
Biomass and biofuels 



Introduction 
• The material of plants and animals, including their 

wastes and residues,is called biomass. 

 

•  It is organic, carbon-based, material that reacts 

withoxygen in combustion and natural metabolic 

processes to release heat. Such heat, especially if 

at temperatures >400 C, may be used to generate 

work and electricity 



Bioenergy 
• The initial material may be transformed by chemical 

and biological processes to produce biofuels, i.e. 

biomass processed into a more convenient form, 

particularly liquid fuels for transport.  

 

Examples of biofuels include methane gas, liquid 

ethanol, methyl esters, oils and solid charcoal.  

 

The term bioenergy is sometimes used to cover 

biomass and biofuels together. 



• The initial energy of the biomass-oxygen system is 

captured from solar radiation in photosynthesis.  

• When released in combustion the biofuel energy is 

dissipated, but the elements of the material should 

be available for recycling in natural ecological or 

agricultural processes 

 

• Thus the use of industrial biofuels, when linked 

carefully to natural ecological cycles, may be 

nonpolluting and sustainable. 



• Biomass provides about 13% of mankind’s energy 
consumption, including much for domestic use in 
developing countries but also significant amounts in 
mature economies; this percentage is comparable to 
that of fossil gas. 

 

•  The domestic use of biofuel as wood, dung and plant 
residues for cooking is of prime importance for about 
50% of the The industrial use of biomass energy is 
currently comparatively small for most countries, except 
in a few sugarcane-producing countries where crop 
residues (bagasse) burnt for process heat may be as 
much as 40% of national commercial supply. world’s 
population 



Carban neutral 
If biomass is to be considered renewable, growth must 
at least keep pace with use. It is disastrous for local 
ecology and global climate control that firewood 
consumption and forest clearing is      significantly 
outpacing tree growth in ever increasing areas of the 
world. 

The carbon in biomass is obtained from CO2 in the 
atmosphere via photosynthesis, and not from fossil 
sources. When biomass is burnt or digested, the 
emitted CO2 is recycled into the atmosphere, so not 
adding to atmospheric CO2 concentration over the 
lifetime of the biomass growth. Energy from biomass is 
therefore ‘carbon neutral’ 



Carbon neutral 

The use of biomass in place of fossil fuels leaves the 
fossil fuel underground and harmless; the use of 
biomass ‘abates’ the extra CO2 otherwise emitted.  
 
Thus use of renewable biofuels, on a large scale, is an 
important component of most medium- to long-term 
policies for reducing greenhouse gas emissions. 
 
The energy storage of sunshine as biomass and biofuels 
is of fundamental importance. 



Energy Density 
The heat energy available in combustion, equivalent in 
practice to the enthalpy or  

  The net  energy density 

•  8MJkg−1 (un dried ‘green’ wood)  

• 15MJkg−1 (dry wood) 

•  40MJkg−1 (fats and oils)  

•  56MJkg−1 (methane). 

•  Biomass is, however, mostly carbohydrate material with 
a heat of combustion of about 20MJkg−1 dry matter  

 

Energy density is the amount of energy stored in a given 
system or region of space per unit mass. 



Unit 
 

 

• 1 MJ ≈ 0.28 kWh ≈ 0.37 HPh. 

 

•  3.6 MJ = 1 kWh  

 



Biofuel classification 
Biomass is largely composed of organic material and 

water. However, significant quantities of soil, shell or 

other extraneous material may be present in 

commercial supplies. 

 

 It is essential that biomass is clearly assessed as either 

wet or dry matter mass, and the exact moisture 

content should be given. 



Moisture content 
If m is the total mass of the material as it is and m0 is 
the mass when completely dried, the dry basis 
moisture content is w = m−m0/m0 and 

the wet basis moisture content is w = m−m0/m. 

 

• When harvested, the wet basis moisture 

content of plants is commonly 50%, and may be as 
large as 90% in aquatic algae including seaweed 

 

The material is considered ‘dry’ when it reaches long-
term equilibrium with the environment, usually at 
about 10–15% water content by mass. 



Moisture based Losses 
• The presence of moisture in biomass fuel usually 

leads to a significant loss in useful thermal output 

  

• (i) evaporation uses 23MJkg−1 of water 

• (ii) the subsequently reduced combustion 
temperature increases smoke and air pollution 

 

The density of biomass, and the bulk density of 
stacked fibrous biomass, is important. In general three 
to four times the volume of dry biological material has 
to be accumulated to provide the same energy as 
coal. 



Three classifications and nine general 

types of biomass energy process 

• Thermochemical, heat 

• Biochemical 

• Agrochemical 



Thermochemical, heat 
• Direct combustion for immediate heat.  

 Dry homogeneous input is preferred. 

• Pyrolysis 

Biomass is heated either in the absence of air or by 
the partial combustion of some of the biomass in a 
restricted air or oxygen supply 

Products are extremely varied, consisting of gases, 
vapours, liquids and oils, and solid char and ash. The 
output depends on temperature, type of input 
material and treatment process 

• If output of combustible gas is the main product, 
the process is called gasification 

 

 



Continue…. 
Thermochemical processes 

• A wide range of pre-treatment and process 

operations are possible. These normally involve 

sophisticated chemical control and industrial scale 

of manufacture 

 

• methanol production is such a process, e.g. for 

liquid fuel.  

Of particular importance are processes that break 

down cellulose and starches into sugars, for 

subsequent fermentation. 



Biochemical 
• Aerobic digestion 

• In the presence of air, microbial aerobic metabolism of 
biomass generates heat with the emission of CO2, but not 
methane. 

• This process is of great significance for the biological carbon 
cycle, e.g. decay of forest litter, but is not used significantly 
for commercial bioenergy. 

