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Abstract 
Biomass as an energy carrier can be used to generate electrical energy, heat or fuel through conversion. It is 
possible to release the fixed solar energy in organic material (e.g. through photosynthesis) through various 
processes. It is one of the oldest forms of energy, which could also contribute to solving modern energy problems 
within the framework of a sustainable climate policy. 

In addition to wood, other agriculturally produced substances and organic waste are also used as raw materials. 
Reasons for the expansion of bioenergy are, on the one hand, the limited availability of fossil fuels (and the 
associated high prices). On the other hand, alternative energy sources can prevent a one-sided dependence on 
e.g. Oil and gas. Biomass as an energy source is considered to be CO2-neutral because only so much CO2 (e.g. 
Burning of renewable raw materials) is released as the plant has bound in the course of its life. Bioenergy thus 
plays a role in climate protection policy measures to reduce CO2 emissions. In Germany, the expansion of 
bioenergy is subsidized by the state (e.g. with the Renewable Energy Sources Act). 

Bioenergy not only has advantages, but also disadvantages, so that the effects on the environment (e.g. soil, 
water, air, climate, biodiversity) must be taken into account. The discussion about biomass as an energy source 
ranges from technological and economic aspects to ethical and cultural factors. 

 Key terms: biomass, mechanical processing, SNG, pyrolysis, hydrothermal processes, HTC, HTG, HTL, vegetable 
oils, fermentation, biogas, by-products, advantages, disadvantages, outlook 

 

Introduction and history 
The history of bioenergy goes back to the first 
human fire applications. There is evidence that 
humans used bioenergy between 230,000 and 1.5 
million years ago (Figure 1).  

Fig.1 Enlargement, bone splinters with traces of ash from the Wonderwerk cave 

In addition to the use of bioenergy for heat 
production, the areas of application began to grow 
in the 1820s, e.g. with camphene fuel lamps and 
internal combustion engines, such as the single-
cylinder four-stroke engine patented by Karl Benz 
on January 29, 1886, which was operated with a 
mixture of ethanol and turpentine. This new 
ethanol-based blend made from grain became 
popular. However, the early growth of biofuels was 
slowed with the introduction of the alcohol tax. 

During the First World War, an acute shortage of 
fossil fuels quickly became a pressing problem. As a 
result, the demand for ethanol experienced a 
revival. The inventor of the diesel engine, Rudolf 
Diesel, also used biofuel, this time based on peanut 
oil, to power his engine. Biofuels have increasingly 
faded into the background with the growth and 
availability of gasoline. With commercialization and 
large-scale mining, coal and petroleum quickly 
became more affordable than biofuel. 

Kerosene and petroleum were cheaper, more 
efficient, and more practical. This has led to a 
decrease in the use of bioenergy and an increase in 
the use of fossil fuels. Biofuels have become an 
alternative that continues to attract interest when 
there is a lack of fossil fuels. In Germany, for 
example, gasoline mixed with alcohol from 
potatoes and Wood gasifiers were used as an 
alternative to imported fuel during the Second 
World War. When the oil price crisis struck in the 
1970s and the volume of oil exports decreased, this 
fuel shortage forced a response from scientists and 
governments. As part of a more extensive research 
into renewable energy sources, the conversion of 
organic substances into fuel has been reassessed. At 
the end of the 20th century, the importance of 
bioenergy was linked to a growing awareness of the 
environmentally harmful aspects of fossil fuels [1]. 



Beuth     Hochschule     für     Technik     Berlin,    FB    II   CUTL - Biomass as an energy source 
Bachelorstudiengang Pharma- und Chemietechnik, FS 5      Matr.Nr.:  893938,  Julia Schowarte 
 

 

2 

The history of bioenergy made the development of 
many technologies possible in the first place. 
Although it is one of the oldest forms of energy, 
bioenergy can help solve modern energy problems. 
Hybrid or integrated systems for generating 
electricity, heat or biogas are effective technologies 
that have to be examined in terms of resilience, 
ecological and economic advantages and 
sustainability [2]. How exactly energy can be 
generated from biomass, on what it is based on and 
other questions about biomass as an energy carrier 
are to be addressed in this paper. 

