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Foreword
Energy consumption has increased significantly over the last few decades. It is
established that the built environment through transport and buildings makes the
majority contribution to energy use. Following this, it is clear that significant
improvements are needed in the energy performance of the building stock.
The EU in its Fifth Framework Programme for the Building Sustainability makes it as
its short-term and medium-term aims to reduce heat losses with 25% at building
renovation and 30% at new building in comparison with standards and local practices.
The most important factor for reduction of heat losses of a building is the
improvement of the thermal insulating qualities of its envelope. This can be done
through the implementation of energy efficient building materials and technologies.
It was revealed that there is a wide range of energy efficient building materials and
technologies on the Bulgarian and the Romanian markets, but it should be underlined
that their correct application is very important. An incorrect application of such
materials not only can lead to a lower improvement of the energy efficiency of a
building, but also to maintenance problems, even to deterioration.
The aim of this Promotional Guide for Practical Installation of Energy Efficient
Building Materials and Technologies is to disseminate the correct methods for
installation of these materials through the following target group: local authorities,
experts from the building sector (designers, architects, project developers, installers,
consulting companies), owners/associations of owners, etc.
Sofia Energy Centre (SEC), OPET Cyprus and ISPE Romania carried out the
elaboration of this guide. The different chapters were elaborated by:
1. General – SEC
2. Legislation and regulations – SEC, OPET Cyprus and ISPE
3. The elements of the buildings’ envelope – SEC
4. Insulation of external walls – SEC
5. Insulation of roofs – SEC
6. Insulation of floors over unheated basements – ISPE
7. Methods for correct installation of windows and balcony doors – ISPE
8. How to avoid thermal bridges - ISPE
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1. General
1.1. Why should we save energy?
Energy consumption has increased significantly over the last few decades and is likely
to increase further in the next years.
The energy crisis in 1973, the global climate changes and the hole in the ozone layer
are the main factors that evoked response from experts and governments.
Experts agree that developed countries need to reduce their consumption of energy and
vital resources by between 75% and 90% in order to stabilize climate change and
deterioration of the biosphere, while allowing continued growth in living standards for
the world’s poor.
It is established that
the built environment
through transport and
buildings makes the
majority contribution
to
energy
use.
Worldwide, energy
use outside industry
is responsible for
50%
of
global
warming, 50% of the
worldwide
energy
use is in buildings
with a further 25% in
transport. In addition
to this, building
construction accounts
for 25% of the virgin
wood and 40% of the
raw stone, gravel and
sand used worldwide
each year.
To sum up, buildings account for 40% of the materials and about 50% of the energy
consumed by the world economy. If the Kyoto commitments are to be maintained, it is
clear that dramatic improvements will be needed in the energy performance of the
building stock.
In the Green Paper of the Commission of the European Communities – “Towards a
European strategy for the security of energy supply”, is underlined that the EU will
become increasingly dependent on the import of the energy sources. The EU has a very
limited scope to influence this. It is on the demand side that EU can intervene, mainly
by promoting energy saving in buildings and transport sectors.
The EU in its Fifth Framework Programme for the Building Sustainability makes it as
its short-term and medium-term aims to reduce heat losses with 25% at building
renovation and 30% at new building in comparison with standards and local practices.
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1.2. Energy and buildings
The breakdowns of energy consumption by end use in EU residential and commercial
buildings show that 52% to 57% of the energy are used for space heating. Similar
values are observed in Bulgaria and Romania.

Space heating
57%
Water heating
25%
Lighting and
appliances 11%

Breakdown of energy
consumption by end use in EU
residential buildings

Cooking 7%

Space heating 52%
Water heating 9%
Lighting 14%
Cooking 5%

Breakdown of energy
consumption by end use in EU
commercial buildings

Cooling 4%
Other 16%

In eastern and central Europe the energy consumption for heating purposes in
residential buildings is often 2-3 times higher than that of similar buildings in Western
Europe and is in the order of 250-400 kWh/m² per year, whereas energy consumption
in buildings in EC countries can be some 150-230 kWh/m² per year. In Scandinavia,
well insulated buildings have a consumption of 120-150 kWh/m² per year and so called
low energy houses (with very good building envelope, very high levels of insulation,
use of passive solar energy, etc.) may have an annual energy consumption of 60-80
kWh/m² per year.

