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3.  Energy Production

3.1 Renewable Energy Technologies

3.1.3  Biomass Energy
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Biomass

� Definition:  All living plant matter as well as organic wastes 

derived from plants, humans, marine life, and animals.  

� Examples:  Trees, grasses, animal dung, sewage, garbage, 

wood construction residues, and other components of 

municipal solid waste.
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Tester, et al., Sustainable Energy:  Choosing Among Options, 2005, The MIT Press

http://dailyenergy.net/search/Biomass
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Biomass:  Three Major End Products

1. Biopower:  Generation of electricity utilizing 
biomass as feedstock

2. Biofuels

Department of Energy Categories

2. Biofuels

– Syngas

– Ethanol

– Biodiesel

3. Biobased Products: plastics, chemicals
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Biomass Plant Terms: Definition Example
Bagasse: the fibrous residue remaining after sugarcane 

or sorghum stalks are crushed to extract their juice.

Miscanthus (elephant grass): a genus of about 15 

species of perennial grasses native to subtropical and 

tropical regions of Africa and southern Asia

Sorghum: a genus of numerous species of grasses, one Sorghum: a genus of numerous species of grasses, one 

of which is raised for grain and many of which are used 

as fodder plants either cultivated or as part of pasture. 

The plants are cultivated in warmer climates worldwide. 

Species are native to tropical and subtropical regions of 

all continents in addition to the South West Pacific and 

Australasia.

Corn Stover: consists of the leaves and stalks of corn, 

sorghum or soybean plants that are left in a field after 

harvest.
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Biomass Plant Terms: Definition Example
Switchgrass: is a perennial warm season bunchgrass 

native to North America, where it occurs naturally from 

55°N latitude in Canada southwards into the United 

States and Mexico. Switchgrass is one of the dominant 

species of the central North American tallgrass prairie 

and can be found in remnant prairies, in native grass 

pastures, and naturalized along roadsides.

Sugarcane: species of tall perennial grasses of the 

genus Saccharum. Native to warm temperate to tropical 

regions of Asia, they have stout, jointed, fibrous stalks regions of Asia, they have stout, jointed, fibrous stalks 

that are rich in sugar, and measure two to six meters 

(six to nineteen feet) tall.

Arundo Donax:  Giant Cane, is a tall perennial cane 

growing in damp soils, either fresh or moderately 

saline. Arundo donax is native to eastern and southern 

Asia, and probably also parts of Africa and southern 

Arabic Peninsula. It has been widely planted and 

naturalised in the mild temperate, subtropical and 

tropical regions of both hemispheres especially in the 

Mediterranean, California, the western Pacific and the 

Caribbean.  It grows to 6 metres (20 ft). 7January 27, 2011 FLATE-FESC



Biomass Resources: National

8

Potential world energy from biomass 

assuming complete conversion:  7-10 TW

http://mitworld.mit.edu/video/518/
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Biomass Resources: FloridaOctober 2010 Data
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Biomass Resources: Florida

Feedstock Tons/year

Bagasse 2,591,680.54

Corn Cobs * 2,749.48

Corn Stover 18,329.86

Forest Residues 2,399,000.00

Primary Mill Residues 1,883,475.00

Sugarcane 11,803,017.78

Urban Wood and Sec Mill Residues 1,795,503.50

Total 20,491,006.68

Expected Yield Theoretical Yield

86.00 115.50

84.00 108.90

87.20 113.00

62.90 81.50

82.20 106.50

21.50 19.50

82.20 106.50
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Item Value

Biodiesel Stations 17

E85 Stations 38

Ethanol Plants 0

Ethanol Plant Capacity (millon gallons/year) 0

Biodiesel Plants 2

Biodiesel Plant Capacity (million gallons/year) 11

Biopower Plants 30

Biopower Plant Capacity (nameplate, MW) 1,240.00

http://maps.nrel.gov/biomass

October 2010 Data
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Biomass Trends

11

2008 Renewable Energy Data Book, US DOE, EERE, July 2009
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Biomass Electricity= Biopower
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2008 Renewable Energy Data Book, US DOE, EERE, July 2009
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Biomass Trends- Biopower

