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Circulatory economy of re-use, cycling and re-

cycling of 683 million tons of ligno-cellulosic, 

non-grain, -food, -feed and -fodder biomass of 

11 major crops of India has been argued in the 

context of intensive agriculture. The traditional 

in-situ and ex-situ management of farm yard 

manure (FYM) and compost could account for a 

maximum of 20% of the carbon incorporated 

into the soil and 70-80% again escape back into 

the atmosphere as carbon dioxide equivalent 

(CO ). Most of these labor-intensive practices 2eq

also require a longer management period and 

do not fit into the economics of the existing 

high-intensity cropping systems and production 

goals.  Collection, baling, aggregation, transport, 

storage and treatment of the scattered, loose 

and bulky residues of crops, livestock, municipal 

solid wastes and sewage are quite expensive 

(constitute 35-45% of the cost of producing 

economic goods and services). Lots of 

innovations and technologies have been applied 

in waste recycling processes like Gobar Gas, bio 

Compressed Natural Gas (CNG) and bio manure 

(digestate and biostimulants) by retaining most 

of the nutrients. Production of ethanol from 

grains (spoiled and surplus), sugarcane and 

biodiesel from oily wastes with 1G technology is 

doing well. The economic and environmental 

viability of ethanol production from ligno-

cellulosic raw material with a high C/N ratio, 

lignin, and ash content (like in paddy straw) is 

still under investigation. Bio CNG productivity 

and viability of mono digestion of high C/N ratio 

01

stubbles, as well as low C/N ratio animal dung 

and food wastes, is still low, though it is 

improved significantly by mixing them for co-

digestion. From an agricultural point of view, we 

should prefer biological processes rather than 

residue burning.  Enabling policies of scaling up, 

aggregation, fortifying the digestate and bring 

down costs of recovered bioenergy and 

biostimulants (slurry, manure) are required. 

Tariffs of solar and wind power were brought 

down by nine times (Rs. 18 to Rs. 2 per Kwh) 

over 10 years period and attracted unlimited 

private investments. Soil health problems will 

also be resolved by re-cycling of residues 

through biological processes for producing 

green renewable energy. Logistics of 

aggregation, transporting residues to the 

processing plants and re-transport of manure 

back to the fields will be more than recovered 

through the revenue from energy tariffs. 

Traditionally, FYM and compost were cured ex-

situ and transported to the fields. The difference 

is only in the transporting distance which is 

more than recovered in the renewable energy 

tariffs. Substitution of fossil fuel with carbon-

neutral renewable bioenergy offsets emissions 

and saves foreign exchange since more than 

80% of crude oil and CNG are imported in India. 

It is only re-packing of century-old practices with 

innovations of managing all kinds of wastes, 

generating green employment and that too in 

rural India.

In
tr

o
d

u
ct

io
n A circular economy is a buzzword to mitigate global warming 

and secure against climate change risks sustainably by 
reducing consumption of natural resources with re-use and 
recycling. Unique, innovative and out of box policies for re-
use and recycling of wastes are being innovated globally. In 
India, about 100 million tons of crop residues and organic 
wastes in agriculture lands are being burnt each year, emit 
particulate matter and pollute the air. Livestock wastes, 
marine, agro-processing and domestic residues, sewerage 
water and sludge also need management to generate 
economic goods and environmental services.  NITI Aayog 
organized an International Congress on policy prescriptions 
of the circular economy during 2018 and subsequently 
directed the Ministry of Agriculture and Farmers Welfare 
(MoA & FW) and 8 others to initiate concrete actions. 
Department of Agriculture and Farmers Welfare launched 
actions on 16 April 2021. This policy brief hopefully will give 
a fillip to this programme. 
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into the soil and would be equally beneficial as 