• Anaerobic digestion 

In the absence of free oxygen, certain microorganisms 

can obtain their own energy supply by reacting with carbon 
compounds of medium reduction level  to produce both CO2 
and fully reduced carbon as CH4. 

The process (the oldest biological ‘decay’ mechanism) may 
also be called ‘fermentation’, but is usually called ‘digestion’ 
because of the similar process that occurs in the digestive 
tracts of ruminant animals. The evolved mix of CO2, CH4 and 
trace gases is called biogas as a general term, but may be 
named sewage gas or landfill-gas as appropriate  



Continue.. 
• Alcoholic fermentation 

• Ethanol is a volatile liquid fuel that may be used in place of 
refined petroleum. It is manufactured by the action of micro-
organisms and is therefore a fermentation process. 
Conventional fermentation has sugars as feedstock 

 

• Biophotolysis 

 

Photolysis is the splitting of water into hydrogen and oxygen by 
the action of light. Recombination occurs when hydrogen is 
burnt or exploded as a fuel in air. Certain biological organisms 
produce, or can be made to produce, hydrogen in 
biophotolysis. Similar results can be obtained chemically, without 
living organisms, under laboratory conditions. Commercial 
exploitation of these effects has not yet occurred 



Agrochemical 

• Fuel extraction.  

Occasionally, liquid or solid fuels may be obtained directly 

from living or freshly cut plants. The materials are called 

exudates and are obtained by cutting into (tapping) the 

stems or trunks of the living plants or by crushing freshly 

harvested material. 

 

A well known similar process is the production of natural 

rubber latex. Related plants to the rubber plant Herea, 

such as species of Euphorbia, produce hydrocarbons of 

less molecular weight than rubber, which may be used as 

petroleum substitutes and turpentine. 



Continue.. 
• Biodiesel and esterification 
Concentrated vegetable oils from plants may be used directly 
as fuel in diesel engines; indeed Rudolph Diesel designed his 
original 1892 engine to run on a variety of fuels, including natural 
plant oils.  

 

However, difficulties arise with direct use of plant oil due to the 
high viscosity and combustion deposits as compared with 
standard diesel-fuel mineral oil, especially at low ambient 
temperature ≤∼5C. 

 

 
Both difficulties are overcome by converting the vegetable oil to 
the corresponding ester, which is arguably a fuel better suited to 
diesel engines than conventional (petroleum-based) diesel oil. 



Biomass production 
• Energy farming 

• An outstanding and established example of energy 
farming is the sugarcane industry 

• The process depends upon the combustion of the 
crushed cane residue (bagasse) for powering the mill 
and factory operations. With efficient  achinery there 
should be excess energy for the production and sale of 
by-products, e.g. molasses, chemicals, animal feed, 
ethanol, fibre board and electricity 

 

• Commonly the ethanol becomes a component 

of transport fuel and the excess electricity is sold to the 
local grid 



Sugar cane agro industry 



Advantages and dangers of energy farming 



Four main stages or path way of Anaerobic Digestion 
 
1. Hydrolysis 
2. Acidification/acedogenesis 
3. Acetogenesis and dehydrogenation 
4. Methanogenesis 



Hydrolysis 
In anaerobic digestion, hydrolysis is the essential first step, as Biomass is normally 
comprised of very large organic polymers, which are otherwise unusable. 
Through hydrolysis, these large polymers, namely proteins, fats and 
carbohydrates, are broken down into smaller molecules such as amino acids, fatty 
acids, and simple sugars.  
 
(C6H10O5)n + nH2O = n(C6H12O6) 

Acidogenesis 
Acidogenesis is the next step of anaerobic digestion in which acidogenic 
microorganisms further break down the Biomass products after hydrolysis. These 
fermentative bacteria produce an acidic environment in the digestive tank while 
creating ammonia, H2, CO2, H2S, shorter volatile fatty acids, carbonic acids, 
alcohols, as well as trace amounts of other byproducts. While acidogenic bacteria 
further breaks down the organic matter, it is still too large and unusable for the 
ultimate goal of methane production 
 
C6H12O6 + 2H2O = 2CH3COOH+4 H2 +2 CO2, BACTERIODS, CLOSTRIDIUM 
 
C6H12O6 + 2H2 = 2CH3CH2COOH+42H2O  BUTYRIVIBRIE, EUBACTERIUM 
 
C6H12O6   = CH3(CH2)COOH+2 CO2 + 2H2  BIFIDOBACTERIUM, LACTOBACILLUS 
 
C6H12O6   = 2CH3CHOHCOOH 
C6H12O6   = 2CH3CH2OH  + 2 CO2 

 
 



Acetogenesis 
In general, acetogenesis is the creation of acetate, a derivative of acetic acid, from 
carbon and energy sources by acetogens. These microorganisms catabolize many 
of the products created in acidogenesis into acetic acid, CO2 and H2. Acetogens 
break down the Biomass to a point to which Methanogens can utilize much of the 
remaining material to create Methane as a Biofuel. 
 
CH3CHOHCOOH + H2O = CH3COOH +CO2+2H2  DESULFOVIBRIO, SYNTROPHOBACTER 
 
CH3CH2OH+ H2O = CH3COOH +2H2   WOLINII, SYNTROPHOMUS 
 
CH3CH2CH2COOH + H2O = 2CH3COOH +2H2   
 
CH3CH2COOH + 2H2O = CH3COOH +CO2+3H2  DESULFOVIBRIO, SYNTROPHOBACTER 
 

 

Methanogenesis 
Methanogenesis constitutes the final stage of anaerobic digestion in which 
methanogens create methane from the final products of acetogenesis as well as 
from some of the intermediate products from hydrolysis and acidogenesis 
 
4H2 +CO2 = CH4 +2H2O    METHANOBACTERIUM FORMICICIUM 
2CH3(CH2)2OH +CO2 =4CH3COOH +CH4  METHANOBRAVIBACTER 
2CH3(CH2)2COOH +2H2O+CO2 =4CH3COOH +CH4  RUMINANTIUM, METHENOSPIRILUM HUNGATEI 
CH3COOH = CH4 + CO2     



Biofuels from 
Microorganisms 

More recently, research has focused on whether microbial 
systems can be exploited for the biosynthesis of a wide range of 
liquid biofuels. 

