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1. Introduction
In recent years, as a result of population growth and industrial develop-
ment there has been an enormous increase in the global demand for 
energy, mostly derived from fossil fuels. The large-scale consumption of 
fossil fuels has resulted in production of CO2 emissions, a major contrib-
utor to global climate change. 

Nevertheless, there is a positive sign in the energy sector. Due to the 
reduced availability of fossil fuels, the total energy production has de-
creased by 13% over the last 20 years without compromising economic 
development. 

The depletion of fossil fuels, as well as new policies regarding energy 
and climate change have an enormous impact on energy prices and 
bills. Even as the scarcity of fossil fuel resources will lead to higher prices, 
long-term, this trend is not a one-way road. Prices for fossil fuels are sub-
ject to short-term economic and political developments. The last decade 
has seen peaks due to crises in the Middle East as well as downturns as a 
consequence of the worldwide financial crisis after 2008. In recent years, 
the exploitation of shale oil and gas, especially in North America, has ex-
erted pressure on prices by increasing the recoverable supply. Generally, 
prices for fossil fuels are more than difficult to control. Massive fluctua-
tions stress the financial planning and budgets of enterprises and pri-
vate households. The latter accounts for almost 27% of the total energy 
consumption in the European Union - roughly similar figures are known 
for Russia, Belarus and Ukraine.

Despite the uncertainties, energy efficiency plays a major role in the 
European energy policy. Policies designed to deal with energy price in-
crease and global climate change give substantial attention to the devel-
opment of climate-friendly energy generation. One of the main priorities 
is the development of renewable energy sources along with the increase 
of energy efficiency of buildings. This helps people to cut their bills and 
use less energy to keep their houses warm in winter or cool in summer. 
Accordingly, energy reduction in housing (both for housing refurbish-
ment and new construction) has been a major field of research in devel-
oped countries during the last 20 years.

This module is set up to investigate what energy is, which types of en-
ergy are available and how the energy efficiency in buildings in three 
geographical areas, Russia, Belarus, and the Ukraine, can be improved 
via smart design measures as well as appropriate technologies for using 
renewable resources.
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2. Energy

2.1 What is energy ?
A correct interpretation of the energy concept is necessary for a full and 
proper description of thermal processes in managing energy-efficient 
refurbishment for multi-storey buildings. This type of refurbishment is 
necessary to ensure continuing good quality of life and to cope with in-
creasing energy prices. The solution to providing energy foresees vast 
research for the implementation of energy-saving potential in construc-
tion. The use of fundamental physical laws, which include the conserva-
tion laws (mass, energy, momentum, etc.), provides adequate conditions 
to create mathematical and calculation models. Data to be used in the 
mathematical models is based on the building analysis and thermal pro-
cesses inside it.

In physics the law of energy conservation [1] is called the primary law 
of thermodynamics. This law states that the amount of energy does not 
change in a closed system despite naturally occurring transformations. 
Literally, energy can neither be produced nor destroyed. However, ener-
gy can change its occurrence, e. g. it can be transformed from mechani-
cal into thermal energy. 

In the International System of Units 1 joule (J) is taken as the unit of 
energy. 1 J is equivalent to 1 Newton meter (Nm). If calculations are 
related to heat, biological and many other types of energy, then calorie 
(cal) or kilocalories (kcal) – an off-system unit  - is also used as the unit 
of energy. Derivatives of joules and calories are widely used: kilojoule 
(kJ), megajoules (MJ), gigajoule (GJ), kilocalories (kcal), and other units. 
Table 1 shows the basic units of energy.

Name of the unit Abbreviation Description
joule J Unit of energy, work  and the 

amount of heat in the system of 
measurement

erg erg Unit of energy and work, which is 
equal to 7.10 J

calorie cal Off-system unit of energy and 
work, which is equal to 4.19 J

kilowatt-hour kWh Off-system unit of energy and 
work, equal to 3.6 million J

conventional unit 
of fuel (ton of coal 
equivalent)

tce As a unit of fuel 1 ton of fuel with 
calorific value of 7 * 106 kcal 
(29.3 GJ) is used

ton of oil equiva-
lent

toe One ton of oil equivalent is equal 
to 107 kcal (41.868 GJ)

Table 1. Units of energy

Units of energy
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The amount of energy (both electrical and thermal) is usually measured 
in Joules or in kilowatt-hours. A kilowatt-hour is a kilowatt multiplied by 
an hour (kWh).

The concept of so-called conventional fuel and equivalents is introduced 
in order to compare the indicators of fuel-consuming equipment and 
devices, to inform economical calculations and planning.

Conventional fuel (equivalent) is an accounting unit of fossil fuel that is 
used to compare the effectiveness of different types of fuel. The use of 
conventional fuel is particularly useful for comparing the effectiveness 
of various thermal power plants.

The main energy equivalents of hydrocarbons and energy units are pre-
sented in table 2.

Hydrocarbons Base units
mmBtu GJ Kcal х106

1 toe tons of oil 
equivalent

39.7 41.9 10

1 boe barrel of oil 
equivalent

5.8 - -

1 tce tons of coal 
equivalent

27.8 29.3 7

1 tn LNG tons of LNG 51.6 54.4 13
1 mcm 1000 m3 of nat-

ural gas
35.8 37.8 9

Hydrocarbons Conversion factor
toe boe tce tn LNG

1 toe tons of oil 
equivalent

1 7.41 1.43 0.77

1 boe barrel of oil 
equivalent

0.135 1 - -

1 tce tons of coal 
equivalent

0.7 - 1 0.54

1 tn LNG tons of LNG 1.3 - 1.86 1
1 mcm 1000 m3 of nat-

ural gas
0.9 6.17 1.29 0.69

Table 2. Basic energy equivalents of hydrocarbons, where: mmBtu - 
million of British thermal units, GJ - gigajoule, kcal – kilocal-
orie, figures in the table indicate millions of kilocalories, for 
example, a ton of oil equivalent is 10 000 000 kilocalories. 
LNG - liquefied natural gas methane (LNG - Liquefied Nat-
ural Gas).

Heat losses are introduced to characterize the heating process - the 
heat (energy) losses per unit of time, e. g. kWh/24 hours. Hours are can-
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celled and kilowatts remain, so the heat losses are measured in watts 
and kilowatts. Sometimes it is convenient to measure the specific heat 
losses per 1 square meter of the area: in W/m² of the area (floor, usually). 
European standards establish a measurement of heat consumption in 
kilowatt-hours per square meter and year (kWh/m²a).

The amount ratio of consumed energy to GDP of a country is used in 
macroeconomics in order to measure the intensity of energy.

2.2 Types of energy resources: Fossil fuels and 
Renewables

The energy sources available to power our buildings can be divided in 
two main categories: non-renewable and renewable. Table 3 presents 
data about the world reserves of energy resources, billions of tons of 
conventional fuel based [3].

Energy sources Energy resources
theoretical technical

I. Non renewable
1. Energy of fossil fuels
- coal 17,900 637
- oil 1,290 179
- gas 398 89.6
2. Nuclear energy 67,200 1,340
II. Renewable
1. Energy of the sun
- at the upper boundary of the atmo-
sphere

197,000

- on the surface of the earth 81,700 6,140
- on the land surface 28,400 2,460
- on the surface of the oceans 53,300 3,690
2. Wind energy 21,300 22
3. Geothermal heat (up to 10km)
- geothermal heat flow that reaches the 
surface of the earth

3.96 0.35

- hydro-geothermal resources 1,350 147
- petro-geothermal resources 36,900 3,070
4. Energy of the oceans
- salinity gradient 43,000 430
- thermal (temperature gradient) 12.3 0.61
- flows 8.6 0.12
- tides 3.2 0.86
- surf 1 0.02
- offshore wind waves 2.7 0.1
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5. Combustible energy (bio mass)
- on the land 44.2 4.9
- in the oceans 23.3 1.84
- organic waste 2.5 1.23
6. Hydro energy
- large water flows 4.1 1.84

Table 3. World energy resources

Non-renewable energy sources are currently the most widely used 
around the globe. The result is that they will be used up and further-
more, they are causing environmental pollution and global warming 
(picture 1) [4].
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 Picture 1. Global changes in total primary energy supply (prognosis)

Currently, fossil fuels are the main source of energy (heat) for industrial 
use. Fuel is a combustible substance that is used as a source of heat in 
power-producing, industrial and heating plants.

To be economically viable for use as an energy source, a fuel must be 
available in large enough quantities, be available for production, be able 
to emit large amounts of heat and maintain its properties in storage; it 
must also be transportable. In the case of organic fuels, heat is released 
due to a chemical reaction of its combustible parts with oxygen (oxida-
tion).

Organic fuels can be classified in various ways. By the method of forma-
tion we can differentiate between natural (wood, peat, coal, oil) and arti-
ficial (coke, gas, producer gas) resources. Classification by the aggregate 
state is presented in table 4.
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Fuel Aggregate state
solid liquid gas

natural Wood, peat, lig-
nite and coal, an-
thracite, shale oil

Oil Natural gas

artificial Charcoal, semi-
coke, coke, coal 
and peat bri-
quettes

Black oil, kero-
sene, benzene, 
diesel fuel oil, gas 
oil, heating oil

Oil, coke, genera-
tor, blast-furnace 
gas; underground 
gasification gas

Table 4. Classification of organic fuel by the aggregate state.

Solid fossil fuels are products of the decomposition of organic matter. In 
terms of resources of fossil fuels, Russia, Belarus and Ukraine have widely 
differing starting positions. Whereas Russia has the world’s largest re-
serve of natural gas, there are only insignificant deposits in Belarus and 
Ukraine. Moreover, Russia is (together with the United States) the largest 
producer and the single largest exporter of natural gas. About 80% of 
production and 65% of exports are controlled by the state-owned Gaz-
prom concern. Similarly, regarding oil and coal, Russia possesses the larg-
est reserves of crude oil and is the second largest producer. The second 
largest recoverable reserves of coal (after the US) lie within the territory 
of the Russian Federation. However, there are considerable coal depos-
its in the eastern parts (Donbass) of Ukraine. In Belarus, a recent survey 
revealed that shale oil might be a large, but yet undeveloped resource. 

Renewable energy sources are becoming more important on a global 
scale but do not play a major role in Russia, Belarus or the Ukraine yet, 
with the exception of hydro energy plants.

It’s necessary to research all the energy transformations and transmis-
sion from primary to final energy to determine its effective application 
in a multi-storey building.

2.3 From primary energy to effective or net 
energy

Primary energy is the energy embodied in natural resources. It is deter-
mined by the amount of energy for production of the final energy, taking 
into account the raw materials and production processes, transformation 
and transmission of energy out of the building.

After undergoing a series of human-made conversions or transformations, 
the final resultant energy to be directly used by the consumer is the ef-
fective or net or final energy. The final energy is defined as the consumed 
heat and losses in the technical means of production, storage, distribution 
and energy supply. The following paragraph explains the difference be-
tween the gross primary energy and the final, net energy.

Energy resources 
in Russia, Ukraine 

and Belarus

Primary energy

Final energy
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• Primary energy is represented by the potential of sunlight, or fossil 
fuels like crude oil, gas, coal at their geological origin. 

• Secondary energy represents the primary energy from which con-
version losses and transportation losses to the site of conversion are 
excluded (i.e. energy content of fuel made from crude oil, electricity). 

• The final energy is left when transportation losses are excluded from 
the secondary energy. This represents the energy delivered to the 
consumer (before consumption).

• Finally, the effective or net energy represents the final energy without 
the conversion losses at the place of consumption (heat, light, power, 
etc.).

2.4 The development of world primary energy 
market

 Picture 2. World total primary energy supply 2012 (source: IEA 2014)

The global supply of energy as indicated in Picture 2 has seen a more 
than a doubling of the total amount of supplied energy during the last 
40 years. Non-renewable fuels continue to dominate the supply despite 
recent policy efforts to foster renewable energy sources in some coun-
tries. Since the 1970s, oil has become less important, but still holds the 
biggest share (note: that does not mean a decrease of the total amount 
of supplied oil). Most oil continues to be produced in the Middle East with 
Saudi-Arabia being the biggest producer, closely followed by the Russian 
Federation and the United States. Coal has become more important, now 
contributing almost 30% to the world supply of primary energy. The obvi-
ous increase since the 1990s is mainly due to the intensive use of coal as 

Energy supply
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a source of energy in China. China is now, by far, the biggest producer of 
coal, followed by the United States and India. Natural gas has gained the 
most increased share during the last decades, a trend strengthened by the 
intensified exploitation of shale gas in the US and Canada in recent years. 
The largest producer of natural gas is the United States, followed by the 
Russian Federation and Qatar. 1

The consumption of supplied energy is usually analyzed region- and sec-
tor-wise. Here, China, South Asia and the Middle East are responsible for 
the bulk of increased consumption, especially since the 1990s. This is valid 
for all fuels and sectors (industry, transport, non-energy use and other)2.  
Generally, industry is responsible for the increase in coal consumption; the 
rising demand for transportation is the main driver of oil consumption, 
whereas households consume more natural gas.

Looking at the mid-term future, the International Energy Agency foresees 
a bigger share of energy supply and consumption for renewable sources 
in 2035. Nevertheless, non-renewables seem to remain responsible for the 
largest part (roughly two-thirds to three-quarters, depending on the cho-
sen scenario). The fate of nuclear energy is probably the most insecure, as 
some countries continue to plan and build nuclear power plants whereas 
others have decided to abstain from this energy source. 

1 All data is extracted from the publication “Key world energy statistics 2014” by the In-
ternational Energy Agency (IEA) and refers to 2012 and 2013 respectively.

2  The IEA uses the category „Other“ to combine the energy consumption of households, 
commercial and public services, residential and non-specified use.

2.5 Energy Consumption by sector in Russia, 
Ukraine and Belarus

The main sources for heat production differ substantially in the analyzed 
countries. Natural gas, however, is most important. It is most common 
in Belarus, where in 2011 more than 88% of heat was produced using 
gas. Waste and other combustible materials account for the remaining 
share. In Ukraine, the picture is more multifaceted. Almost 80% of central 
heating plants used natural gas in 2007, whereas this share is between 
50-60% with boilers and slightly under 50% with thermal power stations. 
Coal is responsible for the larger share of the residual heat production. 
In Russia, in 2008, natural gas accounted for two-thirds of the produced 
heat, leaving 21% to coal and 5% to oil. 

Many studies have been developed across the world on how to unleash 
the energy-saving potential in the building sector. According to the recent 
report, “Energy Efficiency in Buildings” (EEB) developed by World Business 
Council for Sustainable Development (WBCSD), energy consumption in 
buildings can be reduced by 60% by the year 2050. To achieve this goal an 
investment of 300 billion U.S. dollars is required. According to WBCSD this 
would already ensure an important short-term growth.

Energy demand

Energy saving 
potential in the 
building sector
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There are also studies developed particularly for CIS countries. The po-
tential of different kinds of energy-saving activities is represented in 
Table 5 [6] (100% is taken for the total possible potential in a multi-sto-
rey building). Although a better result can be achieved when the entire 
residential building is considered, partial effects are registered on the 
apartment level.

Activity Technical efficiency  
potential (%)

Heat insulation of walls (ventilated 
facades)

30

Effective shut-off valves on stand-
pipes and radiator valves

17

Effective windows 13
Others 13
Heat reflection 12
Heat insulation of the doorways 7
Heat insulation of the internal hot wa-
ter piping

5

Heat reflection screens behind radia-
tors

3

Total: 100

Table 5. Activity potential for energy efficiency achievement in exising 
housing sector

2.6 The use of central heating systems.
Heating plants use a variety of sources, including geothermal energy 
and waste heat from industry. In modern times, central cooling plants 
have also been effective in large thermal energy storage systems [7]. The 
traditional central heating plant structure is represented in picture 3. 
All boilers are typically located in a single plant building. Underground 
or overhead steam or hot water mains originating at the central plant 
distribute steam to various buildings often located miles away. These 
buildings use heat directly or indirectly for indoor heating, domestic hot 
water, snow-melting and absorption chillers.

CENTRAL PLANT

BUILDING BUILDING BUILDING BUILDING

BUILDING BUILDING BUILDING

LOCAL 
PUMP

LOCAL 
PUMP

LOCAL 
PUMP

LOCAL 
PUMP

LOCAL 
PUMP

LOCAL 
PUMP

LOCAL 
PUMP

 Picture 3. The structure of a central heating system. 
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Advantages of central heating systems include the fact that all prima-
ry and auxiliary equipment is in one building (pic. 4) which makes the 
system easier to monitor and troubleshoot. Liquid fuel (diesel) can be 
stored in centrally located tanks (picture 5). If the system is fueled by gas, 
gas piping can be reduced considerably. Moreover, fuel can be metered 
at one central checkpoint. The flexibility to add or remove buildings at 
the site of the heating plant makes it possible to use multiple fuels (fuel 
oil and natural gas).

 Picture 4. Hot department; picture 5. Fuel tanks.

Overground distribution piping (picture 5) often suffers from high loss 
due to insulation losses caused by water intrusion. Mains can be many 
miles long and it is difficult to detect and repair drip traps. An advantage 
of overground mains is the easier maintainability compared to an under-
ground system.

Underground distribution piping describes a distribution system where 
the main pipes are located in tunnels, conduits, or are directly buried in 
the ground, which makes them difficult to access for maintenance (e.g. 
of insulation). Manholes are required to house expansion joints, shut-off 
valves, drip traps and groundwater removal pumps. Manholes are major 
sources of heat losses.

  Picture 5. Heat losses: а) in air heating mains; b) ground heating; c) 
leaks in a damaged pipe.

There are several parameters that suggest the use of central heating, e. g. 
if a whole new residential area is developed or if many buildings within 
a housing stock require refurbishment of the existing individual heating 
system. New piping technologies can be used to reduce maintenance 
and line losses, new premium-efficiency boilers/chillers and auxiliary 
equipment will make the system more efficient. If the buildings to be 

advantages of cen-
tral heating systems
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connected to the central heating system and the heating plant are close 
together, line losses will not be significant due to short pipe runs be-
tween the plant and buildings. It is beneficial if domestic hot water is 
generated locally and does not rely on central boilers.

Leak detection in underground pipelines is possible thanks to the de-
tecting presence of moisture in the insulation (Fault Detector) and its 
localization with a reflectometer (Fault Locator).

 Picture 6. The monitoring system of hot water systems defects

Centralized plants can help to reduce energy costs by providing thermal 
energy storage, using economies of scale and reducing maintenance ef-
forts.

Decentralized heating systems avoid some of the disadvantages of 
central heating. An existing central plant may be vulnerable to security 
threats, with severe consequences for heat supply. The sometimes ineffi-
cient underground and overhead steam distribution mains can be elim-
inated. There is no need for a central plant requiring full-time operators; 
smaller, condensing, high-efficiency hot water boilers (up to 95% effi-
cient) can be used. Furthermore, domestic hot water can be generated 
indirectly from these boilers, thereby saving space. In order to produce 
heat in a decentralized way, individual equipment rooms with proper 
access to individual boilers have to be provided (Picture 7). There must 
be boiler venting options on the roof or a wall. As boilers can be noisy, 
potential disturbance of neighbours has to be considered. Usually, exist-
ing air-handling coils and radiators must be retrofitted or replaced and 
boiler redundancy must be provided.

 Picture 7: Equipment room with proper access to individual boilers

Advantages of 
decentralized 
heating systems
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Decentralized plants can reduce energy costs by eliminating distribution 
pipe heat losses, using more efficient boilers, and reducing overhaul costs 
and security vulnerability.

KEY POINTS TO REMEMBER FROM CHAPTER 2

• During the last 40 years the total amount of supplied energy 
more than doubled.

• Non-renewable energy sources are still the most widely used 
around the globe and are responsible for about 90% of the 
world-wide energy supply.

• Only a small friction of existing energy sources can be used 
technically.

• Generally, industry is responsible for the increase in coal con-
sumption; the rising demand for transportation is the main 
driver of oil consumption, whereas households consume more 
natural gas.

• If all possibilities to use energy efficiently were used, energy 
consumption in buildings could be reduced by 60% by the year 
2050.

• There is no general answer to the question whether centralized 
or decentralized heating systems are to be preferred, either sys-
tem has its strengths and weaknesses.
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3. Energy prices and costs
Some research papers predict that given the current consumption rates, 
oil and natural gas resources are sufficient to supply the world for more 
than 40 years; some of the studies have more optimistic forecasts [32]. 
In any case, most studies express the concern that rising world energy 
demands will soon outpace production. The decreasing availability of 
fossil fuels logically influences the market prices of fossil fuels and fos-
sil-based energy. The extent to which a country is vulnerable to energy 
price increase depends on the structure of its economy (e.g. share of en-
ergy-intensive manufacturing), energy dependence and overall energy 
efficiency, including transport, industry and - what is of our particular in-
terest - the residential sector. Both the Ukraine and Belarus import about 
80% of their energy sources for primary energy supply, which makes the 
countries particularly vulnerable to the increase in energy prices. During 
the recent years there has been a reduction in energy intensity in most 
EU economies as well as a decrease in industrial electricity and gas con-
sumption. However, Belarus, Russia, and Ukraine remain among of the 
countries with the most energy-intensive economies in the world, con-
suming three times as much energy per 1 unit of GDP compared to the 
average in the European Union. The high rate of energy consumption re-
sults in higher prices for domestic commodities, which makes them less 
competitive on the market. The residential sector in all three countries 
can be characterized as being extremely energy-inefficient, however 
having the highest energy-saving potential. Due to low energy efficien-
cy both in industry and housing, increase in energy prices puts growing 
pressure on the population, by offering more expensive commodities on 
the market and by increasing the energy bill.

The graph below visualizes the development of oil prices during the last 
25 years. Despite an increasing volatility due to economic and political 
crises as well as the rise of non-conventional oil and gas sources, the 
overall upward trend cannot be mistaken and is likely to continue in the 
future, when existing deposits are depleted. 

 Picture 8. The evolution of oil prices (source: euanmearns.com)

Energy intensity
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Increase in the market price for energy is one of the factors that define 
the final energy prices for  households, which significantly influences the 
well-being of the population. 

Besides the market price for energy, there are many other components 
that form a final price for the energy end-user. The energy prices for in-
dustrial and household consumers are usually different; however they 
are influenced by similar factors. The figure below provides a diagram 
of the basic elements that form the electricity and natural gas prices for 
the end-consumer, which are then directly reflected in the final energy 
bill[31].

 Picture 9. Schematic break-down of the end-consumer bill for elec 
tricity and natural gas (source: European Commission, 
2014).

In many countries including Belarus, Russia and Ukraine the final energy 
price for consumers is subsidized by the government. The original idea 
of subsidizing the energy tariffs has had problematic consequences - 
encouraging wasteful energy consumption and, at the same time, re-
ducing the motivation to introduce energy-efficient measures in daily 
living patterns. Russia is one of the countries with the highest rates of 
fossil-based energy subsidies; in Ukraine and Belarus the rate of subsidiz-
ing is constantly falling, resulting in an increase of energy prices.

Energy prices receive major attention and remain the main topic in dis-
cussion about trends in the energy sector. However, it is more important 
to talk about energy costs, since they are more significant for households 
as well as for industry, reflecting a real burden of energy bills. Energy 
costs are determined both by energy prices and by energy consumption. 
The energy costs in a household budget have been increasing during 
the last years for all three target countries, especially in Ukraine and Be-
larus, putting growing pressure on residents. If the governments decide 
to phase out  subsidies, the energy costs are likely to increase even more. 
One factor that influences household expenditure on energy consump-
tion is inefficient energy use, first, by energy-wasteful behavior, and sec-
ondly, because most of the buildings have been built without any con-
sideration of energy efficiency criteria.

However, high energy prices do not have to result in burdensome ener-
gy costs for end-users. Energy efficiency improvements could moderate 

Composition of 
energy prices

Energy costs
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the overall impact of growing prices on households while concurrent-
ly addressing energy security and environmental problems. Energy-ef-
ficient refurbishment can play a crucial role in reaching higher energy 
efficiency in the residential sector. By applying a complex approach in a 
refurbishment process, energy consumption of a single household can 
be reduced by 30% or even more. Energy competitiveness can also be 
increased by developing local renewable energy sources. However, re-
gardless of the composition of energy supply, efficient energy consump-
tion can minimize the cost of energy for households and the economy in 
total. Each kilowatt hour of electricity that we save reduces the demand 
for new energy generating facilities, new transmission costs and reduces 
harmful CO2 emissions. 

KEY POINTS TO REMEMBER FROM CHAPTER 3

• Both Ukraine and Belarus are largely depending on energy im-
ports and, hence, are vulnerable to energy price changes.

• Despite an increasing volatility energy prices continue to rise in 
the mid- and long term perspective.

• The consumer price of electricity and natural gas consist of 
many components, In Russia, Belarus and Ukraine it is, addi-
tionally, subsidized by the government.
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4. Energy-efficient buildings
The big energy-saving potential of the residential sector has already 
been described. The following chapter will show general principles or 
strategies on how to achieve savings in the existing building stock. Fur-
ther on, holistic principles could help to minimize new construction’s 
energy consumption from the very beginning. These principles lead to 
a broad range of energy standards for buildings; the main types will be 
introduced at the end of the chapter.

4.1 Principles of energy efficiency for existing 
buildings

Making buildings more energy efficient is usually described as a three-
step approach. Every step is the logical prerequisite of the following one, 
thus, the following paragraphs should be seen as a kind of hierarchy 
leading from basic requirements to additional considerations. In order 
to reach an optimal result though, all measures should be realized, as 
they are complementary and can unfold synergistic effects when imple-
mented as a coordinated package.

4.1.1 Energy savings/ improved building enve-
lope

The first step for improved energy performance in buildings is to reduce 
the energy demand. This can be achieved by improving the building 
envelope. Methods include insulation, eliminating thermal bridges, and 
increasing the airtightness (roof, window frames, doors). Thermal reha-
bilitation of a building reduces the transmission losses. Through better 
insulation and a tighter building envelope, less energy is lost to the en-
vironment, thus the demand for heat is reduced. In addition, summer 
comfort is increased.

4.1.2 Efficiency of technical equipment
Once all the possibilities to optimize the building’s shell have been ex-
ploited, the next step is to find methods to cover the remaining energy 
demand. Optimization of the equipment with good control and regula-
tion is a crucial aspect.

Installing an efficient heating system would be the most important in-
vestment. Nevertheless, the following opportunities should be checked 
and could be chosen for making the whole heating system more effi-
cient, for example:
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• Using well-dimensioned heaters

• Using pump models with highly efficient electricity saving (5W) for 
heating and warm water circulation

• Lowering temperature, when heat is not needed (night, absence)

• Insulation of all warm water pipes, leading to reduction of tempera-
ture

• Installation of valves to regulate heaters

• Installation of pre-adjustable valves

• Installation of meters to raise awareness about energy consumption.

4.1.3 Use of renewable resources 
The use of renewable energies to cover the reduced heat demand af-
ter improving the building envelope and upgrading the technical in-
frastructure is the last step to reduce the dependency of buildings on 
conventional fuels.

The feasibility of using renewable energies onsite has to be investigat-
ed. Biomass and solar energy are the most direct ways to use renewable 
resources (RES) for heating demands. New technologies and concepts 
are possible and are making progress in gaining access to the market.  
Combined heat and power plants have become smaller, which makes 
them more attractive for smaller households. The use of district heat-
ing could also be a very attractive option for using renewable energies. 
Nevertheless the performance and the efficiency of such systems have 
to be tested. For example, the application of one large boiler house for 
an entire district is very efficient, considering the frequent maintenance. 
This is a big advantage: maintenance at the household level is avoided. 
Unfortunately, district heating cannot be realized everywhere.

Using electricity for heating should be the last resort, as the conversion 
losses are very high. Electricity not even generated from an RES, would 
be the most ineffective way to heat.

4.2 Conceptions and criteria of energy efficien-
cy and energy-efficient new buildings

In the case of new buildings, it is possible to focus on energy-related 
solutions from the very beginning. Principles to construct a new build-
ing that meets all the requirements of environmental friendliness and 
energy efficiency were developed by the American explorer David Orr. 
They come down to the demands of the most effective use of materials 
and technologies. These postulates became the basis for the construc-
tion of passive eco buildings all over the world. In particular, they state 
that:

• A passive building must produce more electric energy than use;

• energy and materials must be used with maximum efficiency;

Measures for an 
efficient heating 
system
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• the building must use materials produced without damage or with 
minimal damage to the environment;

• the building must provide strict accounting of its operation value.

On the basis of the existing methods of improving energy efficiency [13], 
the concept has been developed which represents energy efficiency of 
the building as the sum of two main components - energy efficiency and 
energy generation. The energy efficiency concept of buildings is pre-
sented in Table 6; the energy efficiency concept of reconstructed resi-
dential buildings is presented in Table 7.
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Table 6:  The energy efficiency concept of buildings

21

Module 1



Level Energy saving Energy generation
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1. Effective thermal insula-
tion of the building enve-
lope

2. Air sealing of the building 
envelope

3. Utilization of any domes-
tic heat

4. Utilization of solar radia-
tion (passive solar heat-
ing)

5. Accounting, control and 
regulation of the con-
sumption of energy re-
sources

6. Energy-efficient applianc-
es and equipment

7. Intelligent management 
system in the building

If possible - glazing of the 
courtyard and the inclusion of 
atrium in the operation of the 
system of heating and ventila-
tion.

Additional local energy saving 
of the building:

1. based on solar energy: 
technological equipping 
of building envelopes for 
solar energy supply:

2. based on wind energ:y: 
roof wind generators;

3. based on biomass ener-
gy: embedded, attached, 
roof mini-CHP

4. based on geothermal en-
ergy: accommodation of 
heat pump systems in the 
base part of the building

Re
no

va
tio

n 
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 a
 re
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en

tia
l q

ua
rt

er

System using the above mea-
sures plus:

1. Modernization of the en-
ergy-saving system of the 
block: technical modern-
ization of the elements 
of the energy-saving sys-
tems (major repairs, re-
placement) and optimiza-
tion of the power systems 
and energy supply or-
ganizations (Regulation, 
control and  accounting 
of energy resources dis-
tribution)

2. Utilization of process heat 
of industries and sewage 
heat.

System using the above mea-
sures plus.

1. Placing in the urban en-
vironment separately 
standing compact solar 
and wind power generat-
ing installations;

2. Placing in the urban en-
vironment mini-CHP on 
biodiesel fuel;

3. Complete reconstruction 
of the quarter with geo-
thermal energy supply of 
buildings on the basis of 
low-grade soil heat;

4. Complete reconstruction 
of the quarter with geo-
thermal energy supply of 
buildings on the basis of 
heat of rivers and canals.

Table 7. The energy efficiency of reconstructed residential buildings
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The main elements of the energy efficient house design are as follows 
[17]:

• Heat dissipation: economical construction includes wall and roofing 
materials, insulation of windows, doors, finishing work and plaster;

• Insulation: energy efficient houses use far more insulation than it is 
required by most  building codes. How to design and install them 
largely depends on climatic conditions and the selected method of 
construction. In energy-efficient houses the building envelope is 
supposed to be well insulated; the required air exchange is provid-
ed by a ventilation system. Foundation and floor slabs should be 
properly insulated and the insulation of the foundation walls and 
basement floor can assist in saving heat.

• Windows: energy-efficient houses should have several windows on 
the north, east and west at the same time. In the northern climate it 
is important to face windows to the south and east by increasing the 
area of glass in those directions to maximize solar gains. It is import-
ant to avoid overheating in summer in most areas of the continental 
part of Russia and the CIS. It is necessary to pay attention to the in-
sulation of windows and docking between the walls;

• Ventilation control: in energy-efficient houses it is particularly im-
portant to pay attention to the ventilation system. Controlled, me-
chanical ventilation of the building reduces penetration of moisture 
and polluted air and therefore the health risks; hence, it contributes 
to more a comfortable atmosphere and also reduces the likelihood 
of structural damage from excessive accumulation of moisture. 
A carefully designed ventilation system is especially important in 
bathrooms and kitchens since moisture produced by stoves, wa-
ter heaters, clothes driers and other home appliances has to be 
discharged. Thanks to the use of comprehensive measures of im-
proving thermal insulation, heat loss of the building is very small. 
Moreover, concrete storage and large underground reservoirs can 
accumulate a significant amount of thermal energy produced from 
renewable energy sources.

4.3 Types of energy-efficient buildings
There is a broad range of energy standards, which will be briefly dis-
cussed in the following section. In fact, however, there are only two pre-
cisely defined energy standards of buildings today: one, by the national 
legislation, and a second by the so-called passive house standard [28, 
29]. There are other common energy standards, which are not exactly 
defined by building codes, but are becoming more popular. They are 
low-energy standard and zero emission houses.

In theory it is possible to achieve such ambitious energy standards even 
in a refurbishment process. The question is, is it economically reason-
able.

Energy efficient 
house design

Insulation

Windows

Ventilation control
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4.3.1 Low-energy houses
The meaning of the term ‘low-energy house’ has changed over time, but in 
Europe it generally refers to a house that uses around half of the German 
or Swiss low-energy standards referred to below for space heating, typi-
cally ranging from 30 kWh/m²a to 20 kWh/m²a (9,500 Btu/ft²/yr to 6,300 
Btu/ft²/yr). 

The term can also refer to any dwelling whose energy use is below the 
standards demanded by current building codes.

4.3.2 Passive houses
The concept of a “passive house” refers to the independence of the active 
heating systems. Such a house is possible thanks to the rational use of heat 
sources and energy of the house and its surrounding area. In this case heat 
loss is prevented due to design features of the building in which modern 
energy-saving technologies and high-performance insulation materials 
are used.

A passive house is an energetically optimized building where the build-
ing’s energy demand is minimized by passive measures. The house heats 
and cools itself, hence being “passive”. The annual heat demand for a pas-
sive house is very low - in the mid-Europe it is about 15 kWh/m²a. The need 
for total primary energy consumption should not exceed 120 kWh/m²a, in-
cluding heating and cooling, domestic hot water, and household electrici-
ty. Passive houses are characterized by an excellent thermal envelope and 
ventilation systems with heat recovery. Furthermore they typically have 
large windows towards the south and smaller windows to the north. The 
passive house approach is only possible with a highly adaptable heating 
device which, of course, can be regulated. 

This concept was first realized in Darmstadt in Germany in 1990. Ever 
since, tens of thousands of passive houses have been built in nearly all 
climate zones. The passive house data base provides an overview about all 
certified passive houses. 

During a refurbishment process a house can be technically brought up to 
passive house standard. As we cannot re-position a house during refur-
bishment, the only two parameters we can change are the transmitted 
heat through better insulation, fewer thermal bridges, better windows 
and better ventilation by installing a ventilation system with heat recovery.

4.3.3 Zero-energy buildings (ZEB)
An active method to achieve an energetically optimised building is the use 
of solar panels and similar active measures to cover the energy demand.
In a Zero-Energy-Building (ZEB), 100% of the purchased primary energy 
is to come from renewable energy sources. According to the Energy Per-

24

Introduction: Energy & Energy efficiency



formance of Buildings Directive of the European Union, these renewable 
energies must be gained on site, e.g. on the building’s facades/roof and/or 
in the estate’s grounds. Weaker ZEB definitions allow compensation mea-
sures to balance energies: transfer of renewable energies produced off site 
or by co-generation, etc.

Currently, there are two different concepts of energetically optimised 
buildings: a passive method and an active approach, where solar panels 
and similar active measures are used to cover the energy demand. Either 
method alone, active or passive, is not sufficient to reach a ZEB. A combi-
nation of both is necessary by following the next steps:

1. Reduce the building’s primary energy demand to minimum

2. Cover the remaining primary energy demand with renewable energy 
produced on site

3. Use compensating measures to bring the balance to zero.

By following the first two steps, the whole building configuration will 
become an important passive measure to optimise energy demand and 
production. The architect can integrate these features at an early design 
stage. 

4.3.4 Plus energy buildings
Plus energy buildings are buildings which produce more energy than they 
consume. Again, this goal can only be reached by comprehensive mea-
sures of improving thermal insulation to decrease the heat losses of the 
building. Additionally the building’s envelope is not only used as a passive, 
protecting shell, but also as an energy producer. The roof and/or the walls 
could be enforced with photovoltaic devices. 

Concepts of plus energy homes are not only theory. The first settlement 
where every single building achieved a positive energy balance was the 
solar settlement in Freiburg, Germany, in 2004. The 60 families who had 
bought their homes for relatively reasonable prices are independent from 
rising energy costs: they earn money by selling their photovoltaic energy 
surplus instead. 

KEY POINTS TO REMEMBER FROM CHAPTER 4

• Making building energy efficient consists of a three-step-ap-
proach: reducing the energy demand, using efficient technical 
equipment and using renewable resources.

• There are several types of energy efficient houses indicating 
different levels of energy demand: low-energy houses, passive 
houses, zero-energy buildings and plus energy buildings.

• The decision which efficiency level to strive for is mainly an eco-
nomical one as the costs of any refurbishment have to be re-
funded by energy savings. 

Active and passive 
approach
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5. Renewable energy
Renewable energy is energy that is derived from sources that are inex-
haustible and are regularly replenished by nature -- sunlight, wind, rain, 
tides and geothermal heat. The basic principle of renewable energy is 
that it is not dependent upon underground resources such as coal and 
oil that cannot be replenished within the foreseeable human timescale, 
and which require massive and often ecologically destructive technolo-
gy to access.

5.1 Renewable sources for multi-storey build-
ings

Currently, there is significant progress in the development of energy 
supply systems and climate control of buildings, including those based 
on renewable energy sources. At present, the experience gained during 
the pilot construction of energy-efficient buildings with energy supply 
based on renewable energy sources in the northwest region of Russia 
offers an example of developing typical project solutions of energy-effi-
cient refurbishment [21, 22].

There are two 17-storey, 82-apartment residential houses of the series 
111-355 MO in Moscow [23]. The building volume of the heated area is 
30133 m3. The residential surface is 6582 m2 with an estimated number 
of residents of 292. JSC “In solar-Invest” developed a system for the build-
ing’s hot water supply based on heat pumps that use a non-convention-
al renewable energy source - low-potential heat of the ground, and a 
secondary energy source - heat of the vent emissions. System param-
eters are the following: the thermal load of a hot water supply system 
is 321 kW and the electrical power consumed by heat-generating and 
auxiliary equipment is 90 kW. Picture 10 shows the the structure of a hot 
water supply system.

Exhaust air

Wasteheat exchanger

Wasteheat exchanger

Sewage water

Heat Pump
Geothermal 

heting 
system

Ground water

N ≈ 110 хВт

100 хВт

320 хВт

320 хВт

100 хВт

ХВ

ГВ

Picture 10. The structure of a hot water supply system that uses re-
newable energy sources (low-potential heat of soil and sec-
ondary energy source - heat of vent emissions).
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It should be noted that it is necessary to make a preliminary analysis re-
garding the use of renewable sources of energy. Under Russian climatic 
conditions, the use of geothermal and solar energy can lead to disrup-
tions of the energy supply.

5.2 Technical characteristics 
If we use the concept of energy quality - coefficient of efficiency deter-
mining a part of the energy source that can be converted into mechani-
cal work, then the renewable energy sources can be classified as follows: 
renewable sources of mechanical energy have a high quality and are 
used mainly for electricity production. Some efficiency values are listed 
below: 

• Hydro energy 0,6 ... 0,7

• wind energy 0,3 ... 0,4

• solar radiation used for the photoelectric conversion 0,15 ... 0,3. 

• biofuel <0,3.

5.3 Solar collectors for hot water supply 
Different types of solar collectors can be used for heating the water [25]. 
Solar collectors use the sun-light (or, to be more exact, parts of the solar 
spectrum) to heat up the water passing through the inside tubes.

 Picture 11. Solar water heater-collector - alternative water heating for 
domestic use in a country house.

A solar water heater (solar collector) consists of a box with a coil, cold wa-
ter tank, storage tank and pipes. The box is installed at an angle of 30-50° 
oriented to the south. Cold water, which is heavier, is fed into the bottom 
of the box, is heated and then led to the tank battery. It can be used for 
heating, showering or other domestic uses.

To heat 100 liters of water, the solar plant should have 2 - 3 m2 of solar 
collectors. This water heating system will provide the water temperature 
of 90°C on a sunny day and 50°C in winter.

Structure of solar 
collectors

Efficiency of RES
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A flat solar water heater-collector is a device with an absorbing flat panel 
and flat transparent insulation for absorbing the sun’s energy (picture 12).

This flat heat-receiving panel is an absorber of 1 - 2 m2 area with chan-
nels for a liquid. The surface of the panel facing the sun is black, for bet-
ter heating. 

 Picture 12. Flat solar water heater-collector.

As a heat-receiving panel, any metal or plastic plate with channels for 
the heat-carrier can be used. Metal absorbers are made of aluminum or 
steel in two types: plate-pipe and stamped panels (pipe in a plate). Plas-
tic panels are not widely used because sunlight causes rapid aging and 
low thermal conductivity.

To achieve the higher temperature of the heat carrier, the surface of the 
panel is covered by spectrally selective layers, actively absorbing short-
wave radiation from the sun and reducing its own heat radiation in the 
long-wave part of the spectrum. 

Another way of improving the efficiency of flat collectors is to create a 
vacuum between the heat receiving panel and the transparent insula-
tion to reduce heat losses (vacuum solar collectors of the fourth gener-
ation).

Absorption of the total 
spectral of solar radiation

Exterior pipes

Absorption layer

Inside pipe

Vacuum

Reflected solar radiation

 Picture 13. Vacuum solar water heater-collector

95%

Absorption 5%

Radiation

Improving the solar 
collector’s efficiency
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The volume, which contains a black surface absorbing solar radiation in 
a vacuum water heater-collector, is separated from the environment by 
a vacuum space. This allows eliminating the heat losses to the environ-
ment by conduction and convection almost entirely. Radiation losses are 
suppressed by the use of selective coating. Since the total loss factor in 
a vacuum collector is small, a heat carrier inside of it can be heated to 
temperatures of 120 -160 °C.

The most effective and popular solar water heaters are easily integrated 
into existing heat and hot water supply systems (picture 14). They are 
suitable for all types of climate and are recommended for areas with low 
temperatures (to -50°C) and low values of solar radiation. The collector, 
equipped with a controller, automatically maintains the optimal param-
eters of circulation, has an anti-freeze mode, and provides the desired 
temperature. If the solar activity is not enough, then the controller may 
include an additional electric heater installed in the storage tank.

1

2

3
4

1. Collector.
2. Pipes.
3. Solar station (pump, valves, manometer).
4. Controller.

 Picture. 14. Water supply with the use of alternative energy sources. 1 
- collector, 2 - pipes 3 - solar station (pump, valves, manom-
eter) 4 - controller.

5.4 Photovoltaics for electricity production.
Photovoltaics is the direct conversion of sunlight into electrical energy us-
ing special semiconductor components - solar panels. It is based on the 
physical phenomenon of the photovoltaic effect - electrons from certain 
atoms (such as silicon) are freed if they absorb the energy of photons with 
the right wavelength. In order to increase capacity of a plant, several solar 
elements are usually combined in modules using solar batteries.

Solar modules based on silicon crystals convert from 13 to 18% (max 
25%) of solar energy into electricity. Due to the relatively low price of 

Integration of solar 
collectors
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these modules, they are widely used where installation space is not crit-
ical.

The overall efficiency of the solar panel system is composed of several 
factors. During conversion of direct current generated by the solar cell 
into alternating current, a portion of the energy is lost in the inverter. In 
the case of an independent power supply, input energy is usually stored 
in batteries. In this case, the losses occur while charging the batteries. 
The length of electrical supply network also affects the power loss.

5.5 Geothermal energy sources.
The ground is a heat accumulator of unlimited power [26]. The thermal 
regime of the ground is formed by the action of two main factors - so-
lar radiation falling on the surface and the flow of heat from the Earth’s 
interior. Seasonal and diurnal intensity variations of solar radiation and 
ambient temperature cause fluctuations in temperature of the upper 
ground layers. The depth of penetration of daily fluctuations in the am-
bient temperature and the intensity of the falling solar radiation, depend 
on the specific soil and climatic conditions; it is in the range of a few 
tens of centimeters to one-and-a-half meters. The depth of penetration 
of seasonal fluctuations in the ambient temperature and the intensity of 
falling solar radiation does not usually exceed 15-20 m.

The thermal regime of the ground layers located below this depth (“neu-
tral zone”), forms under the influence of heat coming from the Earth and 
is almost independent of seasonal and diurnal variations of outdoor cli-
mate parameters. With increasing depth, the ground temperature is also 
increased in accordance with the geothermal gradient (about 3°C per 
100 m). The flux of heat coming from the earth’s interior varies depend-
ing on the area. Typically, this value is 0,05-0,12 W/m².

Unlike the “direct” use of high-potential geothermal heat (hydrothermal 
resources), the use of surface-layer ground as a source of low-potential 
heat for geothermal heat pump heating systems (GHPHS) is possible al-
most everywhere. At present, it is one of the fastest growing areas of the 
use of renewable energy sources in the world.

In addition to “extraction” of the Earth’s heat, ground heat exchangers 
can be used for heat (or cold) accumulation in the ground [26].

In general, there are two types of heat-gathering systems:

• Open System: ground water supplied directly to the heat pumps is 
used as a low-potential heat source;

• Closed system: heat exchangers are arranged in the ground; a “se-
lection” of the thermal energy from the ground and its transfer to 
the evaporator of the heat pump happen during the circulation of 
a heat carrier with relatively low ground temperature (by using a 

Direct and indirect use 
of geothermal energy
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heat carrier with relatively high ground temperature).The main part 
of the open systems - wells that allow extracting the groundwater 
from aquifers and returning water back to the same aquifers. Paired 
wells are usually arranged for these purposes.

An advantage of open systems is the possibility of obtaining a large 
amount of heat energy at relatively low cost. However, wells require 
maintenance. Additionally, such systems may not be used in all areas. 

The main requirements to ground and groundwater are:

• Sufficient water permeability of the ground that allows water re-
plenishing;

• A good chemical composition of groundwater (e.g. low iron con-
tent), that allows avoiding the problems associated with corrosion 
and the formation of deposits on the pipe walls. The scheme of an 
open system is shown in picture 15.

Ground waters

Pump

 Picture 15. The scheme of an open system of collection of low-poten-
tial thermal energy of the earth’s upper layers.

KEY POINTS TO REMEMBER FROM CHAPTER 5

• Solar collectors, photovoltaics and geothermal energy can be 
used for the domestic energy supply. 

• By absorbing short-wave solar radiation on an area of 2 -3 m², 
solar collectors can heat 100 liters of water up to 90°C in sum-
mer and 50°C in winter.

• Solar modules based on silicon crystals usually convert 13 to 
18% (max 25%) of solar energy into electricity.

• Unlike the “direct” use of high-potential geothermal heat (hy-
drothermal resources), the use of surface-layer ground as a 
source of low-potential heat for geothermal heat pump heating 
systems (GHPHS) is possible almost everywhere.
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1. Introduction
This module will introduce the basic principles of the physics of  
buildings. It will enable you to understand basic processes of heat, 
air and water vapor transfer in buildings and how they are influenced 
during the refurbishment process. More exactly, it will have a look at 
the energy balance of buildings, heat gains and heat losses, the transfer 
of heat through the wall and other building component parts and the 
role of insulation. A specific problem is areas of the construction with in-
creased heat flow, so called thermal bridges. The first part of this module 
will address the challenges they represent. Secondly, we will consider 
water vapor, condensation and the airtightness of buildings.
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2. Principles of heat gains and 
heat losses
Heat gains and heat losses have a significant impact on both the ener-
gy efficiency of buildings and comfort for the inhabitants. In order to 
minimize heat losses in winter and heat gains in summer the building 
envelope should be well insulated.

Heat losses during winter or heat gains during summer without solar 
radiation generally are calculated as follows for one building element:

The heat transfer coefficient expresses a heat flow in watts in 1 hour 
through 1 square meter of the building element with a temperature dif-
ference of 1°C. (Figure 1). Physics usually operates with Kelvin (symbol K) 
rather than with Celsius measurements. The difference of 1°C is exactly 1 
K. We will use K as a unit from here on.

1m2

Figure 1. Principle of heat transfer coefficient (source: own)

The formula shows that heat losses depend on the temperature differ-
ence between inside and outside, the area of the external elements (win-
dows, walls, roofs, floors) and heat transfer coefficient of the external ele-
ments. Thus, in order to reach maximal heat loss reduction the values of 
all abovementioned parameters should be as low as possible.

Q = A · U ·∆t · µ [W ]
where:
A – area of external element [m2]
U – heat transfer coefficient

[
W

m2K

]

∆t - difference between indoor and outdoor temperature [◦C] or
[K]
µ – correction factor for wind impact, element orientation, etc.

A = 2π · r2 + 2π · r · h [m2]
where:
r - radius of cylinder base [m]
h - height of cylinder [m]
π – mathematical constant - 3,141...

A = 2(a · b+ a · h+ b · h) [m2]
where:
h - height of the prism or cube [m]
a - length of base [m]
b – width of the base [m]

QH = ηL(Qtr +Qve)− ηG(Qsol +Qint) [W ]
where:
Qtr – transmission heat losses through the total building envelope
[W ]
Qve – ventilation heat losses [W ]
Qsol – solar gains [W ]
Qint – internal heat gains [W ]
ηG – utilization factor of heat gains (0,90 – 0,95)
ηL – correction factor due to night or weekends room temperature
reduction (ηL=1 for heating systems without regulation possibil-
ities and 0,90 – 0,95 for heating system with regulation possibili-
ties)

Qtr =

(
∑
i
UiAiµi +

∑
j
Ψj lj

)
∆t [W ]

where:∑
i UiAiµi – envelope heat losses coefficient (sum of all walls,

roofs, windows and floors of building envelope)
[
W
K

]
∑

j Ψj lj – thermal bridges heat losses coefficient (sum of all ther-

mal bridges of building envelope)
[
W
K

]

∆t – indoor temperature and outdoor temperature difference [◦C]
or [K]

1

Heat losses

Formula 1 
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In practice it is almost impossible to reach a significant reduction of tem-
perature difference, as the outdoor temperature depends on the loca-
tion of the building but the indoor air temperature reduction is limited 
by human comfort levels.

The heat transfer coefficient of building elements is limited by economi-
cal and technical factors. In practice the optimal heat transfer coefficient 
for new residential buildings usually varies between 0,15 W/(m2∙K) and 
0,3 W/(m2∙K) for walls and 1,1 W/(m2∙K) - 2,1 W/(m2∙K) for windows. The 
heat transfer coefficients for energy efficient houses vary between 0,105 
– 0,20 W/(m2∙K) for walls, roofs and 0,9 – 1,1 W/(m2∙K) for windows.

During the building design process, architects can reduce the energy 
consumption of the building by reducing the area of the external build-
ing envelope, or, in other words, by designing a more compact building. 
The area of the external building envelope can be reduced by choosing 
an optimal shape for the building. For example, the area of a cylinder 
surface is smaller than the surface of a cube with the same base area. 
The total area of the cylinder’s surface is calculated using the following 
formula:

The total area of a cube and a rectangular prism can be calculated as 
follows:

The difference between the area of cylinder, a square prism and rectan-
gular prism with the same area of base equal to 100 m2 is shown below.

