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10. Renewable energies

10.1. Solar energy

Solar thermal energy, is formed by the conversion of solar radiation into heat. This energy can be
used directly for heating or indirectly for electrical energy by generating steam that drives generators.
The main use of solar collectors is for warming up water for domestic purposes.

There are two types of solar collectors: vacuum-pipe and plate panels as the vacuum-pipe collectors
have always been the most efficient power generation systems. Despite the increasing demand for
solar collectors, modern manufacturing techniques have led to cost savings, so vacuum technology
offers the greatest return on investment compared to any other solar system.

Figure2 Flat plate solar collectors

The vacuum-pipe solar collectors consist of two layers of glass with a vacuum between the layers.
The outer layer of the solar tube is made of borosilicate glass, which is very low in iron and allows
98% of the light energy to pass through the 2nd inner layer, which is also specially coated. These
coatings and advanced technology are what makes these solar collectors have even more thermal
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parameters than any other collector on the market. The special selective coating changes the short-
wave solar radiation in long-term radiation waves with almost 94% efficiency, and only 6% of solar
energy is lost

Vacuum-pipe with heat pipe technology ¢ principle of action:

1. Solar Absorption: Solar thermal energy is absorbed into the vacuum tubes and is converted into
usable concentrated heat.

2. Solar heat transfer: The heat pipes are made of copper tubes that are filled with heat transfer gas
to transfer heat from the solar pipe to the main copper pipe.

3. Solar thermal storage: The thermal expansion of the gas transfers the solution (water or other
liquid) from the pipes and is pumped into the main copper pipe. As the solution circulates through
the copper tube, the temperature rises by 5.10°C/18.9 °F.
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Figure4 Components of solar heating installation

The solar hot water tank can be installed with a reservoir of 80 to 200 liters of solar hot water,
depending on the model selected. Typically, it is connected to the existing water supply system of
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the customer. When the hot water in the tank is already hot, the heating elements of the existing
tank should not work. They can be used when we want to have hot water early in the morning, for
example, when draining the boiler the previous night.

Linking the collector and tank together in a system consisting of valves, controller and pump creates
a complete pumping hot water installation that has modern control and control mechanisms.

Advantages of solar systems:

- reducing bills by almost 50%;

- ensuring the need for hot water during the summer period at 100%;
- provide 40-70% of annual hot water consumption;

- ability to work in cloudy weather;

- easy planning for installation.

10.2. PV installations for households

Photovoltaic solar energy is formed by the transformation of light into electricity through
semiconductors. A solar battery, also called a solar cell, or a photocell, a photoelectric converter, is a
semiconductor device that converts light energy into electrical. This is one of the most
environmentally friendly ways to extract electrical energy. Generated electricity can be used either at
the moment or stored in solar batteries. A typical photovoltaic system employs solar panels, each
comprising a number of solar cells, which generate electrical power. PV installations may be ground-
mounted, rooftop mounted or wall mounted. The mount may be fixed, or use a solar tracker to
follow the sun across the sky.

Figure5 Application of PV panels on building facade

Solar cells can be made from about a dozen different materials. Up to now, the most significant of
these is crystalline silicon.

Monocrystalline silicon cells
They are made of a single crystal of high purity silicon crystal, and have a cylindrical shape which is
cut into thin plates with a thickness of 0.2-0.3 mm.
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Circular plates are obtained which, for the purpose of efficient use of the the edges are cut out and
shaped like an octagon.

The most common cell size is 100 mm. Mass produced monocrystalline cells have an efficiency of
about 23% and a modulus of 13-17%. They are the most expensive and most energy-intensive cells
for the time being.

Polycrystalline (multicrystalline) silicon cells

They are made by casting, cooled in mold and, when hardened, form irregular poly (multi) crystalline
structures. Their surface is brilliant with characteristic blue color. Blue color has the best optical
properties: and absorbs the greatest amount of light. The square silicon block is cut to 0.3 mm thick
plates. The efficiency of the cell is about 17% and the module 11-15%. The polycrystalline cells
typically have a size of 100x100 mm. They have a the largest market share.
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Figure6 Different view of monocristalline and polycristalline photovoltaic panels

ThinFilm Solar Cells thin-film technologies with copper-indium coatings selenide and cadmium
tellurite - are a promising alter antique of silicon. They have lower efficiency but are resistant to
high temperatures and high temperatures shadowing, and allow for lower production costs.