 

 

Where is biomass in the structure of 

renewable energies located? 
There are 3 major primary energy sources on earth: 
tidal energy, geothermal energy, and solar energy. 
The latter is the largest source of renewable energy. 
This is followed by geothermal energy and tidal 
energy. Through various natural transformations 
within the earth's atmosphere, further energy flows 
can arise. Renewable energies that can be used in 
Central Europe through climatic and geographical 
conditions are [3]: 

• solar radiation 

• wind energy 

• hydropower 

• geothermal energy 

• biomass 

Unlike solar or wind energy, biomass is a kind of 
energy carrier in the form of stored solar energy in 
organic material (e.g. through photosynthesis) so 
that it can be used as soon as the energy demand is 
available. This fundamentally distinguishes them 
from other options for direct and indirect use of 
solar energy, which have large fluctuations in supply 
due to the requirement for direct solar radiation.  

Such fluctuations in supply make technical 
utilization more difficult and require additional 
storage and / or backup systems [3]. Since a plant 
binds as much CO2 as it grows as is released when it 
burns, biomass as an energy source is ideally 
climate-neutral [4]. 

 

What is biomass? 

Biomass refers to all carbon-containing matter of 
organic origin. This includes living phyto and zoo 
masses, the resulting residues (excrements) and 
dead phyto and zoo masses. In a broader sense, 
biomass includes all substances that have arisen 
through technical transformations or through 

material use, such as paper, organic household 
waste, vegetable oil and ethanol. The distinction 
between biomass and fossil fuels begins with 
peat[3]. A further distinction is made between 
primary, secondary and tertiary biomass: 

Primary biomass is made up of plant matter (Fig.2), 
plant residues and by-products (e.g. straw). It is 
created through the direct use of solar energy by 
means of photosynthesis. 

Fig.2 Rapeseed Brassica napus one of the most important energy crops in Europe 

Secondary biomass is formed by the breakdown or 
conversion of organic matter in higher organisms 
and only draws its energy indirectly from the sun. 
Secondary biomass are e.g. the entire zoo masses 
and their excrements. 

 

Tertiary biomass is created through further 
technical processing steps of the primary and 
secondary biomass. 

 

 

How is biomass provided as an 

energy source? 

The supply chain includes all processes from the 
production of energy crops or the making available 
of organic residues or waste to the provision of the 
final and useful energy. The aim is to be able to 
meet the given demand for useful energy 
quantitatively and qualitatively and to compensate 
for fluctuations. 

A supply chain is determined by the boundary 
conditions (supply and demand) and by economic, 
ecological and technical (as well as regulatory, social 
and administrative) factors [3]. Each section 
consists of individual processes (see Figure 3). For 
example, biomass production requires seedbed 
preparation, application of fertilizers, maintenance 
measures, etc. 
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The choice of conversion technology depends on 
the one hand on the final energy carrier to be 
provided (e.g. thermal / electrical energy) or the 
corresponding useful energy, on the other hand it is 
influenced by legal environmental protection 
regulations, economic feasibility and local 
acceptance. 

Furthermore, the supply chain for the waste 
materials (e.g. digested liquid manure during biogas 
production, ash when burning solid fuels) is 
determined. The requirements for the properties of 
the biomass (e.g. lump size, water content) are 
derived from the possible disposal routes for the 
resulting materials, so that post-processing of the 
waste is often necessary. Secondary energy carriers 
can be produced. 

Ultimately, it must be considered what type and 
quality the primary biomass has and how it is 
available during the year. This results in certain 
storage requirements (e.g. drying). If a combination 
has now been planned, it must be ensured that it is 
economically viable, approvable and socially 
acceptable under the given boundary conditions on 
site [3]. 

 

Why does biomass have to be 

processed mechanically? 
Biomass has to be processed mechanically in order 
to meet the respective requirements of the 
conversion process. In addition, the supply chain 
and the associated supply costs can be optimized. 
The mechanical processing changes the physical 
properties of the biomass such as dimensions, 
density and grain size distribution. A distinction is 

made between methods for size reduction, 
classification and compression (pressing) [3]. 

