


Abstract

Extracting clean energy from Municipal Solid Waste (MSW) can potentially solve the dual challenge of
disposing of India's ever-growing mounds of garbage and reducing dependence on fossil fuels. The demand
from energy-guzzling sectors like transportation, and commitments to decarbonising energy consumption
are driving the adoption of indigenous alternative fuels like bio-CNG. With low emissions and fuel
characteristics similar to those of conventional CNG, bio-CNG derived from organic waste emerges as a clean
and renewable energy source. As urban India continues to generate large quantities of waste, the country’s
policy framework on the production and consumption of bio-CNG rightfully taps into the massive energy
generation potential of waste. Only a few Indian cities have developed a sustainable supply-chain model for
this fuel in a captive demand environment. Challenges such as feedstock procurement, financial support,
pricing mechanism, and waste management ecosystem etc. restrict the use of bio-CNG in mobility. Situated
against this backdrop, this Issue Brief explores the role of bio-CNG as an interim fuel solution towards
decarbonising transportation. It advocates for a robust waste to wheel approach that can help India fill the
lacunae in the supply chain and overcome institutional impediments in bringing bio-CNG into the
mainstream.

Introduction

An era of rampant consumerism brings with it challenges of a growing quantum of waste. The piling up of
landfills leading to uncontrolled Greenhouse Gas (GHG) emissions and soil leachate formation are posing a
serious threat to the environment (Bhattacharjee & Sinha, 2015). Emissions from these open landfills constitute
50-60% methane - which traps up to 28-36 times more heat than carbon dioxide (CO2) over a period of 100
years (Gupta et al., 1998, p. 149, 150; Environmental Protection Agency, 2021). Being a rapidly growing climate
problem, cutting down on methane emissions became an international priority under the COP26 held in
Glasgow, supported by over 11o countries (European University Institute, 2021).

On the other hand, open incineration of waste raises the concentration of carbon dioxide, methane and nitrous
oxide in the air (Guendehou et al., 2006, p. 5.5). While the waste problem can ideally be resolved through the
“Reduce” component of the Reduce-Reuse-Recycle trio, waste-to-energy models are currently the most
preferred option for efficient resource utilisation. As transportation continues to be both an energy and
emission-intensive sector, the use of clean fuel from waste must be explored and scaled. Fitting into the
equation, bio-CNG, produced from organic waste feedstock, presents an excellent waste-to-value proposition.
It burns cleaner than conventional automotive fuel, helps effectively dispose of organic waste, and yields
bio-manure as a byproduct (Trivedi & Srivastava, 2021). However, despite the massive growth potential in
Indian cities, bio-CNG has not generated enough traction as an automotive fuel.

India imports up to 85% of its crude and around 50% of its natural gas requirements, with a significant chunk of
the demand coming from the transportation sector. India is also the world’s third largest energy consumer only
after China and the United States (Press Trust of India [PTI], 2022). While it reconfigures its energy policies with
a conscience to realise the 2070 net-zero goal, India will require adopting multiple pathways in decarbonising its
energy future. Currently, Electric Vehicles (EVs) represent the face of decarbonised transport, but bio-CNG as a
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fuel is a formidable option less spoken about. Bio-CNG plants can add synergy to the mission through organic
waste treatment, generating renewable fuel and bio-manure. Widescale adoption of bio-CNG is expected to
reduce import dependence on fossil fuels, mitigate climate change, contribute to rural development and create
livelihood opportunities at the local level. In fact, it is estimated to be one of the fastest-growing forms of
bioenergy based on IEA’s Stated Policy Scenario (STEPS) as well as Sustainable Development Scenario (SDS).
The current global consumption of biomethane in transportation is extremely small. However, by 2040 it is
expected to reach more than 25 MTOE (Million Tonnes of Oil Equivalent), representing 30% of the total
biomethane consumption (International Energy Agency [IEA], 2020).

This issue brief examines the overall framework for deriving bio-CNG from Municipal Solid Waste (MSW). It
recognises the role of bio-CNG plants to solve the dual problem of safe disposal of organic solid waste and
generating clean energy for transportation in Indian cities. Barriers to mainstreaming it have been identified by
delving into the following areas of investigation:

● MSW feedstock availability for the generation of bio-CNG;
● Growth trends in conventional vehicle fuel and potential demand for bio-CNG;
● Fuel characteristics and role in decarbonising transport, reducing air pollution;
● Existing policy framework promoting bio-CNG production and consumption;
● Financing mechanisms for prospective producers;
● Lessons from Indian cities where bio-CNG-based fleets operate;
● Overcoming challenges in mainstreaming bio-CNG.