Film thickness varies from a few nanometers (nm) to tens of micrometers (um), much thinner than
thin-film's rival technology, the conventional, first-generation crystalline silicon solar cell (c-Si), that
uses wafers of up to 200 um. This allows thin-film cells to be flexible, and lower in weight. They are
used in building integrated photovoltaics and as semi-transparent, photovoltaic glazing material
that can be laminated onto windows. Other commercial applications use rigid thin film solar
panels (sandwiched between two panes of glass) in some of the world's largest photovoltaic power
stations.
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Figure7 Thinfilm sollar panel

Nominalpower of the PV installations

The maximum amount of energy a cell can produce (module) is called nominal / peak power (Wp).
Generally, the amount of electricity produced is proportional of the amount of light falling on it: the
greatest is direct radiation - strong sunlight without clouds. Peak power is defined under standard
test conditions: 1000 W / m2 sunshine and cell temperature 25 °C.

The required area to generate 1 kWp for different cell types is as following: monocrystal 7-9 m2,
polycrystalline-8-9 m2, thin-film copper - 11-13 m2, amorphous silicon - 16-20 m2.

Influence of temperature on cell performance

Cell efficiency decreases with increasing temperature. Energy production declines by 0.5% to each
degree Celsius increase of the temperature. At 30 °C, it decreases by 15%. Crystalline cells are more
sensitive than thin films. In the amorphous silicon productivity decreases by 0.2% every degree in the
temperature range promotion. In summer, the module's temperature may reach 40-70 ° C.
Therefore, the modules should be kept as cool as possible!

Cooling is very important! In fact, on a sunny winter day, the production peak may be higher than on
a hot summer day.

Other Factors Affecting Cell Efficiency

- loss of reflection - part of the radiation is reflected by the surface of the cells - decreases with anti-
reflex coating;

- the radiation is not ingested - part of the radiation does not have enough energy to emit electrons
from the atoms;

- the radiation is too strong - if the radiation has more energy to break off electrons, excess energy is
lost - the cells are heated; temperature, shading, premature recombination before reaching P / N
transition, electrical loss.

10.3. Geothermal installation

Geothermal, or "warmth on the ground", boreholes are needed to reach the heat. The depth of
drilling depends on the temperature. In shallow drilling the temperature is too low to be used
directly for heating. Then a heat pump is needed to raise the temperature.
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Geothermal heat pumps are used mostly in places that are poor in sunlight and is an alternative to
the solar system. The geothermal installation works contrary to the refrigerator principle. It delivers a
compressive force to the compressor, which compresses a refrigerant, which in turn absorbs heat by
evaporation in the environment.

There are two ways to extract geothermal energy:

The most common option is by installing a drill bit:
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Figure8 Drilled gethermal heat pump

For a meter drilling, the probe generates up to 80 watts of energy. Soil and groundwater play a key
role in reducing productivity; in dry areas it can fall to less than 20 watts per meter.
Different soil and thermal yield in watts per meter:
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The other option is flat collector:
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Figure9 Gedhermal heat pump with flat collector

A flat collector occupies considerable space, so it is good to plan it right from the start of the project.
This system consists of pipes that are laid at no more than a meter and a half depth. For a single-
family house, between 200 and 400 square meters of collector area are required dry, clay soil. By
rough estimate, the collector system's dimensions must be at least twice the area of the house.

For optimal use, moist soil and regular sunlight are most suitable, as most of the energy produced is
stored in the ground.

Soil and extraction capacity of flat collector:
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Advantages of using a geothermal heat pump installation.
- the unit price of a heating system with this type of system is 4-5 times lower than the price of
conventional electric heating and about 2-3 times the use of other fuels;
- no fuels used for heating - no dependence on the price of the respective fuels;
- not affected by atmospheric conditions;
- No emissions;
- the energy source is always available;
- easy maintenance and operation;

Requirements prior to installation of the geothermal heat pump.
Studies before installation of the respective installation type:
- Required water flow ¢ 24-hour sample pumping from the wells;
- water temperature - at a depth of 20m, the temperature is about 100C. Significant deviations
from this value are a sign of permeate surface water in the underground;
- physicochemical composition of water - analysis in an authorized laboratory;
- determining the required number of wells and their location in order to ensure the necessary
water flow.

