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Biomass is the most important source of renewable energy making up 10 % of world’s 
primary energy supply today and overtaking the crude oil as the most important source of 
commercial energy around 2030. Heat and power will continue as the largest fields of 
bioenergy production, but fastest growth should be found in the biorefinery industry. 
Advanced biofuels could provide 25-30 % of global road transport fuels by 2050.

Bioenergy is a form of renewable energy generated from organic material, called biomass, by using 
different conversion technologies. There are a number of special forms of bioenergy with variable 
mechanical, thermal, and chemical characteristics. For industrial applications, however, heat, power 
(electricity), and transport fuels are the most wanted end products.

Bioenergy is the oldest form of man-made energy accounting at the present for about 10 % of the 
world’s total primary energy consumption. Most of this is still used for traditional cooking and 
heating purposes in the less developed economies. 

World’s demand for modern bioenergy, especially for liquid biofuels, is continuously growing due 
to climate change mitigation policies and depleting hydrocarbon reserves. Furthermore, bioenergy 
production can enhance global agricultural and rural development, while simultaneously resulting in 
a number of environmental and socio-economic concerns.

Production and use bioenergy releases carbon dioxide (CO2) and several other harmful greenhouse 
emissions. In most cases, however, a significant part of CO2 is absorbed by re-growth of the 
restored vegetation through the photosynthesis process. 

The outcome depends significantly on the origin and type of biomass and the cleanness and 
efficiency of the technology used in the process. In order to get good understanding of the emission 



reduction quantity, a total value chain of the application in question, from collection of raw 
materials into end use of energy, is to be evaluated. 

Biomass classification
Biomass is defined as organic material derived from plants or animals available on a renewable 
basis. It has a variety of uses, not only for energy, but also for food, animal feed, construction, 
fertilizers, plastics, and other. The earth’s total terrestrial and marine biomass is estimated at about 
600 billion tons. 

Using an average heating value of 1.8 gigajoules (GJ) per ton of dry biomass, it has the energy 
production potential of 11,000 exajoules (1 EJ = 1018 J) that is 20 times as much as current annual 
energy consumption of the world. In many publications, global annual bioenergy potential is 
estimated at 200 - 400 EJ, compared to about 55 EJ of primary energy supplied from biomass in 
2012. 

There is no single established norm for biomass feedstock classification. Commonly used types of 
biomass in traditional bioenergy production include fuel wood, animal dung, charcoal, and a variety 
of agriculture residues. In designing modern bioenergy applications, a classification according to 
source of biomass is generally used, of which a typical example is presented below:

* Energy crops/agro-industrial biomass (oil crops, sugar cane, jatropha, switschgrass, and other)
* Forestry biomass (green wood, industry by-products and residues)
* Peat biomass (milled peat, peat pellets and brickets).
* Agriculture biomass (corn, oil plants, animal waste, agriculture residues)
* Aquatic biomass (algae, giant kelp, water hyacinth)
* Other industrial (packages, fishery biomass, food industry  waste and residues)
* Municipal biomass (solid and landfill waste, sewage sludge, household waste and compost)

A more detailed classification and specification of solid biomass is given in the European (EN) 
standards (EUBionet) that will replace the national standards of individual EU countries as soon as 
accepted.

Reserves for sustainable use
Most of the world’s biomass resource is used locally or 
domestically, but biomass commodities like wood chips 
and pellets, peat pellets, bio-oils, and feedstock for 
ethanol and biodiesel are already traded internationally.  

A significant growth in the international biomass trade 
is expected to continue in the EU and North America 
due to current environmental policies, as well as in 
Southeast Asia and Latin America due to growing forest 
industry activities and increasing energy demand.

Sugar-cane plantation in Mauritius, Africa.
Global bioenergy supply is forecast to grow by 3-5 % a year and estimated to reach an annual 
energy output of 200 - 250 EJ by the year 2050, accounting at that time for 20 - 30 % of world’s 
total primary energy consumption.

This level of production would consume four to five times more biomass than today and require 
massive investments in the production infrastructure. In addition, there are a number of 

http://www.eubionet.net/


uncertainties that can affect the availability of sufficient biomass volume. 