Base size 10 x 10 x 3 m r≈5,6 m; H = 3 m 6,6 x 15 x 3 m
Volume 300 m2 300 m2 300 m2

Surface area 120 m2 107 m2 130 m2

Ratio surface/volume 0,4 0,36 0,43

Table 1. The difference between the area of a cylinder, cube and  
rectangular prism with the same volume

Q = A · U ·∆t · µ [W ]
where:
A – area of external element [m2]
U – heat transfer coefficient

[
W

m2K

]

∆t - difference between indoor and outdoor temperature [◦C] or
[K]
µ – correction factor for wind impact, element orientation, etc.

A = 2π · r2 + 2π · r · h [m2]
where:
r - radius of cylinder base [m]
h - height of cylinder [m]
π – mathematical constant - 3,141...

A = 2(a · b+ a · h+ b · h) [m2]
where:
h - height of the prism or cube [m]
a - length of base [m]
b – width of the base [m]

QH = ηL(Qtr +Qve)− ηG(Qsol +Qint) [W ]
where:
Qtr – transmission heat losses through the total building envelope
[W ]
Qve – ventilation heat losses [W ]
Qsol – solar gains [W ]
Qint – internal heat gains [W ]
ηG – utilization factor of heat gains (0,90 – 0,95)
ηL – correction factor due to night or weekends room temperature
reduction (ηL=1 for heating systems without regulation possibil-
ities and 0,90 – 0,95 for heating system with regulation possibili-
ties)

Qtr =

(
∑
i
UiAiµi +

∑
j
Ψj lj

)
∆t [W ]

where:∑
i UiAiµi – envelope heat losses coefficient (sum of all walls,

roofs, windows and floors of building envelope)
[
W
K

]
∑

j Ψj lj – thermal bridges heat losses coefficient (sum of all ther-

mal bridges of building envelope)
[
W
K

]

∆t – indoor temperature and outdoor temperature difference [◦C]
or [K]

1

Q = A · U ·∆t · µ [W ]
where:
A – area of external element [m2]
U – heat transfer coefficient

[
W

m2K

]

∆t - difference between indoor and outdoor temperature [◦C] or
[K]
µ – correction factor for wind impact, element orientation, etc.

A = 2π · r2 + 2π · r · h [m2]
where:
r - radius of cylinder base [m]
h - height of cylinder [m]
π – mathematical constant - 3,141...

A = 2(a · b+ a · h+ b · h) [m2]
where:
h - height of the prism or cube [m]
a - length of base [m]
b – width of the base [m]

QH = ηL(Qtr +Qve)− ηG(Qsol +Qint) [W ]
where:
Qtr – transmission heat losses through the total building envelope
[W ]
Qve – ventilation heat losses [W ]
Qsol – solar gains [W ]
Qint – internal heat gains [W ]
ηG – utilization factor of heat gains (0,90 – 0,95)
ηL – correction factor due to night or weekends room temperature
reduction (ηL=1 for heating systems without regulation possibil-
ities and 0,90 – 0,95 for heating system with regulation possibili-
ties)

Qtr =

(
∑
i
UiAiµi +

∑
j
Ψj lj

)
∆t [W ]

where:∑
i UiAiµi – envelope heat losses coefficient (sum of all walls,

roofs, windows and floors of building envelope)
[
W
K

]
∑

j Ψj lj – thermal bridges heat losses coefficient (sum of all ther-

mal bridges of building envelope)
[
W
K

]

∆t – indoor temperature and outdoor temperature difference [◦C]
or [K]

1

Formula 2

Formula 3

Heat transfer  
coefficient
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If these geometric volumes were heated, the heat loses for the cube 
would be by 12% higher in comparison with the cylinder and by 22% for 
the rectangular prism.  In terms of heat losses, the building shape should 
be very simple, without any complicated forms.

In order to express the compactness of a real building, the surface area to 
volume ratio definition (S/V) is widely used. The building surface area to 
volume ratio expresses the ratio between the area of the external enve-
lope and the volume of a building. Smaller surface area to volume ratio 
means smaller heat losses. Some examples are shown in Figure 2.

39m 44,7m

6,1m

6,8m

9,3m

16,1m

3m

V = 6228,4 m3

A = 3895,3 m2

S/V = 0,62 

V = 6228,4 m3

A = 3895,3 m2

S/V = 0,62 

Figure 2. Theoretical examples of surface area to volume ratio defini-
tion (source: own)

KEY POINTS TO REMEMBER FROM CHAPTER 2

• Heat losses through building components depend on tempera-
ture difference, material properties and the area through which 
heat is lost.

• More compact structures lose less energy. A measure for com-
pactness is the surface-area-to-volume ratio.

Surface area to  
volume ratio
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3. Energy balance of a whole 
building
Energy balance describes how much energy is needed to heat an en-
tire building, showing not only the transmission heat losses through 
all building components (explained in Chapter One), but also includes 
the ventilation heat losses. Ventilation heat losses are caused by air 
movement, for example, warm air leaving through windows, air ducts 
or tiny cracks in the walls. These losses are balanced by heat gains such 
as passive solar gains, and internal gains (cooking, candlelight, technical  
devices, or inhabitants). The remaining difference must be covered by 
active heating to compensate for the heat losses. If the building enve-
lope is insulated - if less energy escapes and if more passive solar and 
internal gains are used - less active heating is needed. Thus, the general 
formula for the energy balance is as follows:

Formula 4 shows the annual heat demand as the difference of heat loss-
es through transmission and ventilation minus the useable solar and in-
ternal gains. The heat gains can be reduced by a utilization factor ηG, 
which results from the fact that not all gains can be stored in the con-
struction parts. 

As shown, thermal insulation of a building reduces the energy demand. 
Through better insulation and a tighter building envelope less energy 
is lost to the environment through transmission losses; the demand for 
heat is reduced.

Details follow for using the formula, illustrating basic physical principles 
of the energy balance of a building, including both heat losses and gains.

Transmission heat losses of whole buildings can be calculated as follows:

Q = A · U ·∆t · µ [W ]
where:
A – area of external element [m2]
U – heat transfer coefficient

[
W

m2K

]

∆t - difference between indoor and outdoor temperature [◦C] or
[K]
µ – correction factor for wind impact, element orientation, etc.

A = 2π · r2 + 2π · r · h [m2]
where:
r - radius of cylinder base [m]
h - height of cylinder [m]
π – mathematical constant - 3,141...

A = 2(a · b+ a · h+ b · h) [m2]
where:
h - height of the prism or cube [m]
a - length of base [m]
b – width of the base [m]

QH = ηL(Qtr +Qve)− ηG(Qsol +Qint) [W ]
where:
Qtr – transmission heat losses through the total building envelope
[W ]
Qve – ventilation heat losses [W ]
Qsol – solar gains [W ]
Qint – internal heat gains [W ]
ηG – utilization factor of heat gains (0,90 – 0,95)
ηL – correction factor due to night or weekends room temperature
reduction (ηL=1 for heating systems without regulation possibil-
ities and 0,90 – 0,95 for heating system with regulation possibili-
ties)

Qtr =

(
∑
i
UiAiµi +

∑
j
Ψj lj

)
∆t [W ]

where:∑
i UiAiµi – envelope heat losses coefficient (sum of all walls,

roofs, windows and floors of building envelope)
[
W
K

]
∑

j Ψj lj – thermal bridges heat losses coefficient (sum of all ther-

mal bridges of building envelope)
[
W
K

]

∆t – indoor temperature and outdoor temperature difference [◦C]
or [K]

1

Q = A · U ·∆t · µ [W ]
where:
A – area of external element [m2]
U – heat transfer coefficient

[
W

m2K

]

∆t - difference between indoor and outdoor temperature [◦C] or
[K]
µ – correction factor for wind impact, element orientation, etc.

A = 2π · r2 + 2π · r · h [m2]
where:
r - radius of cylinder base [m]
h - height of cylinder [m]
π – mathematical constant - 3,141...

A = 2(a · b+ a · h+ b · h) [m2]
where:
h - height of the prism or cube [m]
a - length of base [m]
b – width of the base [m]

QH = ηL(Qtr +Qve)− ηG(Qsol +Qint) [W ]
where:
Qtr – transmission heat losses through the total building envelope
[W ]
Qve – ventilation heat losses [W ]
Qsol – solar gains [W ]
Qint – internal heat gains [W ]
ηG – utilization factor of heat gains (0,90 – 0,95)
ηL – correction factor due to night or weekends room temperature
reduction (ηL=1 for heating systems without regulation possibil-
ities and 0,90 – 0,95 for heating system with regulation possibili-
ties)

Qtr =

(
∑
i
UiAiµi +

∑
j
Ψj lj

)
∆t [W ]

where:∑
i UiAiµi – envelope heat losses coefficient (sum of all walls,

roofs, windows and floors of building envelope)
[
W
K

]
∑

j Ψj lj – thermal bridges heat losses coefficient (sum of all ther-

mal bridges of building envelope)
[
W
K

]

∆t – indoor temperature and outdoor temperature difference [◦C]
or [K]

1

Formula 4

Formula 5

Energy balance

Annual heat  
demand

Transmission heat 
losses
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The total transmission heat losses of a building are calculated by sum-
ming up the losses through all building components and thermal bridg-
es, multiplied by the temperature difference. The multiplication with the 
temperature difference is necessary because heat losses are calculated 
for 1 K difference between indoor and outdoor temperature.

The formula shows how thermal rehabilitation of a building can help 
to reduce heat loss. By adding insulation, the U-value of the entire con-
struction decreases, thus less heat is lost. Furthermore, installation of a 
new heating system means the temperature can be regulated; in case 
of overheating in the cold season, the average indoor temperature can 
be decreased to more comfortable levels. This reduces the temperature 
difference between inside and outside, decreasing the heat transmission 
loss. Last but not least, proper design of the building can help minimize 
thermal bridges and reduces the heat losses they cause.

The second type of heat losses are those caused by ventilation. They 
can be calculated with the help of the average air change rate and an 
air exchange by additional infiltration. When ventilation heat losses are 
minimized, e.g. during the refurbishment of a building, it is important to 
provide enough fresh air for comfort and hygienic needs. 

Ventilation heat losses can be calculated as follows:2

Qve = V · n · cp · ρ ·∆t [W]
where:
cp – is specific heat of air - 0,279 Wh

kgK

ρ – is the density of air - 1,2 kg
m3

V – volume of the apartment [m3]
n – air exchange rate

[
1
h

]

∆t – indoor temperature and outdoor temperature difference [K]

Qsol =

( ∑
i
riAigi

)
G [W]

where:
G – solar radiation

[
W
m2

]

Ai – absorbing area [m2]
gi – solar transmissions
ri – reduction factors due to shading

Qint = q ·A [W]
where:
q – internal heat gains [Wm2]
A – apartments area [m2]

MRT =
t1A1 + t2A2 + ...+ tiAi

A1 +A2 + ...+Ai
[◦C]

where:
A – surface area [m2]
t – temperature of the given area [◦C]

t0 =
TMRT + ti

2
[◦C]

where:
ti – indoor air temperature [◦C]
TMRT – mean radiant temperature [◦C]

U =
1

Rsi +R1 +R2 + ...+Ri +Rse

[
W

m2K

]

where:
Rsi – internal surface thermal resistance [m

2K
W ]

R1, R2, ..., Ri – thermal resistance of the external building ele-
ments layers [m

2K
W ]

Rse – external surface thermal resistance [m
2K
W ]

The thermal rehabilitation process influences two parameters - the air 
change rate n due to eliminating unwanted structural infiltration (e.g. 
cracks in the walls, space around windows) and the temperature differ-
ence between indoor air and the internal surface of the building envelope..

Heat gains must also be taken into account. The first type are solar gains 
- passive solar radiation coming through windows or opaque elements. 
Passive solar radiation raises the internal temperature of the building, 
helping to reduce the heat demand in winter. In summer, however, cool-
ing energy might be required to prevent overheating. The calculation of 
the solar heat gains can help to detect the frequency of overheating in 
summertime. 

To calculate the solar gains, the window areas and the material of the 
windows are required parameters, as well as climate data (radiation on 

Q = A · U ·∆t · µ [W ]
where:
A – area of external element [m2]
U – heat transfer coefficient

[
W

m2K

]

∆t - difference between indoor and outdoor temperature [◦C] or
[K]
µ – correction factor for wind impact, element orientation, etc.

A = 2π · r2 + 2π · r · h [m2]
where:
r - radius of cylinder base [m]
h - height of cylinder [m]
π – mathematical constant - 3,141...

A = 2(a · b+ a · h+ b · h) [m2]
where:
h - height of the prism or cube [m]
a - length of base [m]
b – width of the base [m]

QH = ηL(Qtr +Qve)− ηG(Qsol +Qint) [W ]
where:
Qtr – transmission heat losses through the total building envelope
[W ]
Qve – ventilation heat losses [W ]
Qsol – solar gains [W ]
Qint – internal heat gains [W ]
ηG – utilization factor of heat gains (0,90 – 0,95)
ηL – correction factor due to night or weekends room temperature
reduction (ηL=1 for heating systems without regulation possibil-
ities and 0,90 – 0,95 for heating system with regulation possibili-
ties)

Qtr =

(
∑
i
UiAiµi +

∑
j
Ψj lj

)
∆t [W ]

where:∑
i UiAiµi – envelope heat losses coefficient (sum of all walls,

roofs, windows and floors of building envelope)
[
W
K

]
∑

j Ψj lj – thermal bridges heat losses coefficient (sum of all ther-

mal bridges of building envelope)
[
W
K

]

∆t – indoor temperature and outdoor temperature difference [◦C]
or [K]

1

Formula 6

Ventilation heat losses

Heat gains

Solar heat gains
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2

Qve = V · n · cp · ρ ·∆t [W]
where:
cp – is specific heat of air - 0,279 Wh

kgK

ρ – is the density of air - 1,2 kg
m3

V – volume of the apartment [m3]
n – air exchange rate

[
1
h

]

∆t – indoor temperature and outdoor temperature difference [K]

Qsol =

( ∑
i
riAigi

)
G [W]

where:
G – solar radiation

[
W
m2

]

Ai – absorbing area [m2]
gi – solar transmissions
ri – reduction factors due to shading

Qint = q ·A [W]
where:
q – internal heat gains [Wm2]
A – apartments area [m2]

MRT =
t1A1 + t2A2 + ...+ tiAi

A1 +A2 + ...+Ai
[◦C]

where:
A – surface area [m2]
t – temperature of the given area [◦C]

t0 =
TMRT + ti

2
[◦C]

where:
ti – indoor air temperature [◦C]
TMRT – mean radiant temperature [◦C]

U =
1

Rsi +R1 +R2 + ...+Ri +Rse

[
W

m2K

]

where:
Rsi – internal surface thermal resistance [m

2K
W ]

R1, R2, ..., Ri – thermal resistance of the external building ele-
ments layers [m

2K
W ]

Rse – external surface thermal resistance [m
2K
W ]

In most cases, the refurbishment process has little influence on solar 
gains. Usually the incoming radiation cannot be changed (although, the-
oretically, the building’s orientation on the property could be altered): 
the size and properties of windows will  remain unchanged, fundamen-
tally, in terms of solar gains. Planting trees in front of the building will 
reduce the incoming solar radiation and can mitigate overheating in 
summer.

Internal heat increases can also be caused by activity of the building in-
habitants and/or from technical devices such as computers or lamps that 
emit heat. 

An exemplary calculation methodology is given here:

2

Qve = V · n · cp · ρ ·∆t [W]
where:
cp – is specific heat of air - 0,279 Wh

kgK

ρ – is the density of air - 1,2 kg
m3

V – volume of the apartment [m3]
n – air exchange rate

[
1
h

]

∆t – indoor temperature and outdoor temperature difference [K]

Qsol =

( ∑
i
riAigi

)
G [W]

where:
G – solar radiation

[
W
m2

]

Ai – absorbing area [m2]
gi – solar transmissions
ri – reduction factors due to shading

Qint = q ·A [W]
where:
q – internal heat gains [Wm2]
A – apartments area [m2]

MRT =
t1A1 + t2A2 + ...+ tiAi

A1 +A2 + ...+Ai
[◦C]

where:
A – surface area [m2]
t – temperature of the given area [◦C]

t0 =
TMRT + ti

2
[◦C]

where:
ti – indoor air temperature [◦C]
TMRT – mean radiant temperature [◦C]

U =
1

Rsi +R1 +R2 + ...+Ri +Rse

[
W

m2K

]

where:
Rsi – internal surface thermal resistance [m

2K
W ]

R1, R2, ..., Ri – thermal resistance of the external building ele-
ments layers [m

2K
W ]

Rse – external surface thermal resistance [m
2K
W ]

Internal heat gains can be assumed to be 5 to 10 W/m2 in residential 
buildings. During the refurbishment of a building this parameter is usu-
ally not changed.

KEY POINTS TO REMEMBER FROM CHAPTER 3

• Heat losses occur through ventilation heat losses and through 
heat transmission. Heat gains result from incoming passive 
solar radiation and internal activity. The difference between  
losses and gains must be balanced by active heating to main-
tain a comfortable indoor temperature in cold seasons.

• Insulating an apartment decreases the heat losses through 
reduced transmission and air infiltration, thus decreasing the 
need for active heating in cold seasons.

horizontal surfaces as well as from different directions).  The solar heat 
gains can be calculated as follows:

Formula 7

Formula 8

Internal heat gains
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4. Indoor thermal comfort
Indoor thermal comfort, in brief: Generally, the indoor air temperature 
is assumed to be between +20 and +24°C; relative humidity is assumed 
to be between 40% and 60%. Along with temperature and relative hu-
midity, the human comfort level is also significantly influenced by envi-
ronmental and individual factors such as air velocity and mean radiant 
temperature (see below). Individual factors include, for example, the hu-
man activity level and type of clothing. The proper choice of indoor air 
parameters ensures not only human comfort but also allows for reduc-
tion of unnecessary overheating during winter and  a reduced cooling 
load in summer. In that way, correctly designed indoor air parameters 
ensure the reduction of energy consumption without compromising the 
human comfort level.

One of the most crucial environmental factors having a strong impact on 
human comfort level is the mean radiant temperature. The mean radiant 
temperature describes a specific temperature of all surrounding surfaces, 
including the ratio of all surfaces with different temperatures. The mean 
radiant temperature can be calculated using data (1), (2) approach:

2

Qve = V · n · cp · ρ ·∆t [W]
where:
cp – is specific heat of air - 0,279 Wh

kgK

ρ – is the density of air - 1,2 kg
m3

V – volume of the apartment [m3]
n – air exchange rate

[
1
h

]

∆t – indoor temperature and outdoor temperature difference [K]

Qsol =

( ∑
i
riAigi

)
G [W]

where:
G – solar radiation

[
W
m2

]

Ai – absorbing area [m2]
gi – solar transmissions
ri – reduction factors due to shading

Qint = q ·A [W]
where:
q – internal heat gains [Wm2]
A – apartments area [m2]

MRT =
t1A1 + t2A2 + ...+ tiAi

A1 +A2 + ...+Ai
[◦C]

where:
A – surface area [m2]
t – temperature of the given area [◦C]

t0 =
TMRT + ti

2
[◦C]

where:
ti – indoor air temperature [◦C]
TMRT – mean radiant temperature [◦C]

U =
1

Rsi +R1 +R2 + ...+Ri +Rse

[
W

m2K

]

where:
Rsi – internal surface thermal resistance [m

2K
W ]

R1, R2, ..., Ri – thermal resistance of the external building ele-
ments layers [m

2K
W ]

Rse – external surface thermal resistance [m
2K
W ]

The principal scheme of mean radiant temperature is shown in Figure 3.

t3
t4

t1
t2

Figure 3. The principal scheme of mean radiant temperature

If two rooms have the same indoor air temperature but different mean 
radiant temperature, an individual will feel more comfortable in the 
room with the higher mean radiant temperature.

Existing buildings with a non-insulated envelope will have lower mean 
radiant temperature than buildings with well-insulated envelopes, as 
the outer walls will be colder. The figures below (Figure 4) illustrate two 
situations with the same internal temperature. On the left, a non-insu-

Formula 9

Mean radiant   
temperature

Indoor comfort
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lated building with lower thermal comfort; on the right, the same build-
ing – insulated – has higher surface temperatures, thus better thermal 
comfort.

te-(-15ºC)

te-(-15ºC)

ts 18ºC

ts 6ºC

ts 18ºC

ti 22ºC

ti 22ºC

te-(-15ºC)

te-(-15ºC)

ts 21ºC

ts 15ºC

ts 21ºC

ti 22ºC

ti 22ºC

Non-insulated building envelope Well-insulated building envelope

Figure 4. Mean radiant temperature in non-insulated and well-insula- 
ted room (source: own)

Currently, both European Standards and ASHRAE (American Society of 
Heating, Refrigeration, and Air-Conditioning Engineers) standards work 
with the operative temperature of indoor air instead rather than simply 
the indoor air temperature. According to data (3) (4) the operative tem-
perature in apartment buildings can be calculated in a simplified way 
using the following formula:

2

Qve = V · n · cp · ρ ·∆t [W]
where:
cp – is specific heat of air - 0,279 Wh

kgK

ρ – is the density of air - 1,2 kg
m3

V – volume of the apartment [m3]
n – air exchange rate

[
1
h

]

∆t – indoor temperature and outdoor temperature difference [K]

Qsol =

( ∑
i
riAigi

)
G [W]

where:
G – solar radiation

[
W
m2

]

Ai – absorbing area [m2]
gi – solar transmissions
ri – reduction factors due to shading

Qint = q ·A [W]
where:
q – internal heat gains [Wm2]
A – apartments area [m2]

MRT =
t1A1 + t2A2 + ...+ tiAi

A1 +A2 + ...+Ai
[◦C]

where:
A – surface area [m2]
t – temperature of the given area [◦C]

t0 =
TMRT + ti

2
[◦C]

where:
ti – indoor air temperature [◦C]
TMRT – mean radiant temperature [◦C]

U =
1

Rsi +R1 +R2 + ...+Ri +Rse

[
W

m2K

]

where:
Rsi – internal surface thermal resistance [m

2K
W ]

R1, R2, ..., Ri – thermal resistance of the external building ele-
ments layers [m

2K
W ]

Rse – external surface thermal resistance [m
2K
W ]

The human metabolic activity and clothing type should be taken into 
consideration while choosing the optimal indoor air temperature. A 
sleeping person produces around 55 – 75 watts; moderate work such 
as writing will produce between 125 – 150 watts and hard work, up to 
450 watts. A person doing hard work will feel more comfortable at lower 
surrounding temperatures; the warmer the clothing, the colder the air 
temperature can be. For example, someone dressed in pyjamas, under a 
blanket, feels comfortable at 16 °C, while someone lightly dressed doing 
moderate work can accept air temperatures up to 28 °C. These factors 
can be efficiently used in order to reduce the indoor air temperature in 
winter or to increase it in summer, thus reducing energy consumption.

More detailed information on thermal comfort, human heat production, 
impact of clothing level and comfortable parameters in rooms can be 
found in European and ASHRAE standards (5) (6) as well as in the hand-
book (4).

Formula 10

Operative  
temperature
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KEY POINTS TO REMEMBER FROM CHAPTER 4

• Indoor thermal comfort is not only influenced by the air tem-
perature but also by the surface temperature of the surround-
ing walls. Good insulation can increase the thermal indoor com-
fort.

• Activity level and clothing choices allow people to feel comfort-
able at different indoor temperatures.
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The formula shows the direct relation between the heat transfer coef-
ficient and the thermal resistance – they are inverses of each other and 
thus easily converted. In order to calculate the total U-value of an entire 
external construction component you will need to consider the different 
thermal resistance properties of all its layers, adding the thermal resis-
tance of the innermost and outermost surface to the surrounding air. 
This internal surface thermal resistance can be assumed as 0,13 W/(m∙K) 
for walls, and 0,10 W/(m∙K) for ceilings. The external surface thermal re-
sistance can be assumed as 0,04 W/(m∙K) for all parts of the building en-
velope (7) (8). The thermal resistance of all other homogenous layers is 
calculated using the following formula for each layer:

5. Heat transfer
Working through the details of heat transfer in this chapter should pro-
vide a better understanding of why insulation materials help to reduce 
the heating demand in cold seasons.

To describe heat transfer more exactly, we use the term and concept of 
the heat transfer coefficient (U-value). Older books include calculations 
for thermal resistance, but there is a direct relation between both val-
ues. The heat transfer coefficient expresses heat flow in watts in 1 hour 
through 1 square meter of the building element with a temperature 
difference of 1 Kelvin. The heat transfer coefficient depends on thermal 
properties of the different building materials of analyzed building ele-
ments. The general formula to calculate the U-value is the following:

2

Qve = V · n · cp · ρ ·∆t [W]
where:
cp – is specific heat of air - 0,279 Wh

kgK

ρ – is the density of air - 1,2 kg
m3

V – volume of the apartment [m3]
n – air exchange rate

[
1
h

]

∆t – indoor temperature and outdoor temperature difference [K]

Qsol =

( ∑
i
riAigi

)
G [W]

where:
G – solar radiation

[
W
m2

]

Ai – absorbing area [m2]
gi – solar transmissions
ri – reduction factors due to shading

Qint = q ·A [W]
where:
q – internal heat gains [Wm2]
A – apartments area [m2]

MRT =
t1A1 + t2A2 + ...+ tiAi

A1 +A2 + ...+Ai
[◦C]

where:
A – surface area [m2]
t – temperature of the given area [◦C]

t0 =
TMRT + ti

2
[◦C]

where:
ti – indoor air temperature [◦C]
TMRT – mean radiant temperature [◦C]

U =
1

Rsi +R1 +R2 + ...+Ri +Rse

[
W

m2K

]

where:
Rsi – internal surface thermal resistance [m

2K
W ]

R1, R2, ..., Ri – thermal resistance of the external building ele-
ments layers [m

2K
W ]

Rse – external surface thermal resistance [m
2K
W ]

3

R =
d

λ

[
m2K

W

]

where:
d – thickness of the layer [m]
λ – thermal conductivity of the layer [ W

m2K ]

R = Rsi +
d

λ
+Rse = 0, 13 +

0, 38

0, 81
+ 0, 04 = 0, 639m2K

W

U =
1

R
=

1

0, 639
= 1, 56 W

m2K

R = 0, 13 +
0, 013

0, 25
+

0, 38

0, 81
+

0, 15

0, 036
+

0, 02

0, 9
+ 0, 04 = 4, 88m2K

W

U =
1

R
=

1

4, 88
= 0, 20 W

m2K

Uf = α · λf · hf ·Af

[
W

m2K

]

where:
α – constant value which depends on construction type and ma-
terials. For brick walls 6m−1, for roofs 5m−1

λf – thermal conductivity of mechanical fixing
[

W
mK

]

Af – cross-sectional area of fixing [m2]
hf – the number per square meter of wall

UT = U +∆Uf

[
W

m2K

]

U =
1

0, 13 + 0,013
0,25 + 0,38

0,81 + 0,15
0,036 + 0, 13

= 0, 20m2K
W

Uf = α · λf · hf ·Af = 6 · 17 · 4 · 0, 0000283 = 0, 00321 W
m2K

U =
U1 · b1 + U2 · b2

b1 + b2

[
W

m2K

]

where:
U1 – heat transfer coefficient of wooden beam [ W

m2K ]
U2 – heat transfer coefficient of insulation material between the
carcass elements [ W

m2K ]
b1 – size of wooden beam [m]
b2 size of insulation material [m]

With a well-ventilated air layer in the construction, the total thermal re-
sistance should be calculated taking into consideration only layers be-
tween the indoor air and well-ventilated air layer. 

The thermal conductivity (λ) is a material property and can be found in 
manufacturer’s datasheets. (Local normative databases or handbooks 
can be used when manufacturer’s data are not available.) In modern 
construction the heat insulation materials have a significant impact on 
total thermal resistance. Therefore manufacturer’s data, if available, must 
be used to get a more precise value of the heat transfer coefficient of 
insulation materials. For instance, when the heat transfer coefficient of 

Formula 11

Formula 12

U-value

Thermal resistance

Thermal  
conductivity
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an external wall with area 300m2 is calculated by 0,01(W/(m2K)) less, the 
approximate additional non-estimated heat losses through this wall will 
be 295 kW during the heating season with an average outdoor air tem-
perature of 0°C. Consequently for a wall with an area of 3000 m2 the ad-
ditional heat losses could be up to 2950 kW.

The following examples illustrate the changes in thermal properties as 
different types of insulation are used in a building.

EXAMPLE 1. The first example is a basic brick wall without internal and 
external finishing; we will calculate the heat transfer coefficient. The 
thickness of the wall is 380 mm (Figure 5). The thermal conductivity of 
brick is assumed as 0,81 W/(m∙K)

Figure 5. Simplified brick wall

First, we calculate the thermal resistance for the brick layer then add the 
obligatory thermal resistance for the internal and external surfaces:

3

R =
d

λ

[
m2K

W

]

where:
d – thickness of the layer [m]
λ – thermal conductivity of the layer [ W

m2K ]

R = Rsi +
d

λ
+Rse = 0, 13 +

0, 38

0, 81
+ 0, 04 = 0, 639m2K

W

U =
1

R
=

1

0, 639
= 1, 56 W

m2K

R = 0, 13 +
0, 013

0, 25
+

0, 38

0, 81
+

0, 15

0, 036
+

0, 02

0, 9
+ 0, 04 = 4, 88m2K

W

U =
1

R
=

1

4, 88
= 0, 20 W

m2K

Uf = α · λf · hf ·Af

[
W

m2K

]

where:
α – constant value which depends on construction type and ma-
terials. For brick walls 6m−1, for roofs 5m−1

λf – thermal conductivity of mechanical fixing
[

W
mK

]

Af – cross-sectional area of fixing [m2]
hf – the number per square meter of wall

UT = U +∆Uf

[
W

m2K

]

U =
1

0, 13 + 0,013
0,25 + 0,38

0,81 + 0,15
0,036 + 0, 13

= 0, 20m2K
W

Uf = α · λf · hf ·Af = 6 · 17 · 4 · 0, 0000283 = 0, 00321 W
m2K

U =
U1 · b1 + U2 · b2

b1 + b2

[
W

m2K

]

where:
U1 – heat transfer coefficient of wooden beam [ W

m2K ]
U2 – heat transfer coefficient of insulation material between the
carcass elements [ W

m2K ]
b1 – size of wooden beam [m]
b2 size of insulation material [m]

 The heat transfer coefficient of this wall is calculated by taking the in-
verse: 

3

R =
d

λ

[
m2K

W

]

where:
d – thickness of the layer [m]
λ – thermal conductivity of the layer [ W

m2K ]

R = Rsi +
d

λ
+Rse = 0, 13 +

0, 38

0, 81
+ 0, 04 = 0, 639m2K

W

U =
1

R
=

1

0, 639
= 1, 56 W

m2K

R = 0, 13 +
0, 013

0, 25
+
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0, 81
+

0, 15

0, 036
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R
=
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= 0, 20 W

m2K

Uf = α · λf · hf ·Af

[
W

m2K

]

where:
α – constant value which depends on construction type and ma-
terials. For brick walls 6m−1, for roofs 5m−1

λf – thermal conductivity of mechanical fixing
[

W
mK

]

Af – cross-sectional area of fixing [m2]
hf – the number per square meter of wall

UT = U +∆Uf

[
W

m2K

]

U =
1

0, 13 + 0,013
0,25 + 0,38

0,81 + 0,15
0,036 + 0, 13

= 0, 20m2K
W

Uf = α · λf · hf ·Af = 6 · 17 · 4 · 0, 0000283 = 0, 00321 W
m2K

U =
U1 · b1 + U2 · b2

b1 + b2

[
W

m2K

]

where:
U1 – heat transfer coefficient of wooden beam [ W

m2K ]
U2 – heat transfer coefficient of insulation material between the
carcass elements [ W

m2K ]
b1 – size of wooden beam [m]
b2 size of insulation material [m]

This value is approximately 10 times higher than modern requirements 
for an energy-efficient building. In order to reach the current require-
ments thermal insulation should be used. The next examples explain the 
procedure.

EXAMPLE 2. The calculation of the heat transfer coefficient for the same 
brick wall but with internal and external finishing and a thermal insula-
tion layer on the outside of the wall (Figure 6).
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Figure 6. Brick wall with heat insulation

It is assumed that the insulation layer is fixed with an adhesive and spe-
cial wall insulation anchors with nylon cover. In that case it is not nec-
essary to make additional corrections for mechanical fixings (explained 
later). The properties of the analyzed wall are shown in Table 2. The val-
ues for the thermal conductivity used for calculation are average value 
of materials currently available on the market.

Material Thickness, [m] Thermal conduc-
tivity, [W/m∙K]

Thermal resis-
tance, [m2K/W]

Internal surface - - 0,130
Internal finishing 
(drywall)

0,013 0,250 0,052

Brick wall 0,380 0,810 0,469
Heat insulation 0,150 0,036 4,167
External finishing 
(plasterboard)

0,020 0,900 0,022

External surface - - 0,040
Total 4,880

Table 2. The properties of brick wall with extra insulation and finishing

The heat transfer coefficient is only a fraction of the un-insulated wall. 
Note that adding insulation and finishing is very effective, reducing heat 
losses by 87%.
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d
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]

where:
d – thickness of the layer [m]
λ – thermal conductivity of the layer [ W
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where:
α – constant value which depends on construction type and ma-
terials. For brick walls 6m−1, for roofs 5m−1

λf – thermal conductivity of mechanical fixing
[
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]

Af – cross-sectional area of fixing [m2]
hf – the number per square meter of wall

UT = U +∆Uf
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]

U =
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0, 13 + 0,013
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where:
U1 – heat transfer coefficient of wooden beam [ W

m2K ]
U2 – heat transfer coefficient of insulation material between the
carcass elements [ W

m2K ]
b1 – size of wooden beam [m]
b2 size of insulation material [m]
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In some cases a correction for mechanical fixings penetrating the insula-
tion is necessary. For example, such a correction is necessary with double 
façades or decorative external finishing (see Figure 7) when mechanical 
fixings cross the insulation layer. In these cases the following proposed 
methodology (7) can be used to calculate a correction for mechanical 
fixings: 

The total heat transfer coefficient can be calculated as follows:

EXAMPLE 3. Calculation specifics of the heat transfer coefficient for an 
insulated wall with mechanical fixings and a well-ventilated air layer. The 
analyzed construction is shown in Figure 7. The properties of the con-
struction layer wall are similar to construction shown in Example 2.

Figure 7. Brick wall with heat insulation and mechanical fixings

The external element is decorative brick wall which is connected to the 
main wall by steel fixings. The number of fixings is 4 pieces per square 
meter and the diameter of each fitting is 6 mm (cross-sectional area is 
0.0000283 m2). Steel thermal conductivity is assumed as 17 W/(m2K). 
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where:
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where:
U1 – heat transfer coefficient of wooden beam [ W

m2K ]
U2 – heat transfer coefficient of insulation material between the
carcass elements [ W

m2K ]
b1 – size of wooden beam [m]
b2 size of insulation material [m]
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where:
U1 – heat transfer coefficient of wooden beam [ W
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U2 – heat transfer coefficient of insulation material between the
carcass elements [ W
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b1 – size of wooden beam [m]
b2 size of insulation material [m]

Formula 13
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Mechanical fixings
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The U-value of the main wall is calculated for the layer between the in-
door air and the well-ventilated air layer:

U-value correction for mechanical fixings:

The final U-value of construction presented in Figure 7 is 0,203 W/(m2K). 
The impact of the mechanical fixing is not critical in this case, although 
the larger number and/or size of mechanical fixings can lead to greater 
heat losses. Each individual case should be evaluated separately, taking 
into account the construction’s coefficient of thermal uniformity.

The previous examples presented the calculations of the heat transfer 
coefficient for an external wall consisting of homogenous layers. In many 
cases it is necessary to use frame constructions for the construction of 
new buildings or the renovation of existing ones. Calculations of such 
constructions are more complicated and take into account the propor-
tion of areas using different materials. The very precise methodology is 
described in national standards and handbooks. The data (9) provides a 
simplified method for estimating the heat transfer coefficient of frame 
constructions. According to this data the heat transfer coefficient of in-
homogeneous constructions (Figure 8) can be calculated as follows:

Figure 8. Vertical cross section of wooden carcass construction
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Heat transfer in 
frame constructions
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KEY POINTS TO REMEMBER FROM CHAPTER 5:

• The heat transfer coefficient (U-value) describes the thermal 
properties of construction elements, which depends on the dif-
ferent layers and materials of each part. Additional insulation 
layers on walls decrease the heat transfer coefficient of walls 
and reduce heat losses.

• Mechanical fixings and frame constructions have an influence 
on the heat transfer coefficient and should be considered in the 
calculation.
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6. Thermal bridges 
A thermal bridge is a section of the building where the thermal resis-
tance of homogeneous parts of the building envelope is changed by the 
following factors:

• material with higher heat conductivity crosses the building enve-
lope or part of it (material thermal bridge);

• different thickness of the external elements or materials of the 
building, e.g. corners of buildings (geometric thermal bridges);

• differences in the dimensions of building elements, junctions be-
tween walls/floors/roof (structural thermal bridges).

Some common thermal bridges are shown in Figure 9.

Figure 9. Common thermal bridges

In Figure 9a and 9b, the floor concrete slab is crossing the thermal enve-
lope. The thermal conductivity of concrete is two times higher than for 
bricks and approximately fifty times higher than for insulation materi-
als. The heat flow is increased through this construction. The heat loss is 
higher in the second drawing (b), because the concrete slab completely 
penetrates the wall.

9a 9b

9c 9d

Reasons for thermal 
bridges
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Figure 9c shows a thermal bridge at the window frame due to missing 
insulation. Figure 9d illustrates the missing insulation just above the 
ground (perimeter insulation). The insulation is finished a few centime-
ters above ground. This creates a thermal bridge under the brick wall.

Thermal bridges have two negative effects: additional heat losses and 
a high risk of water vapor condensation on the internal surface. In ad-
dition, condensation on the internal surface for a longer period of time 
can cause mold growth. In order to minimize heat losses and to avoid 
condensation problems, the thermal bridge should be insulated as well 
as possible. 

The temperature distribution in some common thermal bridges is shown 
in Figure 10. 

Figure 10. The temperature distribution in some common thermal 
bridges (figures with temperature distribution provided by 
Darja Nemova)

The heat losses through the thermal bridges can be characterized by 
linear thermal transmittance coefficient (Ψ-value) which expresses heat 
flow in watts in 1 hour through 1 meter of the thermal bridge (W/(m∙K)). 
The principles of additional heat losses due to the thermal bridge are 
shown in Figure 11.

Figure 11 presents a particularly bad case, when the heat insulation layer 
is interrupted by a concrete panel. The heating season is assumed to be 
200 days, with an average temperature of the heating season at 0°C.

12,1° 8,2°

19,5°18,1°

Horizontal cross section through 
window

Mechanical fixingCeiling

Ψ-value

Negative effects of 
thermal bridges
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Figure 11. Additional heat loss due to the thermal bridge in heating 
season

Nowadays heat transfer coefficients of thermal bridges are calculated 
using special software. All computer programs are able to estimate not 
only the Ψ-value but also provide information on the temperature of in-
ternal surfaces, which is crucial for evaluating the risk of mold growth. As 
an alternative to computer programs, thermal bridge catalogues can be 
used. It should be noted that although the catalogues are more conve-
nient, they are less precise: calculations found in bridge catalogues can 
be inaccurate, possibly even up to 50%, in comparison to exact calcula-
tions. In addition, the thermal bridge catalogues do not provide informa-
tion on internal surface temperatures under specific indoor and outdoor 
air parameters.

Today’s new buildings have a well-insulated building envelope with-
out any significant thermal bridges. The Ψ-value for thermal bridges for 
well-insulated external and internal corners is close to zero. Window/wall 
junctions and balconies are the most critical places in terms of thermal 
bridges in both construction of new buildings and renovation of existing 
buildings. 

Some average values of common thermal bridges are presented in Table 3.

U=0.25 W/(m2·K)

U=0.25 W/(m2·K)

Ψ=0.55 W/(m·K)

Q=0.54MWh

Q=0.97MWh

Thermal bridge Principal scheme Linear thermal transmittance 
coefficient 

Ψ-value W/(m∙K)
Window/wall

(window frame is covered 
by heat insulation)

0,10 - 0,16

Floor/external wall

(floor concrete slab is 
crossing the thermal en-

velope)

0,65 - 0,70
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Table 3. Average values of common thermal bridges

Thermal bridge heat loss coefficient is calculated using the linear ther-
mal transmittance coefficient and thermal bridge length:

Typical non-insulated balcony construction is shown in Figure 12. The 
floor slab which has high thermal conductivity interrupts the insulation 
layer and causes a structural thermal bridge. Such construction is still 
used in new buildings although it decreases total energy performance.

Figure 12. Typical non-insulated balcony construction

Floor/external wall

(The heat insulation ma-
terial isn’t interrupted by 

concrete slab )

0

Internal/external wall

(Internal wall fully crosses 
the external wall. Only 

external wall is insulated. )

0,55 - 0,65

Internal/external wall

(Internal wall fully crosses 
the external wall. External 

wall is insulated. )

0
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where:
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ti – indoor air temperature [◦C]
te – outdoor air temperature [◦C]

RT – the construction total thermal resistance [m
2K
W ]

n∑
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Formula 16
Thermal bridge 

heat loss coefficient

Thermal bridge at 
balconies
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The linear thermal transmittance coefficient of the abovementioned 
junction could be up to 0,95 W/(m∙K). Depending on technical solutions 
and applied materials, the implementation of special thermal breaks al-
lows for significant reduction of linear thermal transmittance. More infor-
mation on balcony thermal breaks can be found on producers’ websites.

One possible solution to minimize balcony thermal bridges is to sepa-
rate the balcony structure from the building envelope, as seen in Figure 
13. The balconies have their own load-bearing structure. Steel anchors 
to the building envelope may still be needed to stabilize the balconies.

Figure 13. Balconies with own load-bearing structure, separate from 
building envelope

KEY POINTS TO REMEMBER FROM CHAPTER 6:

• Thermal bridges are parts of the construction which have an in-
crease in heat flow.

• There are three types of thermal bridges: material, geometric 
and structural. 

• Typical thermal bridges are found in concrete floor slabs which 
cross the thermal envelope, e.g. for balconies. During the refur-
bishment process these thermal bridges can be eliminated by 
separating the balcony structure from the building envelope.
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Water vapor  
concentration

7. Humid air
Indoor air has a direct impact on human health. According to the regu-
lations (ASHRAE 2007) relative humidity should be kept between 30% 
and 60% for indoor environments. Long periods of relative humidity be-
low 30% can cause drying of the mucous membranes and discomfort 
for many people while relative humidity above 60% for extended time 
periods promotes indoor microbial growth. The main moisture produc-
tion source in buildings is the human body and household activities (e.g. 
bathing, dishwashing). New construction can produce up to 8 liters per 
day during the first year of use (8). Most excess moisture production can 
be removed by the ventilation system. Water leakage from water pipes, 
heating systems and the roof should be prevented wherever possible 
and, if it occurs, should be eliminated as soon as detected. 

This chapter provides a brief overview of basic humid air properties and 
basic principles of water vapor transfer.

Under natural conditions both indoor and outdoor air is constantly 
humid. The air humidity level usually is expressed by humidity ratio or 
water vapor content. The water vapor concentration expresses the total 
mass of water in grams or kilograms contained in 1m3 of humid air. The 
humidity ratio expresses the ratio between the mass of water vapor in 
grams or kilograms and mass of dry air in grams or kilograms with which 
it is mixed. 

The ability of air to hold moisture depends on its temperature. Warm air 
can hold more moisture than cold air. The maximal possible water vapor 
concentration (saturated water vapor concentration) at the given tem-
perature is shown in Figure 14.

Figure 14. The maximal possible water vapor concentration, g/m3 (at 
relative humidity 100%)
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One cubic meter of air at 20°C can absorb not more than 17,3 g/m3 grams 
of water vapor. The extra amount of water vapor remains in liquid state. 
At -10 °C, the maximal water vapor concentration is 2,1 grams per one 
cubic meter.  

The widely used parameter which describes humid air is relative hu-
midity. Relative humidity, stated as a percentage value, shows the ratio 
between actual water vapor concentration and maximal possible at the 
given air temperature. Relative humidity of 100% indicates that the air 
holds the maximal possible amount of water vapor at the given tem-
perature. Any additional moisture at that temperature will result in con-
densation. The temperature at which the given moisture content creates 
100% relative humidity is called the dew point. In other words, the dew 
point is the temperature to which the air must be cooled to reach 100% 
relative humidity. 

In practice, the relative humidity is calculated as follows:

A hydro-thermometer is used to measure the air temperature and rela-
tive humidity. By knowing the air temperature it is possible to evaluate 
the saturated water vapor concentration (Figure 14). The real water va-
por is calculated by rewriting the formula:

EXAMPLE 4. Indoor air temperature is +22°C, relative humidity is 60%. 
As an example, we can calculate the actual amount of moisture in the 
air x, g/m3. The saturated water vapor pressure can be obtained using 
the Figure 14 data. At 22°C the saturated water vapor concentration is 
19,7 g/m3. Using Formula 17, the actual water vapor concentration can 
be calculated:

Figure 15 shows a practical illustration of the evaluation result.
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Figure 15. The practical illustration of the result of example 4

EXAMPLE 5: Air parameters are the same as in Example 4.  At which tem-
perature is water vapor condensation observed (dew point tempera-
ture)?

Example 5 shows that the actual water vapor is 11,8 g/m3 for air tem-
perature +22 °C and relative humidity is 60%. According to Figure 14 
data water vapor concentration 11,8 g/m3 makes 100% relative humidity 
at the temperature 13,9°C. The practical illustration of obtaining the re-
sult is shown in Figure 16.

Figure 16. Practical illustration of Example 5 result

One of the important parameters of moist air is the water vapor pres-
sure. The water vapor pressure is usually expressed in Pascal and is used 
for evaluation of interstitial condensation. Interstitial condensation is 
formed when water vapor passing through construction meets the dew 
point temperature. Interstitial condensation can lead to structural dam-
ages, additional heat losses due to moistening of building materials and 
health problems caused by mold growth.

45

40

35

30

25

20

15

10

5

0
-10      -5       0        5       10      15       20        25        30         35

3,24
4,84

6,78

9,38

12,8

17,25

22,97

30,26

39,45

2,13

Xsat, g/m3

t,ºC
22

19,7

45

40

35

30

25

20

15

10

5

0
-10      -5       0        5       10      15       20        25        30         35

3,24
4,84

6,78

9,38

12,8

17,25

22,97

30,26

39,45

2,13

Xsat, g/m3

t,ºC
13,9

11,8

Water vapor  
pressure

27

Module 2



Similar to water vapor concentration, the maximal water vapor pressure 
is limited by air temperature. The maximal possible water vapor pres-
sure at the given temperature is called the saturation vapor pressure. The 
saturation vapor pressure is observed at relative humidity 100%. Figure 
17 shows the water vapor saturation pressure at temperatures between 
-10°C and 35°C.

Figure 17. The water vapor saturation pressure, Pa (at relative humid-
ity 100%)

 
The water vapor saturation pressure is only 259Pa under temperature 
-10°C and at  +25°C, it requires 3166 Pa, 12 times higher.

Actual vapor pressure under given air temperature and relative humidity 
can be calculated as follows:

EXAMPLE 6. The indoor air temperature is +20°C and relative humidity, 
60%. The outdoor air temperature is +5°C and relative humidity, 90%.  
What is the difference between indoor and outdoor air actual vapor 
pressure? 
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The difference of actual vapor pressure between indoor and outdoor 
air is 617 Pa. This vapor pressure difference causes the vapor movement 
from indoors to outdoors.

KEY POINTS TO REMEMBER FROM CHAPTER 7:

• The water content of the air can be expressed in per cent, by 
amount and by the water vapor pressure;

• When the air is saturated with water (relative humidity 100%, 
dew point) the water condenses;

• Warmer air can store significantly more water vapor than cold-
er air. As a result, water can cause condensate on cold surfaces 
when the dew point is reached. This poses a mold risk.
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8. Temperature and humidity 
distribution inside the wall. 
Condensation process 
During the building design process it is important to choose correct 
properties for the building envelope with respect to building use con-
ditions, taking into account indoor air temperature and relative humidi-
ty. Incorrect properties of the building envelope will result in interstitial 
condensation as well as in condensation on internal surfaces. The main 
building material properties which characterize water vapor transfer 
ability is the vapor transfer coefficient (vapor permeability of the mate-
rial). The water vapor transfer coefficient is defined as the diffusion rate 
through one square meter of one meter-thick- material with the vapor 
pressure difference on opposite sides of 1 Pascal.

8.1 Condensation on internal surfaces
Condensation on internal surfaces occurs if the indoor temperature 
drops rapidly as well as on cold surfaces such as internal surface un-insu-
lated walls, thermal bridges, windows, cold water pipes, etc.

In the case of very moist air, internal condensation can also occur on rela-
tively warm surfaces, usually due to a low ventilation rate. The principals 
of ventilation are shown in the module on heating, ventilation and air 
conditioning.

As we can see in Example 5, the dew point is 13,9°C for air with tem-
perature +22°C and relative humidity is 60%. In this case, condensation 
will form on any surface with temperature below 14°C. But it should be 
noted that on surfaces with high water absorption properties such as 
lightweight concrete, cement finishing or wood, the condensate will 
be absorbed initially, and will be invisible. However, it can cause mold 
growth over time. Data (1) shows that surfaces with a monthly average 
relative humidity of more than 80% run a high risk of mold growth.

8.2 Interstitial condensation
As noted in Chapter 5, water vapor moves from indoors to outdoors in 
wintertime. 

The water vapor that would normally pass through the wall construction 
is decreased by the vapor resistance of the construction layers. Due to the 
temperature drop inside the construction, the saturation vapor pressure 
also drops across it; that means that less water content per cubic meter of 
air will lead to saturation and condensation. The construction is free from 
interstitial condensation when the actual water vapor pressure is lower 
than the saturation vapor pressure through the entire cross-section.

Internal condensation

Interstitial  
condensation

30

Introduction to building physics



Figure 18 shows the temperature distribution in construction with equal 
U-values but different insulation methods. In one instance the water va-
por that would normally pass through the wall construction is decreased 
by the vapor resistance of the construction layers. The illustrations show 
insulation placed in the building interior (right) and positioned on the 
outside/exterior (left).

Figure 18. Temperature distribution in wall construction

The figures show that the temperature interfaces between a brick wall 
and the insulation are completely different. The properties of building 
material are the same as in those shown in Table 2. In the case of internal 
insulation, the interface temperature is -6,5°C, but with external insula-
tion it is 17,8°C. The saturation water pressure will be much higher with 
external insulation, consequently the risk of interstitial condensation is 
lower. 

The following steps are taken to determine if interstitial condensation is 
occurring:

1. Calculation of thermal resistance of each layer and total thermal re-
sistance;

2. Calculation of temperature distribution inside the construction;

3. Determination of water vapor resistance of the construction layers 
and the total vapor resistance of the construction;

4. Calculation of the partial water vapor pressure distribution in the 
construction;

5. Comparison of the actual water vapor pressure and the saturation 
vapor pressure at each interface between the materials.

In general it can be concluded that construction is designed correctly 
if all moisture that comes into the construction can be released via the 
outside. In order words, water vapor resistance of layers on the warm 

t0

t0

17,8ºC

-6,8ºC

-10C

+22C
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side should be bigger than on the cold side. Some interstitial conden-
sation is allowed in cases where all condensed water vapor which con-
denses in wintertime will evaporate in summertime.

