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Unit - 4 

Biomass Technology 

 

Centralized Hydrogen Production from Biomass Gasification 

Biomass-derived hydrogen is another low-CO2 impact process for the production of 

hydrogen.  Biomass (wood, agricultural residues or energy crops) absorbs as much CO2 from the 

atmosphere during growth as is released during the conversion to hydrogen.  In this diagram, we 

show the CO2 being recycled by photosynthesis into additional biomass.  It would be possible to 

capture and sequester the CO2 from the PSA unit resulting in a hydrogen process with net negative 

CO2 emissions. The petroleum energy use and the CO2 emissions from this process are associated 

with operations related to growing the biomass and making it available to the hydrogen process, 

production electricity use, and hydrogen delivery.   

 

 

 

Well-to-Wheels Energy and Greenhouse Gas Emissions Data 

 Current (2005) 

Gasoline ICE 

Vehicle 

Current (2005) 

Gasoline Hybrid 

Electric Vehicle 

Current (2005) 

Biomass 

Gasification - 

FCV 

Future (2030) 

Biomass 

Gasification - 

FCV 

Well-to-Wheels Total 5,900 4,200 6,600 3,600 
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Energy Use (Btu/mile) 

Well-to-Wheels Petroleum 

Energy Use (Btu/mile) 

5,300 3,800 200 100 

Well-to-Wheels 

Greenhouse Gas Emissions 

(g/mile) 

470 340 190 30 

Cost of Hydrogen    5.10 2.40 

 

Biomass resources assessment 

1. Source: Well-to-wheels energy, petroleum and greenhouse gas emissions information from the 

Argonne National Laboratory GREET model, Version 1.7.  Well-to-wheels values represent primary 

fuel production, electricity production, hydrogen production, and hydrogen delivery. Fossil resource 

exploration and equipment manufacture is not included. 

2. Source: Cost, resource requirements, energy requirements, all fuel and feedstock energy 

contents, and efficiency values for the Current (2005) case is from the National Renewable Energy 

Laboratory and the H2A model, Version 1.0.9, for a Central Biomass production facility with a 

capacity of 155,000 kg/day. 

3. Source: Cost, resource requirements, energy requirements, all fuel and feedstock energy 

contents, and efficiency values for the Future (2030) case is from the H2A model cases modified to 

efle t the Depa t e t of E e g s Hydrogen Fuel Cells, and Infrastructure Technologies Program 

2015 cost goals as of November 2005. 

1. Basis is 1 kg of hydrogen, dispensed from filling station for 5,000 psi fills.  A kg of 

hydrogen contains approximately the same amount of energy as one gallon of gasoline, 

or one gallon of gasoline equivalent (gge).   

2. Diagram is for Future (2030) case, showing feedstock and energy consumption levels 

required to meet technology cost goals.  Flows in diagram represent direct energy and 

emissions between production and dispensing, and are not based on well-to-wheels 

calculations. 

3. The petroleum use and resultant GHG emissions are associated with growing the 

biomass, and the grid electricity for delivery.  Fossil-based power plants generating grid 

electricity for the future (2030) case are assumed to sequester carbon emissions at a 

rate of 85%. 

4. Biomass is assumed to be woody biomass, most likely obtained from a residue source 

(e.g., urban trimmings) or energy crops. 

5. The hydrogen delivery in the Current (2005) case assumes liquid hydrogen delivery by 

truck from a central plant located 76 miles from the forecourt station.  Liquefier 

efficiency is 77.4%.  Truck fuel consumption is 6 mi/gallon.  Data were obtained from the 

H2A Delivery Scenario Model and GREET.  The Future (2030) case assumes hydrogen 

pipeline delivery over 76 miles.  Delivery costs include necessary compression and/or 

liquefaction equipment.   
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6. Cost of hydrogen delivery for the Current (2005) and Future (2030) cases is assumed to 

be $3.50/kg and $1.00/kg, respectively. 

7. For the current (2005) case, hydrogen is assumed to be received at the forecourt as a 

liquid and dispensed as a gas for 5,000 psi fills.  For the future (2030) case, hydrogen is 

assumed to be received at the forecourt as gaseous hydrogen at 250 psi by pipeline and 

dispensed for 5,000 psi fills.  The cost of these forecourt operations is included in the 

delivery cost.   

8. Efficiency results are presented in terms of lower heating value (LHV) of hydrogen. 

9. Future (2030) case assumes pipeline compressed gas delivery to the forecourt station.  

Pipeline energy use calculated using the H2A Delivery Models. 