 

Initially, this focus was on ethanol, however, with increased 
knowledge in the properties required for ideal biofuel molecules, 
scientists agree that ethanol might not be the best option.  
Higher-chain alcohols, for example offer several advantages 
compared with ethanol, such as higher energy densities and 
lower water solubility. 

 

 In addition, the corrosive nature of ethanol prevents it from 
being used as a pure biofuel in current engines, but rather it must 
be used as a blend of less than 10% with gasoline. Furthermore, 
ethanol can cause corrosion to the pipelines used for its 
transportation. 



Therefore, the ability to create microorganisms that can produce 

alternative biofuels with similar properties to fossil fuels would save a vast 

amount of money that ill otherwise be spent in replacing existing 

engines and changing the fuel transportation infrastructure. There is no 

doubt that a cost effective method is desperately needed for the 

commercial production of novel biofuels from microorganisms. This idea 

was but a dream before the current advancement of genetic 

engineering tools and synthetic biology techniques that enabled 

scientists to identify and alter relevant bioenergy genes and pathways in 

microbes for the production of high value products including novel 

biofuels.  

There are long debates on whether the best starting point is to find a 

microbe that shows promising properties with respect to the desired 

biofuel pathway, or to use a model organism for which genetic 

engineering techniques are well established. Ideally, we would like to 

have an organism that shows properties that will help minimise the 

overall fuel production costs. Such properties include high substrate 

utilization and processing capacities, fast growth rates and deregulated 

pathways for sugar transport, good tolerance to the biofuel product, 

high metabolic fluxes, and very importantly, ability to utilize cheap 

feedstock. 



According to Rude and Schirmer (2009), there are basically three routes to 

convert renewable resources into energy-rich, fuel-like molecules or fuel 

precursors. 

 

First, direct production from CO2 by photosynthetic organisms, such as plants, 

algae and photosynthetic bacteria. Second, fermentative or non-fermentative 

production from cheap organic compounds (sugars, etc.) by heterotrophic 

microorganisms, such as bacteria, yeast, or fungi.  

 

Third, chemical conversion of biomass to fuels. It is essential to identify the pros 

and cons of producing biofuels from phototrophic and heterotrophic 

microorganisms in order to decide which platform is the most appropriate for 

novel biofuel production. It is evident that the two heterotrophic model 

organisms, the yeast Saccharomyces cerevisiae and the bacterium Escherichia 

coli are being used to develop most of the new microbial fuels. These model 

organisms have been used in industrial processes for centuries. 

 

The organic feedstock used to grow these heterotrophic microbes involves a high 

cost, along with the cost of fuel recovery from the fermentation broth and the 

cost of any additional chemical modifications necessary to convert a precursor 

fuel into an engine fuel. 



Plants, on the other hand, look more desirable as they produce fuels directly 
from CO2 using photosynthetic metabolism, hence the process appears 
carbon-neutral and does not rely on expensive feedstocks. However, this 
approach also faces several major obstacles, most importantly slow growth 
rates, fresh water demands for irrigation, and land use issues where the same 
fertile land could be used for food production. Unicellular eukaryotic algae 
and cyanobacteria are aquatic photosynthetic organisms that seem 
to offer significant advantages for biofuel production relative to terrestrial 
plants. 
 

Microalgae are more efficient at converting sunlight into chemical energy 
while some of its species are able to double their biomass in less than a day. 
Microalgae do not compete with crop plants since they can be grown in 
pond systems on non-fertile waste land and in more extreme environments: 
indeed, different species thrive in a variety of aquatic environments 
(freshwater, brackish water, seawater, hot springs, polar regions, etc.). Most 
importantly, genetic manipulation techniques have been developed for 
some key species, and are beginning to be applied to optimize biofuel 
production in several microalgal systems 



Production of Ethanol 
• Ethanol, C2H5OH, is produced naturally by certain 

micro-organisms from sugars under acidic 

conditions, i.e. pH 4 to 5.  

 

 



Directly from sugarcane 
• Usually commercial sucrose is removed from the cane juices, 

and the remaining molasses used for the alcohol production 
process (These molasses themselves have about 55% sugar 
content. But if the molasses have little commercial value, then 
ethanol production from molasses has favourable commercial 
possibilities, especially if the cane residue (bagasse) is 
available to provide process heat. In this case the major 
reaction is the conversion of sucrose to ethanol: 

 

 

 

• In practice the yield is limited by other reactions and the 
increase in mass of yeast. Commercial yields are about 80% of 
those predicted . The fermentation reactions for other sugars, 
e.g. glucose, C6H12O6, are very similar. 



The feedstock used in this process is corn stover. The main compounds are (on 
dry basis, wt.) cellulose (37.4%), hemicellulose (21.1%) and lignin (18.0%). The 
modeling starts just after the washing of the feedstock which step induces an 
increase of the feedstock moisture. Three reaction steps follow: 
 
1.Hydrolysis : the feedstock is heated (190°C) at high pressure (12.1 atm) with 
an acid catalyst (H2SO4). Most of the hemicellulose is converted to xylose. 
2. Saccharification : this is an enzymatic reaction that converts the cellulose 
into glucose. 
 