13

2008 Renewable Energy Data Book, US DOE, EERE, July 2009
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Biomass Trends- Biopower

14

2008 Renewable Energy Data Book, US DOE, EERE, July 2009
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States Leading Biopower Energy 

Development (2008)
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2008 Renewable Energy Data Book, US DOE, EERE, July 2009
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Biomass

Technical Background
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http://www.eia.doe.gov/kids/energy.cfm?page=biomass_home-basics

MIT OpenCourseWare, 3.564J Sustainable Energy, Spring 2005, http://ocw.mit.edu

+

Photosynthesis

17

Glucose ( sugar)WaterCarbon Dioxide

+ Nutrients
Nitrate (NO3), Phosphate 

(PO4), Iron, Silica…….

Photosynthesis is about 

10.5% efficient in solar 

energy conversion

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2765710/?tool=pmcentrez

Cross-section of the R. sphaeroides (bacterioclorophyll)
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Composition of Lignocellulosic Biomass

25%24%

18

45%

Lonnie Ingram, 2010 FESC Summit, http://www.floridaenergy.ufl.edu/?page_id=3657
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Plant Cell Wall Structure

Primary Cell Wall

Middle Lamella
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Plasma MembraneSommerville et al., Science 306, 2205, (2004)
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Breakdown of Biomass

20

Lonnie Ingram, 2010 FESC Summit, http://www.floridaenergy.ufl.edu/?page_id=3657
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MIT OpenCourseWare, 3.564J Sustainable Energy, Spring 2005, http://ocw.mit.edu
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22
MIT OpenCourseWare, 3.564J Sustainable Energy, Spring 2005, http://ocw.mit.edu
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MIT OpenCourseWare, 3.564J Sustainable Energy, Spring 2005, http://ocw.mit.edu
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Composition

24

Poplar
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Energy Content
http://bioenergy.ornl.gov/papers/misc/energy_conv.html
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Corn
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Biomass Processes

1. Biopower

2. Biofuels

3. Biomass Chemical Products
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Biomass Processing

29
Office of Technology Assessment, Energy From Biological Processes, July 1980

http://www.princeton.edu/~ota/ns20/year_f.html
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1.  Biopower
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Biomass Electricity = Biopower

Most electricity generated using biomass today is by direct combustion using conventional boilers.

These boilers burn primarily waste wood products generated by the 
agriculture and wood-processing industries. When burned, the wood 
waste produces steam, which is used to spin a turbine. The spinning 
turbine activates a generator that produces electricity.   This could be 
in a co-generation system.

31

Biomass can also be gasified prior to combustion. Gases generally burn cleaner and more 
efficiently than solids, which allows removal of toxic materials. Gasification also makes 
it possible to use biomass in combined-cycle gas turbines, such as used in the latest 
natural gas power plants. Using gasification, these natural gas power plants can achieve 
much higher efficiencies. Small modular biomass gasification systems are well suited for 
providing isolated communities with electricity

In addition, the decay of biomass in landfills produces gas (primarily methane) naturally, which can be 

harvested and burned in a boiler to produce steam for generating electricity.
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Direct Combustion Biopower
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Air-blown Gassification based Biopower
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2.  Biofuels

Syngas

Ethanol

Biodiesel
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Various Routes to Biofuels

35Science for Energy Technology: Strengthening the Link between Basic Research and Industry, DOE, August 2008, http://www.er.doe.gov/bes/reports/abstracts.htmlJanuary 27, 2011 FLATE-FESC



Conversion Processes
Biochemical Conversion - Biomass 

is broken down to sugars using 

either enzymatic or chemical 

processes and then converted to 

ethanol via fermentation.

36http://www1.eere.energy.gov/biomass/

Thermochemical Conversion -

Biomass is broken down to 

intermediates using heat and 

upgraded to fuels using a combination 

of heat and pressure in the presence 

of catalysts. 
January 27, 2011 FLATE-FESC



Biochemical Conversion
Lignocellulose (mainly lignin, cellulose and hemicellulose), is the 

primary component of plant residues, woody materials and grasses. 

