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1. Introduction to Renewable Energy Sources

1.1. Global warming

Global warming is the long-term warming of the world climate system with the onset of the
industrial age (between 1850 and 1900), particularly due to fossil fuel burning, which
increased levels of heat-trapping greenhouse gases in the earth's atmosphere.

So what is the greenhouse effect? As is known, greenhouse is a type of big bell glass used in
agricultural activities. The sun rays that come in the daytime heat the inside of this bowl,
and the glass bell glass prevents this heat from escaping, so the inside of the greenhouse
remains warm even at night when there is no sun. The Earth's atmosphere has a similar
feature. If it were not neither water vapor, methane (CH4), nitrous oxide (NO), ozone (O3)
nor CO2gases, our world would be a desert covered with glaciers. These gases, referred to
together with water vapor, are greenhouse gases.
Greenhouse gases catch the sun rays reaching the earth and prevent them from escaping
out of the atmosphere just like in agricultural greenhouses. The lack of greenhouse gases
will cool our world, while their excess will warm our world.

Changes observed in Earth's climate since the early 20th century are mainly due to human
activities, particularly the use of fossil fuels, which increase heat-trapping greenhouse gas
levels in the Earth's atmosphere and raise the Earth's average surface temperature. These
human-induced temperature increases are called "global warming". Natural processes and
internal variations (eg cyclic ocean formations such as El Niño, La Nina) and external forces
(eg volcanic activities, variations in the energy level of the sun) can also contribute to
climate change.

1-1. Figure: Global Monthly Mean Karbondioxide. Source: National Oceanic and Atmospheric
Administration/Global MeasuringLab.
6
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Figure 1-1 shows the change in the amount of CO2 in the atmosphere between 1980 and
2020, taken from the Global Monitoring Laboratory of the American National Oceanic and
Atmospheric Administration. While the atmospheric CO2 level was measured as 284 ppm
as of 1832 in the pre-industrial period, this rate increased to 338 ppm in 1980. The rise
from that year to the present is more striking. The Global Monitoring Laboratory
determined the CO2 rate in the atmosphere as 409.23 ppm in October 2019 and 411.53
ppm in October 2020. According to the data obtained from Boğaziçi University Climate
Change and Policy Application and Research Center, it has doubled in the last few centuries
and has increased by 1% every year since 1950.

Nitrogen oxide is formed during agricultural and industrial activities and the burning of
solid wastes and fossil fuels. This gas, which also comes out of the exhaust of cars and
causes environmental pollution.
Since the increase in CO2, NH3 and NO gases will increase the world temperature, the
increase in the amount of water vapor in the atmosphere is an inevitable result.
Chlorofluorocarbon (CFC) gases destroy ozone. Most of these gases are products of the
1950s and are used today in refrigerators, air conditioners, sprays, fire extinguishers and
production of plastics.

1.2. Increase in the energy consumption, world production of oil and gas, energy
generation in numbers

1-2. Figure: World Energy Consumption by Energy Resources (1800 - 2019)
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Resource

Consuption (TWh)

Rate (%)

Rate by 2018 (%)

Gas

39305

24,2

0,2

Renewables *

8055

5,0

Oil

Coal

53610

43860

Hydro

10445

Total

162190

Nuclear

6915

33,1

-0,2

27,0

-0,5

6,4

0,0

4,3

0,5

0,1

1-1. Table: Energy Consuption in 2019 by Resource.
Source:https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-worldenergy/year-in-review.html) (*)

1-3. Figure: Liquid Fuel Production and Consumption by Years
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1-4. Figure: World Natural Gas Production by years (Source: https://www.iea.org/data-andstatistics/charts/world-natural-gas-production-by-region-1973-2019)

1.3. Coal, oil, and gas formation

Energy sources consisting of organics that have remained under the rocks and ground
underground for millions of years and fossilized becuse of heat and pressure are called
fossil fuels. The most important feature of these fuels is that they contain hydrocarbons and
high levels of carbon. With these features, fossil fuels have a limited amount in certain parts
of the world. This limited number of fossils found in the world is called a reserve.

The industrial revolution has increased the importance of fossil fuels. The invention of the
steam engine made hard coal, the invention of electric generators made waterpower, and
the emergence of internal combustion engines made oil among the important items for our
world.
Fossil fuels are classified as coal, oil, and natural gas. 70% of the world's fossil fuel reserves
consist of coal, 14% oil, 14% natural gas and 2% other fossil resources.

Considering the distribution of fossil fuels to the world, it is seen that liquid and gas
reserves are concentrated in certain parts of the world, coal reserves show a more regular
distribution and coal production takes place in more than 50 countries.

Coal consists mostly of carbon, hydrogen, oxygen and small amounts of sulfur and nitrogen.
Coal is the oldest energy source after wood. It is thought that houses were consumed for
heating purposes in England in the 9th century.

Oil consists of residues of marine plants and animals after decay. After these residues decay
for millions of years, only oily substances remain. This oily substance, left under the mud
and large layers of rock, turns into oil. Petroleum is a mixture of solid, liquid, and gaseous
hydrocarbons in different proportions. Petroleum is a compound composed of hydrogen
and carbon with a small amount of sulphur, it has no average formula.
9

RESOR Handbook
Hydrocarbon-based natural gas is found in large volumes in the form of gas, compressed
underground in the cavities of porous rocks or above oil deposits. It is colourless, odourless
and lighter than air. Its formation is the same as that of oil.

1.4. Potential sources of energy when fossil fuels run out, solutions for sustainable
energy, tackling with global warming

Scientists and the international community agree on the impact of fossil fuels on climate
change. Therefore, alternative sources to fossil fuels are being developed and new sources
are being questioned.

Parties to the Paris Climate Agreement will shut down coal-fired thermal power plants in
their countries by 2031. First, Belgium shut down the coal-fired thermal power plants in its
country in 2016, banning coal power generation. For this reason, intensive studies are
carried out on sustainable energy before the fossil fuel reserves are exhausted.
Sustainable energy is the energy produced and used to meet today's needs without
compromising the ability of future generations to meet their own needs. For this reason,
the energy obtained from fossil fuels is not sustainable.

1-5. Figure: World petroleum and other liquid fuels consuption by region, IEO2016 Reference case,
1990-2040 (million barrels per day)

In Figure 1-5, it is observed that the increase in the use of liquid fuels in OECD countries
between 2012-2040 is close to zero. Liquid fuel consumption is expected to be 1.9 percent
in countries outside the OECD and 1 percent worldwide.
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1-6. Figure: U.S. energy production grows significantly, but consumption grows moderately under the
AEO 2020. Reference case assumption of current laws and regulations. Source: EIA
World net electricity generation, IEO2019 Reference case (1990-2050)
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1-7. Figure: Past and Future of the Distribution of World Energy Consumption by Energy Resources
Source:U.S. Energy Information Administration, International Energy Outlook 2019

In Figure 1-7, it is observed that the increase rate of electrical energy production to be
obtained from fossil fuel energy sources in the world will decrease in the future. It is
predicted that the amount of electrical energy to be obtained from renewable energy
sources will triple the current generation in 2050.

1.5. Definition of renewable energy, renewable and non-renewable energy
resources

The energy potential of renewable resources is constantly renewed through natural
processes or human activities. These resources can be counted as solar energy, wind
energy, thermal energy, energy obtained from oceans and biomass energy.
Non-renewable energy resources are resources that are depleted with their use. Fossil and
nuclear fuels are non-renewable resources.
11
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1.6. Introduction to biomass energy

Biomass energy can be expressed as energy obtained from living or previously lived
organisms. The most common biomass materials are plants such as corn, soy, etc. These
plant types are also called energy crops. In addition to this, forest, field, and animal wastes
are among the materials from which we can obtain biomass energy.
It is possible to consider biomass in two groups as classical and modern. First one; firewood
obtained from traditional forests and plant and animal wastes (such as dung) that are used
as fuel. Modern biomass energy, on the other hand, is listed as energy forestry and forest
and wood industry wastes, agricultural plant wastes, urban wastes, agricultural industry
wastes. The growth rate of some trees (poplar, eucalyptus, paulownia etc.) is higher than
natural forests.

Biomass energy has a great potential among renewable energy sources, and it is a source
that can provide continuous energy, not discrete like wind and sun. Biomass is a domestic
resource, increasing local production and employment. It does not cause an increase in CO2
in the atmosphere because it emits as much carbon dioxide as it takes from the atmosphere
in case of combustion, and theoretically it is a fuel that does not contribute to the
greenhouse effect in case of renewal of forest and plant assets.

1.7. Introduction to solar energy & photovoltaic energy

Solar energy is the energy that is formed mainly by the synthesis of hydrogen atoms and is
the result of thermonuclear transformations in the sun. The sun is the main source ofearth
energy. It transports 15 thousand times the energy we consume from the sun to the world
every day. It is humanity's biggest and most efficient energy source. It is estimated that the
sun provides the amount of energy to our planet within an hour, corresponding to the
annual energy consumption of all humanity.

Solar energy is used actively or passively. Passive techniques include positioning buildings
in relation to the sun, utilizing heat-absorbing materials (thermal mass) and natural hot air
flow. Among the active techniques, water heating systems, which are widely used in solar
countries, and the use of photovoltaic systems that convert energy from the sun directly
into electrical energy.
The energy emitted by the sun is defined as Solar Energy (SE). Solar energy potential
depends on geographic location. The amount of solar energy reaching the earth's surface is
approximately twice the energy that can be obtained from all non-renewable coal, oil,
natural gas, and uranium resources in a year.

Photovoltaic effect is a phenomenon that expresses the generation of electromotive force
on the semiconductor material exposed to sunlight. It was introduced in 1839 by the French
physicist Edmund Becquerel, who discovered that some materials exposed to sunlight
generate small electric currents. These principles have been applied to photovoltaic solar
panels. In the course of time, their technology has improved, and the panels have become
smaller and cheaper.
12
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Direct current electricity is obtained by the photovoltaic effect. However, since the
electricity type in use is AC, it is necessary to use devices that convert DC electricity into AC
electricity, called inverters.
While obtaining electrical energy from the sun through the photovoltaic effect, the situation
that should not be overlooked is the continuity of the energy coming from the sun. It is clear
that there will be no energy coming from the sun to the panels at night. In the northern and
southern geographical regions of the equator, this amount of energy will also change
seasonally, and cloudy weather will cause the amount of incoming energy to decrease. For
this reason, electrical energy obtained from solar energy should be stored and then used in
batteries.

1.8. Introduction to wind energy

Human beings have benefited from wind energy for centuries. The most striking in the
beginning are the windmills remembered from the Cervantes novel. These mills have been
used for centuries by converting wind energy into mechanical energy, for example in the
Netherlands to protect agricultural land from floods and to process agricultural products
in general.
In the current period, wind energy is an important resource in electrical energy generation.
The mechanical energy obtained from the wind learned in the past centuries is now
converted into electrical energy with the help of generators. Today, many countries still
have large untapped wind potential.
Advantages of using wind energy:
•
•
•

•
•

Wind energy does not produce greenhouse gas.
Wind power plants can contribute to electricity supply and energy diversification.
The time required for planning and construction is shorter compared to other
energy projects.
Wind energy projects are flexible according to the increasing energy demand,
turbines can be easily added to existing wind farm areas.
Local capital, materials and labor can be used in wind energy projects

1.9. Introduction to geothermal energy

Geothermal energy is the natural heat found on earth. The groundwater passing through
hot rocks in various depths of the earth's crust carries this temperature and forms a
reservoir by collecting in a certain area. Hot water, steam, and gases, including chemicals
in these reservoirs, are called geothermal. Geothermal energy also includes exploiting these
geothermal resources and using them direct or indirect ways. The heat energy obtained
from these sources and some of the hot rocks that do not contain water is called geothermal
energy.
Geothermal resources can be directly utilized as heating. Within this, the use of space
heating (houses, agricultural greenhouses, etc.) is also spreading in food drying processes.
In addition, depending on the potential of the resource, the energy of geothermal water can
be converted into electrical energy through power plants.
13
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1.10. Introduction to hydroelectric energy

Although it is expressed as obtaining electrical energy with the help of hydroelectric power
plants, the flow of water is a source of mechanical energy in itself. For example, water mills
have been used for various purposes since ancient times.
Towards the end of the 19th century, electrical energy began to be obtained from the
energy provided by the flow of water. A Victorian style house in the Northumberland region
of England is the first hydroelectric house used. The power plant, built in 1879 in Niagara
Falls, is the world's first hydroelectric power plant.

Hydroelectricity is the use of hydropower to generate electrical energy. For the
hydroelectric power plant, a water reservoir is required first. A reservoir of this type is
obtained by building a dam on a river. The water in the reservoir is released to the stream
bed at a lower distance with the help of the dam in a controlled manner. The kinetic energy
obtained in this way provides motion energy to the turbines. This mechanical energy
obtained is converted into electrical energy with the help of generators.

1.11. Introduction to biogas energy

The term biogas basically refers to the production of usable gas from organic wastes. In
other words, it is the conversion of organic matter into carbon dioxide and methane gas
under the influence of microbiological flora in an oxygen-free environment. In a sense, the
basis of biogas is biomass. Since biogas acquisition is basically based on the decomposition
of organic substances, plant wastes or animal fertilizers can be used as basic materials. It is
used as a basic material because the animal fertilizers used become more useful as
fermentation during conversion to biogas. At the same time, highly efficient biogas
production can be achieved from chicken manure. The use of chicken manure is important
for agriculture because it causes salinity in the soil. This unusable fertilizer becomes useful
when it is converted into biogas. Today, the use of biogas spreads from covering the heating
and kitchen expenses of a single house to generating electricity.

Biogas is produced in three stages called hydrolysis, acid formation and methane
formation. In the first stage, wastes are made soluble with enzymes provided by
microorganisms. In the second stage, acid-forming bacteria are activated and smallstructured substances such as acetic acid are obtained. In the last stage, methane-forming
bacteria convert these substances into methane gas in an oxygen-free environment.
Animal waste, garden and food waste and industrial waste (forest industry waste, leather
and textile waste, food, paper, sugar, wastewater treatment industry waste) are used to
obtain biogas.

1.12. Vocabulary
Solar Energy

Biomass Energy

Geothermal Energy
Fossil Fuels
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Hydropower

Wind Energy

Electrical energy

Nonrenewable energy
Renewable energy

Active solar system

Photovoltaic system

1.13. Resources & Links

Ackermann, Thomas &Prevost, Thibault&Vittal, V. &Roscoe, Andrew &Matevosyan, Julija&
Miller, Nicholas. (2017). PavingtheWay: A FutureWithoutInertia Is CloserThanYouThink.
IEEE PowerandEnergy Magazine. 15. 61-69. 10.1109/MPE.2017.2729138.

Öztürk, Mustafa. "Hayvan Gübresinden Biyogaz Üretimi". Çevre ve Orman Bakanlığı. 7
Mayıs 2007
History of Hydropower | Department of Energy". energy.gov. Retrieved 4 May 2017.

https://climate.nasa.gov/resources/global-warming-vs-climatechange/#:~:text=Global%20warming%20is%20the%20long,gas%20levels%20in%20Earth'
s%20atmosphere.
https://www.eia.gov/outlooks/ieo/
https://www.eia.gov/outlooks/aeo/pdf/AEO2020%20Full%20Report.pdf
https://www.osti.gov/servlets/purl/1296780/
https://mahb.stanford.edu/library-item/fossil-fuels-run/
https://en.wikipedia.org/wiki/Hydropower
https://www.nationalgeographic.org/encyclopedia/biomass-energy/
https://energypedia.info/wiki/Wind_Energy_-_Introduction
https://tr.wikipedia.org/wiki/Biyogaz#cite_note-oz-1

15

RESOR Handbook

2. Biomass Energy

2.1. Biomass: Definition and Types

Biomass is the total weight of an organism in a designated area unit; refers to the total
volume of organisms as a specified volume unit. Biomass is a source of organic matter that
occurs because of the storage of green plants by converting solar energy into chemical
energy by means of photosynthesis. Biomass, which is synonymous with live mass and
sewn product, is often divided into phytoplankton and zooplankton.
Biomass energy is energy produced from organic materials, a renewable and sustainable
energy source used to generate electricity or other forms of power. For example, wood
products, dried vegetation, crop residues, aquatic plants and even garbage known as
household waste can be used in biomass energy.

Biomass is the biomass and related organic material sources that result from the storage of
green plants by converting solar energy into chemical energy through photosynthesis.
Biomass has a great potential among renewable energy sources, and it is a non-intermittent
resource such as wind and solar energy, which maintains its existence by synthesizing
continuous carbon by means of photosynthesis as long as sunlight exists.

Generating energy from biomass is one of the oldest energy technologies used by humanity.
Biomass has been used to produce heat and light since the Stone Age, and after more than
400,000 years it has become a major source of energy. It has lost its leadership with the
emergence of fossil fuels and electrification. Biomass production in the world is estimated
at 146 billion mt per year. Biomass accounts for 35% of primary energy consumption in
developing countries and 14% of world primary energy consumption. In the future,
biomass has the potential to provide a low-cost and sustainable energy supply and also
helps countries meet their greenhouse gas reduction targets. Because by 2050, it is
estimated that 90% of the world's population will live in developing countries. about 8.6
million tons of biomass potential in Turkey oil equivalent (toe) and the amount of biogas
can be produced from biomass is estimated to be 1.5 to 2 MTEP. In biomass power plants,
wood waste or other waste is incinerated to generate steam in systems that run turbines
to generate electricity or supply heat to industry and households. New technologies ensure
that emissions from burning biomass in industrial plants are generally less than those
generated when fossil fuels (coal, natural gas, oil) are used.
Biomass is divided into two categories: waste biomass and energy plants. Waste biomass
consists of biomass sources from forest and forest products, animal biomass and
agricultural wastes and organic wastes, and biomass from urban and industrial waste.
Energy crops include oilseed crops, sugar and starch crops, fiber crops and protein crops.

Biomass, which is defined as a non-fossil organic material containing a lot of organic waste,
can be converted directly into bioenergetics by combustion or through derived products.
Exemplary products derived from waste streams are biodiesel waste animal oil, manure,
16
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organic household waste and plant or plant waste products. The following products are
mostly used in bioenergy production.
•
•
•
•
•
•

Wood and wood waste;
Organic part of urban solid wastes;
The organic part of industrial wastes;
Sewer;
Manure;
Crops, food production by-products.

2.2. Photosynthesis

Photosynthesis is an assimilation activity and therefore also called assimilation or
assimilation. Photosynthesis is the production of organic compounds by using light energy
in living organisms carrying chlorophyll. In this way, all living organisms that produce food
are called photosynthetic organisms. Most of them are plants. Photosynthetic organisms
use energy to store energy and produce organic compounds. Leaves are the food
production center of plants. Inside the cells that make up the plant leaves, there are very
small structures called chloroplasts. Chlorophyll, a green pigment in these structures, has
the task of capturing light. Chloroplasts produce nutrients by collecting sunlight like a panel
and converting it into energy like a collector. The produced food is taken from the leaves to
other parts of the plant that need to be fed. Carbon dioxide in the air is converted to starch
and
other
high
energy
carbohydrates
using
solar
energy.
6CO2 + 6H2O

Light
->

C6H12O6 +6CO2

Plants, like other living things, provide the energy required for their vital activities from
the chemical energy of organic substances. For this, they synthesize their organic nutrients
by reducing the carbon dioxide of the air by using sunlight. This process is defined as ent
photosynthesis inden since it is carried out with CO2 reduction and only with solar energy.
In this way, the light energy of the sun is converted to chemical energy and organic matter
synthesis is made.
Since plants form the first link of the food chain, the energy required for all other living
things to exist and survive is obtained during photosynthesis. Light, chlorophyll, carbon
dioxide, living organism are the substances necessary for the occurrence of photosynthesis.
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Approximately 200-500 billion tons of CO2 are transformed each year through
photosynthesis. Carbon dioxide and water are converted into carbohydrates by
photosynthesis. Carbohydrates are organic nutrients containing hydrogen and oxygen in
addition to carbon.

2.3. Utilization of Biomass

Biomass energy can be used in different fields. This energy is mainly used in the production
of heat and electricity. The heat generated during the conversion of biomass to energy can
be recovered and used for heating or heating instead of the heat required for the plant. The
energy produced is converted to electricity and used for power and surplus is supplied to
the transformer to meet the electricity needs of the residences in the vicinity. When not
used as electricity, it is possible to purify the gas produced and use it as biofuel. At the same
time, by-products of biomass change, and form change during the production of this energy.
The by-products produced in this process can be considered as organic or chemical
fertilizers. In short, biomass energy is used in the fields of heating and heating needs,
energy or electricity, by-product formation and biofuel production.
The main uses of biomass energy are:
•

•
•

Traditional home use: Can be used for home cooking, lighting, and underfloor
heating in developing countries. In this way, the energy conversion efficiency of the
biomass is generally between 5% and 15%.
Traditional industrial use: Biomass tobacco, tea and so on. can be used for drying
the products in processing. In such use, the efficiency is less than 15%.
Use in modern industry: Industries use technologically advanced thermal
conversion technologies. Expected conversion yields in this area range from 30%
to 55%.

2.4. Biomass Resources

All natural substances of plant or animal origin, the main components of which are
carbohydrate compounds, are defined as biomass energy sources and energy derived from
these sources are defined as biomass energy.
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2-1. Figure: Biomass resourcers

The main sources of biomass are:
Biomass sources from forest and forest products: These are wood and forest waste
(energy forests and energy plants, various trees).

Forest wastes; logs, defective commercial trees, dead wood, and non-commercial trees
resulting from the dilution of crowded, unhealthy, fire-prone forests. Some of the forests
need to be rejuvenated and the forests must be diluted to produce smoother timber.
However, in smaller forest areas, the cost of dismantling the tree cannot be recovered with
timber sales due to its low quality. Wastes should be considered as energy sources. Forest
harvesting is an important source of biomass for energy. The harvest may take place in the
form of dilution in young shoots or cutting of old logs used for bioenergy. Harvesting
processes generally remove only 25 to 50% of its volume and the residues are separated
into biomass to obtain energy. Forest areas damaged by insects, diseases or fire are also
sources of biomass. Forest residues normally have low density and fuel values that keep
transport costs high and therefore it is economical to reduce biomass density in the forest.
Animal biomass sources: Cattle, horses, sheep, feces of animals such as chickens,
slaughterhouse wastes, and waste produced during processing of animal products.

Animal manure is an aqueous by-product containing a high concentration of solids. Farm
fertilizers are mainly obtained from pig breeding, poultry and small and large cattle
breeding. They can basically be used as a biogas fuel source for anaerobic digestion. Cattle
breeding techniques significantly affect the quantity and quality of fertilizer that can be
delivered to the anaerobic digestive system. The number of cows used by farms, housing,
transport, and bedding systems determines the amount of fertilizer to be used and thus the
amount of energy produced.
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There is a large amount of organic waste in slaughterhouses or fish processing plants.
These are likely to be hazardous to the environment, human or animal health. The EU
Animal By-Products Directive (2003) states that these animal wastes must be disposed of
safely. This can be a very costly process, but such wastes can also be used in anaerobic
systems as biogas production or as feed additives.

