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Executive Summary: 

This document is part of IDEA project education program against the energy poverty and represents 

the theoretical part of the curriculum.  

General objectives of the IDEA educational program are: 

- Raise awareness of European citizens on the rising issue of energy poverty; 

- Contribute to solving the issue of energy poverty and simultaneously address the issue of climate 

change; 

- Reinforce adult skills and competencies in the field of energy poverty and energy advising; 

- Help the unemployed to identify energy advising as an opportunity for them to find new job 

opportunities 

 

The specific objectives of this document are to aware the users with the basic principles of energy, 

energy consumption in households, solutions for renewable energy and energy monitoring in 

households and the impact of the energy consumption to the environment.  
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About the project  

IDEA (Innovative Direction in Energy Advising) project's purpose is to develop innovation in education 

about energy poverty. Main objective is to improve existing and develop new innovative educational 

methods and materials for adult training on energy poverty. The partnership consists of experienced 

organizations strategically places in the most affected region regarding energy poverty - in Bulgaria, 

Croatia, Slovenia and Cyprus. Project is implemented by University of Cyprus, DOOR Society for 

Sustainable Development Design, Energy Agency Plovdiv and Focus Association for Sustainable 

Development. It is funded by Erasmus+ programme. 

1. Technical part  

1. EU Energy Policies and  Energy Strategy 2050  

 

Buildings are responsible for approximately 40% of energy consumption and 36% of CO2 emissions in 

the EU. Currently, about 35% of the EU's buildings are over 50 years old and almost 75% of the 

building stock is energy inefficient, while only 0.4-1.2% (depending on the country) of the building 

stock is renovated each year. Therefore, more renovation of existing buildings has the potential to 

lead to significant energy savings ς ǇƻǘŜƴǘƛŀƭƭȅ ǊŜŘǳŎƛƴƎ ǘƘŜ 9¦Ωǎ ǘƻǘŀƭ ŜƴŜǊƎȅ consumption by 5-6% 

and lowering CO2 emissions by about 5%.  

 

Improving the energy efficiency of buildings can also generate other economic, social and 

environmental benefits. Better performing buildings provide higher levels of comfort and wellbeing 

for their occupants, and improve health by reducing illnesses caused by a poor indoor climate. It also 

has a major impact on the affordability of housing and on the concept of energy poverty. 

Improvement of the energy performance of the housing stock and the energy savings it brings would 

enable many households to escape energy poverty. 

 

 

The 2010 Energy Performance of Buildings Directive and the 2012 Energy Efficiency Directive are 

the EU's main legislative instruments promoting the improvement of the energy performance of 

buildings within the EU and providing a stable environment for investment decisions to be taken. 

On 19 June 2018 Directive (2018/844/EU) amending the Energy Performance of Buildings Directive 

was published. The revised provisions will enter into force on 9 July 2018. This revision introduces 

targeted amendments to the current Directive aimed at accelerating the cost-effective renovation of 

existing buildings, with the vision of a decarbonised building stock by 2050 and the mobilisation of 

investments.  

 

Under the new, revised Energy Performance of Buildings Directive (EPBD) 
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¶ EU countries will have to establish stronger long-term renovation strategies, aiming at 

decarbonising the national building stocks by 2050, and with a solid financial component 

¶ A common European scheme for rating the smart readiness of buildings, optional for 

Member States, will be introduced 

¶ Smart technologies will be further promoted, for instance through requirements on the 

installation of building automation and control systems and on devices that regulate 

temperature at room level. 

¶ E-mobility will be supported by introducing minimum requirements for car parks over a 

certain size and other minimum infrastructure for smaller buildings 

¶ EU countries will have to express their national energy performance requirements in ways 

that allow cross-national comparisons 

¶ Health and well-being of building users will be promoted, for instance through an increased 

consideration of air quality and ventilation. 

 

Under the current Energy Performance of Buildings Directive 

¶ All new buildings must be nearly zero-energy buildings by 31 December 2020 (public 

buildings by 31 December 2018) 

¶ Energy performance certificates must be issued when a building is sold or rented, and they 

must also be included in all advertisements for the sale or rental of buildings 

¶ EU countries must establish inspection schemes for heating and air conditioning systems or 

put in place measures with equivalent effect 

¶ EU countries must set cost-optimal minimum energy performance requirements for new 

buildings, for the major renovation of existing buildings, and for the replacement or retrofit 

of building elements (heating and cooling systems, roofs, walls and so on) 

¶ EU countries must draw up lists of national financial measures to improve the energy 

efficiency of buildings. 

 

 

The EU has set itself a long-term goal of reducing greenhouse gas emissions by 80-95%, when 

compared to 1990 levels, by 2050. The Energy Roadmap 2050 explores the transition of the energy 

system in ways that would be compatible with this greenhouse gas reductions target while also 

increasing competitiveness and security of supply. 

To achieve these goals, significant investments need to be made in new low-carbon technologies, 

renewable energy, energy efficiency, and grid infrastructure. Because investments are made for a 

period of 20 to 60 years, policies that promote a stable business climate which encourages low-

carbon investments must start being made today. 

 

https://ec.europa.eu/energy/en/topics/energy-efficiency/buildings/nearly-zero-energy-buildings
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Figure 1 EU building stock targets to 2050 

1.1. Energy Road map 

The European Commission's 2011 Energy Roadmap set out four main routes to a more sustainable, 

competitive and secure energy system in 2050: energy efficiency, renewable energy, nuclear energy, 

and carbon capture and storage. It combined these routes in different ways to create and analyse 

seven possible scenarios for 2050. 

 

Conclusions of the analysis: 

 

¶ Decarbonizing the energy system is technically and economically feasible. In the long run, all 

scenarios that achieve the emissions reduction target are cheaper than the continuation of 

current policies. 

¶ Increasing the share of renewable energy and using energy more efficiently are crucial, 

irrespective of the particular energy mix chosen. 

¶ Early infrastructure investments cost less, and much of the infrastructure in the EU built 30 to 

40 years ago needs to be replaced anyway. Immediately replacing it with low-carbon 

alternatives can avoid more costly changes in the future. According to the International 

Energy Agency, investments in the power sector made after 2020 would cost 4.3 times as 

much as those made before 2020. 

¶ A European approach is expected to result in lower costs and more secure energy supplies 

when compared to individual national schemes. With a common energy market, energy can 

be produced where it is cheapest and delivered to where it is needed.  
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Figure 2 EU Energy targets to 2050 

1.2.  Near Zero Energy Buildings  and Passive houses 

Nearly zero-energy buildings (NZEBs) have very high energy performance. The low amount of energy 

that these buildings require comes mostly from renewable sources. 

The Energy Performance of Buildings Directive requires all new buildings to be nearly zero-energy by 

the end of 2020. All new public buildings must be nearly zero-energy by 2018. 

 

A passive house is a building in which a comfortable room temperature of about 20oC can be 

achieved without conventional heating and cooling systems. Such buildings are called p͌assive͊ , 

because the predominant part of their heat requirement is supplied from Ǉ͌ŀǎǎƛǾŜέ sources, e.g., 

sun exposure and waste heat of persons and technical devices. The heat still required can be 

delivered to rooms by the controlled ventilation system with heat recovery. 

The annual heat demand for passive house is very low ς average for Europe it is about 15 

kWh/m2/year. The need for total primary energy use should not exceed 120 kWh/m2/ year, including 

heating and cooling, domestic hot water, and household electricity.  

 

http://eur-lex.europa.eu/legal-content/EN/ALL/;ELX_SESSIONID=FZMjThLLzfxmmMCQGp2Y1s2d3TjwtD8QS3pqdkhXZbwqGwlgY9KN!2064651424?uri=CELEX:32010L0031
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Figure 3 Energy balance in Passive house 

 

The basic features that distinguish passive house construction: compact form and good insulation; 
southern orientation and shade considerations; good air tightness of building envelope; passive 
preheating of fresh air; highly efficient heat recovery from exhaust air; using an air-to-air heat 
exchanger; hot water supply using renewable energy sources; using energy-saving household 
appliances. The design of passive houses is a holistic process of planning and realization. It can be 
used for designing new buildings or for energy renovation of existing buildings. 
 