The cell walls or these plant matters are comprised of long chains of 

sugars (carbohydrates), which can be converted to biofuels. 

Biochemical conversion breaks down the cell wall through the introduction of 

enzymes or acid in order to extract the sugars which are then converted to 

37http://www1.eere.energy.gov/biomass/biochemical_conversion.html

enzymes or acid in order to extract the sugars which are then converted to 

biofuels using microorganisms. 

Due to the complex structure of the cell wall it is more 
difficult to break down into sugars, making this material 

more expensive to convert to biofuels.

Current R&D focuses on high-yield feedstocks, more efficient enzymes, and more 

robust microorganisms to advance biochemical conversion processes
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Biochemical Conversion

(1)  Pretreatment (also known as Prehydrolysis)

(1)

(2) (3)

(4)

38http://www1.eere.energy.gov/biomass/biochemical_conversion.html

(1)  Pretreatment (also known as Prehydrolysis)

Biomass undergoes a thermochemical process, where heat and either water, an acid or a base are used to break 

down the cellulosic biomass into soluble sugars and make the cellulose more accessible for the hydrolysis step.

(2)  Hydrolysis/Saccharification

The pretreated material is saccharified (separating the carbohydrates) and the sugar is released. Enzymes or acid 

are used in this process to beak down any remaining solid cellulose to simple sugars. This process takes several 

days after which the mixture of sugars and any solids or un-reacted cellulose is transferred to a fermenter.

(3) Fermentation

Fermenting organisms are added to the mixture to ferment the sugars to alcohol and carbon dioxide. 

(4)  Product Recovery

This process involves distilling the fermented mixture to separate the ethanol from the water and any residual 

solids. The remaining solids are primarily composed of lignin, which can be burned for heat and power or 

thermochemically (using heat) converted to synthesis gas or pyrolysis oil intermediates for upgrading to fuels.
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Enzyme Hidrolysis

39Science for Energy Technology: Strengthening the Link between Basic Research and Industry, DOE, August 2008, http://www.er.doe.gov/bes/reports/abstracts.htmlJanuary 27, 2011 FLATE-FESC



Thermochemical Conversion
Gasification

Gasification
In gasification conversion, lignocellulosic

feedstocks such as wood and forest products are

broken down to synthesis gas, primarily carbon

monoxide and hydrogen, using heat. The

feedstock is then partially oxidized, or reformed

with a gasifying agent (air, oxygen, or steam),

which produces synthesis gas (syngas).

40

Pyrolisis

Pyrolysis
In pyrolysis processing, biomass feedstocks are

broken down using heat in the absence of oxygen,

producing a bio-oil that can be further refined to a

hydrocarbon product. The decomposition occurs at

lower temperatures than gasification processes, and

produces liquid oil instead of a synthesis gas.
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Biofuels
• Syngas (Synthetic Gas)

– A gas mixture of primarily carbon monoxide and hydrogen resulting 
from gasification.

– The name comes from their use as intermediates in creating synthetic 
natural gas (SNG) and for producing ammonia or methanol

– Can be used for combustion in gas turbine engines to produce 
electricity or as fuel for distributed generation equipment.

• Bioethanol
– An alcohol made by fermenting the sugar components of biomass.– An alcohol made by fermenting the sugar components of biomass.
– Ethanol can be used as a fuel for cars in its pure form, but it is usually 

used as a gasoline additive to increase octane and improve vehicle 
emissions.

• Biodiesel
– A mixture of fatty acid alkyl esters made from vegetable oils, animal 

fats or recycled greases.
– Biodiesel can be used as a fuel for vehicles in its pure form, but it is 

usually used as a petroleum diesel additive to reduce levels of 
particulates, carbon monoxide, hydrocarbons and air toxics from 
diesel-powered vehicles.
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Bioethanol

42

C6H12O6 —> 2 CH3CH2OH + 2 CO2

http://www1.eere.energy.gov/biomass/abcs_biofuels.html

Glucose ( sugar) Ethanol
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Oil Yields of Some Seeds
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Biodiesel Processes

• Can utilize oil 

producing crops, orproducing crops, or

• Waste oil

– Restaurants
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