2-2. Figure: Components of manure

Agricultural wastes: It consists of vegetable and agricultural wastes (branches, stalks,
straw, roots, bark, etc.).

Harvest residues: cereals (rice, wheat, millet, corn, sorghum, barley, marshy), cotton,
peanut, marijuana, legumes (beans, black eyed peas, soy) coffee, cocoa, tea, fruits (banana,
mango, coco, cashew) and It covers all agricultural wastes such as straw, stem, stem, leaf,
shell, pulp and stubble. Rice processing plants can easily and easily be converted into
energy. When corn is harvested, biomass remains that can be converted to significant
amounts of energy. In sugar cane harvest, harvest residues in the fields are also good
sources of biomass energy.
Organic waste, biomass sources from urban and industrial wastes: It consists of sewage
and bottom sludges, paper, industrial and food industry wastes, industrial and domestic
wastewater, municipal and large industrial wastes.

Solid biomass, such as wood and garbage, can be burned directly to produce heat. Biomass
can also be converted to a gas called biogas or liquid biofuels such as ethanol and biodiesel.
These fuels can then be used for energy needs.

Ethanol is made from products such as corn and sugar cane fermented to produce fuel
ethanol for use in vehicles. Biodiesel is produced from vegetable oils and animal fats and
can be used as heating fluid in vehicles.
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Energy plants: In this group, the plants listed below are used for biomass production.
•
•
•
•

Oilseed plants (canola, sunflower, soy etc.)
Sugar and starch plants (potatoes, wheat, corn, sugar beet etc.)
Fiber plants (flax, hemp, sorghum, miskantus, etc.)
Protein plants (peas, beans, etc.)

Special energy plants are another source of woody biomass energy. These products are
fast-growing plants, trees or other herbaceous biomass sources specifically grown for
energy production. Using bioengineering, fast growing, insect resistant, ground and soilspecific plants have been identified. A typical 20 MW steam cycle power plant using energy
plants requires an area of approximately 8,000 hectares for energy conversion. Herbaceous
energy plants can be multi-year or single-year but are harvested every year.

Industrial plants are grown to produce certain industrial chemicals or materials. For
example, cannabis plants for fiber, beets for sugar, cereals for grains, castor oil for ricinoleic
acid are grown, and once the essential product is obtained, a significant source of biomass
remains. Water resources such as algae, giant algae, seaweed, and microflora can also
contribute to the bioenergy stock.

2.5. Feedstock Supply, Harvesting and Handling

Biomass resources on a renewable basis that are used directly as fuel or converted to
another form or energy product are often referred to as “raw materials.

Biomass raw materials: special energy crops, agricultural product residues, woodland
residues, algae, woodworking residues, municipal wastes, and irrigated wastes (product
wastes, forest residues, purpose-grown herbs, woody energy plants, algae, industrial
wastes, classified municipal solids).

Energy crops are non-food crops that can be grown, particularly on marginal land (soils
unsuitable for conventional crops such as corn and soybeans) to provide biomass. They are
divided into two general categories: herbaceous and woody. Herbaceous energy plants are
perennials (plants that live for more than 2 years) which are harvested every year after 2
to 3 years to achieve full productivity. These include turnips, miscanthus, bamboo, sweet
sorghum, tall meadow grass, kochia, wheatgrass and others.

Short-rotation woody products are fast-growing hardwoods collected in 5 to 8 years. These
include hybrid poplar, hybrid willow, silver maple, eastern cotton tree, green ash, black
walnut, sweetgum, and plane tree. Many of these species can help improve water and soil
quality, improve wildlife habitats over annual crops, diversify sources of income, and
improve overall farm productivity.

There are many opportunities to use agricultural resources in existing areas without
interfering with the production of food, feed, fiber, or forest products. Agricultural crop
residues, including stems and leaves, are widely used in the United States. Examples are
corn straw (stems, leaves, shells, and cobs), wheat straw, oat stalk, barley stalk, sorghum
stubble and rice stalk. The sale of these residues to a local bio-refinery also provides
farmers with the opportunity to earn additional income.
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Forest biomass raw materials fall into one of two categories: forest residues (branches,
bark) left after timber logs or whole tree biomass collected for biomass. Dried, diseased,
weakly shaped and other unchanged trees are left in the forest after the timber harvest.
While this woody debris is collected for use in bioenergy, it can be left far enough to provide
habitat and maintain proper nutritional and hydrological properties. There are also
opportunities to use the excess biomass in millions of hectares of forests. The collection of
excessive woody biomass can reduce the risk of fire and pest insects and can also help in
forest restoration, productivity, vitality, and flexibility. This biomass can be harvested for
bioenergy without adversely affecting the health and stability of forest ecological structure
and function.
Algae as a raw material for bioenergy refers to a variety of high-yielding organisms,
including microalgae, macroalgae (seaweed) and cyanobacteria (previously called “bluegreen algae). Many uses sunlight and nutrients to form biomass containing essential
components, including lipids, proteins and carbohydrates, which can be converted and
amplified into various biofuels and products. Depending on the strain, algae can grow using
fresh, salty, or brackish water from surface water sources, groundwater, or sea water.

Urban solid wastes include garden ornaments, mixed commercial and household waste
such as paper and cardboard, plastic, rubber, leather, textiles, and food waste. Urban solid
wastes for bioenergy also offer the opportunity to reduce residential and commercial waste
by directing significant amounts from landfills to the refinery.

Wastewater raw materials: commercial, institutional and domestic food wastes, organic
rich biocolytes (ie municipal waste water treated sludge), fertilizer slurries from
concentrated livestock activities, organic wastes from industrial processes and biogas
derived from any of the above feed streams. Turning these “waste streams iye into energy
can help generate additional income for rural economies and solve waste disposal
problems.

2.6. Biomass Conversion Technologies

There are several methods of converting biomass into electricity. The first is to burn
biomass directly, heat water to steam, and then send it through a steam turbine that
generates electricity. The second way requires the gasification of the biomass. A biomass
gasifier receives dry biomass, such as agricultural waste, and in the absence of oxygen and
at elevated temperatures, synthesis gas (CO + H2), also known as pyrolysis of the biomass,
is produced. Gasification processes wet biomass such as food waste and fertilizer into
methane (CH4) in a digestive tank. Both methane and syngas can be used in a gas engine or
in a gas turbine for electricity generation. A third way to generate electricity from gasified
biomass is by using fuel cells.
Various conversion methods are used for energy use of biomass and other organic wastes.
When pre-treated wastes are used as electricity, heat and light requirements, the applied
technologies are grouped into three main groups. These; thermochemical transformation,
physico-chemical transformation and biochemical transformation. Today, most of the
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wastes used for energy purposes are converted to heat and electricity by thermochemical
methods.

2-3. Figure: Biomass convertion methods

The technology used in the conversion of biomass consisting of organic matter and water
into energy is preferred because of its advantages such as being simple and quick to apply,
low energy conversion, economic, based on renewable resources, not disturbing the
existing balance in nature, and not causing water, air, and environmental pollution. it is.

In addition to providing energy from biomass, it is also used in many fields such as
furniture, paper, and insulation material production. In energy use, various technologies
are used to obtain solid, liquid and gas fuels.

In addition to fuels such as bioethanol, biogas, and biodiesel, it is possible to count many
other fuel types such as fertilizer, hydrogen, methane and wood from biomass.
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Biomass

Convertion method

Fuels

Using

Forest Waste

Anaerobic Digestion

Biogas

Electricity Generation

Energy crops

Direct burning

Hydrogen

Water heating

Organic Garbage

Gasification

Methanol

Airplanes

Agricultural wastes
Animal wastes
Algs

Energy forests

Piroliz

Fermantation

Ethanol

Methane

Hydrolysis

Synthetic Oil

Biofotolysis

Diesel

2-1. Table: Convertion methods in biomass convertion

Heating

Aotomibiles
Rockets

Product Drying

The technology used in the conversion of biomass consisting of organic matter and water
into energy is preferred because of its advantages such as being simple and quick to apply,
low energy conversion, economic, based on renewable resources, not disturbing the
existing balance in nature, and not causing water, air, and environmental pollution. it is.
In addition to providing energy from biomass, it is also used in many fields such as
furniture, paper, and insulation material production. In energy use, various technologies
are used to obtain solid, liquid and gas fuels.

Besides fuels such as bioethanol, biogas, and biodiesel, it is possible to count many other
fuel types such as fertilizer, hydrogen, methane and wood obtained from biomass.
The conversion technologies of biomass can be listed as follows:

Direct burning: incineration is defined as the process of rapid chemical reaction of
flammable materials in biomass with oxygen. Combustible materials in agricultural waste,
such as corn, sunflower stems, are some metallic elements such as carbon, hydrogen, and
potassium. As a result of the chemical reaction, the oxygen of the surrounding air is
consumed and together with heat, carbon dioxide, water vapor and some metal oxides are
produced.

Direct combustion is the most common technique for generating both heat and electrical
energy from biomass waste. Thermal efficiencies of up to 80-90% can be achieved with
advanced gasification technology with greatly reduced atmospheric emissions. Combined
heat and power (CHP) systems, from small-scale technology to large grid-connected plants,
provide much higher efficiency than systems that only generate electricity. Biochemical
processes such as anaerobic digestion and sanitary landfills can also produce clean energy
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in the form of biogas and producer gas, which can be converted to power and heat using a
gas engine. For efficient combustion it is necessary to ensure:
•
•
•

High enough temperature,
Enough air,
Enough time to ensure complete combustion of the biomass.

Although direct combustion is the simplest and most common method of using biomass
energy, it is not always an efficient process. Therefore, it is necessary to design a
combustion boiler which can be characterized with a significantly higher efficiency. An
important step is to understand the evaporation of water from wood, a process that
consumes energy. However, the energy consumed represents only a small percentage of
the total energy available. Modern combustion systems are very similar to those used for
coal and have a combustion efficiency of up to 90%.

2-4. Figure: Manure incineration systems for farms

Co-ignition system: co-ignition is considered an inefficient combustion method. In this
process, biomass replaces 15 to 20% of the coal used in a power plant. This helps reduce
emissions from coal fuel and even reduces operating costs. Combustion creates some air
pollution and is not as efficient as other methods because most of the generated energy is
escaped.
Pyrolysis: pyrolysis is the process of extracting gas from biomass by decomposing organic
molecules in an oxygen-free environment. With this method, liquid and gaseous fuels are
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produced from solid fuel. Burning gas is produced by heating the biomass under a certain
pressure with air to leave nothing but ash and slag. Since this gas is rich in hydrogen and
carbon monoxide, it can be used as a main substance in the chemical industry.
Carbonization: carbonization is the chemical decomposition of organic materials such as
wood and coal in an airless environment. Gas components released because of
carbonization process; approximately 50% CO2, 35% CO, 10% CH4 and 5% other
hydrocarbon and H2.

Gasification: gasification is the process of obtaining combustible gas by decomposition of
solids such as carbon-containing biomass at high temperature. Biomass resources used in
gasification can be examined in three different classes. These; corn stalks, wheat, rice,
sunflower etc. straw of plants and agricultural waste, walnut husks, plums, apricot kernels
and so on. waste from food processing and forest products.

Anaerobic digestion: airless digestion is the fermentation of biomass in an oxygen-free
environment with the help of microorganisms, and it is transformed into a valuable fuel
and fertilizer to be used almost everywhere. The gas produced from biomass by this
method is the best known and widely used biogas among fuels. Airless digestion method:
The biomass used in the conversion process data depends on the source, system size, pH
and temperature.
Anaerobic digestion, a biochemical translation system, is the decomposition of organic
materials by microorganisms in an oxygen-free environment. A unique feature of this type
of biogas biomass is that it can be used as a fuel for both steam generation and gas turbines.
This flexibility makes digester systems very attractive for many foods and beverage,
agricultural and urban waste processing plants.

Fermentation: fermentation; It is the process of decomposing carbon hydrates, proteins,
and fats, which are the three basic elements of organic matter, into CO2, acetic acid and
soluble volatile organic substances under the influence of enzymes produced by some
microorganisms.

Torrefaction: for biomass production, torrefaction is a thermo-chemical process using
heat. The temperature required for this process is between 200 and 320 ° C. Oxygen is
removed during the process, the moisture in the biomass is removed and called volatile
matter. Unnecessary volatiles are also removed for a more convenient form of biomass.
Unnecessary volatiles may include cellulose and other biopolymers which, when broken
down, yield a range of volatiles. The result of this process is a dry black solid biomass
known as bio-coal. Bio-charcoal is typically made into pellets or briquettes and used for
heating in homes or for fuel in industry. Bio-coal has less smoke than other combustibles.
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2-5. Figure: Torreaction systems

2.7. Advantages and Disadvantages
Advantages

The use of biomass as an energy source helps to reduce the total output of greenhouse
gases. Today, it is assumed that this is true for fast-growing crops (such as sorghum and
corn) and organic waste, but not mandatory for forests.
•
•
•

•
•
•
•
•
•
•
•
•

Using biomass can help reduce the amount of organic waste.
Biomass is always available and can be produced as a renewable resource.
Biomass, fuel from agriculture, is perhaps a secondary product that adds value to
the agricultural product.
Growing biomass plants produce oxygen and consume carbon dioxide.
Reduces carbon release.
It is cheaper than fossil fuels.
Reduces the amount of waste in the environment.
Does not cause acid rain.
Transport can be done safely.
Improves the socio-economic structure of rural areas.
Suitable for energy efficiency at any scale.
Does not create environmental pollution.

Disadvantages
•
•
•

To produce biomass, the crops require bread. Can compete with the food.
IFurther studies are needed in areas such as harvesting methods.
Land used for energy crops may also be claimed for other purposes, such as
conservation, housing, holiday village or agricultural use.
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•
•
•
•
•
•

The use of biomass as fuel produces higher levels of air pollution than conventional
fuel sources, such as coal or natural gas, in the form of carbon monoxide, NOx
(nitrogen oxides), particles and other pollutants.
Since the use of biomass from forests takes a long time to regenerate trees, CO2
consumption is not continuous.
Has low cycle efficiency.
Not completely clean.
Requires a lot of water.
Inefficient compared to fossil fuels.

2.8. Biomass and the environment

Global warming and climate change in 1896, the famous gas scientist Svente Arrhenius
emphasized the effect of carbon dioxide, and in 1896 stated that this gas, which is as low as
thousandth in the atmosphere, increases the average temperatures by 4-5.7 degrees.
Arrhenius predicted that the accumulation of carbon dioxide mixed with the air, which has
increased use in those years, will cause heating.

The term greenhouse gases have recently been used in daily life for energy-absorbing
gases, which have increased in the atmospheric layers near the earth. These gases pass the
part of the invisible infrared heat rays projected towards the upper layers of the
atmosphere after the sun's rays pass through the atmosphere and the energy of the rays
striking the earth converts into heat energy. Just like greenhouse glasses, it absorbs them
and sends some of them back to the earth. This phenomenon is called the greenhouse effect.
The main gases with this property are carbon dioxide, methane, nitrogen oxides, ozone,
chlorfluorocarbon and water vapor.

Consumption of fossil fuels, which make up most of the energy resources, causes CO2 SO,
NO emissions of certain substances harmful to the environment and human health. The
diffusion of these substances into the environment leads to climatic changes that have a
global impact. The countries that signed the Kyoto Protocol, which entered into force on 11
December 1997, have committed to reducing their emission values below the values of
1990 in 2012.

Biofuels offer greater environmental benefits than fossil fuels. One of the most important
benefits is that it reduces the amount of CO2 (greenhouse gas) released into the
environment. Domestic waste can also be used to produce biomass energy. This will result
in the reduction of environmental pollution and less energy production through the
treatment of waste or household waste in these facilities. According to analyzes of how
Europe can be transported towards a clean energy future, sustainable biomass is a critical
renewable resource. Sustainable and low-carbon biomass can provide a significant portion
of renewable energy, reducing emissions of heat-holding gases such as CO2. Without
sustainable, low-carbon bioenergy, moving to a clean energy economy will be more
expensive and will take longer.

However, as with any energy source, bioenergy has environmental risks. Unless carefully
managed, biomass energy production may be at unsustainable levels. This can damage
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ecosystems, cause air pollution and lead to large amounts of water consumption and
greenhouse gas production. It is very important to benefit from biomass and avoid risks
and apply the right policy when using it.
Recent developments have shown that biomass utilization is more efficient and cleaner.
Biomass can be converted into liquid fuels or used in a process called & quot; gasification
& quot; to produce flammable gases.

Biomass is known as a carbon-neutral energy source and is considered an important
alternative to fossil-fueled basic energy production. Using a highly efficient conversion
turbine can also provide additional environmental benefits in the long run for industries
and electricity producers who want to further reduce their carbon and emission footprints.
Because, thanks to the increased efficiency of the power plant, it consumes less fuel during
its life and saves significant cost while reducing the emission effects. These advantages are
even more pronounced, especially if the biomass system includes a reheated steam turbine
or a Combined Heat and Energy (CHP) application.

2.9. Using biomass to produce electricity

Most biomass conversion plants use direct ignition combustion systems. Biomass is burned
directly to produce high pressure steam which drives the electric turbine generator. In
some biomass industries, steam extracted or expended from the power plant is also used
for production processes or for heating buildings. A simple biomass power generation
system consists of several important components. For a steam cycle, this system consists
of a combination of the following elements:
•
•
•
•
•
•
•
•
•
•

Fuel storage and transportation equipment,
Burner / furnace,
Boiler pumps,
Fans,
Steam turbine,
Generator,
Condensers,
Cooling tower,
Exhaust / emission controls,
System controls (automatic).
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2-6. Figure: Electricity production from biomass

Direct combustion systems feed a biomass feedstock to a burner or furnace in which it is
burned with excess air to heat water in a boiler to form a steam boiler. Instead of direct
combustion, some developing technologies gasify biomass to produce a combustible gas,
while others produce pyrolysis oils that can be used in place of liquid fuels. Boiler fuel may
contain wood chips, pellets, sawdust, or bio-oil. The steam from the boiler is then expanded
by means of a rotating steam turbine to drive a generator and generate electricity.

In general, all biomass systems require fuel storage and a type of fuel handling equipment
and controls. A system using wood chips, sawdust or pellets typically uses a bunker or silo
for short term storage and an external fuel field for larger storage. An automatic control
system transmits fuel from the external storage area using a combination of some cranes,
stackers, re-collectors, front-load loaders, belts, augers, and pneumatic conveying. Manual
equipment, such as front loaders, can be used to transfer biomass from piles to bunkers.
However, this method will result in a significant cost in labor and equipment operations
and maintenance.

Most chips produced from green wood will have a moisture content of 40% to 55%, which
means that on a wet basis, one ton of green fuel will contain 800 to 1,100 kilograms of
water. This water will reduce the recoverable energy content of the material and will
reduce the efficiency of the boiler as the water must be evaporated in the early stages of
combustion. The biggest problem that arises in biomass fueled plants is the transportation
and pre-treatment of fuel. This applies to both small grill-fired installations and large
suspension-fueled installations. Drying the biomass before incineration or gasification
increases overall process efficiency, but in many cases may not be economically feasible.

Exhaust systems are used to release combustion by-products to the environment. The
emission controls may comprise a cyclone or multiple cyclones, a bag, or an electrostatic
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precipitator. The primary function of all listed equipment is particulate matter control and
is listed in order of increased capital cost and effectiveness. Cyclones and multiple cyclones
can be used as pre-collectors to remove larger particles on the top of a bag (fabric filter) or
electrostatic precipitator.

2.10. Using biomass to produce biofuels (ethanol, biodiesel, etc.)

Biofuels are vehicle fuels such as ethanol and biodiesel produced from biomass materials.
These fuels are often mixed with petroleum fuels (gasoline and diesel fuel) or used directly.
The use of ethanol or biodiesel reduces the amount of crude oil used. Ethanol and biodiesel
are also burning fuels cleaner than pure gasoline and diesel fuel.

Bioethanol is an alcohol derived from sugars found in cereals such as corn, sorghum, and
barley. Although the definition includes fuel alcohol, methyl alcohol and ethyl alcohol, this
name is commonly used for ethyl alcohol (ethanol-bioethanol) derived from biomass
sources. Bioethanol is the most widely used fuel in biofuels in the world and more than
95% of bioethanol production is obtained by processing agricultural products.
The bioethanol raw material is the name of a gasoline-derived fuel, which is one of the
agroindustrial characterized sugar by-products such as starch-sugar plants (wheat, straw,
sorghum, rice, potato, rye, barley, corn, sugar beet, sugar cane) or molasses. Bioethanol is
produced by fermentation of saccharides formed by enzymatic hydrolysis (starch
hydrolysis or delignification) of the sugar and starch present in the composition with the
biomass by microorganisms or by acidic hydrolysis and subsequent distillation of all types
of cellulosic mass. In automobiles and other motor vehicles, it can be used alone as a fuel or
as an additive mixed with gasoline. When used with gasoline, it increases the octane
number and ensures full combustion by reducing emissions of harmful gases such as CO
and hydrocarbons (CH).

2-7. Figure: Bioethanol production steps (Kolonkaya et al.,2007)

Lignocellulose consists mainly of cellulose (30-60%), hemicelluloses (20-40%) and lignins
(10-30%). Hydrolysis, which is a necessary pre-treatment for fermentation of cellulosic
materials such as cellulose, hemicellulose and lignin, is quite difficult compared to starch.
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For this purpose, enzymatic hydrolysis with acidic or hemicelluloses should be performed.
In the hydrolysis process, ammonia spraying, concentrated or dilute acid, enzyme
treatment and steam are applied. The sugars produced because of hydrolysis are fermented
by yeasts and transgenetic bacteria and Ethanol is obtained from dehydrated products
(distillation, solvents, membranes and pervaporation). In addition to ethanol, fermentation
liquid, carbon dioxide, microbial biomass, and by-products (animal feed, methane, algae,
pharmaceuticals and plastics) are obtained.

95% of world ethanol production is produced by fermentation. Bioethanol can be used as
an alternative fuel oil, or as a fuel additive (blend component), fuel cell fuel or biodiesel and
bioethyl tertiary butyl ether as raw material for production in energy technology. Today,
the widespread use of bioethanol as a fuel is alternative to petrol and diesel fuel in four
forms.
•
•
•
•

Gasohol: 10% alcohol + 90% gasoline mixture
E25: 25% alcohol + 75% gasoline mixture
E85: 85% alcohol + 15% gasoline mixture
E-Diesel: Diesel containing up to + 15% alcohol (Oxy-Diesel, Diesohol)

Most of the fuel ethanol used in the United States is distilled from corn. Scientists are
working on ways to produce ethanol from plants and trees rather than from grain. Almost
all gasoline sold in the United States is about 10% ethanol by volume. Any petrol-powered
engine in the United States can use E10 (gasoline with 10% ethanol), but only certain types
of vehicles can use fuel mixtures containing more than 10% ethanol. A flexible fuel vehicle
may use gasoline with an ethanol content greater than 10%. In October 2010, the US
Environmental Protection Agency decided that cars and vans of 2007 and newer models
could use E15 (gasoline with 15% ethanol). E85, a fuel containing 51-83% ethanol, is also
in use, depending on the location and season.