In an average house, the windows account for 10 to 20 percent of heat loss. In passive houses, such 
losses are minimised by installing triple-glazed windows. The heat transmission of building 
components is expressed by their so-called U value, measured in watts per square metre at a 
temperature difference of one degree (K). The higher the U value, the lower its thermal resistance, 
therefore the more heat/ energy passes through the building component. An average two-pane 
window has a U value of 2.9 W/m²K. With three panes and an additional heat protection glazing, the 
U value can be as low as 0.7 W/ m²K. Apart from the glazing, also the frame should be designed to 
prevent thermal losses. 
The insulation in passive houses is much thicker than average. As for windows, heat transmission 
through walls can also be expressed as a U value. The U value depends on the property of the 
material used, but in general a 10-cm layer of insulation will have a U value of around 0.4 W/m²K. 
Increasing the thickness of the insulation to 40 cm will reduce the U value to 0.1 W/m²K, that is, a 
reduction of 75 percent. 
As passive houses must be absolutely airtight, the construction workers have to detect the smallest 
air leaks and ensure that they are sealed. The points at which cables and pipes penetrate the 
ōǳƛƭŘƛƴƎΩǎ outside walls need to be thoroughly sealed. When the building work is complete, its 
airtightness is tested using the so-called blower-door test. During this procedure, a fan is used to 
draw air out from the inside of the house, creating a small pressure difference between the inside 
and outside. This pressure difference forces air through the holes and penetrations in the building 
envelope, making it possible to ƳŜŀǎǳǊŜ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŀƛǊǘƛƎƘǘƴŜǎǎΦ Lƴ ŀ ǇŀǎǎƛǾŜ house, air exchange 
during the blower door test may not exceed a certain level. 
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Figure 4 Equipment to perform a blower-door test | Image: W. Walter 

1.3. National legislation in terms of energy efficiency in households  

The Bulgarian government is working actively to improve energy efficiency and promote the use of 

renewables in the country. This will have a positive effect on economic growth and increase the 

competitiveness of the construction sector. In accordance with the requirements of Directive 

2010/31/EU, Bulgaria is endeavoring to support the construction of new low-energy buildings and to 

achieve the same energy performance characteristics when existing buildings are renewed or 

repaired. 

The departments responsible for implementing government policy with regard to energy efficiency in 

buildings and for developing national strategies, programmes and plans, including national plans to 

increase the number of nearly zero-energy buildings, are the Ministry of the Economy, Energy and 

Tourism (MIET), the Ministry of Regional Development and Public Works (MRRB) and the Sustainable 

Energy Development Agency (SEDA). The main accents in sustainable energy development by 2020 

are a 20 % improvement in energy efficiency, increasing the share of renewable sources to 16 % 

(20 %) of the energy end-use and a 20 % reduction in greenhouse gas emissions compared with 1990. 

The Bulgarian government therefore will focus on improving efficiency in the generation of electricity 

and heat, reducing transmission and distribution losses, improving the energy performance of 

existing buildings and introducing more stringent energy standards for new buildings, including 

energy-independent buildings. 

Energy performance class of residential buildings in Bulgaria: 
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Figure 5 Energy performance class of residential buildings 

2. Basic principles of energy and heat  

2.1. Definition s of energy, different types of energy, energy units  

Energy is defined as the capacity of a physical system to perform work, that creates heat, or light, 

that produces a movement. 

Energy exists in several forms such as heat, kinetic or mechanical energy, light, potential energy, and 

electrical energy: 

Heat - Heat or thermal energy is energy from the movement of atoms or molecules. It may be 

considered as energy relating to temperature. 

Kinetic Energy - Kinetic energy is the energy of motion. A swinging pendulum has kinetic energy. 

Potential Energy - This is energy due to an object's position. For example, a ball sitting on a table has 

potential energy with respect to the floor because gravity acts upon it. 

Mechanical Energy - Mechanical energy is the sum of the kinetic and potential energy of a body. 

Light - Photons are a form of energy. 

Electrical Energy - This is energy from the movement of charged particles, such as protons, electrons, 

or ions. 

Magnetic Energy - This form of energy results from a magnetic field. 

Chemical Energy - Chemical energy is released or absorbed by chemical reactions. It is produced by 

breaking or forming chemical bonds between atoms and molecules. 

Nuclear Energy - This is energy from interactions with the protons and neutrons of an atom. Typically 

this relates to the strong force. Examples are energy released by fission and fusion. 

 

Power is a physical magnitude (P) and represents the ratio of the energy transferred (or the work 

performed by a given force) over a certain interval of time to the magnitude of that range. 

The power is one watt when a joule (J) energy is transferred (or a force is operated by a joule) for one 

second (s). 

 



IDEA            2017 - 1 - CY01 - KA204 -

026725  
 

13 
 

Units of Energy 

The SI unit of energy is the joule (J) or newton-meter (N * m). The joule is also the SI unit of work.  

Joule (J) - energy for mass lifting 1 kg per 1 m  

Calorie (Cal) - equivalent to 4 180 J - energy to raise the temperature of 1 g of water from 14°C to 

15°C at a pressure of 1 atm. 

Kilowatt hour (kWh) - Equivalent to 3.6 x 106 J or 1 GJ = 277.777 kWh energy produced or consumed 

in kilowatt hours. 

Tonne of oil equivalent (toe) - Equivalent quantity of energy produced during the burning of 1 tonne 

of oil - 41 868 kJ, which is approximately 42 GJ. This unit is useful if different fuels are compared. 

1 toe = 11.63 MWh = 41.868 GJ 

2.2. Primary and final energy  

Primary energy is the energy in nature that is not the subject of transformation processes. It could be 

renewable and non-renewable energy. Primary energy is difficult to produce in its natural form (coal, 

wood, oil or, for example, wind). 

 

Coal is formed from dead organic plant matter converted into peat. The industrial revolution of the 
19th century was made thinks to the coal. This energy is the most commonly used 
worldwide, for electricity in particular. LǘΩǎ ŀ ƘƛƎƘƭȅ ǇƻƭƭǳǘƛƴƎ ŜƴŜǊƎȅΣ ōŜŎŀǳǎŜ ƛǘΩǎ Ƴƻǎǘƭȅ ŎƻƳǇƻǎŜŘ ƻŦ 
carbon, indeed of CO2. 
 
Oil, is a liquid carbonaceous rock, composed of organic materials trapped in the rock. Oil provides 
the majority of liquid energies such as fuel, diesel, petrol or LPG. It is the second most used energy in 
the world. 
 

Natural gas is an organic gaseous found naturally in porous rocks. Most natural gas is created by two 

mechanisms: biogenic and thermogenic. Biogenic gas is created by methanogenic organisms in 

marshes, bogs, landfills, and shallow sediments. Deeper in the earth, at greater temperature and 

pressure, thermogenic gas is created from buried organic material. The gas comes in third 

place among the most worldwide energy used. 

 

Uranium is a radioactive metal that lies deep in the earth and in the earth's crust. Much of these 

stocks, however, are unusable. Recently, it has been increasingly used to produce electricity, although 

the Fukushima tragedy has slowed down this development. The process is low in CO2, but 

radioactive waste is problematic. There is no way to avoid radioactivity in the process and the waste 

is buried without full security guarantees. Known resources will be exhausted by 2049 

 

The final energy represents the transformed primary energy in another suitable type: electric, 

mechanical, steam, heat. It also includes the transformation losses. 

http://en.wikipedia.org/wiki/Methanogen
http://en.wikipedia.org/wiki/Marsh
http://en.wikipedia.org/wiki/Bog
http://en.wikipedia.org/wiki/Landfill
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Figure 6 Transformation of energy sources 

 

 

Energy content of different energy sources. 

