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Maize as Energy Crop
Elpiniki Skoufogianni, Alexandra Solomou, 

Georgios Charvalas and Nicholaos Danalatos

Abstract

Maize is the predominant raw material (together with sugar cane) for the pro-
duction of bioethanol, the most common and widespread biofuel, and at the same 
time the predominant raw material for biogas production, with the highest yields 
in Europe. The advantage of maize biomass over other energy plants is the fact that 
biomass occurs after harvesting the seed and does not require the use of a different 
area for its development. The main drawback of the use of maize biomass is the 
negative effects of removing crop residues on fertility and the physical properties 
of the soil. Bioethanol’s share of global biofuel production is over 94%, as many 
countries are replacing a portion of their fossil fuels with biofuels, according to 
international regulations. The choice of crops used as feedstock for the production 
of bioethanol is strongly associated with local climatic factors. About 60% of world 
bioethanol production is made with cane raw material in the Central and South 
American countries, with Brazil leading, while the remaining 40% from other crops 
with North America producing bioethanol almost exclusively from maize, and the 
EU uses as raw material raw starch (cereals and maize) as well as crops such as sugar 
beet and sweet sorghum.

Keywords: maize, bioethanol, biodiesel, bioenergy

1. Introduction

As a result of anthropogenic activities, billions of tons of carbon dioxide deriv-
ing mainly from the burning of minerals fuels (oil, coal, and natural gas) as well 
as other gases, such as methane and nitrous oxide, are annually released into the 
atmosphere, thus changing the composition of the gases that have remained stable 
for tens of thousands of years [1, 2]. This overturning is expected to change drasti-
cally the climate in the next decades. Its dioxide coal is responsible for 50% of the 
atmosphere’s overheating [3, 4].

Despite the environmental burden, the shifting to alternative forms of energy 
has begun from the oil crisis in the 1970s and the sudden rise in oil prices. This has 
led to the first boost for the development of renewable energy sources. In addition 
to food production, many governments supported the development of new culti-
vated plants for energy production [5, 6].

However, the fall in oil prices in the 1990s tempered the markets, resulting in 
hindering green energy development and limiting them to small ones.

Nevertheless in our day and age, global energy requirements have increased 
sharply due to the rapid increase in both the population and the technology. 
Therefore, alternative forms of energy are imperative. Research has shown that by 
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2030, the world’s population will have grown from 6 to 8bn (33%) and the demand 
for energy will increase by 50% [7, 8].

Hopefully, there are many possible alternatives to fossil fuels, especially for heat 
and power generation. In recent years, we have seen a strong desire for some nations 
to reduce their confidence in fossil fuels and turn to new forms of energy. Three 
new markets have emerged for energy crop plants:

• bioenergy;

• biofuels; and

• biorenewable materials [9, 10].

Energy crops are either cultivated or native species, traditional or new, which 
produce biomass as the main product that can be used for various energy purposes 
[11]. The biomass produced can be used for combustion or cogeneration for coal, 
electricity and heating as raw material for thermochemical processes such as 
pyrolysis and gasification for the production of methanol, biogas and pyrolytic oils 
and for biochemical processes (for example, fermentation) for the production of 
ethanol or methane [12, 13].

Their main advantage is that their stable production can ensure a large-scale 
long-term raw material supply with uniform qualitative characteristics in liquid 
biofuels and energy plants.

Traditional crops whose final product is used to produce energy and biofuels are also 
considered as energy crops, such as wheat, barley, maize, sugar beet, sunflower, etc.

“New” energy crops are species with high biomass productivity, per unit of land 
and divided into two categories which are agricultural and forestry. Agricultural 
energy crops are further distinguished in annual and multiannual years.

Biofuel compared with fossil fuels is considered to be more effective. For 
example with coal, oil and natural gas to produce 1 MJ of electricity; non-renewable 
energy consumption is projected to be between 1.7 and 4.2 MJ; biomass values range 
from 0.1 to 0.4 MJ. In the case of thermal energy, prices are 1.1 and 1.5 for fossil 
fuels and only 0.01–0.15 for biomass. Although the energy is considered to be CO2 
neutral, in fact there is actually a burden on greenhouse gas emissions due to the 
process of cultivation and harvesting. However, this charge does not exceed the 
total emissions of fossil fuels which results in being up to 90% reduced [14].