Critical issues include competition with food and feed production, over-use of local water 
resources, losses of biodiversity due to extensive farming of energy crops, and heavy use of 
fertilizers and herbicides. Besides, the agro-industrial biomass production is causing socio-
economic impacts on the livelihoods of local populations that would prefer to own and cultivate 
their farms or construct community-scale bioenergy plants.

It is therefore important to identify types and quantities of biomass reserves that can be used for a 
sustainable production and use of bioenergy. In order to achieve that, public authorities have set up 
relevant sustainability criteria and certification procedures for adaptation in the biomass 
procurement. 

An important part of sustainable reserves is formed by waste biomass, i.e. wastes and residues 
discharged from industrial, agricultural, and peoples living activities. Based on a FAO estimate, 
energy contents of the global annual waste biomass totals around 130 EJ, consisting on the 
following segments:

Waste biomass segment Energy content (EJ)

Forestry waste and residues 37
Agricultural waste and residues 48
Cattle dung and livestock 
biomass 43

Production technologies

A variety of alternative bioenergy production technologies exists to convert biomass into useful and energy intensive products.  Main conversion processes for 
the production of bioheat, biopower, and transport biofuels are illustrated below.

Main conversion routes for production of commercial biomass energy.  (Sources: WEA 2001, Jumppanen 
2007)



Thermo-chemical conversion uses heat as the process energy. It is usually divided into 
combustion, gasification, and pyrolysis technologies, all of which can treat solid biomass. 

Direct combustion means burning of biomass in a furnace to provide heat or use of steam-cycle 
boiler, turbine (SE), and generator to produce heat and power (chp). The Stirling engine (SE), 
mostly applied to marine applications, would offer an alternative device for the chp production.  

A fluidized-bed combustor is the most commonly used type of boiler, as it burns multiple types of 
biomass at very high efficiencies. Traditional biomass combustion facilities have low conversion 
efficiencies, typically from 20 to 30 %, while a boiler-based chp -systems can reach efficiencies as 
high as 75 - 85 %.

Gasification means heating of biomass with a sufficient amount of oxygen or air in a gasification 
reactor to produce synthetic gas (syngas), a mixture of carbon monoxide (CO) and hydrogen. After 
cleanup and conditioning, syngas can be burned in a gas turbine (GT), gas engine (GE), or 
integrated gasification combined cycle plant (IGCC) to produce power and heat. 

Alternatively, syngas can be processed further into pure hydrogen or liquid fuels, bio-methanol and 
biodiesel, using e.g. the Fisher-Tropsch (FT) process. Fuel cell technologies offer a great potential 
to convert purified syngas, hydrogen, or methanol into heat and power at very high efficiencies. 

In a pyrolysis reactor, biomass is heated in the absence of oxygen to produce bio-oil, synthetic gas, 
and charcoal. There are advanced reactor technologies which may convert as much as 70 % of the 
biomass into liquid pyrolysis oil. Similar to gasification process, pyrolysis syngas can be converted 
into power and heat, hydrogen, or liquid biofuels. Pyrolysis oil can be burned directly in a chp 
plant or alternatively upgraded into renewable transport fuels, naphtha and biodiesel, in a hydro-
processing cycle. Charcoal, for its part, can be used as combustion fuel or soil improvement 
material in agriculture.

Biochemical conversion contains esterification, fermentation, and digestion technologies which 
make use of microbes, enzymes, and catalysts to produce liquid transportation fuels or biogas. 

As shown in the above drawing, different types of transesterification processes can be used to 
convert oily and fatty biomass, together with an alcohol and a catalyst, into biodiesel in an 
industrial or farm-scale production. Mechanical energy, compression or centrifuge, can also be 
used to extract bio-oils directly from oilseed or oil crop biomass to be used in the esterification 
process.

Bioethanol and other alcohol-based biofuels can be produced from appropriate biomass through 
sugar fermentation and hydrolysis processes. A large part of world’s bioethanol is made today from 
sugar cane, corn, or other agricultural feedstock. As discussed above, it is these biomass types that 
create concerns about sustainability of today’s biofuel production. In the future, the so-called lingo-
cellulosic biomass has a great potential to replace a significant part of the corn-based feedstock in 
the ethanol and biodiesel production.