in the case of in-situ management or ex-situ 

prepared compost. The government assured 

tariff of the biogas (methane/CNG) is Rs. 46 per 

kg CNG with only 5% GST (sale tax) and manure 

@ Rs. 3000/ton. Therefore, all costs of logistics 

of feedstock collection, baling, aggregation, 

transport, anaerobic processing, marketing of 

products, re-transport of manure (digestate or 

residues) back to the farmer's fields could be 

recovered from biogas plants leaving a 

reasonable profit. Replacement of fossil fuel with 

renewable energy will also offset global warming 

by 9.429 million tons of CO andsave medical 2eq  

expenses of Rs 76 million per annum in Punjab 

alone (Samra and Singh 2019, 2021). Similar 

benefits are expected in different states of India 

covering both wetland and rainfed/dryland 

ecosystems. Even aggregated carbon credits can 

be marketed by the entrepreneurs and passed 

on to tiny landholders. Substituting diesel with 

biogas in farm machinery could reduce fuel 

costs by 30-40%. Mahindra and Mahindra jointly 

with IIT Delhi have already launched a tractor 

using bio CNG or fossil CNG in place of diesel.

Previously, in India, biogas production at the 

household level from animal dung was 

promoted by Khadi Village Industry Commission 

(KVIC) in 1962. In addition to this biogas process 

also produces slurry, which is rich in nutrient 

such as nitrogen (1.4%), phosphorous (1.1%), 

potash (0.84%), organic carbon (35%), zinc (103 

mg/kg), copper (51 mg/kg) and manganese (231 

mg/kg). Biogas production was consolidated 

after the first oil crisis during the 1970s war, and 

revised in 1995, and finally, the latest policy of 

waste to wealth or waste to energy was launched 

in 2018. In 2019, about 4.691 million family 
3 biogas plants with a capacity of 1-6 M gas per 

family per day (micro-scale) were installed in 

India. However, biogas plants in rural areas have 

very limited success due to drudgery in handling 

the dung and easy availability of subsidized L.P.G 

through various Government Schemes. 

Merits and demerits of various alternative 

systems of managing surplus biomass or 

organic residues which are being burnt openly 

in the fields have been reported for rice straw 

Biogas Production Vs 

Bio-CNG

Why Bio-CNG ?

Replacement of fossil fuels with renewable 

bioenergy nudge the sustainable circulatory 

economy of the green environment with 

minimum risks of climate change. Surplus non-

grain, non-food and non-feed/fodder biomass is 

a massive raw material or feedstock to harness 

renewable bio-energy and bio manure in India. 

About 10-15 years back, paddy husk was burnt 

in rice shelling plants, which also polluted air, is 

now mostly marketed @ Rs 4500 per ton as a 

fuel of innovated boilers for steam generation. 

Cotton sticks, bagasse and other residues of 

sugar mills are being consumed in the co-

generation of power for harnessing economic 

goods and services which generated significant 

employment in India. We can draw a lesson from 

harnessing the hydrological cycle. Storage of 

rainwater/precipitation and snowmelt into 

reservoirs is being used for generating 

hydropower, the same water is used for irrigation 

and drinking. A part of it recharges groundwater 

which is again extracted. Evaporated and 

transpired water goes to clouds and again falls 

on the ground as precipitation. It is a very 

classical cycle of multiple uses and should be 

emulated for managing residues. About 4.7 

million families -biogas plants were built on 

animal dung with micro capacity in the range of 

1-6 cubic meter gas per day in India to recover 

and recycle biogas and bio manure. Likewise, 

carbon storage or sequestration in soil with 

fewer emissions of greenhouse gases (GHGs) 

during in-situ decomposition or ex-situ 

composting of organic residues is another 

urgent need. On a long-term basis, only around 

11- 20% carbon of straw or compost is actually 

sequestered or stored permanently in soil 

depending upon climate, cropping system and 

agronomic practices followed. The remaining 

about 80% biomass being easily decomposable 

or digestible again goes back into the 

environment in the form of different GHGs which 

can be harnessed as renewable energy.

In 2014, the Union Government released the 

National Policy for Management of Crop Residue 

(NPMCR), since then the attention has increased 

to utilize all the crop residues either for fodder 

or as manure. It is well established that efficient 

The digestate was richer in seven (N, P, K, S, Ca, 

Mg, Fe, Cu) and almost equal or little lesser only 

in 2 elements (Zn, Mg) as compared to FYM 

(Dhanwinder Singh, PAU-Personnel 

communication). Since FYM is cured under 

uncontrolled conditions of pits and heaps, some 

losses of nutrients are inevitable. It converts 

threats of air pollution into opportunities of 

carbon positive renewable energy. After 

recovering biogas, about 50% of the residue or 

digestate containing major and minor nutrients 

and recalcitrant carbon almost equal to the 

quantity present in manure is recovered after 

composting. This manure can be recycled back 

crop residue management at the farm level 

could save the nutrient input cost up to Rs 

3000/ha depending upon the ecosystem. 