3. Fermentation : most of the glucose and xylose are converted to ethanol and 
carbon dioxide. 



From sugar beet 
Sugar beet is a mid-latitude root crop for obtaining 

major supplies of sugar. The sugar can be fermented, 

but obtaining process heat from the crop residues is, 

in practice, not as straightforward as with cane sugar, 

so ethanol production is more expensive. 



From starch crops.  

Starch crops, e.g. grain and cassava, can be hydrolyzed to 
sugars. Starch is the main energy storage carbohydrate of plants, 
and is composed of two large molecular weight components, 
amylose and amylopectin. These relatively large molecules are 
essentially linear, but have branched chains of glucose 
molecules linked by distinctive carbon bonds. These links can be 
broken by enzymes from malts associated with specific crops, 
e.g. barley or corn, or by enzymes from certain moulds (fungi). 
Such methods are common in whisky distilleries, corn syrup 
manufacture and ethanol production from cassava roots. The 
links can also be broken by acid treatment at pH 1.5 and at 2 
atmospheres pressure, but yields are small and the process more 

expensive than enzyme alternatives. An important by-product of 
the enzyme process is the residue used for cattle feed or soil 
conditioning. 



From cellulose. 

Cellulose comprises about 40% of all biomass dry matter. Apart from its 
combustion as part of wood, cellulose is potentially a primary material for 
ethanol production on a large scale. It has a polymer structure of linked 
glucose molecules, and forms the main mechanical-structure component of 
the woody parts of plants. These links are considerably more resistant to 
breakdown into sugars under hydrolysis than the equivalent links in starch.  
 
 
Cellulose is found in close association with lignin in plants, which discourages 
hydrolysis to sugars. Acid hydrolysis is possible as with starch, but the process 
is expensive and energy intensive. Hydrolysis is less expensive, and less 
energy input is needed if enzymes of natural, wood-rotting fungi are used, 
but the process is slow. Prototype commercial processes have used pulped 
wood or, more preferably, old newspaper as input. The initial physical 
breakdown of woody material is a difficult and expensive stage, usually 
requiring much electricity for the rolling and hammering machines. Although 
not yet generally applied commercially, these processes may allow ethanol 
from biomass to compete commercially with fossil petroleum 



The feedstock used in this process is corn stover. The main compounds are (on 
dry basis, wt.) cellulose (37.4%), hemicellulose (21.1%) and lignin (18.0%). The 
modeling starts just after the washing of the feedstock which step induces an 
increase of the feedstock moisture. Three reaction steps follow: 
 
1.Hydrolysis : the feedstock is heating (190°C) at high pressure (12.1 atm) with 
an acid catalyst (H2SO4). Most of the hemicellulose is converted to xylose. 
2. Saccharification : this is an enzymatic reaction that converts the cellulose 
into glucose. 
 
3. Fermentation : most of the glucose and xylose are converted to ethanol and 
carbon dioxide. 



Ethanol fuel use 
Liquid fuels are of great importance because of their ease 
of handling and controllable combustion in engines. 
Anhydrous ethanol is a liquid between 

−117 and+78C, with a flash point of 130 C and an ignition 
temperature of 423 C, and so has the characteristics of a 
commercial liquid fuel, being used 

as a direct substitute or additive for petrol (gasoline), and is 
used in three ways. 

1. As 95% (hydrous) ethanol, used directly in modified and 
dedicated spark-ignition engines; 

2. Mixed with the fossil petroleum in dry conditions to 
produce gasohol, as used in unmodified spark-ignition 
engines, perhaps retuned; 

3. as an emulsion with diesel fuel for diesel compression 
engines (this may be called diesohol, but is not common). 



In general such bioethanol fuel has the proportion of 

ethanol indicated as EX, where X is the percentage of 

ethanol, e.g. E10 has 10% ethanol and 90% fossil 

petroleum. Gasohol for unmodified engines is usually 

between E10 and E15, and larger proportions of 

ethanol require engine modification to some extent. 

 

 



Biomethane 
• Methane produced from biomass is referred to as 

Bio-Methane, Green Gas, Bio-Substitute Natural Gas 

(Bio-SNG) or Bio-CNG when it is used as a transport 

fuel. 

• Biomass energy is expected to make a major 

contribution to the replacement of fossil fuels. The 

future world-wide available amount of biomass for 

energy is estimated to be 200 to 500 EJ per year 



CO2 balance for Natural gas and Bio-Methane produced 
from woody biomass 



Sequestration 
• Carbon sequestration describes long-term storage of carbon dioxide or other 

forms of carbon to either mitigate or defer global warming and avoid 

dangerous climate change 

 

• CO2 sequestration includes the storage part of carbon capture and storage, 

which refers to large-scale, permanent artificial capture and sequestration of 

industrially produced CO2 using subsurface reservoirs, ocean water, aging oil 

fields, or other carbon sinks. 

 

• Using carbon dioxide to churn out more fossil fuels—and permanently storing 

some of the CO2 in the process—might sound counterproductive to limiting 

climate change because those fuels, when burned, put more CO2 into the 

atmosphere. 

 

• The great fear commonly associated with carbon sequestration is that 

trapped CO2 might suddenly escape to the surface with deadly 

consequences, as happened in 1986 at Lake Nyos in Cameroon. That 

volcanic lake had naturally accumulated two million metric tons of carbon 

dioxide in its cold depths; one night it spontaneously vented, displacing the 

oxygenated air, and suffocated more than 1,000 nearby villagers. 

 

 

 



Production 
A number of concepts are available such as, 

the production of biomethane from the bio-chemical 

conversion of biomass (biogas) and via thermo-chemical 

conversion of solid biomass, so called Bio-SNG. 

 

Anaerobic digestion processes are state of the art and well 

developed. Using the long time experiences of upgrading 

biogas the challenges of future biomethane supply plants 

will be optimisation of substrate supply, digestate utilisation 

as well as efficient gas grid access using optimised and 

new technologies. 