The amount of land devoted to the cultivation of energy crops for biomass 
fuels is estimated to account for only 0.5–1.7% of the available agricultural land. 
Although there are still strong concerns about the production of plants for energy 
and not for the classic crops purposes such as fee [15], human food production [16] 
and other related issues [17], there is no doubt that plant biomass is of paramount 
importance in this field of renewable energy sources, particularly, in the produc-
tion of biogas and biofuels, through well-designed and organized development 
programs [15, 18].

2. Energy crops

Energy crops include plants intended for energy production. One of their main 
strengths is stable production, which can ensure a large-scale, long-term raw mate-
rial supply. In particular, new crops have significantly higher yields per unit area 
than conventional ones. Energy plants produce different types of biomass as main 
products, which can be used for various energy purposes [19].
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For the production of liquid biofuels, the energy crops that can be grown are: 
sunflower and soybeans. For the production of solid biofuels, plants such as car-
doon, eucalyptus, canary grass and switchgrass can be used. Finally, sunflower, 
maize and others can be used to produce biofuel gas [20, 21].

2.1 Advantages of energy crops

There are many potential benefits using energy crops such as increased eco-
nomic rural development, energy security and environmental benefits [22]. Rural 
economic development, a compulsory reason for producing energy from crops is 
the development of a new and profitable crop market taken into account that in 
recent years, crop prices have been extremely low, which means low profits.

Energy crops can be planted in degraded cultivated land, pastures and land 
which is currently used for traditional crops. There are 392 million acres of land 
potentially eligible for energy crops in the United States.

Using energy crops to produce transport fuels could increase our energy secu-
rity. Currently, the US is importing over 50% of the oil used for transport fuels and 
is estimating that imports could increase to 75%. Dependence on foreign imports 
has significant economic social costs [23].

The environmental benefits of using energy crops include water and soil 
improvement. By reducing the use of herbicides and pesticides that reduces the 
chances of water pollution and other environmental problems are also reduced due 
to non-point pollution. Compared to traditional crops, energy crops have increased 
soil stability, reduced surface water run-off and reduced nutrient and sediment 
transport [23].

Reducing the emissions of energy crops against fossil fuels for power genera-
tion unlike fossil fuels, plants grown for energy crops absorb the amount of carbon 
dioxide released during combustion, unlike fossil fuels.

Another advantage of using biomass is the avoidance of atmospheric pollution 
with sulfur dioxide (SO2) produced during combustion of fossil fuels which con-
tributes to the phenomenon of “acid rain.” The sulfur content of biomass is practi-
cally negligible.

Finally, energy crops can ensure employment and the retention of rural popula-
tions in the border and other agricultural areas, thus contributing biomass to the 
regional development of the country [24].

2.1.1 Zea mays L.

Maize (Zea mays L.) is a member of the Poaceae family. It originates from the 
American continent where thousands of ancient cultures, such as the Indians, 
the Magyars and the Aztecs, used to grow it. Today, it is one of the most popular 
cultivations around the world, such as the United States, China, India and Brazil 
and produces the largest quantities. Maize is a monocotyledon annual plant wind 
pollinated, both self and cross pollinated.

Since the sixteenth century, its cultivation has spread to all tropical, semi-tropi-
cal and many temperate regions worldwide. It is a crop mainly used for human and 
animal nutrition [25], but in recent decades, the production of biofuels from maize 
has redefined the purpose of its cultivation. Today, the contribution of maize to 
biofuels and especially to bioethanol has increased at levels equal to or higher than 
all energy plants [26–28]. Nitrogen and ash concentrations as well as lignocellulose 
are two very important factors that define the quality of the raw material in ethanol. 
These characteristics, in most cases, are based on climatic conditions as well as on 
the genome of the plant [29].
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2.1.1.1 Maize production

The main root system of maize is rich and can reach a depth of 2.5 m, although 
its main bulk grows in the first 60 cm of soil.

The pH range for ideal yields is 6–6.5 while a range of 5.8–7 is gener-
ally shown, and there are reports that mention an even greater range of 5–8. 
Generally, attempts have been made to create varieties that adapt to high or low 
pH in acidic pH, expecting only 35% of ideal yields and being defined as an 
optimum pH of 6.8 [30].

The water requirements of maize range from 744 to 901 mm. The irrigation 
frequency affects the yield of corn seed as they propose an irrigation program 
where a dose of 15% of the water capacity of the soil will be applied irrigation every 
9 days [31, 32].

Increased salinity results in reduced plant leaves, decreased green weight, fresh 
weight, shorter shoots and root lengthening. However, varieties that are ideally 
adapted to conditions of high salinity have been developed, as they have particular 
durability [33, 34]. Still hybrids with respect to pure maize rows show greater toler-
ance to salts [35].