10. The efficiency of the electric forecourt compressor, which raises the pressure of the 

gaseous hydrogen for 5000 phi fills, is 94%.  

11. The operating capacity factor of the production plant is 90%. 

12. Electricity is consumed by the process for plant operations and delivery.  Electricity 

prices are based on the 2015 projections for industrial-rate electricity by the 

Depa t e t of E e g s E e g  I formation Administration Annual Energy Outlook 2005 

High A case.  Prices shown in table are in 2005 $.  Electricity is inflated at 1.9%/year for 

the 40-year operating life of the plant. 

13. The levelized capital cost for the Current (2005) and Future (2030) cases are $0.49/kg 

hydrogen and $0.47/kg of hydrogen; capital cost estimate increases because of 

increased contingency to account for uncertainty in project projections and technology 

in the 2030 timeframe. 

14. Cost of hydrogen is the minimum required to obtain a 10% internal rate of return after 

taxes on the capital investment. 

15. The data relevant to the Centralized Hydrogen Production from Biomass Gasification 

technology diagram above is provided in the table below. 

 

CO2 fixation potential of biomass 

 

 Current Biomass 

Gasification FCV 

Future Biomass 

Gasification FCV 

Biomass Feedstock Price ($/million Btu LHV) 2.26 2.26 

Biomass Feedstock Price ($/bone dry ton) 38.00 38.00 

Energy in Biomass Feedstock (Btu) 252,000 222,000 

Electricity Price ($/kWh) 0.052 0.052 

Electricity to Process (Btu) 5,000 3,000 

Energy Losses from Process (Btu) 141,000 109,000 

Pressure of Hydrogen from Production (psi) 300 300 

Energy Use for Delivery Operations at the 

Forecourt (Btu) 

Negligible 7,200 
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Energy Use for Delivery Transport (Btu) 34,000 2,000 

Hydrogen Dispensing Fill Pressure (psi) 5,000 5,000 

Plant Gate Energy Use Including Biomass (Btu) 257,000 225,000 

Production Process Efficiency 45% 52% 

Pathway Efficiency 40% 49% 

Greenhouse Gas Emissions from Production 2.3 2.0 

 

 

ANEROBIC DIGESTION and BIOGAS 

Anaerobic digestion is the natural biological process which stabilizes organic waste in the 

absence of air and transforms it into bio fertilizer and biogas.  It is a 4-stage process: 

hydrolysis, acidification, acetogenesis and methanogenesis.  

In the first phase, anaerobic bacteria use enzymes to decompose high molecular organic 

substances such as proteins, carbohydrates, cellulose and fats into low molecular 

compounds. During the second phase acid forming bacteria continue the decomposition 

process into organic acids, carbon dioxide, hydrogen sulphide and ammonia.  Acid bacteria 

form acetate, carbon dioxide and hydrogen during the acetogenesis phase.  The 

methanogenesis phase involves methane forming bacteria producing methane, carbon 

dioxide and alkaline water.  

The process of anaerobic digestion takes place in the intestines of humans and animals and 

in a landfill site, the latter in an uncontrolled manner.  Anaerobic digestion has been widely 

used in Germany, Sweden, Austria and Denmark and the technology is well proven and 

established. 

 

Biogas 

 

The valuable component of Biogas is methane (CH4) which typically makes up 60%, with the 

balance being carbon dioxide (CO2) and small percentages of other gases.  The proportion of 

methane depends on the feedstock and the efficiency of the process, with the range for 

methane content being 40% to 70%.  Biogas is saturated and contains H2S, and the simplest 

use is in a boiler to produce hot water or steam.  The most common use is where the biogas 

fuels an internal combustion gas engine in a Combined Heat and Power (CHP) unit to 

produce electricity and heat.  In Sweden the compressed gas is used as a vehicle fuel and 

there are a number of biogas filling stations for cars and buses.  The gas can also be 

upgraded and used in gas supply networks.  The use of biogas in a solid oxide fuel cells is 

being researched 

 
Biomass conversion routes 

Component Symbol Percentage content of gas 
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Methane  CH4 40-70 

Carbon dioxide  CO2 30-60 

Hydrogen  H2 1.0 

Nitrogen  N2 0.5 

Carbon monoxide  CO 0.1 

Oxygen  O2 0.1 

Hydrogen sulphide  H2 S 0.1 

 

Production of Biogas 

 

Feed Stocks 

 A wide range of materials can be used in a biogas plant.  Energy crops can be grown 

specifically as a feedstock or by products and waste materials used.  The most important 

differentiation for waste materials is those that include animal by-product (ABP) that 

require pasteurization, and those that do not. Mesophilic and thermophilic bacteria 

responsible for the process are only able to work and multiply if their substrates are 

sufficiently dilute (they cannot exist on solids) making slurry an ideal substrate for the 

process.  
 