Each energy source has a different energy content (calorific value). 

 

Energy source Energy content (calorific 

value), Q 

Natural gas (kg) 13,1 kWh/kg 

Natural gas (m³) 9,3 kWh/ m3 

Liquefied Natural Gas (kg) 12,55 kWh/kg 

Liquefied natural gas (l) 7,3 kWh/l  

Oil (kg) 11,75 kWh/kg 

Oil (l) 10 kWh/l 

Wood (kg) 3,88 kWh/kg 

Black coal (kg) 5,83  kWh/kg 

Anthracite coal (kg) 8,58 kWh/kg 

Brown coal (l) 2,9  kWh/l  

Table 1 Energy content (calorific value) 
 

Example of calculating the energy content in kilowatt hours of natural gas:   

 

1 000 m3 of natural gas = 1 000 m3 * 9,3 kWh / m3 = 9 300 kWh 
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CO2 emissions from different types of energy sources: 

Type of energy source 

Transformation 
coefficient  

Ecological equivalence 
factor fi 

ς Ǝ ˿˻2/kWh 

Industrial gas oil and diesel 1,1 267 

Fuel oil 1,1 279 

Natural gas 1,1 202 

Propane-butane 1,1 227 

Black coal 1,2 341 

Lignite / brown coal 1,2 364 

Anthracitic coal 1,2 354 

Briquette 1,25 351 

Wood pellets, briquettes and 
wood 

1,05 43 

Heat from centralized heat supply 1,30 290 

Electricity 3,0 819 

 

Table 2 Ecological equivalence  

2.3. Energy in households  

The electricity or heat energy consumed by an single household or a building is measured and 

reported and this is the basis of the energy bill. For example, an electric meter in the home measures 

the electricity consumed, and one heat meter - the heat consumed by the collector or electronically 

transmitted if a "smart" measuring device is available. 

There are plants that convert one kind of energy into another: for example natural gas in hot water 

for heating. This is most effective when centralized, and the resulting energy is distributed across all 

rooms in the building. Energy conversion can be more or less efficient, depending on the type of 

installation (boiler) and distribution system - radiators and pipe network. 

If measures are taken and make significant changes to the transformation system or the energy 

distribution system in the building, they will affect the level of energy consumption. For example, if 

the boiler is replaced with a more energy efficient, i. with a boiler with a higher efficiency and the 

distribution network is isolated, then the energy consumption will decrease. This will result from 

reduced energy losses, not from lower room temperature or less use of hot water by occupants. 
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Kilowatt hour (kWh) is the measurement unit that measures energy consumption. To be able to 

handle the energy consumed by different energy resources, readings must be in one unit of measure. 

Litres, kilograms and cubic meters should be converted into kilowatt hours. 

3. Heat exchange and material properties  

Heat exchange is a process where heat transfer from a higher body to a lower temperature body 

occurs. Heat exchange to take place through: 

ω ǘƘŜǊƳŀƭ conductivity (solids); 

ω ŎƻƴǾŜŎǘƛƻƴ όŦƻǊ ŦƭǳƛŘǎύΤ 

ω IŜŀǘ ǊŀŘƛŀǘƛƻƴ 

 

 

Figure 7 Different types of heat exchange 

3.1. Thermal conductivity  

Heat transfer by direct contact between two physical materials. Some materials transfer heat 

better than others.  

Example: If the pan handle on the stove is made of copper, it will be warm to touch, because 

copper is a conductor of heat. If the handle is made of plastic, ǿŜ ǿƻƴΩǘ ŦŜŜƭ ǘƘŜ ƘŜŀǘ because the 

plastic is a poor conductor of heat. 

3.2. Convection 

Convective heat transfer, often referred to simply as convection, is the transfer of heat from one 

place to another by the movement of fluids. Convection is usually the dominant form of heat transfer 

in liquids and gases. Although often discussed as a distinct method of heat transfer, convective heat 

https://en.wikipedia.org/wiki/Heat_transfer
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transfer involves the combined processes of unknown conduction (heat diffusion) 

and advection (heat transfer by bulk fluid flow). 

Example: If you put your hand above the fire, you feel warm because the air is warmed by the flames 

3.3. Thermal radiation  

Transfer of heat by electromagnetic waves. Materials reflect more or less the thermal radiation they 

receive. Wood, for example reflects more radiation than marble. This is why a wooden interior is 

warmer than a marble interior 

Example: The sun emits heat radiation. So when the sun is shining, you feel the heat on the surface 

of the skin, but when a cloud hides the sun, you no longer feel heat. 

3.4. Heat transmittance  

The heat transmƛǘǘŀƴŎŜ ˂ όƭŀƳōŘŀύ ŜȄǇǊŜǎǎŜǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƘŜŀǘ ǘƘŀǘ ǇŀǎǎŜǎ ǘƘǊƻǳƎƘ ŀ ƳŀǘŜǊƛŀƭ - 1 

m² area, 1 second, 1 m thick, 1 degree difference between the temperatures on both sides of the 

material under consideration. 

This feature characterizes the ability of each material to transfer thermal energy in the form of heat. 

Specific heat conductivity is a constant for all types of materials, except heat insulations. The lower 

ǘƘŜ ǾŀƭǳŜ ƻŦ ˂Σ ǘƘŜ ōŜǘǘŜǊ ǘƘŜǊƳƻ-insulation properties have the corresponding material. Very often 

the packaging of building materials is indicated by their thermal conductivity - ˂ Φ  

 

 

Figure 8 Heat transmittance through wall layers 

 

Material ˂ ˤͭκόͣ*K) Material ˂ ˤͭκόͣ*K) Material ˂ ˤͭκόͣ*K) 

cryl 
0,2 

EPS 

(Styrofoam) 0,032 - 0,053 

Mineral wool 
0,032 - 0,050 

Asbestos, freely 

packed 0,15 

Styrofoam 
0,033 

Nylon 
0,25 

Asphalt 
0,75 

Insulation with 

straw 0,09 

Cotton 
0,03 

Concrete 
2,1 

Leather 
0,14 

Cotton wool 
0,029 

https://en.wikipedia.org/wiki/Conduction_(heat)
https://en.wikipedia.org/wiki/Advection
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insulation 

Water 0,58 Corkboard 0,043 Fiberglass 0,04 

Wave 
0,04 

Copper 
401 

Nickel 

insulation 0,048 

Gypsum or 

plaster 0,48 

Brick 
0,5 - 1,4 

Foam glass 
0,045 

Granite 2,8 Paper 0,05 Steel 48 - 58 

Wood 0,09 - 0,19 Polyethylene 0.42ς0.51 Glass 1,05 

Iron 
80,2 

Polypropylene 
0.10ς0.22 

Extended 

polystyrene 0,03 

Dry sand 
0,35 

Gypsum, 

plaster, mortar 0,17 

PVC 
0,19 

Rasping 0,06 chipboard 0,15   

Plywood 0,13 stucco 1,4   

3.5. Building envelope  

Major sources of losses in non-insulated buildings 

Thermal losses in non-insulated buildings: 

ω wƻƻŦΥ ŀōƻǳǘ нр ǘƻ ол҈ ƻŦ ƘŜŀǘ ƭƻǎǎŜǎΤ 

ω walls: about 20 to 25% of heat losses; 

ω ǾŜƴǘƛƭŀǘƛƻƴ ŀƴŘ ƛƴŦƛƭǘǊŀǘƛƻƴΥ ŀōƻǳǘ нл ǘƻ нр҈ ƻŦ ƘŜŀǘ ƭƻǎǎŜǎΤ 

ω ǿƛƴŘƻǿǎΥ ŀōƻǳǘ мл ǘƻ мр҈ ƻŦ ƘŜŀǘ ƭƻǎǎŜǎΤ 

ω ǘƘŜǊƳŀƭ ōǊƛŘƎŜǎΥ ŀōƻǳǘ р ǘƻ мл҈ ƻŦ ƘŜŀǘ ƭƻǎǎŜǎ 

 

Reducing heat loss through building envelope today, depending on the local climate and the local 

energy needs, certain architectural principles guarantee high energy efficiency and a high standard of 

visual, warm and healthy comfort in the spaces where different human activities are realized.  Most 

of the heat losses are through the roof (more than 30%) and through the walls (more than 20%).  
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Figure 9 Heat Loss from an uninsulated house 

 

3.6. Variation of energy consumption depending on the insulation of walls  

The most effective energy saving measure is optimizing thermal insulation. In the residential building 

in Bulgaria the unusable type of thermal insulation of the facade walls is predominantly distributed. 