Corn seed germination may be affected even slightly from 28°C or above as the 
activity of certain protein-producing enzymes is inhibited by this critical tempera-
ture and then [36]. When the temperature increases (in the range of 13–38°C), 
there is a similar increase in leaf growth rate and photosynthesis rate. Also it was 
found an increase in photosynthesis rate by increasing the temperature (study 
range, 13–28°C).

The nutrition of the cobbler in continuously cultivated soil suggests 17–23 kg of 
nitrogen per hectare, while when there is an increase in organic matter, the addition 
may be twice as low. For high yields, it is necessary to add potassium as a mature 
crop of maize which may contain up to 30 kg of potassium per hectare in its plant 
parts. An experiment in Brazil showed that nitrogen application increased the pro-
ductivity of grains and dry matter, the calorific power, and the potential for energy 
generation from maize. Maximum grain yield was obtained with an application of 
226 kg ha−1 N, resulting in 13.647 kg ha−1 of grain yield and 10.968 kg ha−1 of total 
biomass. This biomass presents an energy potential of 11.050 kWh ha−1. Taking the 
use of only husks and cobs into consideration, it is possible to generate 2712 kWh 
ha−1 of bioenergy [37].

Like energy crops, maize is mainly used for two reasons: (i) for the starchy raw 
material contained in seeds and the material from which bioethanol is mainly pro-
duced [38, 39] and (ii) for the biomass (crop residues) resulting from the removal 
of the seeds and consisting of leaves, stems and a cone of the blade. Biomass can be 
used for combustion or production of second-generation bioethanol [27, 40, 41].

The appropriate time of harvesting is when the moisture content of the seeds is 
between 20 and 30% [42]. Late maturation and flowering of maize cause a greater 
accumulation of lumps with reduced grain yields and a reduced number of cores 
per plant.

Maize requires more nitrogen and pesticides than many other crops, thus affect-
ing its energy balance. Increasing the energy potential with ethanol from maize is 
significantly less than with sugar cane [43].

The choice of varieties with a dry matter content of 30–32% is very important 
for harvesting date to facilitate the process. Based on the system, FAO maize needs 
about 45 units of heat to form a new real leaf and about 300 units of heat to fully 
populate the plant. Early varieties (FAO 150–160) require about 2100 heat units, 
late (FAO 180–210) approximately 2400 units, while biogas crude maize hybrids 
(FAO 240–260) require a longer period of 2800–3000 heat units.
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3. Βiofuels

The use of corn-based biofuels was first introduced into the US as a food additive, 
but ethanol-maize production increased drastically when conventional fuel prices 
doubled between 2004 and 2007. Biofuels and rising food prices have contributed 
to the accumulation of wealth in the agricultural sector, thus increasing the income 
of farmers, potential value to agricultural land and shifting the relative allocation of 
resources to the agricultural sector in relation to the rest of the economy [44].

The use of biofuels in the transport sector has become very timely recent years.
In Tables 1 and 2 below, we can see the liquid biofuel production globally and in 

each continent separately, up to 2017.

3.1 Biodiesel

The European Commission has adopted the Biofuels Directive in 2009, which 
requires biofuels to contribute 10% of all transport fuels by 2020 [46, 47].

The two main substitutes for conventional fuels are biodiesel and bioethanol. 
Biodiesel is used in diesel-powered vehicles, while bioethanol is used in gasoline-
powered vehicles. The European Union is the major biodiesel producer. USA, Brazil, 
Argentina, Indonesia and Thailand along with the EU together produce 85% of all 
biodiesel worldwide. In 2016, 32.6 billion liters of biodiesel were produced globally. 
Global biodiesel production is expected to reach 39 billion liters by 2024, correspond-
ing to a 27% increase from 2016. It is important to point out that the cost of biodiesel 
from the first generation biodiesel feedstock is currently 30% higher than of petro-
leum-based diesel [48]. Furthermore, it is estimated that 60–80% of the biodiesel 
production cost stems from the cost of raw materials. All this makes use of low-cost 
second generation biodiesel feedstock which is very attractive alternative [49].

3.1.1 Production

Europe is the world’s largest biodiesel producer (Figure 1). Total European 
production in 2016 is estimated at over 1.5 million tons, with Germany and France 

2000 2005 2010 2015 2016 2017

Total 15.9 34.1 94.4 125 132 143

Bioethanol 12.2 24.5 60.5 82.0 85.6 —

biodiesel 0.78 3.42 18.9 28.9 32,6 —

Other biofuels 2.97 6.16 15.0 14.6 13.6 —

Table 1. 
Liquid biofuel production globally (all values in billion liters) [45].