However, crop residue recycling in the soil is 

associated with considerable GHGs emissions to 

the atmosphere. The highest emissions have 

been reported when the rice straw is 

incorporated into the soil followed by its pit 

composting, landfills of municipal wastes, and 

least in the anaerobic co-digestion. In-situ 

management of straw by Happy Seeder could 

provide only 20% solution to the problem of air 

pollution caused by open field straw burning. 

Similarly, in rainfed ecosystems like North East 

Region, Eastern India and Kerala, relay cropping 

is practiced in standing rice crops by planting 

legume at the end of the season. In general, 

there is about 50% loss of dry mass in the form 

of emissions during the composting process and 

another 30% after application to the crops and 

the remaining about 20% recalcitrant carbon is 

ultimately sequestered. Moreover, composting 

also requires space and labor for the collection 

of residues and periodical turning for aeration.  

So, farmers are reluctant to accept this labor-

intensive activity. Anaerobic digestion of straw, 

dung, or any other organic matter in the 

absence of oxygen in the controlled 

environment within a sealed digester converts 

the majority of GHGs emissions of composting  

processes and generates biogas containing 65-

70% methane. Only C and H are removed in the 

form of Methane and Carbon dioxide (CH and 4 

CO ) with a few traces of sulphur (S) and the 2

majority of essential nutrients remain in the 

residue of the digester. The digestate can also be 

fortified, say with phosphorus (P) by adding low-

grade rock phosphate or any other deficient 

nutrient. 
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Figure 1. 

Community based biogas plant for cooking gas 

connections for tribal women households and

vermicomposting from biogas slurry at village 

level in Southern India 

(Srinivasarao et al., 2011)
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(Samra 2019a, b) and rainfed crop residues 

such as cotton, pigeon pea, castor, rainfed rice, 

sunflower (Srinivasarao et al., 2012; 2013, 2014, 

2020; Ramesh et al., 2019). A village-level 

community biogas supply system was 

demonstrated in a tribal village in Nalgonda 

district of Telangana  (Figure 1) with similar 

principles of converting crop residues and cow 

dung into methane gas for village cooking 

needs and the slurry thus obtained from the 

biogas plant was converted into vermicompost. 

However, this model faced several challenges 

for cow dung collection from households, 

water shortage in rainfed areas and community 

cooperation in the village (Srinivasarao et al., 

2011). 

However, commercial production of biogas with 

5% GST is now competitive to the predominantly 

imported diesel, petrol and CNG with up to 70% 

taxes. Biogas for vehicles, transport and farm 

machinery is now about 30% cheaper fuel, 

substitutes imports, saves FOREX and is almost 

carbon neutral being renewable energy. The 

tariffs @ INR 46 per kg for the investors are now 

assured by the Government of India. For 

example, the scale of livestock-based commercial 
3 plants has now gone beyond 5200 M per day in 

Punjab and other adjoining states. In the case of 

surplus paddy straw, the installed capacity has 
3 reached up to eight digesters each of 10,000M

consuming 300 tons of paddy straw per day per 

plant (Figure 2) (Lusk et al., 1996). There are 400 

off-grid and 56 on-grid biogas power plants 

mostly in the urban areas generally based on 

municipal wastes as feedstock (Mittal et al., 

2018).

Capturing Energy along 

with Bio-manure from 

Crop Residues: Evolving 

Strategy

Composting of straw and 
emissions of GHGs
Curing a mixture of animal's straw bedding, 

dung and urine in open heaps or pits to produce 

FYM is an ancient practice in India. However, 

composting of massive quantities of surplus 

straw being produced for more than 100 days in 

the open pits, heaps and less than 50 days in 

windrows is labour as well as capital intensive 

and not affordable and acceptable to the 

farmers. Collection, transport, shredding of straw 

and frequent turnings for aeration of pits, heaps 

and windrows need space, labour and 

investments in various logistics. A global meta-

analysis of 932 organic waste composting 

observations of 121 peer-reviewed and 

published studies confirmed the limitations of 

composting and the significant release of GHGs 

(Zhao et al., 2020).  However, most of these 

emissions can be harnessed as renewable energy 

of methane through aerobically cured bio-

manure. Thus, investment in the establishment 

of bio digestive methane plants is many times 

more rewarding than vermicomposting and 

windrow/composting. This facilitates reducing 

the composting cycle to less than 50 days. 