It is a heat-insulating layer of hard plates, mechanically fastened to the facade walls. A glass fiberglass 

or other net is applied to the thermal insulation and the surface layer is plaster - silicate, polymer, etc. 

Thermal insulation materials have the following important features: 

- Thermal conductivity (˂) - ŎƘŀǊŀŎǘŜǊƛȊŜǎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ŀ ƳŀǘŜǊƛŀƭ ŀǎ ŀ ŎƻƴŘǳŎǘƻǊ ƻŦ ƘŜŀǘΦ ˂ ƛǎ ŀ ǾŀƭǳŜ 

independent of the thickness and mode of application of the material. The thermal conductivity 

coefficient is W / mK and indicates how much heat (W) conducts a 1 meter thick 1 m thick element at 

a temperature difference of 1 Kelvin (K). The lower the thermal conductivity of a material, the better 

the insulator is. 

- Thermal resistance is reciprocal of thermal conductivity (1 / K) and is measured in mK/W.  This is 

the temperature resistance for a unit thickness (per meter). Thus determined, this magnitude 

depends on the nature and thickness of the material, so the value is specific. 

- Heat transmittance (U-value) - the quantity of thermal losses through the element is determined by 

the heat transfer coefficient U (U-value). Describes the amount of heat flowing through 1m² of an 

element when the temperature difference between the inner and outer surfaces is 1K. The unit is 

W/m²K. 

 

It is calculated by taking into account separately the thicknesses and the heat conductivity 

coefficients of all the materials from which these elements are built. The smaller the value of U, the 

better thermo-insulation properties have the corresponding element. 
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The existing modern standards for energy efficiency in buildings require the installation of a 

minimum of 10 cm insulation in order to reach the normative thermal transmittance <0.28 W / (m²K), 

according to Ordinance No. 7 on Energy Efficiency of Buildings. 

 

 

Figure 10 Heat transmittance through wall layers 

 

Types of multi-layer elements  Total 

thickness  

Coefficient U 

W / (m2K) 
 

External wall - concrete without 

insulation 
30 cm 3,3 

 

External wall - brick, without 

insulation 
30 cm 1,40 

Exterior wall - brick with 5 cm 

EPS 
35 cm 0,47 

Exterior wall - concrete with 5 cm 

EPS 
35 cm 0,65 

External wall - brick with 8 cm 

EPS 
38 cm 0,33 

Exterior wall - brick with 10 cm 

EPS 
40 cm 0,28 

Wooden frame construction with 

22 cm insulation 
25 ʩʤ 0,19 

 

The different types of thermal insulation depend on the insulating materials used. There are 

differences between the individual heat insulating materials and the areas where their use is 

appropriate. 

Some of the most common used insulation materials are: 

 

a) Expanded polystyrene foam (EPS) 
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Artificial polymer with closed structure of grid of air-filled spherical particles - microporous artificial 

organic material. 95% of the EPS volume is air enclosed in spheres of the polymer grate. EPS 

systems are also known as styrofoam, which appears to be the most common in today's 

construction material. EPS isolation systems retain their physical properties unchanged for a period 

of 15-20 years at operating temperatures of -20 ° C to + 50 ° C and cyclic freezing and thawing. 

Qualities: strength, minimum deformability, limited vapor permeability and fire resistance (class B1). 

EPS is used to: 

ω ƎƭǳŜŘ ŜȄǘŜǊƴŀƭ ŦŀŎŀŘŜ ƛƴǎǳƭŀǘƛƻƴΤ 

ω ŦƻǊ ǾŜƴǘƛƭŀǘŜŘ ǎǳǎǇŜƴŘŜŘ ŦŀŎŀŘŜǎΤ 

ω ŀǎ ŀ ƳƛŘŘƭŜ ƭŀȅŜǊ ƛƴ ŘƻǳōƭŜ ǿŀƭƭǎΤ 

ω wƻƻŦǎΥ ǎǘǊŀƛƎƘǘΣ ƛƴǾŜǊǘŜŘ ŀƴŘ ǎƭƻǇƛƴƎ όƛƴŎƭined); 

ω ǳƴŘŜǊ ōŀǎŜƳŜƴǘ ǘƛƭŜǎ ŀƴŘ ƳƻǊŜΦ 

 

EPS INSULATION SYSTEMS 

Thickness, d, mm 

Coefficient. of heat 
conductivity 

Thickness, d, mm 

Coefficient. of heat 
conductivity 

˂Σ ²κόƳϝ˴ύ ˂Σ ²κόƳϝ˴ύ 

d < 20 mm 

0,032 

40 < d < 100 mm 

0,032 

0,035 0,035 

0,040 0,040 

0,043 
0,045 

0,050 

20 < d < 40 mm 

0,032 

d > 100 mm 

0,032 

0,035 0,035 

0,040 
0,040 

0,053 

 

b) Extruded polystyrene foam-XPS 

The extruded polystyrene sheet is a thermosetting material (XPS) produced from polystyrene and 

suitable blowing agents by a continuous extrusion process in which the material is extruded or pulled 

through a die with the desired cross section and a continuous board of the desired thickness (20- 100 

mm). 

Qualities: 

ω ƘƛƎƘ ŀƴŘ ŘǳǊŀōƭŜ ǘƘŜǊƳŀƭ ƛƴǎǳƭŀǘƛƻƴ ǇǊƻǇŜǊǘƛŜǎΤ 

ω Ƴinimal water absorption; 

ω ƘƛƎƘ ŎƻƳǇǊŜǎǎƛǾŜ ǎǘǊŜƴƎǘƘ ŀƴŘ ŘƛƳŜƴǎƛƻƴŀƭ ǎǘŀōƛƭƛǘȅΤ 

ω ŘƛŦŦƛŎǳƭǘ ŦƭŀƳƳŀōƛƭƛǘȅΣ ŜȄŎŜƭƭŜƴǘ ŎƻƳǇŀǘƛōƛƭƛǘȅ ǿƛǘƘ ōǳƛƭŘƛƴƎ ƳŀǘŜǊƛŀƭǎ ǎǳŎƘ ŀǎ ŎŜƳŜƴǘΣ ƎȅǇǎǳƳΣ ƭƛƳŜ 

and sand, good adhesion to concrete and mortar coatings and plasters. 

 

Use XPS to: 
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ω ǘƘŜǊƳŀƭ ƛƴǎǳƭŀǘƛƻƴ ǳƴŘŜǊ ŦƻǳƴŘŀǘƛƻƴ ǇƭŀǘŜǎΤ 

ω ǘƘŜǊƳŀƭ ƛƴǎǳƭŀǘƛƻƴ ǳƴŘŜǊ ƎǊŜŀǎŜΣ ƛƴŘǳǎǘǊƛŀƭ ŦƭƻƻǊǎ ƻǊ ǊƻƻŦǎ 

ω ǘƘŜǊƳŀƭ ƛƴǎǳƭŀǘƛƻƴ ƻŦ ǎŀƴŘǿƛŎƘ ǿŀƭƭǎΤ 

ω ƛƴǘŜǊƴŀƭ ƛƴǎǳƭŀǘƛƻƴ ƻŦ ǿŀƭƭǎ ŀƴŘ ǎƭŀōǎΤ 

 

XPS INSULATION 

Type 
Coef. of thermal conductivity 

˂Σ ²κόƳϝ˴ύ 

Uncovered 

0,025 

0,030 

0,040 

Uncoated foam products 

0,025 

0,030 

0,035 

With waterproof coating 

0,025 

0,030 

0,035 

0,040 

 

(c) Mineral wool: 

Mineral (rock) wool is a natural, inorganic and mineral product based on basalt minerals. Due 

to its fibrous structure, the mineral wool has excellent thermal insulation properties: 

Features: - High degree of noise absorption and less noise reflection. 