Using waste to supply the growing CNG demand

India generates around 277.1 million tonnes of MSW per annum which is estimated to reach 543 million tonnes
by 2050 according to a 2021 World Bank report. This represents over 13% of the waste generated globally and
almost 83% of the waste generated in South Asia alone (World Bank Group, 2021, p. 14). Up to 70% of the waste
generated gets treated, and the remaining gets dumped into landfills and unauthorised disposal sites (Ministry
of Housing & Urban Affairs [MoHUA], 2021). Roughly half of the treated waste is organic which is convertible to
bio-CNG through a process called “biomethanation”. In contrast to CNG, which is formed by compressing a
fossil fuel (natural gas), bio-CNG can be produced and scaled through renewable pathways. The organic waste
biomass undergoes anaerobic digestion where bacteria break it down into simpler compounds in a four-step
process. Biomethanation plants execute these steps under controlled conditions to generate biogas and
organic manure (Sikora et al., 2017). The biogas is filtered and compressed to yield bio-CNG, which can be used
in the existing CNG-based vehicles after meeting the minimum threshold for purity (Table 1). An estimate
suggests that over 1.5 million tonnes per annum (MTPA) of automotive-grade Bio-CNG can be generated by
treating MSW alone in India (Ministry of New and Renewable Energy [MNRE], 2021).

With the rise in the retail price of conventional automotive fuel, there has been a significant demand for CNG
vehicles in the market. From over 41 thousand CNG-only powered vehicle registrations in 2020, the number
grew to more than 1.6 lakh units in 2021, almost a four-fold increase. The registration of motor spirit/ CNG
vehicles in the passenger vehicle segment also saw a rise of over 12% during the same period, thanks to the
aggressive promotion by India’s leading automotive manufacturers (Balachandar, 2022). Despite longer
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refuelling time and the presence of fewer filling stations than conventional fuels, lower fuel cost has played a
big role in attracting consumers to CNG (Dalvi, 2021). India is also ramping up its CNG infrastructure, which is
expected to jump from 2700 to 4500 CNG dispensing stations by FY 2025, doubling the overall supply
(International Energy Agency, 2021, p. 36).

Volatile geopolitical uncertainties continue to disrupt crude and gas supplies throughout the globe, posing
energy security challenges for India. With transportation consuming half of the country’s oil products, it
remains vulnerable to instabilities caused by price fluctuations of crude and gas (Krishnamurthy, 2022). With
low domestic production, the government targets to increase the share of Liquid Natural Gas (LNG) in its
energy basket from 6.2% to 15% by 2030, expecting a rising consumption. One of India’s leading natural gas
corporations, GAIL, expects renewables like biogas and its processed derivatives to play an important role in
catering to this demand by the year 2030 (PTI, 2021).

Bio-CNG as an automotive fuel

Bio-CNG exhibits fuel characteristics similar to those of conventional CNG. A study in Camden, UK, noted that a
bio-CNG vehicle displayed a 6% better efficiency improvement in fuel consumption when compared to a
conventional CNG vehicle. This study also established that bio-CNG can be used interchangeably with CNG as a
road transport fuel with no apparent maintenance or operational difficulties (Ministry of Petroleum and Natural
Gas [MoPNG], 2018).

Table 1: Bio-CNG Fuel Composition based on IS 16087:2016 Standards
(The Global Green Growth Institute [GGGI], 2021):

S.No. Characteristic Requirement

1. Methane Percentage (CH4), minimum 90%

2. Carbon dioxide percentage (CO2), maximum 4%

3. Carbon dioxide (CO2) + Nitrogen (N2) + Oxygen (O2)
percentage, maximum

10%

4. Oxygen Percentage (O2), maximum 0.50%

5. Total sulphur content (including H2S) mg/m3, maximum 20 mg/m3

6. Moisture content mg/m3, maximum 5 mg/m3

CO2 emissions for bio-CNG are 70% lower than that of motor spirit and 69% lower than that of diesel at 48 g
CO2-eq/km. Up to 73% GHG emission reduction is possible when pitched against a standard comparator for
fossil fuels of 83.8 gCO2-eq./MJ (International Renewable Energy Agency [IRENA], 2018, p. 3 & 42). An analysis
published by NuGreen suggests that bio-CNG outperforms conventional CNG, biogas and as well as diesel in
emissions across 4 parameters (Table 2).
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Table 2: Emissions (NuGreen, 2019)

Emissions (g/KM) Diesel CNG Biogas Bio-CNG

CO 0.2 0.4 .06 0.02

Hydrocarbons 0.4 0.6 0.35 0.12

NOX 9.73 1.11 5.44 0.48

Suspended Particles 0.1 0.22 0.5 0.1

With the inclusion of Bio-CNG as transport fuel in 2015, BIS standards (IS 16087 2016) for biogas were revised to
define the quality of fuel for automotive applications. It also got a nod from the Ministry of Road Transport and
Highways (MoRTH) for use in motor vehicles as an alternative to CNG (MoPNG, 2018).