The temperature at an interface between the materials can be calculated 
as follows:

EXAMPLE 6. The next example presents the calculation specifics of tem-
perature distribution in a wall with external insulation. The analyzed 
construction is shown in Figure 18. The properties of the construction 
layers of the wall are the same as in Example 2. Indoor air temperature is 
assumed as 22°C and outdoor as -10°C.

4

HTB = l ·Ψ
[
W

m

]

where:
l – length of the analysed thermal bridge [m]

ϕ =
x

Xsat
· 100%

where:
x – real water vapour concentration [ g

m3 ]
Xsat – saturated water vapor concentration (the maximal possible
water vapor concentration [ g

m3 ]

x =
ϕ ·Xsat

100%

[ g

m3

]

x =
60% · 19, 7 g

m3

100%
= 11, 8

g

m3

Px =
ϕ · Psat

100%
[Pa]

where:
P – actual vapor pressure [Pa]
Psat – water vapor saturation pressure [Pa]

Px =
60% · 2337Pa

100%
= 1402Pa

Px =
90% · 872Pa

100%
= 785Pa

tx = ti −

n∑
i=1

Ri

RT
(ti − te) [◦C]

where:
tx – temperature at the analyzed interface between the materials
[◦C]
ti – indoor air temperature [◦C]
te – outdoor air temperature [◦C]

RT – the construction total thermal resistance [m
2K
W ]

n∑
i=1

Ri – total thermal resistance of all layers between indoor air

and analyzed interface [m
2K
W ]

5

The internal surface temperature is calculated taking into account
the internal surface thermal resistance:

t = 22− 0, 13

4, 88
(22− (−10)) = 22− 0, 027 · 32 = 21, 9◦C

The temperature at interface between internal finishing and brick
is calculates as follows:

t = 22− 0, 13 + 0, 052

4, 88
(22− (−10)) = 22− 0, 037 · 32 = 20, 8◦C

The temperature at interface between brick and heat insulation
layer is calculates as follows:

t = 22 − 0, 13 + 0, 052 + 0, 469

4, 88
(22 − (−10)) = 22 − 0, 13 · 32 =

17, 8◦C

The temperature at interface between insulation layer and exter-
nal finishing is calculates as follows:

t = 22− 0, 13 + 0, 052 + 0, 469 + 4, 167

4, 88
(22− (−10)) = 22− 0, 99 ·

32 = −9, 7◦C

The external surface temperature:

t = 22 − 0, 13 + 0, 052 + 0, 469 + 4, 167 + 0, 022

4, 88
(22 − (−10)) =

22− 0, 99 · 32 = −9, 8◦C

RWR =
d

δ

[
m2 · h · Pa

mg

]

where:
d – thickness of the layer [m]
δ – vapor transfer coefficient (vapor permeability of the material)
[ mg
m·h·Pa ]

q50 =
V50

AE

[
m3

m2 · h

]

where:
V50 – the measured air flow that flows through the construction
with pressure difference 50Pa [m

3

h ]
AE – area of buildings envelope [m2]

Formula 20
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Water vapor 
resistance

Before concluding discussion of the condensation process, we return 
briefly to water vapor. According to Figure 17 data, using the tempera-
ture distribution, the water vapor saturation pressure distribution across 
the wall construction can be obtained.

The water vapor resistance of an individual layer (8) :

This value shows the ability of the material to prevent water vapor flow 
through it. The higher water vapor resistance means less water vapor 
flow through the material.

The vapor transfer coefficients of materials are usually provided by the 
producer or can be found in local normative data bases or handbooks. 
The water vapor transfer coefficients for some common building materi-
als are shown in Table 3. Table 3 data presents average value on the basis 
of data (8) and market-available materials.

Materials vapor transfer  
coefficients δ  
[mg/(m∙h∙Pa)]Type of materials

Density ρ0 
[kg/m3]

Concrete 2200 - 2000 0,03 – 0,04
Plastering (limestone- sand- 
cement, limestone-sand)

1700 0,1

Brick work 1200 - 1600 0,17 – 0,14 
Keramzite concrete 800 0,19
Wood 500 - 700 0,06 – 0,32
Plywood 600 0,02
Particle board 200 - 1000 0,024 - 0,12
Linoleum 1800 0,002
Metals 2700 - 11300 0
Expanded polystyrene foam 50 - 200 0,016 - 0,06
Stone wool, glass wool 17 - 40 0,49 - 0,73

Table 3. Water vapor transfer coefficients for some common building 
materials (the vapor transfer coefficient is valid for materials 
with the indicated densities)

It should be noted that all building materials have water vapor permea-
bility and only metals and glass have a water vapor permeability coeffi-
cient equal to zero.
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The internal surface temperature is calculated taking into account
the internal surface thermal resistance:

t = 22− 0, 13

4, 88
(22− (−10)) = 22− 0, 027 · 32 = 21, 9◦C

The temperature at interface between internal finishing and brick
is calculates as follows:

t = 22− 0, 13 + 0, 052

4, 88
(22− (−10)) = 22− 0, 037 · 32 = 20, 8◦C

The temperature at interface between brick and heat insulation
layer is calculates as follows:

t = 22 − 0, 13 + 0, 052 + 0, 469

4, 88
(22 − (−10)) = 22 − 0, 13 · 32 =

17, 8◦C

The temperature at interface between insulation layer and exter-
nal finishing is calculates as follows:

t = 22− 0, 13 + 0, 052 + 0, 469 + 4, 167

4, 88
(22− (−10)) = 22− 0, 99 ·

32 = −9, 7◦C

The external surface temperature:

t = 22 − 0, 13 + 0, 052 + 0, 469 + 4, 167 + 0, 022

4, 88
(22 − (−10)) =

22− 0, 99 · 32 = −9, 8◦C

RWR =
d

δ

[
m2 · h · Pa

mg

]

where:
d – thickness of the layer [m]
δ – vapor transfer coefficient (vapor permeability of the material)
[ mg
m·h·Pa ]

q50 =
V50

AE

[
m3

m2 · h

]

where:
V50 – the measured air flow that flows through the construction
with pressure difference 50Pa [m

3

h ]
AE – area of buildings envelope [m2]

Formula 21

Water vapor  transfer 
coefficient
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KEY POINTS TO REMEMBER FROM CHAPTER 8:

• The temperature distribution inside the wall depends on the 
type and condition of materials. A good building should allow 
all water vapor to escape to the outside. Interstitial condensa-
tion occurs when the dew point is reached inside the wall con-
struction.

• The water vapor transfer depends on the material used.
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Thermal mass

9. Heat storage in walls
The thermal mass is considered as the means for energy accumulation 
during wintertime in cold climatic zones and, in hot climatic zones, for 
the creation of indoor comfort parameters in combination with night 
cooling in summertime. In addition, the thermal mass ensures a stable 
indoor air temperature under a rapidly fluctuating outdoor air tempera-
ture.

In wintertime, the accumulated heat can be efficiently released back into 
the room in case of rapid outdoor air temperature reduction below the 
design level or in case of an emergency break in the heat supply. During 
sunny winter days the solar energy through windows can be also stored 
by floors and walls and released into the room during the night.

In summer, the internal heat gains during hot and sunny days can be 
absorbed by building elements such as internal and external walls, thus 
reducing an increase in indoor air temperature during the day. During 
the night, when the outdoor temperature is lower than the indoor tem-
perature, the accumulated heat can be removed from buildings by ex-
tensive ventilation.

The potential of materials for heat accumulation can be described by 
their specific heat capacity. The specific heat capacity is the amount of 
heat needed to change (increase or decrease) the temperature of 1 kg of 
a material by one degree. The specific heat capacity of different materials 
is shown below:

• Water – 4,19 kJ/(kg ∙ K);

• Stone wool – 0,75 kJ/(kg∙K);

• Timber – 2,3 kJ/(kg∙K);

• Brick – 0,880 kJ/(kg∙K);

• Concrete – 0,900 kJ/(kg∙K).

In some cases, the volumetric heat capacity may be applied. The volu-
metric heat capacity is the amount of heat needed to change the tem-
perature of 1 m3 of material by one degree.

According to the abovementioned information, the heat capacity of 
1m2 brick wall with thickness 380mm will be 1m∙1m∙0,380m∙1600 kg/
m3∙0,88 kJ/(kg∙K) = 535 kJ/K. The heat capacity of 1m2 stone wool insu-
lation with thickness 150 mm will be 1∙1∙0,150∙40 kg/m3∙0,75 = 4,5 kJ/
(kg∙K). As shown, brick has a higher capacity for storing heat than stone 
wool. Thus, with internal heat insulation, the possibilities for night cool-
ing strategies and passive heating are limited. In addition, the brick wall 
will be affected by outdoor air temperature fluctuation which can have a 
negative impact on the durability of the building. 

Specific heat  
capacity
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The thermal mass is used for the proper calculation of the maximal 
heat capacity of a heating system. For such an evaluation, the average 
outdoor temperature of the coldest 5 days is used without respect to 
the heat storage potential of the building envelope. In practice it is rec-
ommended to use outdoor temperature depending on thermal mass. 
For example, for a wooden frame building with high glazing ratio, one 
would use the lowest recorded outdoor temperature over a ten year pe-
riod for evaluating the maximal heat capacity of the heating system. In 
contrast, for a heavy structure (such as brick walls with external insula-
tion and normative glazing area) the average outdoor air temperature of 
the coldest 5 days would be enough.

KEY POINTS TO REMEMBER FROM CHAPTER 9:

• The choice of construction components can affect heat storage. 
• The building’s thermal mass has an influence on the design of 

the heating system.
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10. Airtightness
In addition to transmission heat losses, the infiltration of outdoor air can 
cause significant heat losses. The external building envelope should be 
airtight in order to prevent uncontrolled cold air infiltration. The rate of 
air infiltration through the building envelope can be expressed in air 
leakage rate or in air change rate. Air leakage rate expresses the amount 
of infiltrated air in cubic meters per square meter of external building en-
velope per hour at 50 Pascal air pressure difference. The air change rate 
expresses the number of air changes per hour at 50 Pascal air pressure 
difference. 

Air leakage rate with pressure difference 50Pa calculated as follows (10):

The air change rate coefficient n50 (h-1) through the building envelope 
with pressure difference 50Pa calculated using the volume of analyzed 
building (10):

An airtight building has both positive and negative properties. The pos-
itive impact is the possibility to create a controlled air supply scheme 
and to reduce energy consumption for supply air heating.  Ventilation 
systems with heat recovery reinforce this positive effect.  The negative 
property is lack of natural air supply and additional costs for equipment 
and use of mechanical ventilation. On the other hand, buildings which 
are not airtight have uncontrolled cold air infiltration which requires ad-
ditional heat when rooms are not occupied. For the existing buildings 
the level of air leakage could be evaluated by using a fan pressurization 
method - the Blower Door test. In order to test the air leakage rate of a 
building envelope, all ventilation shafts should be sealed and all win-
dows and external doors closed; the internal doors should be opened 
at the same time to prevent closed spaces. An example of Blower Door 
equipment installation is shown in Figure 19.
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The internal surface temperature is calculated taking into account
the internal surface thermal resistance:

t = 22− 0, 13

4, 88
(22− (−10)) = 22− 0, 027 · 32 = 21, 9◦C
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d – thickness of the layer [m]
δ – vapor transfer coefficient (vapor permeability of the material)
[ mg
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[
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where:
V50 – the measured air flow that flows through the construction
with pressure difference 50Pa [m

3

h ]
AE – area of buildings envelope [m2]

6

n50 =
V50

V
where:
V50 – the measured air flow that flows through the construction
with pressure difference 50 Pa
V – building volume [m3]

Formula 22

Formula 23

Air leakage rate

Air change rate

Blower Door test
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Figure 19. Heat flow without and with air pressure difference

For large buildings such as schools, kindergartens and multi-storey apart-
ment buildings it is recommended to use two Blower Door systems. For 
low rise buildings (schools, kindergartens), Blower Door systems should 
be placed on opposite facades. For high rise buildings (multi-storey 
apartment buildings, dormitories) it is recommended to place one blow-
er door system on the first floor and a second one on the top floor. Use of 
such measuring techniques can ensure uniform air pressure distribution 
and, as a result, more precise data.

In practice, there is no air infiltration through the massive building wall, 
so infiltration through walls does not have any impact on the building’s 
total energy performance and the quality of indoor air. More attention 
should be paid to lightweight wooden carcass constructions. The use 
of special wind barriers is obligatory for such constructions in order to 
avoid air leakage through construction materials and air gaps between 
insulation material and carcass elements. The main source of air leakage 
is poor quality construction of wall/windows, roof/wall, ducts intersect-
ing walls, and panel junctions. Such areas should be properly sealed to 
avoid air leakage.

Heat flow without and with air pressure difference is shown in Figure 20.

Figure 20. Heat flow without and with air pressure difference (Photo 
by Andrejs Nitijevskijs LTD IRBEST)

Blower door Additional software and digital gauge

Heat flow without pressure Heat flow with pressure difference 50Pa
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As seen, the blower door test allows evaluation of constructional de-
fects. The example above shows defects in window/wall and carcass/
insulation junctions.

Under real use conditions in wintertime, the air pressure difference is 
up to 25 Pascal for first floor of multi–storey apartment buildings (up 
to 10 floors) and up to 7 Pascal for low rise buildings (up to 3 floors). 
With strong wind, the air pressure differences can reach 30 - 35 Pascal 
difference for both building types. Strong pressure differences cause sig-
nificant air leakages and thus increased heat losses and a reduction of 
thermal comfort. Calculation methodology for evaluation of air leakages 
and energy consumption is well described in the handbook (11).

KEY POINTS TO REMEMBER FROM CHAPTER 10:

• Airtight buildings prevent unwanted air leakage but require 
ventilation systems to ensure air exchange.

• The blower door test checks the airtightness of buildings and 
can help detect air leaks.
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1. Introduction
This module explains the typical structure of prefabricated buildings 
that are omnipresent in dozens of countries from the East of Germany 
to Vladivostok. Especially in the former Soviet Union, we find a common 
building heritage. This module will introduce the structure of the main 
building types built between the 1950s and 1990s, explain weaknesses 
of their individual components and of the building as a whole. 

2. Structural schemes of 
buildings
Successful energy-efficient renovation of a building and its following 
energy-efficient maintenance requires knowledge of building construc-
tion, understanding of its structural features and influence of separate 
components to overall heat losses.

All buildings, in spite of their different purposes, consist of a limited 
number of structural components that are used for the same purposes 
in any building: basements, foundations, walls, roofs, slabs, and stairs. 
The structural scheme of a building shows the main bearing structure. 
It includes frameless structures with bearing walls, frame structures with 
bearing walls, composition of ready-made blocks. 

The constructive scheme of a building is determined by its bearing 
frame. A construction with bearing walls forms a rigid structure in all 
three dimensions. It has a bearing and an enclosing function, withstand-
ing all types of loads: wind load, live load and dead load.

The structural scheme of frameless buildings is presented in picture 1.

a) b)

Figure 1: Structural scheme of frameless buildings with bearing walls: 
a - longitudinal, b - transversal (based on [28])
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In the structural scheme with longitudinal bearing walls all loads are trans-
mitted by those longitudinal walls (figure 1-a). They are the constructive 
components that provide stability of the building and are complemented 
by bracing floor slabs, staircases and internal walls which provide rigidity 
of the construction. The number of longitudinal walls can be from two to 
four or more, depending on the purpose and planning of the building. 
The walls can be made of bricks, blocks, large-panels, but the height of the 
building should not be more than nine floors. The construction of block 
houses with longitudinal bearing walls is presented in fig. 2.

3
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1. Concrete raft.
2. Internal longitudinal bearing wall.
3. External bearing wall.
4. Plate of the covering.
5. Prefabricated cornice.
6. Exit to the roof.
7. Insulation of the covering.
8. Cement screed.
9. Combined roof.
10. Vapour seal.
11. Dividing wall.
12. Floor (linoleum).
13. Inserted floor.
14. Floor above the basement.
15. Waterproof of basement walls.
16. Flour on the ground.
17. Basement wall.

Figure 2: Residential house made of concrete blocks

Frameless buildings with transversal load-bearing walls (fig. 1-b) have a 
stiffer frame and allow the use of lightweight self-bearing or hinged ex-
terior walls. Such exterior walls have no load bearing function; they only 
provide for thermal insulating. Exterior walls can therefore be made of 
low-strength thermal insulating material, such as expanded clay or gas 
silicate. Internal bearing walls do not have to fulfill thermal insulation 
requirements and therefore they can be made of high-strength material, 
e.g. reinforced concrete. 

Mixed structural schemes (so-called cross-wall carrying systems), where 
bearing walls are both longitudinal and transversal, are often used in 
practice (fig. 3, 4)

Longitudinal wall

Transversal walls
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2

3
4

5

6

1. Corner unit.
2. Partition block.
3. Window sill block.
4. Linking block.
5. Interior wall block.
6. Floor panels.

Figure 3: Structural scheme of large-block building with the trans-
verse and longitudinal load-bearing walls (based on [28])
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1

1. External wall panels.
2. Plumbing cabins.
3. Bearing dividing walls.
4. Internal dbearing transverse walls (dividing walls).
5. floor panels.
6. Socle panels.
7. Blocks of the base.

 Figure 4: Structural scheme of a large-panel building with the trans-
verse and longitudinal load-bearing walls

In the frame schemes loads are taken by a system of vertical and horizon-
tal elements, linked together like a stack (fig. 5). Vertical elements are col-
umns; horizontal elements are beams and girders. This scheme is used 
mainly for high-rise buildings, as they have a great rigidity and stability.

b) With an incomplete frame

3

1

4

1. Columns.
3. Slab panels.
4. External bearing walls.

1
2

3

a) With the complete frame

1. Columns.
2. Crossbars.
3. Slab panels.

Figure 5: Structural scheme of framed buildings
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In buildings with a complete frame columns are put inside the build-
ing and on its perimeter (fig. 5-a); the walls are hung on the horizon-
tal elements. In this case the walls are just protecting constructions. In 
the buildings with an incomplete frame columns are put only inside the 
building, and crossbars and girders are placed on one side of the exterior 
walls. Here the walls are bearing and protecting structures (fig. 5-b).

Buildings made of ready-made blocks are built of large-sized volumetric 
blocks, which are precast parts of the building, such as rooms (fig. 6,7). 
The vertical load-bearing structures of the building are the walls of vol-
umetric blocks.

Figure 6: Structural scheme of the building made of three-dimension-
al elements (based on [28])
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1. Plinth panel.
2. Reinforced concrete foundation of a glass type.
3. Foundation post (reinforced concrete column).
4. Volumetric element (block) for two rooms.
5. The same with the stairwell and shafts.
6. Lining.
7. Floor area (attached to the upper volumetric element).
8. Shaft for piping (pipe riser of internal drainage, garbage disposal, etc).
9. Stair beam (attached to the lower volumetric element).
10. Elevator well with a machine room.
11. Concrete block.
12. Bearer.
13. Combined roof (rolled plate and carpet).
14. Parapet blocks.
15. The balcony barrier.
16. Balcony slab.
17. Medium area.
18. A flight of steps.
19. Canopy.
20. Entrance step.
21. Reinforced concrete slabs.
22. Paving.

Figure 7: Volumetric-block  9 –storey residential house with a solid ar-
rangement of blocks (based on [15])

Volumetric blocks
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2.1 Typical prefabricated buildings of the first 
mass series

As a main solution for the acute housing problem in the Soviet Union 
in the middle of the 1950s, the industrial method of constructing resi-
dential buildings was chosen – a construction of typical projects with 
the maximum unification and typification of architectural and design 
solutions. It should be noted that these buildings were made of durable 
structures that provide a working life of 100-125 years, and had all re-
quired technical equipment.

The period of mass housing is connected with the beginning of wide-
spread use of precast reinforced concrete elements during the construc-
tion.

In mass industrial housing construction of the 1950-60s, more than 30 
series were used, but all of them can be brought down to four main 
schemes:

• five-storey panel residential houses with a narrow span of transverse 
walls (series 1-464, 1605 , K -7 , OD, 1-463 , etc.);

• five-storey panel residential houses with differing spans of trans-
verse bearing walls (series 1-468 , 1-467 , etc.);

• four or five-storey brick residential houses with three longitudinal 
bearing walls (series 1-447 , 1-439 , 1-511 , 1-515 , etc.);

• five-storey houses with an incomplete frame and longitudinal bear-
ing walls (series1 -335 and others) .

Details of the structural schemes of some widely used building series in 
the USSR are shown in Table 1 [2] .

Series of project that were 
used

Characteristics of structural scheme

In USSR In Moscow

1-464A, 
1-466K

1-605AM Frameless, with transverse bearing walls and 
bearing internal longitudinal wall, with an 
overlap in size of a room

1-467, 1-467A, 
1-467D, 1-468, 
1-468D, 
1-468B

Frameless, with bearing widely spaced trans-
verse walls, overlaps of pre-stressed hol-
low-core reinforced concrete decking

OD К-7 Frameless, with hinged external and transverse 
load-bearing walls, operating as beam walls to 
flexible overlaps of ribbed reinforced  concrete 
slabs with a hinged ceiling the size of the room

1-468A, 1-465, 
LG-507, TKB, 
TKBU

1-515, 
1-510

Frameless, with bearing longitudinal exter-
nal and internal walls, with overlaps of pre-
stressed reinforced concrete decking

Mass iindustrial 
housing
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1-335 1-335 Semi-frame, with external load-bearing walls 
and internal row of columns, the overlaps of 
solid reinforced concrete slab

1-335D 1-335D Full frame, with a wall-mounted columns, 
self-bearing exterior walls, overlaps of solid re-
inforced concrete slab

1-LG-502 1-МG-300, 
II-32, II-35

Frameless, bearing transverse walls, with over-
laps leaning on two (three) sides

Table 1: Structural schemes of five-storey prefabricated buildings

Figure 8: Series 1-335, widely spread in Russia, Belarus and Ukraine - 
are lightweight five-storey buildings with an insulation lay-
er of mineral wool on the exterior walls and interior parti-
tions with a thickness of a few centimeters. They are charac-
terized by large heat losses and low sound insulation. Due 
to these main drawbacks, houses of series 1-335 are to be 
demolished in Moscow from 2015-2017. In St. Petersburg, 
houses of series 1-335 are subject to refurbishment; some 
quarters are scheduled for demolition as well. [3]

The year 1958 marked the beginning of the construction of the 438-se-
ries, the first houses from ‘Khrushchevka’ series. This series was devel-
oped by the project organization “Giprograd” (Kiev) and its subsidiary in 
Kharkov. The structural scheme of 438-series buildings is the frameless 
scheme with longitudinal load-bearing walls. The construction is made 
of a foundation consisting of rubble concrete. The exterior walls are brick 
walls with a thickness of 0,51-0,6 m; internal walls are either 0,38 m or 
0,51 m or 0,64 m. Dividing walls are made of gypsum concrete, 0,16 m 
thick between apartments and 0,08 m between rooms. The floors are 
made from precast reinforced concrete hollow core slabs.

Khrushchevka series
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Figure 9: 5-storey brick house of 438-series [29]

The main problem in maintaining the 438-series is a deformation of the 
bearing walls due to cracking of insufficiently burnt bricks. The problem 
can be solved by the insulation of the façade. The logical extension of 
438-series is the 87-series of nine-storey houses, which had similarly 
caused defects. Again, thermal insulation of the façade can solve the 
problem.

The series 464, common in the Soviet Union has been built since 1960 
(figures 10 and 11). The building width  is 11,52 m; side sections are 17,4 
m; the length of middle sections - 16,8 m.

The foundations are either made as strip foundation of concrete blocks 
or on piles. There are two types of external walls: sandwich panels of 
concrete with mineral wool insulation or light-weight concrete in-be-
tween or lightweight concrete panels of 0,35 m in thickness. Internal 
bearing walls are reinforced concrete panels, 120 mm in thickness. Floor 
slabs are made of 100 mm thick pre-fabricated concrete panels with a 
hollow-core, and have the span the size of the room. The flights of stairs 
and the landings are made of precast reinforced concrete. Each section 
has balconies 2,6 or 3,2 x 0,9 m wide [6].

Figure 10: 5-storey panel building 464-series in Odessa

Series 464
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The large majority of the series 1-464 has a flat roof with insulation of ex-
panded clay gravel, cement screeds and several bituminous layers (pic. 
8). Most roofs are flat, however some are pitched on wooden rafters and 
lathing coated with asbestos slate sheets or metal.

Typical floor plan

Front section Row section
5760 5760

1040

11520

15,8

13,6

3200 3200 2600 2600 2600 3200 3200 2600 2600 2600 32002600

11
53

0
57

60
57

60

10
40

Figure 11: Facade, plan of a typical floor and section of a large-panel 
residential building 1-464-series (based on [30])

Construction of the 480-series began in 1958. The series was developed 
in “Kiev zonal research institute of experimental design” (KievZNIIEP) and 
it became the largest series in the “Khrushchev” type of houses. The first 
houses of this series were made of brick blocks, sometimes  hand-laid. 
Subsequently, the brick was replaced with reinforced concrete panels 
covered with ceramic tiles. The thickness of external bearing walls of the 
480-series is 0,45 m. A cross-wall support system was used in 480-series. 
This series has become the most common series for two reasons:

• the 480 series was cheaper to produce than the previous 438-series,

• the 480 series did not have the design disadvantages of 464-series 
(restrictions on the layout, thin walls).

As a result, the majority of “Khrushchev” houses in Kiev refer specifically 
to the 480-series. The majority were built from reinforced concrete panels 
(figure 12).

Figure 12: 480-series: left: 5-storey brick building, middle: 16- storey 
brick building, right: modification of reinforced concrete 
panels [31]

The series’ main problems today are small kitchens, the deterioration of 
buildings, cracking of bricks in exterior bearing walls, problems with joints 
between panels in the gable facades of the buildings (if the walls are con-
crete panels).

Series 480
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Despite these listed disadvantages the 480-series has been recognized 
as the most successful series among constructed five-storey houses. 
Based on its success, the design and construction of new nine-storey 
buildings of series 1-480a and 1kg-480 has begun.

Figure 13: Series 1-480А.  Panel 9-storey building in Zaporozhe [32]

The panel series 1-515/5 takes first place in Moscow among the five-storey 
buildings of all periods. Bearing structures of the house are three longitu-
dinal walls. The transverse rigidity of the building is provided by sectional, 
end walls and staircase walls. Panels of exterior walls 40 cm in thickness 
were made of expanded clay concrete with a density of 1200 kg/m³. Small-
size tiles were added on the front side. Interior wall panels were made of 
heavy concrete. On vertical joints between the exterior panels, two layers 
of ruberoid were glued on the bitumen; insulation of joints were made 
of mineral felt. The vertical joints of the exterior panels were filled with 
expanded clay concrete. The exterior vertical and horizontal joints were 
filled with tarred fibres and sealed with cement mortar [8]

Figure 14: Front of the house series 1-515/5 [33]

The series 1-510 is the one of the most popular in Moscow and Riga. 
Exterior walls are made of slag and expanded clay concrete blocks, 
400 mm in thickness. The internal walls are concrete panels 270 mm in 
thickness. The partition walls are made from gypsum concrete 80 mm 
and the floors are reinforced concrete hollow-core blocks of 220 mm in 

Series 1-515/5

Series 1-510
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thickness. In such buildings it is possible to re-design apartments by the 
demolition of partition walls, resize bathrooms and toilets, and expand 
windows and doors.

Figure 15: 5-storey block house in Riga

The industrial series 1-LG-600 is common in Saint-Petersburg and its 
suburbs and in Riga. Houses of the 600 series were called “ships” for a 
superficial resemblance to ocean liners: the solid lines of windows re-
semble decks (picture 16) and most of these “house-ships” are white. 
Usually “house-ships” have a height of 9 to 15 floors; some only five-sto-
reys. Unlike Khrushchev-houses, the 1-LG-600 series has an elevator and 
a garbage chute. Structural features are frame structure and light (aer-
ated concrete) hinged panels of exterior walls. The common problem of 
“ships” is poor heat and sound insulation and leaks on the facades. [9]

Figure 16: “House-ship” in Saint-Petersburg

The more modern 602-series and 606-series were created in the 1970-
80s on the basis of the 600 series. Construction of houses 606 series is 
still being carried out. 

Large-panel houses of 137 series were considered as the most presti-
gious and high quality houses of all prefabricated buildings. Cities of 
construction were St. Petersburg and suburbs between 1973 and 1995. 
The developer was LenNIIProject. The first modification was very similar 
to the nine-storey buildings of the 606 series: small kitchens (7 sq.m) and 

Series 1-LG-600

602 and 606 series

137 series

13

Module 3



halls. [10] The number of floors varies: 9,10,12,14,16,17 floors. The mate-
rial of the external walls are lightweight expanded clay panels.

In the houses of the 137 series the span of bearing walls is increased, so 
the minimum width of the rooms in the house of 137 Series - 3.6 m. This 
series has a warm attic with no windows. The exhaust air outlets are on 
the roof.

Figure 17: House of 137-series [34]

Depending on the year of construction, houses of 137 series differ in 
construction technology - a classic 137-series, monolithic panel, and 
monolith-brick type. The disadvantages of the first houses of the series 
are poor waterproofing of panel joints and cold exterior walls. One of the 
applied options of 137-series houses completed since 1992: monolith 
frame and external panels with a layer of insulated material. However, a 
few years of operation identified serious defects in some of these hous-
es. Gaps have formed [11] as a result of poor installation of three-layer 
panels in exterior walls. In some houses based on the 137-series, sand-
lime bricks with a layer of expanded polystyrene was used as the mate-
rial for the exterior walls.

KEY POINTS TO REMEMBER FROM CHAPTER 2:

• There are three types of structural schemes of buildings: frame-
less structures with bearing walls, frame structures with bear-
ing walls and ready-made blocks.

• Industrial mass-produced housing in the Soviet Union started 
in the 1950s. Over time more than 30 series of buildings were 
developed.

• Buildings from most series suffer from poor heat and sound in-
sulation, their inflexibility regarding changes in room size and, 
generally, internal alterations.

14
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3. Operational characteristics of 
typical prefabricated buildings
The running cost of the building is mainly determined by the level of its 
energy consumption. Energy efficiency of the building depends on the 
thermal properties of the building envelope, the state of engineering 
systems and networks.

Operational characteristics of the first mass series buildings are poor. The 
bad heat and sound insulation properties of these houses have a variety 
of causes: lack of energy-efficient design solutions and materials, poor 
quality of prefabricated construction details, poor quality assembling 
and poor technical maintenance of buildings and their engineering 
equipment. We shall consider the following factors influencing the heat 
demand of prefabricated buildings: materials of the building envelope 
and design disadvantages.

3.1 Materials
An important function of the building envelope is to support the tem-
perature-humidity regime inside the building. This function is provided 
by specific parameters of materials that were used in the building en-
velope: heat conduction, heat capacity, water- and water vapour- and 
air-permeability. 

Various materials were used in external wall constructions in residential 
buildings of the first mass series. In block buildings – brick and ceramic 
stone. In panel buildings  – expanded clay lightweight concrete, cellular 
concrete  (1 layer panels), or reinforced concrete, concrete with an in-
side layer of insulation in the form of expanded clay, cellular concrete, 
foamed polymers, mineral wool (3 layer panels).

The thermal conductivity of some materials which were used in con-
struction of typical prefabricated buildings is presented in Table 2.

Material Density ρ0 
[kg/m³]

Thermal con-
ductivity λ0 

[W/(mK)]

λp [W/(mK)]

A (dry) B (moist)

Reinforced concrete 2500 1,69 1,92 2,04

Concrete 2400 1,51 1,74 1,86

Expanded clay concrete 800 0,21 0,24 0,31

Slag concrete 1400 0,41 0,47 0,52

Gas silicate
600 0,13 0,16 0,18

900 0,24 0,33 0,36

Loamy solid brick 1800 0,56 0,70 0,81

Silicate brick 1800 0,70 0,76 0,87

Gypsum plates 1200 0,35 0,41 0,47
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Cement-sand mortar 1600 0,47 0,70 0,81

Lime-sand  mortar 1800 0,58 0,76 0,93

Mineral wool 100 0,050 0,064 0,070

Products made of 
foamed urea-formalde-
hyde resin

25 0,043 0,063 0,074

Polystyrene foam slabs 25 0,038 0,043 0,053

Table 2: Heat conduction of various building materials (by DBN B.2.6-
31: 2006-31:2006)

The thermal performance of a building envelope of the 1960-70s is at 
least five times less than required by modern standards. In addition, ther-
mal properties of a building envelope are not stable over time. Changes 
of the properties of building envelope materials with time lead not only 
to a deterioration of the heat and humidity regime, but also to a damage 
of structures, reducing their bearing capacity and durability.

Operating experience of large panel houses indicates that the combina-
tion of materials with different lifetimes (concrete 150 years, and miner-
al wool panel – 40 years) in one construction of exterior walling panels 
was unsuccessful. After 30 - 40 years, 3-layer panels began to lose their 
thermal insulation properties, which led to freezing and condensation 
on the inner surfaces of the external walls, leading to corrosion of metal 
reinforcement.

The freezing of wall construction is influenced by both natural and oper-
ational factors. The freezing of a building envelope of large panel houses 
has occurred more often in the last 5 - 7 years because the heating ca-
pacity of the flats has diminished. This is caused by a temperature re-
duction of the heating system. Consequently, the accumulated moisture 
inside the exterior wall panels does not have time to evaporate in spring 
and summer [12].

3.2 Structural causes of heat losses

3.2.1 Combined roofs
The vast majority of roofs of typical multi-storey residential buildings are 
flat combined coatings: the roof is combined with the construction of 
the attic floor and the lower surface is the ceiling of the upper storey. 
Due to the large surface and poor thermal insulation properties, com-
bined roofs cause significant heat losses in cold weather and excessive 
heat gains in the warm weather:  they are a constant source of discom-
fort for the residents living on the upper floors.

More often, coatings are made from reinforced concrete elements. 
The slopes of the combined roofs have an inclination of 1,5%. They are 
formed by a variable thickness of insulation or panels with the necessary 

Thermal perfor-
mance

Freezing of wall 
constructions
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slope towards the exterior walls with an external drainage system, or to 
the middle of the building with an internal drainage system.

There are two main types of combined coatings: unventilated and ven-
tilated. Unventilated roofs are allowed above the premises with normal 
humidity conditions. Unventilated combined coatings fulfill different 
functions - thermal insulation and bearing function.

The design of the combined unventilated roof is shown in Pic. 18 (up-
per). A vapour seal of one or two layers of ruberoid on the bitumen mas-
tic (may be a layer of bitumen) is installed by a reinforced concrete slab 
to protect the insulation layer against humidity from the inside. In coat-
ings of residential and public buildings, a continuous water vapor barrier 
layer is not required. In this case, joints between panels were allowed 
[13, § 1.13] to paste with strips of ruberoid of minimum 250 mm in width. 

1 2 3

4

5

6

7
1

2 3

8

5

71. Protective layer.
2. Rolled carpet.
3. Screed (from mortar or precast reinforced concrete slabs).
4. Heat insulation.

5. Vapor insulation.
6. Bearing structure.
7. Finishing coat.
8. Insulating bearing layer.

Figure 18: The principal constructive schemes of combined unventi-
lated roofs

Cement screed is placed on top of the thermal insulation layer, the thick-
ness and installation depending on the type of insulation layer below. 
The roof is constructed on the screed as a multi-layered roll carpet of 
ruberoid or other rolled materials on the roofing mastic and a protective 
6-8 mm layer of small gravel or sieved slag condensed into a bitumen 
layer.

It may be a design decision of a non-ventilated combined roof (fig. 18 
lower), where the insulation layer is made of reinforced aerated or light-
weight concrete (aerated concrete, expanded clay, etc.) which is a sup-
porting structure at the same time. [14]

The conjunction of a combined cover with the external wall is shown in 
figure 19 [15].

Combined unventilat-
ed roofs
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Apron made of galvanized steel

Expanded clay concrete

Insulation panel

Floor slabs

A layer of coated ruberoid on 
bitumen mastic
3 layers of ruberoid on bitumen 
mastic

Cement-sand mortar

Galvanized steel

Sealing mastic

Cushion

Cement mortal

Wooden plugs 40x120; L=100

Large square nail with a broad hat (put after 700 mm)

Cement-sand screed

D

150

26,300

9010
24,980

250 100

Figure 19: The construction of the combined covering of a large panel 
house (conjoined with the external wall).

3.2.2 Thermal bridges
Significant heat losses occur through the so-called “thermal bridges”: 
depending on the level of thermal insulation and design features of con-
necting elements, up to half the heat can be lost through the thermal 
bridges.

Interruption of the building envelope, temperature and humidity defor-
mations, mistakes during the construction cause the disruption of joint 
sealing between panels and blocks with the fallout of the mortar, fol-
lowed by the flowing of heat and formation of thermal bridges.

Very often, geometric, structural and material thermal bridges occur in 
building practice, significantly increasing the risk of building damage. 
Increased heat emission through thermal bridges leads to negative con-
sequences:

• consumption of energy for heating increases;

• surface temperature becomes lower on the side of the building ele-
ments, which may lead to the formation of condensate and accumu-
lation of moisture, followed by the inevitable appearance of mould.

Types of thermal 
brigdes
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The removal of thermal bridges is necessary to achieve sanitary and hy-
gienic standards, contributing to human health and creating the precon-
ditions for long-term conservation and functional safety of buildings.

It is almost impossible to visually detect thermal bridges caused by en-
gineering defects on the facade of the building; thermography makes 
their detection possible. A thermographic image of the building in fig-
ure20 reveals defects (green areas) in the non-insolated concrete frame 
structure of the building and the floor slabs. Areas of high heat losses 
- the joints of panels, pipe risers of the heating system and gaps around 
radiators under windows, are visible on the thermal image of the panel 
building (fig. 21).

Figure 20: The façade of a framed building and its thermogram [35]

Figure 21: The façade of a panel building and its thermogram [36]

3.2.3 The deterioration of buildings
Before considering buildings as potential objects of thermal moderniza-
tion, it is necessary to take into account the status of their obsolescence.

Physical (material, technical) deterioration characterizes the degree of 
deterioration of technical and operational indicators of the building at 
a particular time.

Physical deterioration of the building Dp is defined as a percentage, de-
pending on deterioration of separate constructive elements. The min-
imum service life of constructive elements of buildings is given in the 
table 3 [17]. The condition of the building with physical deterioration Dp 
> 60% is considered as worn-out (more than 80% - unusable); it is not 
worthwhile to repair and modernize such a building.

Physical deterioration
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In general, bearing and protecting structures of existing buildings of 
mass series which are in a satisfactory condition and have proper main-
tenance can last for a long time. The remaining bearing ability of existing 
buildings, and their high durability allow thermal modernization and re-
construction using lightweight, energy-efficient elements. [18] 

The poor thermal insulation properties contribute to the accelerated 
obsolescence of those standard prefabricated buildings. In summertime 
the rooms overheat, especially the upper floors, because of the com-
bined roofs, and in winter, the joints, corner panels and walls may freeze. 
Damages in the joints of wall panels lead to problems in the heat and 
humidity regime of the houses. And, because of poor construction of 
the flat roofs, rooms of the top floors are humid which impairs the living 
conditions.

Living quarters on the first floor also suffer from unfavourable condi-
tions: the microclimate is substantially affected by the poorly insulated 
basement, unheated lobbies and entrance doors.

In most five-storey buildings, the sound protection of interior walls, ceil-
ings and partitions do not meet the standards. Large windows intended 
to maximize daylight cover 30% of the external wall area and cause in-
creased heat loss.

The listed circumstances led to noticeable decrease in operational char-
acteristics and obsolescence of residential buildings of this category.

In some cases, the obsolescence is the determining factor in deciding 
whether the repair and renovation of the building is financially justifi-
able. Thus, despite high constructive durability, it was decided to demol-
ish the buildings of some series: apartment buildings in which the in-
ternal load-bearing walls are located on a narrow pitch, which does not 
allow them to improve their floor plan, and also buildings with exterior 
walls made of thin concrete panels with poor heat-shielding properties 
(lot К-7, II-32, II-35, 1605-АМ, 1МГ-300 and others.). Such building are in 
the process of being demolished  in Moscow [19] and St. Petersburg.

Construction element Minimum service life 
(years)

Floors with coverings

Of ceramic tile, terraced 60

Cement 30

Made of grooved boards :

on the overlaps 30

on the ground 20

Parquet :

oak on the strips of wood 40

the same, on mastic 20

Beech on the strips of wood 30

Obsolescene of 
buildings
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the same, on mastic 20

birch and aspen on the strips of wood 25

the same, on mastic 15

Of the floorboard 15

The solid fiberboard plate 15

Of linoleum 10-30

Of polyvinyl chloride tiles 10

Stairways

Of precast reinforced concrete large-size

Elements 100-150

Monolith  reinforced concrete 100-150

Of stone, concrete, reinforced concrete steps -

on steel and metal  strings 100-150

Wooden 30

Balconies and porches

Balconies:

of  reinforced concrete large-size plates 60

the same, on steel  cantilever beam 50

Drainage system

Drainpipes and small coverings on the façade 
made of:

galvanized steel 12

black steel 6

Internal storm sewage pipes:

cast iron 30

Steel 20

Polymer 30

Partitions

Made of brick, concrete, or ceramic blocks and 
etc.

100-150

reinforced concrete , gypsum concrete  «for a 
room»

100-150

Plate gypsum, light concrete 80

Wooden plastered between rooms 50

The same, in sanitary units 20

Paneled by a dry plaster on a wooden skeleton 30

Wooden doors and windows

Window and balcony fillings 30

Door fillings

inside apartments 60

entrance to apartments 30

entrance to a building 10

Table 3: Minimum service life of construction elements of buildings
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KEY POINTS TO REMEMBER FROM CHAPTER 3:

• Energy efficiency depends on the thermal properties of the 
building envelope and the state of engineering systems. The 
building envelope’s performance is determined by its material 
and its design. 

• Thermal properties of a building envelope deteriorate over 
time.

• A combined roof and thermal bridges are the main structural 
causes of heat losses.

• Substantial heat losses not only lead to higher energy con-
sumption but also to lower surface temperatures of building 
elements. This fosters the accumulation of moisture followed 
by mould.

• Poor thermal insulation accelerates the physical deterioration 
of the building due to intrusion of humidity and frost.
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1. Introduction
Daily decisions and actions are not random. Regardless of whether some-
one switches on the light or decides to refurbish his house, he made a 
decision beforehand to do that. Such a decision is usually quick -  switch-
ing on the light does not require much thinking - but it will probably 
take weeks or months before deciding to go for a refurbishment. In most 
cases people will spend some time to weigh the pros and cons. Why are 
some decisions so quick and easy, and why are others so difficult? Many 
researchers try to answer those questions with sociological and psycho-
logical models. In this chapter, we want to introduce some of the key 
concepts and ideas that were developed in the last decades. While this 
is certainly theoretic, at times such models help to explain why people 
think or act the way they do. We will illustrate this with practical exam-
ples from refurbishment processes including energy-saving aspects.

Refurbishment processes are not only a technical matter. In large block 
panel buildings, many parties have to agree to undertake such a project. 
This includes sensitive discussions about finances, roles and responsi-
bilities of residents, and aesthetic preferences. Understanding why peo-
ple take certain stands will help you on your way to an energy-efficient 
multi-family apartment house.
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2. Sociological and 
psychological concepts

2.1 Values and social value orientation
The first concept that we want to introduce is “values”. Values can be 
described as guiding principles or standards of behaviour that serve 
as guiding principles to live by or strive for. Typical values are freedom, 
environmental protection, or honesty. Not all values have the same im-
portance for us, but regardless of their importance they usually do not 
change in different situations. However, values do not need to be free of 
contradiction. In some situations people may have different values com-
peting inside them, but they usually base their choice on those they con-
sider most important. [8] Values that are shared by a group can become 
norms; we will talk about those in the next section.

Why values play a part in energy efficiency will become a bit clearer after 
the introduction of the next concept - the social value orientation. Social 
value orientation describes how a person attributes resources between 
themselves and others. If the outcome or benefit for both the self and 
others is maximised, we talk about a cooperative social value orienta-
tion. People that only take advantage of their own benefit while disre-
garding the benefit of others are said to have an individualistic social 
value orientation. Last but not least, if personal benefits are advanced 
in order to disadvantage others and their interests, we talk about a com-
petitive social value orientation.

benefits for the self

benefits for 
the other

individualism

cooperationcompetition

altruism

 Figure 1: social value orientations

Values and social value orientation play a role in refurbishment process-
es. The more cooperative partners in large block panel buildings might 
be persons who give importance to measures that will benefit others 
as well as themselves. When communicating with flat owners, it might 
be helpful to address values that those people generally endorse – re-

Types of social value 
orientation
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member that values are not situation-specific. It could be, for example, 
that many inhabitants share the value of “social justice” or “fairness”. In 
this case it is important to address and to discuss the issue of how the 
burdens of refurbishment can be shared equally or at least balanced 
among residents. Similarly, if there are inhabitants that share the value 
of “respecting traditions” it might be helpful to find arguments which are 
consistent with these values.

2.2 Social norms
While values are, first of all, something personal, the concept of social 
norms arises out of a group. Social norms can be understood as rules and 
standards that a group of people share and which support or constrain 
individual behaviour. Social norms are not legal norms, e.g. a norm could 
be that lying is frowned upon, nevertheless it is not forbidden by law. 
Social norms are often not verbalized, but can prevail as beliefs about 
how other members of the group behave. For example, a social norm 
is, “Don’t litter the street.” We assume also that others also disapprove of 
littering, but we usually do not talk about that with each other. 

Norms can change over time and can be a powerful factor. People tend 
to compare their behaviour with the norms that they assume their peers 
have. If the difference between the peer norms and personal evaluated 
behaviour is large, people may change their actions as they do not like 
to deviate from the assumed or observed norm. [7] We call the assumed 
norms that we generally approve or disapprove of, the “injunctive norms” 
and those norms that we actually observe in other people’s behaviour, 
“descriptive” norms. Descriptive norms have an influence on all of us. If 
someone observes that everybody else does something - e.g. picking 
up (or dropping) trash - they tend to adjust – towards this desired (or 
undesired) behaviour. If every house owner in an area suddenly started 
to refurbish their buildings, chances increase that observers might do 
the same, after some time. This individual response to descriptive norms 
is the reason why some awareness campaigns fail. If a campaign points 
out a certain undesirable behaviour, people who are guilty of such be-
haviour may not see it as intended to change their habits, rather, they 
conclude, “Everyone does it” and carry on as usual. 

2.3 Behaviour and habits
Behaviour, in short, describes all the observable actions of a person. We 
notice that there is often a gap between the attitude of a person and 
their actions. This phenomenon is called the “attitude-behaviour-gap”. 
This gap is explained by the difficulty to take an action because it in-
volves additional costs. A rather trivial example from house manage-
ment is the following: Saying that it would be good to have a more pro-
fessional management company in charge is easier than actually hiring 
one and spending more money.

Injunctive and 
descriptive 
norms
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Behaviour can be differentiated into symbolic, affective and instrumen-
tal elements. Symbolic behaviour is an action that targets the quality of a 
person, his or her social standing, group affiliation or gender role. Affec-
tive behaviour is an action that targets personal emotions, e.g. actions 
that are perceived as fun or pleasant or satisfying the curiosity of the 
person. Finally, instrumental behaviour is an action that aims at a practi-
cal benefit, e.g.  it is considered useful or saves money.

We know from psychological research, that behaviour is not only based 
on rational choices; other symbolic, affective and instrumental motives 
also come into play. Addressing these realities might increase achieving 
the desired behaviour, and might even play a role in the refurbishment of 
a building. For example, affective behaviour is purchasing a wood-burn-
ing chimney for a house, which gives pleasant warmth although the 
house already has an effective heating system. From a financial or ener-
gy consumption point of view, this chimney would not be necessary, but 
such decisions are not purely rational. 

Before moving on to behavioural change, we will briefly introduce the 
concept of habits. We speak of habits when certain triggers or circum-
stances, also called cues, automatically lead to a certain behaviour. Ha-
bitual actions tend to be done unconsciously and are often part of our 
daily routines. A typical habit for many people is to switch off the light 
when leaving an empty room, or taking a shower after getting up.

2.4 Behaviour change
A change in behaviour is needed, for example, after a comprehensive re-
furbishment of a building has been finished. Residents must adjust their 
heating and ventilation habits because the air exchange through closed 
windows and walls is significantly reduced and radiators can be manual-
ly adjusted in all rooms.

Psychologist Kurt Levin developed what he called the three-stage-theo-
ry which describes behavioural change as occurring in three stages, un-
freezing, change and refreezing. In the first, unfreezing stage, it will be 
demonstrated to a group or an individual why the current behaviour is 
not desired and why a change is necessary. In our refurbishment exam-
ple, this could mean demonstrating the consequences of insufficient or 
poor practices in ventilation and heating to the inhabitants of a newly 
refurbished apartment block. In the next stage, the change stage, the 
group or individuals need to develop and test a new behaviour. Inter-
ventions or supplementary information on what to do can be helpful in 
this stage. Incentives for changing behaviour or eliminating barriers to 
achieving it can support the change stage. In our example, the inhabi-
tants of the refurbished house would now need to learn how to ventilate 
and heat correctly. Additional leaflets or energy advisors that explain or 
demonstrate procedures can help the residents to heat and ventilate 
correctly, e.g. “Windows should be opened widely for just a few minutes 

Three-stage-theory of 
behavioural change

Habits
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several times a day”, or “ the heating regulator should be set at a constant 
level and should not be turned up and down all the time.”

The last stage of Lewin’s model is the refreezing stage in which the be-
havioural changes are internalised and perhaps even fossilised as habits. 
If the inhabitants routinely heat and ventilate their flats correctly, the 
group in our example would have reached the refreezing stage, and 
would enjoy a better quality of living, as well.

It is important to point out that behaviour change is not always perma-
nent. We sometimes tend to fall back into old behaviour patterns, espe-
cially if new behaviour takes more effort or has not yet become a habit. 
There are several methods to support behavioural change and prevent 
falling back or relapsing into old routines. Two main strategies are 

• informational strategies and

• communication of consequences.

There are different types of informational strategies aimed at increasing 
the awareness or knowledge of the target group or at changing a norm 
or attitude. The implied assumption is that increased knowledge or 
awareness or a changed attitude will eventually lead to the more desired 
behaviour. The more direct and interactive the information is provided, 
the higher the chances of a behavioural change.

2.4.1 Informational strategies
The first type of informational strategy is the mere provision of informa-
tion. This is usually done by announcements, leaflets, brochures, TV or 
radio broadcasts. In most cases, the information provided is general and 
not specific enough for the individual situation of the reader or listener. 
Often, such generic information does not lead to behaviour change as 
it does not directly address or motivate the reader or listener; further, it 
requires mental abstraction to translate the provided information into 
action. A more effective way to provide information is to address specific 
groups or even individuals, if possible, or to provide information about 
how other members of the group behave. This can have either a positive 
or a negative effect. An example: Some electricity providers print the fig-
ure of the average energy consumption of their private customers on 
their bills. While this will usually motivate many people with energy con-
sumption above average to reduce their bills, the opposite effect might 
be that people with significantly less consumption start to be less frugal 
in their energy use.

Another strategy is goal setting. This requires a higher degree of interac-
tion with the target group. The basic idea is rather simple. Individuals or 
a group of people are asked to set realistic goals for changing their be-
haviour. If the goal is set high enough, it will lead to an effective change, 
especially if feedback is provided in a timely manner, whether the goal 

Goal setting

Provision of information

Strategies to support be-
havioural change

8

Behavioural approaches



has been met or not. If the goal has been met, it is a confirmation that a 
changed behavioural pattern was successful.