 

Benefits of applying heat insulation: 

- more comfort during the summer and winter months; 

- lower energy bills; 

- even distribution of temperature; 

- improved acoustics and reduction of outside noise; 

- improving moisture control; 

- increase in the value of the property; 

- reducing environmental emissions. 
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3.7. Heat loses through walls  

Energy balance of a building refers to the sum of the heat losses (e.g., heat going out through the 

roofs, external walls and windows) being equal to the sum of the heat gains (e.g., passive solar gains, 

internal gains and active heating).  

Heat losses are determined by multiplying the wall area by the heat transmittance coefficient and 

then multiplying by the difference between internal and external temperature: 

 

 

 

 

 

 

 

 

3.8. Infiltration  and thermal bridges  

In the enclosing structure of each building there are elements with higher thermal conductivity. They 

are set at the project level or appear in the construction process. 

ω ¢ƘŜǊƳŀƭ bridges occurs at: corners and edges, ceiling-to-wall connection, two-wall connection, or 

wall-to-floor connection; 

ω ¢ƘŜǊƳƻǎǘŀǘǎ ƛƴŎǊease heating costs as well as harmful emissions in the atmosphere; 

ω ƛƴŎǊŜŀǎŜ ǘƘŜ Ǌƛǎƪ ƻŦΥ ŎƻƴŘŜƴǎŀǘƛƻƴΣ ƳƻƭŘ ŀƴŘ ŦǳƴƎƛΤ ŘŀƳŀƎŜ ǘƻ ǘƘŜ ǎǘǊǳŎǘǳǊŜΤ ŀŜǎǘƘŜǘƛŎ ǇǊƻōƭŜƳǎΤ 

ω ¢ƘŜǊƳŀƭ ƭƻǎǎŜǎΥ ŀōƻǳǘ р ǘƻ мл҈ ƻŦ ƘŜŀǘ ƭƻǎǎŜǎ. 

 

The thermal bridges are formed when materials that are bad insulators are in contact with air and 

allow the airflow to pass through the created air "Path". Thermal bridges should be removed by 

reduced profiles cross-section, with materials having better insulating properties or by inserting an 

additional insulating element. 

 

 
Figure 11  Elements with thermal bridges 
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Figure 12 Infrared imaging of thermal bridges and leakages 

Infiltration Air is the unintentional and uncontrolled entry of outdoor air into an enclosed space. 

Infiltration occurs through cracks in the building envelope and due to pressure differences between 

inside and outside. The outdoor air entering through open doors and windows is considered 

infiltration although the purpose of opening the door or window might be ventilation. Infiltration 

occurs mainly in winter when the air outside is colder and heavier than the air inside. It depends on 

wind velocity, wind direction and the air-tightness of the building envelope. 

3.9. Glazing 

The area of the windows is tipically about 25% of the area of the dwelling. If these 25% are covered 

with energy efficient windows, the temperature in the dwelling can to rise by (4-5) ° C and the noise 

level to decrease by about 40 dB. Windows have a great influence on the heat loss in the dwelling. 

The area of the glass is between 70% and 90% of that of the window its features have a significant 

impact on the overall thermo-technical parameters of the windows. Glass cover is essential. The low 

emission (K glass) contains a particularly microscopic, virtually invisible coating, which reduces the 

heat transfer coefficient (U) and reduces the losses of heat through the window to 20%. This 

facilitates the maintenance of the premises warmer in the winter and cooler in the summer.  

Placing gas with low thermal conductivity in hermetically sealed glazing reduces thermal losses 

through glass to 10%. Most often the gas used by the manufacturer is argon. Other used gases are 

carbon dioxide (CO2), crypton (Kr), a mixture of argon and crypton.  

 

The key features, in terms of energy performance of windows: 

¶  ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŎƻŜŦŦƛŎƛŜƴǘ ό¦ύΤ 

¶  ǎƻƭŀǊ ŜƴŜǊƎȅ ǘǊŀƴǎƳƛǘǘŀƴŎŜ όƎύΤ 

¶  ƛƴŦƛƭǘǊŀǘƛƻƴ ƻŦ ŀƛǊΦ 

The heat that passes through 1 m2 of the window surface is characterized by the U value, while the 

amount of solar energy that passes through 1m2 is represented by g (solar energy transmittance). 

The lower the value of U, the more solar energy passes through it. 

 

Types of glazing: 
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¶ single glazing (U-values up to 5.8 W / m²K) is already very much applied seldom. It is found in 

old buildings and it would be efficient to install them "Second", waving windows, etc. called 

"double windows" or "winter" windows "on the inside. 

¶ energy-efficient glazing - consists of two or three glasses separated one with an air layer. 

Heat losses from passage are reduced by half in the case of single glazing.  

¶ high-energy-efficient glazing - U-values are between 0.4 and 1.6 W / m²K with insulation 

qualities 50 - 60% better than effective glazing: 

-  ƻƴ ǘƘŜ ƛƴƴŜǊ ƭŀȅŜǊ ǘƘŜǊŜ ƛǎ ŀ ǾŜǊȅ ǘƘƛƴ ƳŜǘŀƭ ŎƻŀǘƛƴƎΣ ǿƘƛŎƘ reduces heat 

transmission by reflecting the long wavelengths of the sun's rays back into the 

room and allows the rays with short waves to pass through the glass; 

-  ǘƘŜ ǎǇŀŎŜ ƛƴ ǘƘŜ Ǝƭŀǎǎ ǇŀƴŜ ƛǎ ŦƛƭƭŜŘ ǿƛǘƘ ŘƛƭǳǘŜŘ ƎŀǎΣ lower thermal 

conductivity. In most cases it is argon. 

¶ triple high-efficiency glazing - triple glazing with metal coating on both inner layers. Heat 

losses through triple high-effective glazing is one eighth of the value of single glazing 

 

Types of joinery: 

¶ wooden windows - excellent insulation characteristics; amongst the best materials for 

preserving the comfort of home;  the cheapest option - joinery of coniferous trees (white 

pine or spruce). Of the broad-leaved wood, the most used are oak and ash; 

¶ double-glazed wooden windows, providing twice as good sound and heat insulation as 

compared to traditional woodwork and no danger of condensation. It is produced from 

three-layer lamellas and this prevents it from rolling, shrinkage and cracking; 

¶ Aluminum joinery - ensures durability and security, maintenance is easy and inexpensive, 

and does not require periodic painting. As a material, aluminum is an excellent conductor of 

heat and therefore heat loss in this type of windows is greater. Quality aluminum windows 

require thermal insulating bridges in the profiles, which leads to their costly increase; 

¶ PVC (PVC) joinery - with very good heat and sound insulation properties. Maintenance ú is 

easy. The material is resistant to cold, heat, chemicals. Greater and better energy 

performance is the joinery with more internal chambers; 

¶ combined joinery - the most expensive option is joinery, combining aluminum with wood. 

The wood is protected from atmospheric influences with an external aluminum lining on the 

profile. The best qualities of the two materials combine in aesthetic and functional terms. 

 

Important : 

- for windows - g-values have a greater effect on reducing the cooling demand than their U-values; 

- for insulation - it is possible that insulation will increase the cooling demand as a result of the heat 

gains retained in the building; 

- the additional effect of insulation on reducing cooling demand in a given climatic zone is best where 

heat reserves are minimized (eg through an external sunshade, efficient applications and effective 

ventilation); 

- with the exception of the roof or the top floor, the additional effect of insulation to reduce the 

cooling demand is negligible for temperate climates. 