Value chain of biomethane production and use 



Biogas pathway 

• The bio-chemical conversion pathway of biomass 
to biomethane can be subdivided into two main 
process steps: (i) the biogas production based on 
anaerobic digestion or rather wet fermentation of 
biomass residues (and organic wastes) as well as 
energy crops(e.g. maize silage) and (ii) the 
upgrading of biogas or rather raw biogas to 
biomethane. 

• It has become a market mature technology for the 
provision of electrical and/or thermal energy in 
conversion units with capacities ranging from a few 
kWCH4 up to 10 MWCH4. 



The processes are favoured by wet, warm and dark conditions. The final 
stages are accomplished by many different species of bacteria classified as 
either aerobic or anaerobic. 
 
Aerobic bacteria are favoured in the presence of oxygen with the biomass 
carbon being fully oxidised to CO2. This composting process releases some 
heat slowly and locally, but is not a useful process for energy supply. To be 
aerobic, air has to permeate, so a loose ‘heap’ of biomass is essential. 
Domestic composting is greatly helped by having layers of rumpled 
newspaper and cardboard, which allows air pockets and introduces 
beneficial carbon from the carbohydrate material. Such aerobic digestion 
has minimal emission of methane, CH4 

 

In closed conditions, with no oxygen available from the environment, 
anaerobic bacteria exist by breaking down carbohydrate material. The 
carbon may be ultimately divided between fully oxidised CO2 and fully 
reduced CH4 



Nutrients such as soluble nitrogen compounds remain available in solution, so 
providing excellent fertilizer and humus. Being accomplished by micro-
organisms, the reactions are all classed as fermentations, but in anaerobic 
conditions the term ‘digestion’ is preferred  
 
The decomposed waste should then be released for natural 
ecological processes to continue. 
 
Biogas is the CH4/CO2 gaseous mix evolved from digesters, including 
waste and sewage pits; to utilise this gas, the digesters are constructed and 
controlled to favour methane production and extraction 
 
The energy available from the combustion of biogas is between 60 and 90% 
of the dry matter heat of combustion of the input material. However, the 
gas is obtainable from slurries of up to 95% water, so in practice the 
biogas energy is often available where none would otherwise have been 
obtained. Another, perhaps dominant, benefit is that the digested effluent 
forms significantly less of a health hazard than the input material. 



Basic processes and energetics 

The general equation for anaerobic digestion is 

For cellulose this becomes 

The reactions are slightly exothermic, with typical heat of reaction being about 
15MJkg−1 dry digestible material, equal to about 250kJ per mole of C6H10O5. 

If the input material had been dried and burnt, the heat of combustion 
would have been about 16MJkg−1. Only about 10% of the potential heat 
of combustion need be lost in the digestion process. This is 90% 
conversion efficiency. 



It is generally considered that three ranges of temperature favour 
particular types of bacteria. Digestion at higher temperature proceeds 
more rapidly than at lower temperature, with gas yield rates doubling 
at about every 5C of increase. The temperature ranges are (1) 
psicrophilic, about 20C, (2) mesophilic, about 35C, and (3) 
thermophilic, about 55C. 

The biochemical processes occur in three stages, each facilitated by distinct sets of 
anaerobic bacteria 

1.  Insoluble biodegradable materials, e.g. cellulose, polysaccharides and 
fats, are broken down to soluble carbohydrates and fatty acids 
(hydrogenesis). This occurs in about a day at 25 C in an active digester 

2.  Acid forming bacteria produce mainly acetic and propionic acid 
(acidogenesis). This stage likewise takes about one day at 25 C. 

3.  Methane forming bacteria slowly, in about 14 days at 25C, complete 
the digestion to a maximum ∼70%CH4 and minimum ∼30%CO2 

with trace amounts of H2 and perhaps H2S (methanogenesis). H2 may 
play an essential role, and indeed some bacteria, e.g. Clostridium, are 
distinctive in producing H2 as the final product. 



Raw biogas 

Biogas can be produced out of any organic material under anaerobic 
conditions. Microorganisms convert the biomass to biogas in several sub-
steps. Many settings, besides the anaerobic conditions, like e. g. 
temperature between 37 and 42 °C (mesophilic conditions) or 50 to 60 °C 
(thermophilic conditions), the adequate biomass mix or the provision of the 
microorganisms with nutrient matter influence the efficiency and the stability 
of the biogas production process. There are many different processes within 
the digester which can influence the efficiency and stability of the biogas 
production process, for examplethe anaerobic conditions, like e. g. 
temperatures between 37 and 42 °C (mesophilic conditions) or 50 to 60 °C 
(thermophilic conditions), the adequate mixing of the biomass or the 
provision of adequate nutrients to the microorganisms. 
 
Primarily, depending on the feedstock, the composition of the biogas varies 
from 50 to 75 % methane (CH4) and 25 to 45 % carbon dioxide (CO2). 
Besides these main components, raw-biogas is saturated with water and 
contains different micronutrients; the most important is hydrogen-sulphide 
(H2S). 



Biomethane through 
gasification 

Gasfication temperatures between 500-1400°C 

Different gasfication medium; air, oxygen, steam or 

combinations. Depending on the final product wanted 

Low temperature gasification 

 

 Gasification with low temperature (700-850 °C) results 

in a product gas with relatively high methane content, 

and therefore less energy losses within the 

methanation step. 





