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• Context : Economic and environmental challenge

• Problematic : Integration of Renewable Energy
• Objective of course first part (2 hours) :
Bringing necessary knowledge for understanding Biomass Energy
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Biomass Energy
• Principle and fundamentals of biomass Energy

–Biomass energy is the use of living
and recently dead biological
material as an energy source.
–Ultimately dependent on the capture
of solar energy and conversion to a
chemical (carbohydrate : CH2O)
fuel.
–Theoretically it is a carbon neutral
and renewable source of energy.

Biomass Energy
•

How it works?
– Traditional: forest management, using wood as fuel for example for
heating : “The largest source of standing terrestrial biomass
carbon is forest biomass, which contains about 80 to 90% of the
total biomass carbon.”
– Use of biodegradable waste
• Examples: manure, crop residue, sewage, municipal solid waste
– Recent interest in agricultural production of energy crops
• Should be high yield and low maintenance
• Examples: corn, sugarcane, switchgrass, hemp, willow, palm oil,
rapeseed, and many others
• Does not have to be a food crop
• Recent interest in bioengineered (GM) plants as fuel sources
– Production of a liquid or gaseous biofuel
• Biogas due to the breakdown of biomass in the absence of O2
– Includes capture of landfill methane
• Bioethanol from fermentation, often from corn. Cellulosic bioethanol
is usually from a grass (switchgrass)
• Biodiesel from rapeseed and other sources

Biomass Energy
•

How it works?

https://www.youtube.com/watch?v=slQRWbRE8VI

Biomass Energy
•

How it works?

Main features of biomass energy
technology. From Klass (1998).

Biomass Energy
• Significance of biomass combustion
• Use of biomass for energy causes no net increase in

carbon dioxide emissions to the atmosphere and does not
contribute to the risk of global climate change.
• Growing plants remove carbon from the atmosphere

through photosynthesis.
• If the amount of new biomass growth balances the biomass
used for energy, bioenergy is carbon dioxide “neutral”.

• Globally, biomass meets about 14 percent of the world’s
energy needs.
• Origination process of biomass:
+ sunlight

6 CO2 + 6H2O

C6H12O6 + 6 O2

Biomass Energy
• Types of biomass energy conversion
“The energy content of biomass could be diverted instead to
direct heating applications by collection and combustion.
Alternatively, biomass and any wastes that result from its
processing or consumption could be converted directly into
synthetic organic fuels if suitable conversion processes were
available. »
- Direct conversion : heating by collection and combustion
- Indirect conversion :
• Example : genertaing electricity : biomass power plant
• Gasification (methane, amonia, etc.)
• Synthetic organic fuels.

Biomass Energy
• Combustion processes

Biomass Energy
• Classification of biomass
•

Renewable primary products:
forest wood, energy crops (rape, maize, corn),
biological raw materials, oil plants

•

Biological residues:
straw, matured forest, small dimensioned wood,
loppings, abattoir refuse, blackstrap molasses,
sewage sludge, landfill gas, biological part of
municipal solid waste

Biomass Energy
• Classification of biological solid fuels
Biological solid fuels

Wood-like biomass

Residues
- Logging remains
- Industrial wood

Calm-shaped biomass

Energy crops
- Fast-growingforest

Residues
- Straw

species

Energy crops
- Corn
- Rape

residual

- Sunflower

- Used and demolition

- Maize

wood
Sizing of biological solid fuels:

1) bulk goods (bale of straw, firewood)
2) bulk solids (straw, wood chips, wood in powder form, pellets)

Biomass Energy
• Direct combustion
•

Combustion technologies convert biomass fuels into several forms of useful
energy for commercial or industrial uses: hot air, hot water, steam and
electricity

•

A furnace is the simplest combustion technology:
- biomass fuels burns in a combustion chamber
- converting biomass into heat energy (hot gases contains 85 % of the
fuel’s potential energy)
- either direct or indirect use of heat exchanger to use the hot gases in the
form of hot air or hot water
- combustion of wood can be divided into four phases:
1) Drying: water inside the wood boils off
2) Degasification: gas content is freed from the wood
3) Gasification: the gases emitted mix with atmospheric
air and burn at a high temperature
4) Combustion: the rest of the wood (mostly carbon) burns