IDEA            2017 - 1 - CY01 - KA204 -

026725  
 

26 
 

4. Indoor  comfort and indoor temperature and humidity requirements  

Thermal comfort depends on the exchanges of heat between the human body and its environment. 
Theses exchanges depend on 6 factors that are classified into 2 families. 

 

Environmental factor:  Individual factors: 

Air temperature 

Air speed 

Humidity 

Wall temperature 

hƴŜΩǎ ŀŎǘƛǾƛǘȅ ƭŜǾŜƭ 

/ƭƻǘƘƛƴƎΩǎ ǘƘŜǊƳŀƭ ǊŜǎƛǎǘŀƴŎŜ 

 

 

4.1. Comfort and indoor air tem perature  

Human thermal comfort is defined as the state of mind that expresses satisfaction with the 

surrounding environment. Maintaining thermal comfort for buildings͇  inhabitants is one of the 

most important goals for engineers when designing plans for heating, ventilation, air conditioning 

and the building envelope. Factors, which determine thermal comfort are: indoor and outdoor air 

temperature, air movement, relative humidity, clothing people are wearing and the activity level they 

are engaged in. 

 

Room temperature has an influence on the comfort feeling. Within an accommodation, to feel 

comfortable, advised temperatures are the following: 

- 17 °C in the bed rooms to sleep well 
- 19°C in the lounge, the kitchen and the living rooms 
- 22 °C in the bathroom 

 

Nevertheless, the comfort felt varies according to the temperature difference between indoor air and 

outer wall. 

A high temperature difference between the outer wall and the indoor air usually means that the 

thermal resistance of the wall is poor, that is to say that the materials that make up the wall do not 

enable efficient slowing down of heat loss. 

Consequences of a high temperature difference: 

- Discomfort feelings (shivering) 

- Need to increase indoor air temperature by boosting heaters to feel comfortable. 
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Figure 13 Difference of feelings between a well-insulated wall and a poorly insulated wall 

To get a controlled feeling of comfort: 

- The temperature difference between indoor air and outdoor wall should not exceed 3°C 
- Just as the same, the temperature difference between the head and the feet should not 

exceed 3°C 

4.2. Comfort, humidity and ventilation  

Humidity is the amount of water vapour in the air. Water sources in buildings are: 
ω the exhalation of people staying inside (dependent on the level of the physical work); 
ω the utilization of the room (drying, cooking, working, doing sports); 

ω ͊free water͋  which is coming into new buildings by manufacturing the materials and 
by the manufacturing process of the building itself. 

To describe the amount of water vapour in the air the ͊relative humidity͋  is used. 
Comfortable feeling for a human being is at relative air humidity around 50% (air 

temperature of 20̄ C). 
 
The air within our accommodation must be constantly renewed, for several reasons: 

- Bring new air and ensure our oxygen needs 
- Filter out the excess of humidity (water vapor) produced by our activities 
- Filter out the air containing odors and pollutants 

 
Ventilation is therefore absolutely necessary to ensure health, security and comfort in any 

accommodation. 
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In the past, ventilation was naturally done, by opening the windows, or through the walls which were 

hardly airtight. In more newly built accommodation, where walls are insulated, ventilation is done 

through mechanical systems, thanks to air intakes located on the doors and the windows, and extract 

units, set up in specific rooms, in bathroom and kitchen in particular. 

In any case, and in order to secure air exchange, it is important to manually ventilate its 

accommodation every day, both summer and winter, for about 5 minutes, by opening the windows 

and by turning off the heat. 

Comfort and air speed 

Air motion in the accommodation influences the felt air temperature. 

Thus, the faster is the air motion, the higher room temperature is needed to feel comfortable. 

example: 

- For an air motion of 0.15 meters per second (m/ s), the comfort temperature is 21 ° C 

- For an air motion of 1 meter per second (m/ s), the comfort temperature is 25 ° C 

 

Note: In old houses, generally not insulated, ventilation is more difficult to control. The air motion is 

generally larger, generating greater feelings of discomfort.  

 

Comfort and humidity 

Indoor air has a humidity level, which impacts our comfort and health.  

The main sources of humidity in a house are: 

- Domestic activity (showers / bathrooms, kitchen, breathing, cleaning and clothes drying, house 

cleaning).  

For example, a person rejects an average of 0.5 liters of water per day, and drying clothes rejects up 

to 1 liter of water per hour as it dries. 

- Infiltration of rainwater through the roof or deteriorated walls  

- Capillary: water rises from moist soil through the walls  

 

globally, from 10 to 20 liters of water are released into the air every day. 

 

Aggravating factors: 

- Over use of water 

- Inadequate heating 

- Obstruction of entrances or airing  

- Poor thermal resistance of walls (the temperature being low, air condenses more easily in contact 

with these walls) 

 

Consequences 

Humidity in the air is measured in percentage. The ideal humidity should be between 40% and 60%. 

 

Consequences of low humidity (below 30 %) 
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- Increase of static electricity (small electric discharges when in contact with metal objects) 

- Increase of discomfort and irritation to tobacco smoke (odors are more noticeable) 

- Increase of the concentration of dust in the air, which can bring bacteria and impact health 

(respiratory disease) 

 

Consequences of excessive humidity (above 70 %) 

- Visible effects in housing: 

Water runoff on and beneath the windows 

Wall degradation and mold development (unsticking wall papers, molds and fungi in wall corners and 

in coldest parts) 

Discomfort associated with cold walls, heat over-consumption : 

Moral discomfort, visible damage, dirty appearance 

- Visible effects on health: 

Humidity promotes the emergence of dust mites and cockroaches that like hot and humid places. 

The presence of fungi and molds cause allergies (eczema, rhinitis, asthma ...) 

Babies and children are particularly vulnerable to respiratory problems, because of their weaker 

lungs 

 

Fight against humidity 

The right thing: 

- Ventilate the place to remove humidity excess 

- Do not block air inlets and outlets, which must be regularly cleaned 

- Do not dry your clothes inside the house 

- Ventilate especially when cooking, bathing or other activities that release water vapor 

- Heat properly  

5. Heating  

5.1. Overview of different sources of heating energy  

There are different sources for heating energy generation, as the most common are: Solid fuels; 

Nuclear energy; Petroleum; Natural gas; Renewables. 

Basic on EC statistic documents, it can be seen that at EU level the share of heating generation from 

renewables is significantly increasing in the period 1990-2015, unlike all the other energy resources: 
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Figure 14  Gross Heat generation by fuel (Source: EU Energy in Figures) 

 

The Energy sources used to generate heat at national level: 

ω Naphtha: 7.1% 

ω DŀǎΥ пфΦф҈ 

ω /ƻŀƭΥ пмΦп҈ 

ω bǳŎƭŜŀǊΥ мΦс҈ 

5.2. Heat energy usage in households  

Based on information from Eurostat, in 2016, the households or residential sector represented 

25.4 % of final energy consumption or 17.4 % of gross inland energy consumption in the EU. 

Households use energy for various purposes: space and water heating, space cooling, cooking, 

lighting and electrical appliances and other end-uses, which mainly cover uses of energy by 

households outside the dwellings themselves. 

In the EU, the main use of energy by households is for heating their homes (64.7 % of final energy 

consumption in the residential sector). 

The share of fuels in the final energy consumption in household by type of end-use for 2016 in % is 

shown in the following table: 

 

 
https://ec.europa.eu/eurostat 
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In Bulgaria an average dwelling, the energy consumption for heating is about 10 MWh per year or 

125 kWh / m2. Total energy consumption, including hot water, cooking and other needs, is 170 kWh / 

m2 per year. 

