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Abstract 

The highly increasing cost and scarcity of conventional fuel (petrol) has lead to the search of an 

alternative fuel. Syngas (Synthesized Natural Gas) is an alternative fuel can substitute diesel, petrol, 

furnace oil, LPG, etc. at lower cost and on a sustainable basis. The Syngas is produced from biomass 

waste like paddy / wheat straw, groundnut / peanut shell, coconut shell, cotton / mustard stalk. These 

biomasses are a residue of agricultural farming and are available in abundance all over the world.  

 



Syngas is a low cost and viable alternative to the convention fuel. The biomass waste is converted into 

Syngas using a device called as Advanced Biomass Gasifier System. Since the product is new to the 

market, it does not have a suitable supply chain management design. This research paper is addressing 

the complete activities involved in the process of operation and management, of production. The paper 

also includes a process for effective marketing of Syngas using an appropriate design of Supply Chain 

Management.  

A detailed analysis of the energy demand scenario for the automobile market in New Delhi (the capital 

of India) is carried out. The potential for production of Syngas, from the biomass waste available from 

neighboring states for substitution of petrol is arrived. The factors governing the economic s are given 

in the paper for profitable marketing of Syngas through an effective supply chain management. 

 

Introduction 

The scarcity and increasing cost of fossil fuel like petrol, diesel, LPG etc. triggers  the  development of  

alternative fuel to substitute such fossil fuels..  All these fossil fuel is not going to last forever, 

particularly with the increasing industrialization and development. 

Syngas is considered as one of the promising solution, for the future demand of energy, on a 

sustainable basis. Syngas is derived from wood and agricultural residues like mustard stalk, cotton 

stalk, coconut shell, cashew shell, saw dust etc. This biomass is converted in to clean gas like CNG, 

but has a low heating value. This gas can be compressed to a high pressure and used for automobiles, 

in place of petrol or CNG. Multi stage high pressure compressors are used to bottle the Syngas. Since, 

Syngas is produced using agricultural residues; it involves a collection mechanism of the biomass fuel.  

Converting the biomass fuel in to Syngas and bottling activity is to be done at peri- urban or nearby 

rural areas. Bottled gas cylinder can be transported to gas filling station in urban areas for use of 



automobile. Recently, a Honda accord car is converted to run on Syngas produced from biomass.  The 

paper focuses on various aspects of Syngas production along with a complete supply chain links to the 

market of the Syngas. 

Bottling of Syngas: 

Compression and bottling of Syngas, technical specification as per the manufacturers product 

specification is given in table (1) the table indicates that about 1 kWe electrical power needs to 

compress  20 m3 of Syngas.   That indicates about three cubic meter of Syngas requires to compress 

20 m3 of Syngas. So 15 % energy goes in to compressing the gas.  10 % of the energy goes to Syngas 

production system. In total about 25 % of the feed energy goes in to conversion technology. 

 

Table 1: Capacity and energy requirement 

Type Inlet pressure [barg] Outlet pressure 
[barg] 

Capacity 
[Sm3/h] 

Power 
[kW] 

1 1 – 70 250 30 – 1700 22 – 90 

2 0,5 – 12 250 200 – 670 55 – 90 

3 6 – 70 250 690 – 3400 110 – 160 

4 0,5 – 12 250 430 – 1350 110 – 160 

5 0 – 70 250 380 – 9000 110 – 500 

6 20 – 250 400 10 – 1650 7.5 – 37 

7 0.021 – 7 220 - 300 8 – 48 4 – 15 

       

 



 

 

Activities and components of Syngas production: 

Capital investment and operating costs involved in Syngas production and marketing network are 

given below:  

1) Biomass processor and collecting equipments:  

Agricultural waste and other biomass fuels to be processed by drying and chopping in to small 

pieces, to make suitable feed material for Syngas producer. 

2) Syngas production unit:  

Syngas production unit consists of a biomass gasifier which converts the solid biomass in to 

gaseous fuel. The gas is further cleaned to make it suitable for compression and bottling at high 

pressure to the order of 250 bars. 

3) Syngas compressor:  

Natural gas compressor is used to be compress and bottle the Syngas. A view of the Syngas 

compressor is shown in figure (2). 

4) Infrastructure for fuel storage and work space:  

The biomass need to be dry to obtain a good quality gas. So it is essential to dry and store it 

under a shed. Since the agricultural residues or light in nature so can fly away along with wind 

so it adds importance for a proper storage of feed material.  

5) Gas cylinders for transportation gas to market:  

Similar to tankers the gas cylinder array is needed to compress the gas and to transport it to gas 

selling points. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  A view of the main reactor to produce Syngas 

Figure 2: A view of the compression and bottling plant of Syngas 



Availability of Syngas and design of supply chain: 

Syngas availability is depending up on the agricultural area available at a given periphery of the urban 

area. The agricultural material availability also depends up on the nature of crop and number of crops 

used to cultivate in a given geographical location.  

 

 The selected market region, “Delhi” 

Delhi, the National capital Territory occupies an area of 1,483 sq km and has a population of nearly 14 

million with the population of New Delhi alone exploding to 11,680,000. The up rise in the population 

of New Delhi is mainly due to the migration of people to the capital in search of better living standard. 