Biodiesel is a fuel made from vegetable oils, oils, or greases, such as recycled restaurant oil.
Biodiesel fuel can be used in diesel engines without changing the engine. Pure biodiesel is
non-toxic and biodegradable. Burning biodiesel produces more air pollutants than
petroleum-based diesel fuel. Biodiesel is generally sold as a mixture of biodiesel and
petroleum-based diesel fuel. A common diesel fuel mixture is B20, which is 20% biodiesel.

Biodiesel is an energy fuel which is used as oil plants, diesel derivative, alone or mixed with
diesel oil. It is produced by the reaction of oils obtained from oilseed plants such as
rapeseed, canola, sunflower, soybean, safflower with a short chain alcohol (methanol or
ethanol) in the presence of a catalyst. Biodiesel fuel is a methyl ester which complies with
EN 14214 legislation obtained by esterification process from vegetable and animal oils.
Methanol and vegetable oils from the transesterification reaction (alcoholysis) to produce
biodiesel and glycerin as a by-product. It does not provide direct CO2 reduction, but it
generates gains in CO2 consumption in oil plant growth. Biodiesel obtained with 5%
participation can be used in all vehicles if it complies with EN 590 legislation. This ratio can
be increased up to 100% with special fuel systems. Production, marketing, and use are
subject to the petroleum market legislation numbered 5015.
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2.11. Technical Impediments

Nowadays, the main barriers to the utilization of agricultural wastes are:
•
•
•
•
•
•
•
•

Obstacles in the institutional, legal, and administrative framework,
Perceptions about biomass energy,
Time-consuming administrative barriers for foreign investors,
Need for infrastructure and management technology transfer support at local level,
Insufficient private sector participation,
Personnel with sufficient technical knowledge,
Planning, project feasibility,
Other barriers to environment and agriculture.

2.12. Guiding Questions
What is biomass?

Where does the energy of biomass come from?
Is biomass energy renewable source?
What are the types of biomasses?

What are the possible uses of biomass energy?
How can the biofuels be produced?

2.13. Vocabulary
Bioenergy

Biochemical conversion
Biofuel
Biogas

Fermentation

Anaerobic digestion
Gasification
Ethanol
Syngas

Biodiesel
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2.14. Resources & Links

Angelova, T., Krastanov, J. Popova, Y.2019. Biomass Energy in URESA Handbook, Soçağ,
Ankara, Turkey.
Balat, M., Ayar, G.,2003. Biomass Energy in the World, Use of Biomass and Potential
Trends. Journal, 27 (5): 931-940.

Er , M., 2017. Konya bölgesi için alternatif biyokütle esaslı enerji sistemlerinin teknoekonomik değerlendirilmesi, İstanbul Üniversitesi Enerji Enstitüsü Yüksek Lisans Tezi.
İstanbul.

Hacıhamzaoğlu, A., 2017. Çevre ve endüstriyel biyoteknoloji. Ondokuz Mayıs Üniversitesi,
Samsun.
Horuz, A., Korkmaz, A., Akınoğlu, G., Biyoyakıt Bitkileri ve Teknolojisi. Toprak Bilimi ve
Bitki Besleme Dergisi 3 (2) 69 – 81.

Kar, T.,S.Keles. 2016. Environmental impacts of biomass combustion for heating and
electricity generation.Journal of Engineering Research and Applied Science, Volume 5(2),
December 2016, pp 458-465.
World Energy Resources Bioenergy , 2016.

World Energy Council 2018.

www.siemens.com.tr/buharturbinleri

https://www.enerjisistemlerimuhendisligi.com/biyokutle-enerjisi.html
http://yambiz.com/ecoenergy/index.php?option=com_content&view=article&id=56:howbiomass-energy-works&catid=35:publications&Itemid=55&lang=tr
https://www.elektrikport.com/haber-roportaj/yldz-yukselen-bir-elektrik-uretim-seklibiyokutle-elektrik-uretimi/2808#ad-image-0
https://www.eia.gov/energyexplained/biofuels/
https://energyinformative.org/how-electricity-is-generated-from-biomass/
https://www.wbdg.org/resources/biomass-electricity-generation
https://bilim.beyan.org/bilgi/fotosentez-nedir.html
https://www.tech-worm.com/fotosentez-nedir-fotosentez-nasil-gerceklesir/
https://www.energy.gov/eere/bioenergy/biomass-resources
https://enerji.gov.tr/en-US/Pages/Bio-Fuels
http://bepa.yegm.gov.tr/
https://www.cevreportal.com/biyomass-nedir/
http://kojenturk.org/tr/biyokutle-nedir-8
https://sehatek.com.tr/blog/biyokutle-enerjisi-nedir/
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https://sehatek.com.tr/blog/biyokutle-enerjisi-nedir/
https://www.termodinamik.info/biyokutle-enerjisi
https://www.enerjibes.com/biyokutle-enerjisi-nedir/
https://www.mekatronikmuhendisligi.com/biyokutle-enerjisi.html
https://evdenhaberler.com/biyokutle-enerjisi-nedir-ne-ise-yarar/
https://www.enerjigazetesi.ist/gunumuz-temiz-enerji-kaynaklari-ndan-biyokutle/
https://eusolar.ege.edu.tr/tr-3334/biyokutle__enerjisi.html
https://www.eltech.com.tr/biyokutle-enerjisi/
https://www.yesilodak.com/biyokutle--biomass--enerjisi-nedirhttp://www.yegm.gov.tr/yenilenebilir/biyokutle_enerjisi.aspx
https://www.enerjiportali.com/biyokutle-enerjisi-nedir/
http://cevreonline.com/biyokutle-enerjisi/
https://www.enerjisistemlerimuhendisligi.com/biyokutle-enerjisi.html
https://www.enerji.gov.tr/tr-TR/Sayfalar/Biyokutle
http://www.esru.strath.ac.uk/EandE/Web_sites/03-04/biomass/background%20info4.html
https://www.eia.gov/energyexplained/index.cfm?page=biomass_home
https://www.reenergyholdings.com/renewable-energy/what-is-biomass/
http://www.alternative-energy-news.info/woody-biomass-resources/
www.rovesfarm.co.uk
http://www.spaceteacher.org/Biomass/biomass_theory.html
https://www.capital.bg/biznes/kompanii/2014/10/22/2405000_raboteshtite_centrali_na_
biomasa_sa_pod_deset/
https://www.yesilodak.com/turkiye-nin-ilk-biyokutle-enerji-tesisi-

2.15. Case Study

Mutlular Energy: Turkey's First Biomass Energy Plant, Gonen, Balikesir, Turkey

The “Biomass Power Plant was established in Gönen, Balıkesir to generate electricity by
burning plant waste such as paddy stalk, tree stump, stubble and canola stalk...
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The facility, which will produce 30 megawatts of electricity, will meet the electricity needs
of a region with a population of 300 thousand. In addition, these products, which are
forbidden to be burned, will also be gained to the economy.

Biomass Energy is one of the renewable resources to be used to provide energy sustainably
without causing environmental pollution. Biomass, which emerges as the origin of plants
and living organisms, is often referred to as plant organisms that store solar energy with
the help of photosynthesis.
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Turkey's first "Biomass Power Plant" Gonen district of Balıkesir, Mutlular was founded in
the energy body. Referring to Gönen as a district with 75 thousand inhabitants, İbrahim
Mutlu said, we will have enough production for 300 thousand inhabitants. To produce this
electricity, 210 thousand tons of vegetable waste is required annually. We burn 700 tons of
vegetable waste a day. Mutlu says that besides manure, animal manure is also burned, and
when the investment is fully operational, we will start to provide electricity to the national
distribution network.
Hourly 30 MW of installed power, Turkey's largest licensed "Biomass Energy" facility,
aimed at meeting of Balıkesir electric with energy derived from vegetable waste. In the
Biomass Power Plant, paddy stalk, canal, corn stalk, forest base and bovine manure will be
transformed into energy by recycling. 720 MW of energy will be generated by recycling 700
tons of waste per day.
Environmentally sensitive "Renewable Energy Plant" in Turkey "Green Energy" will be one
of the pioneers in the production facility.
Roves Farm Biomass Central Heating

Roves Farm is a family business in the UK (www.rovesfarm.co.uk). This farm has 166
hectares of land and livestock and crop production. It is also suitable for ecotourism
activities. Entertainment and adventure activities are held at this farm, where people of all
ages come.
The newly installed biomass heating system on the farm also heats existing buildings and
guest houses. With the new system on the farm, only organic wastes generated on the farm
are evaluated and considered as the most sustainable low carbon heating system.
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3. Biogas Energy

3.1. Definition of biogas

Biogas consists mainly of a mixture of methane (CH4) (50-75%) and carbon dioxide (CO2)
(25-45%) and may have small amounts of hydrogen sulphide (H2S) (0,1-5,5%), moisture/
water (2-7%) and siloxanes. The gas is a result of an anaerobic digestion process: ‘a process
in which micro-organisms derive energy and grow by metabolizing organic material in an
oxygen-free environment resulting in the production of methane’. For a good anaerobic
digestion process, the biomass inputs should contain carbohydrates, proteins, fats,
cellulose, and hemicelluloses. The final gas yield is dependent on the carbohydrate, protein,
and fat content. (Economic and institutional aspects of biogas production, 2012).
Biogas is known as an environmentally friendly energy source because it alleviates two
major environmental problems simultaneously:
1. The global waste epidemic that releases dangerous levels of methane gas every day

2. The reliance on fossil fuel energy to meet
global energy demand

By converting organic waste into energy,
biogas is utilizing nature’s elegant tendency
to recycle substances into productive
resources. Biogas generation recovers waste
materials that would otherwise pollute
landfills; prevents the use of toxic chemicals
in sewage treatment plants, and saves
money, energy, and material by treating
waste on-site. Moreover, biogas usage does
not require fossil fuel extraction to produce energy.

3.2. Sources of biogas

Biomass can be converted to other useful forms of energy, such as biogas. While biomass
can be combusted directly for heat and power, chemical processes are often used to convert
a feedstock into a viable fuel. To turn raw sources into energy, there are three processes:
chemical, thermal, and biochemical. Biochemical conversion uses bacteria or other
organisms to convert the source. Conversion processes are mature technologies which are
already being widely used to produce biofuels on industrial scales, including fermentation
and anaerobic digestion.
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Organic substances both from agricultural and industrial production
may be used to produce agricultural biogas. Major substrates of
agricultural origin used in the production of biogas include animal
manure, energy crops and waste from plant breeding while
industrial substrates include waste from the production of food,
dairy, sugar, and meat.

Source: own pictures

Biogas can be thus obtained from all agricultural products from both
animal and plant production. Biogas can be produced from virtually
any agricultural material and this material (substrate) has varied
energy value, which is the potential to produce a given amount of
methane.

3.3. Anaerobic digestion, the process

The anaerobic digestion technique to make biogas out of organic material is applied all over
the whole world. For example, in many developing countries people have their own smallscale biogas plant running on excreta, urine and kitchen waste. The obtained biogas is used
to cook. In more technologically advanced countries, biogas production is used on a larger
scale. In those countries, biogas production and use are seen to become less dependent on
fossil fuels. Another reason is that biogas production directly can lead to less greenhouse
gas emissions by capturing methane (21 times more harmful greenhouse gas than carbon
dioxide) for biogas utilization. An indirect effect is that other environmental unfriendly
energy sources are avoided (linked with first reason).
Anaerobic digestion – a microbiological process occurring in the absence of oxygen in
which organic compounds (carbohydrates, proteins, fats) are converted by anaerobic
microorganisms into methane and carbon dioxide.

The name "methane fermentation" was given before the essence of this process was known
and can be misleading. In fact, it is a set of biochemical changes that occur in the absence of
oxygen hence the name “anaerobic digestion” is also used.
Three groups of microorganisms are involved in the transformation of organic compounds
into the fermentation gas:
1.

2.
3.

bacteria responsible for the first two stages of the process are bacteria that hydrolyze
organic compounds. Optimal conditions for these microorganisms are pH of approx.
6 and approx. 30°C.
acetate bacteria - responsible to produce acetates.
methanogenic bacteria - are among the group of absolute anaerobes. If there is even
0.01 mg/dm3 of oxygen, they are inhibited, the concentration of organic acids
increases and the pH of the environment lowers. They are very diverse and
specialized to the use of specific substrates. Optimum methanogenesis temperature
is 35-45°C and the pH of 7.

The process of biogas generation can be divided into several steps. In the first step,
hydrolysis, the compounds of input material (e.g., carbohydrates, proteins, fats) are
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decomposed to simple organic compounds (e.g., amino acids, sugar, fatty acids). Bacteria
participating in this process release enzymes that break down the material by biochemical
reactions. Then, the intermediate products formed are broken down by acidogenic bacteria
in the so-called acidogenesis into fatty acids (acetic acid, propionic acid, and butyric acid),
carbon dioxide and hydrogen. Besides, the small amounts of lactic acid and alcohol are
created as well. In the next stage, acetogenesis, these products are converted by bacteria
into substances preceding the formation of biogas (acetic acid, hydrogen, and carbon
dioxide).
Since too high hydrogen content is detrimental to acetic acid bacteria, they must cooperate
with methanogenic bacteria. During the production of methane, they consume hydrogen
and thus ensure adequate living conditions for acetic acid bacteria. In the next phase,
methanogenesis, the last stage of the biogas production, methane is produced from the
products of acetogenesis.

3.4. Bio-digesters

Biogas can be used to produce electricity,
thermal energy, or both simultaneously. In
practice, the most common systems use biogas
produced to generate electricity and thermal
energy. Such a system is called a CHP
(Combined Heat and Power) system. In order to
produce electricity and thermal energy it is
necessary to install a device called a CHP unit. It
is a combustion engine adapted for methane
combustion with an integral generator
depending on the size of the biogas plant. The
heat generated in the combustion engine is
used as a source of thermal energy. A less common way to use biogas is burning it for
heating purposes. In such a biogas plant the device that processes the biogas into thermal
energy is a gas furnace that is appropriately modified to burn methane.
Every agricultural biogas plant consists of several basic elements.

Additional elements installed in biogas plants depend on their use and power.
The basic elements of every biogas plant are:

1. Substrate’s storage site - every biogas plant must be equipped with a storage site. The
storage site is necessary to maintain a constant biogas production volume. The capacity of
the storage site should amount to 0.5 - 2 times the volume of the substrate produced per
day. A storage tank for liquid substrates can be made of different materials such as concrete,
steel or plastic. The material used to make the tank depends on the stored material.

There are in-ground and above-surface tanks. Liquid and semi-liquid substrates storage
tanks should be hermetic and be sufficiently large in relation to the production of the
substrate. Plant substrate storage tank should be equipped with a suitable leachate
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discharge installation to prevent leachate from entering the soil. This tank should be tightly
covered to prevent substrate from drying or rainwater from getting inside the tank.
2. Device transporting substrate from the tank
to the reactor - to ensure a constant,
appropriate level of the biogas production, it
is necessary to provide a continuous supply of
substrate of an adequate quality to the
digester. Depending on the type of substrate,
it is possible to use pumps (liquid substrate,
e.g., liquid manure), screw conveyors (semiliquid substrate) and hoppers located by the
digesters with the capacity allowing to be
filled with the amount of substrate sufficient
per one day.

3.
Digester
(fermentation
chamber,
bioreactor) - the most important element of
the biogas plant in which the process of
methane fermentation takes place. The
effectiveness of the entire investment depends
on the correctness of the design and proper
construction of the digester. The walls of the
digester must be sealed to prevent leakage of
liquids and gases. Good insulation ensuring
minimized heat loss is also necessary. The
better the insulation, the smaller dependence
on the outside temperature. Fermentation
chamber should have a hatch allowing conducting the inspection of the interior and
possible repair. Depending on the technology used, the biogas plant may be equipped with
one or more chambers. Fermentation chambers may be horizontal or vertical, made of
steel, concrete or plastic. The chamber needs to be equipped with a device for mixing the
content (mixer or other mixing system) and a heating system in order to achieve the
required fermentation temperature and maintain it at a constant level. Fermented mass is
discharged from the bioreactor usually in an overflow pipe.
4. Mixing systems – mixing the pulp fermenting in
the tank is an important part of the process of
biogas generation. There are 3 types of mixers:
pneumatic, hydraulic, and mechanical. Mechanical
mixers are used in most biogas plants. Mechanical
mixers can be divided into 3 groups: diagonal,
horizontal and vertical. The most common is the
system of 2-3 diagonal or horizontal mixers.
Vertical (central) mixers can be used only in the
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case of a tank with a fixed, reinforced roof. Incomplete mixing may lead to disturbances of
fermentation and formation of scum.

5. Gas holder - a separate biogas storage tank
operating at the required pressure in the gas
network. Biogas accumulated in the tank is
stored until the demand for energy appears.
Biogas holder has a form of a flexible balloon
which gets bigger as it is filled with the
increasing amount of biogas produced. The tank
may be placed directly over the reactor, or, in
the case of a horizontal reactor, it may be
located next to the reactor. In this case the tank
must be in a proper building ensuring safe work
of the tank. Every tank is fitted with a safety
valve to prevent excessive pressure increase in the tank. If the allowable pressure is
exceeded, the valve releases excess biogas to the outside.
6. Biogas purification device - biogas purification prior to its use is essential because it
prevents the corrosion of installations and equipment and is required by the environmental
protection regulations.

7. Fermentation residues storage tank - a separate, external tank allowing the storage of
the fermented substrate, which is a valuable fertilizer, and can be used in a liquid form or
to make compost to respond market needs.

3.5. Biogas producing wastes

Most of the N and all other mineral elements contained in the input substrates remain in
the biogas digestates. These include major plant nutrients such as phosphorus, potassium,
and calcium. While there are suitable inorganic substitutes for the nutrient’s nitrogen,
potassium and phosphorous from organic fertilizer, there is no artificial substitute for other
substances such as protein, cellulose, lignin, etc.

They all contribute to increasing a soil's permeability and hygroscopicity while preventing
erosion and improving agricultural conditions in general. Organic substances also
constitute the basis for the development of the microorganisms responsible for converting
soil nutrients into a form that can be readily incorporated by plants.

Therefore, it is common practice to use biogas digestates as organic fertilizers, which at the
same time saves costs for both mineral fertilizer and potential disposal of the digestates.
The good fertilizing value of biogas digestates in comparison to mineral fertilizer has been
confirmed in several studies. Also, the remaining carbon bound in the organic matter helps
to maintain or even increase soil organic matter, which is particularly valuable in marginal
soils.
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Due to the decomposition and breakdown of parts of its organic content, digested sludge
provides fast-acting nutrients that easily enter the soil solution, thus becoming
immediately available to the plants.

The humic matter and humic acids present in the sludge contribute to a more rapid
humification, which in turn helps reduce the rate of erosion while increasing the nutrient
supply, hygroscopicity, etc.

The elevated ammonium content of digested sludge helps reduce the rate of nitrogen
washout as compared to fertilizers containing substantial amounts of more water-soluable
nitrates and nitrites (dung, compost).
Crop yields are generally aknowledged to be higher following fertilization with digested
sludge. Most vegetable crops such as potatos, radishes, carrots, cabbage, onions, garlic, etc.,
and many types of fruit (oranges, apples, guaves, mangos, etc.), sugar cane, rice and jute
appear to react favorably to sludge fertilization. In contrast, crops such as wheat, oilseed,
cotton and baccra react less favorably. Sludge is a good fertilizer for pastures and meadows.

The available data vary widely, because the fertilizing effect is not only plant-specific, but
also dependent on the climate and type of soil. Information is still extensively lacking on
the degree of reciprocity between soil fertility, type of soil and the effect of fertilizers
(particularly N-fertilizers) in arid and semi-arid climates. Thus, no definitive information
can be offered to date. Nor, for the same reason, is it possible to offer an economic
comparison of the cost of chemical fertilizers vs. biogas sludge. The only undisputed fact
that can be stated is that biogas sludge is better from an ecological point of view.

3.6. The energy content of biogas

Biomass constituting the raw material to produce biogas consists of three basic groups of
organic compounds: carbohydrates, proteins and fats. In addition, the growth of
microorganisms responsible for the fermentation occurs in the presence of soluble forms
of potassium, sodium, iron, magnesium, calcium, and trace elements. The most biogas can
be obtained from the decomposition of fats.
Substrate
Carbohydrates
Fats
Proteins

Biogas production
dm3/kg

Methane content
[%]

CO2 content [%]

790

50

50

700

71

29

1250

68
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Relevant parameters in the production of biogas are:
• Dry mass content (d.m.) [%]
• Organic dry mass content (o.d.m.) [% d.m.]
• CH4 efficiency [m3/kg o.d.m.]
Substrate

Dry mass
content
(%)

Organic dry
mass content
(%)

Biogas yield
(m3/t s.m.o.)

Methane
content
CH4 (% vol.)

Natural fertilizers
Cow liquid
manure
Calf liquid
manure
Pig liquid
manure
Sheep liquid
manure
Cattle manure
Pig manure
Chicken
manure
Horse manure

8-11

75-82

200-500

50-60

75-86

300-700

60-70

68-76

210-300

55-60

63-80

250-450

57-70

10-13

80-84

12-16

80-85

20-25

75-80

approx. 7
approx. 25
30-32

20-40

65-95

220-560
180-320
270-450

280-350

Source: A. Myczko (ed.) Budowa i eksploatacja biogazowni rolniczych 2011

44

50-57

50-56

55-60

55-65

RESOR Handbook

Substrate

Dry mass
content
(%)

Organic dry
mass content
(%)

Biogas yield

Methane content

(m3/t s.m.o.)

CH4 (% vol.)

450-700

50-55

Plants
corn silage
rye

20-35

85-95

30-35

cut grass
grass silage

brewers
grains

potato pulp
fruit
pomace

Grasses

approx.12
25-50

20-25

distillers
grains

92-98

83-92

70-95

550-680

ok. 55

550-680

55-65

550-620

54-55

580-750

59-60

Agricultural industry by-products
70-80

6-8

83-88

430-700

58-65

25-45

90-95

590-660

65-70

400-600

60-65

6-7

85-95

400-700

58-65

Other substrates for the biogas plant

grocery
store waste
gastric
content

5-20

12-15

80-90

75-86

250-450

60-70

Source: Land Technik Weiher Stephen H.Mitterleitner (Latocha 2009)

Apart from the temperature of the process and time in which substrates are kept in the
reactor, the chemical composition of fermented organic compounds determines the
quantity and composition of the biogas.