53% of households use electricity for heating, 37.2% - wood and coal 8% - thermal power plants, 2% 

biofuels, 1% propane butane and less than 1% use natural gas. 

5.3. Heating and fuel prices  

The prices of the different fuels and their calorific value are shown below: 

ω bŀǇƘǘƘŀΥ м пфп BGN/tonne 

ω DŀǎΥ  0.11 BGN / Nm³ 

ω /ŜƴǘǊŀƭ ƘŜŀǘƛƴƎΥ фл .Db κ a²Ƙ 

ω ²ƻƻŘΥ ƻǾŜǊ тл BGN / m 3 

ω /ƻŀƭΥ мср-290 BGN / ton 

ω aƻŘŜǊƴ ōƛƻƳŀǎǎΥ осл BGN/ tonne 

 

Energy source 
Calorific value, 

kWh/kg 

Specific price of the 

heating energy 
Price of the energy source 

Dry Calibrated Chips 4.88 kWh / kg лΦлпт ͍͡κ͟ˤͭ; нлл ͍͡κͭ 

Wooden chips at a distance of 

60 km 
3.14 kWh / kg лΦлрн ͍͡κ ͟ˤͭ; ммр ͍͡κͭ 

Firewood 3.88 kWh / kg лΣлт ͍͡κ ͟ˤͭ; мпр ͍͡κͭ 

Lignite (briquettes) 3.72 kWh / kg лΦлст ͍͡κ ͟ˤͭ; мтр ͍͡κͭ 

Brown coal 2.9 kWh / kg лΦлум ͍͡κ ͟ˤͭ; нол ͍͡κͭ 

Wood pellets at a distance of 60 

km 
4.66 kWh / kg 0.084 ͡ ͍κ ͟ˤͭ; 360 ͡ ͍κͭ 

Natural gas 13.1 kWh / kg 0,14  ͍͡κ ͟ˤͭ; 919 ͡ ͍κм лллƴƳ
3
 

Electricity - mix daily / night 1.00 kWh лΦму ͍͡κ ͟ˤͭ; лΦму ͍͡κ ͟ ˤͭ; 

Diesel fuel for heating 11.6 kWh / kg лΣнл ͍͡κ ͟ˤͭ; нлртΣп ͍͡κͭ 
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5.4.  Heating installations  

Heating systems are divided into two main groups depending on the heating source: centralized and 

decentralized. 

 

From other side the decentralized heating systems could be grouped in two different types, 

depending of the location of the heat source ς direct and indirect heating. 

 

¶ Direct heating 

When the heat source is in the room that is being heated, the heating devices belong to the group of 

direct heating. There are different types of direct heating: fireplaces, stoves, cast iron heaters, 

combined stoves and more. In this group of heating devices, part of the heat is transmitted directly 

to the air or water that heat objects in the room. The heating source for this type of heating are 

mainly woods, wooden pellets and coals or electricity for the well-known electric heaters. 

 

    
Figure 15 Unefficiency heating stove            Figure 16 Modern heating fireplace 

 

The second group of heating systems are different types of indirect heating. The heat source is 

outside the heated rooms. Most of the heat is transferred to a heat carrier (water, steam or air) that 

is transported to the rooms to be heated by pipelines or ducts and heating units as radiators and 

convectors. 

In the premises, the heat transfer medium indirectly or directly transfers part of the heat it transmits 

and returns to the heat source. 

These are the systems with heating boilers, heat pumps, centralized heating.  

 

¶ Pellet boilers 

 

One of the most popular options heating in houses is the use of wood pellets as a source of heat. 

They are small granules made from sawdust, agricultural or plant residues. These boilers are the 

most environmentally friendly appliances for solid fuel heating. Their burning efficiency reaches 90%. 

In terms of convenience and cleanliness, they are easier to maintain and operate than traditional 

fireplaces. At the same time, the use of pellets leads to a reduction in greenhouse gas emissions. 

Their only disadvantage is the higher initial investment. 
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Figure 17 Scheme if heating installation with pellet boiler 

 

As from 1 January 2022, reference Regulation (EC) 2015/1185, specific eco-design requirements are 

imposed for heating local solid fuel heating sources, namely: 

The seasonal energy efficiency of heating of local heating hot-fuel sources with a closed combustion 

chamber using fuel as pellets must be at least 79%;   

Seasonal energy efficiency means the relationship between the heating load covered by a local 

heating fuel source and the annual energy consumption required to cover this load, expressed as a 

percentage 

 

¶ Condense gas boilers 

 

Condensing boilers are water heaters fueled by gas or oil. They achieve high efficiency (typically 

greater than 90% on the higher heating value) by condensing water vapour in the exhaust gases and 

so recovering its latent heat of vaporisation, which would otherwise have been wasted. This 

condensed vapour leaves the system in liquid form, via a drain. In many countries, the use of 

condensing boilers is compulsory or encouraged with financial incentives. 

In a conventional boiler, fuel is burned and the hot gases produced pass through a heat exchanger 

where much of their heat is transferred to water, thus raising the water's temperature. 

One of the hot gases produced in the combustion process is water vapour (steam), which arises from 

burning the hydrogen content of the fuel. A condensing boiler extracts additional heat from the 

waste gases by condensing this water vapour to liquid water, thus recovering its latent heat of 

vaporization. A typical increase of efficiency can be as much as 10-12%. While the effectiveness of 

the condensing process varies depending on the temperature of the water returning to the boiler, it 

is always at least as efficient as a non-condensing boiler. 

Condensing boiler manufacturers claim that up to 98% thermal efficiency can be achieved, compared 

to 70%-80% with conventional designs (based on the higher heating value of fuels). Typical models 

offer efficiencies around 90%, which brings most brands of condensing gas boiler in to the highest 

available categories for energy efficiency. 
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Figure 18 Effectiveness of condense gas boilers (source: Viessman) 

 

 

¶ Centralized district heating 

 

District heating is a system for producing and distributing heat energy, generated in a centralized 

location (power plant) through a system of insulated pipes for residential and commercial heating 

needs such as space heating and domestic hot water.  

Many fossil fuel-fired power plants, especially those in settlements, are actually cogeneration power 

plants. 

Cogeneration is a technology for centralized simultaneous generation of electricity and heat. In 

traditional methods of electricity production, a large amount of useful heat is discharged into the 

environment in the form of condensed heat from the steam. In contrast, cogeneration technology 

uses this "waste" heat and produces both heat and electricity in a combined process with higher 

efficiency. 

The combined production of electric and thermal energy has proven qualities and, in combination 

with modern best available techniques, is the most efficient and environmentally friendly method. 

 

 

Figure 19 Scheme of centralized heating 

 

The facilities that connect the heat transmission network to the domestic installations of residential, 

administrative and industrial buildings are called substations.  

 

In the residential buildings built before 1990, the built-in heating installations are with vertical pipes 

that pass through almost any room with mounted heating units. It is not possible to install an 

apartment heat meter instead of a heat distributor because the apartment is supplied with heat from 

several vertical pipes. The heating costs are distributed by distributors mounted on each heater, and 

according to its readings, what proportion of the total heat in the building is consumed by the body 

in question. This principle of measurement implies the installation of the same type of distributors of 

all the radiators in the building. 
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Heating installations with horizontal risers have entered the last twenty-five years after the 

introduction of the polyethylene pipes with metal inserts. In the case of a vertical riser, a deviation is 

made to the individual property, stopcocks and a heat meter are installed, and then pipes are fed to 

the radiators in the floor of the dwelling. This type of installation has its unquestionable advantages: 

more aesthetic and practical - there are no vertical pipes in the rooms, the bills are simpler - 

according to the indications of the central and apartment heat meters, and the difference forms the 

energies for the building installation and for the heating of the hot water. A great advantage is the 

possibility of interruption of heating individually in case of overdue bills. Hot water supply systems 

for both types of systems are built with vertical risers. 