10.4. Water energy

Water Energy: uses water to flow directly into HPP or converted to turbine power. Typically, the dam
retains the water and when it is sufficiently filled, the water starts and drives turbines that generate
electricity. More than 16% (500 TWh) of electricity in Europe is generated through HPPs.
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10.5. Biofuels

Biofuels are the oldest source of energy used for heating, cooking or producing electricity. They are
considered a renewable resource if the yield of material does not exceed the rate of growth of
biomass.

Biofuels is a general term that covers a range of fuel types.
These include wood from biomass crops, agricultural and forestry residues, bio-diesel, ethanol and
methanol, and biogas from anaerobic digestion processes.

Bioenergy can be generated from:
9 Trees and crops which may be grown specifically for their energy content or be a by-product
of another activity (e.g., wood residue from forest harvesting)
 Biomass in waste products which results from industrial, commercial, agricultural and
domestic activities (e.g., animal manure, animal fat and municipal solid waste).
Biomass boilers and cogeneration plants are two of the types of technology which can be
used to generate bioenergy.

Different types of bioenergy can be used for different purposes, including:

I Wood energy ¢ which is energy from wood pellets or wood residue used for industrial or
commercial heat and/or electricity generation.

Wood pellets - made from dried and milled waste, pressed under high pressure and at high
temperature, in the form of small cylinders. They do not contain adhesive substances. Lignin, which is
contained in plant tissues at temperatures above 100 ° C, softens and allows the material to acquire
the corresponding shape, as it appears, as a natural glue that supports the shape of the pellets.

Basic Parameters of Wood Pellets:

- ash content: due to the fact that it is of natural origin, biomass has a certain amount of non-
combustible Basic Parameters mineral mass that is naturally absorbed or mechanically encapsulated
in the final product. Wood pellets are produced from the core of the wood. When the bark comes
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into them, the ash content increases and their quality is reduced. The ash content of woody biomass
is less than that in cereal crops.

- moisture content: The moisture content is mainly 8 + 10%, which guarantees mechanical strength
of the fuel;

- mechanical resistance. This parameter characterizes its resistance to shredding during transport.
The high mechanical strength of the pellets guarantees a lower degree of pellet crushing and trouble-
free operation of the feeder mechanisms.

Different equipment requirements for mechanical resistance are different and should be taken into
account when buying fuel.

Figurel0 Wooden pelets for heating

Wood briquettes - a product similar to pellets (obtained identically to wood pellets) but with a larger
diameter (@ 40-80 mm). Various feedstock can be used to produce them. Depending on this, the
briquettes can be of deciduous wood (oak) or of coniferous wood (pine), etc.
As with pellets, the production process of wood briquettes involves several stages: crushing the raw
material, drying and pressing.
Basic Parameters:

- Ash content is <1.5%.

- Calorific value ~ 4500kcal / kg
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Figurell Wooden briquettes

Wood chips ¢ a product that is produced by mechanized chipping of wood.

Wooden chips are raw material, which is made from inferior waste wood (wood pulp), pre-cut
logging wood and / or wood for felling that is not suitable for woodworking. Wood chips are the
main raw material for the production of paper, corrugated cardboard and in the last years it has to be
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used mainly as an energy raw material. Depending on the type of wood, wood chips can be made
from hardwood (beech, oak, hornbeam, etc.) or softwood (pine, fir, poplar, etc.). The difference in
chips obtained from different tree species (soft and hard) is mainly in density and, accordingly, in its
energy value.

Sunflower pellets - a product made from secondary raw materials. They are harvested from
sunflower seeds, which are waste from oil-producing plants and nut production plants (roasted
peeled sunflower seeds). The technology for their pelleting is very similar to that of wood pellets.
The difference is that sunflower flakes are of lower humidity (10-15% sunflower is used for the
production of sunflower oil or nuts).