Various purification processes 

 
Biogas purification is used both to eliminate undesirable compounds and to increase the 
heating value of the biogas (in particular by eliminating CO2, which is inert in energy terms). It 
generally comprises at least three steps: 

Decarbonation: carbon dioxide is the second largest component of biogas, after methane. 
Its elimination reduces the risk of corrosion and increases the heating value of the biogas. This 
treatment can be performed by adsorption, by scrubbing (water or another solvent), or 

through membrane processes; 

 

Desulfurization: H2S is toxic and, in the presence of water, highly corrosive, even at a low 

concentration. It can be separated in particular by scrubbing and/or by adsorption on 
impregnated activated carbon 

 

Dehydration: water is the leading corrosion risk factor.  

Adsorption on activated alumina, silica gel or a molecular sieve, or scrubbing with a 
hydrophilic solvent (this last option tends to be reserved to very 

high gas flow rates). 

 

Production costs 

The production cost of purified, odorized, checked and metered biogas, made from energy 

crops and from liquid manure, is between 8 and 21 €c/kWh, and between 5 and 15 €c/kWh, 
respectively, and decreases as the power increases. 



Distribution 

Biomethane can be distributed to e.g. industries & 

Re fueling stations using the existing gas grid. 





25 % of the energy consumption in EU 



Vegetable oils and biodiesel 

Vegetable oils are extracted from biomass on a substantial scale for use 
in soap-making, other chemical processes and, in more refined form, for 
cooking. 

Categories of suitable materials are 
 
1.  Seeds: e.g. sunflower, rape, soya beans; ∼50% by dry mass of oil. 
2.  Nuts: e.g. oil palm, coconut copra; ∼50% by dry mass of oil, e.g. the 
  Philippines’ annual production of coconut oil is ∼106 t y−1. 
3 . Fruits: e.g. world olive production ∼2Mty−1. 
4.  Leaves: e.g. eucalyptus has ∼25% by wet mass of oil. 
5.  Tapped exudates: e.g. rubber latex; jojoba, Simmondsia chinensis tree oil. 
6.  By-products of harvested biomass, for example oils and solvents to 
15% of the plant dry mass, e.g. turpentine, rosin, oleoresins from pine 
trees, oil from Euphorbia 



Biodiesel 
Concentrated vegetable oils may be used directly as fuel in diesel 
engines, but difficulties arise from the high viscosity and from the 
combustion deposits, as compared with conventional (fossil) 
petroleum-based diesel oil, especially at low ambient temperature 
(≤5C).  

Both difficulties are overcome by reacting the extracted vegetable 
oil with ethanol or methanol to form the equivalent ester. 

 

Such esters, called biodiesel, have technical characteristics 

as fuels that are better suited to diesel-engines than petroleum 
based diesel oil. The reaction yields the equivalent ester and 
glycerine (also called ‘glycerol’). The process usually uses KOH as a 
catalyst. Glycerol is 

also a useful and saleable product. 

 

The process used to convert these oils to Biodiesel is called 
transesterification 

 



Continuous commercial production obviously needs more sophistication, and uses 

whatever oil is most readily and cheaply available in the country concerned, e.g. 

rapeseed oil in Europe (called ‘canola’ in some other countries) and soya oil in USA 

 

Biodiesel can also be made from waste (used) cooking oil and from animal fat 

(tallow). The use of waste cooking oil as the raw material is attractive in both 
environmental and cost terms, especially on a small scale; the cost of collection is an 

issue on a larger scale. 

 

Although the production cost of biodiesel substantially exceeds that of conventional 

diesel fossil fuel, such governments justified the policy in terms of the ‘external’ 

benefits for agriculture and for the environment, e.g. absence of sulphur emissions. 

 

SOX (oxides of sulphur) emissions from bio diesel are at least 80% lower than low 

sulphur fossil diesel 

 

NOX (nitrous oxides) emissions from biodiesel are slightly higher than those from low 

sulphur fossil diesel  



The energy density of biodiesel as an ester varies with 

composition and is typically about 38MJkg−1, which is 

greater than for the raw oil and near to petroleum-based 

diesel fuel at about 46MJkg−1 

 

Nevertheless, in practice fuel consumption per unit volume 

of a diesel-engine vehicle running on biodiesel is little 

different from that of fossil diesel. Quality standards 

have been established for the compatibility of biodiesel 

with most vehicles. A minor benefit of using biodiesel is that 

the exhaust smell is reminiscent of cooking, e.g. of popcorn 



Biodiesel Production 

• Base catalyzed transesterification of the oil.  
• Direct acid catalyzed transesterification of the oil.  
• Conversion of the oil to its fatty acids and then to biodiesel 

Almost all biodiesel is produced using base catalyzed transesterification as it 
is the most economical process requiring only low temperatures and pressures 
and producing a 98% conversion yield. 

The esterification process uses methanol and a catalyst, either caustic soda 
(NaOH) or potassium hydroxide (KOH), to produce sodium or potassium 
methoxide which reacts with the vegetable oil or fat. Methyl or ethyl esters, 
which take the name of the feedstock; Rape methyl Ester, Soybean Methyl; 
Ester etc. and glycerine are produced 

Vegetable oils and animal fats contain mostly triglycerides 



Production Process  

Mixing of alcohol and catalyst  
The catalyst is typically sodium hydroxide (caustic soda) or potassium hydroxide 
(potash). It is dissolved in the alcohol using a standard agitator or mixer. 
Reaction. The alcohol/catalyst mix is then charged into a closed reaction vessel 
and the oil or fat is added. The system from here on is totally closed to the 
atmosphere to prevent the loss of alcohol. The reaction mix is kept just above the 
boiling point of the alcohol (around 160 °F) to speed up the reaction and the 
reaction takes place. Recommended reaction time varies from 1 to 8 hours, and 
some systems recommend the reaction take place at room temperature. Excess 
alcohol is normally used to ensure total conversion of the fat or oil to its esters. 
Care must be taken to monitor the amount of water and free fatty acids in the 
incoming oil or fat. If the free fatty acid level or water level is too high it may 
cause problems with soap formation and the separation of the glycerin by-
product downstream. 