The useful part of the energy of biogas is the calorific value of its CH4 content. The other
components have strictly spoken an energy content also but they do not participate in a
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combustion process. Instead of contributing they rather absorb energy from the
combustion of CH4 as they usually leave a process at a higher temperature (exhaust) than
the one they had before the process (mainly ambient temperature).

The actual calorific value of the biogas is a function of the CH4 percentage, the temperature,
and the absolute pressure, all of which differ from case to case. The calorific value of the
biogas is a vital parameter for the performance of an engine, a burner or any other
application using biogas as a fuel. (www.nzdl.org).
A typical normal cubic meter of methane has a calorific value of around 10kWh, while
carbon dioxide has zero. The energy content of biogas istherefore directly related to the
methane concentration. In other words, assuming a biogas composition with 60% methane,
then, the energycontent would in this case be around 6.0 kWh per normal cubic meter.
Vehicle fuel

Vehicle fuel

1 nm3 upgraded biogas (97% methane)

9.67

1 nm3 natural gas

11.0

1 litre diesel

9.8

1 litre petrol

9.06

Source: Energinet.dk, www.energinet.dk, 2011; Preem, www.preem.se, 2011

This implies that the energy content in 1 nm3 biogas corresponds toaround 1.1 litre petrol.
However, when we convert biogas to electricity, in a biogas powered electric generator, we
get about 2 kWh of useable electricity, the rest turns into heat which can also be used for
heating applications. 2 kWh is enough energy to power a 100 W light bulb for 20 hours or
a 2000W hair dryer for 1 hour.

3.7. Basic designs of the digester

Digester is the heart of the biogas plant. Biogas digesters can vary greatly in capacity,
ranging from small-scale units used by households to larger communal and industrial
digesters. Feedstocks added to the digester can include many types of biomasses such as
animal, food and agricultural waste, but materials that are difficult for the bacteria to digest
(e.g., wood) should be avoided. The amount of biogas produced depends on a range of
factors including the type and amount of biomass used, the digester size and temperature.

There may be one or two chambers, depending on the technology used. They can be
concrete or steel. They are equipped with a heating and insulation system, ensuring the
maintenance of a suitable temperature for chemical reactions. The feedstock may be heated
directly by diluting it with hot water or steam, or indirectly by heat exchangers embedded
46

RESOR Handbook
in the walls or bottom of the fermentation chamber. The content of the chamber is not
uniform.

Therefore, an important element of the chamber is a mixing system, whose task is to make
the composition of the content uniform and degas fermenting feedstock. There are various
ways of mixing: pump - external pump system forcing circulation in the chamber; mixing
by pumping the gas inside the chamber; screw mixers - pumping agitator located in the
central conveying pipe; mixing with low-speed mixing propellers arranged vertically or
diagonally.

3.8. End uses of biogas

Biogas is a fuel with an average energy value. It can be used in households, industry,
agriculture – to produce heat/cold, electricity or as a biofuel.
Biogas can be used in many ways. Typical applications include:

Heat: the gas is combusted in a boiler. The heat generated warms upwater which can be
used to heat the digester and nearbybuildings or be exchanged on a local district heating
network. Agas boiler works like a boiler for solid and liquid fuels, but withthe difference
that the boiler is specially modified to combustgas.

Heat/Power: biogas can be used as a fuel in stationary engines, typically Otto or diesel
engines, or gas turbines. About 30-40% of the energy in the fuel is used to produce
electricity while the remaining energy becomes heat.

Vehicle fuel: biogas can be used as a vehicle fuel for cars, buses, and trucks, providing it is
upgraded by removing carbon dioxide, water andhydrogen sulphide. To use biogas as a
vehicle propellant, it must be processed in order to reach a quality acceptable by
automotive engines. It usually means the quality level of natural gas. The installation of the
vehicle must be properly adapted to the gas supply as well. At the same time automotive
companies are working on solutions that would allow the engine to operate on two types
of fuels, e.g., diesel + biogas. Water scrubbing, chemical scrubbing and PSA are the most
widely used techniques for upgrading biogas to vehicle fuel quality. The gas must also be
odourised and pressurised to around 200 bars before it can be used as vehicle fuel.

Upgraded biogas can also be introduced into the national gas grid, whichwill stimulate the
development of new markets and applications. (Basic Data on Biogas, Swedish Gas
Technology Centre Ltd (SGC), 2012)

CHP (Combined Heat and Power) is a designation of cogeneration engines that produce
both electricity and thermal energy in the process of biogas combustion. Biogas is burned
in the place of its production. This solution is very beneficial both for economic and
environmental reasons. The energy efficiency of traditional solutions that generate either
thermal energy or electricity is approx. 40% compared with 90% efficiency of a
cogenerator. The efficiency of electricity gain in the newest big units ranges from 30 to 40%
and thermal efficiency from 40 to 44%. In the case of smaller plants, the electrical efficiency
ranges from 25 to 33%, while thermal efficiency is usually higher than 50%. Efficiency rates
typically increase with the increase of electric power of the installation.
The most common solution for low-power CHP systems is reciprocating engines.
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They are characterized by:
•
•
•
•
•
•
•
•

availability in a wide range of electrical power (5 kW to 50 MW)
possibility to optimally adjust the system to the needs of the individual customer,
possibility of the modular design of larger power systems,
possibility of using different fuels, including biogas,
necessity of cooling even in the absence of heat reception,
large dimensions and low power to weight indicator,
loud noise requiring the use of acoustic shields,
relatively high level of vibration requiring the use of vibration dampers.

(A. Kowalczyk-Juśko, Biogazownie szansą…)

The minimum required level of methane in gas intended to be used as fuel is usually set by
manufacturers at over 30% of volume, which corresponds to the calorific value of gas at a
level not lower than 13 MJ/Nm3.

CHP systems with reciprocating gas engines (internal combustion engine) are used mostly
for electricity production on the coupled generator and waste heat is used to produce hot
water or, in an additional boiler, saturated steam. The heat is recovered from the
compressed biogas exchanger, engine jacket exchanger, oil exchanger and exhaust gases
exchanger. Biogas engines can be integrated with the building or be present in a mobile
(container) version.
Another group of the most common devices used in the cogeneration systems is gas
turbines used generally in systems with the electrical power higher than 1 MW.
The gas turbine compared to the reciprocating engine is characterized by a considerably
smaller size and weight. Gas turbines have lower energy efficiency and lower electrical
power to thermal power ratio.

The next stage of development of technical solutions based on gas turbines with heat
regeneration is micro gas turbines. These are stationary gas turbine sets characterized by
a small electrical power of approx. 25-500 kW. They consist of a radial turbine, a
compressor and a regenerative air heater integrated in the entire system.
Microturbines are mainly used in CHP systems in which hot water is produced. Impurities
in the biogas can damage microturbines, therefore biogas must be cleaned and dried
beforehand. Microturbines burn biogas with a methane content of 35 to 100% and have
considerably lower exhaust emission. This enables the development of new ways to use the
exhaust gases e.g., in agricultural dryers or to use CO2 in greenhouses. Recovered heat has
a relatively high temperature and is transported only by exhaust gases. They achieve
thermal efficiency in the range of 40 to 60%, and electrical efficiency in the range of 20 to
35%, the total efficiency of the cogeneration system is more than 80 %.
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3.9. Environmental impacts of using biogas energy

Biogas can reduce the environmental impact of energy use in many ways. Switching to
biogas can reduce CO2 emissions from energy use, as well as methane emissions (if biogas
is produced from waste). It can also have positive benefits for indoor air pollution and land
degradation when it replaces the use of solid biofuels.
The actual gain in green house gas emissions when replacing fossil fuelswith biogas
depends on the substrate used. It is possible to reduce the greenhouse gas emission by
more than 100% by including for example the decreased need of fertilizer. The large
environmental benefit for biogas produced from manure depends on the decreased leakage
of methane and nitrous oxides compared to the traditional manure storage systems.
Substrate

Reduction of greenhouse gas
emissionscompared to fossil fuels [%]

Grass

86

Sugar beet (incl. tops)

85

Manure

148

Organic household waste

103

Maize

75

Waste from the food industry

119

Source: Livscykelanalys av svenska biodrivmedel,SGC, 2010

Through the production of biogas (CH4 and CO2) in the fermentation process, the amount
of carbon is significantly (>50%) reduced. Depending on the operating system (including
pH and temperature) of the biogas plant, N can also be lost (as NH3) to a certain extent.

3.10. Economics of the small-scale biogas energy systems

When a potential operator is deciding whether to build a biogas plant, the crucial
consideration is: can the future plant be operated at a profit? The economic profitability of
biogas plants therefore needs to be assessed.
A biogas plant can generate revenues in the following ways:
•

•

sale of electricity
sale of heat
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•
•
•

sale of gas

revenues from disposal of digestion substrates
sale of digestate.

The principal source of revenue for biogas plants, apart from those which feed gas into a
grid, is the saleof electricity.
The situation relating to the sale of heat is significantly more problematic than for
electricity. From the very outset, therefore, consideration should be given to potential heat
offtakers when the site of the plant is being chosen. In practice it will not be possible to
putall the arising heat energy to meaningful use, partly because a certain percentage will
be required as process heat and partly because most heat offtakers willhave widely
differing seasonal heat demands. In most cases, because of the biogas plant's own heat
demand, the quantity of heat that can be supplied by the plant will run counter to the heat
demand of potential offtakers.
It may be the plant operator's aim not to convert the biogas into electricity by a CHP
process, but to upgrade the gas and feed it into the natural gas grid. Such plants obtain most
of their revenues from the gas they sell.
The cost items can essentially be broken down according to the following structure:
•

Variable costs
o

o

o
o
•

substrates costs can account for up to 50% of total costs. This is particularly
likely to be the case for plants that use exclusively energy crops and other
related renewable resources.

consumables - primarily comprise electricity, ignition oil, lubricating oil and
diesel, as well as plastic sheets and sandbags for covering the silage. For gas
feed-in to the grid, the consumables also include propane, which is added to the
biogas for gas conditioning.
maintenance and repairs are estimated at 1–2% ofcapital costs, depending on
the component.

laboratory analyses - professional process control requires laboratory analysis
of the digester contents.

Fixed costs
o

o

capital-expenditure-dependent costs are made up of depreciation, interest, and
insurance. The depreciation allowance is component specific.
labour costs - as the work at a biogas plant is generally performed by
permanent employees and as there are no particular labour peaks, labour costs
can be included in the fixed costs. The time required for control, monitoring and
maintenance is assumed to be a function of the installed capacity,
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o

land costs - if the plant is operated as a community plant or commercial plant,
additional cost items, such as lease or rent, must also be considered.

3.11. Guiding Questions
What is biogas energy?

How is electricity produced from biogas?

How can we improve the quality of biogas?
How does home biogas work?

How long does it take to produce biogas?
What can speed up anaerobic digestion?

3.12. Vocabulary

Anaerobic bacteria
Fermentation
Digestion

Hydrolysis

Fermentation

Biochemical Conversion
Bioreactor

Co-generation
Digestate
Methane
pH

3.13. Resources & Links

http://www.cire.pl/pliki/2/Mikrogeneracja_Technika.pdf
biogasportal.info - Guide to Biogas From production to use
(https://mediathek.fnr.de/media/downloadable/files/samples/g/u/guide_biogas_engl_201
2.pdf)
International Renewable Energy Agency (IRENA) - Measuring small-scale biogas capacity
and production (https://www.irena.org//media/Files/IRENA/Agency/Publication/2016/IRENA_Statistics_Measuring_smallscale_biogas_2016.pdf)
51

RESOR Handbook
Organic Fertilizer from Biogas Plants
(https://energypedia.info/wiki/Organic_Fertilizer_from_Biogas_Plants)

Fertilizing Potential of Separated Biogas Digestates in Annual and Perennial Biomass
Production Systems, Andrea Ehmann, Ulrich Thumm and Iris Lewandowski
(https://www.frontiersin.org/articles/10.3389/fsufs.2018.00012/full)
Basic Data on Biogas
(http://www.sgc.se/ckfinder/userfiles/files/BasicDataonBiogas2012.pdf)

Agrobiogazownia, a collective work edited by K. Węglarzy, W. Podkówka, Instytut
Zootechniki PIB, Grodziec Śląski 2010

Biogazownie rolnicze. Opracowanie monograficzne, ed. J. Walczak, Instytut Zootechniki
PIB, Kraków 2010

Biogazownie szansą dla rolnictwa i środowiska, dr Alina Kowalczyk-Juśko, FDPA Fundacja
na rzecz Rozwoju Polskiego Rolnictwa, Warszawa
Mikrogeneracja ciepła i energii elektrycznej w lokalnych systemach zasilania, Radosław
Szczerbowski, Politechnika Poznańska, in: „Energia Elektryczna” – January 2011

Budowa i eksploatacja biogazowni rolniczych. Poradnik dla inwestorów
zainteresowanych budową biogazowni rolniczych, a collective work edited by A. Myczko,
Wydawnictwo ITP, Warszawa-Poznań 2011

Wykorzystanie energii odnawialnych, ed. dr Małgorzata Bereza, Instytut Zootechniki PIB
ZD Grodziec Śląski sp. z o.o., Kostkowice 2009

3.14. Case Study

Description of the agricultural biogas plant with 500 kWe capacity in the
experimental unit of The National Research Institute of Animal Production
Odrzechowa Sp. z o.o.

Agricultural biogas plant with 500 kWe capacity located in Odrzechowa, gmina Zarszyn,
Sanok county, Podkarpackie Voivodeship.
Technical data:

Electrical nominal power: 500 kWe
Nominal heat power: 518 kWt

Gross electricity production: 4 157 MWh/year
Gross heat production: 15 817 GJ/year

Connection to the grid: line 15 kV between Besko-Równe

Description of the facilities of the biogas plant:
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1. Fermentation chambers
They are circular, monolithic, reinforced concrete tanks with internal diameters of 23,0m
and 26m and a height of 6m, covered with membrane roof constituting the gas holder. On
the inside, the tanks are insulated in the gas area against aggressive environmental
influence. From the outside, the tanks are thermally insulated and covered with trapezoidal
sheets. The tanks are equipped with two submersible mixers with adjustable height and
angle and with the heating and piping installation.
2. Fermentation residues storage tank

It is a circular, monolithic, reinforced concrete tank with internal diameter of 30,0m and a
height of 6m. The function of the fermentation residues storage tank will be also fulfilled
on the farm by the existing liquid manure tank. The tank is equipped with two submersible
mixers with adjustable height and angle and with the piping installation.
3. Collecting tank

It is a circular, monolithic, reinforced concrete tank with internal diameter of 6,40m and a
height of 3m. The tank is equipped with a submersible mixer with vertical and horizontal
adjustment and with the piping installation.
4. Silage silo

The silage silo is a 3-chamber, monolithic, reinforced concrete tank, 4,2m high, 30m wide
and 50m long.
5. Technical building and technical room of the pumping station

The technical building was constructed based on a traditional technology. In the building
there are: a cogenerator room, a transformer, a control room, a technical room, and a social
room. In the technical room of the pumping station there are thermal and technological
network systems and control cabinets.
Other technological elements (nonbuilding) of the biogas plant are the detached devices
standing on reinforced concrete slabs on the ground.
Technology of the biogas plant:

The technology involves the processing of substrates of plant origin such as corn silage,
grass silage and other plant waste as well as manure and liquid manure in various
proportions. Manure will be delivered directly to the biogas plant from the farm. All solid
substrates will be delivered to the dosing hopper from which they will be automatically
transported to the fermentation chamber. Liquid substrates will be transported in the
pipeline directly to the collecting tank.

Dosage of substrates from the collecting tank to the production process will be carried out
automatically. Solid substrates will be transported to the mixing and dosing device wherein
the solid substrate will be mixed with the liquid substrate to the pumpable form. The
homogeneous mixture of substrates will be pumped in appropriate amounts and
proportions into two main fermentation chambers. The proposed system ensures
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conducting the technological process in two stages: initial fermentation and secondary
fermentation. Fermentation occurs in two digesters. The process of intensive production of
biogas occurs in both tanks.

Both tanks are equipped with a heating system responsible for maintaining a stable process
temperature in the range of 37-40°C. Biogas generated in the fermentation process is
subject to the desulfurization: in the gas space of reactors, it comes to the biological
desulfurization process which consists in dispensing small amounts of air, which
contributes to the expansion of bacteria reducing the concentration of hydrogen sulphide
in the biogas.

Desulfurized biogas flows through gas intakes from fermentation chambers to the biogas
network in which it is transported to the compression and second-degree treatment
devices. Second degree treatment involves dehydration treatment consisting in
condensation of moisture because of decrease of gas temperature. The condensate from
the biogas flows down by gravity to the condensate sump, from which it is pumped into the
fermentation residues storage tank.

Thus prepared, biogas is directed to the cogeneration unit, where its chemical energy is
converted into electricity and heat. Electricity is used to cover the needs of the facility and
to power the grid. The heat from the cogeneration has the form of hot water and is used to
cover the needs of the facility with the possibility to be used for other utility purpose. In the
case of failure to use all the heat from cogeneration as utility water, its excess is directed to
the fan cooler.
Post-fermentation liquid is transported to the separator of the solid fraction of the postfermentation fertilizer. The solid fraction will be received in the container to which the
solid fertilizer falls by gravity. The liquid fraction of the fertilizer will be directed to the
storage tank - fermentation residues storage tank.

Type of substrates:
•
•
•
•
•

corn silage in the amount of max 2500 Mg/year,

green left-overs in the amount of approx. 600 Mg/year (within the period between VVII)
grass in the amount of approx. 800 Mg/year (within the period between VIII-IX)
beetroot pulp in the amount of approx. 5000 Mg/year (limiting the corn silage)

waste from animal husbandry: cattle manure in the amount of 8300 Mg/year,
unfermented liquid manure in the amount of 900 m3/year, fermented liquid manure in
the amount of 4500 m3/year.
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4. Solar Energy

4.1. The sun and solar energy

The Sun is the primary and limitless source of energy. It radiates enormous amounts of
energy each day, which is more than the amount that the world uses in one year.

The gravity of the Sun, which is 28 times that of Earth, traps hydrogen from its atmosphere
and this hydrogen fuels the Sun's fusion reactions. At temperatures of 15 million degree
Celsius in the Sun's core, hydrogen gas becomes plasma, the fourth state of matter. In
plasma, the negatively charged electrons in atoms are entirely separated from the
positively charged atomic nuclei. The high pressure and temperature conditions in the
center of the sun cause nuclei to separate from their electrons. Hydrogen nuclei fuse to form
a helium atom. Energy is generated from this process called nuclear fusion. Solar energy is
produced through deep nuclear fusion reactions. In a fusion process, two atomic nuclei
collide at very high speed and create a new form of nucleus. It can be done due to the
extremely high temperature and high density in the sun’s core. Although the positive
charges tend to repel each other, they stay together due to the high temperature and
density of the sun's core.

The fusion process in the Sun is also known as the proton-proton chain. The Sun starts with
protons, and through a series of steps, turns them into helium. Overall, four protons are
converted into one helium nucleus. Energy is released because the helium nucleus has
slightly less mass than the original four protons. The mass of the helium core is 0.635% less
than that of four protons; the energy difference is converted into energy according to
Einstein’s equation:
E = mc2

In this equation, E represents energy, m the mass, and c is the speed of light.

The radiant energy released during the fusion process travels to the Earth with the speed
of light. A tiny portion of the energy (one part in two billion) radiated by the sun into space
strikes the Earth. This amount of energy is enormous. About 30% of the radiant energy that
reaches the Earth is reflected into space. About half of the radiant energy that reaches the
Earth is absorbed by land and oceans. The rest is absorbed by the atmosphere and clouds
and cause the greenhouse effect.
In addition to supplying a large amount of energy directly, the sun is also the source for
many different forms of energy. Solar energy powers the water cycle, allowing us to harness
the energy of moving water. Solar energy drives wind formation, allowing us to use wind
turbines to transform kinetic energy into electricity. Plants use solar energy in the process
of photosynthesis. Biomass can trace its energy source back to the sun. Even fossil fuels
originally received their energy from the sun.
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The solar energy reaching the Earth’s surface represents a few thousand times the current
use of primary energy by humans. The potential of this resource is enormous and makes
solar energy a crucial component of a renewable energy portfolio aimed at reducing the
global emissions of greenhouse gases into the atmosphere.

4.2. History of solar energy

People have harnessed solar energy for centuries. As early as the seventh century BC,
people used basic magnifying glasses to focus light from the sun to make fire. Over a century
ago, a solar collector was used by a scientist to make steam to power an engine. Solar water
heaters gained popularity in the early 1900s. Today, people use solar energy to heat
buildings and water and to generate electricity.
Solar energy technologies have a long history. Between 1860 and the First World War, a
range of technologies were developed to generate steam, by capturing the Sun’s heat, to
run engines and irrigation pumps. Solar photovoltaic cells were invented in 1954 and have
been used in space satellites for electricity generation since the late 1950s.

Solar radiation is a renewable energy resource that has been used by humanity in all ages.
Passive solar technologies were already used by ancient civilizations for warming and/or
cooling habitations and water heating; in the Renaissance, concentration of solar radiation
was extensively studied, and in the 19th century the first solar-based mechanical engines
were built. The discovery of photovoltaic effect by Becquerel in 1839 and the creation of
the first photovoltaic cell in the early 1950s opened entirely new perspectives on the use
of solar energy to produce electricity. Since then, the evolution of solar technologies
continues at an unprecedented rate.
Solar energy today is being used for everything from reducing electrical costs for
residential homes to helping those in agricultural and other business entities. Using this
natural source of power both saves the environment, unlike other energy sources, and
allows people to use this never-ending source of power for the rest of their lives.

4.3. Use of solar energy

Solar energy can be used by three technological processes: chemical, electrical, and
thermal. A chemical process, through photosynthesis, maintains life on earth by producing
food and converting CO2 to O2. Electrical process, using photovoltaic converters, provides
power for spacecraft and is used in many terrestrial applications. The thermal process can
be used to provide much of the thermal energy required solar water heating and building
heating. Another form of converted solar radiation is mechanical energy like wind and
water steam.
Solar energy refers to sources of energy that can be directly attributed to the light of the
sun or the heat that sunlight generates. Solar energy technologies can be classified as
follows: 1) passive and active; 2) thermal and photovoltaic, and 3) concentrating and nonconcentrating.
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Passive solar energy technology merely collects energy without converting the heat or light
into other forms. It includes, for example, maximizing the use of daylight or heat through
building design. In contrast, active solar energy technology refers to the harnessing of solar
energy to store it or convert it for other applications and can be broadly classified into two
groups: (i) photovoltaic (PV) and (ii) solar thermal. The PV technology converts radiant
energy contained in light quanta into electrical energy when light falls upon a
semiconductor material, causing electron excitation and actively enhancing conductivity.
Solar thermal technology uses solar heat, which can be used directly for either thermal or
heating application or electricity generation. Accordingly, it can be divided into two
categories: (i) solar thermal non-electric and (ii) solar thermal electric. The former includes
applications as agricultural drying, solar water heaters, solar air heaters, solar cooling
systems, and solar cookers; the latter refers to use of solar heat to produce steam for
electricity generation, also known as concentrated solar power (CSP). Four types of CSP
technologies are currently available in the market: Parabolic Trough, Fresnel Mirror, Power
Tower, and Solar Dish Collector.