Bio-CNG is thus understood as an indigenous alternative ‘future fuel’ to decarbonise transportation. The
enabling roadmap for bio-CNG production and consumption in India falls under various support programmes
listed in Tables 3 and 4.

Table 3: Policy Support

S.No. Policies and Schemes Details

1. National Policy on biofuels (MoPNG,
2018)

Lays a broad framework for the overall production and
consumption of biofuels including bio-CNG using
locally procured feedstock.

2. SATAT: Sustainable Alternative Towards
Affordable Transportation (MoPNG, 2018)

Promotes the setting up of bio-CNG plants to produce
and supply bio-CNG to Oil Marketing Companies for
automotive and industrial use at an assured rate.

3. Auto Fuel Vision and Policy 2025 (MoPNG,
2014)

Promotes the use of alternative fuels; encourages the
switch over from liquid fuel to CNG/LNG by proposing
tax benefits and subsidies for vehicles using alternative
fuels.

4. Motor Vehicles Act (Ministry of Road
Transport and Highways [MoRTH], 1998)

Section 52 offers provisions for use of bio-CNG in
private vehicles.

5. Solid Waste Management
Rules 2016 (Central Pollution Control
Board [CPCB], 2016)

Promotes segregation of waste at source and defines
the roles of stakeholders to enable derivation of value
from waste.
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6. Swachh Bharat Mission (SBM) and
Galvanising Organic Bio-Agro Resources
(GOBAR) - DHAN Scheme (Department of
Drinking Water and Sanitation, 2020)

Promote the conversion of cattle dung and solid waste
to Bio-CNG and compost. Aim to set up 75 bio-CNG
plants across different municipalities within 2 years
from FY 2022.

7. BIS Specifications for Bio-CNG (Bureau of
Indian standards, 2016)

Define the criteria for the composition of biogas for
applications in engines, automotive and piped
networks.

8. BDTC: Biogas Development and Training
Centre (Indian Institute of Technology
Delhi, 2018)

8 institutions set up for research and development of
biogas related technologies, including automotive
applications of bio-CNG (Temporarily inactive).

Source: Author; compiled from multiple sources

Table 4: Financial Support

S.No. Programme Details

1. Central Financial Assistance under the
Programme on Waste to Energy by the
Ministry of New and Renewable Energy
(MNRE, 2020)

Promoted the setting up of biogas/ bio-CNG/ power
plants from waste. A subsidy of INR 4 crore per 4,800
cubic metres of biogas generated per day with a funding
cap of INR 10 crore per project is allocated. (Validity
expired in March 2021).

2. Priority Sector Lending - Reserve Bank of
India (MoPNG, 2020)

Loans for setting up bio-CNG are under priority sector
lending as per Reserve Bank of India guidelines. This is
aimed at better credit penetration.

3. Indian Renewable Energy Development
Agency Ltd. (IREDA) Funds (Indian
Renewable Energy Development Agency
Limited, 2021)

Offers to fund up to 70% of the project cost to
entrepreneurs having a contract agreement for the sale
of bio-CNG with OMCs with 100% off-take guarantee.

Source: Author; compiled from multiple sources

Feedstock procurement challenges

The National Policy on Biofuels 2018 categorises biofuels as ‘basic’ and ‘advanced’ based on the type of
feedstock as indicated in Table 5. Bio-CNG falls under the ‘Advanced biofuels’ category, relying on organic
waste feedstock without competing against food crops to derive energy. The feedstock can include organic
MSW, agricultural waste, and sewage. For urban India, organic MSW holds weight as an important feedstock
for bio-CNG plants. However, separating the organic component from the mixed MSW is often a demanding
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process for most Indian municipal bodies. It requires close coordination between waste producers, collectors,
transporters, processors, and governing agencies in the value chain to ensure a desirable outcome (Kumar et
al., 2017).