A similar strategy is commitments. Commitments work much like goal 
setting, but instead of formulating goals (e.g. reduce energy consump-
tion by 10%), they can include concrete actions (e.g. install new ener-
gy-saving light bulbs, use washing machine at lower temperature, go to 
work by public transport instead of by car). Commitments are not only 
useful on an individual or household level, but they are also a tool in 
energy saving for municipalities. A quite popular example of a commit-
ment tool is the Covenant of Mayors, which has been signed by some 
cities and towns in Belarus and the Ukraine. By this declaration, the sig-
natory towns agree to meet a 20% CO2 reduction target by 2020. The 
towns commit to develop sustainable energy action plans which lay out 
concrete actions to reduce the CO2 emissions in their towns or cities. 

Last but not least, prompting is another informational strategy. Prompt-
ing means that the user or consumer is asked to do or warned not to 
do something, or the user’s behaviour is simply pointed out. A typical 
small example would be a sign at an office door, “Please switch off the 
light when leaving the room”. Another example would be positive rein-
forcement, e.g. through a simple thank you note after residents pay their 
contribution to the homeowners’ association fund.

It is equally true for all informational strategies that behavioural change 
will be more effective if the user receives timely feedback: i.e. was the 
strategy to change the behaviour successful or not. Feedback should be 
provided, if possible, not only directly after the behaviour has changed 
but also again after some time. People tend to fall back to old behaviour 
and a new stimulus, e.g. additional feedback on their behaviour (e.g. six 
weeks after completion of the project) can prevent this fall-back or cor-
rect an on-setting relapse.

2.4.2 Communication of consequences, rewards 
and penalties

Another strategy to induce a behavioural change is the communication 
of consequences. In general, consequences that occur soon and are 
certain are more powerful than consequences that are distant and un-
clear. This is an important issue when talking about the refurbishment 
of a multi-storey building. Although there is indeed the possible conse-
quence that the building will deteriorate to the point that its structural 
stability is in danger, this is not an immediate threat for most buildings. 
The communication of consequences should therefore be focused on 
more immediate issues, such as cracks in walls, leaking roofs or mould 
invasion, etc.

Consequences can be communicated through rewards and penalties. 
Rewards can be used to reinforce positive behaviour or stop adverse be-

Commitments

Prompting
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haviour. This can be monetary or non-tangible. An example including a 
non-tangible reward would be a competition for the most energy-effi-
cient building. In Latvia, for example, in one project, the building’s “ener-
gy efficiency class” (this is a way to categorize the energy consumption 
of the building) was painted on a board in big letters and fixed on the 
side of the building. This created a positive momentum in the district 
and people became motivated to reach as good an energy standard for 
their buildings as their neighbours’ more efficient building. 

Sometimes, even adverse behaviour receives rewards. A typical example: 
electricity tariffs. Many energy providers offer special tariffs for custom-
ers who use large amounts of electricity when the unit price, the price 
per kWh, drops beyond a certain threshold of energy consumption. This 
leads to the paradoxical situation that it might be economically bene-
ficial for some consumers just slightly below this threshold to expend 
more energy instead of less.

In contrast to rewards, penalties increase the costs of unwanted be-
haviour. If the penalty is high enough, the costs will soon outweigh the 
resistance to changing towards the wanted behaviour. If, on the other 
hand, the fines are too low, people might consider the penalty as a pur-
chased right to be wrong/misbehaving. Again, penalties can be tangible 
or non-tangible. A tangible penalty would be classic fines; a non-tangi-
ble penalty would be, e.g. the exclusion from meetings or decision-mak-
ing processes.

As a rule of thumb, rewards should be preferred over penalties whenever 
possible. Penalties tend to limit people’s choices and increase the costs 
of their current behaviour. Rewards, in contrast, do not penalize the cur-
rent behaviour but offer additional incentives to re-consider and change 
the behaviour. Thus, rewards facilitate the change towards behavioural 
alternatives.

2.5 Rebound effect
The rebound effect is a well-known and researched effect which was 
prominently put forward by the economists Daniel Khazzoom and Leon-
ard Brookes in the early 1980s. Although the “Khazzoom-Brookes-postu-
late” is found in 20th Century psychological literature, the idea of the re-
bound effect dates back to the English coal mining industry in the 1800s. 
In essence, this effect explains the paradox that efforts to reduce energy 
consumption, e.g. by efficiency increases, do not lead to the desired re-
duction and sometimes even to an increase. The causes for the rebound 
effect are human behaviour or principles of economy. There are several 
types of rebound effects that counteract possible energy savings. We will 
briefly outline 5 different types here, based on [6]:

• Direct rebound effect

• Indirect rebound effect

Rewards

Penalties
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• Energy-price effect

• Comfort effect

• Eco-balance rebound effect

The direct rebound effect states that the increased availability or effec-
tiveness of a product or a service can increase the demand for more such 
goods and services, e.g. because costs have decreased. The decrease in 
demand counteracts the efficiency increase so that any possible energy 
saving is balanced. As an example, electric bicycles illustrate direct re-
bound effect: they consume much less energy than a conventional mo-
tor bike or car, and have become significantly cheaper in recent years.

The indirect rebound effect explains that efficiency increases for one 
type of goods lead to financial savings for others. These financial savings 
are used for other energy-intensive activities or goods which otherwise 
would not have been undertaken or purchased. A classic example is the 
refurbishment of a building. If the monthly heat bill becomes cheaper, 
more money could be spent, e.g., for cars or additional energy-consum-
ing household-appliances. Thus, unfortunately, in the end, the previous 
energy saving is used up by these compensating activities.

The energy-price effect, a third kind of rebound effect, is explained as fol-
lows: If the range of energy carriers is increased, e.g. by the increased use 
of renewable resources, the amount of available energy is increased on 
the market. This puts pressure on prices and the price of the energy, or of 
a certain kind of energy, drops. A price drop in certain energy carriers can 
also occur for other reasons, e.g. the crude oil price depends on a range 
of factors. Lower prices are an incentive to use more energy. That again 
counteracts all efforts to reduce the energy demand.

The comfort effect is a specific type of rebound effect that is especially 
relevant in refurbishment projects. It explains that rising energy efficien-
cy in buildings, e.g. after a complete heat insulation, can lead to increas-
ing energy consumption. The reason is that in badly insulated buildings, 
inhabitants are a bit more inclined to accept lower temperatures and less 
comfort. After the insulation of the building, people expect an increase 
in indoor comfort and heat their flats to higher temperatures, especially 
if they had low temperatures before and are now able to regulate their 
heaters. This leads to an increased use of energy compared to baseline 
temperatures that the inhabitants were ready to accept or had to live 
with before the refurbishment.

Last but not least, there is an eco-balance rebound effect. This effect oc-
curs if the energy consumption is shifted and occurs elsewhere. A classic 
example is certain types of insulation materials. Although they contrib-
ute to a significantly decreased energy demand of buildings, the produc-
tion of certain types of insulation material, such as polystyrene or glass 
wool requires a lot of primary energy. Thus, the energy consumption is 
shifted from the using phase of the residential building to the produc-
tion phase in the life cycle of the insulation material. However, the in-

Direct rebound effect

Indirect rebound effect

Energy price effect

Comfort effect

Eco-balance rebound 
effect
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crease of energy consumption in the production stage is balanced in the 
long run when the energy savings from the insulation exceed the bonus 
from the production stage. The eco-balance rebound effect is important 
for general considerations of the energy demand in housing, however 
it will usually not play such a big role for the private customer, as the 
energy demand in production is not directly reflected in the price of the 
insulation material.

POINTS TO REMEMBER FROM CHAPTER 2:

• Social value orientation of inhabitants should be considered in 
order to be able to direct communication.

• Behaviour is influenced but not determined by rational choice. 
Affective and symbolic motives play a role as well.

• Behavioural changes need to be internalised as habits and rou-
tines in order to be permanent.

• Informational campaigns that interact with the recipient 
through feedback are more successful in achieving and main-
taining behavioural change.

• A measure to reduce energy consumption can lead to the con-
trary outcome through so-called rebound effects caused by 
changes in behaviour and by economic principles.
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3. Considering refurbishment

3.1 The refurbishment dilemma
When refurbishing a panel block building with many different owners, 
they first have to agree to refurbish the house and secondly, decide 
which refurbishment measures will be realised. This situation can be per-
ceived as a dilemma for some of the participants – if they do not agree 
to the refurbishment, the building might not be refurbished at all and 
the status quo, i.e. inefficiency and, often, impaired indoor comfort, is 
maintained. On the other hand, a refurbishment will imply larger invest-
ments and a period of discomfort (noise, dust, etc.).  Not all parties will 
benefit equally from a refurbishment. Flats at the outside wall, under the 
roof, on the ground floor and those with potentially colder flats, which 
are last in the heating circulation, will have a higher benefit than others, 
despite the fact that probably everybody has to pay a similar share to 
a refurbishment fund (at least per square meter). This leads to a mix of 
different interests based on the location of the flat, the available finan-
cial means, and a number of other considerations (more details in the 
following sub-chapter). In such a situation, it is difficult to obtain a con-
sensus about a refurbishment. At the same time, the positive impact of a 
refurbishment project is the largest if a complex refurbishment is carried 
out for the whole building. Sometimes, flat owners start to undertake 
refurbishment measures for their flat on their own. These measures must 
be handled with care. Installing new windows is common, but it would 
be more efficient and energy-saving if the outside wall is insulated at the 
same time. Insulating the outside wall just around a single flat is usually 
short-lived and might prove to be counter-productive. If the insulation 
is not professionally attached, as happens in many cases, it will fall off 
after some time, rendering the investment redundant. Additionally, the 
savings will be much lower compared to a complex refurbishment of the 
whole building.

3.2 Motives to refurbish
Key motivations for energy efficiency measures can be categorized into 
economic, social, and environmental motivations [5]. A simplified sus-
tainability model (Figure 2) is used to highlight the motives of flat own-
ers to energy efficient refurbishment.
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 Figure 2. Motives for refurbishment

Economic considerations are directed to achieve cost benefits savings by 
refurbishment activities. Refurbishments can be economically beneficial 
if a bank loan for the refurbishment pays off in the long run due to in-
creasing energy expenses (rising tariffs for heating and electricity). Further 
economic aspects are the availability of subsidies and the increased mar-
ket value of the building after refurbishment. However, economic consid-
erations do not necessarily support the decision to refurbish. If no credit 
lines or not enough personal financial resources are available then there 
is hardly any enabling financial factor to trigger a refurbishment. In the 
worst case, a refurbishment does not even pay off during the owner’s life-
time. When talking about the increased efficiency of a building, we divide 
measures into 4 main types:

• Type 1: Zero initial cost and small returns, e.g. changing the ventila-
tion behaviour for smaller heat losses, switching off lights 

• Type 2: Upgrade parts of the flat with low initial costs and a short pay-
back period, e.g. seal window cracks, use foil behind radiators

• Type 3: Larger upgrades in individual flats with medium costs and 
medium returns. These are more complicated replacements and up-
grades. Opportunities for energy-saving include substitution of the 
most energy-efficient products, e.g., installing new energy-efficient 
windows, larger household electric appliances of A+ or even higher 
energy performance class, up to very energy-efficient devices for en-
ergy production (boilers, etc.). 

• Type 4: Complex refurbishment of the whole building with significant 
investment cost and significant savings, but long payback period, e.g., 
thermal insulation of the building, exchange or upgrade of the entire 
heating system

Most Type 3 and especially Type 4 measures do not always show the sav-

Economic considerations

Types of efficiency 
increase
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ings immediately. Thus it is important to make calculations as precise as 
possible to show the flat owners the benefits versus the costs in a time 
line.

Technical considerations play a role when some construction compo-
nents have reached the end of their lifetime or when the structural sta-
bility of the building is in danger. Unless it is cheaper to tear down the 
building and erect a new one on the same spot, the building will have 
to be refurbished at that point, despite the shortage of financial means. 
Technical considerations can also play a role when the building is only 
partly upgraded, e.g. when parts such as windows need to be repaired. 
Refurbishment out of purely technical considerations will not be under-
taken if the house is considered to be in a good enough state. In case of 
doubt, a building survey can determine the need for technical upgrade 
and repair.

There are also a number of other considerations when it comes to refur-
bishing a building. Environmental aspects may be important for the indi-
vidual`s approach to general values (environmental protection as value) 
and norms (expectation that others share these values) in one’s lifestyle. 
It is furthermore important to consider such factors as a policy (legal re-
quirement to upgrade houses), the availability of technologies on the 
market, construction practices in the particular region, consumption 
practices and lifestyle preferences of the people, factors for satisfaction, 
preferences for thermal comfort (remember symbolic, affective and in-
strumental behaviour). At the same time there are barriers to refurbish-
ment that are not purely based on economic or technical considerations, 
such as scepticism towards new technologies, fear of noise/dirt/stress 
during the refurbishment and the lack of information about refurbish-
ment of buildings in general. Research also suggests, that among the 
reasons for such scepticism towards technological upgrade is also the 
risk or fear of being an early adopter. (e.g. “The technology may improve, 
or may not work.”) This insecurity causes many people to perceive the 
current situation as the safest option. [2] 

Research from Germany shows that homeowners wait until building 
components reach the end of their lifetime and only then assess the of 
costs and benefits of an upgrade. Previous studies show that retrofits 
occur rather when they are needed (end of lifetime) or the opportunity 
arises, e.g. when the building is enlarged. Refurbishment measures were 
found to be less dependent on income, age, or education, etc. However, 
the threshold for refurbishment is, of course, lower when the owner can 
afford a refurbishment financially and when he is certain that the refur-
bishment is profitable for him [1]

Technical considerations

Other considerations
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3.3 Complex refurbishment
The associated costs increase, ranging from relatively simple Type 1 mea-
sures to a whole house “deep” retrofit (Type 4). In practice, some com-
binations of measures can give additional cost savings (e.g. improved 
insulation can reduce the capacity of the heating system required). It has 
been estimated that complex refurbishment of multi-apartment build-
ings can reach significant savings (up to 60-70%) of heating costs[9]. This 
is clearly a benefit of complex refurbishment. However, multiple mea-
sures tend to follow the law of diminishing returns, where energy saving 
from a combination of measures is not necessarily the sum of savings 
from individual measures. The calculation of several refurbishment vari-
ants can demonstrate at which point a complex refurbishment makes 
sense.

The refurbishment chain follows some logics of steps. It is important to 
notice that the succession of the energy-related steps in refurbishment 
is fundamentally different from erecting a new building. Although each 
building has its own characteristic features, there are some common 
steps to achieve the energy efficient refurbishment (own compilation, 
based on [4]):

• Step 1 - an evaluation of a building and energy audit. The determi-
nation of the energy consumption – measured either over a heating 
period or through the establishment of the co-heating curve during 
a shorter representative period – is a prerequisite for an initial vali-
dated energy balance.

• Step 2  - the optimization of the operation of the building before any 
immediate refurbishment (any investment in this stage is small with 
a short pay-back time)

• Step 3 – realization of partial improvements

• Step 4 – refurbishment reaching low energy consumption standards

• Step 5 – adapting of heating systems to low temperature function; 
this allows using a wider range of technologies (e.g. efficient heat 
pump)

• Step 6 – exploit application of RES for heat and electricity produc-
tion

• Step 7 – use of energy efficient electrical household appliances, 
lighting, etc.

The general order of these steps follows an important logic: after evalu-
ating the energy demand of a building, we need to reduce the demand, 
first, by using less energy, then reducing the consumption further by in-
creasing the energy efficiency of the building and its components; last 
but not least, replacing the remaining demand with RES. If we reverse 
the order, we would need to install much larger facilities to utilize RES, 
as our energy demand is still the same as before. This is not a wise ap-
proach, neither from an economic nor an ecological point of view.

Steps of refurbishment
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3.4 Benefits of refurbishment for the building 
and the city quarter

If planning and calculations are done appropriately, the right materials 
and products are selected, works are performed following manufactur-
er’s instructions by trained and experienced specialists (craftsmen), any 
refurbishment will bring certain gains and benefits. These gains and 
benefits refer both to the living and urban context (surrounding envi-
ronment). It should be kept in mind that only a complex refurbishment 
and not a single measure will bring the most desired effect. 

Gains from the refurbishment (complex refurbishment in particular), in-
creasing energy performance of the building for the level of the individ-
ual household include the following:.

• It brings reduction of energy consumption for heating, resulting 
in economic benefits – reduction of heating bills. If the energy de-
mand for heating is substantially reduced, the remaining heating 
needs which can be fully or at least partly covered by renewable 
energy sources e.g., solar thermal collectors, heat pumps may be 
considered.

• Most often, the value of individual property, i.e. flat, increases after 
refurbishment. 

• Refurbishment results in better indoor climate and more comfort-
able living conditions, e.g. improved thermal comfort during sum-
mer and winter - no droughts due to uncontrolled air flows, the 
possibility to adjust room temperature as needed in each room sep-
arately.  

• Installation of heat meters or heat cost allocators allows flat owners 
to pay for individual consumption of space heating thus creating 
motivation to adjust the heating demand and to not waste heat.

In addition to gains resulting for households, the surrounding urban en-
vironment – the whole residential area – also benefits from the refur-
bishment.         

• Most often multi-apartment buildings built in the 1960s-1970s not 
only have low energy performance, but also poor technical condi-
tions. Construction elements are deteriorating. It is possible to elim-
inate the construction defects during the complex refurbishment 
thus increasing safety for tenants of the building, but also for pass-
ers-by. Moreover, such improvements in the construction increase 
the lifetime of the building and lower the maintenance costs.   

• The insulated facades of the building at the final stage of the refur-
bishment usually are painted in nice colours thus improving the aes-
thetical appearance of the building and providing a pleasant feeling 
in the neighbourhood. The maintenance of good “eye appeal” of a 
building can play an important role in the urban context. The so-
called “broken window theory”, formulated by Wilson and Kelling in 

Gains from 
refurbishment

Gains for the surround-
ing urban environment
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1982, conjectures that the first appearance of small, harmless signs 
of deterioration, such as a broken window, can trigger a downwards 
spiral that leads to the deterioration of a whole area.

• Complex refurbishment increases the motivation of flat owners to 
take care of the building and implement further energy-saving mea-
sures. Positive achievements increase the sense of ownership and 
provide motivation to adjust everyday behaviour, e.g. taking care 
that windows and entrance doors are kept closed as much as pos-
sible.

• Good practice refurbishment examples also motivate other flat 
owners in the neighbourhood to follow the practice and possibly 
achieve even better results. 

However, it is important to remember that all the above-mentioned 
gains and benefits can be reached only if the complex refurbishment 
is implemented following high quality standards, i.e. free of defects, so 
that the previously calculated savings are realized. The whole refurbish-
ment process should be thoroughly monitored - from the initial plan-
ning stage until the finalization of works. 

POINTS TO REMEMBER FROM CHAPTER 3:

• The refurbishment dilemma stems from the fact that not all in-
habitants benefit equally from insulation of the building shell.

• There are different possible motives for refurbishment which 
can interact with each other.

• The most significant energy savings can be reached by complex 
refurbishment. In this case, synergies between different refur-
bishment measures give an added value.

• The refurbishment chain indicates a sensible order of actions 
and measures that build on each other.

• Refurbishment of buildings benefits the city quarter as a whole 
through aesthetic and economic upgrading.
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4. Energy saving in household 
Efforts to save energy in the households can lower energy consumption 
further. A first step is correct ventilation and heating. Especially in refur-
bished flats with new heating systems, the inhabitants need to adjust 
their behaviour and habits to create a pleasant indoor climate, save en-
ergy and prevent damage such as mould which is caused by improper 
ventilation and heating. The next steps are small improvements in the 
household that, in sum, can help to reduce the energy consumption and 
thus the energy bill even further.

4.1 Heating and ventilating correctly
After a house is refurbished, the heating and ventilation procedures 
need to be adjusted to the new indoor climate. Generally, the room tem-
peratures should be adjusted to individual comfort levels. It is advised 
to adjust the temperature in each room separately, if possible. Rooms 
which are not used most of the day do not need to be fully heated. 
Usually, a temperature of 20-21°C in the living room and in the kitchen 
is comfortable also in winter. In the sleeping room, 17-18°C is usually 
enough. The more the rooms are heated, the drier is the indoor air: that 
can make inhabitants more illness-prone. Recommended temperatures 
for different rooms are found in table 1 below.

Living rooms 20 - 21°C
Kitchen 19 - 21°C
Sleeping rooms 17 - 18°C
Bathrooms 20 - 22°C
WCs 18 - 19°C
Floors and hallways 15 - 17°C

Table 1. Recommended temperatures for different rooms

It is advisable to keep the doors between differently heated rooms 
shut, to prevent humid air from warmer rooms from moving into colder 
rooms. Rooms should not be heated by leaving doors open. Use the radi-
ator also in colder rooms, but put them on a lower temperature. If the flat 
is not used for some time – either during the day or for several days – the 
heating can be turned down, but not below 15 degrees, otherwise the 
indoor air gets too humid and the risk of mould increases.

Inhabitants should take care that the air can ventilate freely around the 
radiators and that no furniture is placed in front of them, nor should cur-
tains should hang in front of the radiators. When the windows are opened 
to ventilate the room, the position on the valve should be remembered. 
Before opening the windows, the valves on the heating should be closed 
fully and opened after ventilation to the same position. The numbers on 
modern radiator valves correspond to the temperature inside the room, 

Advice for ventilation
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not to the speed with which the radiator is being heated up. That means 
that the radiator should be immediately set to the desired temperature, 
rather than putting it to the maximum when turning on the heating.

Rooms should be ventilated by opening the windows widely, depend-
ing on the humidity sources and the outside temperature. Generally 
you should ventilate more than two times a day for two to five minutes 
in winter. In the warmer seasons, you can also keep your window open 
for longer periods. Do not leave your windows on tilt for longer periods, 
otherwise you waste energy and cool down the walls next to the open 
window.

Heat waves in summer can be a burden and can make it hard to sleep 
during the night. Indoor comfort can be increased with two simple rules:

• Ventilate your rooms mostly during the night and in the early morn-
ing hours. Reduce the ventilation during the heat of the day to the 
minimum. 

• Install shading elements outside of the windows and balcony doors. 
Indoor shading does not help to reduce the heat. Keep in mind that 
installing an air conditioning system is a costly thing. Even the most 
efficient appliances still consume a lot of energy and air condition-
ing systems should be the last resort. Better to switch on ceiling or 
desk ventilators first.

4.2 Smart metering and customer displays
Having a possibility to monitor, e.g. electricity, heat consumption in a 
household and paying according to the individual consumption is a 
strong prerequisite for encouraging flat owners to implement ener-
gy-saving measures. Various devices - frequently called “smart meters” 
are available to ensure accurate, real time measurements, and appropri-
ate billing; this information can be communicated through a customer 
display.

There are devices called smart energy meters that allow measuring elec-
tricity consumption of single appliances (Figure 3). In such a way the cus-
tomer obtains information on energy efficiency of household applianc-
es, e.g. refrigerator, washing machine, and can consider replacing high 
consumption appliances with energy-efficient models. In addition, it is 
important to remember that several electric home appliances continue 
drawing a small amount of power (usually up to a few watts per hour) 
when being left on a stand-by mode or sometimes even when being 
switched off. These “phantom loads” are related to most of modern house 
appliances (e.g., TV, radio, video recorder, computer) that use electricity. 
These loads can be avoided only by unplugging the appliance. Applica-
tion of an energy meter is quite simple. The electric appliance is plugged 
into the energy meter, then connected to electricity; the energy meter 
will tell how much electricity is consumed by the household appliance. It 

Ventilation in sum-
mer

Metering of elec-
tricity consumption
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indicates how much electricity is used, as well as the related costs.   

 Figure 3. Measuring electricity consumption of electric appliances

Other devices allow metering of electricity consumption in a flat, not 
just accounting for the total consumption, but indicating the exact con-
sumption of electricity over 24 hours per month or year. Such services 
are sometimes provided by electricity supply companies [10].

Smart meters can change consumers’ energy use habits in two ways – 
reducing overall energy consumption, and shifting energy consumption 
(e.g. avoiding consumption in peak hours) [11].

Heat cost allocation is an accurate way to distribute heating costs where 
conventional metering is not possible [12]. Devices called heat cost allo-
cators (Figure 4) provide data for the billing of individual residents’ usage 
of the heating system. This system is appropriate for buildings having no 
independent heat meter for each separate dwelling. Heat cost allocators 
measure and record both the radiator’s surface temperature and overall 
room temperature by high precision sensors. They convert this infor-
mation into percentages, providing the basis for calculating the cost of 
heating. A heat cost allocator needs to be installed on every radiator in 
all flats of the multi-apartment building. Thus dwellers have to make a 
common decision to install allocators and invite professionals who can 
install them correctly and explain how the system works. A heat cost al-
locator system works automatically and there is no need to control the 
operation of devices from dwellers’ side.

 Figure 4. Heat cost allocator

Heat cost allocation
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The cost for heating for dwellers in multi-family apartment buildings 
comprise the cost for heat consumption in flats and for heating of stair-
cases and risers. Usually flat owners pay for heat according to the heated 
space of the flat. When thermostatic valves have been installed to regu-
late the temperature of each radiator, the additional installation of a heat 
cost allocator system allows residents to pay for actual heat consump-
tion, rather than according to the floor space of the flat. In order to safe-
guard payment for heat losses as well as the heating costs for commonly 
used areas without heat costs allocators (e.g. stairwells), the charges for 
heat energy usage is divided into two parts – usually 60% based on exact 
consumption in flats and 40% based on calculation of heat consumption 
per square meter. Depending on individual cases, shares can be different 
e.g., 50%/50% or 70%/30%.

The application of the heat coat allocator system can result in average 
savings of 20-30% of the fuel consumed to heat a building with central 
heating [13]. 

A device called a thermo-hygrometer (Figure 5) indicates the amount of 
moisture in the air and the indoor temperature. Although preferences 
for heating comfort are different, usually, people feel comfortable if the 
temperature  in the living room is 20-21oC, 17-18oC in the bedroom, and 
with a relative humidity of 40-60%.

 Figure 5. Thermo-hygrometer measures the amount of moisture in 
the air and the indoor temperature

With the help of a pocket size instrument – an infrared thermometer -  it 
is possible to detect the thermal bridges, e.g. spots around windows or 
doors and other areas where the house is losing heat (Figure 6).

Measuring of 
temperature and 
moisture level

Detection of ther-
mal bridges
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 Figure 6. Detecting thermal bridges with an infrared thermometer

The infrared thermometer can do this by detecting the thermal radi-
ation which is emitted by the object being measured and calculating 
its temperature. The accuracy of measurements is +/- 1 or 2oC. Infrared 
thermometers can also be used for other non-contact temperature mea-
surements.

The abovementioned metering devices, among others, that give feed-
back on consumption, energy loss, and indoor comfort can create en-
ergy savings from consumers’ behavioural changes [14]. However, it is 
important to keep in mind that the effectiveness of feedback can be in-
fluenced by several factors e.g., general context (social, educational and 
historical factors, energy infrastructure) [3].

POINTS TO REMEMBER FROM CHAPTER 4:

• Energy efficient refurbishment has to be complemented by 
behavioural changes of the refurbished building’s inhabitants 
in order to further decrease energy consumption and prevent 
mould.

• Residents can greatly influence their energy consumption inde-
pendently, by adjusting their indoor temperature, ventilating 
correctly and by replacing inefficient household appliances.
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Introduction
Considering that the housing stock in many Russian, Belarusian and 
Ukrainian cities is in very bad conditions, it can be assumed that a 
large number of owners are willing to agree to a refurbishment of their 
multi-apartment building. Nonetheless, the process of getting the agree-
ment of each owner, searching for a compromise and making a decision 
about a capital refurbishment and energy efficiency modernization is an 
ambitious task. In particular when there is a heterogeneous social struc-
ture inside a homeowners’ association with consequently different inter-
ests and varied financial circumstances among the owners, the process 
can be very difficult. However, keeping in mind some general facts about 
homeowners’ associations and the communication with and among the 
owners, it is possible to manage this challenging task.

This text first briefly explains how homeowners’ associations represent a 
specific kind of community, focusing on those characteristics that have 
a direct impact on the process of decision-making. Being aware of the 
special features of this form of community may well contribute to more 
effective decision-making processes within homeowners’ associations. 
A particular focus of this text is on the role of communication and the 
importance of transparency for both the cooperation and management 
of a homeowners’ association in general, and the decision-making re-
garding a refurbishment in particular. Furthermore, the stages of deci-
sion-making will be described. The presentation of the main arguments 
against a refurbishment and ways to address them will help to overcome 
such difficulties in practice.

The text is based not only on academic literature, but mainly on empir-
ical research. Four studies of homeowners’ associations were conduct-
ed in the period from 2005-2012 in different regions in Russia. One case 
study from this empirical research is presented as a ‘successful’ example 
for making decisions and conducting a refurbishment.
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1. Homeowners’ associations as 
a specific kind of community
Before addressing the communication and decision-making inside a 
homeowners’ association, it is first important to understand the partic-
ularities of homeowners’ associations as a specific kind of community. 
Besides formal aspects of this form of self-organization of housing, there 
are numerous sociological features that characterize this kind of com-
munity. One of the most important ones is that membership is based 
on ownership of an apartment in a particular building. This means that 
members have no opportunity to choose the other members of this 
community and consequently cannot influence those with whom they 
share a common property and the related responsibilities. Another issue 
is the specific understanding of common property. Property rights com-
prise the rights of possession, use, and disposal (the latter is limited for 
homeowners’ associations and cannot be divided among separate own-
ers). However, owners do not only have rights, but also responsibilities 
regarding their common property and its condition. Formally, all owners 
are proportionally responsible for their common property. This aspect 
is often problematic as there may be a lack of understanding of the re-
sponsibilities and the related tasks are not carried out. In particular, this 
is the case when additional payments for the maintenance of the com-
mon property are required. This distorted perception of property rights 
is widely spread in post-Soviet societies and has negative impacts on the 
work of homeowners’ associations.

When considering decision-making about refurbishment and modern-
ization, what would an ideal homeowners’ association look like? As re-
search conducted in Saint-Petersburg has shown, the best association 
has an average size (50-100 apartments) and an equable social compo-
sition. Strong social inequality is often a ground for conflicts. The expla-
nation for this phenomenon lies not only in some kind of social disaffec-
tion. Mostly, the problem is that diverse social groups have different pos-
sibilities regarding the payment of costs as well as differing preferences 
for how to spend their money. A fee of $100 per month can be insignif-
icant for one owner, but an impossible sum for another. In some home-
owners’ associations, large projects could not be realized because some 
owners were unable to contribute to the costs. Therefore, it is important 
to estimate the average income of owners (a very rough calculation is 
sufficient), estimate the size of the group which considers additional 
payments as too high, evaluate the debts due to unpaid services during 
the last year and the average number of non-payers. These persons may 
not be able to contribute financially to a refurbishment. 

Homeowners’ association 
as a form of self-organi-

zation
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KEY POINTS TO REMEMBER FROM CHAPTER 1 

• Formally, home owners have equal rights and responsibilities 
regarding their common property and its condition. However, 
not all owners are equally aware of their obligations.

• One of the main factors that hinder a decision-making process 
and creates conflict is social inequality. Diverse social groups 
have a range of possibilities regarding the payment of costs 
as well as individual ideas and preferences for spending their 
money.
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2. The role of communication in 
homeowners’ associations
Communication and the dissemination of information among home-
owners play a key role in homeowners’ associations and housing com-
munities. As it is usually impossible to inform each owner or tenant per-
sonally, the communication system plays a significant role not only for 
informing the tenants, but also for establishing a management system 
and providing and receiving feedback.

As regional research from different years shows, the quality of commu-
nication and information has a direct impact on the level of trust by 
homeowners in the management of homeowners’ associations. If the 
communication system is evaluated positively by homeowners, the re-
sults of the chairpersons’ work are usually appreciated and the level of 
participation tends to be higher. 

Research in three Russian cities has not shown a strong correlation be-
tween the information level and age of the homeowners. However, it 
was observed that the youngest and the eldest owners tend to have a 
lower level of awareness regarding the homeowners association and 
their activities (e.g. knowledge of the names of the chairperson and 
board members, familiarity with the association’s activities and doc-
uments published). The most susceptible group for informative work 
within a homeowners’ association is the group of homeowners who are 
between 40-70 years old. 

So, should the communication be addressed mainly to the elderly peo-
ple who presumably have the most time to spend time on provided in-
formation? Definitely not. When it comes to the decision-making process 
and later to the implementation of a refurbishment project, it is import-
ant that the majority – if not all – owners support the project. There are 
various  methods for disseminating information among homeowners: 
it is useful to find the appropriate way to communicate with younger 
people who (might not be not at home during the day, and/or) have 
commitments (e.g. work/travel/young children/elderly parents) other 
than caring for their property. Additionally, if addressed directly in the 
initiation phase of refurbishment, elderly people may become import-
ant supporters of the project and convince others of its benefits.

Among the methods or channels of communication that can be used are 
phone calls, individual meetings, announcements in lobbies and court-
yards, e-mails, announcements via individual postboxes, web-pages, an 
internal TV channel, an association’s newspaper.

The communication methods can be classified according to different 
criteria:

• personal/ face-to-face vs. impersonal communication,
Communication 

methods

Awareness
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• formal vs. informal communication,

• regular vs. irregular communication.

The smaller the number of apartments in a block, the fewer information 
dissemination methods may be used. The methods themselves differ 
depending on the size of the apartment block: the bigger an apartment 
block, the fewer personal, face-to-face information dissemination meth-
ods are used successfully. 

Asked about the most effective communication method, chairs of two 
homeowners’ associations – both associations of large apartment blocks 
with more than 500 apartments – answered as follows: 

 «Putting announcements in common areas is the most effective way to 
reach people. It is better not to submit information via the post-boxes of the 
owners, because these are already full of advertisements and people will not 
pay attention to announcements by the association.»

«We are planning to start using an e-subscribing system in future. Currently, 
phone calls are the most effective way of communication. Announcements 
are ineffective, and meetings as well, because usually just a few people 
come.»

These two citations show that for two homeowners’ associations in 
buildings of a similar size, one single method – announcements in lob-
bies and courtyards – is assessed very differently. Is this contradictory? 
Actually not: The efficiency of communication methods depends not 
only on the size of the apartment block, but also on additional features 
of each building and the characteristics of the building’s inhabitants. 
For example, is the courtyard or block accessible for non-residents? If 
so, distributed advertisements will make the delivery of house-related 
information to the owners’ postboxes less efficient, because it will be just 
one paper among a lot of advertisement materials. Also, the number of 
active internet-users has an influence on the choice and effectiveness 
of communication methods. Obviously, if only a low number of owners/
tenants uses the internet regularly, information disseminated via inter-
net, e.g. by email or websites will have little effect.

It is formal practice in Russia, Belarus and Ukraine to distribute official 
letters to the postboxes and to post announcements in the common ar-
eas, such as lobbies and courtyards. However, these methods ways are 
not always sufficient. Observations in homeowners’ associations have 
shown that the more alternate methods are used, the more owners and 
tenants are satisfied with the management system of their block. Also, 
the communication needs and preferences among owners are different; 
owners and tenants may prefer to be informed by communication chan-
nels other than those foreseen in the legislation (see also the following 
chapter). 

Choosing communica-
tion methods
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Due to the diverse owner structure and needs, as well as differing char-
acteristics of  buildings, there is no universal information system that can 
be regarded as effective for all apartment blocks. However, two general 
rules for communication among the members can be kept in mind:

• Larger apartment blocks require fast and impersonal communica-
tion – otherwise the large number of owners cannot be reached.

• The more methods of communication used, the higher is the infor-
mation level of owners and tenants. A higher level of information, in 
turn, results in better evaluations of the transparency and democra-
cy of the building’s management system by the owners.

Summarizing, it can be said that the system of information dissemina-
tion plays a significant role not only for informing owners and tenants, 
but also for preventing misunderstandings and solving internal con-
flicts. The dissemination of information is important for initiating a de-
cision-making process on the refurbishment of a building, moderating 
such a process and reaching an agreement. Informing the homeowners 
is crucial not only legally, as it is obligatory to announce a joint meeting 
about a planned or completed refurbishment, but is also a highly effec-
tive tool for explaining the advantages of a refurbishment. It is therefore 
of vital importance to spend sufficient time and effort on planning how 
to disseminate information. However, it is crucial to take into consider-
ation some general principles of disseminating and processing informa-
tion. This issue will be addressed in the Part 3, below.

KEY POINTS TO REMEMBER FROM CHAPTER 2 

• The communication system plays a significant role in informing 
tenants, providing and receiving feedback, preventing misun-
derstandings and solving internal conflicts 

• The quality of communication and information has a direct ef-
fect on the level of trust by homeowners in the management of 
homeowners’ associations. A good quality of communication 
and information flow increases transparency and democratic 
decision- making 

• The choice of the communication method should be based on 
the size of the house, the specific features of each building, and 
the characteristics of the building’s inhabitants

Rules for  
communication

Importance of  
communication
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3. Cognitive processing 
of information and general 
principles of disseminating 
information
The importance of carefully thinking through how to communicate with 
the members of a homeowners’ association depending on the special 
features of the building and the social structure of its inhabitants has 
become clear. What additional aspects must be taken into consideration 
when planning an information campaign? 

Humans can be divided into three different types according to their pre-
ferred or strongest way of perception: 

• visualists,  who process information best if it is provided visually; 

• audialists, who process information best if it is provided by sound; 
and 

• kinesthetic, who prefer “learning by doing”. 

The two first types are the most widespread; a mixture of these types can 
be observed very often. To reach different “perception types” – for exam-
ple, in a homeowner association – it is important to use alternate ways of 
delivering information. Of course, it is impossible to address each home-
owner individually in the best way for him or her. However, information 
can be communicated in different ways, both written and orally, to reach 
as many people as possible. This approach should also be taken when 
preparing a common meeting. 

However, the kind and volume of information also play a role for pro-
cessing information. Which are the issues owners pay particularly strong 
attention to? Not surprisingly, the strongest attention is paid to issues 
regarding payments and finances. Further, in general, elder owners are 
usually more interested and informed. When anticipating a decision 
about a capital refurbishment and energy efficiency modernization, fi-
nancial aspects are extremely important; owners are usually keenly in-
terested in getting the information about the planned project. This high 
interest, however, also means great responsibility for the head of the as-
sociation. He must provide all the required information and is responsi-
ble for preparing and disseminating correct, truthful information.

An additional difficulty lies in the fact that information on financial as 
well as on technical aspects – the second most frequent topic related to 
a refurbishment - are difficult for an average owner to understand. Using 
complex concepts and providing too many details makes the process 
of perception even more difficult. Therefore, the information materials 
which are prepared for informing the homeowners should meet the fol-
lowing criteria for effective processing by owners:

Perception types
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• the information must be concrete and should be provided in a clear 
language without metaphors;

• it should not be overloaded by excessive details and technical terms;

• the information must have a logic coherence.

Materials describing plans for a refurbishment project must also contain 
the main budget figures, a time schedule and a calculation of the possi-
ble profits for owners. 

So if these criteria are fulfilled, the communication will take place 
smoothly without any problems? Probably not. It can be expected that 
in any homeowners’ association, there is at least one meticulous owner. 
Such owners are usually interested in all details and pay great attention 
to any activity in their association, in particular if a large-scale project is 
planned. Communication with such owners can be challenging and can 
require a lot of time and effort. However, if these owners are convinced 
that the project will be effective, has been well prepared and intended 
for the common good within the association, such owners can be pow-
erful allies. 

There is a second group of owners to which particular attention should 
be paid. As research has shown, approximately 17% of owners in the 
studied homeowners’ associations were well informed about the associ-
ations’ work, but not active. This group of informed but inactive owners 
has two characteristics that make it “target group number one” during 
the decision-making process: they do have enough financial resources 
to contribute to a capital refurbishment or modernization, but might 
not have a strong opinion regarding such projects. With some additional 
efforts, this group could be successfully involved by active owners famil-
iar with the details of the project - usually middle-class and middle age 
owners with children who pay attention to the information about the 
associations’ activities. 

To conclude, if a decision on a refurbishment project lies ahead, it is es-
sential to invest time and effort in carefully planning the information 
campaign. Providing and promoting the main arguments and features 
of the project addressing different “perception types” is necessary to 
provide all owners with the relevant information and remove potential 
doubts and misunderstandings. 

KEY POINTS TO REMEMBER FROM CHAPTER 3 

• People can be divided in three different types according to their 
preferred or strongest method of perception: visualists, audial-
ists, and kinesthetic persons 

• Information materials should be concrete, logical, in clear lan-
guage, and without excessive details and technical terms

• Special attention should be paid to the group of home owners 
that are interested but not very active, i.e. middle-class and 
middle age owners with children. 

Criteria for informa-
tion materials

Target group  
“number one”
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4. The importance of 
transparency of the management 
system
Very often, complaints about the passivity of homeowners in associ-
ations are heard. Also, it is often said that a lot of owners dislike par-
ticipating in the meetings and initiatives of homeowners’ associations. 
However, research has shown that in practice the level of participation 
in homeowner associations is not that bad. The studies came to another 
interesting result: the evaluation of the questionnaires showed a correla-
tion between a transparent and democratic management one the one 
hand, and the active participation of owners on the other hand. In other 
words: A high level of transparency and democracy in the management 
system leads to a higher level of the participation of owners in the work 
of associations.

The following section will describe how a transparent information sys-
tem and free access to documents and reports contributes to the activity 
level of owners within homeowners’ associations.

Three forms of participation can be distinguished: 

• participation in the associations’ work, attendance at joint meetings 
and participation in votes; 

• participation by conducting voluntary works;

• participation in the financial obligations by regular payments and 
the willingness to accept additional financial contributions when 
necessary.

How do “high” and “low” levels of participation correlate with the home-
owners’ opinion of the management, as well as their assessment of the 
level of transparency and efficiency in their homeowners’ association? 
The following trends emerged during research carried out in three Rus-
sian cities:

• Asked about their opinion regarding the common meetings organ-
ised by the association, respondents with a high level of participa-
tion answered that there are small difficulties during common meet-
ings which can, however, be overcome. Respondents with a low lev-
el of participation answered that they regard common meetings as 
a waste of time. 

• Respondents with a high level of participation said they are satisfied 
with the information provided about the associations’ activities; re-
spondents with a low level of participation expressed the opposite 
opinion.

• Respondents with a high level of participation judged the mainte-
nance of their buildings as ‘satisfactory’ or ‘good’, while homeowners 

Transparency and  
participation

Forms of participation
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with a low level of participation were unable to assess the mainte-
nance work (‘don’t know’, ‘difficult to say’).

• Homeowners with a high level of participation evaluated the qual-
ification of the association’s chairpersons as sufficient for his or her 
function; low-level participants gave the opposite view.

• Homeowners with a high level of participation expressed their will-
ingness to entrust the maintenance of a multi-apartment building 
and the management of the association to the chairperson of the 
association. In contrast, homeowners with a low level of participa-
tion were more inclined to entrust these tasks to special housing 
management companies. 

• As becomes obvious in the above mentioned correlations of home-
owners’ opinions and their level of participation, active participation 
mostly goes hand-in-hand with a good opinion on the quality of the 
maintenance and management of the house and the qualification of 
the association’s chairperson. Not surprisingly, these active owners 
are also more willing to contribute to reaching an agreement about 
larger projects within homeowners associations by participating 
in discussion and convincing other owners. Such active owners do 
usually not appear by accident, but are the result of a transparent 
and democratic management system.

Transparency is thus important for the general effective functioning of 
a homeowners’ association. It is also an extremely important tool and 
pre-condition for coming to a decision about a capital refurbishment 
and energy efficiency modernisation as it is in general easier to agree 
on such a decision if the owners trust the chairperson and board of the 
association. 

Of course, the goal is not just to reach an agreement, but also to suc-
cessfully implement the  decision. Research has shown that, in some 
cases, difficulties regarding legal aspects hindered the realisation. Not 
all managers provided a detailed list or description of the plans before 
the vote, so that there was a decision about the general question but 
without complete information regarding a proposed capital repair. An-
other very serious violation of the legal requirements is the absence of 
a concrete or approximate sum for realising the whole project and the 
sum for each owner.

Not providing this important information is not only a violation of the 
formal regulations, but also negatively impacts the realisation of the 
agreed measures. If owners do not understand what concrete costs they 
are taking on with their vote, they are actually voting only for the idea, 
not for its realisation. This leads to numerous complaints afterwards and 
difficulties regarding the collection of payments.

For the abovementioned reasons, all activities during the preparation 
and realization of any project in a homeowners’ association must be in 

Importance of  
transparency
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accordance with the current formal regulations and should be transpar-
ent for all owners. 

KEY POINTS TO REMEMBER FROM CHAPTER 4

• A high level of transparency and democracy in the management 
system leads to a higher level of the participation of owners in 
the work of associations

• The homeowners with high level of participation tend to have a 
better opinion of the quality of the maintenance and manage-
ment of the house and the qualifications of the association’s 
chairpersons

• Provision of transparent information is a legal requirement of 
a homeowner association, since the members need to be fully 
aware of what they are voting for.
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5. Collective action and the free-
rider’s problem
The book “The Logic of Collective Action and the Theory of Groups” by 
Mancur Olson (1965) has become one of the fundamental publications 
for further studies in economy, political science and sociology. Why did 
this one book become so inspiring for numerous researchers? Because 
for the first time, it addressed the nature of freeloaders or ‘free-riders’, 
describing persons who benefit from resources, goods or services with-
out paying for the costs. The book explains how collective action is orga-
nized and a common good is produced, how people become free-riders 
and how it is possible to neutralize this feature of human nature.

According to Olson, a collective good is a specific organizational good 
which can be produced and provided only by joint collective efforts, not 
by individual ones. Since some collective goods are understood to be 
indispensable, it is difficult to close the access to this good for a single 
community member.

Put very generally, the main goal of homeowners’ associations is to in-
crease the level of efficiency of the housing management. Considering 
this, the most significant common goods which are produced by home-
owners’ associations, as one of the association leaders named it, are 
“cleanliness and beauty”. The creation of public goods in homeowners’ 
associations is an ongoing process of establishing and improving the 
conditions in the apartment house. For these maintainance and im-
provement conditions, regular payments are charged. The problem of a 
common good is that it is impossible or very difficult to limit or prevent 
the access to this good for single members of the commnity. Such is the 
case for homeowners’ associations. 

The division of common goods in the housing sector is a complicated 
process because the system of communal services in the post-Soviet 
countries was orginally designed for common consumption. In most cas-
es, especially in old apartment houses, there are no systems of individ-
ualized access to communal services, and individual water and heating 
metres are rare. It is therefore impossible to limit the access to these ser-
vices, allowing some people to enjoy the benefits of these services with-
out paying for them, i.e. they become free-riders. Homeowners’ associa-
tions thus need to find other techniques to solve the free-rider problem. 

Who are the free-riders in homeowners’ associations? They are own-
ers who tend to not participate in the assocations’ work or do not pay 
their fees for maintenance regularly. Free-riders therefore contribute to 
the under-production or decreasing quality of a common good. Even 
though it is easy to identify free-riders in a given homeowners’ associa-
tion (they are not as anonymous as, for example free-riders in the public 
transport – usually it is obvious if a tenant does not participate in any 

Free-riders

Common good in home-
owner associations

Free-riders in home-
owner associations
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activity to clean or improve the common areas), it is still difficult to solve 
the problem.

Who are they, these owners who dislike paying regularly for common 
needs? First, it was assumed that free-riders tend to be poor, like pen-
sioners, families with many children, etc. But experts and association 
leaders debunked this assumption by pointing out that free-riders are in 
fact mostly from the middle class. Furthermore, free-riders in homeown-
ers’ associations are usually under thirty-five years old, well-educated, 
and in most cases they do not have children. This description does not 
include any particular characteristics and indicates that being a free-rid-
er does not represent very specific demographic and/or social features. 
The problem of free-riders is therefore not merely a legacy of the Soviet 
era. Free-riding is a rather universal phenomenon which can appear in 
different economic and social systems, therefore  the management sys-
tem of homeowners’ associations and the relations within them might 
be perpetuating the problem.

Free-riders have all sorts of excuses for not paying their bills – starting 
from having no time to go to the bank to claiming that they simply for-
get to pay– but in most cases they do not provide any explanation at all. 
As regards additional services, some free-riders explain their not paying 
with the argument that they do not need these services and therefore 
do not feel obligated to pay for them. 

Which methods can be used to prevent and neutralize free-riding? Ac-
cording to the theory of collective action there are two ways to prevent 
people from behaving like free-riders:

• threatening with punishment,

• using ideological pressure. 

The threat of punishment varies in different societies from fines to threat 
of violation. Ideological pressure means judging free-riders by creating 
conditions in which it is shameful to be a free-rider.

Which methods to solve the free-rider’s problem are used in home-own-
ers associations? Officially, homeowners’ associations can take legal ac-
tion against free-riders, but this, in most post-Soviet countries, is rather 
slow and ineffective. All experts and association leaders who were inter-
viewed for the conducted research agreed that under the current condi-
tions the legal process is not a viable solution for the free-rider problem. 
Many associations have therefore created informal methods of dealing 
with free-riders. Among such methods are attempts to limit the access 
to other common goods, such as parking places, plumbing services, etc. 
Another way is to post public lists with the names of the non-payers. The 
lists are usually displayed in common areas, like courtyards, entrances 
and announcement desks. Sometimes these lists do not merely contain 
the names of the non-payers, but also warn all tenants that the water 
and heating services might be cut off for the entire apartment house 

Dealing with free-riders
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if the free-riders do not pay their bills. However, publicizing the names 
of the free-riders is only effective when used for the first time. After the 
third or fourth announcement, usually the attention paid to the lists is 
very low. 

Free-riders, who do not contribute to the functioning of an association 
financially and avoid payments represent a serious problem in many 
homeowners’ associations, in particular if legal prosecution is not effi-
cient. Using ideological pressure has proven to be the most applicable 
method in this situation. A good homeowners’ association manager 
should therefore establish the conditions in which it is shameful not to 
pay for common goods. As mentioned above, such conditions can only 
be established when there is a transparent management system. 

KEY POINTS TO REMEMBER FROM CHAPTER 5

• The system of communal services in the post-Soviet Union 
countries was orginally designed for common consumption, 
which caused the absence of systems of individualized access 
to communal services, like individual water and heating metres

• “Free-riders” in homeowners´ associations are owners who tend 
to not participate in the assocations’ work or not contribute fi-
nancially to the functioning of an association.  Free-riders there-
fore contribute to the under-production or decreasing quality 
of a housing community. Using ideological pressure has proven 
to be the most applicable method to deal with “free-riders”. 
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6. The problem of deferred 
income
Before addressing more concretely the decision-making process in a 
homeowners’ association, the concept of deferred income shall briefly 
be introduced as it is an important phenomenon when it comes to long-
term decision-making. Deferred income is defined as money received for 
goods or services which have not yet been delivered. Typical examples 
are an annual maintenance contract where the entire invoice is invoiced 
up front, or a pension system, in which a person regularly pays a fee and 
gets the benefit later. It is clear that deferred income implies higher risks 
of not receiving exactly what was expected when making the payment. 
These risks are usually neutralized by a strong system of contracts, insur-
ances and strict legal requirements.  