Supplemental aeration in composting and 

vermicomposting significantly raise nitrous oxide 

(N O), methane (CH ) and CO  emissions. 2 4 2

Therefore, the simultaneous harnessing of these 

3 Figure 2.  Eight Digesters each of 10000 M capacity, feeding of 300 tons' straw per day will 

                 produce 33 tons of CNG and about 150 tons of manure in Sangrur, Punjab.

04

GHG Emissions from in-

situ straw management

These wastes can be mixed with surplus straw to 

enhance bio-energy yield and profits by 

reducing the high C/N ratio of paddy straw. 

Pardo et al., (2015) meta-analyzed 712 

experiments and concluded that emissions of 

CO , N O and NH increased significantly when 2 2 3 

Straw mulching especially in rainfed areas or 

even in irrigated areas helps to conserve 

moisture and controls soil erosion or its 

incorporation into soil improves fertility. 

However, it is relatively uncontrolled or 

unregulated decomposition openly in the field 

as compared to better-managed ex-situ 

composting and anaerobic digestion of biomass. 

In-situ incorporation, therefore, releases more 

GHG as compared to ex-situ. In China, Zou et al., 

(2005) studied additional emissions from the 

rice-wheat cropping system after incorporating 

easily decomposable rapeseed cake and 

relatively recalcitrant wheat straw. There was a 

significant jump in emissions from both the 

materials over control of all three gases normally 

released during crop cultivation. Of course, the 

emissions depend upon several factors like 

temperature, moisture regimes, cropping system 

and agronomic practices. Emission especially of 

N O is a major drawback of in-situ management 2

in upland cultivation. Liu et al., (2014) also 

observed 110.7% more CH  emissions from the 4

paddy field and 8.3% N O emissions in upland 2

fields after recycling straw into the soil. It also 

reported 2.4 times more emissions of CH  and 4

-11.5 times more of N O over 120 kg N ha  by 2

incorporating six tons of paddy straw. There are 

several experimental pieces of evidence that in-

situ management of straw adds to GHG 

emissions and global warming. Therefore, there 

is an urgent need to harness emissions as 

renewable energy and earn carbon credits 

instead of polluting the environment.

Handing of municipal 

solid and liquid wastes

vast amounts of emissions as renewable energy 

is economically and environmentally desirable.

municipal wastes are composted under forced 

aeration as compared to static composting. 

Neutralization of gases was recommended by 

adding expensive additives and reduce pollution. 

A significant contribution of municipal wastes 

and landfills to global warming has been 

reported in India (Singh et al., 2018). Global 

warming potential was highest in straw burning 

(3490 kg/ton straw), followed by rice straw 

incorporation into paddy lands (657 kg/ton), pit 

composting (240-400 kg/ton), landfill (224 

kg/ton), wheat straw mulching and least in 

anaerobic co-digestion of municipal sludge and 

crop residues (156 kg/ton). In addition, 

anaerobic digestion with the least carbon 

footprints also produced renewable energy 

which brings down global warming impacts. 

Several meta-analyses of various reports 

indicated that crop residue returning into the 

soil increases crop yield by 5-8% along with soil 

organic carbon (SOC) improvements however 

greater amounts of GHG emissions are 

associated. This negativity can be removed by 

harnessing harmful emissions into bio-energy 

and bio-manure.

Similarly, crop residue management in India 

moved around on-farm recycling or composting 

or recently biochar to improve SOC and soil 

health (Srinivasarao et al., 2020). The extent of 

SOC improvements depends on ecosystem 

characteristics particularly temperature. In the 

case of Punjab (India), soil carbon content 

improved by 38% over 25 years and a maximum 

of 20% of incorporated carbon could be 

sequestered in the soil (Benbi and Brar 2008); 

however further incremental storage is little. 