Average energy
consumption for
residential buildings
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There are a lot of opportunities for saving energy in buildings; following are some of
them:
¾ Through improving the thermal insulation;
¾ Through improving the efficiency of the heating systems;
¾ Using active and passive solar energy;
¾ Improving the energy performance of buildings at the design stage through a
better orientation, situation and appropriate sizing of windows, etc.

Energy balance of a
residential building

The main requirement for improving the energy performance of a building is the
appropriate thermal insulation of the building envelope.
The opportunities for energy saving through a better thermal insulation of the building
envelope can be illustrate by the following:
The Bulgarian State Energy Efficiency Agency developed a National Energy
Efficiency Action Plan. In the Plan the targets in the building sector are:
•

Rehabilitation of the existing building stock. The energy consumption in panel
buildings, which is more than 200 kWh/m² per year can be reduced with common
measures (improving of the thermal insulation of the building envelope) at least to
150 kWh/m² per year (which is a reduction of 25%) and with special rehabilitation
programmes (including the use of passive solar energy, the improvement of the
heating system etc.) to about 100 kWh/m² per year or reduction of 50% at least is
possible.

•

Improvement of the new building stock (through improving of the thermal
insulation of the building envelope). New buildings can have energy consumption
from less than 100 kWh/m² per year, which is a reduction of about 40% of the
actual energy consumption.

8

1.3. Thermal comfort
The decisive factor for insulation of a building is often the requirements for
improvements of the indoor climate and not the energy consumption. Through
increasing the temperatures of the external walls, we can improve the thermal comfort.
Following are some of the factors influencing the thermal comfort in buildings:
•

Air temperature. If a body in a room has a different surface temperature than the
surroundings, heat transfer will occur in the form of radiation from the warmer
body to the colder surroundings. If, for example, someone is sitting next to a cold
window, it feels like if there was a draught although there is no exchange of
internal and external air.
In buildings with low level of insulation, the temperature is often increased to
avoid the feeling of thermal discomfort and the energy consumption is thereby
increased. The losses through the building envelope will also increase due to higher
temperature differences between the indoor and outdoor climates.
Insulation of the building envelope can reduce the room temperature required for a
comfortable environment.

•

Temperature differences. Abnormally high vertical temperature differences
between head and ankles can result in discomfort. A temperature difference of
more than 3 °C should be avoided. Temperature differences between walls and the
room should also be less than 3 °C. this is often not the case in bad insulated
buildings where the wall surfaces are cold. To compensate this, the room
temperature is increased, which results in even bigger temperature differences and
heat losses.

•

Relative humidity. The relative humidity does not have a serious influence on the
human body as long as it is in the range of 30-70%. However, to avoid
condensation in winter, the relative humidity should be between 35-55%. In rooms
with high humidity it is important to ensure sufficient ventilation.

•

Air velocity. In buildings that are not draught-sealed, quite large air velocities can
be obtained, especially in cold weather due to differences in atmospheric pressure.
The sensation of a certain temperature depends on the air velocity. If draught is
avoided, the air temperature can be reduced. A reduction of 1 °C of the air
temperature can in some cases save up to 10% energy.

Room

Temp. °C

Temp. diff. °C
Walls (room)
Floor (room)

Relative humidity

Air velocity m/s

Living room

21

Summer:

Summer:

Bedroom

18

30-70%

<0.25

Bathroom

22

Toilets

18

Winter:

Winter:

Staircases

16

<50%

<0.15

<3

Recommendations for thermal comfort (ISO 7730)