How is this business term connected with the decision-making about a 
refurbishment project in homeowners’ associations? Refurbishment can 
be considered as an investment intended to return a profit to all mem-
bers of the association. This profit, however, will not be received at the 
moment of payment; the owners who paid for a good or service must 
wait for a certain period of time until they receive the benefits of their 
payment. Obviously, this situation and the related risks are not attractive 
for a homeowner. Consequently, the person, organization or company of-
fering a good or service with deferred income is in a challenging situation. 

This is exactly the case with refurbishment projects and the energy effi-
ciency-modernization of buildings. The economic benefit, i.e. a decrease 
of tariffs and fees, will be received only at a future time, but the home-
owner needs to agree now to make his or her financial contribution. This 
situation has a significant psychological effect on the homeowner: He 
is asked to invest “real” money which he holds in his hands for a benefit 
which seems rather hypothetical and not guaranteed. 

How to deal with this psychological effect? The owners are sceptical 
about investing in  refurbishment because they have doubts about the 
benefits and/or mistrust the agreement. The main rule for the argumen-
tation in favor of the refurbishment project is providing as detailed, 
clear and transparent information as possible in order to disprove these 
doubts and allay the owners’ mistrust.

KEY POINTS TO REMEMBER FROM CHAPTER 6

• Deferred income implies higher risks of not receiving exactly 
what was expected when making the payment. These risks are 
usually neutralized by a strong system of contracts, insurances 
and strict legal requirements

• The best way to deal with owners´ scepticism is providing as de-
tailed, clear and transparent information as possible

Deferred income
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7. The stages of decision-making
Coming to a decision about a refurbishment is a long process which 
involves various resources and requires serious preparation. There are 
differing opinions about the number of stages within a decision-mak-
ing process. A related study regarding capital refurbishment and energy 
efficient modernization in homeowners’ associations in Russia was con-
ducted from 2011-2012, and included 2 400 owners.  The 150 most ac-
tive participants in the decision-making were interviewed in seven cities. 
Based on the interview results and decision-making theories, the main 
decision-making stages are as follows: 

1. identification of the problem,

2. search and articulation of alternative solutions,

3. lobbying,

4. decision-making procedure, 

5. evaluation of decision’s results.

How can these stages be identified and characterized in a homeowners’ 
association? 

7.1 Identification of the problem
The identification of the problem is the assertion of at least one person 
(or a group) about the necessity to conduct a refurbishment or mod-
ernization in the apartment block. The most wide- spread arguments in 
favor of such a project are the physical condition of the multi-apartment 
house and potentially lower fees for the communal services after the re-
furbishment. 

It is important here who, exactly, states the necessity for conducting a 
refurbishment and energy efficient modernization and what particular 
arguments were proposed. Theoretically, such an initiative can be start-
ed not only from the chair or general manager of a home-owners’ asso-
ciation, but also from the association’s board, a single owner or a group 
of owners. Apart from these internal actors, the initiative could also be 
initiated by external agents - municipal authorities, non-governmental 
housing organizations, management companies and firms - hoping to 
become a subcontractor of the possible refurbishment.

Research indicates that in homeowners’ associations, the chair of the 
homeowners’ association and the board are the most frequent initiators. 
Other internal and external possible initiators are not common. 

Once the necessity to conduct a refurbishment has been asserted, the 
idea needs to be communicated to the homeowners. There are differ-
ent methods to disseminate information, such as organizing a joint 
meeting, informal meetings and talks, emails, etc (see also chapter 2). 
As for the initiation of the projected work, the chairpersons and boards 

5 stages of decision 
making

Informing homeowners
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of homeowner associations play an important role: in 65.6% of cases, 
owners learned about the idea from the chairperson or from the board; 
34.4% of the owners were informed by other owners. The explanation: 
the chairpersons and members of the board are the most informed per-
sons in a homeowners’ association. Their position requires a higher level 
of involvement in such issues and they are among the most – if not THE 
most – known persons in an association. 

At the initiation stage, it is important to formulate a concrete project with 
clear goals and possible solutions. However, even if a detailed plan of the 
project is prepared, the social potential of the homeowners’ association, 
i.e. the financial possibilities of the home owners, the proportion of own-
ers and tenants, and the social inequalities, also needs to be taken into 
account. Some these aspects will be addressed in the following section.

7.2 Searching and articulating alternative solu-
tions

During the stage of searching and articulating alternative solutions, pro-
posals for modifying the project can be made. The most common sug-
gestions for modifications of the proposed project are the following:

• postponing the repair, 

• implementing just a part of the suggested works, 

• finding alternate funding of repair, 

• extending the list of planned works or applying for a credit (rather 
rarely realized). 

An additional and not uncommon “alternative solution” is to reject the 
entire project.

What kind of arguments can be used if such alternative solutions are be-
ing discussed? Postponing the work, especially making energy-related 
improvements, means losing benefits: instead of saving money immedi-
ately, the benefits of the proposed refurbishment will be received only in 
the future. Reducing the scope of improvements could mean a reduction 
of possible profits, and the larger purpose or sense of the refurbishment 
project could be lost, from both a technical and financial point of view. 
Rejecting the whole project would eliminate both financial benefits and 
an increase in living quality.

Regarding the funding scheme, there are not a lot of opportunities for 
modifications. Under the current law, homeowners’ associations usually 
have to pay for the works with the owners’ funds for capital refurbish-
ment (either monthly or with one payment). An additional option is that 
owners/inhabitants with better financial means voluntarily contribute 
more. However, if any modification is made, it must be approved by the 
joint owners’ decision and be carefully documented. Rejecting the proj-

Reactions to refurbish-
ment proposals
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ect completely means negating the possibility of reduced fees and in-
creased living standards.

Sometimes, external experts are invited to provide additional expertise. 
However, research shows that owners and tenants usually are not very 
active in searching for and proposing alternative solutions. Most owners 
form their opinion during joint meetings which are dedicated to discuss-
ing the project or making the decision.

7.3 Lobbying
Lobbying in general refers to two possible options: to conduct or not to 
conduct a capital refurbishment. The most important aspect for classi-
fying lobbying attempts is whether the information is provided by an 
official source (from chairperson, manager or board) or an unofficial one 
(disseminated by other owners and, rarely, by technicians and specialists 
who serve the building). Lobbying methods can be classified according 
to two characteristics: 

• formal vs. informal,

• addressing all vs. addressing only some owners.

Lobbying attempts can also be classified according to the methods used 
for disseminating the information. In principle all the above described 
methods can be used also during lobbying.

Formal methods include the dissemination of official information among 
all owners and tenants. Informal lobbying includes, for example, spread-
ing information in individual talks about possible consequences in case 
the refurbishment is rejected. 

Formal lobbying often includes information on the list of planned al-
terations, the potential subcontractor and the necessary payments by 
the owners. The informal lobbying (as well as some of the formal infor-
mation) covers the following issues: the increase of communal service 
fees, the probability of an increase in the prices of repair works, possible 
crashes of common property (elevators, engineering communications, 
internal facades and roofs) and the unreliability of information about the 
payments for co-funding the refurbishment (either overstating, or un-
derstating of payments). Another popular argument against refurbish-
ment is possible corruption during the repair and modernization works. 
However, such arguments will not be found in a homeowners’ associa-
tion which has a transparent management and regularly reports on fi-
nancial questions.

Formal and informal  
lobbying
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7.4 The decision-making procedure
The decision-making procedure is the direct act of either approving or 
rejecting the decision about refurbishment and/or modernization. Ac-
cording to law, such a decision must be approved by the owners in a 
joint meeting. Managers or chairpersons must pay high attention to the 
preparation and conduct of this procedure. Most complaints regarding 
this procedure refer to legal aspects, which underlines the importance of 
correctly fulfilling all formal requirements, such as taking minutes during 
the meeting (not afterwards). In addition, practice shows that possible 
letters from an attorney secured by some owners can provide the oppor-
tunity for various kinds of manipulation and falsification.

It is also very important to provide the conditions so that owners can 
vote confidentially, without observation and interventions from other 
owners. If experts or other external specialists are invited to this meeting 
it is very important that they do not have any possibility to influence the 
homeowners during voting. The organizers or persons responsible for 
such a meeting should be aware that, even if all formal requirements for 
preparing and conducting the procedure were taken into account, there 
could be dissatisfied owners. Due to the importance of a decision re-
garding a refurbishment or modernization, such meetings may be more 
formal than that of normal annual reporting meetings. If it is necessary 
to change the before-hand published agenda of the meeting, it is rec-
ommended to agree on the new agenda by a vote of all owners at the 
beginning of the meeting. Otherwise, unsatisfied owners might accuse 
the organizers of having manipulated the procedure. 

It should be noted, that the deliberate or accidental exclusion of own-
ers from the decision-making, e.g. by providing insufficient information, 
dismissal from participation, or distorting the information can be illegal 
and a reason for a court case. Transparency is thus crucial to prevent such 
escalation. Apart from these legal aspects, it should of course be the aim 
of each organizer to integrate all owners in the decision-making process 
and convince potential opponents with good arguments and clear in-
formation. 

7.5 The evaluation of the decision
The evaluation of the decision’s results is an obligatory stage in the deci-
sion-making process, though it is not always made publicly. The evalua-
tion has two dimensions:

1. the formal dimension, 

2. the informal dimension. 

The formal dimension usually comprises action and budget reports. The 
informal dimension is more difficult to measure, but is rather a question 
of observation (this is possible if the number of members of the home-
owners’ associations is not too big). The informal evaluation includes 

Conditions for voting
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owners ‘opinions about the project in general, and the procedure and 
results of its’ realization’. 

The evaluation is important not only regarding that particular process 
and situation, but is also of value for the ‘common history’ of an associa-
tion. A capital refurbishment or modernization is a cost-intensive, long-
term event which requires not only resources but patience from the 
participants. The experience made during this process will have a strong 
impact on further decisions made in the association for several years. 
During the stage of evaluation, the chair and board of the association 
might be addressed with questions about the choice of subcontractor, 
the budget and the quality control of all planned works. 

KEY POINTS TO REMEMBER FROM CHAPTER 7

• At the stage of initiation, it is important to formulate a concrete 
project with clear goals and possible ways for a solution. 

• The decision regarding the refurbishment project must be ap-
proved by all owners in a joint meeting.

• When it comes to a meeting in which homeowners make a deci-
sion on a refurbishment project, it is crucial to maintain a strong 
formal procedure and provide an opportunity for confidential 
voting.
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8. More about decision-making
There are different stages of a decision-making process. Additional de-
tailed information will be found in the following sections.

8.1 Forms of voting
The first task when preparing a decision-making procedure is to decide 
which form of voting will be used. The law foresees two forms: absentee 
ballot or voting during a homeowners’ meeting. In an absentee ballot, 
homeowners are provided with special bulletins. This happens either 
by post-delivery with ‘signature upon receiving, (zakaznoe pismo) or by 
making the bulletins available in the office of the homeowners’ associa-
tion in special opening hours. Formally, there are two ways for establish-
ing the votes: either in separate bulletins or in a common list of owners 
in which each owner provides his opinion and signature. Each method 
has its advantages and disadvantages: while separate bulletins are dif-
ficult if there is a general lack of trust, a common list may be criticized 
for its lack of confidentiality. Both ways may also include so-called proxy 
voting, whereby some members of a decision-making body may dele-
gate their voting power to other members of the same body to vote in 
their absence.

Having the choice between organizing an absentee ballot and the com-
mon form of voting in a owners’ meeting, absentee voting is often pre-
ferred as it is not necessary to gather all (or at least the majority of ) own-
ers at one place and time. However, it has other difficulties: it requires the 
highest level of transparency and very accurate work when preparing, 
delivering, processing and evaluating the documents concerning the 
procedure and decision.

8.2 The list of refurbishment measures
When deciding for refurbishment measures, the members of a home-
owners’ association do not vote on the principal question of conducting 
a refurbishment, but on concrete measures to be implemented.  Usually 
at the beginning of a decision–making process, i.e. during the initiation 
stage, a list of suggested measures to be implemented is published. 

But what happens to this initial list? Sometimes during the process – 
from initiation until voting – this list tends to be shortened, i.e. the final 
list which is approved by the owners includes fewer measures than that 
initially suggested. The reasons can be found in the resistance of some 
owners, the higher costs when implementing additional measures and a 
re-evaluation of the association’s funds and resources.

Why is this important to know? It is well known that in order to increase 
energy efficiency and the living quality in a building, it is crucial to con-

absentee ballot
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duct a comprehensive refurbishment, rather than undertaking single 
measures. The goal during a decision-making process should therefore 
be to adopt an extensive and not extremely limited list of measures.

In conducted studies, three measures received significantly higher ap-
proval rates at the end of the decision-making process than when initial-
ly suggested: the repair of the building’s foundation, the installation of 
cold water meters and the installation of gas meters. It can be assumed 
that the repair of the foundation was lobbied by the chairpersons. The 
installation of meters might have been lobbied also by owners, as own-
ers tend to support measures which bring a clear benefit to them. All 
other suggested measures had similar or lower approval rates than at 
the beginning of the process. This suggests that homeowners did not 
perceive such a personal benefit from these measures.

Another factor impacting the proposed changes under consideration is 
the specific characteristics of these works. Some measures may be more 
relevant to some owners than for others. Owners from top floors, for 
instance, are usually more interested in the repair of roofs, while own-
ers from the bottom floors are more interested in basement repair. The 
same logic applies to elevators. Unfortunately, not all owners realize that 
even if their apartment is situated in the middle floor, a repair of the roof 
or basement is necessary also for them.  Explaining this necessity is the 
task of the management of the homeowners’ association. The main argu-
ment to be provided is the fact that these elements of the building are 
common property and therefore, the responsibility, especially financial, 
is proportional to all owners, not to just one or several specific floors.

KEY POINTS TO REMEMBER FROM CHAPTER 8

• The law foresees two forms: absentee ballot or voting in a 
homeowners’ meeting

• Special attention needs to be paid to explaining that certain 
parts of the building (foundation, roof, elevators) are common 
property for which everybody is responsible and all need to 
contribute to refurbishment costs
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9. Arguments against a 
refurbishment and how to address 
them
Persons initiating or supporting a refurbishment project will often en-
counter similar arguments brought forward by the opponents of such a 
project. Some of the main contra-arguments and possible ways to weak-
en or disprove their objections will be presented in this chapter. The 
contra-arguments presented below are based on the answers given by 
active homeowners, chairpersons and board members of associations in 
the framework of research on homeowners associations.  

In previous research, 40% of the interviewed active owners, chairpersons 
and board members answered that some owners in their multi-apart-
ment building were against making a capital repair and/or energy effi-
ciency modernization. Based on the interview answers, four main con-
tra-arguments against a refurbishment could be identified: 

• the owners do not want to spend money for a refurbishment/en-
ergy-efficient modernization and do not believe that the invested 
money will lead to positive financial effects (i.e. saving of additional 
expenses);

• the owners do not believe that the works will be implemented with 
good quality;

• the owners do not believe that the collected funds will be distrib-
uted in a proper way or that the sub-contractor will be chosen in a 
transparent process;

• the owners believe that the execution of the works, such as provid-
ing access to their apartments, the related noises, etc., could be un-
comfortable for them.

The first contra-argument can be neutralized by providing a clear and 
detailed project budget and a calculation of the possible future reduc-
tions of common expenses fees. The data provided should not only 
show the financial implications for the whole homeowners’ association, 
but must also include a calculation for one single apartment as a con-
crete example. An additional argument regarding these doubts can be 
that fares and tariffs for communal services, especially regarding energy 
costs, have the tendency to increase, and the only way to reduce these 
payments is an energy-efficient modernization.

The second and the third contra-arguments are interconnected. Both 
these arguments refer to the management system in the association. As 
experience has shown, a very effective way to address these worries is to 
organize a special owners’ commission which supervises and monitors 
all stages of the refurbishment, controls the distribution of funds and, as 
a group, chooses the sub-contractors.

typical arguments 
against refurbishment
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The last argument is relevant in particular for non-pensioner owners. A 
transparent and detailed presentation of all planned work and discus-
sion of possible compromises is important. 

The interviewed active homeowners, chairpersons and board members 
were also asked whether they convinced other owners about the neces-
sity of a capital repair and the need to participate in the joint meeting 
about the project. Slightly more than half of those interviewed answered 
that they had convinced other owners by actively participating in the 
lobbying stage.  

They used different arguments for convincing others. The main argu-
ment used was the poor physical condition of the building and the pos-
sibility to get external funding for implementing a refurbishment (e.g. 
in Russia the program for capital refurbishment of the housing stock). 
The argument stating bad technical conditions can be strengthened if 
a specialized institution with expertise in this field is commissioned to 
assess the state of the building and confirms the low quality. As research 
has shown, such expertise was provided in approximately one third of 
the cases: 33.6% of the interviewed persons indicated that an external 
expert opinion was commissioned, conducted and presented to the 
owners before initializing the decision-making process. 

Some general principles of argumentation should be followed when 
entering into communication with the homeowners with contra-argu-
ments:

• the argumentation must be based on true statements;

• the provided arguments must not contradict each other;

• all arguments must be formulated in a clear manner;

• the arguments need to be strengthened by appropriate information 
and examples;

• no redundant arguments should be provided. 

In summation, the initiators of a capital refurbishment and energy-effi-
cient modernization – as with any high cost projects – may encounter 
very strong resistance from the homeowners. Various contra-arguments 
can appear during the discussion process, however, experience shows 
that it is possible to convince owners to carry out a refurbishment and 
energy efficiency modernization. Therefore, it is important to prepare 
argumentation for all stages of the decision-making process. A transpar-
ent management system, openness to share reports with owners and 
a well-established information system are the best pre-conditions to 
reach a positive decision. Implementing only single measures is not ef-
fective, either to improve buildings, physically and for energy efficiency, 
or for long-term financial benefits for owners. However, if the resistance 
of the owners is very strong, it may be more effective to start with only 
one or two measures; this has been shown to have a significant social 
result: If such “test cases” are successfully managed and implemented 

principles of  
argumentation

external assessment of 
the building
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by the chair of the homeowners’ association, homeowners may be more 
open to agree to further measures. 

KEY POINTS TO REMEMBER FROM CHAPTER 10

• The best way to convince the sceptics is to provide a clear and 
detailed project budget and a calculation of the possible fu-
ture reductions of common expenses fees. The data must also 
include a calculation for a single apartment as a concrete exam-
ple.

• Argumentation for a refurbishment project should be consis-
tent. External experts can underline the necessity of a refur-
bishment by evaluating the condition of the building.
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10. Case study: the process 
of decision-making for a 
refurbishment in Rostov-on-Don 
(Russia)
The following is an example of the decision-making process regarding 
the refurbishment of a multi-apartment house, the case of one home-
owners’ association in Rostov-on-Don (Russia). Rostov-on-Don is a large 
city (approx. 1 million inhabitants) in southern Russia. The apartment 
building is typical for many post-Soviet buildings:

• it was in poor technical condition and characterized by very low en-
ergy efficiency,

• it did not have autonomous heating, energy and water supply sys-
tems, nor water, heating and gas meters,

• the social structure of the inhabitants is mixed.

This case was selected because it is typical and had a successful out-
come. The decision on a refurbishment was approved, the refurbishment 
implemented, and, when researched (spring 2011) there were no formal 
or informal conflicts regarding the refurbishment. The following infor-
mation is based on six internal documents, three semi-structured ques-
tionnaires answered by active owners, chairpersons and board members 
and 53 questionnaires answered by owners.

General information: The building was constructed in 1988 and compris-
es 82 apartments. In 2004, the homeowners’ association was established. 
According to the association’s statutes, a joint owners meeting is autho-
rized to take a decision if 50% plus one of the homeowners are present in 
the meeting (in line with the standard norm of the Russian Federation). 

The idea to conduct a capital refurbishment was first expressed by the 
chairperson, who informed most (82%) owners. The main arguments 
used for highlighting the need for a refurbishment in the initiation stage 
were the poor physical conditions of building, the opportunity to receive 
funding from the Federal foundation, thus the chance to improve the 
living quality in the building. 

The decision-making process was well prepared: 

1. The information campaign was carefully prepared and started ear-
ly enough before the joint meeting to provide time and opportuni-
ties for convincing the owners. The first announcement about the 
up-coming joint meeting in December 2007 was made in Septem-
ber 2007; another informal announcement followed, including not 
only the most important formal information, but also the call to in-
form other owners and invite their participation in the important 
decision.
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2. The main information dissemination method selected was to put 
announcements in lobbies, which proved to be quite popular. Ad-
ditionally, phone calls were made and the chairpersons met owners 
individually to provide them with further information. 

3. The official invitation to the joint meeting, which would include vot-
ing, was prepared in accordance with the legal norms and provided 
the owners with the most important information, e.g. how the re-
furbishment will be conducted, terms for the implementation of the 
works, amount of funds requested from the owners and how the 
sub-contractor would be selected. 

The joint meeting about the capital refurbishment was conducted in De-
cember 2007. Around 68% of the owners participated; almost one third 
(32.1%) did not show up, stating lack of time as a reason. The meeting’s 
agenda included the following topics: the cost and terms of funding, the 
preliminary budget and the selection of a sub-contractor. The thorough 
preparation of the first meeting’s agenda can be regarded as one success 
factor. Five kinds of works were suggested to the meeting participants: 
(1) replacement of the heating pipes, (2) replacement of radiators, (3) 
replacement of hot water pipes, (4) replacement of draining pipes and 
(5) repair of basement and facade. Almost no alternative options were 
suggested during the discussion. Only two owners suggested reject-
ing the project completely, because they were sceptical of the quality 
of the workmanship. More than half of the interviewed persons (54.7%) 
expressed their opinion during the meeting. The discussions during the 
meeting were mainly among the owners themselves, which indicates 
that by the time of the meeting there were already groups of owners ac-
tively arguing in favor of the planned refurbishment.  When interviewed 
after completion of the project, the owners indicated that they believe 
their opinion was taken into consideration during the decision-making 
process. 

All suggested works were unanimously approved by the present own-
ers after the discussion. None of the interviewed persons had any com-
plaints about the decision-making and voting process.

A second meeting was conducted in 2008, dedicated mainly to the se-
lection of the sub-contractor. The quorum in this meeting was lower 
than in the previous one, but still sufficient for taking a decision: 65% 
of the owners were present. Three companies were suggested as pos-
sible sub-contractors and a decision could be taken unanimously. The 
initial list of works had not been changed, which indicated the thorough 
preparation of the project. 

How did active owners perceive the process? In general, their answers 
were positive, both on the social situation in the association and on the 
decision-making process and its results.  As one respondent put it, “there 
were small defects, but these were eliminated in the process of refur-
bishment”. During the process of selecting the sub-contractors, active 
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homeowners first paid attention to the warranty regarding the works 
and the length of the warranty. 

How was the situation perceived among the owners? The best indicators 
are their answers: The owners themselves said that the social structure 
of their association is complicated. Only 2.5% of the respondents said 
that the owners’ social and financial background is similar and 32.5% 
of the interviewed owners perceive the owners as “rather equal”. Such 
a distribution is common in many multi-apartment blocks and this dis-
parity within the community causes difficulties for expensive projects. 
That nonetheless an agreement could be made among the owners can 
be regarded as success. 

Often, there is a discrepancy between home owners’ self-estimation of 
the information level and their real knowledge and awareness of rele-
vant topics, e.g. in conducted research 90.4% were satisfied with their 
information level, but actually less than 10% (9.6%) was really informed 
about refurbishment legislation. In another case study almost all owners 
(94.6%) paid attention to the content of their bills for services, but only 
5.7% of the owners expressed interest in receiving the association’s over-
all financial documents.

Interestingly, the number of owners supporting the project initially is the 
same as that of owners assessing it positively after the refurbishment (in 
both cases it is 92.5%). This interview result could be interpreted to mean 
that the information campaign and lobbying did not alter the outcome. 
However, it must considered that some homeowners originally support-
ing the project may not assess it positively after the refurbishment, and 
vice versa. The quality of the executed works was mostly evaluated posi-
tively (77.3%); just 4.5% of the interviewed persons evaluated the quality 
as poor and 9.1% as less than average. Those owners who evaluated the 
general quality of the conducted works negatively could not give more 
concrete explanations. However, these negative evaluations indicate the 
necessity to control the quality of works more carefully. 

This case shows that a well-planned information campaign and strict 
compliance with the formal regulations are important to reach a positive 
decision and positive evaluation of the process.
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11. Conclusion
The leading role regarding the articulation of the initiative and lobbying 
for a positive decision lies with the chairperson of a homeowners’ associ-
ation. He or she needs to provide clear and detailed information on the 
planned construction project and is responsible for the compliance with 
all legal requirements regarding the decision-making.

In order to reach a successful result (i.e. not only an agreement to the re-
furbishment, but also a satisfactory implementation of the works), trans-
parency and well-prepared information for the owners are an essential 
precondition. It is also crucial to carefully and in a democratic, transpar-
ent way select the sub-contractor and establish ways to monitor and/or 
control his work. 

During all stages of the decision-making process, it is necessary to re-
member that a refurbishment project has the potential to integrate or 
alienate the community. The project can strengthen the community’s 
integrity and lead to a sustainable result if all rules are respected and 
the owners are actively and transparently provided with all necessary 
information. 
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1. Introduction
A multi-family building should undergo capital refurbishment about 
every 30 to 50 years, depending on the building quality and individual 
elements which need to be renewed. At the same time existing large 
prefabricated buildings, especially those in former socialist countries 
constructed between the 1950s and 1990s, today not only suffer from 
low structural quality but also from a severe maintenance and refurbish-
ment backlog. Thus, the buildings show damages and deficiencies in 
their structure and fabric, technical installations and energy efficiency. It 
is obvious, that the implementation of complex refurbishment projects 
that aim to upgrade the current status of the buildings in these countries 
is an urgent task which should not be deferred any longer. The following 
module provides an overview of how to proceed in order to plan and 
organise such a refurbishment project successfully. 

A complex refurbishment project which tackles all structural building 
problems and leads to a higher energy efficiency needs to be very care-
fully planned. In the planning process, various steps are to be taken. The 
module explains the steps, tasks and instruments which have proved to 
be important and essential for the successful realisation of a complex re-
furbishment project. The first key step is to provide information and ob-
tain the consent of all people affected by the refurbishment measures, 
especially when the building is owned by various single owners who 
have to reach agreement on the planned measures. Furthermore, in ad-
dition to the flat owners, there should be involvement from other actors 
involved in realising the project, i.e. institutions, contractors/subcontrac-
tors and authorities dealing professionally with building refurbishment 
and energy efficiency in buildings.

To enable a successful project realisation, several (planning) instruments 
are necessary and of course the project has to comply with the regulato-
ry framework in the respective country or town. In addition, a financial 
concept needs to be developed that includes all immediately available 
as well as other funding possibilities that are offered, e.g. by support 
programmes. When it comes to a solid project implementation and con-
struction supervision, various instruments and tools are available and 
have been proven successful in building refurbishment projects already 
completed. All of these topics are described in the following chapters, 
concluding with the final steps to be taken when completing the proj-
ect, with special attention to the quality control and acceptance of the 
works.
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2. Information and agreement 
on the refurbishment project
Energy efficient housing refurbishment projects are a long-term process 
which involve various components, stages, crafts and actors: therefore 
they require time and careful preparation. In this context, providing in-
formation that will allow homeowners to make an informed decision is 
the first  crucial step.”. 

When the manager (board/administrator) of a building and/or the 
homeowners (association) consider that refurbishment measures are 
necessary, the board of the association must put this issue on the agen-
da of the homeowners’ meeting. This first meeting should serve to pres-
ent to the homeowners the obvious structural and thermal building de-
ficiencies, and to explain and discuss possible refurbishment measures. 
In this context the advantage of combining the necessary maintenance 
and modernization measures can be explained, as well as the relation-
ship of the energy efficiency potential to the modernization costs. At the 
early stage, it is also advisable to briefly point out why the implementa-
tion of single measures, which are not embedded in a comprehensive 
refurbishment concept, may impede the successful and most effective 
solution to energy efficiently upgrade the overall building and affect ul-
timate cost savings to tenants. 

The aim of the above-described first owners’ meeting should be to 
achieve general agreement on the necessity to refurbish the building. 
If this consent is achieved, several initial decisions must be taken: the 
board/administrator now functions as the project manager and in this 
position needs to be commissioned to collect further information and 
to involve an energy consultant as well as a construction expert. Further-
more, the foreseen budget for architects, engineers and energy consul-
tant needs to be determined. It is also strongly recommended to estab-
lish an advisory board. 

The establishment of an advisory board in a homeowners’ association is 
good practice. Especially within the framework of a large, detailed refur-
bishment project, it is advisable to have such an institution to accompa-
ny and support the activities and decisions of the building administrator 
acting as the sole project manager. An advisory board should consist 
of three flat owners, i.e. one chairman and two further homeowners as 
assessors. It is advantageous for the advisory board members to have 
different occupational backgrounds.

Following the first meeting and a general agreement of the homeown-
ers, the project manager (whose concrete responsibilities are described 
in detail in chapter 4) will begin to collect information, esp. with the re-
sponsible municipal offices re: legal and financial regulations and neces-
sary application procedures. Furthermore, he should assign a qualified 

Homeowner meetings

Advisory boards
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energy consultant to provide on-site advisory services on the energy ef-
ficiency status of the building and the possibilities to improve this status 
by implementing appropriate energy efficient refurbishment measures. 
Also, experts such as architects and engineers who will coordinate the 
project and are responsible for the technical implementation should be 
selected at this stage. This selection procedure is to be implemented in 
close cooperation with the advisory board (if in existence). 

When all necessary information is available the project manager devel-
ops a first concept on the planned refurbishment measures which also 
includes the listing of the different financial support instruments, if avail-
able. This information must then be presented to the homeowners.

During a second homeowners’ meeting the selected energy consultant 
as well as an engineer should take part, to discuss open questions with 
the homeowners and to explain planned measures. Based on this, fur-
ther decisions need to be taken: the project manager should be autho-
rised to involve expert planners, i.e. a project supervisor to develop a 
detailed refurbishment concept which includes a detailed cost-benefit 
calculation. These should be engineers or architects who are fully quali-
fied to develop, coordinate and steer a complex refurbishment project.

After the second meeting, the building administrator together with 
the involved experts will begin to develop the refurbishment concept, 
calculate the costs and determine possible energy savings. Further, the 
project manager will evaluate offers from building contractors. It is good 
practise to involve the advisory board at this point. Subsequently, it is 
possible for the project supervisor to further specify and determine the 
concrete refurbishment measures as well as the time schedule/work 
plan. The financing concepts should be developed at this stage: on the 
basis of accrued reserves, support programmes and credit options, the 
project manager (building administrator) needs to generate one or two 
financing concepts. When all concepts are finalised, the project manager 
formulates the proposed resolutions for the next homeowners’ meeting. 

A third homeowners’ meeting is mainly necessary to present the devel-
oped concepts to the flat owners. This meeting shall include the energy 
consultant as well as the architect or engineer, in order to answer all the 
flat owners’ questions directly and quickly. When questions have been 
answered, decisions about the refurbishment project are to be taken. 
The following resolutions need to be taken: 

• agreement on refurbishment measures;

• fixing of a time schedule;

• agreement on the budget;

• determination of project funding;

• authorisation of the building administration to conclude contracts 
with the executing companies.

Energy consultant

Necessary agree-
ments
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It is advisable to approve each resolution separately, but also as a whole, 
so they may operate independently if necessary. This has the advantage 
that if one resolution is rejected, the whole refurbishment project will 
not be endangered. In general, the decision to start the housing refur-
bishment is taken by the homeowners in a voting procedure and the 
related adoption of a resolution. The legal principles of such voting pro-
cedures differ from country to country. In Russia, two-thirds of all owners 
have to express supportive votes for acceptance of the project; in the 
Ukraine the homeowners’ association requires a ‘50 percent + 1’ majority 
vote to undertake refurbishment. In Belarus, a vote by dwellers is un-
necessary as the energy efficient refurbishment of a building is made 
according to the plans issued and approved by respective committees 
and district administrations.

After the resolutions have been taken the refurbishment project can 
start. 
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3. Energy related building 
survey (energy audit) and energy 
performance certificate (EPC)

3.1 Energy audits
The completion of an energy related building survey  should be the 
first step in the development of a refurbishment concept. This survey 
is primarily an analysis of the energy-related current state of the build-
ing, which is based on the evaluation of existing plans and papers doc-
umenting the energy consumption of the building as well as on an a 
general description of the building’s thermal and structural performance 
(state of the building technology, heating system, quality of the building 
envelope, etc.). It is to be developed by a (certified) energy consultant 
or auditor, a qualification that exists in most countries including Russia, 
Belarus and Ukraine. The energy consultant has the task to evaluate the 
current energetic state of the building  Based on this, measures to im-
prove the energy efficiency state of the building will be described and 
calculations about what is practically feasible and energetically as well as 
financially reasonable should be presented. 

An energy-related building survey is necessary for the following reasons: 

First of all, measures which help to save energy in a residential building 
are manifold, starting from the insulation, to a new heating system, new 
windows, up to the use of renewable energies. The energy consultant 
and the building survey will provide insight into the building deficien-
cies and will make clear what measures are possible, necessary and how 
to coordinate and align them. Also, if only single measures are planned 
to be implemented, the energy consultant can help the homeowners 
to select the appropriate technical solutions and also provide a holistic/
integrated view on the impact of the measures on the thermal building 
physics, the expected (reduced) energy consumption and the economic 
efficiency. 

ATTENTION! A building is a rather complex structural-physical arrange-
ment and when single measures are implemented they have an effect on 
the whole building. This also means that when implementing measures 
in one building field, damages may occur in other places. For example, 
when exchanging the windows it is necessary to ensure that their ther-
mal conductivity is properly aligned with the building envelope. Other-
wise, problems with moisture and mould may occur.

Secondly, the main target of housing refurbishment is to reduce the 
heating cost. This will be reached much more efficiently with the sup-
port of an energy consultation as it provides a (neutral) analysis of the 
status quo of the building and the respective deduction of necessary 

Certified energy 
auditors
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measures, i.e. either single or comprehensive improvements. 

Thirdly, energy consultancy is also important within the framework of a 
cost-benefit analysis. Most homeowner associations cannot pay all mea-
sures of a refurbishment project at once. Therefore it is worthwhile to 
examine the costs and benefits of the planned project during the ener-
gy-related building survey. 

Summarised, the main characteristics of an energy-related building sur-
vey (energy audit) follow:

• It is a feasibility study,

• it serves to identify energy use/waste in a building and strives to 
identify opportunities for energy saving;

• it reveals to flat owners, building administrators or housing associa-
tions/cooperatives the options available for reducing energy waste, 
the possible variants of alterations, the costs involved and the bene-
fits achievable from implementing the refurbishment measures. 

Types of energy consultancy - As regards the scope of energy consultan-
cy, different levels are common in most countries. They are categorised 
as follows:

a) Basic check-up of the building as regards energy efficiency (rather in-
expensive or even free of charge in some countries);

b) Initial on-site consultancy to provide an initial orientation on mea-
sures for the improvement of energy efficiency in the building;

c.)Comprehensive energy consultancy on-site. 

As a basis for a complex refurbishment project a comprehensive and de-
tailed energy consultancy is recommended.

3.2 Energy Performance Certificates (EPCs) 
Energy performance certificates (EPCs) provide information on the en-
ergy performance of a building and also recommendation for cost im-
provements. These instruments are in existence in Russia, Belarus and 
Ukraine. The objectives of an EPC can be formulated as follows:

a) to increase the rate and scope of building refurbishment by illustrat-
ing the status quo regarding energy efficiency to building owners and 
tenants and by proposing options for thermal renovation;

b) to raise the capitalisation of energy efficient investments by the pro-
vision of reliable information on the energy performance of buildings to 
potential buyers/tenants.  

Building survey

Types of energy  
consultancy
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An EPC shows the energy efficiency rating of a dwelling or building. In 
the EU, the rating is shown on an A-G rating scale similar to those used 
for refrigerators or other electrical appliances. This scheme has been 
proved very useful and therefore could serve as good practice for Russia, 
Belarus and Ukraine. 

In Russia, Belarus and Ukraine there are regulations for the certification 
of buildings, however there is an unclear legal situation: the absence of 
clear guidelines and weak control mechanisms impede the consistent 
implementation of building certifications. In Russia, an energy perfor-
mance certificate is issued for most newly constructed buildings, but 
at the same time uncertainties remain regarding the design layout and 
content of such a certificate. In the Ukraine, since 2009, energy passports 
are mandatory as part of the project documentation for newly construct-
ed and refurbished residential and public buildings. To date, very few 
buildings have been issued an energy performance certificate. In Belar-
us, energy performance certificates are mandatory for newly construct-
ed buildings. Furthermore, the introduction of certificates that have a 
more user-friendly layout which follows the scheme of the EU layout is 
promoted and introduced in pilot projects.

There are several ways to issue EPCs, but in general two calculation 
methods can be differentiated: 

a. A “consumption certificate”, which identifies the energy performance 
of the building based on the past energy consumption of the residents.

b. A “demand certificate”, which determines the energy performance us-
ing a calculation of the energy efficiency of a building based upon vari-
ous building characteristics. 

The “consumption certificate” provides information on the energy, i.e. 
heating and hot water which have been consumed in a building. Both 
are indicated in kWh/(m2*year). Normally, for this, the heat cost billings 
from the past three years are needed. The “consumption certificate” is 
much cheaper but also less comprehensive and conclusive as it is based 
on the individual heating use of one household. Therefore, only limited 
conclusions can be drawn as regards the future energy consumption of 
the building. 

The “demand certificate” calculates the energy demand of a building 
on the basis of its size,  structure and building materials as well as the 
heating and hot water installations (according to standard conditions). 
The method of calculation is rather complex and in order to answer all 
questions regarding the building, an energy consultant implements a 
systematic and thorough examination of the building. The recorded data 
are independent from the residents’ heating behaviour and enable an 
objective comparison with other buildings. The deficiencies as regards 
energy efficiency and the derived recommendations for modernisation 
directly refer to the condition of the respective building. 

Calculation  
methods of EPCs

Consumption  
certificate

Demand certificate
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It is recommended to implement and issue “demand certificates” in all 
countries as the “consumption certificate” does not reflect the real en-
ergy demand of a building or flat, but is determined only by how much 
energy has been used by the residents in the past year(s).

Who issues Energy Performance Certificates?

In those European countries were EPCs are issued, the qualification and 
eligibility of persons entitled to do so is mostly regulated by law. In Rus-
sia, certified energy auditors conduct energy performance audits for all 
public entities and commercial entities. The certification of the auditors 
is the responsibility of professional associations. In Belarus, energy au-
dits and certifications are conducted by organisations that have a special 
certification by the “National System of Conformity Confirmation” which 
have expert auditors on their staff. 

Layout / design of Energy performance certificates in Europe

There are different formats and rules for advice on energy efficiency 
improvements in all countries that offer energy auditing and certifica-
tion. Accordingly, the EPCs look slightly different among EU and non-EU 
member states:

Figure 1. Energy passports (Germany and Bulgaria)

Figure 2. Belarus - Suggestion for layout of Energy Performance Cer-
tificate by IPO Ecopartnership
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4. Actors involved in the 
refurbishment process
After the energy-related building survey has been completed, the actual 
planning and implementation of renovation measures starts. Depend-
ing on the size of the project, various experts are necessary. To guarantee 
successful project implementation, it is recommended that the follow-
ing actors be involved in the construction process:

The Project manager/lead represents the owner(s) of the building. He has 
managerial responsibility and in this context also is the financial manag-
er, who has the mandate for decisions and instructions. These mandates 
may not be delegated to third parties. The tasks of a project manager 
include defining the project aim, organizing financing and refinancing 
of all measures,  consulting building residents,  assigning and controlling 
of all planning and construction works as well as the final accounting of 
the project. The project manager for a refurbishment project in a home-
owner(s) association should be a member of the building administration 
and should enjoy the confidence of the homeowners. 

It is ideal if the project manager is a building engineer, in which case he 
can also serve as the project supervisor. But in most cases, he is not an 
engineer and will therefore need the support of a project supervisor.

The Project supervisor provides advice and support to the project man-
agers and the homeowner(s). He is responsible for the costs, the meeting 
of deadlines and the quality of workmanship. The project supervisor ful-
fils operational tasks, some of which he can delegate to third parties. He 
has no authority to decide, to give directives or enforce actions. His task 
is the steering of all planning and construction works.  

The first task of the involved architect(s) is to discuss the possibilities 
for renovation, step by step, with the owner(s)/administrators of the 
building and based on this to develop a comprehensive concept. The 
architects design the project implementation from outline to detailed 
planning, and compile, if necessary, the planning documents for the 
building application to the building authorities. Furthermore, architects 
calculate the costs for the planned application for credit with a financing 
institution. Architects also administer the design aspect of the building 
refurbishment, as the improvement comprises aesthetics as well as en-
ergy efficiency. In Russia, Belarus and Ukraine, the price for the service 
of developing a design project is either a matter of negotiation and 
agreement between the parties, or the fee and costs are specified in the 
contract and cover a certain fixed amount - e.g. in the Ukraine, currently 
1.875 % of the total construction cost is allocated for planning and tech-
nical supervision. 

Expert planners and specialist engineers examine the building construc-

Project manager

Project supervisor

Architects

Expert planners & 
specialist engineers
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tion and assess the building technology. There are different types of spe-
cialist engineers to be involved in energy efficient building refurbishment, 
e.g. structural engineers, physicists, surveyors, building services engineers.

The actual implementation of works needs to be done by specialized 
craftsmen within the companies contracted. The relevant crafts in con-
struction and building refurbishment include preliminary building works 
as well as finishing crafts, as e.g. windows, façade, sanitation, heating and 
plumbing, electricity, etc. The selection of the implementing companies 
should be made carefully; reliable references are essential.

Figure 3.

Construction process

Project management

Building Owner(s)/
Contractor Residents

Project manager Project steering Public authorities

Expert 
planners

Specialist
engineers

Implementing
companies/
craftsmen

Actors in the refurbishment process

Public authorities will also be involved in a building refurbishment project, 
as provisions regulated by public law need to be observed. Depending on 
the size and type, a building permit may be required. For complex refur-
bishment projects a building permit is obligatory in most countries and 
can be applied for at the local building authority. If the building is a his-
torical monument, the historic monuments protection authority must be 
contacted in an early phase.

The residents, especially when they are owners of their flats, need to be 
involved in activities to prepare the energy efficient refurbishment proj-
ect at a very early stage. As described in Chapter 2, the information and 
decision-making by the homeowners is the first step in the planning of a 
refurbishment project. In this first phase, the homeowners will have to be 
informed on the building deficiencies and about the potentials and bene-
fits of a complex refurbishment approach. Costs and financial instruments 
are to be discussed and respective decisions made. Constant information 
and communication with the residents is important before, during and af-
ter completion of the project. This may be executed via increased opening 
hours for consultations in the housing administration, regular homeown-
ers’ meetings with project steering, architects and engineers, information 
material, etc.

Craftsmen

Public authorities

Residents
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5. Complex and sustainable 
refurbishment concept
A complex refurbishment concept is a document and instrument that 
depicts both the necessary and possible additional measures to be im-
plemented in the project. It provides a first cost estimate for the whole 
building and for each flat as well as information on the energy savings 
that can be achieved by the different measures to be implemented. 
Therefore, the refurbishment concept is based on the energy-related 
building survey (see Chapter 3). It needs to be “tailor made” and starts 
with the examination of the current state of the building. A necessary 
structural survey will attempt  to identify all possible structural-physical 
problems or damages such as moisture, problems with mould, rust dam-
ages, cracks, etc. At the same time, the following aspects of the building 
physics should be covered in the survey:

• Thermal insulation: roof abutment/jamb wall, façade, connections 
windows and doors, staircases, basement ceiling; 

• Noise prevention: windows, façade, intermediate floors;

• Moisture proofing: rainwater drainage of the roof and balconies, 
moisture in the cellar and flats;

• Fire prevention: fire zoning, firewalls, fire-protection doors.

In the survey, the residents will be involved in order to collect informa-
tion on the possible problems they have experienced while inhabiting 
the building as well as on their needs, e.g. during the upcoming refur-
bishment phase. The results of the survey are to be recorded and mon-
itored. 

Based on this survey (and the energy-related building survey), the de-
sign (concept planning) for the refurbishment project is to be devel-
oped. Necessary measures and “additional” measures always need to be 
distinguished. Generally, in a complex refurbishment project of a multi-
tenant building the necessary measures should include the following:

Measures reducing the heat conductivity

• Thermal insulation - roof

• Thermal insulation - façade

• Refurbishment of balconies

• Exchange of the windows

• Insulation of basement ceiling

Measures to renew and improve the technical installations

• Exchange heating system(s) 

• Sanitary engineering

• Ventilation

• Exchange or modernization of the elevators

Energy survey and 
building physics

Necessary refur-
bishment measures
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The additional measures may include the following works/crafts to mod-
ernize the building

• Electrical installation

• New doors

• Tiling works

• Staircase(s)

• Painting works

• Floor covering

• Letterboxes

• Outdoor installations

Based on the above-listed necessary and additional measures as well 
as on the different levels of energy efficiency measures, different refur-
bishment variants should be considered and illustrated in detail: a basic 
variant = measures according to the setting of tasks, i.e. measures pre-
serving the building structure and improving the dwelling value, as well 
as the maximized variant(s) including measures in addition to the basic 
variant.

The presentation of the refurbishment variants must be accompanied 
by a detailed calculation of the construction costs. This calculation also 
should include the possible energy saving potentials and the related re-
duction of costs for energy to be achieved via the refurbishment mea-
sures. 

The refurbishment concept concludes with a summarized description 
of the chosen measures and the sequence of implementation. This in-
formation is presented to the flat owners at a homeowners’ meeting, at 
which time they will decide on the measures to be implemented, the 
time schedule, budget and funding (see Chapter 2). 

Optional refurbish-
ment measures
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6. Regulatory and financial 
framework

6.1 Regulatory framework
A complex refurbishment project –  as with the construction of a new 
building - needs to fulfil certain standards and regulations. In this con-
text, various permits need to be prepared or applied for by the project 
management. The preparation of permit applications is an important 
step in the planning and development of a refurbishment project.

It is the task of the project supervisor and the involved specialist engi-
neers or architects to develop templates and documents for the neces-
sary permits according to the respective regulations under public law in 
the fields of design, structural engineering, thermal insulation and noise 
protection. The type of planning and building permission necessary de-
pends on the measures to be implemented. E.g., if the exterior design of 
the building is changed significantly or annexes to the existing building 
are to be constructed, a permit may be required. To find out what specific 
permits are necessary, the project management must contact the local 
building authority. Note that regulations regarding building permissions 
not only differ from country to country but often, regionally or locally as 
well. 

• In Russia, the issuing of building permits is regulated in the Nation-
al City Building Code. The authorities issuing the permits are either 
federal, regional or local executive bodies, depending on the loca-
tion of the building or construction site. 

• In Ukraine, the main state organization which issues building per-
mits, controls building quality, and performs the operational release 
of buildings is the State Inspection of Architecture and Construction 
Control of Ukraine. This organization has local offices in all regions 
of the country. 

• In Belarus, the permits for thermal modernization and construction 
are issued by local executive and administrative authorities after an 
inspection of the building to prove the technical and thermal neces-
sity of renovation. 

After the documents for the necessary permits and applications for ex-
ceptions have been submitted, it is quite common that negotiations 
with the building authorities must be conducted. When these negoti-
ations have been concluded successfully and the necessary permits are 
issued by the authorities, the planning documents of the refurbishment 
project can be adapted and completed by the project supervisor. 

Permits
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6.2 Financial framework
The financing of a complex refurbishment project is a major challenge, 
often creating an obstacle for the homeowners’ association. Therefore, 
at the outset, information on the (building and) currently available fi-
nancial means of the homeowners’ association must be collected by 
the project manager. The potential to reduce current costs via energy 
efficiency measures should be presented and explained to the home-
owners with support of the project supervisor and the involved expert 
planners (see Chapter 2). Afterwards, a solid and detailed financing con-
cept that clearly depicts the costs of the refurbishment measures and 
the available financial sources must be developed. 

It is good practice that, following the initial building survey and the com-
pletion of a preliminary design concept, the first estimate of cost is de-
veloped by the project supervisor. At the same time the project manager 
needs to elaborate on the financial possibilities of the flat owners. Based 
on these first financial estimations the preliminary calculation of overall 
refurbishment costs is to be presented to the homeowners’ association 
together with an initial presentation, discussion and calculation of the 
available funds. Both should happen during the second homeowners 
meeting, as during this meeting the building deficiencies and the pos-
sible variations of refurbishment measures will be on the agenda (see 
Chapter 2). What needs to be taken into account and clearly depicted 
when calculating and presenting the costs for the refurbishment project 
per homeowner is the relation between the refurbishment costs and the 
costs that are currently a burden for the homeowners’ association: i.e. 
the (rising) costs for energy, the regularly occurring maintenance costs 
and the monthly operating costs; the latter can be reduced after an en-
ergy efficient refurbishment. After this meeting the calculation of costs 
may be adapted and revised and turned into a final calculation for the 
cost of refurbishment measures that were decided on.

The aim of a refurbishment project and therefore also of the utilization 
of the available budget should be a maximum result achieved by highly 
cost-effective measures. Partial refurbishments may be the only option 
if the available financial means are very small. But in general, it is ad-
visable that more complex refurbishment approaches are pursued, as a 
technically higher and more energy efficient level of refurbishment will 
be achieved. On first consideration, comprehensive refurbishment proj-
ects may discourage owners due to their high investment cost, but in the 
long-term, they also entail greater higher cost-efficiency. For example, 

• measures can complement each other, leading to a higher degree 
of efficiency,

• construction works, including the planning procedure and provi-
sion of infrastructure (e.g. scaffolding) only need to be implemented 
and financed once,

Financing concept

Comprehensive refur-
bishment projects

17

Module 6



• a complex approach increases the value of the building and the flats 
to a much higher level; as a result, the market value/potential selling 
price will be higher compared to a building where only partial mea-
sures have been implemented. 

Usually, the homeowners’ association is not able to finance a technical-
ly and economically reasonable complex refurbishment project from 
reserves and its own resources. Therefore, the financing concept needs 
to include external sources, for example, bank loans or regional support 
programmes. Refurbishment financing concepts have multiple stake-
holders to satisfy and various market challenges to navigate. In many 
countries obstacles such as high (energy) subsidies, uncertainty over 
savings, low income level of homeowners, etc. characterise the situation. 
In addition, there are various financial barriers such as the initial cost, 
non-existing national support programmes, high transaction costs or 
lack of creditworthiness. Independent of the specific problems within a 
country, the following elements have proven to be successful in a financ-
ing concept and therefore can be recommended to the project manager 
to be taken into consideration:

• include the personal, available  financial funds of the homeowners 
in the funding concept of the refurbishment project;

• find out what national and/or local support programs are in exis-
tence – first contact point may be the municipality;

• collect and analyse information on the availability of favourable 
credits for energy efficient refurbishment at local banks and inte-
grate that into the financing concept.

External funding 
sources
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7. Detailed planning and work 
schedule

7.1 Time scheduling
A crucial task of the project supervisor is the planning, calculation and 
scheduling of the execution of various components of the refurbishment 
project. First of all, a start and finish date for the overall project should 
be defined. That should include determining the earliest and latest start 
and finish dates - this constitutes the basis for the overall project prog-
ress. All planned construction works should be indicated simultaneously 
in a clear chronological relation to each other. The time scheduling can 
be depicted in three different forms:

• as a deadline list, with a written depiction of activities and time 
frame,

• as a bar time table, where the activities are depicted in a bar chart 
on a time line,

• as a network diagram, where the activities are illustrated as connect-
ed knots or arrows and thus chronological as well as content-related 
connections of the construction activities can be easily pointed out.