4.4. The greenhouse effects

The greenhouse effect is a process that occurs when gases in Earth's atmosphere trap the
Sun's heat. This process makes Earth much warmer than it would be without an
atmosphere. The greenhouse effect is one of the things that make Earth a comfortable place
to live.

The greenhouse effect is a natural process that warms the Earth’s surface. Life on Earth
depends on energy coming from the Sun. When the Sun’s energy reaches the Earth’s
atmosphere, some of it is reflected space and the rest is absorbed and re-radiated by
greenhouse gases.

About half of the light reaching Earth's atmosphere passes through the air and clouds to
the surface, where it is absorbed and then radiated upward in the form of infrared heat.
About 90 percent of this heat is then absorbed by the greenhouse gases and radiated back
toward the surface, which is warmed to a life-supporting average of 15 degrees Celsius.
Greenhouse gases include water vapor, carbon dioxide, methane, nitrous oxide, ozone, and
some artificial chemicals such as chlorofluorocarbons (CFCs). The absorbed energy warms
the atmosphere and the surface of the Earth. This process maintains the Earth’s
temperature at around 33 degrees Celsius warmer than it would otherwise be, allowing life
on Earth to exist.

Earth’s natural greenhouse effect is critical to supporting life and initially was a precursor
to life moving out of the ocean onto land. Human activities, however, mainly the burning of
fossil fuels and clearcutting of forests, have accelerated the greenhouse effect and caused
global warming. Strengthening of the greenhouse effect through human activities is known
as the enhanced (or anthropogenic) greenhouse effect. This increase in radiative forcing
from human activity is attributable mainly to increased atmospheric carbon dioxide levels.
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4.5. Solar collectors

Solar Thermal Collectors
A solar collector is one way to capture sunlight and transform it into heat energy or thermal
energy. The amount of solar energy an area receives depends on the time of day, the season
of the year, the cloudiness of the sky, and the distance from the Earth’s Equator. The term
"solar collector" commonly refers to a device for solar hot water heating but may refer to
immense power generating installations such as solar parabolic troughs and solar towers
or non-water heating devices such as solar air heaters.

Solar collectors are generally mounted on the roof and must be very sturdy as they are
exposed to a variety of different weather conditions. The use of solar collectors provides an
alternative for traditional domestic water heating using a water heater, potentially
reducing energy costs over time. As well as in domestic settings, a large number of solar
collectors can be combined in an array and used to generate electricity in solar thermal
power plants.

Solar thermal collectors are either non-concentrating or concentrating. Classification of
solar thermal collectors is given in Figure 4-1. In non-concentrating collectors, the aperture
area (i.e., the area that receives the solar radiation) is roughly the same as the absorber
area (i.e., the area absorbing the radiation). This type has no extra parts except the collector
itself. Concentrating collectors have a much bigger aperture than absorber area (additional
mirrors focus sunlight on the absorber) and only harvest the direct component of sunlight.

4-1. Figure: Classification of Solar Thermal Collectors

Non-concentrating collectors are typically used in residential and commercial buildings for
space heating while concentrating collectors in concentrated solar power plants generate
electricity by heating a heat-transfer fluid to drive a turbine connected to an electrical
generator. Possible achievable temperatures depending on concentration level are given in
Table 1. In most cases, solar collectors are covered to reduce heat losses.
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Category
No concentration

Medium concentration
High concentration

Example

Temperature Range, oC

Flat plate

up to 75

Evacuated tube

up to 200

Parabodial

1500 and more

Parabolic
cylinder

150-200

Efficiency, %
30-50

50-70

60-75

4-1. Table: Classification of solar collectors according to concentration degree

Solar systems for heating water or air usually have non-concentrating collectors. Flatplate and evacuated tube collectors are the most common types of non-concentrating
collectors for water and space heating in buildings.
Flat Plate Collector

Flat-plate collectors are used typically for temperature requirements up to 75oC although
higher temperatures can be obtained from high-efficiency collectors (their water must be
changed to other heat transfer liquids because of its boiling temperature of 100oC). These
collectors are of two basic types based on heat transfer fluid: liquid type and air type.

Flat-plate collectors use both beam and diffuse solar radiation. They do not require tracking
of the sun and require little maintenance. They are usually placed on the top of a building
or other structures. They are durable and effective. They shed snow very well when
installed in climates that experience significant snowfall. Their classification is given
according to the heat transfer medium employed: liquid heaters and air heaters. Because
of their high heat loss coefficient, ordinary flat-plate collectors are not practical for elevated
temperatures above 80oC.
When higher temperatures are desired, the heat loss coefficient needs to be reduced. This
can be accomplished principally by two methods: evacuation and concentration, either
singularly or in combination. While several attempts have been made to build evacuated
flat plates, they do not seem to hold any promise of commercial success.

Flat-plate collectors consist of a (1) enclosure containing (2) a dark-colored absorber plate
with fluid circulation passageways, and (3) a transparent cover to allow transmission of
solar energy into the enclosure. The sides and back of the enclosure are typically insulated
to reduce heat loss to the ambient Solar radiation passes through the transparent cover and
hits the absorber plate. This plate heats up, transferring the heat to either water or air that
is held between the cover and absorber plate.
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Solar water heating collectors have metal tubes attached to the absorber (Figure 4-2). A
heat-transfer fluid is pumped through the absorber tubes to remove heat from the absorber
and transfer the heat to water in a storage tank. The circulation fluid in tropical and subtropical climates is typically water. In climates where freezing is likely, a heat transfer fluid
like an automotive antifreeze solution may be used instead of water, or in a mixture with
water. If a heat transfer fluid is used, a heat exchanger is typically employed to transfer heat
from the solar collector fluid to a hot water storage tank.
The most common absorber design consists of copper tubing joined to a high conductivity
metal sheet (copper or aluminum). A dark coating is applied to the sun-facing side of the
absorber assembly to increase its absorption of solar energy. A common absorber coating
is black enamel paint. Solar air heating systems use fans to move air through flat-plate
collectors and into the interior of buildings.

4-2. Figure: Components of a flat-plate collector

Evacuated Tube Collector
Evacuated tube collectors are constructed of several glass tubes. Each tube is made of
annealed glass and has an absorber tube attached to a fin. The fin’s coating absorbs solar
energy but inhibits radiative heat loss. The tubes are manufactured with a vacuum between
the outer and inner tubes, which eliminates conductive and convective heat loss and helps
them achieve very high temperatures. The only heat loss mechanism remaining is
radiation. The absence of air in the tube creates excellent insulation, allowing higher
temperatures to be achieved at the absorber plate.

Since heat loss due to convection cannot cross a vacuum, it forms an efficient isolation
mechanism to keep heat inside the collector pipes. Since two flat glass sheets are generally
not strong enough to withstand a vacuum, the vacuum is created between two concentric
tubes. Typically, the water piping in an evacuated tube collector is therefore surrounded by
two concentric tubes of glass separated by a vacuum that admits heat from the sun (to heat
the pipe), but that limits heat loss. The inner tube is coated with a thermal absorber.
Vacuum life varies from collector to collector, from 5 years to 15 years.
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Two common types of evacuated tube solar collectors are (a) Direct flow (U-type)
evacuated tube collector and (b) heat pipe evacuated tube collector.

Direct-flow evacuated-tube collectors: A direct-flow evacuated tube collector has two pipes
that run down and back, inside the tube. One pipe is for inlet fluid, and the other is for outlet
fluid (Figure 4-3). Since the fluid flows into and out of each tube, the tubes are not easily
replaced. Also, if a tube breaks, it is possible to pump all the fluid out of the system.

4-3. Figure: Evacuated tube collector

Heat pipe evacuated-tube collectors: Heat pipe evacuated tube collectors contain a copper
heat pipe, which is attached to an absorber plate, inside a vacuum-sealed solar tube. The
heat pipe is hollow and the space inside is also evacuated. Inside the heat pipe is a small
quantity of liquid, such as alcohol or purified water plus special additives. The vacuum
enables the liquid to boil at lower temperatures than it would at normal atmospheric
pressure.
When sunlight falls the surface of the absorber, the liquid in the heat tube quickly turns to
hot vapor and rises to the top of the pipe. Water or glycol flows through a manifold and
picks up the heat. The fluid in the heat pipe condenses and flows back down the tube. This
process continues, if the sun shines. Heat pipe collectors must be mounted with a minimum
tilt angle of around 25° for the internal fluid of the heat pipe to return to the hot absorber.

Concentrator Collector

The area intercepting the solar radiation is more significant, sometimes hundreds of times
greater, than the absorber area. The collector focuses or concentrates solar energy onto an
absorber. The collector usually moves so that it maintains a high degree of concentration
on the absorber. Solar thermal power plants use concentrating solar collector systems
because they can produce high-temperature heat.
61

RESOR Handbook

4.6. Solar space heating

Solar air heating is a solar thermal technology in which the energy from the sun is captured
by an absorbing medium and used to heat air. Solar air heating is a renewable energy
heating technology used to heat or condition air for buildings or process heat applications.
It is typically the most cost-effective out of all the solar technologies, especially in
commercial and industrial applications, and it addresses the largest usage of building
energy in heating climates, which is space heating and industrial process heating.

Solar hot-air collectors are mounted on south-facing vertical walls or roofs. Solar radiation
reaching the collector heats the absorber plate. The air passing through the collector picks
up heat from the absorber plate. Freezing, overheating and leaks are less troublesome for
solar air collectors than for liquid collectors. However, since the liquid is a better heat
conductor, solar collectors using water, or a heat transfer fluid are more suited to hot water
heating for the home. A solar hot air collector is most often used for space heating.

4.7. Passive solar design

Passive solar design refers to the use of the Sun’s energy for the heating and cooling of living
spaces by exposure to the sun. When sunlight strikes a building, the building materials can
reflect, transmit, or absorb solar radiation. Besides, the heat produced by the sun causes air
movement that can be predictable in designed spaces. These primary responses to solar
heat led to design elements, material choices, and placements that can provide heating and
cooling effects in a home. Unlike active solar heating systems, passive systems are simple
and do not involve substantial use of mechanical and electrical devices, such as pumps, fans,
or electrical controls to move the solar energy.
A passive solar home is designed to let in as much sunlight as possible. It is a big solar
collector. Sunlight passes through the windows and heats the walls and floor inside the
house. The light can get in, but the thermal energy is trapped inside. A passive solar home
does not depend on mechanical equipment to move heat throughout the house.

4.8. Active solar design

The active solar design describes energy systems that capture the sun's energy and store it
in some manner for later use, through mechanical or electrical means. The two basic types
are electrical systems, or photovoltaics, and thermal systems that heat liquid for domestic
hot water and/or space heating needs. An active solar home uses mechanical equipment
and other sources of energy to collect and move thermal energy. One example of an active
solar system consists of collectors, which are often mounted on the roof or in a location
with good solar exposure. They need to be placed in an area where they will not be shaded
by trees or other buildings. Heat can be stored in a large tank filled with liquid, or even in
rock bins underneath the house.
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4.9. Solar water heating

There are several small-scale solar energy technology options available for home and small
businesses usage. These include:
•
•
•
•
•
•
•
•
•
•

Solar water heating
Solar space heating
Passive solar heating
Active solar heating system
Solar cooling system
Solar desalination system
Direct solar dryer
Indirect solar dryer
Solar cooker
Solar furnace

The term "solar collector" commonly refers to a device for solar hot water heating but may
refer to immense power generating installations such as solar parabolic troughs and solar
towers or non-water heating devices such as solar air heaters.

Solar collectors are generally mounted on the roof and must be very sturdy as they are
exposed to a variety of different weather conditions. The use of solar collectors provides an
alternative for traditional domestic water heating using a water heater, potentially
reducing energy costs over time. As well as in domestic settings, many solar collectors can
be combined in an array and used to generate electricity in solar thermal power plants.
Solar water heating collectors have metal tubes attached to the absorber (Figure 4-2). A
heat-transfer fluid is pumped through the absorber tubes to remove heat from the absorber
and transfer the heat to water in a storage tank.

4.10. Benefits of solar energy

Solar energy offers many benefits that make it one of the most promising energy forms.
Renewable, non-polluting, and available planet-wide, it contributes to sustainable
development and job creation where it is installed. Likewise, the simplicity of this
technology makes it ideal for use in rural or difficultly accessed areas isolated from the
network.
Benefits of using solar thermal energy can be summarized as follows:
•
•
•
•
•

Solar electric systems are safe, clean, and quiet to operate.
Solar systems are highly reliable and require very little maintenance.
Solar systems are cost-effective in remote areas and for some residential and
commercial applications.
Solar systems are flexible and can be expanded to meet increasing electrical needs
for homes and businesses.
Solar systems can provide independence from the grid or backup during outages.
63

RESOR Handbook
•
•

The fuel is renewable and free and domestically produced.
Using solar energy to generate electricity produces no greenhouse gases.

4.11. Challenges of solar energy

Several technical and economic barriers can be summarized as follows:
•
•

•
•
•
•
•
•
•

The heat-carrying capacity of heat transfer fluids is low.
There are thermal losses and energy storage system issues with concentrated
collectors.
Supply orientation in the design of solar water heaters when product diversity is
needed to match diverse consumer demand profiles.
For solar water heating, lack of integration with conventional building materials,
existing appliances and infrastructure, designs, codes, and standards has hampered
widespread application.
High upfront cost, coupled with long payback periods and small revenue streams
raises creditworthiness risks.
The financial viability of the domestic water heating system is low.
Backup heater required in water heating systems to provide reliable heat adds to
the cost.
The increasing cost of essential materials like copper make water heating and
distribution costly.
Limited rooftop area and lack of building integrated systems limit widespread
application.

Treated as a financial investment, the attractiveness of residential solar energy systems
depends on the following parameters: the initial cost of system, maintenance costs, the
lifespan of the system, the amount and form of energy used, the concordance between solar
energy captured and load, the cost of the energy consumed using conventional energy and
awarded grants.
The cost of a solar heating system with two collectors (flat plate or evacuated tube) and
storage tank of 180-liter hot water and 250-liter cold water is around 750 USD plus taxes
depending on the country.

To calculate the monetary savings for the small-scale solar water heating system a variety
of factors should be considered, including climate, the amount of hot water used at the
location, conventional fuel costs (electricity), the water temperature required, and system
performance.

4.12. Guiding Questions

How would life on earth be if there were no greenhouse effect?
How can we concentrate the energy of the Sun in one area?
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How can we capture the sun's energy?

How can we convert radiant energy directly into electricity?

4.13. Vocabulary
Solar radiation
Collectors

Heat energy
Irradiance

Active system

Passive system
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4.15. Case Study
Case study
title

Case study
content

Use of Solar Thermal Energy: Domestic Hot Water and Radiant Floor
Heating for a Two Floor House

Economic feasibility of a solar thermal system used for Domestic Hot
Water and Radiant Floor Heating using solar thermal collectors for a
two-floor house is modeled. The optimal type/number of solar thermal
collectors and thermal storage size were determined based on the
economic figures. Cost of solar collectors and their corresponding
storage capacity were considered.
Hot water of 100-liter capacity at 60 ˚C approximate can be delivered
by a single collector system of 2 m² areas. The solar water heating
systems are generally provided with auxiliary backup in the insulated
hot storage tank for the rainy and heavily overcast cloudy days.

Summary

The optimum system configuration for the case of evacuated tube
system resulted in 8 collectors using a storage relation of 40 L/m2
whereas flat plate system resulted in 12 collectors using a storage
relation of 50 L/m2. The return on investment for the flat plate system
was calculated in 9 years, and the evacuated tube system resulted in
approximately 11 years. The cost calculated for the house heating in a
25 years period with no solar equipment resulted in $USD 23,571.00,
which represents 274.7% more compared to the equipment and
operation cost of the flat plate project. Even when the total cost is lower
and the return of investment is shorter for the flat plate system, it would
be convenient to consider installation and maintenance costs in further
research.
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5. Photovoltaic Energy

5.1. Photovoltaic systems

Photovoltaic (or PV) systems convert light directly into electricity. The term photo comes
from the Greek phos, which means “light.” The term volt is a measure of electricity named
for Alessandro Volta (1745-1827), a pioneer in the development of electricity. Photovoltaic
means light–electricity.
The most straightforward PV systems power many of the small calculators, wristwatches,
and outdoor lights we see every day. Larger PV systems generate electricity for factories
and warehouses, provide electricity for pumping water, powering communications
equipment, and lighting homes and running appliances.

In specific applications and remote settings, such as pumping water for livestock, PV power
is the cheapest form of electricity. Electric utility companies are building and including PV
systems into their power supply networks.

The solar cell is the elementary building block of the photovoltaic technology. Solar cells
are made of semiconductor materials, such as silicon. One of the properties of
semiconductors that makes them most useful is that their conductivity may easily be
modified by introducing impurities into their crystal lattice. For instance, in the fabrication
of a photovoltaic solar cell, silicon, which has four valence electrons, is treated to increase
its conductivity. On one side of the cell, the impurities, which are phosphorus atoms with
five valence electrons (n-donor), donate weakly bound valence electrons to the silicon
material, creating excess negative charge carriers. On the other side, atoms of boron with
three valence electrons (p-donor) create a greater affinity than silicon to attract electrons.
Because the p-type silicon is in intimate contact with the n-type silicon a p-n junction is
established, and diffusion of electrons occurs from the region of high electron
concentration (the n-type side) into the region of low electron concentration (p-type side).
When the electrons diffuse across the p-n junction, they recombine with holes on the ptype side. The reflection of the sunlight will create an electric field across photovoltaic
systems, causing electricity (Direct current- DC) to flow. The DC electricity will be
transported to an inverter, which will convert this DC power into alternating current (AC).
This AC power is the type of electricity, which is used for electric appliances, also referred
to as AC load.

5.2. A short history of photovoltaic systems

French physicist Edmond Becquerel first described the photovoltaic effect in 1839.
Becquerel found that certain materials would produce small amounts of electric current
when exposed to light. In the 1870s, William Adams and Richard Day showed that light
could produce an electric current in selenium. Charles Fritts then invented the first PV cell
using selenium and gold leaf in 1883, which converted light to electricity at about one
percent efficiency.
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The conversion efficiency of a PV cell is the proportion of radiant energy the cell converts
into electrical energy, relative to the amount of radiant energy that is available and striking
the PV cell.
During the second half of the 20th century, the PV process more developed. Significant
steps toward commercializing photovoltaics were taken in the 1940s and 1950s when the
Czochralski process was developed for producing highly pure crystalline silicon.

In 1954, scientists at Bell Laboratories depended on the Czochralski process to develop the
first crystalline silicon photovoltaic cell, which had a conversion efficiency of four percent.
The first conventional photovoltaic cells were produced in the late 1950s, and throughout
the 1960s were principally used to provide electrical power for earth-orbiting satellites. In
the 1970s, improvements in manufacturing, performance, and quality of PV modules
helped to reduce costs and opened several opportunities for powering remote terrestrial
applications, including battery charging for navigational aids, signals, telecommunications
equipment, and other critical, low-power needs.

In the 1980s, photovoltaics became a popular power source for consumer electronic
devices, including calculators, watches, radios, lanterns, and other small battery-charging
applications. Following the energy crises of the 1970s, significant efforts also began to
develop PV power systems for residential and commercial uses, both for stand-alone,
remote power as well as for utility-connected applications. During the same period,
international applications for PV systems to power rural health clinics, refrigeration, water
pumping, telecommunications, and off-grid households increased dramatically, and remain
a major portion of the present world market for PV products.
As a result of technological advances, the cost of PV cells has decreased significantly over
the past 25-30 years, as efficiency has increased. Today’s commercially available PV devices
convert 13 to 30 percent of the radiant energy that strikes them into electricity.
In the laboratory, combining exotic materials with specialized cell designs has produced PV
cells with conversion efficiencies as high as 46 percent. The current expense of these
technologies typically restricts their use to the aerospace and industrial applications,
where the unit cost of a solar array that powers, for example, a satellite is a minor concern.

5.3. Photovoltaic effect

The photovoltaic effect is the necessary physical process through which a PV cell converts
sunlight directly into electricity. PV technology works any time the sun is shining, but more
electricity is produced when the light is more intense and when it strikes the PV modules
directly—when the rays of sunlight are perpendicular to the PV modules.
Unlike solar systems for heating water, PV technology does not produce heat to make
electricity. Instead, PV cells generate electricity directly from the electrons freed by the
interaction of radiant energy with the semiconductor materials in the PV cells.
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Sunlight is composed of photons or bundles of radiant energy. When photons strike a PV
cell, they may be reflected, absorbed, or transmitted through the cell. Only the absorbed
photons generate electricity. When the photons are absorbed, the energy of the photons is
transferred to electrons in the atoms of the solar cell, which is actually a semiconductor.

With their new-found energy, the electrons can escape from their normal positions
associated with their atoms to become part of the current in an electrical circuit. By leaving
their positions, the electrons cause holes to form in the atomic structure of the cell into
which other electrons can move. Special electrical properties of the PV cell—a built-in
electric field—provide the voltage needed to drive the current through a circuit and power
an external load, such as a light bulb.

5.4. Photovoltaic cells

Solar cells are semiconductor devices that produce electricity from sunlight via the
photovoltaic effect. When sunlight strikes the cell, photons with energy above the
semiconductor bandgap impart enough energy to create electron-hole pairs. A junction
between dissimilarly doped semiconductor layers sets up a potential barrier in the cell,
which separates the light-generated charge carriers. This separation induces a fixed
electric current and voltage in the device. The electricity is collected and transported by
metallic contacts on the top and bottom surfaces of the cell.

A typical silicon PV cell is composed of a thin wafer consisting of an ultra-thin layer of
phosphorus-doped (N-type) silicon on top of a thicker layer of boron-doped (P-type) silicon
(Figure 5-1). An electrical field is created near the top surface of the cell where these two
materials are in contact, called the P-N junction. When sunlight strikes the surface of a PV
cell, this electrical field provides momentum and direction to light-stimulated electrons,
resulting in a flow of current when the solar cell is connected to an electrical load.

5-1. Figure: Schematic representation of a typical PV cell
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Photovoltaic cells are connected electrically in series and/or parallel circuits to produce
higher voltages, currents, and power levels (Figure 5-2). Photovoltaic modules consist of
PV cell circuits sealed in an environmentally protective laminate and are the fundamental
building block of PV systems. Photovoltaic panels include one or more PV modules
assembled as a pre-wired, field-installable unit. A photovoltaic array is the complete
power-generating unit, consisting of any number of PV modules and panels.