Crushing refers to the process in which a solid 
structure is broken up under the effect of 
exclusively mechanical forces. The particle size 
distribution is reduced and the specific surface area 
of the material is increased. 

The degree of comminution n is defined as the ratio 
of the maximum grain diameter (D) in the inlet 
material to the maximum grain diameter in the 
outlet material (d), see equation 1. This degree of 
comminution is determined experimentally by 
means of a sieve analysis [3]. 

  𝑛 =
𝐷

𝑑
                    (1) 

During the classification, the bulk biomass is sorted 
for the subsequent process engineering according 
to grain size spectrum and impurities, so that no 
material jams or foreign substances (stones, metals) 
hinder the processes. There are three common 
processes for classifying: sieving, air classification 
and metal separation. 

In some cases, pressing for briquetting or pelletizing 
is advisable because this allows good homogeneity 
with regard to the physical-mechanical 
characteristics of biogenic solid fuels to be 
achieved. In addition, it enables a high volumetric 
energy density, logistical advantages, favorable flow 
and metering properties, a low water content and 
high storage stability, as well as a low level of dust 
generation during handling processes. However, 
the technical effort is high. Agglomeration is the 
basis of the pressing processes. 

Fig.3 Schematic structure of typical supply chains for the provision of final or useful energy from biomass 
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What processes are there for 

generating energy from biomass? 

For biogenic solid fuels (e.g. wood, straw), direct 
combustion in furnaces is by far the most important 
among the conversion processes. Incineration 
plants are used to produce heat. This thermal 
energy can be used as secondary energy (e.g. steam, 
which can then be further converted into electrical 
energy), as final energy (e.g. district heating) or as 
directly useful energy (e.g. radiant heat) [3]. 
Combustion is understood to mean the complete 
oxidation of a biogenic fuel with the release of 
energy. This creates exhaust gases and ash. When 
burning biomass, various sub-steps of physical and 
chemical processes take place (Figure 4): 

 

Gasification in the gas atmosphere: Solid biomass 
can first be processed into a gaseous secondary 
energy carrier by means of thermo-chemical 
conversion. The same conversion processes take 
place as they do with combustion, only that the 
individual phases of the conversion are carried out 
separately in terms of space and time (Fig. 5). 
Theoretically, very high overall efficiencies can be 
achieved when generating electricity from biomass 
via gasification in a gas atmosphere. The production 
of a largely climate-neutral natural gas substitute 
SNG (Synthetic Natural Gas) is also possible using 
this process class [3]. 

Fig. 5 Stages of biomass gasification shown on a biomass particle as an independent 
process 

Solid biomass can be converted directly into 
predominantly liquid (pyrolysis oil) or solid products 

(biomass coke) through pyrolytic decomposition, 
i.e. splitting reactions in the absence of oxygen. 
Depending on the temperature level, residence 
time and other boundary conditions in the reactor, 
the biomass components (cellulose, hemicellulose 
and lignin) react differently, which determines the 
yields of solid, liquid and gaseous main products 
(see Fig. 5). Fast pyrolysis produces liquid secondary 
energy carriers and slow pyrolysis produces solid 
secondary energy carriers such as in charcoal 
production and torrefaction. 
 
In hydrothermal processes, supercritical water 
(p>22.1 MPa, T> 647 K) plays an important role in 
steam cycles in order to achieve higher degrees of 
efficiency compared to "normal" steam. When 
converting biomass, e.g. the hydrothermal 
carbonization (HTC) is used, which goes through the 
thermo-chemical phases of "heating" and also of 
"pyrolytic decomposition" below the critical point 
because liquid water favors hydrolysis reactions. 
HTC produces a solid fuel similar to lignite. 
There is also hydrothermal liquefaction (HTL) 
under critical conditions near the critical point. The 
procedure is similar to HTC. But it is carried out 
under significantly higher pressures. The aim is to 
generate a liquid energy carrier. 
In the hydrothermal gasification process (HTG), the 
thermochemical phases of "heating", "pyrolytic 
decomposition" and, in addition, "gasification" are 
run through in over-critical conditions. The aim is to 
convert the biomass as completely as possible into 
a product gas. 
Due to almost supercritical conditions, the relative 
static dielectric constant r as a measure of the 
polarity of a solvent decreases. This makes the oils 
and gases produced under HTL and HTG conditions 
very soluble in hot pressurized water. Ionic species 
are hardly solvated beyond the critical point and 
precipitate as salts. Hydrothermal processes are 
therefore particularly suitable for biomass with a 
water content of approx. 40 to 85% and have the 
potential for their efficient and low-pollutant use 
[3]. 