Anaerobic digestion is used to convert liquid or solid biomass into biogas in an anaerobic or partly 
aerobic process. The anaerobic process deals typically with wet biomass from industrial, 
agricultural, and household wastes, while the aerobic process solid biomass trough a composting 
process. The generated biogas contains mainly methane and CO2, and a number of additional 
constituents as well. After purification, biogas can be used as a transportation fuel or, alternatively, 
burned in a gas engine (GE), micro turbine (MT), or fuel cell facility for the chp production. 



Residues from the anaerobic digestion can be used as fertilizer or soil improvement material.

Biogas cleaning important

Both synthetic and digested biogas may contain a number of unwanted components and traces of 
harmful substances. Components to be removed typically include water, carbon dioxide, hydrogen 
sulfide and other sulfur compounds, nitrogen and ammonia, elements of tar, halogenated 
hydrocarbons, siloxanes (contain SiO -components), and a variety of volatile organic compounds, 
VOCs. The biogas is often cleaned and upgraded up to the pipeline natural gas quality level, after 
which it can be fed into local gas network, used as a vehicle fuel, or burned in a residential power 
plant. 

There are a number of conventional technologies of biogas cleaning such as water and 
polyethylene glycol (Selexol) scrubbing, activated carbon and pressure swing absorption, iron-
oxide reaction, catalytic hydrolysis and oxidation, biological desulphurization, and different 
membrane separation technologies based either on the gas-liquid absorption or high pressure 
separation. 

In addition, a number of new advanced physical and chemical absorbents and membrane separation 
techniques are entering into the gas cleaning business. Of these, nano carbon-fiber materials, 
polymeric and enzymatic membranes, ionized liquids, 3d micro-porous materials, and metal 
organic frameworks (MOFs) are already being tested and demonstrated in actual projects.

Biorefinery integrates processes

Biorefinery is a facility that integrates several biomass conversion processes and equipment in 
order to produce a variety of biofuels and other types of biomaterial products. It can take advantage 
of differences in biomass components and process intermediates for optimizing the use of raw 
materials and production economics. 

A biorefinery may produce, for example, high volumes of liquid transportation fuels and co-
produce heat and power, fertilizers, plastics, and other chemical constituents. Today, biorefinery 
technologies have been identified as the most promising route to create new bioenergy industry. 
However, significant investments in research and development to improve biofuels’ 
competitiveness against the conventional fossil fuels are still required.

Bioenergy markets

Lahti Energia's new waste-to-energy plant in 
Finland.

Global bioenergy markets have crown by 5 - 10 % a 
year in the 2000’s, but significantly slower since 2010. 
High fossil fuel prices, large and diversified biomass 
resource, and considerable incentives for the biomass 
energy industry have been the main drivers to the 
growth. Energy contents of the modern biomass used 
in 2012 amounted to about 18 EJ, including industrial, 
municipal, and private end-use sectors. It was 2 % up 
from the 2011 level accounting for 3.5 % of the global 
primary energy consumption.

Slightly more than 50 % the supply in 2012 was heat, with the remaining share being divided 



almost equally between power and biofuels. Roundly 4.5 EJ of biomass energy was used for power 
generation corresponding to some 480 terawatt hours (TWh) (1 TWh = 109 kWh) net electric 
energy produced in a modern power plant. Deviant output figures are found in different 
publications.

Bioheat has a variety of applications within industrial and agricultural activities, municipal 
services, and individual households. In 2012, the world’s bioheat generation capacity amounted to 
295 gigawatts (GW), only 1 % up from the 2011 level. According to an IEA scenario, the industrial 
bioheat generation is expected to increase from 330 TWh in 2010 up to 420 - 460 TWh in 2020. 
The largest market growth potential should be found in China, India, and other high population 
growth areas.

At the same time, the price of coal has decreased significantly due to increasing shale gas 
production, helping coal to replace wood and peat biomass in many heat production and chp 
facilities. Another important issue is the carbon emission trading system that, partly because of 
cheap coal, has not been able to support the bioheat market growth as expected. Then, in order to 
increase the use of biomass in the heat production, co-firing of biomass with coal will be needed. 

Industrial bio-power production amounted to about 350 TWh in 2012, with the production capacity 
being around 85 GW at the end of the year. The production was 5 % up from the output in 2011 and 
accounted for about 1.5 % of the world’s total power production volume. 