Table 5: Classification of biofuels based on feedstock (MoPNG, 2018)

Category Generation Fuel Primary Feedstock

Basic 1st generation

Bio-ethanol

Sugar rich materials like sugarcane and sugar
beet. Starch-rich materials like corn, cassava and
potatoes. Cellulosic materials - bagasse, wood
waste, agricultural and forestry residues.
Organic industrial waste.

Bio-diesel Non-edible vegetable oils, acid oil, used
cooking oil, animal fat and bio-oil.

Advanced

2nd generation

Bio-CNG, bio-ethanol,
bio-methanol, dimethyl
ether (DME),
bio-hydrogen, drop-in
fuels

Municipal Solid Waste, lignocellulose, non-food
crops, industrial waste, residue streams.
Feedstock with Low CO2 emission and high GHG
reduction and doesn't compete with food crops
for land use.

3rd generation
Bio-diesel, Butanol
Gasoline, Methane,
Ethanol, Jet Fuel

Algae

The quality of waste feedstock is defined by the amount of organic content in it, which directly influences the
quality of fuel produced, plant’s operational efficiency and hence the revenue generated. It is therefore a critical
parameter for the sustenance of any bio-CNG plant. This is why cities with a decent waste segregation
infrastructure have had better success with bio-CNG production from MSW. For example, the Gobar-Dhan
bio-CNG plant in Indore, which is marketed to be Asia’s largest biomethanation plant, generates enough
bio-CNG to fuel up to 400 buses per day from the 17 tonnes of bio-CNG it produces each day (Prime Minister's
Office [PMO], 2022).
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Source: Author, Ideas for India (Bhattacharjee, 2015)

The feedstock quality is also subject to temperature and seasonal variations, leading to heterogeneity in waste.
Fluctuations in temperature disturb the biomethanation process in the digester, resulting in lower product
yield. Therefore, the business model around the bio-CNG supply chain has so far relied on a captive demand
ecosystem, where the Urban Local Bodies (ULBs) and private waste management agencies collaborate to
secure feedstock supply for plants. For example, the Indore Municipal Corporation (IMC) has established an
agreement with a private company that runs the plant to purchase at least 50% of the bio-CNG from it. The
company would pay INR 2.5 crore to the IMC to ensure a constant supply of organic waste feedstock. The
bio-CNG produced from the plant is expected to be sold to IMC at INR 5 less than the market rate (Kidwai,
2020). The plant also produces bio-manure as a byproduct. Similar bio-CNG plants are expected in 75 more
municipalities in India (PMO, 2022). Bhopal, Nagpur, and Pune are also adopting a similar approach for fuelling
their city buses by entering into innovative contracts (Jsnewstimes, 2021; Express Drives Desk, 2019; Abidi,
2020). However, adequate success rates in partnerships with ULBs may not hold true for all cities. A
consultation with an industry expert revealed that waste management agencies have often found negotiating
with ULBs difficult in setting up mutually agreeable pricing terms in feedstock supply.

The role of enabling entities

In 2018, the Ministry of Petroleum and Natural Gas launched the SATAT Scheme to help entrepreneurs set up
plants utilising local feedstock for bio-CNG production. The scheme promotes bio-CNG generation in the
country by encouraging Oil Marketing Companies (OMCs) to procure bio-CNG from producers at an assured
rate of INR 46/kg + applicable taxes. The commercial agreement between the plant owner and an OMC is valid
for 15 years, where bio-CNG is delivered to the retail outlets of the OMC (MoPNG, 2018). While the fixed rate
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assures plant owners of a captive demand for their produce, a stakeholder consultation with a plant owner
revealed it to be inadequate. The procurement rates for bio-CNG have not increased since 2018, despite the
cost to consumers having risen significantly. While the low procurement prices and high retail margin may
benefit the OMCs, it translates into an impediment for the existing and aspiring plant owners. The absence of a
consistent biomass feedstock pricing mechanism has further slowed down the implementation of the scheme.
Out of the set target of 5,000 bio-CNG plants by 2023, only 28 are commissioned as of April 2022 (MoPNG,
2022).