 

Vegetable oils or fats can be used both as a 
complete replacement for fossil diesel fuel, or as an 
admixture component. The production does not 
differ from the processing techniques (Fig. 6) for the 
production of an oil or fat as a food or chemical raw 
material, only that there may be other quality / 
purity requirements. The oil or fat is separated from 
the plant components (e.g. kernels of the seeds of 
rapeseed, sunflower, cotton, coconut palm or 
jatropha) by means of mechanical solid-liquid 
separation (pressing) and / or extraction with 
solvents [3].  

Fig.4 Process of the thermo-chemical conversion in an air atmosphere; lighter boxes: 
endothermic transformation phases; darker box: exothermic transformation phase 
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After that, the raw material often has to be 
processed e.g. through purification, refining, 
transesterification, hydrogenation and 
isomerization to meet specific requirements.  

Fig.6 Process steps of vegetable oil production (PME = vegetable oil methyl ester) 

 

Biochemical conversion: Certain microorganisms 
are naturally able to use a wide variety of raw 
materials of plant origin for their own metabolism. 
For example, they split polymers into monomers 
using enzyme catalysis. These catalysts enable the 
hydrolytic splitting of the vegetable compounds. 
Depending on whether it is a storage material 
(starch) or a structure-giving component (cellulose), 
the degradation reaction proceeds quickly or slowly 
and over several intermediate stages. This is done in 
bioreactors for optimal reaction control and 
reproducibility. In bioreactors, the ratio of height to 
diameter is greater than 1. These reaction systems 
have a large surface-to-volume ratio for good heat 
transfer. The gas is supplied in the lower area of the 
bioreactor for a long rise time, which in turn favors 
the transfer of the gas into the aqueous phase with 
a long residence time [3]. 

Fermentative alcohol production: The best-known 
representatives of alcohols that can be produced by 
fermentation are ethanol, butanol, isopropanol and 
2,3-butanediol. In addition to being used as drinking 
alcohol, ethanol can be used in chemistry, 
pharmacy and even as a fuel (additive). It is possible 
to biochemically convert sugar, starch and cellulose 
through alcoholic fermentation into carbon dioxide 
and ethanol or higher alcohols. This degradation 
process is a biochemical breakdown of 
carbohydrates through the use of biocatalysts with 
the exclusion of oxygen. Yeasts (Saccharomyces 
cerevisiae) are the preferred microorganisms for 
the production of ethanol in large-scale 
implementation. In order to ferment starch, it must 
first be processed enzymatically.  

An upstream enzymatic or acid-catalyzed hydrolysis 
is necessary for the utilization of (ligno-) cellulose. 
Fig.7 shows the process concepts. 

Fig.7 Process steps from raw material to ethanol in alcoholic fermentation 

 

Biogas production and use: The production of 
biogas from renewable raw materials, residues, by-
products and waste is easy to implement in terms of 
process technology and has gained market 
importance in recent years [3]. Biomethane, which 
can be obtained from biogas (mainly CH4, CO2 and 
H2O), has a high degree of flexibility in terms of 
usage options in the energy system (use in the heat, 
electricity and fuel markets). When methane is 
formed, microorganisms break down organic 
substances in an oxygen-free environment, 
releasing biogas. The diversity of the 
microorganisms decreases over the stages of 
anaerobic degradation and thus their specialization 
increases. The phases of degradation can be divided 
into hydrolysis, acidogenesis, acetogenesis and 
methanogenesis [3]. In order to ensure efficient 
biogas production, the process engineering must 
optimally meet the requirements of biochemical 
degradation (e.g. temperature and medium supply). 