5-2. Figure: Series and/or parallel connected circuits of PV cells

There are several types of solar cells. However, more than 90 % of the solar cells currently
made worldwide consist of wafer-based silicon cells. They are either cut from a single
crystal rod or from a block composed of many crystals and are correspondingly called
mono-crystalline or multi-crystalline silicon solar cells. Wafer-based silicon solar cells are
approximately 200 μm thick. Another important family of solar cells is based on thin films,
which are approximately 1-2 μm thick and therefore require significantly less active
semiconducting material.

Thin-film solar cells can be manufactured at a lower cost in large production quantities;
hence their market share will likely increase in the future. However, they indicate lower
efficiencies than wafer-based silicon solar cells, which means that more exposure surface
and material for the installation is required for a similar performance
Different materials are used to produce PV cells, but silicon—the main ingredient in the
sand—is the most common basic material. Silicon, a common semiconductor material, is
relatively cheap because it is widely available and used in other things, such as televisions,
radios, and computers. PV cells, however, require very pure silicon, which can be expensive
to produce.

The amount of electricity a PV cell produces depends on its size, its conversion efficiency,
and the intensity of the light source. Efficiency is a measure of the amount of electricity
produced from the sunlight a cell receives. A typical PV cell produces 0.5 volts of electricity.
It takes just a few PV cells to produce enough electricity to power a small watch or a solar
calculator.
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5.5. A traditional photovoltaic cell

A typical solar cell is a multi-layered unit consisting of a:

Cover: A clear glass or plastic layer that provides outer protection and transparent
adhesive that holds the glass to the rest of the solar cell.
Anti-reflective Coating: This substance is designed to prevent the light that strikes the cell
from bouncing off so that the maximum energy is absorbed into the cell.
Front Contact: Transmits the electric current.

N-Type Semiconductor Layer: This is a thin layer of silicon that has been mixed (a process
called doping) with phosphorous.

P-Type Semiconductor Layer: This is a thin layer of silicon which has been mixed or doped
with boron.
Back Contact: transmits the electric current.

The layers of a typical solar cell can be seen in Figure 5-3.

5-3. Figure: Layers of a PV cell

5.6. PV system components

PV systems can vary in size, from small, rooftop-mounted, or building-integrated systems
with capacities of tens of kilowatts to large utility-based stations that generate hundreds of
megawatts of electrical power. There are PV systems that are connected to the power grid
(grid-direct or grid-hybrid systems) or disconnected from the grid (off-grid (or standalone) systems).
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The process of converting light (photons) to electrons generates DC electricity in solar cells.
Direct current (DC) electricity can be used to charge batteries and run a variety of
electronics. To supply power to a household or business, DC usually needs to be converted
to AC (alternating current) power. The electrical grid transmits power over long distances
using AC power. In our households, certain electronics may run on AC power, and others
use DC power. Once AC power reaches the end-user, it can be converted back into DC if
needed.

Most of today’s PV systems are modular, which means that they allow the user to add or
remove power capacity to the system at any time. These systems give users the flexibility
to adjust their power capacity as the demand changes. In photovoltaic systems, there are
many other components besides the solar cells. These components include the wiring,
surge protectors, switches, mechanical mounting components, inverters, batteries, and
battery chargers. These components are what distributes and stores electricity safely and
efficiently and can account of up to half of the total cost of a photovoltaic system.
Components that are present in a typical photovoltaic system are:
•
•
•
•
•
•
•
•
•
•
•
•

Solar panels
Electrical connections between solar panels
Output power lines
Power inverter (converts DC electricity to AC electricity)
Mechanical mounting equipment
Charge controller
Wiring
Batteries for energy storage
Electrical meter (for grid-connected systems)
Overcurrent and surge protection devices
Power processing equipment
Grounding equipment

Utilities may use more advanced systems for generating substantial quantities of electricity
such as:
•
•
•
•

Single-axis or double axis tilting systems
Automatic cooling and cleaning systems
Fuel cell, battery, or another type of power storage systems
Transmission lines

This equipment enables engineers and technicians to build PV systems that can be
integrated into buildings or constructed at an off-site location. If the photovoltaic system is
located off-site, transmission lines would need to transport the power from the solar array
to the site that requires the power.
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5.7. The scale of photovoltaic systems

Photovoltaic power systems are generally classified according to:
•
•
•

Functional and operational requirements,
Component configurations,
How the equipment is connected to other power sources and electrical loads.

The two basic classifications are
•
•

Grid-connected or utility-interactive systems
Stand-alone (off-grid) systems.

Photovoltaic systems can be designed to provide DC and/or AC power service, can operate
interconnected with or independent of the utility grid and can relate to other energy
sources and energy storage systems.

5.8. Benefits and limitations

Photovoltaic systems have several merits and unique advantages over conventional powergenerating technologies. PV systems can be designed for a variety of applications and
operational requirements and can be used for either centralized or distributed power
generation. PV systems have no moving parts, are modular, easily expandable, and even
transportable in some cases. Energy independence and environmental compatibility are
two attractive features of PV systems.

The fuel (sunlight) is free, and no noise or pollution is created from operating PV systems.
In general, PV systems that are well designed and properly installed require minimal
maintenance and have long service lifetimes.

At present, the high cost of PV modules and equipment (as compared to conventional
energy sources) is the primary limiting factor for the technology. Consequently, the
economic value of PV systems is realized over many years. In some cases, the surface area
requirements for PV arrays may be a limiting factor. Due to the diffuse nature of sunlight
and the existing sunlight to electrical energy conversion efficiencies of photovoltaic
devices, surface area requirements for PV array installations are on the order of 8 to 12 m2
per kilowatt of installed peak array capacity.
The advantages and disadvantages of PV systems can be summarized as follows:
Advantages:
•
•
•

It converts solar energy directly into electrical energy without going through the
thermal-mechanical link. It has no moving parts.
Solar PV systems are reliable, modular, durable, and generally maintenance-free.
These systems are quiet and compatible with many environments.
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•
•
•
•

They can be located at the place of use and hence no distribution network is
required.
They are cost-effective in remote areas and for some residential and commercial
applications.
They are flexible and can be expanded to meet increasing electrical needs for homes
and businesses.
The fuel is renewable, domestically available, and free.

Disadvantages:
•
•
•
•
•
•

At present the costs of solar cells are high, making them economically
uncompetitive with other conventional power sources.
The efficiency of solar cells may be low.
Large numbers of solar cell modules and large spaces are required to generate
power for large scale generation.
As solar energy is intermittent, some electrical energy storage is required, which
makes the whole system more expensive.
PV systems cannot operate all the time.
The process to make PV technologies can have harmful effects on the environment.

5.9. Measuring electricity

The global formula to estimate the electricity generated in output of a photovoltaic system
is:
E = A * r * H * PR

E = Energy (kWh)

A = Total solar panel Area (m2)

r = solar panel yield or efficiency (%)

H = Annual average solar radiation on tilted panels (shadings not included)

PR = Performance ratio, coefficient for losses (range between 0.5 and 0.9, default value =
0.75)
r is the yield of the solar panel given by the ratio: electrical power (in kWp) of one solar
panel divided by the area of one panel.
Example: the solar panel yield of a PV module of 250 Wp with an area of 1.6 m2 is 15.6%.

(This nominal ratio is given for standard test conditions (STC): radiation=1000 W/m2, cell
temperature=25 celcius degree, Wind speed=1 m/s, AM=1.5.
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The unit of the nominal power of the photovoltaic panel in these conditions is called "Wattpeak" (Wp or kWp=1000 Wp or MWp=1000000 Wp).
H is the annual average solar radiation on tilted panels. It is between 200 kWh/m2.y
(Norway) and 2600 kWh/m2.y (Saudi Arabia). The global annual radiation incident on the
PV panels with the specific inclination (slope, tilt) and orientation (Azimut) should be
considered.

PR: PR (Performance Ratio) is a significant value to evaluate the quality of a photovoltaic
installation because it represents the performance of the installation independent from the
orientation, inclination of the panel. It includes all losses.

5.10. Guiding Questions

How does photovoltaic technology generate electricity?
What is a semiconductor?

Which types of materials are used to make photovoltaic cells?

Which parameters influence the amount of electricity that a photovoltaic cell produces?
What are the types of photovoltaic cells?

How is a traditional photovoltaic cell made?

What are the components of a photovoltaic system?
Where can we install photovoltaic systems?

What are the practical limitations to photovoltaic systems?

5.11. Vocabulary
Photovoltaic cell
Solar panel
Albedo

Semiconductor
Voltage

Current

Resistance
Photon

Solar cell
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5.13. Case Study
Case study title
Case study
content

House in Paros Island
An on-roof PV system with slide-in mounting base

The PV system was installed in the framework of the program
"Photovoltaic Systems on Buildings" with main aim the increase
of the use of renewable energy production and to reduce the
distribution network loading and losses by localized energy
production.
Site/building type: The On-Roof system is installed on a
wooden shading construction using slide-in mounting base to
improve the aesthetic of the system
Summary &
Details

Duration of installation works: 2 days
Total installed power: 4.8kWp
Area needed per kW: 6.87m²

PV technology used: Polycrystalline silicon with "StayPowerful" grid interconnection technology
Total cost: €12,700, (PV: 2.65 €/Wp)

Feed-in tariffs, subsidies, grants: The system feeds into the
public grid and paid 0.55€/kWh by the Public Power
Corporation (PPC). The system is estimated to produce
approximately 6.19MWh/year which means that the total
investment will be paid back in 4 years.
CO2 emissions savings: 3.7 t/year
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6. Wind Energy

6.1. What is wind?

Wind is the movement of air driven by the uneven heating of the surface by
the Sun. Due to the heat dissipation of surfaces with different temperatures, air flows are
generated. This air movement is renewable since its driving force – the solar irradiation –
is constant.

Air movements and wind directions can also be interpreted on a local, regional, or
continental scale. In Europe, the western winds are dominant, weakening towards the
inner (eastern) regions of the continent. The stongest winds blow in the northwestern part
of the continent. However, altitude also influences wind speed: in most cases the higher
altitude results higher windspeed.
Local winds are due to local pressure differences. Air mass flows between areas of high and
low pressure. The flows are influenced by the topography of the surface (mountains,
valleys, etc). Water bodies and vegetative cover also cause changes in the direction and
strength of the wind. In open areas with low vegetation, the average wind speed also can
be higher.

Wind often changes its velocity and its direction. Rapid fluctuations are called gusts and
lulls. A gust is a sudden increase in wind speed and lulls are sudden drops in wind speed.
These gusts and lulls are caused by turbulences.

6.2. What is wind energy?

The kinetic energy of air flows called wind energy. The density of this energy increases
along with the wind speed. The higher the wind speed, the more energy we can get from it.
Therefore, we can utilise more wind energy in a certain amount of time at higher altitude,
where the average wind speed is higher.

Wind energy is used to generate electricity, that can be transferred to longer distances
through the local or national grid and drive different kind of electrical equipment. The
power produced can also be utilized locally, for example, to operate the irrigation system
of a farm.

6.3. Using the power of the wind, small-scale wind energy systems

Energy of the wind has been used for hundreds of years. Windmills helped pumping water
or grinding grain, convert the kinetic energy of the wind into mechanical energy.

In the modern era, instead of windmills, we build wind turbines, that convert the wind's
energy into electricity. Wind turbines can be installed as stand-alone applications, or
multiple turbines can be connected to one system and to the grid. Many wind turbines can
be built closely to form a wind plant or wind farm. Homeowners, farmers, and ranchers in
windy areas can use wind turbines as a way for being self-sufficient in terms of power.
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Wind speed increases above Earth’s surface, so wind turbines are mounted on tall towers.
Winds in up to about 200 meter above ground level can be used by wind turbines. The
motion of the wind drives the windwheels or rotor blades of a turbine, and the rotation of
the blades indirectly generates electricity.

Wind turbines can generate electricity at wind speeds between 3 m/s to 35 m/s (10 km/h
to 120 km/h). Thanks to the technological improvement in the last couple of years, modern
wind turbines can work even at lower or higher wind speeds and reach higher number of
working hours in a year.
Modern commercial wind turbines have a capacity around 3 MW and generally provide
electricity for the national electricity network. The largest wind turbines are over 5 MW
capacity with a rotor diameter over 100 meters.

Small wind turbines generally have a much lower energy output than large commercial
wind turbines. A household-size turbine with diameters of 9-meter can have a rated power
of 20 kW and produces about 28000 kWh/year with an average wind speed of 5 m/s or
about 72000 kWh/year with an average wind speed of 8 m/s
(http://www.greenenergywind.co.uk). These turbines can provide electricity for homes,
farms, ranches and small businesses. The biggest turbines described as small-scale wind
turbines have a rated power of 50 kW (Carbon Trust, 2008).
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6.4. Wind turbine

Wind turbines are designed with a vertical or horizontal axis, with 1-20 rotor blades, with
or without gear box and with direct current or alternating current generator that converts
mechanical energy into electricity. A general design does not exist, although the threebladed horizontal upwind turbines are the most successful ones. With these turbines, the
rotor blades are facing the wind while with downwind turbines the nacelle is facing the
wind.
The primary components of a wind energy system are:
•
•
•
•

Rotor blades
Nacelle and controls
Generator and electronics
Tower components

The next figure represents the components of a basic wind turbine:

6-1. Figure: Scheme of a wind energy turbine with components (RENAC, 2017)
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Rotor Blades
Rotor blades "capture" the wind and convert its energy into the rotation of the hub. The
hub directs the energy from the rotor blades to the generator. Each manufacturer has its
own rotor blade concepts and conducts research on innovative designs; there are many
variations that are quite different. In general, though, all modern rotor blades are
constructed in a similar way to airplane wings (World Wind Energy Association, 2011).

It has been found out that the three-blade rotor is the most efficient one for power
generation by large wind turbines. The three rotor blades allow for a better distribution of
mass, which makes rotation smoother and provides for a "calmer" appearance. The rotor
blades mainly consist of synthetics reinforced with fiberglass, carbon fibres, wood, and
metal (lightning protection, etc.). The layers are usually glued together with epoxy resin.
Aluminium and steel alloys are heavier and suffer from material fatigue. Therefore, these
materials are generally only used for very small wind turbines. (World Wind Energy
Association, 2011).
Nacelle

The nacelle holds all the turbine machinery. Because it must be able to rotate to follow the
wind direction, it is connected to the tower via bearings. The nacelle includes the drive train
that consists of the following components: rotor shaft with bedding, gear box (direct drive
turbines have none), brakes, coupling, generator, power electronics, cooling/heating, and
a small crane. The details of the arrangements in the nacelle vary from manufacturer to
manufacturer.
Wind turbine towers

Wind turbine towers are made of concrete, metal, wood, or a combination of these
materials. Most large wind turbines are built with tubular steel towers, which are
manufactured in sections.
Steel towers usually consist of two to four segments. Each has a length of 20 – 30 meters
with flanges at either end. They are bolted together on the wind farm site.
Concrete towers can be made by using specially developed sections fastened together at
wind farm site. The tower sections themselves are manufactured entirely in a pre-casting
plant. It is also possible that the tower is completely constructed on site with a climbing
formwork (called in-situ concrete).

Hybrid towers combine a pre-cast concrete segmented tower with tubular steel sections
on top. The advantage is that the segments can be easily transported via ordinary trucks
especially in those countries where the transportation of steel towers with large diameters
is problematic and where the concrete segments can be produced locally.

Guyed tubular towers are only used for small wind turbines. They are light and can be set
up without a crane.
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6.5. Limitations and advantages of wind turbines
Cost-effectiveness

By the end of the 2010s, onshore wind technology offers the cheapest solution for power
generation among all renewable or non-renewable energy sources in most region of the
world with a global average of 0,06 USD/kWh LCOE (IRENA, 2020). That means, a wind
energy investment is very cost-effective, and can be cheaper than any other solution for
power generation in rural areas.

Moreover, costs of wind power technologies are expected to continue to decline till 2030
by 25% (IRENA, 2020).
Maintenance

Wind turbines require minimal maintenance throughout their 25-year lifetime. Continuous
personal presence is not required, unlike in most power plants. Wind turbines generally
require preventative maintenance checkups two to three times per year. Maintenance
workers on wind farms lubricate moving parts – such as gearboxes and bearings – check
connections within the system and resolve any major issues that may develop.
Environmental impacts

Wind turbines can operate in harmony with the environment on arable lands, pastures, and
abandoned areas, using the land in a multifunctional way. However, their installation in
areas under environmental protection is not recommended (in most cases prohibited).
Prior to installation, landscape effects, noise, bird migration and ecological corridors, soil
load, etc. must be considered. More detailed environmental impacts are discussed in Section
6.8.
Weather dependency

The amount of wind energy is dependent of the weather both in short and long term. Since
energy storage is not a possibe solution in every rural area, expecially for a longer period,
owners need to find an alternative solution for power generation in the windless periods.
The number of windy and stormy days per year can vary, and it is important for farmers to
be ready for even weeks without enough wind. Altough, wind turbines with the newest
technology in a windy site can generate electicity almost anytime.
Forecast

The daily and weekly wind speed forecast has improved a lot in recent years. Free data on
estimated wind speed is available in most EU countries for the next couple of days. Still,
wind turbine owners must face a slight uncertainty in the daily amount and dispersion of
power generation.
Siting

The installation of wind turbines may have technical limitations. For example, due to the
accessibility of the site or the soil structure which makes construction impossible. The
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location of the farm or other agricultural area may also cause connection problems to the
national electricity grid. In addition, there may be environmental or nature barriers to the
installation.

6.6. Electricity from turbines

Wind turbines can be constructed to withstand strong storms, operate under arctic or
tropical weather conditions, in the sea or in deserts. Quite a wide range of different designs
exist for special purposes.

The installation of a wind farm must always be preceded by a preliminary wind
measurement in the designated area. It can be made by an anemometer, which is a device
used for measuring wind speed and direction. For wind speeds to be comparable from
location to location, the effect of the terrain needs to be considered, especially in regard to
height. Other considerations are the presence of trees, and both natural canyons and
artificial canyons (urban buildings). The standard anemometer height in open rural terrain
is 10 meters (Oke, Tim R., 2006).

The average wind speeds give an indication of the profitability of the wind farm investment.
In some areas, wind energy will not be the best alternative for power generation. Because
of the high initial cost of wind systems, it is imperative that the best site be used rather than
just a good one. Three main questions should be answered when a site analysis is made:
•

•
•

Is there sufficient wind for the machine to produce usable power at least 50% of
the time?
What effects will surface terrain have on the wind profile?
What barriers might affect the free flow of the wind?

The nature and the magnitude of wind characteristics are important in determining the
economic feasibility of a particular wind turbine at a given site. Reliable procedures for
comparing the wind characteristics at potential wind turbine sites are essential (CIGR
Handbook of Agricultural Engineering Volume V).
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6-2. Figure: Parameters of choosing a site for wind turbines (greenspec.co.uk)

84

RESOR Handbook
6.7. Siting a wind turbine
Aerogenerators

An aerogenerator is a small wind electric generator having a capacity of up to 30 kW.
Aerogenerators are installed either in stand-alone mode or along with solar photovoltaic
systems to form a wind–solar hybrid system for decentralized power generation. An
aerogenerator is suitable for power generation in unelectrified areas having adequate wind
speeds. It consists of a rotor of 1–10 m diameter having 2–3 blades, permanent magnet
generator, control devices, yaw mechanism, tower, storage battery, etc. The aerogenerator
rotor starts moving at a wind speed of 9–12 km per hour. However, it produces optimum
power at the rated wind speed of 40–45 km per hour. The limitation of not being able to
provide power as and when it is required is overcome by storing it in a battery bank
(vikaspedia.in).
Watering and irrigation

There are two mains solutions for using wind energy to manage watering and irriagtion in
rural areas. These are mechanical and electrical water pumping.
Mechanical Water Pumping

Almost all mechanical windmills made today are used for pumping water from wells, and
the volume is usually sufficient for livestock water, domestic uses, or small-scale irrigation.
Normal flow rates vary from a few liters per minute to 50-75 l/min. They start pumping
water at a wind speed of approximately 3.5 m/s and reach a peak flow at 9-10 m/s,
depending on the furling spring tension (Kamand et al., 1988).

As a result of the rotor speed control, windmills reach their maximum rotor speed and
pumping rate at a wind speed of 8–10 m/s and almost totally stop when the wind speed
reaches 18 m/s.
Any windmill that will provide an average of 8000 l/day or more will provide sufficient
water for a herd of 100 head of cattle or 700 sheep or goats (Vick, B. D. and R. N. Clark.
1997).

Additional water is needed for evaporation and other water losses from the storage tank.
A storage tank with a 4–5-day water supply should be provided. This volume of water
provides for days when insufficient wind is available, and those times needed for
maintenance and repairs (CIGR Handbook of Agricultural Engineering Volume V).