Most of the bio-power plants are still direct-fired combustion units or coal co-firing systems. Other 
power plant types are typically gas turbine, gas engine, or integrated gasification combined cycle 
units that burn purified biogas obtained from gasification, pyrolysis, or digestion processes. In 
addition, small amounts of liquid biofuels are converted to bio-power by using internal combustion 
engines. 

According to an IEA report, industrial biopower generation is estimated to grow from 320 TWh in 
2010 up to 690 - 750 TWh by 2020. Main growth potential is found in power plant conversion 
projects in which coal or natural gas is replaced by biomass based fuels. Much like in the bioheat 
production, cheap coal is likely to challenge the expected biopower market growth

Biofuels development
In the transportation sector, the global use of liquid biofuels has grown significantly in the 2000’s. 
During the second half of the decade, the average annual growth rate was over 10 % for ethanol and 
nearly 20 % for biodiesel. Combined production of the both fuels amounted to 60.2 mtoe (million 
tons of oil equivalent) in 2012, declining by 0.4 % from the production in 2011. The ethanol output 
was 83.2 billion liters, 1.7 % down from 2011, and the biodiesel output 23.0 billion liters, 2.7 % up 
from the previous year. Altogether, the liquid biofuels accounted for about 3 % of the consumption 
of world’s road transport fuels, even though slightly different figures are found in different sources.

Of individual countries, the U.S. was by far the world’s leading ethanol producer with an output of 
50 billion liters in 2012. Brazil’s sugarcane based production amounted to 23.5 billion liters, while 
China and Canada achieved production volumes of 2.4 and 2.0 billion liters. Brazil, Argentina, and 
Germany were the leading biodiesel producers in 2012, reaching output figures of about 2.8 billion 
liters, each. Together the EU countries produced 5.0 billion liters ethanol and 10.9 billion liters 
biodiesel in 2012. Out of individual companies, Finland’s Neste Oil was by far the largest producer 
of renewable biodiesel with about two billion liters output.



Advanced biofuels provide a lot of benefits

To enhance sustainability in the biofuels 
production, much effort has been put to the 
development of advanced biofuels. The goal 
is to increase sustainable use of biomass, 
improve production economics, and provide 
greater environmental benefits.

.
In the scientific community, liquid biofuels are usually divided into first-
generation and second-generation biofuels, of which the latter group is also 
known as advanced biofuels. At the same time, advanced biofuels are 
sometimes divided further into second-generation and third-generation 
products. 

First-generation biofuels are made primarily of food crops, such as grain, sugar 
cane, oil palm, soybean, and rapeseed, using conventional processes like 
fermentation and transesterification. 

Second-generation biofuels are produced from forest residues, wood process 
wastes, agricultural residues, and municipal solid wastes, referred generally as 
lingo-cellulosic biomass. Typical second generation biofuels include cellulosic 
ethanol via enzymatic hydrolysis, bio oils via pyrolysis, BTL and FT diesel via 
gasification process, bioDME via catalytic dehydration, and a number of other 
products. 

Third-generation biofuels are usually related to the use of aquatic biomass, 
algae and sea weeds, in bioethanol, biodiesel, biokerosene, or biohydrogen 
production. Aquatic biomass processes consume large volumes of water and 
require, correspondingly, effective dewatering in different stages of the 
production chain.

Industry making significant progress

Gasum Oy's biogas station in Finland.

Today, advanced biofuels industry is making 
significant progress both in technology 
development and factory construction. In the 
U.S., the production capacity of advanced 
biofuels amounted to 4 billion liters at the end 
of the year 2013. Nearly USD5 billion of 
private capital has been invested in the area 
since 2007, with 160 industrial scale 
production units by 159 companies being 
constructed up to now.

The EU has launched in 2012 the Advanced Biofuel Initiative with a budget of 
EUR3.4 billion for the period of 2014 - 2020. In addition, most of the EU 
member states run their own national biofuel programs. According to existing 
EU roadmap for bioenergy development, advanced biofuels should take a share 
of 20 % out of the total biofuel consumption by 2030.