Sources 

 Source separated bio waste 

 Mechanically-separated municipal waste (ABP). 

 Food processing and abattoir waste (ABP). 

 Commercial catering waste (ABP). 

 Sewage sludge. 

 Animal slurry. 

 Vegetable and pack house waste. 

 Energy crops – maize/grass silage, whole crop wheat, whole grain maize. 

 Mixtures of the above. 

 

Biochemical Conversion of Biogas to energy 

 

Substrate from different feed stocks is mixed in a fermentation tank or biogas digester; a 

warmed, sealed airless container (the digester) which creates the ideal conditions for the bacteria to 

ferment the organic material in oxygen-free conditions.  The digestion tank needs to be warmed and 

mixed thoroughly to create the ideal conditions for the bacteria to convert organic matter into 

biogas.  Fermentation tanks allow production and collection of methane from the anaerobic process.  
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 Gas is dried and vented into a gas engine connected to a generator to produce electricity. 

Heat can be taken off the engine to give combined heat and power.  The slurry by-product is virtually 

odorless and is a uniform high value fertilizer.  Heat produced is recycled to warm the substrate in 

the digesters. 

 

Thermo-chemical Conversion of Biogas to energy 

Yields of different Feed Stocks 

 

 Production of electricity per ton of raw material feedstock 

 Maize silage   402 kWh/t 

 Vegetable wastes  122 kWh/t   

 Grass silage   256 kWh/t  

 Slurry/manure  47 kWh/t  

 

 Typical gas production level and residue production (per ton raw material) 

 Maize silage   = 200m3 gas (500kg liquid output)  

 Corn Cob Mix = 500m3 gas (350kg liquid output) 

 Whole crop rye  = 600m3 gas (300kg liquid output) 

 Slurry   = 20m3   gas (978kg liquid output)  

 

Different types of Anaerobic Digestion  

 

There are two types of anaerobic digestion: - 

 

 Mesophilic Digestion:  The digester is heated to 30 - 35oC and the feedstock remains in the 

digester typically for 15-30 days.  Mesospheric digestion tends to be more robust and tolerant than 

the thermophilic process but gas production is less, larger digestion tanks are required and 

sanitization, if required, is a separate process stage.  
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 Thermophile Digestion: The digester is heated to 55oC and the residence time is typically 

12-14 days. Thermophilic digestion systems offer higher methane production, faster throughput, 

bette  pathoge  a d i us kill , ut e ui e o e e pe si e te h olog , g eate  e e g  i put a d a 
higher degree of operation and monitoring.  During this process 30-60% of the digestible solids are 

converted into biogas.   

 

Mesophilic digestion is the most common approach since it is more reliable and plant 

management is easier. 

 

Advantages of Anaerobic Digestion and Production of Biogas 

 

 Processing organic waste anaerobically to create Biogas is a sustainable, renewable waste to 

energy solution.  The process offers numerous advantages over conventional technologies and if 

waste materials are used in the process, can reduce greenhouse gas emissions in 4 ways: - 

 

 Preventing the uncontrolled emissions of CH4 (22 times more powerful than CO2) from landfill. 

 

 The Bio fertiliser produced can displace mineral fertilisers.  Nutrients are conserved with more 

than 90% of nutrients entering anaerobic digesters conserved through the digestion process.  By 

conserving nitrogen during digestion, the N: P ratio of the treated manure is more favourable for 

plant growth1.  

 

 Reducing the transport of waste. 

 

 Renewable electricity and heat can be produced, reducing greenhouse gas (GHG) emissions.  Since 

anaerobic digestion operates in a closed system, substantial reductions in greenhouse gas 

emissions are achieved.  Ammonia losses, while not of direct GHG concern, are also reduced.  

 

 

Other Benefits of the Process  

 

 Odour levels are greatly reduced during manure processing, creating a relatively odour-free 

end product (closed vessel processing confines odorous compounds which are converted to 

other chemicals).  The product of digestion has no more odour than compost. 

 Improvement in slurry characteristics such as: fluidity, crop compatibility, homogeneity, 

reduction of weed germs. 