Biomass Energy
• Direct combustion
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Biomass Energy
• Direct combustion
Biomass pellets (left) and
pneumatic delivery by truck (right)

Biomass Energy
• Direct combustion
Pellet-burning stove (left) and furnace (right)

Source: www.harmonstoves.com

Biomass Energy
• Direct combustion
• A biomass-fired boiler is a more adaptable direct combustion technology
because a boiler transfers the heat of combustion into steam
- steam can be used for electricity, mechanical energy and heat
- boiler’s steam output contains 60 to 85 % of the potential energy in
biomass fuel
- major types of biomass combustion boilers: pile burners, stationary or
travelling grate combustors, fluidized-bed combustors

Pile burners:

- consist of cells, each having an upper and a lower
combustion chamber
-biomass fuel burns on a grate in the lower
chamber, releasing volatile gases

- the gases burn in the upper combustion chamber
Refractory furnace and underfeed stoker

- operator must shut down pile burners periodically
to remove ash
http://capitalenergy.biz/?p=8858

Biomass Energy
• Direct combustion
• Fluidized-bed combustors:

flue gas

- burn biomass fuel in a hot bed of granular material,
such as sand
- injection of air into the bed creates turbulences
resembling a boiling liquid
- the turbulences distributes and suspends the fuel

Secondary

- the design of a fluidized-bed reactor increases heat

air

secondary air

transfer and allows for operating temperatures
below 950 °C, reducing nitrogen oxide emissions
- fluidized-bed combustors can handle high-ash
fuel agricultural residues and sewage sludge

fuel

ash

air

combustion
bed ash

http://www.thermodyneboilers.co
m/fluidized-bed-combustion/

Biomass Energy
• Direct combustion
• Fluidized-bed combustors:

https://www.youtube.com/watch?v=cmm5R_km4Kk

Biomass Energy
• Direct combustion
• Cogeneration:
- using a boiler to produce heat and electricity
Conversion efficiency 85%

- for comparison: electricity production from steam-driven
turbine- generators

conversion efficiency 17 to 25 %

• Direct-Fired Gas Turbine Technology:
- fuel pre-treatment reduces biomass to a particle size less than 2 mm
and a moisture content of less than 25 %
- fuel is burned with compressed air
turbine
electricity

• Co-Firing:
-

biomass is used as secondary fuel e.g. in coal-burning power plants
could help to reduce sulphur dioxide and nitrogen oxide emissions
decreases net carbon dioxide emissions from the power plant (if the
biomass fuel comes from a sustainable source)

Biomass Energy
• Direct combustion
Advantages and disadvantages
•

Advantages and disadvantages of modern firing (bulk goods vs. bulk solids)
advantages

disadvantages

firing of wood log
- low investment costs
- high operating expense
- low stock requirements for the solid fuels
- buffer storage to avoid light load operation
- high efficiency (up to 90 %)
firing of wood chips
-

user friendly and low-maintenance
- higher costs of investment
automatic provision of heat
- higher stock requirements for the
very high efficiency (more than 90 %)
solid fuels necessary
also weak wood residuals useable
firing of wood pellets

- user friendly and low-maintenance
- automatic provision of heat
- very high efficiency (up to 95 %)
- low stock requirements for the solid fuels
-necessary

- higher costs of investment

Biomass Energy
• Pyrolysis and gasification
•

Gasification of solid biological fuels:
-emergence of a gaseous energy sources (lean gas, burnable gas) by
conversion of solid biological fuels with the influence of high temperatures
- scission of solid biological fuels into solid and gaseous components by using
heat and O2
-advantages: less emissions than combustion, ideal for energy recovery
- disadvantages: lots of dust and organic compounds in the exhaust
poorly
properties for turbines

•

Pyrolysis: (liquefaction of solid biological fuels)
-conversion of the biomass with lack of O2 and influenced by heat
-emergence of solid, fluid and gaseous products which can use for energy
recovery
- advantages: solid biological fuels can convert into liquid energy sources which
are well transportable and have a high energy density
- currently: stage of development

Biomass Energy
• Gasification

Chemicals from syngas by established processes. From Klass (1998).