Despite the small decline in 2012, the demand for biofuels is forecast to grow 
by 50 - 70 % within the next ten years.  The production of advanced biofuels is 
estimated to increase from about 4 mtoe in 2012 up to 10 - 12 mtoe in 2020. 
Ethanol is expected to remain the dominant biofuel for several decades, 
reaching an estimated production volume of 120 - 140 billion liters in 2020. 

The global biodiesel production is expected to grow somewhat faster than the 
ethanol production, achieving a production level of 30 - 40 billion liters by 
2020. In the long term, marine transportation and aviation applications are 
likely to increase both the ethanol and biodiesel market considerable.

Bioenergy in Finland

Finland is known as one of the world’s leading 
countries in the bioenergy production and 
technology development. Today, the country’s 
bioenergy portfolio contains practically all 
advanced bioheat, biopower, and biofuel 
technologies and applications available both for 
domestic and international projects.

BIOvakka Suomi Oy's biogas plant in Finland.

Wood gasification for making transport fuels began already at the end of 1930s and the use of peat 
and forest industry side products as sources of industrial and municipal energy soon thereafter. 
Today, bioenergy is the most significant source of renewable energy in Finland accounting for close 
to 30 % of the country’s total energy consumption and as much as 12 % of the total power 
production - by far the highest figure among the industrialized countries.

92 TWh of biomass-based heat and power was supplied in 2012, making up 24.2 % of Finland’s 
total energy consumption. Peat energy was the second biggest type of bioenergy with an output of 
18 TWh and a share of 4.7 % of the total energy consumption in 2012. Oil crops, agriculture 
residues, and municipal and food industry wastes were other main biomass sources used for the 
bioenergy production in the country.

Finland applies the EU energy policy requirement to increase the share of renewable energy 
consumption from 28.5 % in 2005 up to 38 % by 2020. Due to the relatively slow progress in the 
wind power, solar energy, and geothermal development, practically all the projected growth should 
come from the bioenergy industry. Following EU’s biofuel legislation, the country has also 
committed to use 5.75 % renewable fuels as a part of conventional transport fuels in 2010, and as 
much as 10 % in 2020. Apart from that, Finland, similarly to the U.S., has set up a national target to 
increase the share of renewable fuels up to 20% by 2020.

World-class bioenergy industry
Finland is keeping up extensive and diversified energy industry with several hundreds of companies 
and R&D institutions working on all individual fields of bioenergy technology and applications. As 



wood-based materials take a share of about 80 % of the used biomass feedstock, majority of the 
country’s forest industry-related companies are more or less engaged in the bioenergy business.

Of individual activities, UPM’s biorefinery projects in Lappeenranta and Strasbourg for the 
production of renewable biodiesel from wood waste and residue biomass should be mentioned.

Despite environmental concerns, peat has maintained its position as an important source of 
bioenergy in Finland. Nearly 90 % of the peat produced is converted into energy in about 60 
municipal and industrial power plants, mostly chp, around the country, and in more than 100 boilers 
peat is co-fired with wood-based biomass. In addition to fuel usage, small amounts of peat is 
consumed in horticultural applications and used as an absorbent to clean up hydrocarbon spills both 
on land and in water. Vapo Ltd. is the world’s top peat producer and a major provider of all kinds 
of peat production and processing technologies worldwide.

Neste Oil is the world’s leading producer renewable biodiesel with its premium-quality NExBTL 
product. Besides, the company is working intensively on the use of waste-, residue-, and algae-
based biomass in the biodiesel production.

Bio-oil plant in Joensuu, Finland. Photo: Fortum 

At the end of 2013, the company Fortum completed the 
construction of a bio-oil plant based on fast pyrolysis 
technology, first of its kind in the world. The plant in 
Joensuu, Finland, produces power and heat from pyrolysis 
oil and gas generated from energy wood and forest 
residue, replacing heavy fuel oil in the chp production. 

The technology has been developed in collaboration 
between Fortum, Metso, UPM and VTT Technical 
Research Centre of Finland.

The company St1 has constructed a network of bioethanol production units around Finland using 
food industry and household waste, recently also sawdust, as the feedstock. In addition, a couple of 
new biorefinery projects are in the final stage of implementation in the country. 