                                                           
 

Downloaded from  be.rgpvnotes.in

Page no: 7 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 Anaerobic digestion greatly reduces pathogen levels. Pre- or post-digester technologies can 

ensure pathogen-free end products.  

 Production of electricity and heat provides valuable income. 

 Reduced land fill tax and climate change levy charges. 

 Income from Renewable Obligation Certificates (ROCs). 

 Positive use of organic waste materials reduces land and water pollution.  

 

Economics  

The viability of an anaerobic digestion plant will depend on: - 

 The availability of waste to give a feedstock of zero cost, and if a gate fee is charged for the waste 

received.  

 Whether the electricity generated is displacing existing demand and the type of contract. 

 The value at which the ROCs are traded. 

 Whether value is derived from surplus heat and the biofertilizer produced. 

 Scale and location of the AD plant 

 

Energy crop feedstock 

 

In Germany and Austria energy crops are grown specifically as a feedstock for Biogas production.  In 

Germany legislation was introduced in 2001 whereby electric generated from renewable resources is 

directly subsidized by the government.  The subsidy is guaranteed to generators for 15 years.  The 

wholesale price for electricity is supported with top ups for use of energy crops and combined heat 

and power.  The compensation is increased by 1 Cent/kWh if fuel cells, micro gas turbines or Stirling 

engines are used for electricity production as opposed to an internal combustion engine.  As a result 

of this support 72,000 ha of maize was grown for biogas production in Germany in 2005, and plant 

numbers in Germany increased in the period 2004 to 2005 by 690 plants with 2700 plants 

operational at the end of 2005. 

 

Co pe satio  paid for electricity [€-Cent/kWh] 

Electric Capacity Farm Substrates Non-Farm Organic Wastes 

< 150 KW 14 11 

< 500 kW 12 9 

< 5 MW 8 8 

> 5 MW 8 8 

 

Downloaded from  be.rgpvnotes.in

Page no: 8 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


There is no direct subsidy for renewable electricity generated in the UK.  Renewable electricity 

generators rely on the value of renewable obligation certificates to supplement the wholesale 

electricity price that they receive   

 

 

 

 

Power generation from gasification 

DESCRIPTION OF THE COMBINED-HEAT AND POWER (CHP) PLANT  

 

In Güssing this innovative process for combined heat and power production based on steam 

gasification has been demonstrated. Biomass is gasified in a dual fluidised bed reactor. The producer 

gas is cooled, cleaned and used in a gas engine. A detailed flow sheet is shown in Fig., characteristic 

data of the demonstration plant are summarized in Table. 

Biomass chips are transported from a daily hopper to a metering bin and fed into the 

fluidised bed reactor via a rotary valve system and a screw feeder. The fluidised bed gasifier consists 

of two zones, a gasification zone and a combustion zone. The gasification zone is fluidised with 

steam which is generated by waste heat of the process to produce a nitrogen free producer gas. The 

combustion zones is fluidised with air and delivers the heat for the gasification process via the 

circulating bed material 
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The producer gas is cooled and cleaned by a two-stage cleaning system. A water-cooled heat 

exchanger reduces the temperature from 850°C – 900°C to about 160°C – 180°C. The first stage of 

the cleaning system is a fabric filter to separate the particles and some of the tar from the producer 

gas. These particles are returned to the combustion zone of the gasifier. In a second stage the gas is 

liberated from tar by a scrubber. 

Spent scrubber liquid saturated with tar and condensate is vaporized and fed for thermal 

disposal into the combustion zone of the gasifier. The scrubber is used to reduce the temperature of 

the clean producer gas to about 40 °C which is necessary for the gas engine. The clean gas is finally 

fed into a gas engine to produce electricity and heat. If the gas engine is not in operation the whole 

amount of producer gas can be burned in the boiler to produce heat. The flue gas of the gas engine 

is catalytically oxidized to reduce the CO emissions. The sensible heat of the engine´s flue gas is used 

to produce district heat, the one of the flue gas from the combustion zone is used for preheating air, 

superheating steam as well as to deliver heat to the district heating grid. A gas filter separates the 

particles before the flue gas is released via a stack to the environment. 

 

Design of biogas plants, installation 

 

Floating Steel Drum Design 
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The floating steel drum design biogas plant was developed in India. The Khadi and Village Industries 

Commission (KVIC) approved a design made by Jashabhai Patel for biogas extension programmed in 

India. The floating steel drum design adopted by GGC was based on the KVIC design with some 

modifications; which include taper digester design and gas outlet through the central guide pipe. 