Africa Americas Asia Europe Oceania

Total 0.07 101 13.9 19.3 0.29

Biogasoline 0.07 72.1 5.95 4.42 0.2

Biodiesel 0.00 12.5 7.48 13.7 0.06

Other Biofu. 0.00 16.0 0.47 1.13 0.00

Table 2. 
Liquid biofuel production in continents in 2016 [45].
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being the largest producers within the EU. Italy, the Czech Republic and Austria are 
also active in biodiesel production [50].

Biodiesel is a generic name for the methyl esters or ethyl esters of organic fatty 
acids. Biodiesel can be produced from a wide range of seed oils such as oilseed rape, 
sunflower, soybean and coconut oil.

For example, rapeseed oil is an extremely good substitute for diesel, and it is 
one of the main oil seeds produced in the European Union. The treatment of plant 
oil through metallization gives us methyl ester by enabling its ultimate use in diesel 
vehicles [51].

Seed oils used for biodiesel production come from conventional crops grown by 
conventional techniques in many parts of Europe. With proper management, crop 
alternatives may arise as seed oil biodiesel opens a new market for regional economies.

The technology for the production of biodiesel from seed oils has been proven 
and commercially available for several years. For example, biodiesel is produced 
from rapeseed by a simple transesterification process, which involves reacting the 
pulp with small amounts of methanol in the presence of a catalyst. The resultant 
biodiesel is usually mixed with conventional diesel at the refinery. Biodiesel can 
also be produced from recycled or used cooking oils, and thus provides a useful 
outlet for disposal of these oils, which otherwise would have to be disposed of in an 
environmentally acceptable alternative [52].

3.1.2 Environmental performance

The main advantage of using biodiesel as a transport fuel is that it may have a 
reduction in greenhouse gas emissions compared to conventional oil use. The use of 
100% biodiesel (which is rare) can reduce net CO2 emissions by 40–50%, respec-
tively, 5% reduces CU2 by 2–2.5% [51].

These calculations are based on a comprehensive life cycle analysis of 
 biodiesel – covering crops, biodiesel production and biodiesel use in the vehicle. 
In theory, biodiesel can be considered free of carbon, since the carbon emitted 
during combustion is initially blocked during the growth phase of the cultivated 
plant. In practice, however, the reduction in emissions from biodiesel from 
energy crops is lower, because growing and growing plants requires the use of 
conventional fuels. The use of biodiesel contributes to the creation of an alterna-
tive for transport fuels in the context of European Union policy and national 
climate change policies [51, 53].

Figure 1. 
Liquid biodiesel production in 2016 [45].
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Biodiesel can reduce emissions and some other pollutants from vehicles, 
although this depends on the type of vehicle and the fuel specifications. Biodiesel is 
a new energy source, aiming to reduce crude oil imports and strengthen security of 
energy supply in Europe. Biodiesel is easily biodegradable and safe, a property that 
gives it an advantage for specific uses, such as fuel for boats sailing in ecologically 
sensitive wetlands.

3.2 Bioethanol

3.2.1 Production

At present, Brazil and the United States (which holds 44% of world production 
and covered 1.2% of demand for automotive fuel producing 12 billion liters of etha-
nol) are the largest bioethanol producers of transport fuel worldwide (Figure 2), 
using cane and corn as feedstock, respectively. In Europe, bioethanol is mainly 
produced from sugar beet and wheat. Spain, Poland and France dominate the bio-
ethanol sector in Europe with a total production of 500,000 tons in 2004. Sweden, 
Austria and Germany are also active in the production of bioethanol. Production in 
2015, after continuing increases, amounted to 58 billion liters. The raw material for 
bioethanol production is common products from agricultural crops that grow using 
conventional cultivation techniques in different parts of Europe. Bioethanol produc-
tion from agricultural crops can be a useful new market for regional economies and 
help regional development. Bioethanol is prepared by fermenting sugars, starch 
or cellulose using yeast [54]. The choice of feedstock depends on factors related to 
cost, technology and economics. Technologies for the production of bioethanol from 
agricultural products containing sugars and starch are commercially available [55].

Cellulosic materials such as agricultural and forest residues, as well as sorted house-
hold waste, are considered as future sources of raw material. However, these materials 
need to be hydrolyzed before fermentation, using a more complex process than the 
cereal equivalent. In the long run, cellulosic materials will be considered a potential 
source of sugars for ethanol production and their use can further reduce CO2 emissions.