85

RESOR Handbook

6-3. Figure: The wind turbine drives a pump, that fills a storage tank with water during windy periods
(researchgate.net)

Electrical Water Pumping
A wind-electric water-pumping system consists of a wind-turbine generator connected
directly to a standard three-phase induction motor driving either a centrifugal

or submersible pump. It can provide water at any remote location where it is needed for
domestic uses, livestock, or irrigation.
Air exchange

There are other adventages of using wind energy in agriculture in connection of air
exchange. Air vortices caused by small-scale wind turbines installed in cultivated arable
land can speed up the natural air exchange between plants and the lower part of the
atmosphere, which minimizes the chance of fungi growing on the leaves. Moreover, in the
case of cereals, the cost of artificial drying is reduced, and increased airflow makes it easier
for corn and soybeans to extract carbon dioxide from the atmosphere.
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6-4. Figure: Wind turbines and irrigation (shutterstock.com)

6.8. Environmental impacts of using wind energy

In connection with a wind power plant various environmental impacts during the
construction, operation and decommissioning phases occur. However, wind power has
some of the lowest environmental impacts of any source of electricity generation (AWEA).
Carbon footprint

Wind power is a low-carbon energy source. When a wind turbine generates electricity, it
produces zero carbon emissions. The development of clean wind energy avoids significant
carbon dioxide (CO2) pollution. In 2019, the electricity generated from wind turbines in
the US avoided an estimated 42 million cars’ worth of CO2 emissions. A typical wind project
repays its carbon footprint in six months or less, providing decades of zero-emission energy
(AWEA).
Water conservation

Unlike thermal power plants, wind turbines require no water to produce electricity or cool
power generating equipment. By driving more efficient irrigation systems, they can even
help save water.
Visual Impacts

Depending upon wind energy technologies, their color, size, distance from the residences
and shadow flickering, the impacts from a wind plant may vary (Ladenburg, Visual impact
assessment of offshore wind farms and prior experience, 2009). To reduce the visual
impact the wind turbines are colored green at the base and gradually painted in light grey
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color in the top. Shadow flickering occurs either by moving blade or the reflection of sun
ray on the wind turbine body, so called disco effect occurs (Saidur et al. 2011).
Land Use

Wind farms allow natural habitats and human economic activities to continue beneath
them. That means farmers can earn more value from their land and wildlife can flourish
with little disruption. The average wind farm leaves 98 percent of the land undisturbed
(Opens in a new window), leaving it free for other uses like farming and ranching (AWEA).
Impacts on wildlife

There are many studies showing the impacts on avian species due to wind plants (H Kunz,
et al., 2007) (Drewitt & Langston, 2006) (Saidur et al. 2011). In compared to the number of
birds killed from hunting, the number of deaths due to wind farm is minimal. But still such
cases from wind plant can be avoided with a proper study of the site beforehand to have
the smallest impact as possible. A study from S. Mariò et al. titled “Predicting the trends of
vertebrate species richness as a response to wind farms installation in mountain
ecosystems of northwest Portugal” explained that during poor weather or foggy night, the
lights emitted from wind plants attracts the birds and increase their vulnerability from
collision with wind turbine blades (Santos, et al., 2010). Design of the tower in wind plant
is also one of the factors for bird mortality. Older turbines with lower hub heights, shorter
rotor diameters cause the blades to spin at high RPM and consequently higher vulnerability
for bird mortality rate (Magoha, 2002).
Noise impacts

In a wind turbine noise emitted could be categorized as aerodynamic or mechanical type.
Noise created from movements of gear box, electrical generator and bearings are the
mechanical type and noise developed by the flow of air over and past the blades of a turbine
is aerodynamic type. Such noise varies with the size of the turbine, wind directions and may
disturb the residents nearby. The noise impacts are also seen as one of the reasons for
decrease in land value near a wind plant. Mechanical noises during operation could be
reduced using insulation curtains and anti-vibration support footings. Aerodynamic noise
could be minimized by designing the blades in such a way, that minimum noise is created
during the movement (Saidur et al. 2011) (Gauld, 2007). To ensure public acceptance at
noise sensitive locations such as hostel, hospital, residential areas etc., a careful planning
of wind farm layout becomes essential. For instance, in a state from Germany known as
Bavaria, to avoid any impacts from wind farms, a rule has been implemented stating the
distance between a wind turbine and residential areas to be 10 times the height of the wind
turbine.

6.9. Economics of the small-scale wind energy systems

Smaller wind turbines (<50-100kW), that can provide enough electricity for homes, farms,
ranches, and small businesses are easier to build but often have longer payback time. On
this scale, the LCOE is higher, but depends on the wind speed data, the expected
transportation and construction costs, and the market price of a given type of wind turbine.
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By using a smaller wind turbine, due to their lower altitude, lower average wind speeds are
to be expected, which results in less power after each installed kW capacity. Altough, it still
can be a cheaper solution for a farm, that is separated from the national electricity grid by
a long distance. So, in most such cases, using a small-scale wind turbine with an
aerogenerator is better than building the connection to the grid.

Payback-time calculation of such an investment depends on the purchase and installation
costs along with the country’s current electricity prices, so we can not say, that the payback
is shorter than the lifetime of the turbine in every case, but in most EU countries, in windy
places, it can be much shorter. Moreover, soon unit costs are expected to reduce, and
electricity costs are likely to rise.

6.10. Guiding Questions
What is a wind turbine?
What is a wind farm?

How can it be possible to collect wind energy?

What are the disadvantages of a wind turbine?
Where is the best location for a wind farm?

6.11. Vocabulary
Anemometer
Generator

Kinetic energy
Rotor

Wind turbine
Wind energy
Wind farm
Generator
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6.13. Case Study

Community Wind Power Plant of Vép, Hungary

This case study describes a wind-energy project, located near the village of Vép, in Western
Hungary, close to the Austrian border. It was the first wind power investment in Hungary,
that was planned as a rural community renewable energy investment, involving local
stakeholders, smaller companies, and the municipality.
After the idea of building a wind power plant had arisen, the project managers had to decide
the place, where the plant was to be built. They analysed a territory near Hegyeshalom,
which, according to several measuring institutes, was in a wind channel. The problem with
this place was that it was too close to a nature reserve. Another problem was the
‘popularity’ of the territory. Many companies planned to build turbines here, but because
of some technical difficulties (transport of electricity was difficult because of long
distances) capital strong companies had better chances.

Consequently, the project managers decided to build the turbines near Vép, close to the city
of Szombathely. For this area they had sufficient local knowledge, and the possibility to
build a wind power plant was also given. According to measurements in the neighbourhood
of Szombathely, 172 days are windy in a year, of which 68 days are stormy. The prevailing
wind is northerly (Frakas, Fucsko, 2006).

6-5. Figure: Direction and frequency of wind in the area of Vép (%), annual statement (Frakas,
Fucsko, 2006)

Before the decision of the investment, a survey had been taking place among the villagers.
According to the results of a first survey 97% of the population of the village have heard
about wind-energy and almost 90% said that wind turbines fit in the landscape. It was
important feedback, that supported the investment.
91

RESOR Handbook
The most important actor of the project was the project developer company: Szélerő Vép
Kht. Its main expectation was not the profit, but the development of the village Vép, and
popularisation of renewable energy sources. The village is represented by the local
authority, the local landowners, and the wider local population. They all expected social
and/or financial benefits and the development of the village as well. Most of the villagers
supposed that using wind energy to produce electricity is an environmentally friendly way
and more than half of the population of Vép expected that the wind power plant would
work for the benefit of the village.

After the preparation phase, a 600-kW capacity wind turbine was built near the village
between arable lands in 2005, that is still working. The turbine generates an average of 1.2
million kWh of electricity in a year, that saves 5–6 million HUF per year for the village. The
municipality owns a 20% stake in the investment.

6-6. Figure: Parameters of the wind turbine in Vép (Frakas, Fucsko, 2006)
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Farming the wind in New Zealand
What can wind energy offer to farmers? In New Zealand, they have been asked about their
experience. What were the benefits of building wind turbines on their land?

For many farmers, harnessing the wind enables them to improve the viability and
productivity of their farms. Not only the wind farm generates income, but it also increases
the capital value of the land. Rent and royalties are received for having the turbines and the
power they generate. Wind turbines provide a guaranteed annuity, which can increase the
financial viability of a farm. For a private farmer, it could be their superannuation plan.
The wind turbines provide other adventages. For example, farmers’ sheep like to snuggle
up to the towers which give shade and shield them from driving wind and rain. The turbines
are also excellent tourist attractions. Neighbouring farms have run farm tours for tourists,
so that they can get close to the turbines. Moreover, they say, that beside other benefits, the
wind power investment also provided them a proper road instead of their old tracks.

6-7. Figure: Wind turbine blades being moved to site. (New Zealand Wind Energy Association)

Farmers highlighted, that having a good agreement with the developer is important. An
agreement between a developer and a landowner can last up to 50 years. It needs to be
inflation proof and flexible enough to adjust to changing circumstances in the future.

All in all, the farmers who have been surveyed were pleased with the wind power
investments, and think, that they made a good decision letting wind turbines into their land.
There were some disruptions during the construction of the wind farm, but it has not
affected the stock numbers in any way, and finally, the investment brought many more
benefits. In fact, because of the extra income they have been able to do more on their farms.
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7. Geothermal Energy

Geothermal refers to the heat from the inside of the Earth. Natural temperatures of the soil
or water are used in geothermal energy applications. Geothermal energy can be directly
used for heating, or electricity generation, or indirectly used by heat pumps.

Direct use for heating: Elevated temperature of groundwater is used. This technology is
limited to areas that have naturally occurring hot springs or easy access to elevated
temperature groundwater in the 38–120°C range. Spas, greenhouses, or heating systems of
buildings use this water.
Direct use for electricity: This technology historically has used water temperatures above
150°C. Modern technology started to make it possible to generate electricity with water
temperatures lower than 150°C. Flash power plants, dry steam plants, binary plants, and
flash/binary combined plants are the technologies for electricity generation from
geothermal resources.
Flash power plants separate geothermal waters into steam and hot water. The pressurized
waters from the ground “flashes” as it reaches the surface and produces steam along with
hot water. The hot water is re-injected back into the geothermal reservoir. The steam is
utilized to operate a turbine that generates electricity.

Dry steam plants use steam to power the turbines. The wells are dry wells that only produce
steam. Therefore, re-injection is not required.

Binary power plants use geothermal water that is lower than 150° C to generate electricity.
These power plants use hot water to heat another liquid. The water transfers its heat to a
liquid such as isobutene, pentafluoropropane, or another organic fluid that boils at a lower
temperature, in a heat exchanger. The vapor formed from the other liquid is used to power
the turbine that generates electricity.
Flash/binary systems use both the flash of the water and the steam of the binary system.
The initial steam is used to run turbines. The hot water is then used in a binary system,
where the heat is transferred to the organic fluid. Organic fluid would produce vapours that
operate the turbine.

7.1. Geothermal energy: Definition and generation

Geothermal energy is not consistent with renewable energy consumption coming from a
hot nuclear zone that is higher than 4 000°C. However, due to inexhaustible reserves, it is
classified as such. It reaches the surface through volcanic cracks in the rocks.
By slowly penetrating the surface, thermal fluxes are generated, which are on average
0,063 W/m2. Near the surface of the Earth, the thermal gradient that drives the geothermal
heat flux is approximately equal to 30°C/km. The resulting power is very high, but it is
spread over such a large area that its density is very low. It is much lower than the heat
flow density coming from the sun in clear weather. This makes the use of this energy more
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difficult, but in regions with unusually large geothermal springs, the geothermal gradient
is greater than average. At such places, temperatures of up to 200°C can be found at a depth
of 1 500 and 2 500 m.

7.2. Sources and uses of geothermal energy

Places best placed to use geothermal energy are divided as follows:

1. Places with high level of subsurface water, characterized are by a normal gradient. For
them is typical that the heat source does not exist. It is suitable substratum with
multiple faults:
•

•
•
•

hot springs, the water temperature reaches about 200°C, the impurities are K, Ca,
Au;

fumaroles are gas springs emerging hot magma degassing by radiation or surface
water temperatures reaching over 1000°C;
mud volcanoes, hot springs with high content of solid particles;

geysers, regularly supplied with hot springs with temperatures up to 140°C.

2. Hyperthermic fields, space saturated with water or steam:
•

dry - in the form of water vapor overheating in hot rock and bringing it into
a reservoir;

wet - the water gets to the surface in liquid form and the change of pressure evaporates it
to steam.

7.3. Availability of geothermal energy

In the Earth's lithosphere at depths of 30 to 60 km below the ocean water may be present
lake, which if they meet molten casing creates bearings dry or wet steam, which comes to
the surface.
With high efficiency and minimum financing costs, geothermal energy can be used in place
of geological faults earth plates where tectonic activity rises to the surface or close to the
surface. It is no coincidence that the most developed network to use geothermal energy is
Iceland. Almost 100% cover the energy demands of the population. It passes through the
island mentioned curve. The largest number of plants are still located in California, Canada.

In other areas outside of the curve is to be carried deep wells, which are accompanied by
high demand for drilling equipment. On average, destroys a drill to depths of 100 to 300
meters. After reaching the required depth to be carried out measuring the quality of the soil
and water injection option. Through in-depth and injection wells, geothermal energy can
be used practically to the logical exceptions worldwide.
95

RESOR Handbook

7-1. Figure: Earth’s tectonic faults (The True Mount Sinai, 2019)

7.4. Direct use of geothermal energy

Direct use and district heating systems use hot water from springs or reservoirs located
near the surface of the earth. Ancient Roman, Chinese, and Native American cultures used
hot mineral springs for bathing, cooking, and heating. Today, many hot springs are still used
for bathing, and many people believe the hot, mineral-rich waters have natural healing
powers.

Geothermal energy is also used to heat buildings through district heating systems. Hot
water near the earth's surface is piped directly into buildings for heat. A district heating
system provides heat for most of the buildings in Reykjavik, Iceland.
Industrial applications of geothermal energy include food dehydration, gold mining, and
milk pasteurizing. Dehydration, or the drying of vegetable and fruit products, is the most
common industrial use of geothermal energy.

7.5. Geothermal power plants

Electricity generation is one of the most important types of utilization of geothermal
energy. Hot water and steam from the Earth are used for overspeed a generator without
releasing a harmful emission into the atmosphere. Only low-pressure water vapour is
release and this might be used for heating purposes. Another advantage is that geothermal
power plants may be used in various environments such as desert or forest areas, or
recreation areas where appropriate. The principles of operation of geothermal power are
simple

Cold water is pumped into the warm granite rocks (reservoir) located near the surface
and steam, with a temperature higher than 200°C is produced under intense pressure. This
steam then enters the turbine, which is connected to a generator, which converts the
mechanical energy into electricity. The system is similar to ordinary thermal power plants
that use fossil fuels for the heat source. Reject water is drained into the rivers, or more
frequently and effectively put back into the reservoir. Recycling of water into the reservoir
at the same time reduces pollution and lessens the pressure drop inside the reservoir, while
reducing its rate of discharge.
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7-2. Figure: The principles of operation of geothermal power (Fujielectric, 2020)

There are three basic principles used by geothermal power plants:
•
•
•

Dry steam,
Flash steam,
Binary principle.

The price of electricity depends on the temperature of the fluid in the geothermal reservoir.
From an economic perspective, the most advantageous production of electricity is at a
temperature geothermal resource greater than 180°C. It can produce electricity from lower
temperature geothermal resources, but in this case, to achieve greater efficiency, it does
not use water, but another organic liquid that boils to pass through the turbine. This organic
liquid acquires heat from the geothermal fluid via heat exchanger.

7.6. Dry steam power plants

Used as warm steam usually over 235°C. This steam is used for direct spin turbines and
generators. It is one of the oldest and simplest principles and is still used because it is the
cheapest way of generating electricity from geothermal sources.
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7-3. Figure: The scheme of geothermal power plant using dry steam principle (Colorado Geological
Survey, 2020)

The said first geothermal power plant in the world Landerello (read more at
https://www.power-technology.com/features/oldest-geothermal-plant-larderello/ just used
this principle.

7.7. Flash steam power plants

In this system (Figure 7-4), generating electricity from geothermal sources is used for
warm water from the geothermal reservoir, which is under great pressure and temperature
higher than 182°C. Drawing water from the reservoir to the power plant on the surface
reduces the pressure and warm water becomes steam, which then overspeed a turbine.
Water changed into steam is returning to the reservoir to be re-used. Most modern
geothermal power plants use this principle of the work.

7-4. Figure: The scheme of geothermal power plant using flash steam principle (Colorado Geological
Survey, 2020)
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7.8. Binary cycle power plants
Water used in the binary principle is cooler than the water used in other methods of
generating electricity from geothermal sources.

7-5. Figure: The scheme of geothermal power plant using binary cycle principle (Colorado Geological
Survey, 2020)

The warm water binary principle is used to heat the fluid which is significantly lower
boiling point than water from the geothermal source. This fluid is converted to steam at a
temperature near boiling point and to spin turbine and generator. The advantage of this
method is the greater efficiency of the procedure. The availability of the necessary
geothermal reservoirs is much greater than in other procedures. Another advantage is the
complete closure of the system, given that the used water goes back into the reservoir and
thus the loss of heat and water reduced to a minimum. Most of the planned new geothermal
power station will use this principle.

7.9. Geothermal heat pumps

Another interesting way of using geothermal energy is heating. Space heating is one of the
most direct ways to use low temperature geothermal fluids (in 100°C). The principle is
based on the simple use of geothermal fluids that transmit water temperature in the
exchanger and this is transported by pipelines to the radiators in the home or elsewhere.
Such a heating system requires a very thick insulation to hot water given to the user (high
heat loss).

The largest geothermal system, which is used to heat located respectively in Iceland's
capital Reykjavik where almost all buildings are used for geothermal energy heating. Even
though Iceland is by far the largest consumer of geothermal energy per person, not only in
the use of geothermal energy. Geothermal energy is used quite well in the territory of New
Zealand, Japan, Italy, Philippines, and some parts of the United States as such. San
Bernardino, California, and the capital city of Boise Idaho. Other ways to use geothermal
energy for heating such as fish farming, roads and footpaths heating and balneology - the
use of recreational and spa facilities and so forth.
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Heat pump
The heat pump uses the heat energy contained in the ground, water, or air. A heat pump
can thermally upgrade water, which has a temperature a few degrees above zero and so
can in no way be used directly for heating the house, to a suitably higher temperature.

7-6. Figure: A ground source heat pumps working principle (Shenzhen Power World Machinery
Equipment CO., Ltd., 2019)

The First phase - Evaporation: Refrigerant circulating in the heat pump extracts heat from
air, water, or earth, which changes state from liquid to gas and then evaporates.

The second phase - Compression: The heat pump compressor compresses the gaseous
refrigerant so that is rapidly heated by several degrees, through physical principle of
compression (for higher pressure increases the temperature) to lift the small temperature
increase heat to higher temperature levels, which hover around 80 ° C.

The third phase - Condensation: Heated refrigerant is transmitted by a second heat
exchanger in the water radiators, then cooled and condenses releasing heat to the water.
Radiators deliver heat radiated into the room and the cooled water in the heating circuit
goes back to the secondary exchanger for re-warming.
Fourth Stage - Expansion: The refrigerant travels through the expansion valve passage
back to the first exchanger, where it is heated again.

Both the heat pump is not perpetuum mobile - driven by another, mainly electricity, and
used energy is approximately 20 to 40 percent of the resulting energy pump.

Currently, for heating houses use almost exclusively the heat pump compressor which is
powered by an electric motor. In view of the used compressor, we can divide the heat pump
into the groups:
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•

•
•

Heat pumps with spiral scroll compressor - are more expensive, however, achieved
the best heating factor. At present time it is most common used type. The period of
service of the scroll compressor is at least 20 years.

Heat pumps with rotary compressor - can be found in air conditioners. They have
little bit lower heating factor than heat pumps with spiral compressors.

Absorption heat pumps - work without a compressor and is thus completely
noiseless. The downside is a worse heating factor. Currently used for heating only
in exceptional cases, however, they may be found in in air conditioning
installations.

According to the type of cooled and heated media there are classified these types of heat
pumps:
•

•
•
•
•

air/water - universal type, central heating,

air/air - additional source of heat, hot air heating, air conditioning,
water/water - use of waste heat, geothermal, central heating,

antifreeze/water - universal type of central heating, heat is often borehole or soil
collector,
water/air - hot air heating systems.

Natural resources for heat pump

When choosing a natural source for heat pump should be considered especially its
availability, quality, strength, and temperature. If pollution levels exceed the permissible
specific heat pump can be used heat-transfer separate circuit, but it must reckon with the
fact that the temperature of the auxiliary working medium (water, brine) will be
approximately 5°C lower than natural pollution source.
Individual natural resources for the heat pump and temperature ranges are as follows:
Natural source of heat

Temperature range [°C]

Waste air

15 to 25

Outdoor air

-10 to -15

Groundwater

4 to 10

Surface water (lake, river ...)
Geothermal water

0 to 10
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Natural source of heat

Temperature range [°C]

Earth, soil

0 to 10

Rocks

0 to 5

Wastewater

more than 10

Water
The advantage of the use of groundwater is that it is stable and with relatively high
temperature (around 10°C). That’s why very suitable heat source for heat pump is. The
main prerequisites for the construction of hydro-geological conditions are favourable and
adequate yield of groundwater. For this principle is necessary to have two wells and one
submersible pump, water cooled and pumped into the other returns

7-7. Figure: A heat pump
water/water principle (Ekowatt,
2008)

7-8. Figure: A heat pump
air/water principle (Ekowatt,
2008)

Land
Consider that in our climatic conditions the Earth at a depth greater than 80 cm doesn ‘t
freeze, this source can be consider as the source of the steady temperature. For this design
heat transfer is between the ground and the heat pump has been through plastic pipes
stored in the ground either horizontally or vertically. Horizontal storage is financially much
more demanding but less to heat a house is needed two to three times the area of collectors,
such as surface heating. Piping is stored in the depth of 1,5 to 2 m the distance between the
pipes is 1 m. The length of one pipe should not exceed 350 m. If this length is enough to
impose more pipes to be of equal length and must not be obscured. If land, or other
conditions do not apply horizontal collectors, using the deep drilling.
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The advantage of deep wells is, like the groundwater, the relatively high temperature and
in cold days, i.e. when we need more heat for heating houses. Drills are usually 50 to 120 m
deep. Their biggest problem is a large financial investment during the building borehole.
The exact depth of the borehole depends on the geology and the pump power. If we need
more depth than allow geology or technical capabilities, overall length can be divided into
several identical wells, distant among them at least 5 m. If individual wells are less than 50
m, recommendation is to increase the total length of pipe (and hence the wells) up to 10
percent.
Heat is transferred from the soil using antifreeze liquid, which filled polyethylene tubes.
Circulated water taken from the ground heat pump which is processed and transmitted.

7-9. Figure: Land surface using
for heat pumps (Ekowatt, 2008)

7-10. Figure: Deep earth using
for heat pumps (Ekowatt, 2008)

This process cools the land, what is manifested the subsequent defrost. With this fact, when
the draft of the heat pump and place the pipe count to hypothermia earth endangering
house or vegetation. Most fertile ground for heat pumps is wet clay soil, which results in
good heat.
Air

The use of heat, which contains air, it is the easiest way, because the system can be
implemented without technical constraints. Heat pump operates until the air temperature
-15 ° C and the pump efficiency at such temperatures is relatively low. Therefore, if the
ambient temperature falls below -5 ° C, it is preferable to heat the backup heat source.
Conversely, the pump achieves an excellent effect in the spring and autumn when the
temperature is higher as the temperature of the earth or water. It is a large variation in air
temperature is the main disadvantage of this energy source. In addition, fresh air can be
effectively used exhaust air generated by the household (for example, when controlled
ventilation), industry or agriculture, where large heat source pigs and cattle.
Purpose of using heat pump

Heating – heat pump is generally suitable for energy-saving heating systems (e.g.,
floor/wall heating), but recent developments offer heat pumps with higher performance,
which are suitable for all types of family houses (not only low energy) and for all types of
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heating systems. Efficiency and cost savings derived from the heat pump are larger as much
as greater amount of energy we need to deliver to our house.
Water Heating - heat pumps are used, except heating, for water heating too. Lot of heat
pumps have built-in container of hot water. Hot water heating is usually preferred before
heating, i.e., firstly heat pump heats hot water and then release the heat to the heating
system.