9

2. Legislation and regulations
2.1. In the European Community
2.1.1. In some EC countries
With respect to buildings, there is no uniform regulation across European countries.
Standards have been continuously tightened whatever the energy price situation and
the formulation of the standard adapted over time.
In France for instance, the initial standards were based on an overall maximum heat
loss (i.e. including insulation and ventilation losses); the standards were tightened just
after the first oil shock (in 1974). In order to force the development of passive solar
and give more flexibility to the architects, the coefficient used was reinforced and
adapted in 1982 so as to account for solar gains. Then it was found that much progress
has been achieved on the building envelope but that there was no incentive to increase
the efficiency of space heating appliances. Thus, the standard was redefined in 1988 so
as to set a maximum level for the total energy consumption for both space heating and
water heating: dwellings built with this new standard consume 40% less energy than
dwellings built in 1974.
In Denmark, the standards, based on a maximum heat loss, were reinforced at first in
1977, then again in 1982 when limitations were put on the window area (an opposite
move to the 1982 regulation in France!). In 1985, the regulation was again adapted to
leave more flexibility to the design of the buildings (in line this time with the 1982
regulation in France). In 1993, the standard was reinforced so as to reduce the heat
demand by 25% (120 kWh/m²/year) compared to 1982 (160 kWh/m²/year). It is
planned to tighten again the standard so as to divide by a factor 2 (50 % reduction) the
heat demand in 2000 compared to the 1982 level (objective of 80 kWh/m²).
One criticism often addressed to the regulatory approach is that minimum efficiency
standards are defined at a level that is far below the most efficient technique, since they
result from various compromises on the cost of the techniques, the capacity of the
industries concerned, etc. Thus, such standards may slow down the dissemination of
the most efficient technologies. To limit the risk, some countries have accompanied the
initial phases of the building standards with economic incentives to developers
constructing buildings that exceed the standards. In France for instance, a programme
was set up defining “labels” for buildings that could be used as a marketing tool by the
developers (“high energy efficiency label programme”). Such a programme was seen
as a test to experiment and prepare the next reinforcement of standards.

2.1.2. The situation in EC
The European Parliament and the Council realizing the importance: of a rational
utilization of the natural resources, of limitation of carbon dioxide emissions and of
improving the energy performance of buildings as the residential and tertiary sector
(the major part of which is buildings) accounts for more than 40% of final energy
consumption in the Community, undertook several measures:
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•

Directive 89/106/EEC on the approximation of laws, regulations and
administrative provisions of the Member States relating to construction
products requires that the construction works and its heating, cooling and
ventilation installations must be designed and built in such a way that the
amount of energy required in use shall be low, having regard to the climatic
conditions of the location and the occupants.

•

Directive 93/76/EEC of 13 September 1993 to limit carbon dioxide
emissions by improving energy efficiency (SAVE), which requires
Members States to develop, implement and report programmes in the field
of energy efficiency in the building sector.

•

The Council in its Conclusions of 30 May 2000 and of 5 December 2000
endorsed the Commission’s Action Plan on Energy Efficiency and
requested specific measures in the building sector.

•

Under preparation is a Directive on the Energy Performance of Buildings.
The Directive lays down requirements as:
-

A methodology of calculation of the energy performance of buildings
shall be adopted. The energy performance of a building shall be
expressed in a transparent and simple manner and may include a CO2
emission indicator.

-

Member States shall take the necessary measures to ensure that new
buildings, which are intended to be regularly used, meet minimum
energy performance standards. These standards shall be updated at least
every five years in order to reflect technical progress in the building
sector.

-

For new buildings with a total surface area over 1000 m² shall be
ensured that the technical, environmental and economic feasibility of
installing decentralised energy supply systems based on renewable
energy, district heating or heat pumps, is assessed before the building
permit is granted.

-

Existing buildings with a total surface area over 1000 m², which are
being renovated shall be upgraded in order to meet minimum energy
performance standards. This principle shall apply in cases where cost of
renovation is higher than 25% of the existing insured value of the
building.

-

An energy performance certificate, being not older than 5 years, shall be
available to the prospective buyer or tenant when buildings are
constructed, sold or rented out.

-

Necessary measures to establish a regular inspection of boilers of an
effective output of more than 10 kW shall be undertaken.