Separation  
Once the reaction is complete, two major products exist: glycerin and biodiesel. 
Each has a substantial amount of the excess methanol that was used in the reaction. 
The reacted mixture is sometimes neutralized at this step if needed. The glycerin 
phase is much more dense than biodiesel phase and the two can be gravity 
separated with glycerin simply drawn off the bottom of the settling vessel. In some 
cases, a centrifuge is used to separate the two materials faster.  

Alcohol Removal  
Once the glycerin and biodiesel phases have been separated, the excess alcohol in 
each phase is removed with a flash evaporation process or by distillation. In 
others systems, the alcohol is removed and the mixture neutralized before the 
glycerin and esters have been separated. In either case, the alcohol is recovered 
using distillation equipment and is re-used. Care must be taken to ensure no 
water accumulates in the recovered alcohol stream 



Glycerin Neutralization  
The glycerin by-product contains unused catalyst and soaps that are neutralized with an 
acid and sent to storage as crude glycerin. In some cases the salt formed during this 
phase is recovered for use as fertilizer. In most cases the salt is left in the glycerin. Water 
and alcohol are removed to produce 80-88% pure glycerin that is ready to be sold as 
crude glycerin. In more sophisticated operations, the glycerin is distilled to 99% or 
higher purity and sold into the cosmetic and pharmaceutical markets.  
 
Methyl Ester Wash  
Once separated from the glycerin, the biodiesel is sometimes purified by washing gently 
with warm water to remove residual catalyst or soaps, dried, and sent to storage. In 
some processes this step is unnecessary. This is normally the end of the production 
process resulting in a clear amber-yellow liquid with a viscosity similar to petrodiesel. 
In some systems the biodiesel is distilled in an additional step to remove small amounts 
of color bodies to produce a colorless biodiesel.  



Social and environmental aspects 

Production should be ecologically sustainable, i.e. that the resource be 
used in a renewable manner, with  

(re-)growth keeping pace with use. Moreover, for ethical reasons, it is 
vital that biomass production for energy is not at the expense of 
growing enough food to feed people. 

 

Nevertheless, in the European Union and the USA, a major issue in 
agriculture is over-production of food, as encouraged by agricultural 
subsidies. Such subsidies increase general taxation and the consequent 
surpluses of agricultural products distort world trade to the 
disadvantage of developing countries. 

 

Utilizing waste biomass increases the productivity of agriculture and 
forestry. This is especially so for the acceptable disposal of otherwise 
undesirable outputs, e.g. biodigestion of manure from intensive 
piggeries, so the integrated system brings both economic and 
environmental benefits. 

Bioenergy in relation to agriculture and forestry 



Biofuel production utilizes already concentrated flows of biomass, such as 
offcuts and sawdust from sawmilling, straw from crops, manure from penned 
animals and sewage from municipal works. Biofuel processes that depend 
first upon transporting and then upon concentrating diffuse biomass 
resources are unlikely to be viable. 
 
Energy developments utilizing local crops and established skills are most likely 
to be socially acceptable. Thus the form of biomass most likely to be viable 
as an energy source will vary from region to region. 
 

Moreover, as with any crop, sustainable agriculture and forestry is required, 
for instance extensive monocultures are vulnerable to disease and pests and 
unfriendly to native fauna. Note, too, that greenhouse gas benefits only 
occur when the biomass is used to replace fossil fuel use, so leaving the 
abated fossil fuel underground 
 

With the ethanol mostly from sugarcane, gasohol is now standard in Brazil, 
e.g. as E22, and in countries of southern Africa. In USA, gasohol is also 
common, but with the ethanol likely to be from corn grain. 



Production of liquid biofuels has been based historically on biomass 
from grain, sugar and oil crops, all of which are essential food crops, 
generally grown on the best agricultural land available.  

 

Despite crop production surpluses in the USA and Europe, the 
increasing worldwide demand for food indicates that these crops 
will not be diverted significantly from food to energy. Therefore, 
biofuel production as a major contribution to world energy supplies 
requires other feedstock and land than for food and other 
strategies.  

 

For instance, there is a need for cheaper, more energy-efficient 

processes for producing ethanol from widely available lignocellulosic 
materials, e.g. corn-stalks, straw and wood, especially sawdust and 
other woody residues, rather than from food-related crops. 

Food versus fuel 



When a plant grows, carbon is extracted from the air as CO2 is absorbed 
in photosynthesis, so becoming ‘locked into’ carbohydrate material both 

above and below ground. Significant amounts of CO2 are released in plant 
metabolism, but the net carbon flow is into the plant. Such removal of the 
greenhouse gas CO2 from the atmosphere is called a ‘carbon sink’. 
 
The Kyoto Protocol is an international treaty which aims to mitigate climate 
change induced by greenhouse gas emissions; amongst other things 
it encourages countries to plant new forests. However, as explained above, 

such carbon sinks are only temporary because when the forest is harvested 
all its above-ground carbon will be returned relatively quickly to the 
atmosphere: within months if used for paper, years if used for construction. 
Thus only a new and thereafter continuing forest can be a carbon sink, 
albeit ‘once only’. 

Greenhouse gas impacts: bioenergy and carbon sinks 



Every country has regulations concerning the allowed and the forbidden 
emissions of gases, vapours, liquids and solids. This is a huge and complex 
subject within environmental studies. 

 
The most vital aspect for the optimum combustion of any fuel is to control 
temperature and input of oxygen, usually as air. The aim with biomass and 
biofuel combustion, as with all fuels, is to have emissions with minimum 
particulates (unburnt and partially burnt material), with fully oxidised carbon 
to CO2 and not CO or CH4, and with minimum oxides of nitrogen which 
usually result from excessive temperature of the air.  