Several researchers also revealed that soil carbon 

storage gets saturated in about 10-15 years (Liu 

et al., 2014) with judicious organic matter 

addition and after that, only a small maintenance 

dose of organic matter is required (Srinivasarao 

et al., 2014). Agronomic practices, soil and 

climatic conditions limit the accumulation of 

carbon stocks.  Therefore, it is obvious that 

about 80-90% of the in-situ incorporated straw 

ends up in global warming gases. Emissions may 

still go up after 10-12 years after saturation of 

carbon storage capacity is reached in the Indo-

Gangetic plains.
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The government of India and several State 

Governments promoted various crop residue 

recycling technology with incentives to secure 

against climate change. Despite Government 

efforts, the burning of crop stubbles has been 

continuing to contribute to pollution. Air 

pollution in winters often disrupts 

communication by road, rail and air. Accidents 

and deaths due to loss of visibility increase 

during winters coinciding with the burning of 

paddy residues in northwest India. Interventions 

of Honourable Supreme Court, Green Tribunal, 

Central and States' Pollution Control Boards, 

Ministry of Environment, Forest and Climate 

Change, fine of Rs. one crore or imprisonment 

for five years or both for stubble burning, 

appointing 8000 officials (in Punjab alone) to 

prevent burning have limited success in reducing 

the burning of biomass. A subsidy of Rs. 1152.8 

crore @ 50% to individual farmers and @ 80% 

for a group or society of farmers for purchasing 

machinery was provided to four states of Punjab, 

Haryana, UP and NCT over two years (2018-19 

and 2020-21) (https://pib.gov.in).  Additionally, 

other financial incentives were also announced 

by respective states to avoid burning. Fire events 

peaked in 2016, decreased initially for two years 

and again bounced back in 2020. Farmer's 

organizations protested against fines for burning 

stubbles from November 2020 to January 2021. 

Some independent institutions specializing in 

policy advocacy have concluded that in-situ 

management is unaffordable and unacceptable 

to the farmers.Thus, ex-situ composting of straw 

into energy by anaerobic digestion and recycling 

of digestate (bio-manure) could be a sustainable 

solution. Mixing straw with animal dung, 

nitrogen and fat-rich domestic wastes, sewage 

sludge, slaughterhouse and agro-processing 

wastes is a perfect recipe of feedstock assuring 

maximum productivity of recovering energy, 

clean environment and green employment. It will 

also improve the viability of municipal and 

domestic waste management  .

Application of well-decomposed manure after 

energy recovery will emit hardly 20% of GHGs as 

compared to 80% in the in-situ decomposition of 

straw. In that way, it will cut down GHGs 

Government Incentives 

for Crop Residue 

Recycling

Supply chain logistics of this loose bulky raw 

material or feedstock constitute 30-40% of the 

CH  and bio-manure production cost. However, 4

the current value chain logistics of collecting, 

baling, transport and storage of straw is 

economically viable (Kumar 2017; Dipesh and 

Bhaskar, 2017; Roy and Kaur 2015; Singh et al., 

2020; CII- NITI Aayog 2018). This logistic cost 

varies from Rs.1500-2000 per ton depending 

upon haulage distance. Collection up to 25 km 

away from the plant and safe storage is quite 

reasonable  Keeping in view of the emerging .

market of bio or fossil CNG it is recommended 

to re-orient ex-situ management options instead 

of a total emphasis on in-situ incorporation and 

Happy Seeder only. There will be enough 

feedstock even after reaching the saturation 

limits of carbon stock in the soils in NW India. 

There is economic feasibility to diversify the 

management of straw than biomass burning. 

Anaerobic digestion of paddy straw produces 

CH @111 kg/ton straw and bio-manure @ 50% 4 

of the dry feedstock weight. All inorganic 

nutrients are generally retained in the residue or 

digestate. Biogas will not be recovered at the 

cost of recycling carbon, nutrients and soil health 

maintenance by the Happy Seeders or ex-situ 

composted manure in any manner.

Standards of bio CNG are the same as those of 

fossil CNG imported or domestically produced. 