Biomass Energy
• Biological gasification (anaerobic digestion)
- Anaerobic decomposition is decomposition in the absence of oxygen that
produces methane.
- Among other places, it occurs in sanitary landfills (in which waste including
organic matter alternates with clay layers, creating anaerobic conditions and
temporarily trapping any methane produced from anaerobic decomposition).
- The methane is extracted with perforated pipes.
- The efficiency (heating value of extracted methane over heating value of the

organic waste is only ~ 20%).
- Can be done with greater efficiency (50-55%) in dedicated digesters.

Biomass Energy
• Biological gasification (anaerobic digestion)
Dedicated anaerobic digestion
of organic solid waste with recovery of biogas, low- &
high-temperature heat, and digestate as fertilizer
0.085 t of rejects
for dumping
Gas treatment

0.040 t ferrous
metals
1 t refuse 62.5% dry matter
50% organic matter

biogas

125 m3
biogas

Preparation

Methanization
0.875 t
crushed
material

Refining

digestate

0.156 t
combustible
rejects
Combustion

Recovery of
low-temp heat

kWh
low-temperature heat
kWh
high-temperature heat

Source: Ramage and Scurlock (1996, Renewable Energy, Power for a Sustainable Future,
Oxford University Press, Oxford, 137-182)

Biomass Energy
• Biological gasification (anaerobic digestion)
Anaerobic digestion of animal and sewage wastes
- 5 million household cattle-dung digesters in China, along with 500 large-scale
digesters at pig farms and other agro-industrial sites, and 24,000 digesters at

sewage treatment plants.

- 20 million households in China use biogas from digesters for cooking and

lighting needs, and 4 million households in India.

- 5000 digesters in industrialized countries, primarily at livestock processing

facilities and municipal sewage treatment plants.

Biomass Energy
• Biological gasification (anaerobic digestion)
Cattle dung digester in India

Source: Kartha and Larson (2000, Bioenergy Primer, Modernized Biomass Energy for
Sustainable Development, United Nations Development Programme, New York)

Biomass Energy
• Biological gasification (anaerobic digestion)
Digester on a pig farm in England

Biomass Energy
• Biological gasification (anaerobic digestion)
Indian digester design

Source: Kartha and Larson (2000, Bioenergy Primer, Modernized Biomass Energy for
Sustainable Development, United Nations Development Programme, New York)

Biomass Energy
• Biological gasification (anaerobic digestion)
Chinese digester design

Source: Kartha and Larson (2000, Bioenergy Primer, Modernized Biomass Energy for
Sustainable Development, United Nations Development Programme, New York)

Biomass Energy
• Biomass state in Europe
- Germany has a big biomass reserve.
- And Europe in general has a huge biomass reserve.
- Biomass’ Share of Total Energy consumption is France is
about : 6 % (4.5 % in 2000, 5.7% in 2013).

- Finland is the leader of biomass valorization in Europe.

Biomass Energy
• Carbon neutral
– CO2 ultimately released in energy generation is recently captured and so ideally
does not change total atmospheric levels
– Carbon leaks can result in a net increase in CO2 levels
– Sequestration in soil can result in a net decrease in CO2 levels

Biomass Energy
• Advantages
– Versatile
– Renewable : New trees , Renewable Municipal Wastes

• “No net CO2 emissions” (ideally) : “sustainable, biomass
energy plantations are designed so that the biomass
harvested for conversion to energy or fuels is replaced
by new biomass growth ».
– Reduction undesirable emissions (Emits less SO2 and NOx )
than fossil fuels : substitution of fossil fuels.
– Waste management : combined application of waste biomass
disposal and energy recovery technologies.
– Creation of new jobs by developing new biomass power plants
and conversion manufactures.
– Local use : development of local economy

Biomass Energy
• Disadvantages
– Low energy density/yield
•In some cases (eg, corn-derived bioethano l)
may yield no net energy :

– Land conversion
• Biodiversity loss
• Possible decrease in agricultural food productivity

– Usual problems associated with intensive agriculture
•
•
•
•

Nutrient pollution
Soil depletion
Soil erosion
Other water pollution problems.

– Huge investment to create biomass power plants.
– Space for solid fuel storage.