The most popular display format of time scheduling in construction 
projects is the bar time table.

Figure 4.Bar time table of a refurbishement process

Illustrating time 
schedules
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Generally, it can be stated that in a complex refurbishment project the 
planning and implementation phase (incl. control) of a complex refur-
bishment project each require around 240 days. 

In large building projects there are up to 1000 building components. 
They must be coordinated and, as not all of them can be depicted in one 
plan without being unclear and confusing, it is good practice to subdi-
vide time schedules into different levels. Normally these are the follow-
ing three: 

Level 1 - Overall realisation plan

The overall realisation plan refers to the overall project and comprises 
all project phases, i.e. from  preparation to implementation and utiliza-
tion. It should be developed during the project preparation phase and 
provides frame dates for the main planning and implementation phases 
of the project.

Level 2 - Framework time schedules

Framework time schedules refer to the individual structure works and 
construction stages. Normally, they are separately set up for the plan-
ning and implementation phase. Along with the operation charts or 
plans of procedure, the schedule will show the estimated contract dates 
of all object and sectoral planning services. It will be used to determine 
the deduction of arrears notes. The dates for the tender phase are de-
ducted from the operation charts or plans of procedure. 

Level 3 - Detailed time schedules

Detailed time schedules refer to the individual structure works or con-
struction stages and also to the individual phases of planning or imple-
mentation. They include intermediate deadlines for the single outputs of 
all parties involved in the project and serve as the basis for the organiza-
tional coordination, constant control and steering of the project. 

7.2 Progress control
After the development of framework time schedules (level 2), the meth-
ods for following the timescale targets by the homeowners (association) 
and the project manager within the framework of the project steering 
need to be stipulated by contract. In this context, several important 
items regarding time management must be determined at the begin-
ning of the project. These include:

• control and update of the framework time schedules,

• development of plans of procedures and steering plans for the plan-
ning and construction phase,

• constant control and update of the time schedules in the planning 
phase with the goal of process optimization,

Different levels of 
schedules

Time management
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• constant control and update of the time schedules in the implemen-
tation phase. 

It is important that fixed dates are determined and controlled for each 
individual component, in order to actively steer and adjust them in every 
project phase. 

The project supervisor must regularly monitor and present the actual 
status of the project and all construction works. By this, and via compar-
ison with the planned target state of the construction works, deviations 
can be identified and estimations about consequences can be made in 
order to achieve appropriate and early corrections.

7.3 Conjunction of time and cost planning
Correlating time and cost planning of a refurbishment project allows 
management of the outflow of funds, i.e. it indicates the time and 
amount that specific financing is required. In other words, financing 
schemes in refurbishment and construction projects are not indepen-
dent planning instruments; instead they are derived automatically from 
the time and cost planning of a project. 
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8. Technical specification, 
tender, offers, building contract

8.1 Preparation of the building contracts
When all refurbishment measures are defined within the framework 
of the detailed planning and  the building materials have been agreed 
on, the offers from construction companies can be requested. The basis 
for this is the development of the technical specification. The technical 
specification must be highly detailed in order to receive comprehensive 
offers which can be compared easily. 

8.2 Technical specification
The technical specification is the main part of the tender documents. 
Within the technical specification all decisions as regards type and qual-
ity of chosen material as well as execution of works are quantified and 
described. The building companies also receive relevant information 
about the planned time of execution and also about the construction 
site, e.g. if and where water, electricity, storage areas and scaffolding are 
available. This information helps the companies to calculate their costs. 

The technical specification is based on the service specifications, which 
are to be structured into clearly arranged sections according to work 
components or crafts. The service specifications for the refurbishment of 
a residential building could cover the following fields/crafts:

1. renewal of windows, 

2. scaffolding and renewal of concrete, including balconies,

3. insulation (exterior walls, basement ceiling and jamp wall),

4. roof covering,

5. heating, sanitation, ventilation,

6. works within the stairwells (painting and floor covering) incl. elec-
tricity,

7. tiles 

8. new entrance doors. 

Each of the service specifications provides a description of the specif-
ic tasks. An illustration of a service specification using “renewal of win-
dows” as an example would cover the following issues:

1.1 Description of the construction site:

• accommodation for craftsmen

• costs for electricity, water and waste management

Service specifica-
tions

Breakdown of  
specifications
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• protective foil for the building

• etc.

1.2 Description of the services/works:

• appointments with residents,

• complete dismantling and installation of the windows of all flats 
incl. plaster and painting,

• etc.

1.3 Description of the materials and works:

• 1 PVC window 1,0 m x 1,5 m, dismantling and disposal,

• 1 wooden window 1,5 m x 2,5 m, dismantling and disposal,

• 1 PVC window 1,0 m x 1,5 m, U-value=1,3, double glazing, delivery 
and installation,

• 1 PVC window, balcony element, U-value=1,3, 2,7 m x 2,5 m, disman-
tling and installation, incl. all back-works, as described above. 

The technical specification is especially useful when large and complex 
refurbishment projects are implemented, as the construction compa-
nies may calculate with much more accuracy and, therefore, offer more 
favourable prices. For the project manager and the supervisor, the tech-
nical specification provides the security that only works that have been 
requested are offered. This allows exact comparison of the received of-
fers.

8.3 Tender and award of contract
The technical specification in the tender documents can be developed 
based on standardized texts or freely phrased. In addition, further docu-
ments will be added to the proposals, e.g. general or specific conditions 
of the contract. This may differ according to the building legislation in 
each country. When all documents are prepared, the tender can be im-
plemented by the project supervisor and the project manager.

Generally, there are three forms of tender:

• public invitation to tender

• restricted call for tenders

• discretionary award of contract

These three forms of tender and awarding of contract are executed de-
pending on the type and size of the construction. Homeowners’ asso-
ciations and private companies may refer to all three of these forms of 
tender but usually the restricted call for tenders is chosen. In this case 
the procedure is as follows: 

Forms of tender
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Figure 5.

Restricted call for tenders

Sending of tender documents to a selected number of companies

Collection of offers

Estimate of cost, cost control via comparison of estimate of cost with calculation of cost 

Checking and evaluation of offers, negotiations, proposals for awarding of contract

Placing of orders

Tender procedure

8.4 Examination of offers
When the project supervisor examines the offers received, it is worth-
while to give close attention to the following points:

a. Make sure that the offers are complete. Some companies do not offer 
the full service required. 

b. Most project supervisors offer a price comparison list which includes 
all items, including products and brands.

c. The tender sum should stay within the framework of the predeter-
mined cost calculations. 

d. The most favourable offer is not always the best and may lead to unan-
ticipated costs. Therefore, companies which are not well known should 
be asked to present some references. 

e. Before deciding in favour of a company, the following should be 
checked in the reference: how did the company perform its works, did it 
comply with deadlines and were there complaints afterwards. If so, were 
problems sufficiently resolved and in a timely manner?

It is good practise with most construction projects to have a tender doc-
umentation and sometimes even a tender report. The tender documen-
tation includes all documents and information in the tender, e.g. letter of 
invitation, form of contract, pricing documents, plans, design drawings, 

Tender documen-
tation
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Tender report

etc. Furthermore, a tender report is a useful instrument to ensure trans-
parency and compliance in the selection process of contractors. The ten-
der report is comprised of a description of the tendering process and an 
evaluation of each tender submission and the related negotiations. The 
tender report covers e.g. the following issues:

• Background of the tender notice

• Evaluation of offers

• Scope of the contract

• Tender evaluation criteria (technical and financial)

• Reasons for rejection of unsuccessful tenders

• Reasons for the selection

• Conclusion

As the tender report is a good tool to ensure higher transparency in the 
selection process, it is recommended for use in countries that are strug-
gling with the issue of corruption. 

8.5 Conclusion of building contract
After the formal, calculative and technical examination of the offers and 
the assessment of tender responses by the project supervisor, a sugges-
tion for the award of the contract should be handed over to the project 
manager, i.e. the homeowners’ association. Based on the confirmation 
of cost recovery the project management may take the final decision(s) 
and the building contracts can be concluded. 

Site supervision, quality control and acceptance of work

After all contracts with all building contractors/subcontractors have 
been concluded, the project is initiated. It is important that the imple-
mentation of all works is coordinated and controlled, i.e. a site supervi-
sion process should be incorporated into the process. Site supervision is 
mostly executed by the involved architect or specialist planner. The pri-
mary purpose of site supervision is to ensure that all regulations under 
public law are observed. Furthermore, monitoring the performance of 
the involved companies is a key task: all works must be inspected to be 
sure that they are implemented free from defects according to the de-
scription in the execution planning and the technical specification. The 
site supervision/supervisor also must coordinate the sequence of work 
of the subcontractors to ensure adherence to recognized standards of 
good practice in the execution of their works. 

Experience has shown, that site supervision is essential to ensure the 
successful implementation of a construction or refurbishment project, 
not only regarding all technical aspects of the project but also playing 
a key role in maintaining cooperation and teamwork of the involved ac-

Site supervision
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Time schedule as 
quality control 
instrument

Construction work-
flow report

tors. A successful realisation of a construction or refurbishment project 
depends on the coordinated performance of every contractor and em-
ployee – this can be steered by site supervision.

The person to control the trouble-free course of works for the project 
manager is the so called building site manager, usually employed by 
the company steering the refurbishment project, i.e. the project super-
visor. In general, a building site manager has the task to make regular 
inspections to ensure that the execution of all works is free of defects. 
The basic instrument for quality control throughout the project is the 
time schedule (see chapter 7) which defines which subcontractor is re-
quired to perform which service at what time. For each component, de-
livery time of materials, assembly time and if necessary, times for drying 
are determined. The time schedule needs to be constantly checked and, 
in case of time displacement, adapted. Within steering meetings critical 
procedures and time lags will be discussed between project supervisor, 
building site manager and other involved parties; the steering team will 
discuss, devise and implement measures to keep the project on sched-
ule. 

Within the framework of site supervision, experience has shown that 
maintaining a construction workflow report is a key management tool 
with particular importance. Unfortunately, it is often underestimated. 
For the building site manager, it serves as a memory aid, confirming 
which companies have been on-site during site supervision, what kind 
of extraordinary incidents occurred and what arrangements, if any, were 
made. The construction workflow report should be complemented by 
photographic documentation to record progress of construction works, 
delays, execution quality and other relevant aspects.

Quality control is the responsibility of the site supervisor and the build-
ing site manager. It is important, for example, that components of the 
construction which will be covered over are inspected immediately 
upon completion, and where necessary, improved or repaired. For ex-
ample,  insulation panels must be installed without gaps. Such gaps or 
un-insulated spots which are difficult to access later often turn out to be 
problematic and critical points in the building envelope. 

The quality control to be implemented during the finalization phase of 
the refurbishment project relies on two main methods and instruments: 
first, the so-called “Blower door testing” method serves to identify weak 
points regarding energy efficiency, more specifically airtightness. With 
a blower door, the airflow can be measured and leaks as well as the re-
sulting heat loss can be determined. Blower door testing is to be imple-
mented after the finalization of all construction details but before the 
final acceptance of works. 

Blower door test
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Figure 6.Blower door test (Source: Wikipedia Commons)

In winter, i.e. during the first heating period following the refurbishment 
project, a thermographic examination, which would help to identify pos-
sible thermal bridges, may be scheduled. If a new heating system, solar 
or photovoltaic systems are installed, they should be tested shortly be-
fore the final acceptance of works by taking them into full operation for 
a short period.

Very important within the framework of the final acceptance of the re-
furbishment works is the issuing of the energy performance certificate 
(see Chapter 3). This document serves to prove the formal determination 
of the refurbishment results. In many countries, in the case of complex 
refurbishment projects, the issuing of an energy performance certificate 
is binding. 

Before the final acceptances of works, so-called pre-inspections need to 
be implemented by the building site manager and the homeowners’ as-
sociation/project manager to identify and correct any defects in the con-
struction. If necessary, a deadline for the elimination of defects should 
be determined, with a date sufficiently fixed before the date of the final 
acceptance. 

The final acceptance of all works should follow a joint survey of the 
works performed. Besides the building administrator, the building site 
manager as well as selected building companies and their craftsmen 
should take part. The results of the survey and possible defects need to 
be recorded in the acceptance protocol. The final acceptance of works 
has the following implications:

• The construction companies and/or the involved engineering com-
panies can now present a claim for payment.

• The defects liability period starts.

• Reversal of the burden of proof i.e. now the contracting body = 
homeowners’ association takes over the burden of proof in case of 
defects.

Thermographic  
examination

Pre-inspection

Final acceptance
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9. Conclusion
In the above chapters, the complexity of a building refurbishment proj-
ect has been described, addressing the importance of a structured plan-
ning process, the impact of all actors involved as well as their various 
challenging tasks and responsibilities. From the beginning and through-
out the process, it is essential to provide information, transparency, co-
operation and a clear timetable. But the fundamental pre-condition is 
the definite will of the homeowners to undertake the upgrading of the 
building in order to eliminate structural deficiencies, to achieve an im-
provement of the living conditions and to save energy and money. Here-
by, the residents and flat owners are the key actors and need to support 
the project in every stage. For the successful completion of the project, 
the inevitable stress and strains must be explained to the building resi-
dents in advance and in detail.  Later on, they will need to be supported 
constantly, especially when construction in the flats create a (tempo-
rary) disturbance. At the same time the residents need to be reminded 
of the immense building improvements, gains in living quality and the 
increase of dwelling value from a very early stage till the finalisation of 
the project. 
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1. Introduction
Achieving high performance buildings that have low energy consump-
tion, which is based on a very well insulated building shell, is one of the 
main targets of the refurbishment. Thus, any change in the building el-
ements, such as improving windows, has its specific impacts on ener-
gy efficiency.  However, any proposal for a measure decreasing energy 
consumption of a building should comply with the following rule: any 
measure, undertaken to reach a better energy performance may not im-
pair the living quality or comfort in buildings. In the best case, energy 
consumption is reduced and living conditions are improved.

Indoor climate affects the well-being and health of tenants. Therefore, 
one of the main tasks during the refurbishment of buildings is to achieve 
a good microclimate in a specified level of energy consumption. This can 
only be achieved if the measures are implemented considering their in-
terdependence – they must be part of a holistic concept. Each concept 
has to follow at least the minimum requirements in order to prevent 
problems related to the indoor comfort. In addition, any measure can 
lead to some synergies to improve the living conditions. These are op-
tional requirements.

The following chapters explain, first, how to elaborate a step-by-step 
proposal to comply with the minimum requirements, then describe fur-
ther options on how to use synergies.

The first step consists of collecting and analysing as much information 
and data as possible on the current state of the building. The next step 
focuses on the planning process to improve the existing energy perfor-
mance of the building. This phase shows how the developed building 
energy balances are used in building modelling to test different options 
for improvement. The last step consists of the planning of several mea-
sures (minimum and optional requirements) to be applied in order to 
achieve an optimal solution. Last, but not least, general remarks are 
made on the thermal insulation, windows, heating system and hot wa-
ter generation to give a basic understanding of what to consider in the 
planning process.
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2. Structural design

2.1 Defining the heated volume
The information and data collection on the current building’s state starts 
with the acquiring of information on the heated and unheated building 
areas. This has a high impact on the energy balance and influences the 
choice of the technical solutions. Since the heating demand of a building 
is correlated with the building volume, the space that needs to be heat-
ed (the heated volume) plays an important role in the energy balance. 
The heated volume is not always identical with the total volume of the 
building’s living area. Different parts of the building could be heated un-
intendedly due to the fact that there is no insulation provided between 
heated living space and unheated space in the basement. During a refur-
bishment process the heated volume can be redefined. By reducing the 
heated volume the energy demand is reduced. 

The heated volume is graphically marked on the construction drawings 
with a red line which delimits the heated spaces (Figure 1). In the same 
way the heated (ventilated or cooled) and not heated areas as well as 
the border of interior and exterior space are defined. In addition, the red 
line indicates where insulation material should be placed. The red line 
plays an important role when it comes to balconies, recessed balconies 
or staircases. The general guideline is that a more compact insulated vol-
ume is better. Therefore, the need to heat or not heat the staircases and 
basement rooms is always decided in an extended discussion. 

As a basic rule, each interruption of the “red line” has negative conse-
quences to the energy balance. Thus, each interruption of the insulation 
layer can cause thermal bridges which lead to energy losses or, in the 
worst case, to damages. 

Descriptions of four examples of heated volume and placement of insu-
lation follow.

Insulation

Figure 1. Graphical illustration of heated volume and indication for 
placement of an insulation layer. Balconies are excluded 
from the heated volume.

Heated volume

Red line
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Example 1: In this example, the basement and the balconies are not in-
cluded in the “theoretical” heated volume (Figure 1). Usually the space in 
the basement, which has a low quality for use, is not heated. Therefore, 
the basement was defined outside of the heated volume and the ceiling 
between the cellar and the first floor was taken as a separate building 
element. The theoretical line leads to the following insulation layers: in-
sulation has to be fixed to the wall, under the ceiling of the basement 
and on top of the ceiling of the top storey or on the roof.

A crucial step in the preparation phase is the dismantling of the balconies 
to restore a plain façade, thus an uninterrupted insulation layer. After the 
insulation has been installed, new balconies can be mounted with mini-
mized thermal bridges, for example, on their own new fundament.

Although the design of the insulation layer has just a few interruptions, 
there is still one crucial point at the connection of the floor and the wall. 
The interruption caused by the outer wall of the basement is still a ther-
mal bridge. The effect can be minimized by insulating this wall as well. 
The most suitable solution for the roof depends on the condition of the 
building. If damages are identified in the roof structure, these have to be 
repaired before any insulation works are executed. When no damage is 
found, insulation can be applied directly onto the roof.

Example 2: The basement is not included in the “theoretical” heated 
volume (Figure 2). Balconies are kept as enclosed annexes to the corre-
sponding rooms within the “red line”. In this case it is assumed that the 
balconies are closed and heated and have the same internal tempera-
ture as the room to which they are directly connected.

Insulation

Figure 2. Graphical illustration of heated volume and indication of 
placement of the insulation layer. Balconies are included in 
the heated volume. 

The insulation layer derived from this theoretical line encloses all balco-
nies. A precondition is that the shape of balconies allows fixing a suitable 
insulation material properly. The corpus should have a plain surface. If 
these preconditions are given and no damages have been detected on 
the panels and the corpus, the insulation layer will be fixed at the corpus 
of the enclosed balcony and at these parts of the outer walls without bal-
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conies. The connection point between wall and balcony has to be planned 
carefully to avoid damages caused by different materials and surfaces. The 
treatment of the floor and roof is similar to the first example.

For the first two examples, the best solution is to include the staircase in-
side the heated volume, as in this way the heated volume is as compact 
as possible and the insulation layer can be placed without interruptions 
at the façade. For high rise buildings the situation is different as the stair-
case has an important function for the evacuation of the building.

Example 3: In high rise buildings there should be a lock between the 
storey and the evacuation tower (Figure 3). The stairs should be accessi-
ble from evacuation balconies. Inside the lock-area and the staircase, all 
materials and doors must be fireproof. The requirements for fire protec-
tion and energy saving are more or less contradictory. It is nearly impos-
sible to find a solution without interruption of the insulation layer. 

Figure 3. Graphical illustration of heated volume and indication where 
insulation layer (“red line”) should be placed in an evacua-
tion staircase. The sections show that it is nearly impossible 
to find a solution without interruption of the insulation layer. 

Example 4: A special case of an interruption of the heated volume is 
the garbage shaft, as found in many panel houses of the 80s, intend-
ed to collect the waste as simply as possible. In some cases these shafts 
are located inside the heated volume, but they are conducting heat to 
non-heated areas, from the garbage room on the first floor to the shafts 
on the roof. The shafts operate like cold chimneys inside the heated 
zones. The best solution from the energy efficiency perspective would 
be to completely remove the shafts in order to achieve a really compact 
and non-interrupted heated volume. 

2.2 Calculation of the energy balance 
The saving potential of a building can be estimated by calculating the 
energy balance.

Heat energy demand in total and the fraction of losses through the in-
dividual building elements can be analysed and in this way, the weakest 

Stair cases

Garbage shaft
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building elements can be identified. Moreover, the method can be used 
to simulate different theoretical refurbishment scenarios. In practice, this 
is done by using specialized software programs that allow exact parame-
terization of the building and its parts.

As a next step, the practical application of an energy balance is shown 
with an example of a five storey building in Odessa, built in 1967 and 
containing 96 flats. It is assumed that every room is heated up to the 
interior temperature of 20°C.  In case of overheating in summer, a maxi-
mum interior temperature of 25°C was defined. The calculations for the 
baseline and for the different refurbishment scenarios were made using 
software package “PHPP 2007”. The baseline calculation yields that the 
building has an annual heat demand of 230 kWh/m²a.

As a next step, four different refurbishment alternatives were selected:

• Alternative 1:5 cm insulation for the whole building envelope ,

• Alternative 2:20 cm insulation for the floor slab and the roof,

• Alternative 3:15 cm for the whole building envelope and exchange 
of all windows, 

• Alternative 4:15 cm for the whole building envelope and exchange 
of all windows, installation of a ventilation system with heat recov-
ery,

A new insulation material has been chosen with a thermal conductivity 
λ = 0,035 W/mK.

The calculation results of annual heat demand for the above mentioned 
refurbishment alternatives are graphically shown in Figure 5.
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Figure 4. Annual heat demand (kWh/m²a ) for refurbishment alterna-
tives.
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2.3 Planning of the insulation
After the evaluation of the building envelope, the thermal characteris-
tics and the share of heat losses through the different building elements 
need to be identified. The best measures to optimally minimize the heat 
losses are also identified in this initial step. A list of different alternatives 
can be calculated as shown in the Odessa example described in the pre-
vious chapter. All the above-mentioned procedures are included in the 
modelling phase, in theory, to help make decisions about the scope of 
the project. For modelling purposes it is only important to know about 
a specific thermal characteristic of an insulation layer. Neither the type 
of material nor its application to the building elements is specified at 
this stage. Technical specifications of the systems used to protect against 
sun, rain and temperature differences are not specified. And, in this 
phase there is no detailed planning elaborated to show the connection 
points between different elements, such as the connection between the 
wall and the window.

The next step is to choose the most suitable alternative. This leads to the 
main question: Which insulation system is best suited to for the project? 
In order to answer this question the following should be considered: 

• Are the chosen materials allowed for use according to national leg-
islation?

• Is this material available at reasonable prices?

• Are there skilled workers available who can fix the material?

• Is it possible to use the insulation system properly within a whole 
system of components, for example, gluing a panel to the façade 
with a suitable attachment and covering it for protection against 
sun and rain?

• What are the risks for health and environment?

Larger manufacturers of construction materials provide not only the in-
sulation material itself, but the whole range of components, e.g. attach-
ments and accessories for different connection points. The manufacturer 
has interest in selling the complete package and, at the same time, reli-
able providers are not interested in claims against their products. There-
fore, they often provide comprehensive information on how to combine 
these components properly without causing damage. Often this infor-
mation is available on the manufacturer’s website or can be requested 
directly or through the local distributor.

The market usually offers a wide range of materials, thus the decision for 
selecting the optimal insulation system has to be considered carefully. 
The market is developing very rapidly. New product lines are improving 
the thermal characteristics, some lowering environmental risks. There-
fore, recommendations for best solutions must be updated constantly; 
it is important to check for the most current recommendation. The fol-

Building survey

Selection of insulation 
materials
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lowing hints may help to get a basic understanding about the materials 
themselves and to find the most suitable solution for every new project. 

As a general concept, insulation materials should be light-weight and 
should have minimal heat conductivity λ. Generally, materials enclosing 
cavities or caved air have good properties. The thermal conductivity is an 
important material property to be considered. Insulation materials have 
conductivity values significantly below 0,1 W/mK. 

Typical heat conductivity values of common insulation materials are 
λ = 0,045 W/mK for natural materials, λ = 0,035 W/mK for mineral fibre 
and λ=0,030 W/mK for artificial foams. A vacuum isolation panel is a rela-
tively new material and has values as low as λ = 0,005 W/mK. This means 
it is five to ten times better than conventional insulation materials.

The resulting thermal quality of a building element is characterized by 
its heat transfer coefficient U (U-value). The smaller the U-value, the bet-
ter the insulation. In most European  countries minimum requirements 
are defined for U-values of building elements. The U-values can be cal-
culated from the material properties as follows (see the study guide 2 on 
building physics for details):

U =
1

R
; R =

d

λ
; U =

1

Rsi +
∑

i

di
λi

+Rse

1

To calculate the U-value the following components - thermal resistance  
(R), thickness (d) and thermal conductivity (λ) have to be known (Table 1).

λ = 0,040
w/(mK)

λ = 0,035
w/(mK)

λ = 0,030
w/(mK)

λ = 0,020
w/(mK)

λ = 0,005
w/(mK)

d = 2 cm

d = 10 cm

d = 20 cm

d = 30 cm

d = 40 cm

U = 0,400
W/(m2K)

U = 0,350
W/(m2K)

U = 0,300
W/(m2K)

U = 0,200
W/(m2K)

U = 0,200
W/(m2K)

U = 0,175
W/(m2K)

U = 0,150
W/(m2K)

U = 0,100
W/(m2K)

U = 0,133
W/(m2K)

U = 0,117
W/(m2K)

U = 0,100
W/(m2K)

U = 0,067
W/(m2K)

U = 0,100
W/(m2K)

U = 0,088
W/(m2K)

U = 0,075
W/(m2K)

U = 0,050
W/(m2K)

U = 0,050
W/(m2K)

 Table 1. Relations of thermal resistance, thickness and thermal con-
ductivity. 

Besides the thermal quality, several additional, important characteristics 
should be considered while comparing different insulation materials:

Properties of insula-
tion materials

Heat conductivity

U-value

Formula 1
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Is the material available in form of a board, panel, matting or loose fill 
insulation? 

How will the specific insulation product be used in construction? E.g. as 
cavity wall insulation, between rafters or as interior insulation or external 
façade-boards. Not all materials can be used in every part of the con-
struction. For example, some materials can be used for outer wall insula-
tion; other types are required to insulate the outer walls of the basement. 

Of great importance: How inflammable is the material? The national 
building codes classify materials and combinations of materials accord-
ing to requirements for fire protection; these must be complied with. 

How safe or harmful is the product for health? Some materials have dis-
puted ingredients and not all have been proved to be harmless for resi-
dential use.

One further criterion is the primary energy content. This figure indicates 
the energy used in the production chain, for example, for manufacturing 
or transporting. It is measured as kWh/m³. Cellulose flakes e.g. have com-
parably very low primary energy content of 50-80 kWh/m³. Expanded 
polystyrene foam boards have high primary energy content of 400-1050 
kWh/m³ [1]. The energy balance of a refurbishment measure should be 
positive: the insulation system should save more energy over its lifetime 
than what is used in the production chain.

Some characteristics of exemplary materials are listed in the annex of 
this module, although the market for insulation materials is developing 
very fast. It is recommended to check the current situation on the market 
before undertaking a thermal insulation project.

Further insulation of different construction elements will be described.

Thermal insulation of the external walls

Transmission losses through external walls account for the biggest share 
of losses in many buildings (about 20-30% in a multi-storey building). 
The following table roughly indicates the range of energy standards and 
the typical thickness of insulation applied on the outer walls (Table 2). 
Currently, typical refurbishment measures are using 12-15 cm of insu-
lation.

≥ 100 kWh/m2 < 100 kWh/m2

≤ 10 cm ≤ 20 cm ≤ 30 cm ≤ 40 cm > 40 cm

low energy house passive house zero - energy 
building

 Table 2: Energy standards and the typical thickness of insulation ap-
plied on the outer walls.

Primary energy 
content

Insulation of the 
walls
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The two most common ways to insulate exterior walls are described below. 

The most commonly used exterior insulation finishing system is ETICS. 
Such an insulated wall consists of the main layers: wall, insulation layer, 
plaster. The insulation layer is covered with a special cement-based ren-
der to provide weather resistance. A reinforcing steel or fiberglass mesh 
fabric is embedded in this render to provide strength and impact resis-
tance. 

The second most used insulation method is the ventilated curtain sys-
tem. The layers consist of wall, insulation layer, substructure, ventilation 
layer and outer shell. The insulation is protected against mechanical 
force and weather conditions by an outer shell of hard materials (wood, 
metal, ceramic materials). 

The chapter on avoiding thermal bridges describes in detail how to 
handle problems and risks associated with both insulation methods. As 
previously mentioned, the market is developing rapidly. Problems de-
scribed here have to be solved promptly or new risks can occur in fu-
ture. An important criterion for analysing the economic weaknesses and 
strengths of a system is to know the expected average life-time expec-
tancy of a building element.

Thermal insulation of the roof

As a rough estimate, roof areas of detached buildings contribute approx-
imately 20% to the total heat losses; in multi-storey buildings, the loss is 
about 10-15%. During the refurbishment process, roofs should also be 
insulated. Depending on the target for the energy consumption of the 
building, the thickness of the insulation layer needs to be selected. Ta-
ble 3 shows the range of thicknesses for roof insulation (material with 
λ  = 0,035 W/mK), depending on the energy consumption of the building 
after refurbishment.

≥ 100 kWh/m2 < 100 kWh/m2

≤ 10 cm ≤ 15 cm ≤ 20 cm ≤ 40 cm > 40 cm

low energy house
(e.g. 40 kWh/m2)

passive house
(≥15 kWh/m2)

zero - energy 
building

(≥15 kWh/m2)

Table 3. Range of thicknesses for roof insulation (material with λ = 
0,035W/mK), depending on the energy consumption of the 
building after refurbishment. 

The type of insulation technique depends on the roof construction. Many 
panel buildings have flat concrete roofs, which must allow for getting rid 
of rainwater and must also be waterproof. Therefore the typical flat roof 
consists of several important layers: the structural layer, the thermal in-
sulation and the protection against humidity from rainwater (outside) 
as a waterproofing layer or from vapour condensation as vapour barrier 
(inside). All these layers have to be constructed or reconstructed as part 
of a refurbishment. 

ETICS

Vemtilated curtain 
system

Insulation of the 
roof
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Thermal insulation of the basement

Proper floor insulation plays an important role in preventing heat loss-
es. According to rough estimations, the floor contributes to about 10% 
of the total heat losses in single detached houses and to 5-10% in a 
multi-storey building. A floor can be insulated without major effort. If 
the basement ceiling is high enough, insulation panels can be glued un-
der the basement’s ceiling. Outer walls of the basement can be insulated 
with special materials (Annex 1).

The thickness of the floor insulation (material with λ = 0,035W/mK) 
should be selected depending on the desired energy consumption of 
the building after the refurbishment.

≥ 100 kWh/m2 < 100 kWh/m2

≤ 4 cm ≤ 6 cm ≤ 8 cm ≤ 12 cm > 12 cm

low energy house passive house zero - energy 
building

 Table 4. Range of the floor insulation thicknesses (material with λ = 
0,035W/mK) depending on the desired energy consump-
tion of the building after refurbishment.

2.4 Energy efficient windows
According to rough estimations, windows account for 15-25% of the to-
tal heat losses. Information about the glazing U-values, frame properties 
and spacers need to be compared carefully as there are many window 
options available on the market.

Single-glazed windows have an U-value of 5,8 W/m²K which causes huge 
heat losses. This is not much better than a single layer of paper, thus they 
are no longer used for residential buildings.

Double- or triple-glazed window panes have been on the market for 
many years. Each layer of glass will reduce the U-value by about 2,0 W/
m²K, but even such a reduction is not enough for energy efficient build-
ings.

The wider the space between the panes, the better is the result (typical 
distances between the panes: 12 mm, 16 mm). Windows with airtight 
sealing between panes have better insulation properties.

Additionally, windows can have a coated glazing which increases their 
insulation properties. Coatings help to minimize inside/outside heat 
transmission, preventing heat from entering the room in summer and 
from escaping in winter. A simple test with a lighter can show if the glass 
is coated: with glazing, the reflection on the glass will be dark and red-
dish (see illustration).

Insulation of the  
basement

U-value of windows

Coatings
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 Figure 5. The picture shows the reflection of the light, which is darker 
and more reddish: this means that the window is coated. 

Approved passive house windows have very good properties. Such win-
dows can be sealed airtight, have a space between the panes, filled with 
noble gases (e.g. Argon, Krypton) and can have insulated frames and 
spacers. With highly efficient windows, the transmission heat losses can 
be lowered so that the difference between windows and well-insulated 
walls is minimized. 

Regarding energy efficiency, a perfect window would minimize trans-
mission heat losses and maximize solar heat gains. However, it is not 
possible to completely eliminate heat loss and maximize solar energy 
gains at the same time. Some layers or coatings that help contain heat 
within the room also partially block incoming sunlight. The solar factor 
or g-value, which describes the solar energy transmittance of glass, is a 
measure for this problem. The higher the g-value (dimensionless figure 
from 0 to 1), the more sunlight can pass through the glass.

The most important energy relevant characteristics are shown in Fig-
ure 6. On the left side you will find some typical g-values, with relevance 
for solar heat gains; on the right, some typical U-values for glass and 
frames. Depending on the window’s geometry, the glazing area and the 
frame dimensions, the U-value for the window can be calculated. If the 
manufacturer offers only one U-value in their fact sheets, it’s important 
to know which one it is.

Energy survey and 
building physics

g-Value
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U-value frame in W/m²K
(Relevance: transmission 

heat losses)

U-value glass in W/m²K
(Relevance: transmission 

heat losses)

5,80 single glazing

1,30 double glazing

0,61 passive house glazing

2,50 wooden frame 45mm

1,60 wooden/plastic frame 68mm

0,89 passive house frame

Resulting U-value in W/m²K
(Relevance: transmission 

heat losses)

5,20 single glazed windows

1,55 double glazed windows

0,75 passive house windows

g-value
(Relevance: solar heat gains)

0,87 single glazed windows

0,60 double glazed windows

0,52 passive house windows

Figure 6. The most important energy-relevant characteristics of win-
dows. 

2.5 Avoiding thermal bridges as a minimum 
requirement 

Insulation systems of all building elements have to be designed with 
minimized interruptions of the insulation layer to avoid thermal bridges 
which can lead to high humidity and energy losses.

Improving the energy performance of a building requires a careful and 
detailed planning. That means that the connections of building ele-
ments have to be checked for thermal bridges especially between wall/
window, roof/wall, basement/wall and wall/balcony. This is usually done 
by architects or engineers.

In practice, insulation manufacturers offer many solutions for insulation. 
The big manufacturers provide not only the insulation material, but the 
whole package of components as well as accessories for different con-
nection points. 

Figure 7. Info material of manufacturers.

It is recommended to follow the advice on how to install the insulation 
and how to combine the additional components. Big manufacturers are, 
of course, interested in selling the whole package of components, but 
they are also interested in assuring that these components are com-
bined properly without damages so that there are no customer claims 
against the products. Therefore, if instructions are not provided with 
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the materials, it is worthwhile to search for information and fact sheets. 
(Many are available on line.)

The next sections describe two examples of detailed planning.

Connection wall – window

The illustration below shows principles of window installations (Figure 
8). The left column describes the situation in existing buildings, without 
any insulation; on the right you will find various solutions for installing 
insulation. In some building series, the windows are installed like those 
shown in the first three examples. In this case, insulation can be installed 
as shown next to each example. If the window is installed as in example 
4, there are two options to avoid the thermal bridge:

• by installing a thin piece of insulation (Example 4)

• by changing the position of the window (Examples 2 and 3)

No insullation 

No insullation 

No insullation 

No insullation 

With insullation 

Insullation over frame

Window in insullation-plane

Embrasure-insullation

Wall

Wall

Wall

Wall

Window

Window

Window

Window

Window

Outside
Inside

Outside
Inside

Outside
Inside

Outside
Inside

Outside

Inside

Outside

Inside

Outside

Inside

Outside

InsideWall

Wall

Wall

Wall

Window

Window

Window

Window

Insulation

Insulation

Insulation

Insulation

Insulation

Types of window-installation:

 Figure 8. Types of window installation.

Connection wall- 
window
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Figure 9. The yellow ellipse shows a potential thermal bridge. Further 
insulation is required to eliminate it.

Connection wall – balcony

The next diagram illustrates a typical situation: the balcony plate is con-
nected to the building (Figure 10). On the left, a construction without 
a thermal interruption or a barrier between the warm ceiling slab and 
the cold balcony slab. That means that the heat can be easily conduct-
ed from the warmer building elements to the balcony slab and then to 
the outside. Even if the wall is insulated, this connecting point creates a 
thermal bridge. This thermal bridge can lead to colder spots in the con-
necting points on the inside. If the balcony remains in place, there is no 
way to correct the problem. Therefore, during the renovation process it 
is advisable to remove the old balcony, leaving a plain façade for the in-
sulation. There are many technical possibilities to build up new balconies 
without thermal bridges. In the example below, the new balcony tower 
is built on its own fundament.

Connection wall- 
balcony
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 Figure 10. Old cantilevered balconies with thermal bridges; a new bal-
cony tower.

Figure 11: Deconstruction of balconies
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2.6 Ventilation as a minimum requirement
Ventilation (air exchange) is necessary to replace the exhausted indoor 
air by fresh air from the outside. The supply air per person can be as-
sumed to be 25 – 30 m³. For maintaining good indoor quality the aver-
age air change rate must be at minimum 0,3/h, which means that 30% of 
the air in a given space is exchanged per hour. 

In old buildings with many leaks in construction elements, it may not be 
necessary to open windows for air exchange. However, once new win-
dows are installed, air exchange becomes an important topic. If the for-
mer natural ventilation is now interrupted by the new airtight windows, 
moisture and mould may occur.

The easiest way to let fresh air in is to leave the window open over a long 
period. But this method  causes relatively high heat losses, especially in 
colder seasons. The wall near a tilted window can get cold, so that mois-
ture damages can occur. It is more advisable to open a window wide sev-
eral times a day for 10 minutes. A refurbishment project should include 
an air exchange concept that guarantees a certain amount of fresh air 
independent of the tenants’ ventilation practices. Controlled ventilation 
systems are technical solutions to provide fresh air, to minimize the risk 
of moisture and mould and, last but not least, to minimize ventilation 
heat losses. Possible concepts are:

• natural ventilation (window/shaft – and cross ventilation)

• controlled mechanical ventilation

• single fan ventilation

• ventilation with exhaust system 

• ventilation with heat recovery

• ventilation with high efficiency heat recovery (>80%)

An example is the window/shaft ventilation. Fresh air comes in through 
very small artificial openings between the frame and the window. These 
openings are optimized in a way that the air can circulate without get-
ting too cold. The exhaust air will vent to existing shafts in the bath-
rooms. This solution is very easy to implement.

2.7 Airtight layer as a minimum requirement
A careful definition of the airtight layer and its execution is highly rec-
ommended for low-energy buildings. In the worst case, damages to 
structural elements may occur due to condensation. If the moisture con-
denses on the cold side or parts of the insulation, this can damage the 
material or form mould. Therefore it is important to hinder vapour from 
diffusing into the construction.

Normally, the airtight layer corresponds to the interior plastering of the 
outer walls. It is important to avoid leakages when joining building ele-

Ventilation concepts
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ments, e.g. walls to roofs and floors, all windows and doors, and all wires 
and pipes which go from the inside to the outside of a building shell. 
There are products on the market to cover building element joints. The 
heat losses through leakages in the building envelope can be up to 10% 
of energy losses.

2.8 Options to maximize solar heat gains
The grouping and orientation of buildings can result in energy savings 
by maximizing solar heat gains. Figure 12 shows the effect of different 
distances between buildings and arrangements of vegetation: In the 
first diagram, in wintertime, the flats on the ground level will have no 
sun or the flats in the second level will have shade caused by conifers.

In the second illustration, the distance between houses is larger so that 
even the ground level flats will have sun in wintertime. Deciduous trees 
are a good combination for summer and winter months. In this example 
the distances are calculated for central Europe (recommendations of City 
of Münster, Germany).

These differences regarding the availability of solar gains have an influ-
ence on the energy balance of a building. Experiments have shown that 
up to 15% savings can be gained by an optimized orientation of houses 
[2].

 h     h    
 2 x h    

 h     h    
 2,75 x h    

Figure 12. Examples of grouping and orientation of buildings.

In a refurbishment process, the grouping and orientation of buildings 
can certainly not be changed and there are few opportunities to opti-
mize solar gains. Nevertheless, in some cases it is possible to reposition 
the window openings to let more sun and daylight in.

2.9 Options to avoid overheating in summer
During the calculation of a refurbishment project, the positive or nega-
tive effect of a new insulation layer on the indoor energy performance 
in summer can be estimated. If overheating in summer is likely to occur, 

Trees and sunlight

20

Principles of energy efficient refurbishment



passive or active measures are necessary to prevent overheating such 
as adequate window covering and shading elements from the outside 
(e.g. shades, blinds, marquises, etc.) and the application of special glaz-
ing or materials which store night coolness. Eaves or balconies along the 
southern facades are another possibility to avoid overheating in summer 
and to optimize solar gains in winter.

Figure 13. Boxes of air conditioners on facades of residential buildings 
can be a first indicator that overheating in summertime is 
an issue.

2.10 Options to improve indoor comfort 
Indoor climate is characterized by thermal and air comfort. Thermal com-
fort is determined by certain parameters of temperature and humidity of 
indoor air. Air comfort is characterized by the degree of contamination 
with pollutants like CO2. Thermal and air comfort in residential buildings 
are influenced by the building envelope and engineering systems such 
as heating and ventilation. The building envelope should be “warm” 
enough and have sufficient thermal protection. The heating system has 
to heat rooms uniformly; the ventilation system must ensure the purity 
of indoor air.

2.11 Options for using the synergies of refur-
bishment 

Complex refurbishment measures can lead to synergies for further im-
provements of living conditions in buildings and their surroundings. The 
following examples can help to identify opportunities to improve living 
conditions.

Options for measures taken inside the flats:

• If pipes are to be changed, and shafts have to be opened, synergies 
can be used to renew water or electricity pipes as well. These instal-
lations have an average lifetime of 30 – 40 years before starting to 
cause problems. 

• Flat owners can consider using these synergies to renovate bath-
rooms and kitchens.

Shading

Additional measures 
inside the flats
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• Flat owners might also take the opportunity to alter floor plans or 
the size of flats, e.g. two  small flats could be combined into one 
bigger flat, or walls can be removed to increase heat and air flow 
between rooms.

Options for measures for common areas:

• Daylight orientation and proper placement of windows results in 
good lighting conditions. The effect of reducing artificial light and 
increasing energy efficiency is high: in residential buildings, the en-
ergy spent for light consumes the highest share of electricity. 

• A reorganization of the entire waste management collection system 
should be considered. For example, chutes can be removed and 
locked, and a new design created to collect, store and, ideally, sep-
arate types of trash. Depending on the specific conditions, such a 
reorganization can potentially reduce the maintenance costs.

• A concept for improving the existing building’s energy performance 
in the future should be considered during the planning stages of the 
refurbishment. For example, the possibility of integrating renew-
able energy sources, e.g. solar energy to supply heat or electricity 
as part of the refurbishment, or at a later point in time, should be 
addressed.  The preparation can include, e.g., empty pipes for future 
needs or space for storage in the basement.

Options for measures applied on the surroundings:

• When construction material has been removed following a refur-
bishment, it is a good moment to redesign and rearrange the sur-
roundings of the house and to improve the layout of courtyards or 
entrances, Although these measures are not primarily meant to re-
duce the energy use, the improved appearance of the building pro-
vides a greater living comfort and increases the readiness of people 
to care for the public areas and facilities.

• If a garbage shaft is removed to increase energy efficiency, a new 
waste management system has to be designed.

• A complex renovation is an opportunity to improve the “parking 
space” for all kinds of vehicles: bicycles, baby strollers, motorcycles 
and cars. Their numbers have substantially increased in recent years. 
It would be a good outcome for both residents and the environment 
to a) group parking places for cars in a way that leaves sufficient 
place for and around playgrounds and pedestrian areas, and b) pro-
vide easy-to-access space for bikes and baby carriages, ideally next 
to the entrances. Adequate and safe bike stalls can make it more 
attractive and efficient to quickly grab the bike instead of the car. 

• The amount of impenetrable groundcover in the urban area (ce-
ment roads and walkways) limits the infiltration of water into the 

Additional measures 
in the surroundings

Additional measures 
in the common areas
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soil and then into the roots of plants. That infiltration represents an 
important contribution to lessening the formation of urban heat is-
lands by ensuring the evaporative cooling effect, and also by provid-
ing the necessary water for the tree root growth which leads to fuller 
and denser tree canopies.

• The treatment of rainwater can lead to new ideas for the environ-
ment, if it is used actively as a design element. Approaching and 
adopting a storm water management system based on water-sensi-
tive design solutions (centralized and semi-decentralized) can help 
create a healthier environment.
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3. Building equipment and 
appliances

3.1 Introduction
Any improvement of the building envelope, as described in the previous 
chapters, can only pay off if it is possible to regulate the heating system. 
If it is only possible to regulate the temperature by opening the win-
dow, the improved envelope will not lead to energy savings. However, 
it is now possible to measure the real consumption of energy. Knowing 
about the individual consumption is one of the most efficient steering 
for planning an energy upgrade. 

The following sections explain some basic principles of typical heating 
systems in residential buildings. This should help to understand the 
problems of outdated systems and how they can be improved during a 
refurbishment process.

This chapter starts with the basic description of the heating systems as 
they relate to refurbishment measures. It describes the heat supply from 
the heater to the power plant. The measures described are based on the 
general understanding of the refurbishment process. More details about 
the efficiency of heating systems and elements (e.g. pumps, heaters, 
etc.) are given in Study Guide 9 on heating, ventilation and cooling. 

One extra section deals with systems for hot water supply, which de-
serve attention, as they help achieve increased efficiency and better liv-
ing comfort. 

3.2 Heating devices 
The main element to heat a flat is the heater. Heaters are designed to 
transfer heat from a heat carrier to the building. In residential buildings 
the most common heat carrier is water. The main characteristic of the 
heater is its power or heat load, defined by the calculation of thermal 
balance for each of the heated rooms.

These are the minimum requirements for heating devices: 

• Thermo-technical requirements, which consist of efficiency of heat 
transmission from the heat carrier to the room through a certain 
area of the outer surface of the device;

• Aesthetic requirements;

• Economic demands, caused by cost of devices;

• Sanitary-hygiene requirements related with dust reduction, its de-
composition at high temperatures and ease of cleaning. For this 

Requirements for 
heating devices
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Single pipe systems

purpose the surface temperature of the heater is limited: the surface 
must be sufficiently smooth and easy to clean;

• The devices must be mechanically strong, convenient for transpor-
tation, high temperature-resistant and leak-proof. [3] 

In addition to these minimum requirements, the method of regulation of 
heaters (e.g. thermostat valves) must be considered. The options to open 
and close, or to better regulate the heater depend on the distribution 
systems inside the house.

Pipes of heating systems are designed for supplying and leading the 
heat carrier to and from the heating devices. Steel, heat resistant met-
al-plastic and polymeric pipes are used. The most common distribution 
systems in residential buildings are single- or double-pipe heating sys-
tems. 

In a single-pipe system the heaters are connected in series. Therefore, 
the cooling of the heat carrier by moving through successive heating 
devices has to be taken into account. Single-pipe heating systems are 
used in one of two variants: flowing or with closing contours.

In a flowing single-pipe heating system the heat carrier passes sequen-
tially through all radiators of a heating chain. Regulation valves on sin-
gle-pipe systems may not be installed without additional bypasses that 
allow continuous water circulation in systems. Otherwise the flow would 
be blocked.

In a single-pipe system with closing contour, the heat carrier flow is 
channeled into two directions - to flow through the short closing section 
(bypass) and to the heat device. After being cooled from the heat device, 
the heat carrier goes back into the riser. 

The double-pipe heating system provides a parallel connection of heat-
ing devices. The heat carrier goes to a heating device by one pipe and 
returns by another. Separation by devices is carried out through the use 
of collectors. The double-pipe system is considered more effective than 
a single-pipe one but is more expensive due to the greater number of 
heating pipes. Balancing and adjustment of this system is more complex 
than for a single pipe. The advantages of a double-pipe heating system 
are 1) more equal distribution of a heat carrier in the network and 2) the 
possibility of more precise adjustment of heating units on the floors and 
rooms.

3.3 Types of heating systems 
Following the distribution of the heat carrier in the residential building, 
the question arises - where and how is the heat carrier itself heated up? 
Heat can be produced in the following ways:

Double pipe systems
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Individual vs. central 
heating

• Individual heating plants, which are used to serve a single user (the 
whole building or a part of it),  are usually located in a basement 
or technical area of the building (as part of decentralized heating 
system);

• Central heating plants, which are used to serve a group of buildings, 
are usually located in a separately placed building (part of a central-
ized heating system).

A central heating system is most commonly used for heat supply in the 
existing building stock. In this case, two main types of connection be-
tween the house and the grid can be distinguished:

• The open (dependent) scheme of connection provides direct de-
livery of a heat carrier from a heating network to the heat supply 
system of a building (Figure 14). In the open scheme, water in the 
networks is not only used as a heat carrier, but also as a source of 
hot water consumed in the building. A dependent heating system 
usually is transformed into an independent system during the refur-
bishment.

• In the improved closed (independent) scheme of heat supply, the 
heated water in a network is used only as a heat carrier and is not 
used by a consumer. In this scheme, the heat carrier passes through 
the heat exchanger installed in the consumer heat unit, where it 
heats the secondary heat carrier, which is used in a building heat 
supply system.

1

2

1. Source.
2. Consumer.

Figure 15a: Simplified scheme of an open centralized heating system

1

4
5

2
3

1. Source.
2. Consumer.
3. Heat exchanger.
4. Heat carrier of a system of district (heating).
5. Heat carrier of a building heating system.

Figure 15b: Simplified scheme of a closed centralized heating system

Centralized heating systems have both strengths and weaknesses. The 
application of centralized systems in dense urban areas tends to be eco-
nomically justified. Further, it is possible to combine electricity and heat 
production with a high overall efficiency factor when the heat source is 
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a large scale combined heat and power plant (CHP). Disadvantages of 
this system are heat losses on the service pipes (thermal networks), the 
need for repairs, complexity of regulation of a hydraulic regime and heat 
supply to consumers.

Study Guide 9 gives more information about centralized and decentral-
ized heating systems. 

3.4 Possibilities to improve heating systems 
The previous sections helped to explain the types of heating systems. 
Based on these descriptions, it should be easier to distinguish which 
existing system has a potential for improvement and which has to be 
changed completely in the process of a refurbishment. 

Table 5 gives an overview of the main activities to be carried out in a 
refurbishment. In the first column typical problems are listed; the second 
column suggests possible solutions. This may help to prioritize the most 
immediate concerns as well as additional possible measures.

Problems Measures Remarks
Need to change from 
centralized to decen-
tralized system, due 
to too many losses in 
the distribution from 
the power plant to the 
building

Installation of mini-
CHP

Check legislation and 
contracts

Installation of inde-
pendent boilers for the 
house

Installation of inde-
pendent boilers for 
each flat

Hot water is directly 
supplied by the district 
heating, without an 
exchanger in between

Replacement of the 
closed, independent 
system by installation 
of a heat exchanger

See measures for the 
heat water supply 
system

Installation of individ-
ual heating units

The heating system 
can only be regulated 
by opening the win-
dow

Improve the sin-
gle-pipe system by in-
stallation of by-passes 
and thermostat valves

Adjustable heating de-
vices lead to average 
savings of about 20%, 
according to experi-
ence in GermanyReplace the sin-

gle-pipe system with a 
double-pipe system

Install regulation 
devices in each flat. 
Options can be found 
in the section about 
automatic regulators.

