diversified revenue models
incorporating Bio-CNG sales, organic manure
commercialization, and carbon credit monetization,
and adopting comprehensive benefit accounting
including environmental externalities and social
welfare impacts to accurately reflect value creation.
The employment generation of 450 direct and 800
indirect jobs per 550 TPD facility, greenhouse gas
mitigation of 126,500 tonnes CO: equivalent annually,
and health cost avoidance of Rs 3.2 crores demonstrate
multidimensional benefits extending beyond financial
returns.

Policy recommendations emerging from this analysis
emphasize differentiated support mechanisms with
commercial financing for flagship 200+ TPD urban
installations, viability gap funding of 25-30% capital
costs for 50-150 TPD intermediate facilities, and
technical assistance for intermunicipal consortia
enabling smaller cities to achieve efficient scales.
Standardized cost-benefit assessment methodologies
incorporating environmental valuation and social
return metrics should guide investment decisions,
while performance-based incentives linking subsidy
disbursement to capacity utilization and benefit
realization ensure accountability. Future research
priorities  include  longitudinal  sustainability
assessments beyond initial concession periods, climate
adaptation integration examining biogas sector
resilience to extreme weather events, comparative
analysis of alternative waste-to-energy technologies
for comprehensive municipal planning, and social
equity evaluation ensuring benefits reach marginalized
communities.
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