An important source of revenue for a bio-CNG plant owner is organic fertiliser. With extremely low penetration
of less than 1% of the total fertiliser consumption in India, the market potential of organic fertiliser is largely
untapped (MoPNG, 2018). Organic fertilisers are subject to Fertiliser Control Order (FCO) regulations, which
restrict them to be sold via the same retail channels as chemical fertilisers. With no incentive to sell organic
fertilisers, paired with subsidies and promotion meant for chemical fertilisers, the demand for organic fertilisers
is stunted. India allocated over INR 1 (One) lakh crore for the chemical fertiliser subsidy in the 2022-23 budget
session, despite the proven degradation caused to soil health (Ministry of Chemicals and Fertilisers, 2022;
Tiwari, 2021). The lack of awareness among the farmers also persists regarding its benefits in crop yield, health,
and the environment.

The waste to energy programme from the Ministry of New and Renewable Energy (MNRE) has been one of the
key financial enablers for aspiring bio-CNG plant owners. Under the provision, a backend subsidy of INR 4 crore
was provided to set up a 4.8 TPD bio-CNG plant with a cap of INR 10 crore per project. The financial support,
however, expired on 31st March, 2o21 and its extension is awaited from the Ministry (PTI, 2021). While the old
projects would continue to get financial support, the withdrawal could prevent new entrepreneurs from setting
up plants (MNRE, 2022).

Recommendations

Segregating the organic fraction of the MSW is a very resource-intensive process that slows down the efficiency
of feedstock procurement in the supply chain. A strong political will to implement Solid Waste Management
(SWM) Rules 2016 is required, thereby enforcing penalties for unsegregated household waste and providing
incentives for segregation. Urban Local Bodies (ULBs) across cities could replicate Indore’s waste management
model by studying its rise to become the cleanest city in India. Educational campaigns on source segregation of
waste, strengthening institutional networks of ULBs, capacity building, compensating the sanitation staff well,
and establishing partnerships with the private sector have been Indore’s effective enablers (Das, 2021).

The quality of biogas and bio-CNG is strongly influenced by the quality of feedstock and the homogeneity of its
composition. Since temperature plays an important role in defining the yield, seasonal change can influence the
bacterial growth in the digesters. This affects the pace of methane production and the final quality of bio-CNG
produced. Obtaining consistent fuel quality, therefore, requires shifting to newer technologies and processes
that are optimised to benefit the application of bio-CNG in automotive engines.

To mitigate the challenges of high upfront project costs for setting up a bio-CNG plant, a stable financing
mechanism is required. The Central Financial Assistance, being one of the main CAPEX subsidies that supports
setting up new plants, has not been renewed post 31st march, 2021 (MNRE, 2022). Therefore, setting a high
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assured price for bio-CNG for the first few years of establishment of new plants would help offset the CAPEX.
Including bio-CNG under the Production Linked Incentive (PLI) Scheme, which provides monetary incentives
based on the production capacity, can encourage further growth.

A single window facility for approvals would also be needed for aspiring plant owners to ensure smooth
completion of mandatory clearances with respect to land, revenue, municipalities, pollution control board, etc.
Although MoPNG is considering such a facility for the future under the SATAT scheme, the challenges arriving
from the lack of it, persist.

The cost of feedstock is the direct product of the type of biomass used. A pricing mechanism linked to
feedstock quality over a fixed price can potentially enable a sustainable business model and undisrupted supply
of bio-CNG. Organic fertiliser, also a product of the biomethanation process, needs to be promoted and
subsidised on a large scale and prioritised over chemical fertilisers. It needs to be freed from the FCO
regulations and sold through diversified retail outlets to increase its market presence among the farmers. It can
support the revenue stream of bio-CNG plant owners and help withstand losses caused due to fluctuations in
the quality of feedstock supply.

Models of bio-CNG consumption in a captive demand environment for public transport have been effective
growth enablers. They can be synergised by adopting multiple pathways for consumption. For example, while
eliminating reliance on fossil fuels like LNG may currently be unfeasible, mandating GAIL to ensure a fixed
percentage of biogas and its derivatives in its pipeline could help accelerate the demand. Substituting diesel
with bio-CNG in tractors, Diesel Refrigeration Units (DRUs), and municipal garbage trucks can also play a major
role in ensuring sustained revenues for plant owners. Both biogas and bio-CNG can be used to produce
renewable electricity to power EVs as well as green hydrogen through processes like biogas reforming,
water-gas-shift reaction and hydrogen separation (Minh et al., 2018, p. 111). While the current high cost of
renewable electricity and green hydrogen could be a barrier, emerging low-cost technologies and processes can
potentially fix it.

Exploring the aforementioned routes including removing impediments in the supply chain can thus mitigate
urban India’s waste problem and its dependence on fossil fuels. A robust waste to wheel approach should be
integrated into policies defining the future of urban mobility and energy transitions.
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