 

What happens to residues, by-

products and waste? 
Residues, by-products and waste can arise in the 
course of the entire supply chain from agricultural 
and forestry primary production to the supply and 
use of organic material and its disposal. Primary by-
products, residues and waste originate from the 
first step in a process chain, i.e. harvesting the raw 
materials (e.g. residual forest wood, straw). 
Secondary materials are the residues, by-products 
and waste (e.g. sawdust, liquid manure) that arise in 
further processing steps. Tertiary by-products, 
residues and waste are the material flows that arise 
after (partial) end consumption (e.g. leftover food, 
waste wood). These can be made usable for energy 
generation through a thermochemical or 
biochemical conversion. 
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Methane fermentation is optimal for the utilization 
of very heterogeneously composed, low-lignin and 
moist organic matter fractions and waste water (Fig. 
8). Organic material with a high proportion of lignin 
(e.g. wood, certain stalks) with a low water content 
is usually used thermo-chemically. Even at the end 
of processing, depending on the conversion 
process, residues remain, which are often used as 
fertilizer in agriculture or as ash in road construction 
[5,6]. 

 

Discussion on biomass as an energy 

source 

There are many aspects to consider when 
evaluating biomass as an energy source. This 
includes, among other things, economic efficiency, 
climate compatibility, influence on biodiversity and 
land competition for food production. 

A major advantage of biomass as an energy source 
is based on its renewable nature, which means that 
fossil energy sources can be saved. Furthermore, a 
reduction in greenhouse gas emissions through 
(ideally) CO2 neutrality, e.g. during incineration, is 
possible. It must be taken into account that the 
production, processing and post-processing steps of 
biomass can also result in emissions of greenhouse 
gases (not as with photovoltaics and other 
regenerative energies). 

On the other hand, the use of biofuels can reduce 
the dependency on energy raw material imports, 
which in turn could reduce geopolitical conflict 
potential. Conversion systems for biomass (in 
contrast to solar systems and wind power systems) 
can be regulated in their output [3]. This makes 
them interesting as a supplementary source of 
energy. 

In addition, the increased use of bioenergy could 
strengthen rural areas and curb rural exodus. 
Farmers can use energy recovery to produce the 
electricity or fuel they need themselves, thus 
enabling decentralized energy supply [4]. 

The ecological balance of bioenergy is very good, if 
that organic waste and residues or also organically 
polluted wastewater are recycled. 

The disadvantage is the low space efficiency 
(<0.5watt/m2), i.e. less than a tenth that of 
photovoltaic systems [7]. Furthermore, the 
cultivation of energy crops leads to competition for 
land with food or feed production. The intensive 
agriculture also leads to a higher pollution of the 
environment (especially soils and groundwater). 
Monocultures that threaten biodiversity can be 
avoided by cultivating energy crops as mixed crops 
or multi-crop systems. A disadvantage of biogas 
production, which is often forgotten, is that the 
biomass for the processing method must be free of 
antibiotics so that the fermentation bacteria 
population is not endangered. 

To maintain the soil quality, the entire biomass of 
the agricultural area must not be used (humus 
balance and nutrient extraction). The conversion of 
ecologically valuable areas, such as forests, 
meadows or moors, and their exposure (drainage, 
threat of fire) reduces biodiversity and could release 
large CO2 stores. When handling and storing 
bioenergy sources, it should be noted that they are 
usually not “only” flammable but also pose a risk of 
fire and explosion.  

Prospect 

The efficiency of bioenergy for combined electricity 
and heat generation (CHP) is clearly there. In 
Germany, the expansion of bioenergy is promoted 
through various measures. On the one hand, 
increased remuneration for electrical energy, 
biogas and combined heat and power (CHP) from 
biomass is anchored in the Renewable Energy 
Sources Act (EEG). Pure biofuels are tax-privileged 
by the Energy Tax Act. 

The competitiveness of bioenergy is not always 
given due to the sometimes high technical effort 
and maintenance work. This is also reinforced by 
the low energy prices for oil, gas and fuels. 

 
 

  

  

Fig.8 Biogas fermenter 

6 
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Symbol directory 
Symbol Meaning 

n  Degree of shredding 

D Largest grain diameter in the inlet material 

d Largest grain diameter in the outlet material 

r relative static dielectric constant 
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