Bio CNG cost of production is about Rs. 26 per 

kg, Indian Oil and other Public Sector Companies 

are signing long term tariff agreements @ Rs. 46 

per kg and sale price at the gas filling stations 

for a vehicle is about Rs. 55 per kg. The fuel cost 

of CNG or Bio CNG is about 30% cheaper than 

diesel and petrol. Farm or rural sector machinery 

footprints by about 60% as compared to in-situ 

incorporation. Therefore, it is a better alternative 

to Happy Seeder on many counts. Many authors 

have suggested this route of recovering biogas 

and bio-manure while managing paddy straw 

(Priyadarshini and Abhilash  2020). 

Supply Chains of Bulky 

Raw Materials or 

Feedstocks

Fuelling of Farm and 

Rural Machinery
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should have the first right of its use being 

produced in the rural sector. Since biofuels are 

renewable they are treated mostly as carbon 

neutral.

Capitalization and 

Economic Analysis of 

Recycling Organic Wastes
According to a recent study of 7 plants in 

Punjab, the capital cost (CAPEX) of paddy straw-

based power plants varied from Rs 6 to 150 

crore per plant. The operational cost (OPEX) 

ranged from Rs 8 crore to Rs. 14 crores per 

annum. On an average, 1.15 lakh tons of paddy 

straw were consumed per plant and generated 

an average of 843.5 kWh (units) per ton of paddy 

straw. The tariff rate of Rs. 7.94 per kWh (unit) as 

compared to a competitive economic price of Rs. 

4.52 per kWh has been worked out for 2020 by 

the Punjab State Electricity Regulatory 

Commission. However, tariffs of most of these 

initial plants were negotiated during the 2005 to 

2012 period for 25-30 years with an escalation 

clause for variable tariff by negotiations to 

introduce renewable energy. In a recent 

competitive reverse bidding case, the minimum 

tariff of Rs. 5.65 per kWh was discovered. Very 

low tariff of about INR 2 per kWh of solar and 

wind power is a major challenge to thermal 

power technology. At the current competitive 

economic price of Rs 4.52/per kWh, 843 kWh 

generated from one ton of paddy straw will 

return Rs. 3813. Bio CNG generation of 

It is evident from the above that the financial 

viability of anaerobic digestion projects is 

bankable and profitability can be further 

improved upon with the fortification of bio 

manure with low-grade rock phosphates and 

others nutrients. For NW India, NITI Aayog has 

tentatively estimated capital (infrastructure) 

investment (CAPEX) potential of 3500 medium-

sized plants of Rs. 45,000 crore and Operational 

Expenditure (OPEX) cost Rs. 16,800 crores per 

annum. Farmers can also become stakeholders 

of the products derived from their surplus 

biomass by the overall multiple benefits of 

converting crop residues into green energy 

besides valuable manure for improving soil 

health. It will ultimately lead to a successful 

circular carbon economy (CCE) in India (Figure 

3). Key issue in ex-situ crop residue management 

through bio-CNG offers both the benefits of 

producting green energy and simultaneously the 

equal amount of carbon inputs and nutrients can 

be recycled into soils. 

111Kg/ton and bio manure 0.5 t/ton of paddy 

straw will return Rs. 6,062 i.e. 59% higher than 

the power returns. These models have a great 

potential to implement where large-scale field 

burning crop residues occur in India. The 

predominant hotspots of crop residue burning 

like Punjab, Haryana and UP for rice residue, 

Maharashtra, UP, AP, Tamil Nadu and other states 

for sugarcane; Telangana, Andhra Pradesh, 

Maharashtra, etc. for cotton residue burning 

regions. 
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Ÿ Integration of agro, animal, domestic and 

industrial wastes cutting across departmental 

and inter-ministerial barriers is needed for 

scaling up. 

Producing carbon-neutral renewable bioenergy 

from surplus agriculture and other organic 

wastes is the main emerging strategy of a typical 

circular economy. Larger areas in different states 

have witnessed the field burning of crop 

residues such as rice and wheat in irrigated 

systems; maize, cotton, pigeon pea, castor, 

rainfed rice residues in rainfed drylands; 

vegetable, fruit, cut flower wastes under both the 

conditions underlines to implement this strategy 

in the country. Both the benefits of green energy 

production and improving soil health 

management are met from a Win-Win strategy if 

implemented in regions with high potentials. 