Making use of industrial and municipal sewage and solid agriculture and municipal waste as the 
feedstock, biogas is produced in some 80 different communities in Finland. The volume of heat and 
power generated from biogas, nearly 0.7 TWh in 2012, should be increased up to the level of 3 
TWh by 2020. There is also a government target to replace 10 percent of the country's natural gas 
with biogas by 2025.

Part of the biogas is used locally, mainly for chp and agriculture fuel, while another part fed into 
Finland’s national gas pipeline network owned and operated by the company Gasum. Until now, 
biogas has been made available at 18 filling stations around the Country. In addition to biogas 
distribution, Gasum operate two biogas production plants and also produces liqufied biogas. 
Together with Finnish partners, such as BIOwakka and Metsä Fibre, the company has prepared to 
construct several new biogas plants in the South and Central Finland, including a 200 MW plant in 
Joutseno based on forest industry waste as the main feedstock. There is also a government target to 
replace 10 percent of the country's natural gas with biogas by 2025.

Metso Power, since begin of this year a part of Valmet Corporation, is a leading global supplier of 
fluidized bed combustors, gasifiers,  pyrolysis equipment, and a number of other technologies to the 
bioenergy industry. The scope of services by the company spans from design and engineering to 
complete process equipment and turnkey plant delivery. 

http://www.valmet.com/en/products/energy.nsf/WebWID/WTB-131115-2257B-3C93A?OpenDocument#.U1oJKVdIW9I
http://www.metsafibre.com/Pages/Default.aspx
http://www.biovakka.fi/en
http://www.gasum.com/Facts-about-gas-/Biogas/
http://www.st1biofuels.com/index.php?id=2876
http://www.vtt.fi/research/ene/
http://www.fortum.com/
http://www.nesteoil.com/
http://www.vapo.fi/en
http://www.upm.com/EN/ABOUT-UPM/Research/Pages/focus-on-wood-based-renewable-diesel.aspx


Wärtsilä Corporation, another global supplier of bioenergy technologies, offers power plants in 
the range of 1 - 500 MW to be operated on liquid and gaseous biofuels. Some of the units are 
designed to burn straightly bio-oil extracted from oily or fatty biomass.

Convion Ltd., established in early 2013, has continued 
Wärtsilä’s decennial fuel cell program and is currently one of 
the global leaders in the solid oxide fuel cell system 
development. The company is developing units in 50 - 300 kW 
range are designed for premium energy efficiency, reliability 
and operational flexibility. A special interest is in biogas based 
operation.

In addition to the companies mentioned above, a large number of other Finnish developers and 
operators are working in different fields of the biomass and bioenergy industry. Many of them have 
been associated with the Cleantech Finland, a cluster of 2000 Finnish companies.  In the area of 
renewable energy development, the cluster has established a special program for bioenergy and 
biofuels, looking for projects and partnerships in homeland and overseas.

Conclusions

Biomass feedstock is the most important source of renewable energy. It cannot 
meet the world’s total future energy demand but could realistically account for 
20 - 25 % of the annual primary energy consumption in 2050. With an output 
level of 200 - 250 EJ, biomass should then overtake the crude oil as the most 
important source of commercial energy. 

Production of heat and power is likely to continue as the largest sector of the 
bioenergy industry for several decades. Today, cheap coal has partially 
replaced wood- and peat-based fuels in the heat and chp production, and 
inefficient carbon emission trading has failed to support the biomass energy 
markets as expected.

New torrefaction technologies, currently being commercialized, are used for 
pretreatment of solid, specifically wood-based, biomass to produce highly 
energy dense fuels that can replace coal or co-fire with coal in existing power 
plants.

Fastest growth should be found in the biorefinery industry because producing 
different gaseous and liquid biofuels and co-producing a variety of commercial 
biomaterials. According to different estimates, advanced transport biofuels 
could provide as much as 25-30 % of global road transport fuels by 2050.

Biomass production creates direct and indirect “green jobs” especially in rural 
areas and less-developed countries. Bioenergy production requires about 5 
times more labor force than the production of fossil energy and 10-15 times 
more than the nuclear electricity production. Currently, bioenergy employs a 
few million people in the U.S., India, and Brazil, and about 30,000 in Finland. 
As the industry expands, the number of jobs should continue to increase 
correspondingly.

http://www.convion.fi/
http://www.wartsila.com/en/power-plants/highlights
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