Basic Parameters:

Energy value: 5.1 kW / kg (14.76 MJ / kg, 3525 kcal / kg)

Humidity: 10-15%

Density: 350 kg / m3

Dimensions: @ 6 mm x 10-25 mm

Ash content: 5%

Unit of measure: t (ton)

Price: 215 leva / ton (VAT included)

Packaging: Bulk or Big Beg (1.2x 1.2 x2 m)

9 Biofuel ¢ energy from plant and animal matter (often blended with petrol or diesel) used for
heating or transport fuel (e.g., bioethanol used in a commercial vehicle).

9 Biogas ¢the combustible gas (mainly methane) given off during the breakdown of biomass used
to generate energy
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Figurel3 Biogasinstallation

10.6. Wind energy

Wind poweris the use ofair flow through wind turbinesto provide the mechanical power to
turn electric generators. Wind power, as an alternative to burning fossil fuels, is plentiful, renewable,
widely distributed, clean, produces no greenhouse gas emissions during operation, consumes no
water, and uses little land. The net effects on the environment are far less problematic than those
of non-renewable power sources.

Wind energy is generated using turbines which capture the natural power of the wind to drive a
generator. The large wind farms seen around the countryside generally supply electricity to the
national grid. However, the availability of a variety of turbine types and sizes means that you can
generate your own electricity supply for use onsite. Wind energy is not normally considered as a
building application, but there is a growing tendency to consider wind turbines for urban situations.
The two main turbine types available are:
9 Free-standing turbines, which are available in a range of sizes and can be used singularly or in
groups. Small free-standing turbines are already in use at businesses throughout the Europe.
9 Building-mounted turbines, which are usually installed on roofs. These are not currently
widely used, although a few examples are beginning to appear (micro wind turbines that are
smaller than 5kW).

In general, small wind turbines are best suited to rural settings that are exposed to strong and
consistent wind, and where there is no connection to the electricity network or grid.
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Figurel4 Freestanding turbines

10.7. Energy storage

The NZEB concept, which was first introduced in the recast of Energy Performance of Buildings
DirectiveError! Reference source not foundrequires that the majority of thermal and electrical
energy needs of a building are locally covered, using on-site renewable energy sources. The most
suitable RES technology for integration in buildings are photovoltaics (PVs), mainly due to their
modular structure and small installation space. Consequently, a substantial number of intermittent
PVs is expected to be connected to the electrical distribution networks in coming years.

High PV penetration levels may result in unacceptable stress on the electrical grids during hours with
high solar power generation. The most important technical challenges that may arise include
overvoltage, overloading of network equipmentError! Reference source not foundand fault
protection issues. For this reason, distribution system operators may limit the installed capacity in
certain feeders where such problems are expected to rise. These technical issues can be effectively
tackled, using energy storage systems to store locally the energy that is not consumed during high
generation periods.
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Figurel5PV energy storage scheme
There are three different types at the moment of solar battery storage systems for households:

I Lead acid batteries
9 Lithium ion batteries
 Flow batteries

Lead Acid Batteries

This type of battery has been used for decades as part of renewable energy storage systems,
normally when people have tried to make the transition to living off-grid. They are the cheapest type
of battery on the market at present; however, they are limited on the number of charging cycles they
can handle before they need replacing. Also lead acid batteries often require more maintenance than
either lithium or flow batteries.

Figurel6 Lead acid baterry
Lithium lon Batteries

Lithium ion batteries are the current favourites used by many battery manufacturers. These batteries
are marginally more expensive than Lead acid batteries but can be charged and discharged far
more, meaning they last longer. Lithium lon batteries also tend to take up far less space than lead
acid batteries, and they are also self contained so they can sit easily indoors on a wall or out of the
way C basically, they are maintenance-free.
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Figurel? Lithium lon Battery
Flow Batteries

These are the newest technology and could well be the future due to the fact that they can be
charged and discharged theoretically an infinite number of times. There are two issues with Flow
batteries ¢ first, they are expensive, about twice the price of Lithium lon batteries. Second, they are
very complex, often requiring ancillary equipment such as pumps, sensors, control units and
secondary containment vessels. This obviously adds to the cost, but also means they generally take
up a big amount of space.
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Figurel8 Flow baterry
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