Unless farmers get some economic benefits, it is 

difficult to promote a hitherto stressed strategy 

of crop residue recycling for soil health 

improvement as a match stick costing a few 

paise clears the field within few hours of burning 

including nutrients. It vacates the field for 

preparation and cultivation for sowing the next 

crop of the system immediately. MoA & FW, 

MNRE and others should re-consider all tiny 

scale family type Gobar Gas plants being 

subsidized since 1962 and fortification of 

manures under different names of the schemes. 

The Economics of these labour intensive and 

long-duration traditional practices do not fit into 

the present competitive market scenario. The 

Government should also promote alternative 

options on high priority under its Waste to 

Wealth policy.

Conclusions

Ÿ Monetization of eco-system services both 

positive and negative may be benchmarked 

for claiming ecosystem green payments in 

the future, if any. 

Key Recommendations

Researchers
Ÿ Optimization of anaerobic digestion of mixed 

feedstocks and separate production of 

enzymes for reducing hydraulic retention 

period and improving the viability of 

recovering energy and manure. 

Ÿ Monetizing and mainstreaming eco-system 

services of carbon sequestration for climate 

regulation. 

Ÿ Multi-lateral and bi-lateral funding including 

carbon financing. 

Ÿ Joint venture and 100% Foreign Direct 

Investment and remittance of profits through 

automatic approval route.

Ÿ Priority sector for financial lending to 

generate bioenergy. 

Ÿ Right to the business of start-ups, setting up 

of new industrial complex and ease of doing 

business with the single window all 

clearances.

Enabling Policy 

Incentive Support 

Ÿ Viability gap funding subsidy for biofuel 

production. 

Ÿ Innovations on boilers for production and 

utilization of steam is most economical for 

replacing highly polluting fossil fuel of coal 

and its LCA is lacking.

Ÿ Amendments in the Motor Vehicle Acts 

including farm machinery for dual fuel usages 

in the engines. 

Ÿ Unlike in China and the Mekong River basin, 

LCA of in-situ management is lacking in India 

to make judicious decisions in terms of global 

warming, climate change and associated risks 

of in-situ management. 

Ÿ Subsidy on farm machinery for in-situ stubble 

management may be extended to the 

collection, baling, aggregation, loading, 

unloading and bales transporting machinery.

Ÿ Incentivized advanced biofuel technology in 

the form of tax reduction, waving of 

registration, external development, land-use 

change and environmental clearance charges, 

advanced depreciation in plant expenditure, 

and differential pricing.

Ÿ Green funding through NABARD & public 

sector banks at concessional rates.

Ÿ Investors are apprehensive that after setting 

up plants, farmers may raise prices of raw 

material which can be purchased within a 

limited distance only. Investors may sign 

08

Line Departments for the 
Implementation
Ÿ We have learned many lessons from the 

initial phase of in-situ management. Policy, 

programme and investment portfolio for ex-

situ production of economic goods, products 

and environmental services without 

sacrificing advantages of in-situ management 

of surplus biomass may be made.

Ÿ Awareness generation about utilizing 

cheaper and environmentally better energy in 

the agriculture practices should be invested 

like capacity building for in-situ management.

Ÿ CBG plants should be linked up with 

Gaushalas and dairy farms.

Ÿ Digestate of anaerobic digestion of organic 

residues after recovering energy from easily 

digestible carbon contains recalcitrant 

carbon, microbial biomass, nutrients and 

should be treated better than traditional 

Farm Yard Manure or Composts. It can also 

be fortified with low-grade rock phosphate 

or other nutrients at a large scale and with 

better viability.

Ÿ Norms of financing CAPEX and OPEX may be 

worked out in consultation with financial 

institutions and awareness generated among 

all stakeholders.

agreements with FPOs or farmer's society 

along with the aggregators.

Ÿ Public sector companies should sign 

agreements for fixed, variable and green 

components of tariff instead of Rs. 46 per Kg 

for 15 years. It is being followed by CEA in 

the power sector to minimize market risks.

Ÿ Oil marketing companies should sign 100% 

off take from day one and change the 

existing clause.
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