The population of New Delhi is expected to rise to 40% by 2021. The total density of Delhi is 9340 

per sq km. After Mumbai, Tokyo, and Japan, Delhi is expected to become the third largest aggregation 

in the globe by the year 2015.  

Fuel demand scenario: There is an enormous potential of agricultural residue 

The total population of 14 million people in Delhi there are about 1.6 million in number cars. Delhi is 

having 413 petrol bunks to supply fuel to these cars. These cars consume about thirty thousand tons 

per day. Delhi is nearer to three states Uttar Pradesh, Haryana, and Punjab. All these three states are 

rich in agricultural activity and have enormous potential of agro residue. In figure (3) it is shown that 

the location of Delhi and the neighboring states of Haryana, Uttar Pradesh and Punjab. All these states 

are well connected by national high ways. Using these features of road connectivity, collection of 

biomass can spread in a large geographical area.  The Syngas produced can transported to the city 

through the multiple and radial national highways shown in map.  The entire supply chain design is 

given in figure (4). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The map of Delhi, along with its connectivity 

Figure 4: Production and supply chain in India 



Availability of different type of agro residues in India: 

One of the major activities of India is agriculture. There is a large potential to meet the energy demand 

through Agricultural residue. Table (2) shows different type of agricultural waste available in the 

country. 

Table 2: Different types of agricultural wastes available in the country 

Residue           Availability (Million tons / year) 

Rice Husk                                          29.318 

Maize Cobs                                           2.507 

Groundnut Shells                                           2.225 

Bagasse                                         57.310 

Coconut Shells                                           0.883 

Coconut Husk                                            1.073 

Cotton Sticks                                            2.727 

  

Estimation of Syngas potential 

 Syngas production can be estimated by using the following equations. There are several parameters 

governing the Syngas production as listed below. Governing Parameters of agricultural Waste 

availability: 

1. Availability of land area for agricultural activities 

2. Nature of crops cultivated in a given region. 

3. Proportion of crop yield Vs the agricultural waste. 

4. Ease of collectivity and mobilization of the particular agro residue. 



 

5. Seasonal variation in availability of biomass. The seasonal availability of different agro 

residues is given in figure (5). 

 

 

 

 

 

 

 

 

 

 

 

The following equations are arrived to estimate the potential for Syngas production 

Considering one or many number of neighboring states around the project region where syngas will be 

marketed. Each state is denoted by- Si. 

o Ci -represents number of crops cultivable in every individual state. 

o Hi -represents total number of Hectares cultivated for each crop in a given state. 

o Pi -represents agricultural potential residue per hectare per crop. 

 

 

Figure 5: Seasonal variation of agricultural residue availability 



 

 

The total availability of crop residue from the selected states is: 

)(�� CiHiPiSi     (1) 

The syngas production for biomass is 2.5 m3/kg. The total gas available is 

�� ××× )}({5.2 PiHiCiSi    (2) 

The heating value of syngas is 2,000 kcal/m3. So total amount of energy available 

� � ××× )}({5000 PiHiCiSi   (3) 

Heating value of petrol is about 10,000 kcal/liter. 

The equivalent petrol substitute using Syngas can be written as 

� � ××× )}({5.0 PiHiCiSi    (4) 

Syngas potential for Delhi region to replace petrol: 

The total annual consumption of petrol is 10.22 million tons. Considering 40 % of total available agro 

residue is converted into Syngas.  From the above table, it is possible to produce 28.9 million tons of 

Syngas which is equivalent to 2.3 million tons of petrol. So the Syngas produced is about 22.62% of 

the total annual consumption of the petrol in Delhi region. The detail of the potential for Syngas 

production is given in table 3. 

 

 



Table 3: Details of the potential for Syngas production 

 

State Geographical 
area (sq.km.) 

% 
Agricultural 

Residue 
(million tons) 

Syngas 
potential 

(million tons) 

Equivalent 
petrol 

(metric tons) 

Uttar Pradesh 238,566 7.79 8.28 20.7 1,655,658 

Punjab 50,362 1.64 1.75 4.4 349,514 

Haryana 44,212 1.44 1.53 3.8 306,833 

Total 333,140 10.88 11.56 28.9 2,312,005 

   

Results and conclusion 

The study is at its preliminary stage covering the feasibility of production of Syngas from biomass fuel 

like agricultural residues. It is possible to use Syngas as a substitute to petrol. Considering Delhi’s 

petrol demand and Syngas potential it is possible to replace the petrol consumption by 22.62 %. The 

fuel collection and storage is the key of the supply chain in the process. Production of Syngas, 

compression and bottling falls under a well organized sector of activity. However, the biomass 

production depends up on the agricultural crop selection, and also depends up on seasonal rain and 

other natural calamities like storm and draught. These results and findings conclude that it is a 

potential area to work towards optimization of the technology and market components of Syngas 

production. Effective Syngas marketing network needs an optimal design of supply chain management 

for raw material mobilization and to supply the Syngas to the consumer at right time in right quantity 

along with right quality to meet the user need.  
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