 
Although the natural carbon cycle of plant growth fully renews the carbon 
in a crop or plantation, there may be a net loss of nitrogen and possibly 
other nutrients when the biomass is burnt or otherwise processed. That is, 
nitrogen is not returned sufficiently to the soil ‘automatically’ and has to be 
put back as a chemical input, possibly in the form of manure or by rotation 

Other chemical impacts 



Hydrogen from biomass 

Production of hydrogen from renewable biomass has 

several advantages compared to that of fossil fuels 

Process routes of hydrogen-production 

Table 1 gives an overview of biological hydrogen production processes, 
that are being explored in fundamental and applied research 





The conversion of biomass into hydrogen or methane, the 
energy conversion efficiency of bio-hydrogen production is 
higher than for bio-methane.  

 

This would favour bio-hydrogen production, especially when 
hydrogen is the preferred energy carrier for electricity 
generation in low temperature Proton Exchange 

Membrane (PEM) fuel cells. Bio-hydrogen can be used directly 
in these cells, while methane requires reforming which will 
reduce the amount of generated electricity. 

 

A further potential advantage of (bio-)hydrogen is the possibility 
for CO2 capture in the production phase as an additional, 
"bonus" opportunity to reduce overall CO2-emissions. 



Biophotolysis 

A variety of microalgae and cyanobacteria are able 
to split water into hydrogen and oxygen with the aid 
of absorbed light energy. A bottleneck in this "direct 
biophotolysis" process is that the enzyme responsible 
for hydrogen production (hydrogenase) is inhibited by 
the oxygen produced. As a consequence, the 
photochemical efficiency of this process is thus far 
much lower (<1% on solar light) than theoretically 
possible (10%). Several process variants are under 
development in which the inhibition of hydrogen 
production is prevented by separating the hydrogen 
from the oxygen production phase in space or time 
("indirect biophotolysis ) 



Photofermentation 

Photofermentations are processes in which organic compounds, 
like acetic acid, are converted into hydrogen and CO2 with 
sunlight by bacteria. 

 

This process takes place under anaerobic conditions. The main 
bottleneck for practical application of photobiological hydrogen 
production is the required scaling-up of the system.  

 

A large surface area is needed to collect light. Construction of a 
photobioreactor with a large surface/volume ratio for direct 
absorption of sunlight is expensive.  

 

A possible alternative is the utilisation of solar collectors. Again, a 
drawback of these collector systems are the high production 
costs with the currently available technology. 



Biological hydrogen production by 
darkfermentation 

Hydrogen production by dark-fermentation is carried 

out by anaerobic bacteria, grown in the dark on 

carbohydrate-rich substrates. Fermentation reactions 

can be operated at mesophilic (25–40 C), 

thermophilic (40–65 C), extreme thermophilic (65–80 

C), or hyperthermophilic (>80 C) temperatures. While 

direct and indirect photolysis systems produce pure 

H2, dark-fermentation processes produce a mixed 

biogas containing primarily H2 and carbon dioxide 

(CO2), but which may also contain lesser amounts of 

CH4, CO, and/or hydrogen sulphide (H2S). 



The water-gas shift (WGS) reaction (CO + H2O = CO2 + H2) is used in 
industrial hydrogen production  

Its purpose is to produce hydrogen and to reduce the level of CO for 
final cleanup by preferential oxidation. 

The reaction of carbon dioxide with steam to make more hydrogen is 
called the water gas shift reaction since it ‚shifts‛ hydrogen atoms from 
water to gaseous hydrogen. Hydrogen must be separated from the shifted 
gas containing CO2, CO, and other trace contaminants, and polished 
(cleaned further) to meet the requirements for various end-uses (e.g., fuel 
cell vehicles).  

The water-gas shift (WGS) reaction  



VALUE  ADDED CHEMICALS AND POLYMERS 

Syngas Platform 
Biogas Platform 



Plant-based Oil Platform 

Lignin Platform 



Role of nanotechnology in  Biofuels 



Biodiesel is a biodegradable, nontoxic diesel produced from 
various oil feedstocks, including vegetable oils, animal fats, 
microalgae, and  
restaurant waste oils. In the United States, oils extracted from  
soybeans have been the primary source of biodiesel. However, 
the use of a crop-based feedstock such as soybeans has inherent  
limitations, such as a limited cultivation area and potential 
negative impacts on the food source market. Additionally, 
soybeans offer a lower yield of oil per hectare than microalgae  

A more appropriate feedstock for biodiesel production would  
utilize nonfood sources, such as waste animal fat, waste 
biomass,  
or microalgae. However, the potential for employing 
microalgae-derived oil as a source for biodiesel is currently 
limited by the  
cost and technical complexity associated with the cultivation  
of the microalgae, the extraction and refining of the oil, and its  
conversion into biodiesel. 



Recently, structurally ordered nanoparticles have attracted 
attention because of their tailored porosity and surface 
chemistry; high specific surface area; large pore volume; and 
high thermal, chemical, and mechanical stabilities. For example, 
ordered mesoporous catalytic solid (MCS) nanoparticles can be 
used as a heterogeneous catalyst to enable cleaner biodiesel 
production . 
 
They aim to  to selectively isolate fuel-relevant hydrocarbons 
from live microalgae by using mesoporous material, to convert 
microalgae-based hydrocarbons and waste oils to biodiesel in a 
single step using a mesoporous mixed metal-oxide catalyst 

This is expected to increase the extraction efficiency of fuel-
relevant hydrocarbons from feedstock and the establishment of 
extraction conditions appropriate for a large oil-production 
scale. 



Fuel Additives:  
 
Nanoparticles have been shown to increase the fuel 
efficiency of diesel by approximately 5% 