Ethanol production is made from corn grain through two different processes: dry 
or wet milling. The main difference between the two is the grain processing method. 
In dry milling, which is the most common procedure, the dried grain is milled 
into a meal, which is then heated in water to liquefy the starch. Then introduce an 
enzyme to hydrolyze the starch into sugar, and then is added to ferment the sugar 
into ethanol and CO2 [56, 57]. The resulting CO2 can be used for the production of 

Figure 2. 
Liquid bioethanol production in 2016 [45].
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carbonated beverages and dry ice and starch-off cereal residues can be marketed 
for animal feeding (DDGS). During wet milling, the plants, oil (germination) and 
protein content are separated from the starch (endosperm) in aqueous medium 
before starch hydrolysis and fermentation begin. With either dry or wet grinding, 
maize remains a low-cost source of starch that can easily be converted into sugar, 
fermented and distilled [58].

The choice of crops used as raw material for the production of bioethanol is 
closely linked to local climatological factors. About 60% of world bioethanol pro-
duction is produced from sugar cane in the Central and South American countries, 
with Brazil on the leaf and the remaining 40% from other crops [59], with North 
America producing bioethanol almost exclusively from maize and the EU uses raw 
starch (cereals and maize) as well as crops such as sugar beet and sweets. The share 
of bioethanol in world biofuel production is over 94% with many countries replac-
ing fossil fuels with biofuels [60, 61].

3.2.2 Environmental benefits

The main advantage of bioethanol is that its use results in a significant reduc-
tion in greenhouse gas emissions. The use of 100% bioethanol results in a 50–60% 
reduction compared to conventional fuels. Benefits resulting from the use of blends 
are obviously smaller [47].

Regarding biodiesel, the benefits of climate change will depend on the raw mate-
rial to be used to produce bioethanol. GHG (greenhouse gas) emission reductions 
of 50–60% arise if bioethanol is produced from sugar beet and wheat. If cellulosic 
materials are used, the net reduction may be greater – perhaps up to 75–80%. This 
is because less energy is needed for the cultivation of such plants, as well as the fact 
that during the production phase, energy efficient processes are also used, which 
also allow the use of renewable energy sources [47].

It is important to understand that bioethanol production is in itself an energy-
intensive process and requires significant amounts of energy produced from 
conventional fuels. However, it is clear that the use of bioethanol can help to achieve 
the objectives of legislation to prevent climate change. The use of bioethanol can 
also reduce emissions of other pollutants from vehicles, although this reduction 
depends on vehicle type and fuel specifications [55, 62].

3.2.3 Disadvantages

There are many concerns about energy crops and bioenergy due to the land 
and resources needed to produce biofuels. Bioethanol demand in the EU in 2010 
amounted to 12.7 billion liters, with domestic production capacity of only 2 billion 
liters per year [63], so to meet demand it is estimated that it would be about 13% of 
the total arable land to be used for energy crops [64]. There are serious reactions to 
the increase in the price of maize and the change of use of limited resources such 
as cultivated land and water reserves. The use of lignocellulosic corn biomass is an 
alternative source of biofuels [65].

A major problem in biofuels is the high cost of energy you need to make biomass 
actively converted [49]. This problem can be solved by research in order to improve 
the biomass conversion technologies and how it is produced. An important step in 
the technological field in this direction is the development of second-generation 
bioethanol production technology from lignocellulosic raw materials, allowing even 
greater flexibility in the choice of raw materials, releasing much of the arable land 
from energy production [66].
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Finally, a great deal of concern is also given to the biofuels’ performance ratio 
and more specifically to maize from the surveys that have been done to show that 
the energy efficiency index is positive and can reach 1.5 with more realistic consen-
sus values is 1.25. The net solar conversion efficiency is very low 0.01% (below our 
initial estimate of 0.045%) [67, 68].

Although second generation bioethanol production technologies from lignocel-
lulosic biomass are still growing, the contribution of maize biomass to bioenergy 
production is important. The advantage of maize biomass over other energy plants, 
such as Miscanthus x giganteus, switchgrass (Panicum virgatum L.) and others, is the 
fact that biomass occurs after harvesting the seed and does not require the use of 
a different area for its development. The main drawback of the use of maize bio-
mass is the negative effects of removing crop residues on fertility and the physical 
properties of the soil [69, 70].