Cooling – more offen is a cooling function integrated into the heat pump. In this case the
heat pump can work "inside out" - extracts heat from the room and it cools through the
working substance to transmit heat back into the wild.
Before starting a project for the heat pump is needed to change their mind several
important factors:
•

•
•

•

Intended use - a related need for power heat pump type, function, need auxiliary
heat source, and so on.
Heating system - for heat pumps are the best low-temperature heating systems e.g., underfloor heating. The output is a reduced need for useable heat energy from
a heat pump, thus the system is working efficiently.
Low potential heat source - except for yield, purity, and temperature of the source
(especially true for ground water) is necessary to also consider its distance from
the point of need. Linked to this is the initial investment required - tubing, the
quantity of trumpets, the depth of borehole, the cost of filter, water purification and
so forth.
Operating mode - There are costs to operate the compressor and pump (usually
electricity), identification performance factor - The smaller the difference between
the refrigerant condensing temperature and evaporation, thereby increasing the
efficiency of heat pump. Guiding the winter months when the ambient temperature
is the lowest and highest need for heat.

7.10. Advantages & disadvantages

Before we describe the advantages and disadvantages, we must clarify the ecological
aspects. During the exploitation of geothermal energy, emissions with chemical odorous
are released, especially ammonia and sulphur. During this transformation, big part of
energy is lost. This is apparent from the principle of production.
Advantages
•
•
•

a renewable energy source,
known and well-developed technology,
the price is comparable with electricity produced from another energy sources.
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Disadvantages
•
•
•
•

limited potential, depends on the geology,
low energy efficiency, depends on the achievable temperature of the working
substance,
high initial investment,
high water consumption.

7.11. Guiding Questions

How is geothermal energy generated?
Where is geothermal energy found?

How does energy is transferred between fluids in a geothermal power plant?
How does salinity affect the boiling point of water?

What are the environmental impacts of a geothermal power plant?

What is the importance of turbine blades and steam jets in geothermal energy generation?

7.12. Vocabulary
Binary cycle

Co-production
Dry steam

Flash steam

Ground source heat pumps
Heat capacity

Heat exchanger
Heat flow

Hydrothermal fluid

7.13. Resources & Links

Colorado Geological Survey. (2020). Retrieved from http://coloradogeologicalsurvey.org

Ekowatt. (2008). Energie prostředí, geotermální energie, tepelná čerpadla. Retrieved from
https://old.ekowatt.cz/en/informace/obnovitelne-zdroje-energie/energie-prostredigeotermalni-energie-tepelna-cerpadla
Fujielectric. (2020). https://www.fujielectric.com. Retrieved from Facility overview:
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www.heatpumpcn.com
The True Mount Sinai. (2019). The True Mount Sinai. Retrieved from
https://thetruemountsinai.wordpress.com/2012/11/

http://greencoop.sk/en/references/a-megauveghaznak-kistestvere-lesz
https://www.power-technology.com/features/oldest-geothermal-plant-larderello/

7.14. Case Study

Greenhouse Horná Potôň

In the village Horná Potôň in Dunajskostredský region has been completed the project of a
special greenhouse with an acreage area of six hectares. The greenhouse ensures annual
production of tomatoes up to 3 250 000 kg. For heating geothermal energy is used. The
geothermal water in the well has a temperature around 18°C. More information can be
found at http://greencoop.sk/en/references/a-megauveghaznak-kistestvere-lesz.

7-11. Figure: Greenhouse
Horná Potôň

7-12. Figure: Galanta geothermal drill FGG-3
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8. Hydroelectric Energy

8.1. Hydroelectric power: Definition

Hydroelectric power is that kinetic power offered by water in its flowing currents: both
jumps and streams. Water has been used as a source of energy through human history, but
with the discovery of electromagnetism alongside with several technological advances, we
come to what we know today as hydroelectric power, which is the use of hydroelectric
energy to convert it into electric energy. On the other hand, the source of this energy, water,
is constantly renewed due to the hydrologic cycle so we can therefore define it as a
renewable energy.

In the natural flow of water, hydrologic energy is dissipated through its course, so to extract
this energy and convert it into usable mechanical energy we need to eliminate these natural
losses of energy by creating an artificial flow.
China is the largest producer of hydroelectricity. Other top producers of hydropower
worldwide include China, Brazil, Canada, the United States, and Russia. Approximately 71%
of all the renewable electricity generated on Earth is from hydropower.

8.2. Potential sources

To convert this kinetic power, the stream of the river can be used in two ways: by diverting
the stream or by intercepting it in a dam. Therefore, and even we could say it comes from
only one source, the river, this source can be approached in from two different ways.
•

•

Diverting the stream: With this method, the water is diverted from the current to a
pipeline that carries the water to the hydropower plant. They depend highly on the
size of the current at that specific moment, porducing highly variable amounts of
energy.
Intercepting the stream: By building a dam, the stram of the river is interrumped,
therefore raising its level and slowing the speed of the flow. Narrow parts of the
stream are used.

8.3. Hydropower plants

Electric energy cannot be stored and must be consumed when produced. This means that
we must know how much power will be needed at any given time, or at least have an
approximate of the estimated needs, to be able to be able to produce such amount. The
evolution on the demand of power can depend on certain hours every day, months…
To adapt to this need, power plants need to be able to easily adapt the amount of power
they are producing, having a great operational flexibility. Power plants are installations
that, when facing an increase in the need for power, they can go from being stopped to
producing big amounts of power in just a few minutes (2 – 3 in the most modern ones).
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A typical hydropower plant is a system with 3 parts:
•
•
•

a power plant where the electricity is produced,
a dam that can be opened or closed to control water flow, and
a reservoir where water is stored.

The water behind the dam flows through an intake and pushes against blades in a turbine,
causing them to turn. The turbine spins a generator to produce electricity.

The amount of electricity that can be generated depends on how far the water drops and
how much water moves through the system. The electricity can be transported through
long-distance electric lines to homes, factories, and businesses.
Furthermore, and due to the number of factors that influence the design of each plant, there
are many solutions put in place. Considering the terrain in which the plant is, we can
establish three types of plants:
•
•
•

Exterior plants: In these plants both the access and the main buildings are
outdoors.

Underground plants: They are underground, and therefore need an access gallery,
a ventilation well and a release tunnel to eject the water used.

Plants in a well: They can be considered a middle point between the two previous
types, since the access is outdoors, but the turbines are at the bottom of a well below
the ground level.

8.4. Hydroelectric energy & dams

The most common type of hydroelectric energy plant is an impoundment facility, which is
typically a large hydropower system where a dam is used to store river water in a reservoir
or pool. Water released from the reservoir flows through a turbine, spinning it, which in
turn activates a generator to produce electricity. The water may be released either to meet
changing electricity needs or to maintain a constant reservoir level.
When more energy is needed, water is released from the dam. Once water is released,
gravity takes over and the water flows downward through a turbine. As the blades of the
turbine spin, it powers a generator.
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8.5. Water wheels

When water wheels were first invented in the I century BC, it was a revolution for
humankind. The first water wheel was invented in what we consider the Middle East, and
was a vertical water wheel, and the first written reference to them is in Cabeira (north of
Turkey), and from there they were developed by the Roman and Chinese empires. During
the Middle Ages the water wheel system continued to expand in the occidental world,
which we have inherited to today. They were used commercially until the 20th century but
are no longer used.
Their role was to convert waterpower into different forms of power, with a similar use to
windmills. Those uses could be as varied as from milling flour or grinding wool to
hammering mineral ores.
Water wheels can be divided into to types: horizontal and vertical.
•

•

Horizontal water wheel: It requires a fewer amount of water but a higher speed
to function. It was most common in those mountainous regions with steep slopes,
and it has only a 15% - 30% efficiency.
Vertical water wheel: This type can be divided among the following categories:
o

Noria: This type of water wheels is used to lift water using the flow of a
current of water. Its main use is irrigation.
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o
o

o

Undershot water wheel: This is an impact wheel (as the horizontal one)
and the flow of water acts directly to the lower part of the paddles that is
submerged.

Breast-shot water wheel: In this water wheel the water enters at the level
of the axis and it is the weight of the water that moves the wheel. What is
specific to this type of wheels is that the direction of the wheel is te opposite
of the water flow.
Overshot water wheel: This wheel uses a dam and a canal to spill the water
above the top of the wheels. This type of impact wheel can have an efficiency
of up to 70%, being one the most efficient among the water wheels.

8.6. High-speed commercial turbines

At the end of the 19th century Lester Pelton made such modifications to the water wheels
that he set off the development of the water turbines. A turbine is the element that uses the
kinetic energy of the water to produce a rotation movement that, once transferred to a
generator, it turns into electric power. The turbines can be classified into two different
categories: action or reaction turbines.
•

•

Impulse turbines: They only use the flow speed of the water to turn. This means the
use only the height to the turbine.
Reaction turbines: They not only use the height to the turbine, but they also make
use of the difference in height from the turbine to the release pipe.

There are different turbines as well. Among the most used the have the following:
•

•

•

•

Pelton turbine (impulse): It is the most used action turbine. The water flow is
directed and regulated by one or more injectors, thus making the turbine turn.

Crossflow turbine (impulse): These turbines receive two impulses from the
water, he first in the top of the turbine and the second at the bottom of it. These
turbines can be used in a huge range of heights, from 1 to 200 meters.

Turgo turbine (impulse): This turbine is like the Pelton but is efficient with a
higher range of amount of water, therefore used when great variations in the
current happen.

Francis turbine (reaction): What is particular to this turbine is that the direction
of the flow of water in these turbines is radial (spiral).

Kaplan turbine (reaction): It is a complex and therefore has a higher economic cost, but
it is highly efficient and can be adapted to a very variable current of water. It is therefore
use when there is a continuous need for the production of energy, but the amount of
water is very variable.
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8.7. Head and flow

Hydropower all comes down to head and flow. The amount of power, and therefore energy
that you can generate is proportional to the head and the flow.

Head is the change in water levels between the hydro intake and the hydro discharge point.
It is a vertical height measured in meters. The more head you have the higher the water
pressure across the hydro turbine and the more power it will generate. Higher heads are
not only better because they generate more power, but also because the higher water
pressure means you can force a higher flow rate through a smaller turbine, and because
turbine cost is closely related to physical size, higher-head turbines often cost less than
their low-head cousins even though they might generate the same power.

Higher head also means a faster rotating turbine and generator, which means lower torque.
The cost of drive train is closely related to how much torque it must transmit, so higher
heads = less torque = less cost.

Of course, you only have what you have, so if your site only has 2 ½ metres of head you
won’t be able to increase this significantly. However, even small increases in head can make
a difference.
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Sometimes it is possible to clear silt or re-grade a tailrace or discharge channel to lower the
downstream water levels slightly which increases the overall head at the site. Or it may be
possible to raise the water level on the upstream side by
raising weir crests or sluices, though this must be done
carefully to avoid increasing flood risk, and sometimes
requires the construction of new spillways or
installation of fail-safe tilting weirs to ensure that flood
risk isn’t increased during extreme flood events.

The cost of even small increases in head at low-head
sites is repaid hundreds of times over from increased
energy production for the next few decades, so is always
worth the effort.
The flow is the volume of water, expressed as cubic
feet or cubic meters per second (m3/sec), passing a
point in each amount of time.

8.8. Storing energy

Hydroelectric pumping technology is the most efficient system that allows to store energy
in a large-scale today. It is more cost-effective and provides the electrical system with
stability, safety, and sustainability, whilst generating large amounts of energy with fast
response times without resulting in any type of emission into the atmosphere.
Pumped-storage hydropower (PSH) is a type of hydroelectric energy storage. It is a
configuration of two water reservoirs at different elevations that can generate power
(discharge) as water moves down through a turbine; this draws power as it pumps water
(recharge) to the upper reservoir.

PSH capabilities can be characterized as open loop—where there is an ongoing hydrologic
connection to a natural body of water—or closed loop, where the reservoirs are not
connected to an outside body of water.
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8.9. Power plant efficiency

The hydroelectric system needs be as efficient as possible, and we need to consider the
following factors:
a) That the entry, exit and conducting of the water is efficient, and few kinetic energies
is lost.
b) That the turbine is efficient.

c) That the electric generator is efficient.

That the transmition from the power plant to where the energy is going to be consumed is
optimized.

8.10. A home-made water turbine

A home made-hydro turbine generator can be built to produce electricity on a small scale,
and it is not very hard to build
For building it, a small river or fast-flowing stream should suffice. Ideally, the water wheel
will be placed underneath a small drop or fall in the water, using the force of gravity to turn
the wheel more; If you can’t find a place like that, the wheel can simply be turned by the
flow of the water.
In that case, we are going to use some material that everybody could find at home.
•
•
•
•
•
•

An old bike

Wheel from a bike
Chain
Pedal

Car generator

Plastic sheeting (spoons or cups)

1. Remove the front wheel from the bike. Turning the axle nut in a counterclockwise
direction will loosen it for removal.

2. Remove the chain from the bicycle's pedals. Rotating the chain while pushing it off center
will accomplish this.

3. Weld or mount the car generator or alternator to the underside of the pedals, so that
when the chain is wrapped around the alternator's pulley, it is centered. Replace the pulley
with one of the pedal's gear sprockets, or weld the sprocket into place on top of the pulley,
being sure to center it and checking its gear-teeth clearances. When the chain is wrapped
around the sprocket, the alternator should turn with the rear wheel.
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4. Raise the bike's seat all the way up. Usually, it has a screw plate that can be loosened and
adjusted.
5. Saw several dozen plastic balls into halves.

6. Screw the plastic ball halves or small plastic cups onto the bicycle's rear wheel, spaced
about two inches apart, and all in the same direction. The "cups" should go in a clockwise
direction to match the alternator.
7. Place the bike into a creek or source of moving water upside down so that the seat is in
the water. The cups should be facing the water current so that they push the wheel. If the
water current is strong enough, the wheel will keep turning and will generate 12 volts of
electricity at a few amps. Wire the alternator to charge batteries on shore or to power
equipment.
Tip: Cover the motor, gears if used or the battery with plastic sheeting or some other kind
of protection from the weather.

8.11. Advantages & disadvantages
Advantages:
•
•
•
•
•

Hydroelectric energy is renewable and generating electricity with hydro energy is
not polluting itself.
Once a dam has been built and the equipment installed, the energy source (flowing
water) is free. It’s a clean fuel source renewed by snow and rainfall.
Hydropower plants can supply large amounts of electricity, and they are easy to
adjust for demand by controlling the flow of water through the turbines.
Dams also prevent fish such as salmon from swimming upstream to spawn.
The environmental impacts of hydroelectric power can be mitigated and remain
low compared to other fossil fuels and nuclear energy.

Disadvantages:
•
•
•
•
•
•

The presence of hydroelectric dams can often change migration patterns and hurt
fish populations.
Hydropower plants can also cause low dissolved oxygen levels in the water, which
is harmful to river habitats. Other wildlife can be affected as well.
Environmental consequences due to the pollution that occurs during the
construction of these massive power plants, power lines, etc.
Building hydroelectric power plants in general is expensive. On the other hand,
these plants do not require a lot of workers and maintenance costs are usually low.
Electricity generation and energy prices are directly related to how much water is
available. A drought could potentially affect this.
Limited reservoirs.
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8.12. Environmental impacts of using hydroelectric energy

While considered to be a much more environmentally friendly method of electricity
production than coal, hydropower nevertheless has an environmental impact. For instance,
a recently published scientific paper by researchers from Michigan State University (MSU),
USA, included information on the social and environmental impact of hydropower dams,
with the authors recommending the use of alternative methods for hydropower.

The paper called for the developing world not to use hydropower dams and instead
generate hydropower for industry and livelihoods using other methods. This, they said, is
because of the serious environmental impact of hydropower dams including:
•
•
•
•
•

Disrupting the natural ecology of rivers;
Damaging forests and biodiversity;

Releasing a high amount of greenhouse gases;
Disrupting food systems and agriculture; and
Deteriorating water quality.

The authors also cited the “human costs of large dams” as being “no less important,” noting:
“The social, behavioral, cultural, economic, and political disruption that populations near
dams face are routinely underestimated.”

To address some of these challenges, the necessary infrastructure for hydropower plants
is often required to be hidden (and this also reduces the aesthetic environmental impact of
hydropower plants). Indeed, recent years have seen an increasing number of
environmental regulations against the construction of aboveground penstocks come into
force, meaning that so-called ‘hard drilling’ is required to link the different levels of the
plants, for instance.

8.13. Economics of the small-scale hydroelectric energy systems

Electricity produced by hydropower is an important source of renewable energy. About 20
% of the electricity in the world is generated by hydropower. About one third of all
countries in the world depend on hydropower for over 50% of their electricity
generation (in 2001).

Small hydropower can be a cost-competitive option for rural electrification for remote
communities in developed and developing countries and can displace a significant
proportion of

diesel-fired generation. In developing countries, another advantage of hydropower
technology is that it can have important multiplier effects by providing both energy and
water supply services (e.g., flood control and irrigation), thus bringing social and economic
benefits.
Small hydropower, where a suitable site exists, is often a very cost-effective electric energy
generation option.
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It will generally need to be located close to loads or existing transmission lines to make its
exploitation economic. Small hydropower schemes typically take less time to construct
than large-scale ones although planning and approval processes are often similar
Large hydropower systems tend to be connected to centralized grids to ensure that there
is enough demand to meet their generation capacity. Small hydropower plants can be, and
often are, used in isolated areas off-grid or in mini-grids. In isolated grid systems, if large
reservoirs are not possible, natural seasonal flow variations might require that
hydropower plants be combined with other generation sources to ensure continuous
supply during dry periods.
The powerhouse contains most of the mechanical and electrical equipment and is made of
conventional building materials although in some cases this maybe underground. The
primary mechanical and electrical components of a small hydropower plant are the
turbines and generators.
Small hydropower plants are more likely to be run-of river facilities than are large
hydropower plants, but reservoir (storage) and run-of-river hydropower plants of all
sizes utilize the same basic components and technologies.

The development of small hydropower plants for rural areas involves similar
environmental, social, technical, and economic considerations to those faced by large
hydropower. Local management, ownership and community participation, technology
transfer and capacity building are basic issues that will allow sustainable small hydropower
plants to be developed.
Small hydropower plants have been used to meet rural electrification goals in many
countries.
For small hydropower plant, ambitious refurbishments can be envisaged. It may be
possible to completely rebuild the hydropower scheme by constructing a new plant,
completely replacing the main components and structures to capture more energy.

A range of studies have analyzed the cost of the electromechanical equipment for hydro
plants as a function of total plant size and head.16 Recent work has looked at using the
following formula to describe the relationship between costs and the power and head of a
small hydropower scheme (Ogayar and Vidal, 2009):
COST (per kW) = αP1-βHβ1

Where:

P is the power in kW of the turbines;
H is the head in metres;
α is a constant; and

β and β1 are the co-efficients for power and head, respectively.
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8.14. Guiding Questions

What makes hydropower an attractive energy source?
How does hydropower work?

What are the basic components of a hydropower plan?

Which factors influence the amount of energy generated by a hydropower plant?

8.15. Vocabulary
Hydropower

Hydroelectricity
Kinetic energy

Mechanical energy
Potential energy
Turbine

8.16. Resources & Links

https://www.nationalgeographic.org/encyclopedia/hydroelectric-energy/
https://www.nationalgeographic.com/environment/global-warming/hydropower/
https://energyinformative.org/hydroelectric-energy-pros-and-cons/
http://ffden-2.phys.uaf.edu/211_fall2010.web.dir/Brooks/types-of-water-wheels.html
https://www.researchgate.net/publication/245409026_The_breastshot_waterwheel_Design
_and_model_tests
https://en.wikipedia.org/wiki/Main_Page
https://www.energy.gov/eere/water/glossary-hydropower-terms
http://www.wvic.com/content/how_hydropower_works.cfm
https://www.governmenteuropa.eu/environmental-impact-of-hydropower/91552/
http://www.reuk.co.uk/wordpress/hydro/building-a-waterwheel/
https://www.greenoptimistic.com/hydroelectric-generator/
https://www.usgs.gov/special-topic/water-science-school/science/hydroelectric-powerhow-it-works?qt-science_center_objects=0#qt-science_center_objects
http://www.themunicipal.com/2014/02/hydroelectric-wonder-the-robert-moses-niagarapower-plant/
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From the water wheel to turbines and hydroelectricity. Technological evolution and
revolutions, 2017, VIOLLET, Pierre-Louis, Académie des sciences. Published by Elsevier
Masson SAS.
Renewable Energy Policy Network, REN21–en:REN21-Renewable Energy Policy Network
for the 21st Century Renewables 2012–Global Status Report
National Hydropower Association (NHA) and the Hydropower Research Foundation (HRF)
(2010), Small Hydropower Technology: Summary Report, Summit Meeting Convened by
Oak Ridge National Laboratory, Washington, D.C.

8.17. Case Study

The Robert Moses Niagara Power Plant

The Robert Moses Niagara Power Plant is in Niagara Falls taking advantage of the large
waterfall that exists in these, this plant was the first to be built worldwide. In the late 1800s,
Canadians and Americans began to view the force of Niagara water as an energy resource.
From 1893 several hydroelectric power stations were created, with a very limited
generation capacity to supply electricity but capable of supplying energy to the cities near
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the falls. In 1956 a nearby hydroelectric plant collapsed so this new plant was built to
replace power production.

During construction, over 12 million cubic yards (9.2 million cubic meters) of rock were
excavated and twenty workers died. Construction was complete in 1961. When it opened
in 1961, it was the Western world's largest hydropower facility. Since then, the technique
has advanced and new electricity generating plants have been created on both sides of the
Niagara River.
Now Niagara is the biggest electricity producer in New York State, generating enough
power to light 24 million 100-watt bulbs at once. This low-cost electricity saves the state’s
residents and businesses hundreds of millions of dollars a year, according to the New York
Power Authority.
How energy is obtained

The method of electrical production is basically to take advantage of the movement of the
water by means of systems of pipes that are directed to some turbines. This channeling
allows preserving the natural ecosystem and making more efficient use of the river's
course. Through gate systems, water flow can be diverted, to modulate the generated
voltage almost in real time. A little-known curiosity is that during the night the volume of
water diverted to the power plants increases, reducing flow to the falls, to return to leave
maximum flow in the hours of the day coinciding with the influx of visitors.
The Robert Moses Niagara Power Plant in Lewiston, N.Y., is an integral part of this project.
Lying less than five miles downstream from the falls, the plant has 13 turbines. It shares a
forebay with a capacity of 740 million gallons of water with the nearby Lewiston PumpGenerating Plant, and that capacity does not include the nearly 2,000-acre reservoir behind
the Lewiston plant.
Other resources

It currently helps to protect more than 27,200 jobs in the western New York region and has
resulted in hundreds of millions of dollars in capital investments. In the fiercely competitive
national and global marketplace, savings from nypa’s low-cost hydropower is an important
factor in job expansion and creation in the region.

As a part of its economic development portfolio, nypa administers the Western New York
Economic Development Fund. Eligible projects include workforce development; energyrelated projects, programs, and services; capital investments in infrastructure; and
research and development.

NYPA also has a substantial impact on the tourism industry in western New York. Power
Vista is the visitors’ center for the Niagara plant and has been considered a must-see
destination for tourists from all over the U.S. and the world for more than 50 years. In 2013
it welcomed its 7 millionth visitor.
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