Combine heat and 
power plant (CHP)
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The pipes are blocked 
with limestone after 
decades of use

Replacement of the 
complete pipeline

The life-time of pipes 
is estimated to be 20-
30 years depending 
on material and type 
(annex 2)

Convert to a dou-
ble-pipe system

The heaters are out-
dated or oversized

Replacement of heat-
ers

The life-time of heat-
ers is estimated to be 
15-40 years depending 
on type and material 
(Annex 2)

Upgrade heaters to 
align with improve-
ments of the energy 
performance of the 
building after refur-
bishment

Data on individual 
consumption is not 
collected: it is not pos-
sible to pay according 
to real consumption

Install improved me-
tering devices in each 
building or each flat

See the measures for 
hot water supply

Installation of meter-
ing devices at each 
heater

Additional measures to improve the efficiency of the heating system
Balancing the system 
(hydraulic balance)

Installation of balanc-
ing valves

Estimated saving po-
tential of 5%

Increasing the efficien-
cy of the heaters

Installation of reflec-
tion screens behind 
the heaters

Insulation of all pipes in unheated areas Estimated saving po-
tential of 5%

Installation of efficient circulation pumps

Table 5. Overview of problems and possible measures to improve 
heating systems.

3.4.1 Improving heat regulation

The precondition of heat regulation is that the distribution allows clos-
ing or regulating one flat or one heater. The distribution systems should 
be improved in a way that the following measures can be undertaken.

Automatic regulators allow setting the required room temperature and 
the level of air exchange in the apartment separately for day and night 
time. Temperatures can also be reduced during long absence of tenants. 
If there is a mechanical ventilation with heat recovery of exhausted air, 
automated systems can also combine these functions with regulating 
the level of air exchange (Figure 15). 

Automatic regulators
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 Figure 15. Automatic regulator of air exchange and flat heating. 

Block valves can be installed to connect or disconnect a flat or a riser 
from the heating system:

• When the temperature in the apartment is below the value set by 
the resident, the system automatically opens the block valve of the 
unit, providing the flow from the heating system to the flat heaters.

• When the temperature in the apartment exceeds the value set by 
the resident, the system automatically closes the block valve of the 
unit and disconnects the apartment from the heating system of the 
building (Figure 16).

Figure 16: Work of the block valve of a residential heating system. Left 
side: valve is opened. Right side: Valve is closed

Additional air temperature regulation in the room can be achieved by 
application of thermostatic valves on the heating devices.

 Figure 17. Work of the thermostatic valve on the heater. Left side: 
valve is opened. Right side: Valve is closed.

The combination of metering every apartment and the regulating heat 
consumption creates maximum opportunities for energy conservation 
in residential buildings. Consumers can manage the consumption of 
thermal energy.

Block valves
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When reconstructing residential heating systems, automatic control of 
air temperature in each flat or room should be provided by the installa-
tion of individual meters for heat consumption.

Heat meters in apartments are devices with a diameter of canals of 15-
20 mm and a measuring range of heat carrier temperature of 5 - 150°C.

Regulation of heat consumption can be central, local, individual or per-
formed at each radiator. Qualitative regulation in the water heating sys-
tem is carried out by changing and maintaining the temperature of the 
water directed to the devices, which provides a required temperature re-
gime in a room. Quantitative regulation of heat flow of a heating device 
is provided by changing the amount of a heat carrier (water).

Automatic control of the heat carrier temperature in the thermal unit 
of the building is carried out either by a change in outdoor tempera-
ture (in most cases) or room temperature. Individual control systems are 
designed to maintain the desired temperature in a room. For individual 
manual control of a heat flow, heating devices and valves are used.

Automatic thermal regulators are installed on the supplying leads of 
heating devices and water entrances in the heating devices during the 
reconstruction of heating systems in order to regulate the indoor tem-
perature (Figure 18).

1. Heating device.
2. Valve.
3. Balance valve.
4. Thermostatic head.

4 4
1 1

5

2

3

2

3

2

3

64a

1

4a. Remote air temperature sensor.
5. Thermo actuator.
6. Electronic controller.

 Figure 18. Examples of thermal regulators.

The heating system should be balanced during a refurbishment. This in-
volves placing balancing valves, valves on risers or heating devices, de-
pending on how they are connected. Examples of installation are shown 
in Figures 19 - 20.

Heat meters
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1 1

1

2

2

2

2

3 4

1. Heater.
2. Flap with thermostatic head.
3. Globe tap.
4. Balance valve.

Figure 19. Example of a unit of thermostats and control valves in the 
single-pipe heating system with examples of thermal regu-
lators (based on [2]).
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1

2

2

3
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1. Heater.
2. Flap with thermostatic head.
3. Balance valve of the heater.
4. Block valve.
5. Differential pressure regulator.

Figure 20 Example of a unit of thermostats and control valves in a 
double-pipe heating system.
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As a rule, individual heat meters are installed while reconstructing resi-
dential heating systems.  Meters can be installed on each device (Figure 
21) or installed in the housing thermal unit.

Figure 21. Heat cost allocator installed on heating device 

3.4.2 Installing heat-reflective screens 

For reduction of heat loss during refurbishment of buildings, a cheap 
and effective measure is the installation of heat-reflective screens made 
from foil materials behind the heaters (Figures 22-23).

Figure 23. Effect of installation of heat-reflective screen. Upper left:  
Thermogram without screen, upper right: Heater without 
screen, down left; Thermogram with screen, down right: 
Heater with screen (marked area)

2

1

3

1. Heater.
2. Floor of the premises.
3. Heat reflective screen.

Figure 22. Scheme of 
installation of heat-re-
flective screen
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3.5 Generation of hot water

3.5.1 Types of internal systems of hot water supply

There are different types of internal systems for hot water supply. A hot 
water supply system is a complex of devices to provide consumers with 
hot water for domestic purposes. Hot water is supplied to the same de-
vices as the internal system of cold domestic and drinking water supply 
(except cisterns). The quality of cold and hot water, which is supplied for 
drinking needs, should meet the requirements of health standards for 
drinking water. The temperature of hot water in the draw-off should be 
in the following ranges: 

• between 60°С and 75°С - for centralized hot water supply systems, 
which are connected with open heating systems;

• between 50°С and 75°С - for centralized hot water supply systems, 
which are  connected with closed heating systems [6].

According to the location of the source of hot water supply systems, 
there are centralized and decentralized systems. 

In centralized systems hot water reaches the large group of consumers 
through external heating networks from a CHP, district boiler houses or 
from its own boiler houses. The water is heated in hot water boilers, wa-
ter or vapour heaters.

With decentralized hot water supply, the water is heated directly at the 
place of consumption and provided to one or more devices in the contig-
uous premises. Water is heated by vapour, fuel combustion or electricity. 
An example of a decentralized hot water supply system could be water 
heating in the running type gas water heaters or in capacitive automatic 
water heaters installed in apartments. The advantages of decentralized 
hot water supply are its autonomy, small heat losses and the possibility 
of an independent repair.

Depending on the method of water preparation, centralized hot water 
supply systems can be operated in the following ways:

• with the local boilers;

• with heating of hot water in central heating units or individual heat-
ing units in the closed scheme of heating;

• with direct water draw-off from heat networks (open heating 
scheme).

Closed hot water supply systems are fed directly from the cold water 
pipe through pressure of pumps of its system as shown in Figure 24.

Temperature of hot 
water

Types of hot water 
systems
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Residential building

Heat station

Water pipe in

Heating pipe in

System of hot water supply
Heating system
Feed-in to the heating system
System of cold water supply
Pump

Heat exchanger

Heat exchanger

Hot water
circulation

Heating system

Figure 24. Closed hot water supply system in independent scheme of 
heating system.

Automatic regulators of a hot water supply system should provide the 
required temperature of the water in the system. To reduce thermal en-
ergy consumption it is recommended to decrease the temperature of 
hot water at night.

3.5.2 The main elements of hot water supply systems 

The main elements of the hot water supply system are water heaters, 
pipes, an armature and circulation system.

Storage water heaters (boilers) and flowing heaters are used most com-
monly for heating water. Water heating in the storage water heater (boil-
er) is carried out by means of the heat exchanger, which is located inside 
the boiler. The heat carrier of a heating system moves through the heat 
exchanger. Water heating occurs through the walls of the heat exchang-
er. With the consumption of hot water, the water level of the boiler is 
automatically restored from the cold water pipeline and is heated to a 
determined temperature. Storage water heaters combine two functions 
in one unit - water heater and the heat accumulator.

In flowing water heaters a small amount of water is quickly heated to a 
determined temperature by a high-powered heat source. A gas water 
heater (geyser) is an example of a flowing heater. It consists of a met-
al body containing a burner that heats water passing through the heat 
exchanger. Safe operation of the burner is ensured automatically. When 
you open the tap to get water, the valve is opened and the gas goes into 
the burner. Combustion products of gas are removed through the chim-
ney; hot water goes to the consumer through the pipe. The required 
temperature is independent from fluctuations in water pressure. Circula-

Boilers and heat ex-
changers
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tion of water in the hot water system allows supporting constant water 
temperature in draw-off points at any time and avoids draining cooled 
water in the pipes to the sewer system. For the removal of cooled water 
from supplying pipelines, with minimal or no water pumping, circulation 
lines are arranged. Circulation of water in the system is carried out by a 
circulation pump [8].

In bathrooms and shower rooms towel-risers are provided: these are 
separately constructed rails of hot water pipeline designed for drying 
towels and maintaining the required air temperature. Towel dryers can 
be made of steel, brass, or stainless steel with decorative covering and 
can be connected with circulation pipelines.

3.5.3 Reconstructing the hot water supply system

Table 6 provides an overview of the main activities to be carried out 
during reconstruction of a hot water supply system. The first column lists 
typical problems; the second column gives possible solutions. This can 
help to prioritize the most necessary and possible additional measures.

Problems Measures Remarks
The hot water from the 
pipe comes directly 
from the power plant 
– a lot of thermal en-
ergy is lost during the 
water’s transit from 
power plant to the 
residential building

Replacement of the 
closed, independent 
system by installing a 
heat exchanger

See measures for the 
heating system 

Installation of individ-
ual heating units

Pipes are outdated Replacement of the 
pipes

The life-time of pipes 
is estimated to be 25 
years (for hot water) 

It takes a long time to 
get warm water due 
to lack of circulation 
pumps

Installation of circula-
tion pumps

This measure not only 
increases the living 
comfort, but also the 
efficiency of the sys-
tem. Saving potential 
is about 20 %

Individual consump-
tion is not known; it 
is not possible to pay 
according to real con-
sumption 

Installation of meter-
ing devices in each flat

See the measures for 
heat supply system

Additional measures to improve the efficiency of the hot water supply 
system

Insulation of all pipes in unheated areas

Installation of efficient pumps

Towel risers
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Use of solar thermal devices for hot water sup-
ply

Replacement of isolation valves at the entranc-
es to the building, at the junctions of sections, 
at the base of water pumping and circulation 
risers, on the supply line to each apartment, at 
the water heater inlets and outlets;

Table 6. Overview of problems and options for updating a hot water 
supply system
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Annex 1 Short overview on 
commonly used insulation 
materials
In order to compare different insulation materials, their characteristics 
have to be known. A colour code has been established to indicate good, 
moderate and bad characteristics. This can give you a first impression 
about sustainability of the construction material. However there can be 
other materials on the market with  either better or worse performance.

good moderate bad

For the 10 construction materials selected, the following items are de-
scribed and evaluated: 

Type/Name: This includes the insulation material group, the application 
and the term in English. Material groups, for example, can be composed 
of natural fibre insulation materials or polystyrene; they can be used as 
injectable loose-fill insulation, blankets or matting and boards or panels.

Production/Resource: This information mentions the raw materials or 
the most important composites used to produce the insulation material.

Primary energy content: This figure indicates the energy used in the 
production chain, for example, for manufacturing or transporting. It is 
measured as kWh/m³.

Environment/Sustainability: This category provides information on 
the availability of the resources.

Health: This category indicates whether the material is harmful or harm-
less or if a suspicion exists that has or has not yet been proven.

Application and delivery: This information describes how the insula-
tion product appears in construction, e.g. as cavity wall insulation, be-
tween rafters or as interior insulation or external façade-boards. Further-
more, the most common building elements, locations for insulation are 
included, for example, wall, ceiling, etc. The pictograms give a further 
impression as to where the material can be applied.

EIFS: EIFS stands for Exterior insulation finishing system, which can be 
described as ETICS Exterior thermal insulation composite system as well.

Thermal conductivity λ: Thermal conductivity appears if heat flows 
through a material with a specific thickness in a direction normal to the 
surface. It is measured as W/(mK). Thermal conductivity is not the same 
as U-Value (W/m²K) where the thermal conductivity is divided by the lay-
er thickness (m). Τhe λ-values are mostly used for single layers of mate-
rials while U-values are used for building elements such as whole walls.
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Thermal storage capacity: Thermal storage capacity describes the 
ability to store heating energy in a material. This is especially important 
during off-peak times at night. It is measured as J/(kgK).

Water vapour diffusion resistance: Water vapour diffusion resistance 
describes the water diffusion ability of a material. If the resistance is high, 
the material is less permeable to water vapour. It has no dimension (the 
unit is 1).

Density: The density describes the specific weight of a material. A high 
density generally has a high thermal storage capacity. It is measured as 
kg/m³.

Construction material class: The construction material class describes 
the construction material classes according to German legislation and 
indicates inflammability of a material, e.g. class “A” is non-inflammable 
and class “B3” is easily inflammable material.

Costs: This category estimates rough costs, considering western Europe-
an prices. Specific values are not shown.
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Annex 2 Minimum life time of the 
basic elements of heating and 
water supply systems
Element Life time before re-

placement in years
Piping, including pipes for cold water: 
zinced  water-gas pipes 30
neozinced  water-gas pipes 15
polymeric tubing 50
hydrants, water taps 10
hydrometric sites 10
Piping with hot water from the water-gas 
zinced pipes with heat supply schemes: 
closed 20
open 30
Heated towel rails:
ferrous pipes 15
zinced pipes 30
nickel-plated tubes 20
pipe insulation of mineral wool plates 10
Heating
Cast iron (steel) radiators:
with closed circuits 40 (30)
with open circuits 30 (15)
steel heaters 15
convectors 30
Piping (standpipes)
with closed circuits 30
with open circuits 15
Pipelines (home lines):
with closed circuits 20
with open circuits 15
pipeline insulation 10

Source: Technical Code of Established Practice 45-1.04-14-2005 (for Be-
larus) Technical exploitation of residential and public buildings and con-
structions
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1. Introduction
The following chapter is dedicated to the components of the building 
shell: walls, windows, doors, roof and cellar. Together these elements 
separate the inner from the outer environment of a physical structure. 
The building shell defines the mutual relation between a building’s inner 
and outer climate, a relation that consists of insulation and ventilation. 
Whereas the building shell is intended to protect the dwellers from neg-
ative climatic influences such as wind, rain or heat, it must also allow for 
sufficient ventilation in order to provide fresh air and to let out trapped 
moisture. 

These considerations form the background of the following module. It 
is structured according to the main components of a typical building 
shell i. e. walls, windows, doors, roof and basement. Every component 
is described according to its basic characteristics, variations and types. 
Questions of thermal insulation of the respective element are then an-
swered and proposals and advice for refurbishment are specified. A list 
with key points to remember wraps up the section on a particular build-
ing element. The last section of this module examines the problem of 
mould, a central question arising from the interrelation of insulation and 
ventilation: mould as a consequence of excessive indoor humidity and 
approaches to prevent its occurrence.
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2. Walls

2.1 Typology, common structures
Walls are one of the most important elements of buildings and struc-
tures. Walls not only isolate the premises from external environment and 
transmit heat, air, moisture, but also are exposed to effects of human ac-
tivity: cooking, breathing, washing, etc. Walls should have the necessary 
durability, resistance against atmospheric forcing and corrosion; should 
have the necessary heat-, water-, air- and sound-insulating qualities; 
should be long-life and fire-resistant, and should provide a beautiful ap-
pearance and cost-effectiveness for renovation of residential buildings. 
Moreover, the choice of wall construction is a primary design issues, as it 
represents a significant part of the total building costs.

Wall materials include stone, wood, concrete and combinations of those; 
depending on the nature of the construction: big blocks, panels and 
fragments (small-sized) stone materials  may be used. From the view-
point of thermal insulation, there are two types of external walls: sin-
gle-layer and multilayer.

 Picture 1.Construction of a single-layer concrete wall

Single-layer walls are made of structural heat-insulating materials and 
products (brick, for example, porous, i.e. warm and durable), which com-
bine heat-transfer and heat-protecting functions. Single-layer walls are 
more commonly used by designers and builders: they provide ease of 
construction and operation. Single-layer walls, as a rule, are made of ho-
mogeneous material. Their characteristic feature is that the material has 
load-bearing, as well as heat-protecting functions.

For the production of single-layer enclosing structures in constructing 
practice there are widely used and diverse kinds of brick and concrete 
(e.g.) honeycomb structure. A feature of modern single-layer  enclosing 

Types of walls

Single-layer walls
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structures is that they can be built of concrete with density that does 
not exceed 600-700 kg/m3 or clay brick with sufficient thermal charac-
teristics.

2.2 Multilayer walls
In multilayer walls (walls with several layers, for example, concrete, insu-
lation, plaster, air gap), insulation is preferably located outside. There are 
two variants of the outer insulation: systems with an outer cover layer 
without a gap and systems with an air gap between the outer facing 
layer and insulation. It’s not recommended to use heat insulation inside 
because of the  possible accumulation of moisture in the insulating layer 
(see the module on building physics), however if such an application is 
needed (e.g. in listed/historic buildings) the inner surface should have 
continuous and long-life vapour barrier .

1 2 3 4

5

1. Plaster layer.
2. Coil mesh.
3. Insulation.
4. Main layer-brick.
5. Plate dowel.

 Picture 2. Construction of the multilayer wall without ventilated gap

1

2
3

4

1. Ceramic granite cladding.
2. Ventilated gap.
3. Insulation.
4. Main layer-brick.

 Picture 3. Construction of the multilayer wall with ventilated gap

Multilayer walls

1 2 3 4

5

1. Plaster layer.
2. Coil mesh.
3. Insulation.
4. Main layer-brick.
5. Plate dowel.
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The main advantage of structures with an air gap is the presence of natu-
rally ventilated air space that allows condensation and ‘as built’ moisture 
to leave the construction. Furthermore, it protects the heat insulation 
materials against atmospheric precipitation; it keeps the insulation in 
a dry condition that allows applying semi-rigid mineral wool and fiber-
glass plates. The disadvantage of this design solution is its relatively high 
cost.

2.3 Thermal insulation needs
Walls play an important role in energy saving of buildings. Heat losses 
through the walls cause high heating costs - sometimes more than half 
the total. The more thermal insulation of external structures, the smaller 
the heat losses through the building envelope.

Thus, heat losses depend on the level of insulation. All countries have le-
gal requirements regarding the level of heat insulation of external struc-
tures; they differ depending on the climatic conditions of the country 
and its public policy on energy  conservation. Constantly rising prices 
of energy resources and the related phenomenon of tariff growth for 
thermal energy, as well as reduction of reserves of non-renewable hy-
drocarbons (oil, gas), mean that standards of energy consumption of 
buildings are constantly decreasing in most developed countries of the 
world; therefore the requirements for the level of thermal insulation of 
walls is increasing.

The most important indicators of thermal protection (thermal insula-
tion) are:

• reduced thermal resistance of a building envelope – this value in-
dicates the extent to which a wall/door/roof cannot pass heat from 
the house to the outside and vice  versa, cold from the outside into 
the house; 

• specific heat consumption for heating of a building – how much 
heat is required for heating one cubic meter of a building when the 
temperature changes by one degree.

Walls must protect from direct moisture such as rain or snow but must 
also be constructed in a way that condensation and mould is avoided. 
Walls need to be soundproof. During the reconstruction of houses, the 
soundproofing of walls can be improved to reduce the noise from neigh-
bouring rooms and from the street. In addition to all these requirements, 
walls must, of course, meet the basic demand as load- bearing elements, 
providing enough carrying capacity to the building.

Currently, no wall materials effectively meet all these requirements. So 
if walls are made of good thick concrete, the strength of the walls will 
be provided at the smallest wall thickness of 10-15 cm, however, the re-

Legal requirements 
to heat insulation

Indicators for thermal 
resistance
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quired thermal resistance (the ability to save heat) will not be achieved. 
The thickness of concrete walls needs to be increased up to 3-6 m in 
order to create the necessary thermal insulation of a building. If a wall is 
constructed of insulation material - light, porous, such as polystyrene - 
the necessary thermal insulation can be achieved at a thickness of 10-20 
cm, however, the requirements for strength will not be met. Walls made 
of such material cannot be bear sufficient weight. Thus, the building en-
velope (walls, windows, doors, etc.) are multi-layers. The layers consist 
of materials that have multiple properties: each performs its particular 
function.

If the material has high strength, its insulating properties are low. With 
substantial heat transference through walls, the building becomes ener-
gy inefficient. Conversely, materials with good heat retention are too low 
in strength. Excessively high heat transfer of a material can be reduced 
by the injection of regularly distributed pores (air), but the replacement 
of solid material by air inevitably leads to a decrease of strength. Howev-
er, there are materials that combine low, but sufficient strength and con-
siderable porosity, and are therefore satisfactory for thermal insulation. 
These materials are used for load-bearing walls and are called walling 
materials. They include brick and masonry stones (ceramic and silicate, 
including gas-silicate), blocks and panels of lightweight concrete (aerat-
ed concrete, foamed concrete, concrete with porous aggregates), natu-
ral stones, etc.

2.4 Practical solutions and recommendations 
for refurbishment

In order to carry out qualitative, good reconstruction and renovation of 
residential buildings, walls need to be insulated. Regulations must be 
followed and construction must meet certain recommendations. 

Usually it is recommended that building walls made out of brick and ce-
ramic stones are designed with pointing masonry joints on the façade 
(except walls with air streaks and walls panelled with brick). When using 
stones of the porous ceramic, it is recommended to provide a cladding 
(an outer layer on the exterior) layer of brick with anchors of stainless 
steel or fiberglass to bind to the primary masonry.

The following guidelines should be noted when designing walls with an 
unventilated air layer: 

• The height of the unventilated air layer shall not be higher than the 
storey itself and shall not be more than 6 m. The thickness of the 
layer shall not be less than 40 mm (10 mm with heat insulation);

• Air layers up to 3 m in area, must be separated with sealed layers of 
non-combustible materials;

• Air layers should be located close to the cold side of the wall.

Guidelines for the 
design of walls with 
unventilated air 
layers
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• The following guidelines should be noted when designing walls 
with ventilated air layers (walls with a ventilated facade):

• The thickness of the air layer should be not less than 50 nor more 
than 100 mm, and should be placed between the outer layer and 
the insulation;

• when calculating the reduced thermal resistance to heat transfer 
(value, which indicates how a wall collects heat) all thermal bridges 
should be taken into account - elements of material which conduct 
heat out into the street, as well as fasteners, usually metal, such as 
nails, which are used to attach the insulation layer to the wall. In the 
module on building physics, a sample calculation demonstrates the 
effect of attachments on thermal resistance.

• the outer layer of the wall should have ventilation holes, including 
around windows;

• the lower ventilation holes usually should be located near the so-
cles, preferably incorporating the functions of ventilation and re-
moval of moisture;

• the upper ventilation holes usually should be combined with eaves;

• to apply tough thermal insulating materials with density of at least 
80 - 90 kg/m3 , the use of soft thermal insulation materials is not 
recommended;

• when using natural or artificial stones as the outer layer of slabs 
cladding, horizontal joints must be open (must not be filled with a 
condensing material) .

Thermal insulation of exterior walls should be designed as a continuous 
stream on the facade of a building. Elements such as ventilation ducts 
and nails that attach the insulation must not destroy the integrity of the 
insulation layer. Air ducts, ventilation ducts and pipes, that partially go 
through a wall, should be placed next to the warm surface of the insula-
tion. If flammable insulation is attached to the building envelope, win-
dows and other openings should be framed with non-flammable miner-
al wool insulation strips of minimum 200 mm in width, with minimum 
80 - 90 kg/m3 density.

 These structures must have permits for use from the federal fire control 
authorities.

KEY POINTS TO REMEMBER

• Depending upon the type of construction, there are various 
types of materials for walls: stone, wood, concrete and com-
bined materials which are available in the form of big blocks, 
panels and small-sized stone materials

• From the viewpoint of thermal insulation there are two types of 
external walls: single-layer and multilayer. 

• Heat losses through the walls of the building (transmission heat 
losses) may be more than half of all heating costs

9
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Some very important indicators for the calculation of building energy 
efficiency are:

• reduced thermal resistance of a building envelope – the extent 
to which a wall, door, window or roof prevents passage of heat 
from the house to the outside and vice versa, cold from the out-
side into the house

• specific heat consumption for heating of a building – how much 
heat is required for heating one cubic meter of a building when 
the temperature changes by one degree.

• Important requirements for the walls include water permeabil-
ity, soundproofing, and carrying capacity of the walls. Howev-
er, currently, there is no wall material that effectively meets all 
these requirements.

10

Planning refurbishment projects



3. Windows
It was noted earlier that enclosing structures such as windows, balconies 
and doors plays a major role in energy saving. Transmission losses of en-
closing structures depend not only on the characteristics and condition 
of the facade material, but also on the type and condition of window, 
balcony and door blocks, as well as the quality of their installation. 

3.1 Typology, common structures
A window is an element of the wall or roof structure, designed for con-
necting interiors with the surrounding space. It allows natural lighting 
and ventilation, and protects from weather and noise. Currently, glass 
unit PVC window frames are installed both in new construction and in 
building renovation. PVC windows have a range of advantages, but they 
are not the only option. Other window units on the market have frames 
and boxes made from the following materials:

• wood (glulam );

• aluminium;

• polyvinyl chloride (PVC );

• fiberglass (glass composite);

• steel;

• a combination of materials (wood-aluminium, wood-polyvinyl chlo-
ride, etc.).

3.2 Thermal insulation needs
Two-leaf wooden window frames with double glazing are common in 
houses built in the Soviet Union period. They have disadvantages: sen-
sitivity to external influences and changes in weather conditions (wood 
swells, cracks; frames fade in the sun, as they are not resistant to ultravi-
olet rays), and have low heat and noise insulation characteristics ; they 
are susceptible to physical deterioration, air leaks, leading to gapping of 
window elements and the occurrence of cracks. The width of the wood-
en window block is several times greater than the width of modern win-
dows. The lifetime of these window units is 15 years. 

Thus, it is recommended to replace these old wooden window frames 
with modern windows which provide 20-25% more efficiency due to im-
provements in both frames and glazing. 

Double- or triple-glazed window panes have been available on the mar-
ket for many years. Each layer of glass will reduce the U-value by about 
2,0 W/(m²K). However, for a truly energy efficient buildings such a reduc-
tion is not enough.

The wider the space between the panes, (typical distances between the 

Materials used for 
window frames

Disadvantages of 
wooden window 

frames
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panes: 12 mm, 16 mm) the better is the insulation effect. Window panes, 
where the space between the panes is sealed airtight, have even better 
insulation properties.

Additionally, windows can have a coated glazing which increases their 
insulation properties. Coatings are used to minimize heat transmission 
from the inside to the outside. 

Modern window frame design allows changing the number of glass unit 
chambers: they use glass that provides optimal operating conditions 
in different regions and climatic zones, as well as reducing installation 
costs. The width of the profile and number of chambers (glass) of a glass 
unit depend on the climatic conditions, and if necessary, energy-saving 
coating is applied to the glass and the thickness of the glass is increased 
(from 4 to 6 mm) to improve the sound insulation. 

Furthermore the design of the frame aims to lower the heat transmission 
losses of the frame itself.

A modern PVC block has the following appearance (pic. 4,5):

 Picture 4. Window construction, front view (left side) and top section 
(right side)

a) 3 air chambers b) 4 air chambers c) 6 air chambers

 Picture 5. Frame sections: 3 air chambers (left side), 4 air chambers 
(centre), 6 air chambers (right side)

3.3 Practical solutions and recommendations 
for refurbishment

The most common products for mass construction which meet the re-
quirements of modern windows are made with PVC frames.  PVC win-
dow units are produced in many cities and regions and correspond to 

Appearance of PVC 
blocks
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the climate conditions. To determine the optimal characteristics it is rec-
ommended to consult with a dealer (representative) in your area. 

Great attention should be paid to the technology of installation of win-
dow units. Both the operating characteristics of window units and also 
the thermal insulating characteristics depend on the quality of installa-
tion. Picture 6 illustrates an installation example in a sectional view.

Foam
Pre-compressed 
sealing tape

Vapor barrier tape

 Pic.ture 6. The constituent elements of PVC frames insulation

 Pictures 7 and 8. Vapour seal tape (foiled tape, left) and installation 
wedges, fixed with foam (right)

150-180 120-180≤ A

a

Mounting wedges

 Picture 9. Location of installation wedges

Window frames should be set strictly on the level with the help of instal-
lation wedges, in the horizontal and vertical planes (see picture 9). Then, 
gaps are filled with foam (Pic.10, left)
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 Picture10. Installation foam (left), vapour seal (right)

The excess installation foam is cut off with a special knife after it has dried 
(pic. 10, right). The section of the porous foam that is visible is smoothed 
with plaster or closed with a decorative plastic angle.

It is possible to reduce heat loss through the windows further by insu-
lating the glass with heat- conserving ceramic IR tape. In summer, the IR 
tape limits penetration of UV (ultraviolet) rays into a room, preventing 
objects and furniture from heating, which not only creates more com-
fortable conditions but can also reduce air conditioning costs. In winter, 
IR tape reduces the thermal conductivity of glass, thereby keeping heat 
inside the heated room.

Once new windows are installed properly, air exchange becomes an im-
portant topic. If the former natural ventilation is now interrupted by the 
new airtight windows, moisture and mould may occur (see study texts 
no. 2 on building physics and no. 9 on heating and ventilation). It is im-
portant to think about a ventilation concept. There are modern windows 
on the market with artificial gaps. 

KEY POINTS TO REMEMBER FROM CHAPTER 3

• The following materials are used for the production of window 
frames: wood (glulam), aluminium; polyvinyl chloride (PVC); fi-
berglass (glass composite); steel; combinations of materials 

• Old window frames are less durable and 20-25% less effective 
than modern windows 

• PVC frame design allows changing the number of glass unit 
chambers and uses glass with characteristics that provides 
optimal operating conditions in different regions and climatic 
zones, and reduces costs of implementation

• The use of ceramic IR tape to increase insulation around win-
dows will prevent additional heat loss

• New airtight windows may interrupt the natural air exchange. 

The “ventilation concept” should be reconsidered.

Energy survey and 
building physics

Necessary refur-
bishment measures
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4. Doors

4.1 Typology, common structures
Doors not only provide heat conservation, affect the aesthetic appear-
ance of the building, provide interior comfort, but can also protect rooms 
from moisture, dust, cold and drafts. Entrance doors are often exposed 
to external loads, protecting the house from bad weather and intruders. 
Doors are components of balcony blocks. Wooden door blocks are made 
of various materials such as wood, steel, aluminium, and plastic. Plastic 
is the most preferred material because it is more universal and is able to 
meet the needs of almost any user, combining affordable price and easy 
maintenance. 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1. Top locking beam.
2. Top traction of the main lock .
3. Leaf frame (welded steel profiles).
4. Places of attachment of the internal “flap”.
5. Bolt.
6. Places of attachment of the upper traction.
7. Beams of a bolt of lever lock.
8. Latch.
9. Bolt of a cylinder lock.
10. Low traction of a main lock.
11. Places of attachment of finishes.
12. Inner cavity for a filler.
13. Directing of a vertical traction.

14. Lower locking beam.
15. Mounting “ear”.
16. Threshold.
17. Hole for the anti-removable beam (pin).
18. Anti-removable passive beam (pin).
19. Mounting anchor.
20. Box (frame).
21. Combined lever - cylinder lock.
22. Internal steel sheet.
23. Outer steel sheet.
24. Loop knot.
25. Peephole.

 Picture 11. Door construction

4.2 Thermal insulation needs
In contrast to windows, door units are operated daily throughout their 
service life. Thus, an inefficient door unit of an entrance door is able 
to significantly reduce the energy efficiency of a building. Currently 
there are many different types of designs and materials of door units. 
Among street door blocks the most common are steel blocks and PVC 
double-glazing units. The installation of door units is similar to the tech-
nology of installing windows: high-quality workmanship is needed to 
effectively insulate and strengthen the joining points of the door unit 
and building. 

 Types of doors

Importance of proper 
door insulation
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4.3 Practical solutions and recommendations 
for refurbishment

A lobby between the front door and an unheated stairwell, with the 
addition of a thermal curtain, is able to substantially increase the ener-
gy efficiency. A lobby is a passageway between doors, which is used to 
protect against cold air, smoke and smells when entering the building, 
stairwell or other premises.

KEY POINTS TO REMEMBER FROM CHAPTER 3

• Door blocks are made of various materials such as wood, steel, 
aluminium, plastic

• Plastic is the most preferred material for door blocks because it 
is able to meet the needs of almost any user, combining afford-
able price and easy maintenance 

• Proper door insulation can significantly contribute to a build-
ing’s energy efficiency

• A lobby between the front door and an unheated stairwell, plus 
installation of a thermal curtain at the entranceway will increase 
energy efficiency.
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5. Roofs and cellars

5.1 Typology, common structures
There are two popular types of roofs - pitched and flat. Usually, roofs with 
an attic are left without insulation - they remain cold; the attic slabs (attic 
floor) are insulated instead.

If an attic or garret is intended as living space (warm attic), the slopes of 
the roof should be insulated to reduce heat loss and heating costs.

Flat roofs are rarely used for low-rise construction in continental climatic 
conditions, but are quite popular in industry and recently in civil engi-
neering. In addition to its direct purpose - protection from the cold and 
precipitation - flat roofs of such buildings can serve as gardens, play-
grounds, terraces of residential or public buildings and even as parking 
space. A flat roof can be fitted with an attic room, though more often it is 
designed without it (combined covering).

The main advantage of flat roofs is that they are inexpensive;  the main 
drawback is the impossibility to regularly monitor the technical condi-
tion of the thermal insulation layer and the water tightness of the wa-
terproofing carpet. Damage is revealed only when leaks appear on the 
ceiling. Flat attic roofs are a bit more expensive, but they do not have this 
disadvantage. 

Technical cellars are cellars that contain lower pipe routing of a heating 
system, hot water supply and pipes of water supply and sewage systems. 

The cellar, being the lowest (underground) part of the building houses 
various equipment and building systems. Temperature conditions are 
quite stable due to the heat-insulating properties of the earth and the 
lack of natural sunlight.

The basement has several entrance doors and windows. In most cases 
with an individual heating unit, networks of hot water supply and heat-
ing are located or go through the basement, providing warmth to the 
first floor slab in the cold season. It is nonetheless recommended to 
properly insulate the pipes and the cellar ceiling. 

5.2 Thermal insulation needs
When insulating any building, the greatest attention should be paid to the 
roof, as this part of the building is the most vulnerable to thermo-physical 
parameters. Statistics show that at least 25-40% of heat escapes through 
the roof. A modern roof must withstand temperatures down to -50°C, or 
even lower, and also have a high heat resistance: roof temperature can 
reach almost 100°C in summer. The roof also must be resistant to frequent 
temperature drops and transitions across 0°C, and ultraviolet radiation.

 Flat roofs

Modern roof 
requirements
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Roof insulation is provided by a layer of material that has low thermal 
conductivity and good water resistance. Requirements for biological sta-
bility are high: materials should not support mould and mildew growth, 
they should not release substances hazardous to the human body, and 
should comply with fire safety requirements.

It should be noted that during the insulation of slabs over cold cellars, 
the diffusion of water vapour through slabs, as well as through all ex-
ternal structures separating zones of warm and cold air, occurs. Cellar 
ceilings should be insulated with proper material.

It is necessary to provide ventilation of cellars in order to prevent mois-
ture in insulation materials and avoid dampness, mould and mildew. For 
this purpose, special openings and arranged air holes, through which 
water vapour will be removed outside with ventilated air, are made. 

It’s important to remember to waterproof basement walls and floors. In 
spring, the ground water level rises considerably and reaches the earth’s 
surface as the snow cover melts, so exterior waterproofing of basement 
walls, covering their full height, is strongly recommended.

When cellars are warm, perimeter insulation is required. The building pe-
rimeter is in rather unfavourable humidity conditions, being subject to 
both ground and rain water. For this reason, materials that have zero wa-
ter absorption and can protect thermal insulation properties in a damp 
environment are used for perimeter thermal insulation. Extrusion foam 
plastic with closed pores fully meets these requirements. 

5.3 Practical solutions and recommendations 
for refurbishment of the roof

A roof with a cold attic floor interior space should be ventilated with out-
side air through special openings in walls. The attic space of a pitched 
roof made of piece-materials (asbestos-cement sheets, tiles) is ventilated 
through the gaps between its sheets.

In a roof with a cold attic floor, heat insulation is laid on the attic slab. An 
insulating layer around the perimeter of the attic should be installed up 
to least 1 m in height to protect it from moisture and to avoid thermal 
bridges. Ventilation ducts and air releases that go through a cold attic 
must be insulated. 

In a roof with a warm attic floor, attic space with insulated exterior walls 
and insulated roof covering is heated by warm air that comes from the 
exhaust ventilation of the house. One exhaust shaft for each section 
should be used to remove air from the attic space. Attic space should be 
divided into isolated compartments by use of walls. Doorways in walls, 
providing pass-through in the attic, should have sealed rabbet ledges.

Combined roofs, i.e. roofs without an attic, can be constructed as venti-

Roof and cellar 
insulations

Waterproofing of 
cellar

Perimeter insulation
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lated or unventilated. Unventilated roofs are acceptable in those cases 
when moisture does not accumulate in the cold season, thanks to va-
pour barriers, etc. Ventilated coverings are needed when structural mea-
sures cannot guarantee good humidity conditions.

Combined ventilated roofs are recommended for residential and public 
buildings. The recommended design of a ventilated roof covering with-
out an attic floor (combined roof ) may contain the following layers, start-
ing from the lower surface:

• bearing structure;

• vapour-sealing layer;

• heat insulating layer;

• ventilated layer that serves to remove moisture from the roof struc-
ture or for cooling;

• base for waterproofing (screed coat or roof slab with ventilated gap 
interlayers);

• multilayer waterproofing roofing carpet.

Fibrous insulating materials in ventilated coverings must be protected 
from exposure of vented air by vapour permeable membranous coatings. 

Draining air layers and channels should be located above the thermal in-
sulation or in its upper zone. The minimum cross-sectional size of these 
layers should not be less than 40 mm. Air supply inlets should be ar-
ranged in the cornice parts, exhaust outlets - on the opposite side of the 
building or in the ridge. The total cross section of both air supply inlets 
and exhaust outlets is recommended to set within 0.002 - 0.001 of the 
horizontal projection of the coating.

5.4 Practical solutions and recommendations 
for refurbishment of the basement

During the insulation of plate socle slabs, heat insulation is laid on the 
bearing plates, placing it among the beams mounted on a reinforced 
concrete slab through the layers of roofing material, asphalt felt or other 
waterproof material.

A vapour seal, which prevents wetting of heat insulation by water va-
pour of internal air, is arranged above the insulation. The fabric of the 
vapour seal material is rolled with an overlap of at least 100 mm, and 
then joints are glued with a special tape or duct tape to ensure imperme-
ability. When using foil vapour seal materials, they are set with the shiny 
surface facing into a warm room. In this case, there is a need to provide a 
small air gap between the vapour seal and a floor base. Holes (100x100) 
- (150x150) mm in size are set to arrange basement ventilation: they are 
placed every 4-5 m on the perimeter of the basement. Moisture will be 
able to evaporate to the outside, and the basement will not smell of 
damp and mould.
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It is possible to insulate the existing socle slab by attaching the insula-
tion plates to the slab from the basement side. For this purpose the hard 
insulation is glued to the reinforced concrete slab by adhesive mastic 
and is then plastered on a grid. 

The need for insulating an existing basement slab can appear during 
maintenance of the house. It is not necessary to disassemble the floor 
on the first level; it is better to insulate the slab from the basement side. 

Many homeowners are worried about cracks in the walls and misalign-
ment of external structures, which usually appear in spring. This unpleas-
ant phenomenon is due to the deformation of foundations caused by 
frost soil expansion. Ground is good at absorbing water, which increases 
in volume while freezing. This leads to an increase in the volume of soil 
which is under the foundation. These processes push out the foundation 
from the ground. In addition, water-saturated soil becomes more ductile 
and less durable during melting. This causes subsidence of foundations 
and, as a consequence, misalignment and cracking of walls.

Traditional measures aimed at reducing the impact of forces of frost ex-
posure, provide an arrangement of sand pillow of at least 100 mm in 
thickness under the foundation and the use of backfill of sand rather 
than exposed soil. These measures partially solve this problem, but com-
plete elimination of the consequences of frost exposure is possible only 
by the elimination of their causes - freezing ground - by insulation of the 
perimeter of the building’s foundation. This can be done by a thick layer 
of sand (200 mm) on which slabs of extruded polystyrene are laid.

It’s better to remember that the heat loss through the exterior corners 
is much greater than the heat loss through the flat surface, so insulation 
in corners should be 1.4-1.5 times thicker than along walls. The top insu-
lation layer is surrounded with sand not less than 300 mm in thickness.

KEY POINTS TO REMEMBER FROM CHAPTER 5

• The most popular types of roofs are flat and pitched
• The main advantage of flat roofs is their low cost. But the main 

disadvantage is the impossibility of permanent monitoring of 
the technical condition of the thermal insulation layer and wa-
ter tightness of the waterproofing carpet. Damage is revealed 
only when leaks appear on the ceiling

• While insulating a building, great attention must be paid to roof 
insulation.  Statistics show that at least 25-40 % of heat escapes 
through the roof

• Roof insulation is provided by a layer of material that has low 
thermal conductivity and good water resistance. Materials used 
must also have biological stability

• It is important to provide proper cellar insulation and ventila-
tion;  waterproofing is essential. 
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6. Mould prevention

6.1 Typology, common structures
Mould can arise when residents start to insulate walls and seal windows 
in order to save heat. Without additional measures, this decreases the 
ventilation drastically and about 8 - 15 litres of water vapour can start to 
accumulate in the flat each day.

During the design and construction of residential buildings, a system of 
natural ventilation is designed in such a way that the volume of air that 
enters the apartment is sufficient for the residents and can be heated 
by the existing heating system. Thus besides special ventilation holes in 
apartments, there are also other ways to provide proper air exchange: all 
interior doors in the apartment, as well as clearance under the doors of 
the bathroom and toilet, usually not less than 2 cm, allow some air flow. 
Natural ventilation has its own advantages, primarily, its simplicity and 
lack of required maintenance.

When the natural ventilation system is disrupted, mould can occur. The 
ideal temperature for mould to grow and spread is 20°C when humidity 
exceeds 95 percent. Poor air exchange, high humidity and air stagna-
tion promote the growth of mould. Mould can spread extensively - on 
the plaster, concrete, plastic, wood, fabric base of linoleum, rubber, car-
pet, painted surfaces, books, etc. Flower pots provide good conditions 
for mould growth. Microspores climb up through the ventilation from 
damp cellars. Fungus spores multiply quickly in moist and cool premises, 
and where there is poor air circulation. Improper heating also can lead 
to arising of moisture. Abrupt changes of air temperature can transform 
water vapour into moisture that condenses on the walls.

6.2 Practical solutions and recommendations 
for preventing mould

The most important thing to remember is to keep the humidity low. Wa-
ter vapour should not enter the rooms, for example from boiling kettles 
or cooking, or from drying wet clothes in the apartments. With central 
heating, drying things on a radiator releases a lot of moisture. Excess wa-
ter can be removed by airing rooms intensively for a short time. All the 
windows and doors must be opened. Such brief, intensive airing is not 
conducive for heat loss of the walls. Windows that are open just slight-
ly (outward-opening or in top-tilt position) do not adequately/fully re-
move moisture and cause the flat to cool down. Air conditioners also re-
duce humidity. Also recommended are air cleaners which are equipped 
with special filters.

Especially in colder climates, proper heating must be provided and the 
heating system must be kept in good repair. If the heat network deterio-

Natural ventilation
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rates, district heating might not be enough to heat all flats. In such cases, 
additional heating of premises is required. It isn’t recommended to turn 
off the heating at night, since moisture on the walls can increase when 
the room cools. Covering cold and wet walls with carpets is not recom-
mended: the air stagnation under the carpet creates a big difference in 
the temperature of the air in the centre of the room and under the car-
pet. Water vapour penetrates through the carpet and settles on the wall 
in big spots, causing the wall/paper behind the carpet to turn black from 
fungus. Furniture should be arranged in a way that bulky objects are not 
set directly against the wall, so that the airflow is not restricted. Leaking 
taps should be repaired in a timely manner. If humidity persists, tenants 
should consider reducing the number of houseplants.

Air temperature throughout the apartment should be uniform. If only 
one room is heated, warm vapours will escape through the gap in the 
doorway and condense to moisture in the cold room. As the result the 
cold room will also become soggy. 

Technical options to improve the ventilation of flats are discussed in the 
module on heating and ventilation.

KEY POINTS TO REMEMBER FROM CHAPTER 5

• Poor air exchange, high humidity and air stagnation promotes 
the growth of fungi/mould

• Improper heating can lead to moisture. Abrupt changes of air 
temperature can lead to the transformation of water vapour 
into moisture that settles on the walls

• The higher the humidity in the room, the higher the dew point 
and closer to the actual temperature of the indoor air

• Controlling air humidity is the best way to prevent formation of 
mould in a room. 
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7. Thermographic imaging
Thermographic images can help identify thermal bridges and transmis-
sion heat losses through windows, doors and other openings. They allow 
the detection of errors in the design and construction. The following il-
lustrations show some examples of such mistakes.

 Picture 12. Heat leakage through the joints of walls and improperly 
installed windows units and air conditioners

 Picture 13. Heat leakage through the joints of walls and improperly 
installed door unit

 Picture 14. Heat leakage through the joints of walls and improperly 
installed windows units and air conditioners
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 Picture 15. Heat leakage through the joints of walls and improperly 
designed balcony slab

 Picture 16. Heat leakage through the joints of walls and improperly 
designed balcony slabs

 Picture 17. Heat leakage through the joints of walls and improperly 
designed balcony slabs

24

Planning refurbishment projects



Appendix 1
The list of regulatory documents and sources which were used in the 
preparation of the manual

1. Gorshkov A.S., Norming of energy consumption of the buildings. 
Calculation of thermal energy consumption of buildings for heating 
and ventilation during the heating period: study guide /А.S. Gorsh-
kov, N.I. Vatin – SBbСПб.:Publishing office of Polytechnical Universi-
ty, 2011. – 212 p.

2. Barabanshikov U.G. Enclosing structures and materials: Methodical 
instructions on implementation of student work “Calculation of heat 
and humidity regime of enclosing structures” - SBb.: SPBGPU, 2005. 
- 24 p.

3. SNIP 23-01-99*  «Building Climatology»

4. SNIP 23-02-2003 «Thermal protection of buildings» 

5. SP 23-101-2004 «Design of thermal protection of buildings»

6. SNIP 31-01-2003 «Multifamily residential buildings»

7. SNIP 31-02-2001 «Single-family residential buildings»

8. SNIP 41-01-2003 «Heating, ventilation and air conditioning»

9. SanPIN 2.1.2.2645-10 «Sanitary and epidemiological requirements 
for living conditions in residential buildings and premises»

10. ТSN 13-302-2004 St. Petersburg «Repair and modernization of resi-
dential buildings of the first mass series» 

11. ТСН 23-340-2003 St. Petersburg «The energy efficiency of residential 
and public buildings. Standards for energy consumption and ther-
mal protection»

12. GOST 111-2001 «Sheet glass. Technical conditions»

13. GOST 25891-83* «GOST

14. GOST 26602.1-99 «Units of windows and doors. Methods of deter-
mining the resistance to heat transfer»

15. GOST 26602.2-99 «Units of windows and doors. Methods of deter-
mining air-and water-tightness»

16. GOST 26629-85 «Buildings and structures. The heat monitoring 
method of quality control of thermal insulation of enclosing struc-
tures»

17. GOST 26633-91* «Heavy-weight and fine grained concrete. Techni-
cal conditions»

18. GOST 28013-98* «Building mortars. General technical conditions»

19. GOST 30494-96 «Residential and public buildings. The parameters 
of indoor climate»

20. GOST 30547-97* «Rolled roofing and waterproofing materials. Gen-
eral technical conditions»

21. GOST 30674-99 «Window units made of PVC sections. Technical con-
ditions»
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22. GOST 30734-2000 «Wooden window units for mansards. Technical 
conditions»

23. GOST 30815-2002 «Temperature regulators of automatic heating 
devices of water heating systems of buildings. General technical» 

24. GOST 30971-2002 «Assembly seams of joints of window units to wall 
openings. General technical conditions» 

25. GOST 31166-2003 «Building envelopes of buildings and structures. 
Colorimetric method of determining the coefficient of heat»

26. GOST 31167-2003 «Buildings and structures. Methods for determin-
ing the airtightness of enclosing structures in natural conditions»

27. GOST 31168-2003 «Residential buildings. The method of determin-
ing the specific consumption of thermal energy for heating»

28. MGSN 2.01-99 «Energy conservation in buildings. Standards for 
thermal protection and heat, water and electric power supply»

29. GOST11214-2003 «Wooden window blocks with sheet glazing. Gen-
eral specifications»

30. GOST 21519-2003 «Window blocks from aluminum alloys. General 
specifications»

31. GOST 23166-99 «Window blocks. General specifications»

32. GOST 24033-80 «Window and balcony doors. Mechanical testing 
methods»

33. GOST 24700-99 «Wooden window blocks with glass units. General 
specifications»

34. GOST 24866-99 «Glued glass units for construction purposes. Gen-
eral specifications»

35. GOST 25097-2002 «Wood-aluminium window blocks. General spec-
ifications» 

36. GOST 30673-99 «PVC profiles for windows and doors»

37. GOST 30674-99 «Window blocks of PVC profiles. General specifica-
tions»

38. GOST 30698-2000 «Construction tempered glass. Specifications»

39. GOST 30734-2000 «Wooden window mansard blocks. General spec-
ifications»

40. GOST 30777-2001 «Rotary devices, folding and swing-out for win-
dows and balcony doors. Specifications»

41. GOST 30826-2001 «Laminated glass for construction purposes. Gen-
eral specifications»

42. GOST 26602.1-99 «Window and door blocks. Methods for determi-
nation of thermal resistance»

43. GOST 26602.2-99 «Window and door blocks. Methods for determi-
nation of air and water penetration»

44. GOST 26602.3-99 «Window and door blocks. Method for determina-
tion of acoustic isolation »

45. GOST 26602.4-99 «Window and door blocks. Method for determina-
tion of the light transmission factor»
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46. GOST 10174-90 «Urethane-foam compact backings for windows 
and doors. Specifications»

47. GOST 30778-2001 «Compact backings from elastomeric material for 
window and door blocks. Specifications»

48. GOST 30971-2002 «Assembly stitches of windows and wall open-
ings joints »

49. GOST 31362-2007 «Compact backings for windows and doors. 
Method for determination of resistance to operational impacts»

50. GOSTР 52749-2007 «Assembly window stitches with vapour-perme-
able self-expanding ribbons. Specifications»

51. GOSTR 54861-2011 «Windows and exterior doors. Methods for resis-
tance determination»

52. GOST 30494-96 Residential and public buildings. Indoor climate pa-
rameters. [Accepted by the Interstate Scientific and Technical Com-
mission for standardization, technical regulation and certification in 
construction (MNTKS) on 11th of December 1996]

53. SP 50.13330.2012 Thermal protection of buildings (updated edition 
of SNIP 23-02-2003). [Approved by the Order the Ministry of Region-
al Development of the Russian Federation of 30th of June 2012 № 
265 and enacted in 1st of July 2013]

54. SNIP II-3-79* Construction heat engineering. [Approved by the Res-
olution of the USSR State Committee for Construction of 14th of 
March 1979 № 28, - now lost its legal force.] 