Corn ethanol is the third most efficient biofuel that yields 1350 l ethanol per 
hectare. The average US yield in maize is 8.6 mg grains/hectare. Assuming that 
25 kilograms of corn grains produce about 10.6 liters of ethanol (a metric equivalent 
of 1 pounds yields US $ 2.8), the average grain yield translates to 3650 liters/hectare. 
According to some estimates, the use of ethanol produced from corn cereals offers 
a 10–20% reduction in GHG emissions compared to petroleum fuels. Maize seed 
(stem, bark and pellet residues) has the potential to contribute substantially to the 
biofuel tank when appropriate conversion technologies are developed to convert 
cellulosic biomass to biofuels. Residues account for about 50% of the cultivation 
biomass and are readily available in the maize production areas [71].

Several issues need to be resolved before large-scale maize is used to produce 
biofuels, for example, biodegradation should be at a relatively close distance (about 
80 km). From areas where the site will be harvested, transport costs are reduced. 
The “window” for harvesting the stover will be rather narrow in most places if not 
removed from the domain.

However, in order for maize to have a sustainable outlook as an energy plant, 
it is important that the Net Energy Balance (NEB), in the overall production of 
biofuels from maize growing, be larger than the unit. The term NEB is defined as 
the fraction between outflows and inputs of the system. The input is considered to 
be the sum of the fossil fuels required throughout the biofuel production process 
and includes inputs during the installation and completion of the crop in the field 
(fertilizers, use of agricultural machinery, agrochemicals, etc.), transportation 
and the process of converting the seed or biomass into biofuels and as the output 
of the total energy of the biofuels produced that eventually end up outside the 
production system. The energy balance in the production of biofuels from maize 
is reported in the literature in many larger unit studies [72, 73] but also smaller. 
These differences in the results of the research are identified in the different bio-
fuel production processes but mainly in environmental factors such as climatic and 
soil conditions, as well as in the cultivation practices followed and influenced the 
growth and production of maize cultivation [74] since NEB is mainly determined 
by crop productivity [75].

3.3 Biogas

Biogas production from energy crops is of increasing importance, as it offers 
significant environmental benefits such as reducing CO2 emissions. In addi-
tion, it can contribute to raising farmers’ incomes. Maize has great potential for 
biogas production. Biogas has the advantage that it can be used in many sectors, 
such as car fuel, but also as a source of energy in fixed units. Biogas has greater 
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Figure 3. 
Biogas production in continents in 2016 [45].

advantages over other biofuels, such as bioethanol for the greater energy that 
produces, for example, a hectare of corn when converted to bioethanol, giving 
20 Gj (Giga Joules). Biogas in the same area gives us nearly three times as much as 
55 Gj. Maize, energy beet, rye and grass are crops grown commonly in the central, 
south-eastern Europe and United Kingdom for energy purposes and mainly for 
biogas production [74].

Silage maize is digested anaerobically, a conversion process where organic 
matter of biomass is converted into methane in four phases by bacteria in the 
absence of oxygen. The end products of the digestion process are biogas and 
digestate [76, 77].

A major problem we face with maize is its lignocellulos structure which prevents 
the process of fermenting. Several technologies have begun solving this problem, 
making maize commercially viable [78, 79]. To help increase the fermentation rate, 
we cut maize much shorter than a standard loader to increase the surface, which 
means it will be more accessible to microbes [80].

Recently, lignocellulosic materials have gained more interest as potential 
candidates for biogas production, but a large-scale implementation has not been 
widely adopted, mainly because of the complicated structure of the cell walls of 
lignocellulosic plants, which makes them resistant to hydrolysis by microbial attack. 
Therefore, the pretreatment of lignocellulosic material is essential step to achieve 
high process yields [81] (Table 3) (Figure 3).

4. Conclusions

The rapid development of technology and the constant increase in the number 
of the world’s population combined with the pollution of the environment lead to 

2000 2005 2010 2015 2016

Biogas (Billion m3) 13.2 23.1 38.7 60.0 60.8

Biogas (EJ) 0.28 0.50 0.84 1.30 1.31

Table 3. 
Biogas production globally from 2000 to 2016 [45].
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the need to find new energy resources more friendly and efficient. Energy crops can 
provide a large amount of energy by exploiting unused agricultural pieces of land 
or degraded land without burdening environments compared to fossil fuels. Maize 
is one of the best representatives of energy crops and presents great prospects in 
the bioethanol sector. Despite the great prospects of energy crops, and in particular 
maize, we still need research into more efficient use of biomass in cheaper and more 
economical ways.
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