Drum or gasholder is welded steel fabrication with a steel frame at the open end. The gasholder is 

located at the center of the digester by a central inner guide pipe. Scum breaker bars or mixing arms 

are welded between top plate and the stiffeners. As biogas slurry is fairly corrosive, the gasholder 

and other accessories rust within 8-10 years. So, the drum should be sand blasted or cleaned with 

sand paper or wire brush and painted with high build black (HBB) paint each year. GGC made 

available of 100, 200, 350, 500, 750 and 1000 cf. drum plants. The drum plants are named on the 

basis of gas production per day from the plant. The digester of the drum plants was built 

underground. The inlet pipe was either of asbestos 

cement or PVC having 4-inch internal diameter. In bigger plants, there is partition wall at the center. 

The central guide pipe is placed at the center of two 'spiders' made of steel rod and fixed 300 mm 

apart into the brick wall. For mixing dung properly, a mixing machine is fixed in the inlet pit. 

Similarly, the water outlet device is placed at the lowest level to trap moisture present in biogas. 

 

Fixed Dome Design 

The fixed dome design biogas plant consists of an underground digester pit with a concrete dome 

shaped cover for collecting gas from the slurry. It is an adoption of a design developed originally in 

China. The modifications are: there is no manhole on top of the dome, the digester is connected 

with slurry reservoir chamber instead of AC pipe. In fixed dome design, the concrete dome is casted 

over a mud mold. The gas pipe is placed at the center of the dome and fixed with anchors and 

supported with turret. The digester wall, inlet and outlet wall is made with first class quality bricks or 

stone. These plants were for the first time designed in Gobar Gas tatha Krishi Yantra Vikash P. Ltd., 

Research Unit at Butwal on 1979. Several air ceiling materials such as wax, coal tar and acrylic plastic 

emulsion paints were applied under the dome as ceiling materials while conducting research. 

Ultimately it was proved that acrylic plastic emulsion paint is the best ceiling material. Eleven such 

plants were installed in Pokhara in the same year and a follow up survey was made on 1981 by the 

author. This survey showed that all the plants were functioning well. Initially plastering made the 

digesters of these plants simply on the mud wall. However, nowadays the digesters of these plants 

are made with brick or stone wall plaster from inside. Similarly, the curvature of the bottom floor is 

modified to flat bottom. Dome plants of 4, 6, 8, 10, 15, 20, 35, and 50 cum capacities were designed 

by GGC. Their volume named these plants. The following table shows the size, input and output of 

the fixed dome plant. 

 

BASIC PRINCIPALS FOR INSTALLATION 

The fixed dome design biogas plant is the most popular design and as a result more than 

123,000 of such model plants have been installed until the middle of 2003 in Nepal. In order 
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to install such a plant the following construction materials are needed. 

Bricks - burnt with No.1 quality. 

Stones - clean and strong. 

Sand - free from mud. 

Cement - ordinary Portland 

Gravel or pebbles - free from vegetable matter and soil. 

Some important guiding factors are outlined below: 

Site selection 

• The pla t should e lose to he e the gas is used - gas pipes are expensive. 

• It should e lose to the suppl  of i put ate ials du g, ate  et - it saves time 

and labor. 

• It should e lose to the pla e he e efflue t a  e sto ed. 

• It should e -15 m far from any shallow wells (drinking water sources). 

• It should e f ee f o  a  i t usio  of a oo o  ig t ee oots. 

• It should e i  the su . 

• There should be suitable foundation conditions 

 

Cost benefit analysis of power generation by gasification 

 

The CHP-plant in Güssing can be operated economically under the Austrian conditions. The 

conditions are currently quite well and are characterized on the one hand by high fuel costs and on 

the 

other hand by high feed in tariffs for electricity. Some economic data for the demonstration plant 

are 

summarized 

 

Cost category Amount 

I est e t ost  Mio. € 
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Fu di g EU, Natio al  6 Mio. € 

Operation cost / year 10 - 15 % of investment costs 

Price for heat (into grid) 2,0 Cents/kWh 

Price for heat (consumer 3,9 Cents/kWh 

Price for electricity 12,3 Cents/kWh 

 

For the next plant 25 % reduction of investment cost can be expected due to the experience and 

learning at the demonstration plant. Furthermore, the operation costs will be reduced essentially. 

This will be done by aiming at an unmanned operation and a reduction and optimization of 

operation means (bed material, pre - coat material, scrubber liquid).  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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