 

Appendix 2
The list of legislative documents and sources which were used in the 
preparation of the manual

1. Federal Law № 190-FZ of December 29, 2004. “City Planning Code of 
the Russian Federation”

2. Federal Law № 184-FZ of December 27, 2002. “About Technical Reg-
ulation”

3. Federal Law № 123-FZ, of August 3, 1995. “Technical regulations 
about fire safety requirements”

4. Russian Federation Government Resolution № 87 of 16 February 
2008. “On the composition of sections of project documentation 
and requirements to their content” (with changings input by the 
Russian Federation Government)

5. Government of the Russian Federation № 427 of May 18, 2009.; Gov-
ernment Resolution № 1044 of December 21, 2009.; by the Govern-
ment Resolution № 235 of 13 April 2010.

6. Presidential Decree № 889 of June 4, 2009 “On some measures to im-
prove energy and environmental performance of the Russian econ-
omy”
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7. Federal Law № 261-FZ of 23 November 2009. “On energy saving and 
energy efficiency increase and on amendments to certain legislative 
acts of the Russian Federation”

8. Federal Law № 384-FZ of December 30, 2009. “Technical regulation 
on safety of buildings and structures”

9. Order of the Ministry of Economic Development of the Russian Fed-
eration № 61 of 17 February 2010. “Approval the indicative list of ac-
tivities in the field of energy conservation and energy efficiency im-
provement, which can be used in the development of regional and 
municipal programs in the field of energy saving and energy effi-
ciency improvement”

10. Russian Federation Government Resolution of 13 April 2010 № 235 
“On Amendments to the Regulation” On the composition of sections 
of project documentation and requirements to their content” 

11. Order of the Ministry of Regional Development of the Russian Fed-
eration № 262 of May 28, 2010 “On the requirements of energy effi-
ciency in buildings, structures and facilities”

12. Order of the Ministry of Economic Development of the Russian № 
229 of June 4, 2010 “On the requirements of energy efficiency of 
products used to create the structural elements of buildings, struc-
tures and facilities, including engineering systems of resource sup-
ply, affecting the energy efficiency of buildings, structures and fa-
cilities”

13. Order of the Government of St. Petersburg № 75-rp of 26 July 2010. 
“Approval of a plan of measures on realization in St. Petersburg Fed-
eral Law” On energy saving and energy efficiency improvements 
and on amendments to certain legislative acts of the Russian Fed-
eration”

14. Resolution of the Government of St. Petersburg № 930 of 27 July 
2010 “On the regional program of St. Petersburg in the field of ener-
gy saving and energy efficiency”

15. Order of the Government of the Russian Federation of December 27, 
2010. № 2446-P “State program of the Russian Federation” Energy 
saving and energy efficiency for the period through to 2020”

16. Resolution of the Government of the Russian Federation of January 
25, 2011 № 19 “On approval of the Regulation on the requirements 
for the collection, processing, systematization, analysing and using 
data of energy certificates composed by the results of mandatory 
and voluntary energy audits”.
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to homeowners on how to save energy and plan refurbishment measures.
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This document was prepared in the frame of the project “Awareness raising cam-
paigns for construction related stakeholders in Russia, Belarus and the Ukraine”. 
with financial support of the European Union. Any statements made or opinions 
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Figure 1. District heating systems with external centralized heat sub-
stations (used before 1990s).

1. General introduction: Typical 
Situation before refurbishment

1.1 Weakness of existing system, no regula-
tion, no individual metering, losses in dis-
tribution system

The major part of the existing building stock was constructed in the pe-
riod between  the late 1950s and the late 1990s.  During that time, the 
main goal was to provide apartments for inhabitants as fast as possible 
without any respect to energy efficiency. The oil, gas and coal prices were 
so low that there was no need for extra heat insulation of the building 
envelope or for efficient heating and ventilation systems. In order to op-
timize construction time, one-pipe systems were widely used. Due to the 
lack of low-noise circulation pumps and the absence of individual heat 
regulation in apartments, the possibilities to adapt the individual ther-
mal comfort were limited. Consequently, many apartments were over-
heated and the temperature was regulated by opening the windows. In 
those times there was no heat metering of the real consumption, either 
per apartment or apartment building as a whole. The tenants paid for 
heat per square meter according to a specific methodology.

Before the 1990s the centralized heating systems were constructed with 
the use of external centralized heat substations and four pipe systems. In 
addition, pipes were placed in special concrete channels and were poor-
ly insulated which resulted in high heat losses. The external centralized 
heat substations provided the hot water and heat supply for up to 20 
buildings (Figure 1).

1

1

2

3

4

1. Pipes.
2. External centralized heat substations.
3. Apartment buildings.
4. District heating plants.
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Modern buildings have individual heat substations which ensure hot 
water preparation inside the building and provide heat metering per 
building. Some new apartment buildings may have heat metering per 
apartment in addition to the common heat meters of the entire building. 

Buildings constructed before the 1990s have been equipped with man-
datory natural ventilation systems. The fresh air in such buildings flows 
in through the gaps between window frame and window carcass. The 
exhaust air leaves through the vents, which are situated in kitchens and 
bathrooms. Nowadays, during the construction of new buildings and 
the renovation of existing ones, the mechanical exhausts from kitchens 
and bathrooms are commonly used and natural air supply is provided 
through simple air inlets in bedrooms.  In many cases, after the renova-
tion, the only natural exhausts persist in bedrooms, and ventilation is 
possible only by opening the windows.

The average heat consumption by an apartment building construct-
ed before 1990 is 220 – 280 kWh/m2. In some cases heat consumption 
reaches up to 350 - 400 kWh/m2. The heat consumption depends not 
only on the building insulation level but also on maintenance. Proper 
operation of heating and hot water systems can significantly reduce 
heat consumption. Simple and inexpensive measures such as balancing 
heating and hot water systems, supply/return water temperature con-
trol and insulation of pipes, minimize room overheating, consequently 
improving total building energy efficiency.

5
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2. Centralized system of energy 
supply

2.1 District heating system: generation and 
distribution

A typical district heating system consists of a heat generation plant, a 
network of pipelines and individual heat substations installed in each 
building. Individual heat substations ensure the hot water preparation 
and the optimal temperature regime of heating systems according to 
the building specifics and the requirement for thermal comfort.

Heat generation plants can be classified into boiler houses and co-gen-
eration stations. Boiler houses produce heat, which is distributed to the 
end-users for space heating and hot water preparation. The average ef-
ficiency of boiler houses is up to 60%. The co-generation stations pro-
duce electricity as well as heat: electricity is the main product and heat, a 
sub-product. The efficiency of co-generation stations is up to 90%.

The special pre-insulated pipes are used for heat distribution between 
the generation site and the end user. The pre-insulated pipes usually 
have polyurethane foam (PUR) heat insulation and a high-density poly-
ethylene (HDPE) covering. In order to detect water leakages, special 
wires are integrated between the steel pipe and its covering. Some typi-
cal underground pipe installations are shown in Figure 2.

District heating can efficiently use a variety of different energy sources, 
especially local renewable energy sources such as wood waste, sewage 
sludge, etc.

Figure 2. Modern pre-insulated pipes for district heating systems

Heat generation 
plants
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2.2 Distribution inside the houses

2.2.1 General description
Heating systems for buildings consist of pipes, shutoff valve, balancing 
valve, heating elements, room thermostats and a local heat source or, in 
the case of a centralized heating system, an individual heat substation.

Nowadays, heating systems for buildings are assembled using steel 
pipes and/or copper pipes. Due to the working temperature of PEX 
(Cross-linked Polyethylene) pipes which is limited to 70°C, they are wide-
ly used for radiant heating (warm floor and/or warm walls)

There are two main types of heating elements: radiators and convectors. 
Different types of heating elements are presented in Figure 2. Radiators 
exchange the heat with the room mainly by radiant heat exchange; the 
convectors take advantage of natural convection (air movement). Radia-
tion or radiant heat exchange means the heat transfers from warmer to 
colder objects by infrared heat radiation. Convection is the heat transfer 
from the warmer to colder objects by air circulation.

Nowadays, panel radiators which combine benefits of convectors and 
radiators (Figure 3e) are widely used

Figure 3. Heating elements: a) convector  b) convector used before 
1990 c) radiator d) modern column radiator e) modern pan-
el radiator

Heating system 
elements
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The amount of heat supplied by a heating element depends on the sur-
face area of the element and the temperature difference in supply and 
return water. All manufacturers provide data on the heat capacity of the 
heating element for a range of temperature differences. When refurbish-
ing a building, it is strongly recommended to exchange all old heaters 
because the building heat losses are reduced; the flow temperature in-
side the heating system can be smaller as well. Furthermore, after de-
cades of use, limestone accumulates in the pipes, decreasing the effi-
ciency of the system.

There are two main types of building heating systems:

• Single pipe system;

• Double pipe systems.

The principal schemes of single and double pipe systems are shown in 
Figure 4.

2.2.2 Single pipe heating system
Nowadays, single pipe systems are no longer widely used for new apart-
ment buildings. Such systems should be evaluated in terms of existing 
building renovation. The principal scheme of single pipe systems is 
shown in Figure 5.

Supply riser

Return riser

b) single pipe system

Supply riser

Return riser

a) double pipe system

Figure 4. The principal schemes of single pipe systems and double 
pipe systems

Importance of a 
modern heater

Single pipe 
heating system
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Single pipe systems can have either upper or lower water supply. The 
temperature of the supply water passing through the heating system 
decreases due to heat exchange in the room. Consequently each con-
secutive heating element receives less heat. That is why the size of heat-
ing elements varies according to floor and heat supply scheme.  Systems 
with upper supply can have a larger heating element on the top floor 
due to additional heat losses through the roof.

The majority of old heating systems are unable to regulate the valve in-
stallation on heating elements. Regulation valves on single pipe systems 
may not be installed without additional bypasses that allow continuous 
water circulation in systems (Figure 6a). In some cases, old heating sys-
tems have 3-way valves, which allow for manual water flow regulation 
in each heating element without blocking water circulation in heating 
systems (Figure 6b and 6c).

Risers

From heat source

Return to heat source a) with upper suply

Figure 5. Single pipe heating system
b) with lower supply

Upper and lower 
water supply

Old heating 
elements
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Figure 7. Panel radiator connection to existing single pipe system 
with bypass and shut-off valve

Depending on indoor air temperature and heat gains, the solution pre-
sented in Figure 1b and 1c might not allow for automatic water flow reg-
ulation. 

The bypass line in combination with a regulation or shut-off valve can 
be used for improvement of existing heating systems without blocking 
the water flow circulation. A possible solution with bypass and shut-off 
is shown in Figure 7.

2.2.3 Double pipe system
Double pipe systems ensure a uniform distribution of heat within the 
building and allow for individual temperature regulation.  Some general 
schemes of double pipe heating systems are shown in Figure 8.

The loop systems are widely used in construction of new apartment 
buildings. The main benefits of such systems are a) individual heat me-
tering in each apartment, b) easy system maintenance without blocking 
the heat supply to other apartments, and c) low temperature drop in 
risers, etc. 

The loop system can be implemented during renovation of existing 
buildings. But the practical implementation of such a heating system 
is limited by extensive construction works in apartments, reduction of 

a) without regulation b) with manual 3-way-
valve and bypass

Figure 6. Heating elements connection widely used pre-1990s

Double pipe 
systems

The loop system
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6600

3300

0

a) with lower supply

Entry to the apartments

b) loop system

space due to new pipes which are usually placed along the walls, and 
bigger initial investments.

KEY  POINTS TO REMEMBER FROM CHAPTER 2

• Individual heat substations ensure hot water preparation and 
the optimal temperature regime of heating systems, depend-
ing upon the building specifics and the requirement for thermal 
comfort

• Heat generation plants can be classified as boiler houses (pro-
duction of heat and hot water) with 60% efficiency and co-gen-
eration stations (heat and electricity) with 90% efficiency

• Local renewable energy sources can be efficiently used for dis-
trict heating

• The amount of heat supplied by a heating element depends on 
the surface area of the element and the temperature difference 
in supply and return water

• During a refurbishment, it is strongly recommended to ex-
change old heaters, as it will lead to the reduction of buildings´ 
heat consumption

• A double pipe heating system ensures uniform distribution of 
heat within the building and provides the possibility for indi-
vidual temperature regulation

Figure 8. Double pipe system
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3. Decentralized systems

3.1 Pros and cons of changing to a decentral-
ized heat supply system

One of the main benefits of a decentralized heat supply system is the 
absence of an extended network of heating pipelines. Consequently, the 
building heating system’s heat losses are minimal. Decentralized build-
ings heating systems are widely used in construction of new buildings 
when there is no centralized city heating system and existing gas pipes 
network. The gas pipes network has to ensure sufficient gas pressure in 
order ensure an optimal working regime of all gas boilers.

Main benefits of centralized heat supply systems: 

• can be efficiently maintained by housing company;

• better control of CO2 emission;

• minimal number of chimneys (usually max. 2) and natural ventila-
tion shafts;

• more available space in apartments;

• safe operation due to absence of wide network of gas pipes in build-
ing.

Main benefits of decentralized heat supply systems:

• no heat supply breaks in building in the case of individual boiler 
breakdown;

• minimal heat loss from pipes;

• independent operation in each apartment;

• length/timing of heating season can be controlled (in accordance 
with individual needs of apartment’s inhabitants.)

3.2 Types of decentralized systems
There are not too many ways to implement decentralized heating sys-
tems in multi-apartment buildings. The two main possibilities are in-
stallation of individual gas boilers or small flat heat substations in each 
apartment.  Both solutions significantly reduce the length of distribution 
pipes for heating and hot water systems.

3.2.1 Low temperatures boilers
Even in modern high-efficiency boilers, waste heat in the exhaust gases 
is lost to the atmosphere via the boiler flue. Water vapor is one of the ex-
haust gases. In classic boilers this water vapor condenses in the chimney 
and is drained away. The condensing boilers have extra heat exchanger 
surfaces to extract heat from exhaust gases and supply it to heating sys-
tems (Figure 9).

Benefits of decentral-
ized heating systems

Implementations 
of decentralized 
heating systems

Low temperature 
boilers
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The best efficiency of condensing boilers can be achieved in combina-
tion with low-temperature under floor heating. This allows achieving 
97% efficiency.

3.2.2 CHP
The heat and electricity can be generated simultaneously by cogenera-
tion stations. The combined production of heat and electricity ensures 
rational use of primary energy as well as having a positive effect on the 
release of greenhouse gases and particles into the environment.

The main benefits of Combined Heat and Power systems are:

• Higher efficiency in comparison to boiler houses: up to 90% efficien-
cy;

• Lower greenhouse gas emissions;

• Possibility to provide electricity.

Usually, CHPs are used for electricity and heat production at city or big-
scale factories. It is possible to operate CHP using various resources such 
as natural gas, biogas, biomass, etc.

Figure 9. Principal working scheme of condensing boilers (Source: 
http://www.junkers.lv/)

Gas

Supply

Return
Exhaust 
gases

Air

Condensing water outlet

CHP
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KEY  POINTS TO REMEMBER FROM CHAPTER 3

• Both centralized and decentralized heating systems have ad-
vantages. A centralized system is safer due to the absence of a 
wide gas pipe network; the decentralized system provides min-
imal heat loss from pipes and allows control of the heating sea-
son according to individual apartment residents’ needs

• A decentralized heating system can be implemented by instal-
lation of either individual gas boilers or small flat heat substa-
tions

• CHP generates both heat and electricity and have up to 90% ef-
ficiency.
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Figure 10. Insulated pipes and  non-insulated pipes

4. Efficiency of technical 
equipment

4.1 Efficiency of distribution: Insulated pipes
Usually heating and hot water system pipes in buildings constructed 
before 1990 are poorly insulated or not insulated at all. However, steel 
is an excellent heat conductor. The thermal conductivity of steel is  
17 W/(m2∙K), more than 450 times higher than that of heat insulation ma-
terials. As the result, in addition to heat losses through the building en-
velope, the existing non-renovated building has significant heat losses 
in its heating and hot water systems. The additional heat losses in pipes 
usually result in unnecessary overheating of unoccupied spaces, e.g. 
basement, staircases and attics.

Heat losses in 
poorly insulated 

buildings

The heat losses through the one-meter steel pipes under different tem-
perature difference between water and ambient air are shown in Table 
1. As you can see, the heat losses increase with the diameter of the pipe 
and temperature difference.

Heat losses and the resulting exploitation costs can be minimized by ap-
plication of heat insulation materials on heating and hot water pipes. 
Special attention should be paid to spaces with low air temperature. 
Different types of insulation, similar to those used for the building en-
velope, can be used for heat pipe insulation. The most popular are min-
eral wool and expanded polystyrene foam insulation. A main criteria for 
choosing the best insulation solution is thermal conductivity and thick-
ness of material.  Some examples of pipe insulation solutions are shown 
in Figure 11.

Pipes insulation 
materials
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Figure 11.  Example of pipe insulation solutions.

* the presented values are calculated for steel pipes with wall thickness 3 mm. The present-
ed data may differ from other sources due to use of different calculation approaches 
and conditions of ambient air.

Table 1. The heat losses through the one-meter of steel pipes (W/m)

DN 
diameter

Temperature difference between water and ambient air (ºC)
5 10 15 20 25 35 40 45 50 55 60 65

15 2 5 7 10 12 17 20 22 25 27 30 32
20 3 7 10 13 17 23 27 30 34 37 40 44
25 4 8 13 17 21 29 34 38 42 46 50 55
32 5 11 16 21 27 37 43 48 53 59 64 69
40 6 12 18 24 30 42 48 54 60 66 72 78
50 8 15 23 30 38 53 61 68 76 83 91 98
60 9 19 28 38 47 66 75 85 94 104 113 123
80 11 22 33 44 56 78 89 100 111 122 133 144

D, m (pipe, external diameter)

d, m (thickness of insulation 
material)

a) dimensioning

For insulation of heat systems pipes, usually mineral wool insulation with 
aluminum covering (Figure 11b) is used.

DN 
diameter

Temperature difference between water and ambient air (ºC)
5 10 15 20 25 30 35 40 45 50 55 60

15 1 2 3 4 5 6 7 8 9 10 11 12
20 1 2 3 4 5 7 8 9 11 12 13 14
25 1 2 4 5 6 9 10 11 12 13 15 16
32 1 3 4 6 7 10 11 13 14 16 17 18
40 2 3 5 6 8 11 13 14 16 17 19 21
50 2 4 5 7 9 13 15 16 18 20 22 24
60 2 4 7 9 11 15 18 20 22 24 26 29
80 3 5 8 10 13 18 20 23 25 28 30 33

* the presented values are calculated for steel pipes with wall thickness 3 mm. Thermal 
conductivity of heat insulation material assumed as 0,04 W/(m∙K). The presented data 
may differ from other sources due to use of different calculation approaches and con-
ditions of ambient air

Table 2. The heat losses through the one-meter steel pipes with heat 
insulation with thickness 20 mm, W/m
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System Load Profile Fixed speed be-
fore year 2005 

Label C

New fixed speed 
after 2005 Label B

High efficiency 
(fixed speed) 

Label A

High efficiency 
(variable speed) 

Label A
Flow [%] Time [%]

100 6 18 14 10 8
75 15 45 34 26 15
50 35 101 76 60 26
25 44 123 93 76 27

total 287 217 171 76

4.2 Efficiency of circulation pumps
After the installation of individual heat substations, circulation pumps 
had to be installed to ensure the water distribution and circulation in the 
hot water and heating system of the building. The energy use of circu-
lation pumps has an effect on the energy balance of the building. Using 
efficient pumps can decrease the energy consumption and can cut the 
costs for water circulation by half. Energy-efficient circulation pumps 
have a variable speed drive and a permanent magnet motor. Speed con-
trol enables the circulation pumps to adapt to the changing demands 
in heating systems such as individual radiator regulation, fluctuation of 
outdoor air temperatures, etc. (1). Circulation pumps should cover both 
peak demand and smallest possible demand. The peak demand lasts 
usually for two weeks per heating season, when outdoor air temperature 
drops to the lowest point.

In order to increase the efficiency of circulation pumps the heating sys-
tem should be correctly sized with minimal friction losses. The pump 
dimensioning strongly depends on friction losses and the height of 
heating systems. System friction losses depend on water flow, amount 
of fitting, pipe diameters and pipe lengths. Each unnecessary pipe bend, 
valve or small pipe diameters increase total pressure drop in the system 
and should be compensated by circulation pumps. In other words, en-
ergy consumption by circulation pumps increases with unnecessary fit-
tings, valves, reduced pipe diameters and excessive pipe lengths. There-
fore, special attention should be paid to the design and construction 
quality of the heating system.

The use of modern energy-efficient circulation pumps with variable 
speed allows for reduced water circulation when there are lower heating 
system loads (for example: some radiators are turned off ). Consequently, 
due to reduction of the necessary water circulation, the pump speed de-
creases, resulting in reduced electricity consumption by the circulation 
pump. The study (1) shows the difference between yearly energy con-
sumption of different circulation pumps (Table 3).

Circulation 
pumps

* Calculations are based on a heating season of 285 days.

Table 3. Yearly energy consumption in kWh of different circulation 
pump options in a specific system (1)
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Figure 12. Example of circulation pumps with different efficiency 
classes.

There are four different type of pumps, with increasing energy efficiency 
from left to right. For each pump type there is the same heating system 
load profile for one heating season: in this case the pump operates with 
full flow 6% of the time, with 75% of the flow during 15% of the time, 
and so on. You can see from the table that pumps with higher efficiency 
consume considerably less energy and will save operation costs.

Similar to many household appliances, circulation pumps have an ener-
gy consumption labeling scheme (Figure 12). For example, energy con-
sumption level may be from G (worst) to A (best).

4.3 Efficiency of heaters
Efficiency of heating elements strongly depends on the quality of instal-
lation and connection types to the system. The main principles of proper 
installation of heating elements depend on heat exchange specifics be-
tween heating elements and environment. According to data (2), the ap-
proximate proportions of radiant and convective heat from the different 
types of heating elements are shown in Table 4.

During the renovation of apartments, it is important to prevent any in-
stallation that would block the heat exchange. Use of decorative panels 
in front of radiators is not recommended because it blocks radiant heat 
exchange. Although radiant heat output for modern radiators is up to 
50%, it provides better thermal comfort by increasing room mean ra-
diant temperature. When using convectors, it is necessary to ensure air 
movement across convectors. Some ‘good and bad practice’ examples 
are shown in Figure 13.

Possible solutions for radiator connections are shown in Figure 13. The 
best solution ensures that water circulates through the entire radiator 
evenly; in a less efficient solution the water might not circulate suffi-
ciently in the upper part of the radiator.

Performances of 
circulation pumps

Performance different 
types of heating elemets

Heat exchange 
in the room
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Table 4. Approximate proportions of radiant and convective heat 
from the different types of heating element

Type of 
panel

Principal scheme Radiant 
output (%)

Convective 
output (%)

Single panel 
radiator

70 30

Double pan-
el radiator

50 50

Triple panel 
radiator

30 70

C o n v e c t o r 
panel

...... 100

Panel radia-
tors

15-20 80-85
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Figure 13. Possible connection solutions for radiators

a) best (100% heat output) b) good c) less efficient solution

4.4 Adjustable radiator thermostat valves
In order to control room temperature and to avoid unnecessary room 
overheating, each room should have a regulation device: simple, rela-
tively cheap regulation valves can be used (Figure 14). An advantage is 
that they do not block water flow to other apartments, however, regu-
lation is possible only when the apartment is occupied. There is a great 
risk of water-freezing in radiators in case of rapid temperature reduction 
and/or long absence of inhabitants.

Figure 14. Valve for manual setting of water flow

Nowadays, thermostatic radiator valves (thermostats) are widely used 
for room temperature regulation. The thermostat includes two manda-
tory components – a thermostatic expansion valve and the thermostat 
or thermocouple.

The thermostat automatically reduces water flow through the radiator 
in case of internal heat gains such as solar gains, gains from household 
equipment, from lighting, inhabitants, etc. Consequently the overheat-
ing risk is minimized and heat loses are reduced. When room tempera-
ture drops below the set point, the water flow automatically increases. 
Modern thermostats have a special working position in order to prevent 
water freezing in radiators during a long absence of inhabitants or due 
to open windows. The “not-frozen” position will keep indoor air tempera-
ture at approximately 8 °C. Different types of thermostats are presented 
in Figure 15.

Thermostat work-
ing position
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Figure 15. Currently available thermostats

ovenlrop

c) standard

ovenlrop

b) with remote sensor

Thermostats with remote sensors are used in the case of limited air cir-
culation and hot or cold air pockets (for example, heavy curtains, low in-
ternal surface wall temperature or frequent, lengthy window opening). 

A digital thermostat provides the possibility to program room tempera-
ture for long time periods (week, month) according to the inhabitants’ 
need. It is possible to program automatic temperature reduction during 
the day and night. The digital thermostat automatically ensures tem-
perature increase before apartment-dwellers wake up in the morning or 
return home from work in the evening.

Special thermostats which include a room temperature sensor are avail-
able for floor heating. According to the set temperature, the thermostat 
regulates heat supply. This kind of thermostat can be used in combina-
tion with the water system and the electric system.

4.5 Hydraulic balance
In practice, the heating elements are placed at different distances from 
the heat source. The pressure drop inside a heating system depends 
on the length and the diameter of the pipes and the water flow inside 
the pipes. Longer pipes have a bigger pressure drop than shorter ones. 
Loops with a smaller pressure drop provide better water circulation. 
Consequently, if the heating system is unbalanced, radiators which are 
closer to the heat source receive more heat than remote radiators. This 
can cause overheating in closets and colder temperatures in areas locat-
ed far from the heat source.

In terms of water circulation, the long circulation loop creates a larger 
pressure drop than a shorter loop; therefore, better water circulation can 
be achieved through the short loop, due to the fact that is has smaller 
friction losses.

Types of thermostats

Hydraulic balance in 
heating systems
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Figure 16. Heating systems scheme

Long circulation loop

Short circulation loop

In order to insure uniform water distribution in systems, the pressure 
drop in all loops of a heating system should be equalized. Pressure drops 
are equalized by the use of balancing valves (Figure 17), which adjust 
water flow. This ensures that the pressure drops in each loop are equal 
to the longest circulation loop. Balancing valves usually are placed on 
return riser pipes. Practical installation is shown in Figure 18.

Figure 17. Balancing valve

Figure 18. Practical installation of balancing valves

Balancing valves
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Generally, the balancing valve on the remote riser should be fully opened 
and almost closed on the nearest riser. In order to ensure efficient oper-
ation of a heating system, both the system risers and the heating ele-
ment within apartments should be balanced. Usually, radiator balancing 
is needed in two-pipe loop heating systems in order to ensure uniform 
water distribution within apartments. Practical installation of a radiator 
is shown in Figure 19.

Figure 19. Balancing of heating elements

4.6 Methods of metering
After installation of radiator thermostats, inhabitants are able to adjust 
the room temperature according to their personal needs. Heat con-
sumption in apartments with lower room temperature will be smaller 
than in apartments with higher temperatures. Also, apartments with 
correctly installed radiators and proper operation of the ventilation sys-
tem are more energy efficient. The implementation of heat metering in 
each apartment is a strong incentive for inhabitants to use energy more 
rationally. But the reduction of room temperature should be carefully 
evaluated in order to avoid water vapor condensation and mold growth. 
It is advisable not to decrease the indoor temperature below 16 °C in 
insulated buildings and 18 °C in non-insulated buildings.

The heat consumption in apartments can be measured by direct heat 
meters or heat cost allocators.

Heat cost allocators usually are used in one-pipe heating systems where 
heating elements in different apartments are connected to the common 
riser. Heat cost allocators do not measure real heat consumption but de-
fine each heating element’s share in the building’s total heat consump-
tion. The total heat consumption of the building is measured by a direct 
heat meter (kWh, MWh) in the heat substation. The total costs are di-
vided between all heat cost allocators according to their share. Modern 
allocators are electronic devices which must be attached to all heating 
elements in the building. The share of each heating element in the total 
heat consumption is calculated on the basis of temperature difference 

Indoor climate 
regulation

Heat cost allocatiors

Balancing valves
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between the heating element and indoor air. A principal scheme of all 
heat cost allocators installation is shown in Figure 20.

Apartment 1

Apartment 2

Apartment 3
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Figure 20. Installation of heat cost allocators

Direct heat metering can be implemented on double-pipe systems with 
loop distribution in apartments. Figure 21 presents practical installation 
of a direct heat meter in an apartment.

Figure 21. Practical installation of direct heat meter

Direct heat meters measure the amount of consumed heat by measur-
ing the water flow and temperature difference between supply and re-
turn water.

Before installation of individual heat metering, the heat overflow be-
tween apartments as well as common heat consumption should be 
taken into consideration. Common heat consumption within a building 
includes heat consumption of staircases, technical rooms, and pipe and 
basement and heat losses. Heat flow specifics in multi-apartment build-
ings are shown in Figure 22.

Direct heat meters
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Figure 22. Heat flow specifics in multi-apartment buildings

Apartment   “A” Apartment   “B”

Apartment   “C”

Heating ON Heating ON

Heating OFF

Q, W Q, W

Q, W

Q, W

Q, WQ, WQ, W

Q, W

Heat flow to Apartment “C”

Note: Apartment “C” can receive heat through non-insulated internal 
walls and floors from neighboring apartments. Even with completely 
switched off radiators, Apartment “C” temperature will remain only a few 
degrees below that of neighboring apartments. If individual heat meters 
are installed in all apartments, the owners of apartment “A” and “B” will 
be charged more than apartment “C”. This might be a small side-effect of 
installing meters.

KEY POINTS TO REMEMBER FROM CHAPTER 4

• Usually, heating and hot water systems in the buildings con-
structed before the 1990s are poorly insulated or not insulated 
at all, which leads to significant heat losses

• A key criteria for choosing the insulation material for pipes is 
thermal conductivity and thickness of material. Some of the 
most popular materials are mineral wool (with aluminum cover-
ing) and expanded polystyrene foam

• Usage of efficient water circulation pumps can cut the costs by 
half

• It is important to insure air movement across heating elements 
and to prevent any installations that would block the heat ex-
change

• The installation of radiator thermostats allows adjustment of 
the room temperature according to personal needs

• Hydraulic balance in heating systems is important, since it pro-
vides the same amount of heat to each radiator.

Heat flow specifics

25

Module 9



5. Ventilation

5.1 Importance of ventilation/air exchange
The main role of ventilation systems is not simply providing air for 
breathing but also to provide fresh air for removal of air pollutants such 
as carbon dioxide (CO2), moisture and odors. On average, a person is able 
to survive 1,5 minutes without air. The human body needs only 6 liters of 
air per minute. But at the same time the average fresh air supply rate is 
25 m3 per hour per person for apartment buildings. This extra amount of 
fresh air is needed to remove pollutants generated by human activities. 
To achieve night cooling, ventilation can be used to remove the heat 
accumulated during the day. The carbon dioxide emission per person 
depends on the activity level. Doing normal work, the human body can 
produce up to 0,13 m3/h of CO2. The moisture production by human 
body is between 1 kg/day up to 3,1 kg/day according to data (3) (4). The 
moisture production from plants is up to 0,5 kg/day, personal hygiene 
(shower, hand wash) also adds up to 0,55 kg/day. Direct gas burning 
gives 1,1 kg per 1m3 of natural gas (3).

The existing recommendation researches (5) (6) (7) on indoor air quality 
has shown that CO2 concentration in indoor air should not exceed a level 
of 1500 ppm.

In general it could be recommended to keep relative humidity between 
30% and 60% for indoor environments. Long periods of relative humidi-
ty below 30% can cause drying of the mucous membranes and discom-
fort for many people while relative humidity above 60% for extended 
time periods promotes indoor microbial growth.

The necessary amount of fresh air can be calculated taking into account 
data (8) approach on the basis of the formulas 1 – 3.

The necessary amount of fresh air in order to remove the excess amount 
of CO2 is calculated as follows:

L =
G

cin − cout
[m3/h]

where:
G – CO2 production [kg/h]
cout – outdoor air CO2 concentration [kgCO2/m

3]
cin – indoor air CO2 concentration [kgCO2/m

3]

L =
W

gin − gout
[m3/h]

where:
W – moisture production [kg/h]
gout – outdoor air moisture content [kg/m3]
gin – indoor air moisture content [kg/m3]

L =
3, 6 Q

ρ · c · (tin − tout)
[m3/h]

where:
ρ – air density [kg/m3], (1,2 kg/m3 at air temperature 20 ◦C)
c – specific heat of air [kJ/kg], constant: 1,005 kJ/kg
Q – heat gains [W]
tin – indoor air temperature [K]
tout – outdoor air temperature [K]

∆p = 9, 81h(ρe − ρi) [Pa]
where:
h – height of ventilation shaft [m]
ρe – outdoor air density [kg/m3]
ρi – indoor air density [kg/m3]

η =
Ws(t1 − t2)

Wmin(t1 − t3)
where:
t1 – supply air temperature into unit (outdoor air temp.) [◦C]
t2 – supply air temperature out of unit [◦C]
t3 – exhaust air temperature into unit (room temp.) [◦C]
Ws – supply flow rate [m3/h]
Wmin – minimum flow rate (supply or exhaust) [m3/h]

1

The necessary amount of fresh air in order to remove the excess amount 
moisture is calculated as follows:

Indoor moisture 
generation and 
control

L =
G

cin − cout
[m3/h]

where:
G – CO2 production [kg/h]
cout – outdoor air CO2 concentration [kgCO2/m

3]
cin – indoor air CO2 concentration [kgCO2/m

3]

L =
W

gin − gout
[m3/h]

where:
W – moisture production [kg/h]
gout – outdoor air moisture content [kg/m3]
gin – indoor air moisture content [kg/m3]

L =
3, 6 Q

ρ · c · (tin − tout)
[m3/h]

where:
ρ – air density [kg/m3], (1,2 kg/m3 at air temperature 20 ◦C)
c – specific heat of air [kJ/kg], constant: 1,005 kJ/kg
Q – heat gains [W]
tin – indoor air temperature [K]
tout – outdoor air temperature [K]

∆p = 9, 81h(ρe − ρi) [Pa]
where:
h – height of ventilation shaft [m]
ρe – outdoor air density [kg/m3]
ρi – indoor air density [kg/m3]

η =
Ws(t1 − t2)

Wmin(t1 − t3)
where:
t1 – supply air temperature into unit (outdoor air temp.) [◦C]
t2 – supply air temperature out of unit [◦C]
t3 – exhaust air temperature into unit (room temp.) [◦C]
Ws – supply flow rate [m3/h]
Wmin – minimum flow rate (supply or exhaust) [m3/h]

1

Formula 1 

Formula 2
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The necessary amount of fresh air in order to remove the excess amount 
of heat gains is calculated as follows:

As it can be seen from formulas 1 – 3, the amount of fresh air strongly de-
pends on the amount of water vapor, excess heat and CO2 and difference 
of indoor and outdoor air parameters. In practical terms, it means that, 
in general, buildings in green suburban areas need less fresh air than 
buildings in a city center.

5.2 Methods of ventilation / air exchange con-
cepts

5.2.1 Window / shaft ventilation
Almost all existing apartment buildings have natural ventilation sys-
tems. Fresh air flows into apartments through gaps between the win-
dow frame and the window itself or by opening the windows. After the 
installation of air-tight windows, the natural ventilation is significantly 
reduced and must be compensated by regular ventilation through 
opening the windows. 

Exhaust air leaves through the vents, which are situated in kitchens and 
bathrooms. The driving force for air movement is the pressure differ-
ence between indoor and outdoor environments.  Pressure difference 
depends on the wind speed and the density difference between indoor 
and outdoor air. The density difference between indoor and outdoor air 
is called ‘the thermal gravity effect’. Thermal gravity is the main driving 
force for air exchange in shaft ventilation. The thermal density is caused 
by the temperature difference between the indoor and outdoor air. The 
thermal gravity effect at the ventilation shaft can be calculated as fol-
lows:

The aerodynamic resistance of ventilation systems must be lower than 
available gravity pressure. The thermal gravity is effective if the outdoor 
temperature drops below 5 °C.

Fresh and exhaust 
air regulation

Thermal gravity effect

The aerodynamic  
resistance of  

ventilation systems

L =
G

cin − cout
[m3/h]

where:
G – CO2 production [kg/h]
cout – outdoor air CO2 concentration [kgCO2/m

3]
cin – indoor air CO2 concentration [kgCO2/m

3]

L =
W

gin − gout
[m3/h]

where:
W – moisture production [kg/h]
gout – outdoor air moisture content [kg/m3]
gin – indoor air moisture content [kg/m3]

L =
3, 6 Q

ρ · c · (tin − tout)
[m3/h]

where:
ρ – air density [kg/m3], (1,2 kg/m3 at air temperature 20 ◦C)
c – specific heat of air [kJ/kg], constant: 1,005 kJ/kg
Q – heat gains [W]
tin – indoor air temperature [K]
tout – outdoor air temperature [K]

∆p = 9, 81h(ρe − ρi) [Pa]
where:
h – height of ventilation shaft [m]
ρe – outdoor air density [kg/m3]
ρi – indoor air density [kg/m3]

η =
Ws(t1 − t2)

Wmin(t1 − t3)
where:
t1 – supply air temperature into unit (outdoor air temp.) [◦C]
t2 – supply air temperature out of unit [◦C]
t3 – exhaust air temperature into unit (room temp.) [◦C]
Ws – supply flow rate [m3/h]
Wmin – minimum flow rate (supply or exhaust) [m3/h]

1

L =
G

cin − cout
[m3/h]

where:
G – CO2 production [kg/h]
cout – outdoor air CO2 concentration [kgCO2/m

3]
cin – indoor air CO2 concentration [kgCO2/m

3]

L =
W

gin − gout
[m3/h]

where:
W – moisture production [kg/h]
gout – outdoor air moisture content [kg/m3]
gin – indoor air moisture content [kg/m3]

L =
3, 6 Q

ρ · c · (tin − tout)
[m3/h]

where:
ρ – air density [kg/m3], (1,2 kg/m3 at air temperature 20 ◦C)
c – specific heat of air [kJ/kg], constant: 1,005 kJ/kg
Q – heat gains [W]
tin – indoor air temperature [K]
tout – outdoor air temperature [K]

∆p = 9, 81h(ρe − ρi) [Pa]
where:
h – height of ventilation shaft [m]
ρe – outdoor air density [kg/m3]
ρi – indoor air density [kg/m3]

η =
Ws(t1 − t2)

Wmin(t1 − t3)
where:
t1 – supply air temperature into unit (outdoor air temp.) [◦C]
t2 – supply air temperature out of unit [◦C]
t3 – exhaust air temperature into unit (room temp.) [◦C]
Ws – supply flow rate [m3/h]
Wmin – minimum flow rate (supply or exhaust) [m3/h]

1

Formula 4

Formula 3
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The aerodynamic resistance of ventilation systems depends on duct fric-
tion losses and fitting losses. Friction losses per one meter of ventilation 
duct under different air volume is shown in Table 5. The smaller the duct 
and the higher the air volume that flows through the duct, the higher 
friction losses will be.

Air volume m3/h 180 360 720
80 18 70 .......

100 6 22 80
125 2 7 25
160 0.6 2 7
200 0.2 0.7 2.5
250 ....... 0.25 0.9
315 ....... ....... 0.28

Table 5. Friction losses per one meter of ventilation duct (Pa/m) 
based on ASHRA data (9)

Friction losses depend on diameters of ducts and air volume. If it is not 
possible to ensure air exchange by thermal gravity effect, electric fans 
are used. The power and energy consumption of fans depends on aero-
dynamic resistance of ventilation systems. Electricity consumption will 
be higher for systems with bigger aerodynamic resistance. The optimal 
ventilation system solution is based on construction costs, operating 
costs and available space for ducts.

The air exchange rate in shaft ventilation systems is limited by indoor 
and outdoor air temperature difference. This type of ventilation sys-
tem works efficiently in winter time when the temperature difference 
between outdoor and indoor air reaches up to 40 °C. In summer time 
there is no temperature difference; air exchange through shaft ventila-
tion stops.

5.2.2 Cross ventilation
In order to remove air pollutants and heat gains, cross-ventilation can 
be efficiently used in summer time. The principle of cross-ventilation is 
shown in Figure 23.

Implementation of cross-ventilation can be especially efficient in office 
buildings for night cooling. During the day, the air exchange rate should 
be kept in a comfort range avoiding draught; during the night, the air 
exchange rate should be significantly increased in order to remove heat 
accumulated by building construction during the day. The main limita-
tion for implementation of cross-ventilation is specific to wind directions 
and wind speed in the location. Leaving the windows open during the 
night can pose a safety risk (birds, burglars, etc.).

Cross ventilation in 
practice

28

Heating, ventilation and cooling



Figure 23. Principal scheme of cross-ventilation

The practical implementation of cross-ventilation in apartment build-
ings, aside from the wind conditions, is limited by floor planning. As  
Figure 24 shows, the cross- ventilation scheme can be easily implement-
ed in apartments which have windows on opposite facades.

Figure 24. Apartment building floor plan

Good ventilation 
potential

Good ventilation 
potential

Limired ventilation 
potential because 

missing window on 
opposite side

The effect of cross-ventilation can be reinforced by building proper ori-
entation towards the direction of  prevailing winds.

5.2.3 Controlled mechanical ventilation (room-
wise and house-wise)

Mechanical ventilation systems ensure an optimal air exchange rate. 
They are independent of the inhabitants’ behavior. A simple ventilation 
system of an apartment building consists of central mechanical exhausts 
from kitchens/living rooms, and natural air supply in bedrooms through 
regulated air inlets (Figure 25). The flow level through air inlets is regu-
lated manually, or by automatic regulation of the relative humidity level. 

Mechanical ventilation
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Figure 25. Principal scheme of ventilation systems of apartment build-
ings

Figure 26. Currently available air inlets solutions

Main
entrance

Fan
Q = Const

Fan
Q = Const

Some solutions for air inlets currently available on the market are pre-
sented in Figure 26.

During the renovation of multi-apartment buildings, the exhaust fans 
can be installed on existing ventilation shafts and wall air supply units 
can be installed in bedrooms.

The main benefits of such systems are the absence of ducts and a low 
noise level. Dimensions of wall air supply units are shown in Figure 27. 
The operation of exhaust fans can be programmed according to build-
ing specifics. Exhaust fans can be operated 24 hours per day or can be 
programmed to work during specified hours (for example morning/eve-
ning hours and weekends).

A similar system can be installed separately in each apartment. In that 
case, individual operation can be introduced on the basis of CO2 or rela-
tive humidity level. The main limitation for practical implementation of 
systems in each apartment is the lack of space for exhaust ventilation 
ducts in order to ensure individual exhaust for each apartment.

It should be mentioned that, unfortunately, such a solution doesn’t pro-
vide heat recovery.

Controlled mechanical 
ventilation without 
heat recovery
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Figure 27. Wall fresh air supply units (Source: http://www.ventila-
tion-system.com/cat/356/

5.2.4 Controlled mechanical ventilation with 
heat recovery

After the building renovation, a low level of energy consumption can 
only be achieved by complex solutions including proper thermal insu-
lation, efficient windows, increased air tightness and installation of a 
ventilation system with heat recovery. Nowadays, controlled ventilation 
systems with heat recovery are popular in single family houses and can 
be easily implemented in multi-apartment buildings. 

Cross-Flow, Rotary and Counter-Flow heat exchangers are usually used 
for ventilation of apartment buildings.

33 305-500 86

16
3x

17
1

Ø103 

15
4

Front panel

Regulador

Diaphragm
Filter Flange

Figure 28. Principal schemes of air heat exchangers

Rotary Cross Flow

Efficiency of heat exchangers can be calculated as follows (10):

Controlled mechanical 
ventilation with heat 

recovery

η =
Ws(t1 − t2)

Wmin(t1 − t3)
where:
t1 – supply air temperature into unit (outdoor air temp.) [◦C]
t2 – supply air temperature out of unit [◦C]
t3 – exhaust air temperature into unit (room temp.) [◦C]
Ws – supply flow rate [m3/h]
Wmin – minimum flow rate (supply or exhaust) [m3/h]

Formula 5
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Usually supply or exhaust air flow rates are the same, so the supply air 
temperature after the heat exchanger can be calculated as follows:

Average efficiency of a cross flow heat exchanger is 55%, rotary heat ex-
changer – 70%  and  counter-flow heat exchanger  - 85% . In addition to 
heat recovery, the rotary heat exchanger regains humidity during winter.

Example 1. Calculated supply air temperature for different kinds of heat 
exchangers.

Indoor temperature +22 °C, outdoor air temperature – (-10 °C).

For the cross flow heat exchangers supply air temperature:

                              ts   = 0,55∙(22-(-10))+(-10)=7,6 °C

For the rotary heat exchangers supply air temperature:

                              ts   = 0,7∙(22-(-10))+(-10)=12,4 °C

For the counter-flow heat exchangers supply air temperature:

                              ts   = 0,85∙(22-(-10))+(-10)=17,2 °C

KEY POINTS TO REMEMBER FROM CHAPTER 5

• Ventilation systems provide fresh air for breathing and for re-
moval of air pollutants such as carbon dioxide (CO2), moisture 
and odors

• The pressure difference is the main driving force for air move-
ment between indoor and outdoor environments

• It is recommended to keep relative indoor humidity between 
30% and 60%. Humidity above 70% can provoke indoor micro-
bial growth

• After the installation of air-tight windows, the natural ventila-
tion is significantly reduced and must be compensated by regu-
lar ventilation through opening the windows

• Cross-ventilation is very efficient for removing air pollutants 
and heat gains, but can only be implemented in apartments 
which have windows on opposite facades

• Controlled mechanical ventilation systems ensure an optimal 
air exchange rate; the efficiency of mechanical ventilation can 
be improved by heat recovery application
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6. Cooling

6.1 Overheating in summer time
Typically it is assumed that overheating starts at an indoor air tempera-
ture above 28 °C. Up to 28 °C, an individual dressed in light clothing and 
working moderately is comfortable in such a temperature. In addition, 
a fan can increase the comfort. Overheating in summer time is mainly 
caused by the external heat gains, in particular, solar heat gains. In con-
trast to office buildings, internal heat gains have a smaller impact on the 
total heat gains in apartment buildings. The main source of internal heat 
gains in apartment buildings is human activity, while in offices it is com-
puters, printers and copy machines. 

The human body produces, on average, 127 watts doing moderate work, 
74 watts, sleeping, and up to 450 watts doing hard work. Household ac-
tivities such as using an oven have a significant impact on overheating; 
avoiding active cooking during the hottest times of the day is recom-
mended.

6.2 Passive methods to prevemt overheating
In order to reduce overheating, appropriate shading should be used.  
External shading devices are much more efficient than indoor shading.

There are more than 10 different types of shading. The main types are:

• External and internal venetian blinds;

• Roller blinds;

• Curtains;

• Folding arm awning.

Natural shading elements such as trees can also be used efficiently. The 
choice of the type and size of shading devices depends on Solar Geom-
etry. Solar Geometry describes the relationship between the sun and 
earth during the year. Figure 29 presents effects of shading on heat gains 
in summer time.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

no shade interior shading exterior shading

solar gain through a window

Figure 29. Effect of shading on heat gains in summer time (source: 
Norbert Lechner presentation http://balticenergy.info/
web/page.aspx?refid=32)

Overheating

Shading
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Figure 32. Room energy consumption for cooling with south oriented 
window

Principles of Solar Geometry for different latitudes are shown in Figure 
30.

Figure 30. Principles of Solar Geometry (11)
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The solar angle close to the equator is higher than the solar angle at the 
North Pole. That makes shading design more complicated at higher alti-
tudes. Lengths of overhang on south façade for latitude 60N  and 23.5 N 
are shown in Figure 31.

Figure 31. Lengths of overhang on south facade

Calculation for a 24 m2 room with a southern-oriented window had 
shown the significant effect of external shading at latitude 56 °C. Win-
dow area is 5,2 m2. Figure 32 presents energy consumption for room 
cooling with different shading strategies.
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6.3 Efficient active methods to prevent over-
heating

Usually, the traditional air conditioning systems with compressor and 
halocarbon refrigerants are used for space cooling in summer time. 
Nowadays, the new cooling methods such as direct and indirect evap-
orative cooling systems have become more popular. Direct evaporative 
cooling reduces temperature by spraying water directly to the indoor air 
or in supplying air in ventilation systems (Figure 33). During the direct 
evaporative cooling process, indoor air becomes colder but, at the same 
time, moisture content significantly increases, possibly causing conden-
sation and mold problems. Direct evaporative cooling is used efficiently 
in regions with hot and dry climate, where it is possible to reduce air 
temperature by 8 - 12 °C. In humid climates, the possible temperature 
reduction is only a few degrees but can provide acceptable thermal 
comfort.

Figure 33. Examples of direct evaporative cooling in a restaurant in 
Istanbul

For cold and humid climates, indirect evaporative cooling can be an ef-
ficient way to provide indoor cooling. The main principle of the opera-
tion of indirect evaporative cooling is direct moisturizing of exhaust air 
and heat exchange with supply air at the heat exchanger (Figure 34). 
So by direct evaporative cooling, the exhaust air becomes colder and 
wet while the supply air is cooled through the heat exchanger without 
moisture increase.

Figure 34. Simple scheme of indirect evaporative cooling
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As shown, one additional advantage of indirect evaporative cooling is 
solar energy utilization in summer time. The heat is necessary to increase 
supply temperature air and remove initial moisture that later allows for 
cooling of air by moisturizing.  There are many modifications of indirect 
evaporative cooling systems. For example, the moisture absorbers can 
be used in order to increase temperature reduction by evaporative cool-
ing. An example of modern indirect evaporative cooling equipment is 
shown in Figure 35.

Direct evaporative 
cooling

Figure 35. Principle scheme of modern indirect evaporative cooling 
equipment (source: www.menerga.lv)

KEY POINTS TO REMEMBER FROM CHAPTER 6

• Typically it is assumed that overheating starts at an indoor air 
temperature above 28 °C 

• On hot summer days proper shading can prevent overheating
• External shading devices are much more efficient than indoor 

shading. The main types of shadings are: external and internal 
venetian blinds, roller blinds, curtains, and folding arm awnings

• Direct evaporative cooling is used most efficiently in regions 
with hot and dry climate, while indirect evaporative cooling is 
efficient for cold and humid climates.

Indirect evaporative 
cooling
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