In the case of vertical heating installations, a considerable amount of heat is emitted through the 

risers, which can not be avoided because the pipes are fixed and can not be removed by the non-

central heating service. For horizontal heating installations, residents have the ability to regulate 

their own heat consumption by themselves. 

  
 

Figure 20 Example for old vertical and new horizontal internal heating building installation (source: 

EVN) 

 

¶ Heating with electricity energy 

 

Traditional electric heating appliances: 

ω /ŀƭƻǊƛŦŜǊǎΤ 

ω wŀŘƛŀǘƻǊǎΥ ƻƛƭΣ ǿŀǘŜǊΣ ŘǊȅ όŀƛǊύΤ 

ω !ŎŎǳƳǳƭŀǘƛƴƎ ǎǘƻǾŜǎΤ 

ω !ƛǊ ŎƻƴŘƛǘƛƻƴŜǊǎ (heat pumps) 

 

Electrical heating appliances Installed power, 

Watt 

Calorifer 
2000 

Convector 
2400 
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Electric heater 
2000 

Accumulating electric heater 
3000 

Air conditioning 9000 btu 
950 

Air conditioning 12 000 btu 
1250 

Air conditioning 18 000 btu 
1750 

Air conditioning 24 000 btu 
2600 

Table XX. Installed power of the most prevalent electric heating appliances 

 

The air conditioners are modern heating systems that consume 3 to 4 times less electricity than the 

energy they bring into the heated / cooled room. 

In contrast, the electric heaters, accumulator electric heaters, convectors and calorifers consume as 

much electrical energy as heating energy they provide. 

 

 

5 4 Energy saving tips for heating 

6. Ventilation and humidity  

The condition of the interior space should always be comfortable for the occupants of the building. 

The hygienic minimum for ventilation is in most cases provided by the natural flow of air through 

the unsealed spaces of the windows and doors. It is necessary to periodically ventilate the rooms, 

preferably for a short time and when the windows are fully opened 

For the appearance of mold, a humidity of 65-85% is required. Typically, mold appears in cellars, 

bathrooms, window frames, around air conditioners and cold walls where condensation may form. 

The cold walls are mostly around the thermal states. Thermal motifs occur in places where there 

are significant external heat flows such as corners, terraces, windows, and corners of the building. 

In particular, mold may also develop in places where cold walls are blocked by shelves that prevent 

air exchange. 

An average household contributes to the release of about 10 liters of water in the surrounding air 

per day. The greater the percentage of bathing and cooking; a small part comes from breathing. 

Another source of water in the air is the presence of plants in the room. The water used for 

watering is ultimately released into the air. Particularly during summer fungal spores are present in 

the ambient air. In dry, hot weather above all black mould releases large amounts of spores to the 

air. The spores in the ambient air are then regularly found in interior rooms. For intact living space 

constructions these normal spores have no chance to survive. Under unfavourable conditions in the 

interior rooms, however, the fungal spores thrive and cause both damage to the building structure 

and impair the health of the tenants.  

 



IDEA            2017 - 1 - CY01 - KA204 -

026725  
 

37 
 

For their growth mould spores require high relative humidity (65 - 85%). In interior rooms they 

therefore preferentially infest cellars, bathrooms, window frames, air conditioning units, air 

humidifiers and cold wall areas, where condensation can occur. Cold wall areas are found above all 

in connection with "heat bridges". Heat bridges arise where there are significant heat flows to the 

outside, such as junctions to balconies with continuous concrete slab, in the vicinity of windows or 

in building corners and of course wherever thermal insulation is defective or lacking. In particular, 

mould can grow where cold wall areas are blocked by cabinets or book shelves and no air exchange 

can take place. 

6.1. Relationship between humidity and ventilation  

Air always contains water or moisture. A measure of its level is the relative humidity. 0% relative 

humidity means there is no water vapour in the air. 100% relative humidity means the air is 

saturated with water vapour and can no longer take up additional water. This case occurs, for 

example, with fog, when virtual drops of water appear to fall from the air. The capacity of the air to 

take up water vapour depends very strongly upon the temperature. Cold air has a very limited 

capacity for taking up water, while warm, dry air has a very high capacity. This is the reason why 

ventilation is so important in order to expel the accumulated humidity from rooms: The cold air, 

which contains very little water vapour, is heated in the flat. In the absence of sources of humidity 

in the flat, this would lead to very dry air with low relative humidity. When sources of humidity are 

present, the heated and In the meantime dry air can take up this water vapour without problem. 

One cubic metre of air can take up around 17 grams of water vapour before the air becomes 

saturated. However, it must be considered that a relative humidity of much higher than 60% should 

not be exceeded, as this value is considered to be the limit value for a healthy room climate. 

6.2. Relationship between humidity and heating  

Ventilation losses represent a large part of the overall heat losses in a home. In old buildings this is 

around 40% and in low-energy buildings this can be as much as 60%. Not infrequently half of the 

room heat energy is "thrown out the window" due to improper ventilation. 

Nevertheless, to conclude that one should no longer ventilate or ventilate only as infrequently as 

possible would be false. The outer walls of buildings are not only nearly impermeable to air and 

water. Walls do not breathe! One must therefore ensure healthy room air by reasonably ventilating. 

At the same time, the water vapour and the odours and harmful substances accumulating in the 

flat must be expelled by ventilating.  

The art of ventilating correctly then consists of ventilating as much as necessary, but no more. In 

passive houses (see Chapter 7) this is ensured by a ventilation system with heat exchanger or in 

some houses, without optimised energy consumption, by an exhaust air system (without heat 

recovery). In most flats, however, the tenants must understand how to ventilate correctly. 

Avoid the permanent open tilting of windows 

In principle the rule that the humidity accumulating in a flat should be expelled as efficiently as 

possible without loss of the entire heat stored in the walls and without "cooling down" the flat 

applies. During the heating period this should not be done by the permanent open tilting of 

windows, but by cross-ventilation or brief intensive ventilation, with the windows wide open, 

however only for a few minutes. 
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6.3. Ventilation installations  in households  

Depending on how it is achieved, there is natural and mechanical (forced) ventilation.  

 

Natural ventilation is also called aeration and occurs under the influence of either wind or 

temperature difference.  

The time required for proper natural ventilation and full air change in the room is described in the 

pictures below. The duration depends on the selected ventilation method. 

The organization of good natural ventilation depends to a great extent on the temperature 

differences, the prevailing wind direction and its average speed in the respective area, the 

variations in speed and direction during individual seasons as well as during the day. 

The shape of the building and the surrounding environment also affects it. Orientation and location 

of windows, doors, roof fans, roof windows, ventilation shafts. Appropriate layout of the ventilation 

openings, windows and spaces is necessary to ensure air movement in the right direction. 

 

       A               B               C               D               E 

  1-5 minutes     5ς10  minutes     10-15 minutes     15ς30 minutes     30ς60 minutes 

A - Ventilation with wide open windows and doors; 

B - Ventilation with wide open windows; 

C - Ventilation with few open windows; 

D - Ventilation with partially open windows and wide open doors; 

E - Ventilation only with partially open windows. 

 

Mechanical ventilation is achieved by creating a system pressure through a fan. 

 

Depending on the type of ventilation, there is local, general exchange and mixed. Local is the one 

that is installed at a source of harmfulness (odors, dust, etc.). The simplest example of local 

ventilation is the kitchen absorber. Total exhaust ventilation is the one that feeds and sucks air from 

the volume of the room. There is, or at least must be, such ventilation in every establishment. 

Mixed ventilation, in turn, is a ventilation system with simultaneous common and local ventilation 

in one room. 

A key factor in managing the operating costs of buildings is to achieve a comfortable microclimate 

while reducing energy consumption. 

Recovery in ventilation systems is often used to increase the efficiency of these systems and reduce 

energy costs. Deteriorating environmental and operating costs are decreasing. The advantages of 

an improved microclimate for the inhabitants are indisputable, it increases the working capacity, 

reduces the sickness and absences and in this also has a positive economic effect. 