-

Necessary measures to establish a regular inspection of central air
conditioning systems of an effective output of more than 12 kW shall be
undertaken.
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2.2. Legislative framework in Bulgaria, including norms for
thermal insulation of buildings
2.2.1 Requirements to the legislative framework
In Southeast Europe there are countries member of EU (Greece), countries that are
invited to be member of EU (Bulgaria, Cyprus, Romania) and others.
One of the main requirements to membership of the European Union is the conformity
of the legislation of the country with this of the EU. With regard to this it must be
mentioned the Council Directive of 21 December 1988 on the Approximation of lows,
regulations and administrative provisions of the member states relating to construction
products (89/106/EEC), amended with Council Directive 93/68/EEC of 22 July 1993.
In the Directive is stated: “Member states have provisions, including requirements, not
only to building safety, but also to health, durability, energy economy and other
important for the public interest aspects; energy economy is bound with energy
efficient construction products. Construction product means any product that is
produced for incorporation in a permanent manner in construction works, including
both buildings and civil engineering works.”
In Annex I – Essential Requirements for Energy Economy and Heat Retention is given
that:“ The construction works and its heating, cooling and ventilation installations must
be designed and built in such a way that the amount of energy required in use shall be
low, having in regard the climatic conditions of the location and the occupants.”
Therefore the rapprochement of Bulgarian legislative framework relating to designing
and building to this of the EU is one of the strategic aims underlain at the root of the
Bulgarian transition to market economy. One of the steps in regard to this was done in
1999 when new regulations for design of buildings’ thermal insulation were adopted.

2.2.2 Regulation for design of buildings’ thermal insulation
On 26 January 1999 Regulation N°1 for designing of thermal insulation of buildings
was published in State Gazette N° 007. This regulation is in force from April 1999.
In the Regulation it is given that:
¾ The Regulation is in force for heated buildings including:
-

New buildings

-

Additional story and new annexes

-

Reconstruction of façades of existing buildings

¾ The Regulation is in force for dwellings, hotels, motels, hostels, children and
educational buildings, hospitals and policlinics, administrative and public
buildings, shops, bars, restaurants and other places of public resort, heated
industrial buildings, sports and shows halls that require heating to at least 15°C for
more than three months.
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¾ Thermal insulation must be estimated for:
-

External walls

-

Windows and external doors

-

Roofs and attic’s slabs in cases of unheated attics

-

Floors on ground, over unheated basement and in cases of border to external air

-

Walls between premises when the temperature’s difference is more than 10°C

-

Joints between the elements of the building envelope

¾ Article 9 requires an estimation of the energy efficiency of the thermal insulation.
This estimation is a part of the building’s project and on this basis the municipality
will emit a permit for erection.

Norms for design of building’s thermal insulation:
¾ According to Article 6, the maximum values of the coefficient of heat transmission
of external enclosure building elements Umax (W/m²K) must be according to the
following table:
Maximum values of the coefficient of heat transmission

N°

Type of enclosure building elements

Maximum
values for
Umax
(W/m²K)

1.

External walls in new buildings and in cases of
reconstruction of façades with external thermal insulation

0,50

Windows and balcony doors
a) in dwellings and public buildings
2.

2,65

b) in industrial buildings and in heated premises in
industrial buildings with double glazed windows and/or
ceiling windows

3,57

3.

Roofs, attic’s slabs in cases of unheated attics, floors over
passages and other open spaces border on external air

0,30

4.

Floors over unheated basements

0,50

¾ According to Article 7, the maximum values of the summary coefficient of heat
transition Um, max (W/m²K) must be according to the following table where A is
the total surface of the external enclosure building elements and V is the total
volume enclosed by these elements.
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Maximum values of the summary coefficient of heat transition
Relation A/V m-¹

Maximum values of the summary
coefficient of heat transition Um, max
(W/m²K)

<0,20

1,20

0,30

1,00

0,40

0,86

0,50

0,78

0,60

0,73

0,70

0,69

0,80

0,66

0,90

0,63

1,00

0,62

>1,10

0,60

¾ Article 16 requires thermal bridge detailing
¾ Article 19 requires insulation against overheating during the summer season. This
insulation is required only for special cases. It should be mentioned that in Bulgaria
the main problem is the heating, not the overheating. Special air-conditioning
systems are provided only for luxurious office buildings, theaters and show halls.
¾ Several articles consider the problem with the sweat insulation in cases of internal
thermal insulation and high humidity.
¾ Several articles consider the problem with the insulation of external walls against
torrential (oblique) rain. These articles must be taken into consideration in regard to
the qualities of the thermal insulation.
¾ In the norms are given several useful annexes that consider the quality of the
building materials and the climate in different towns in the country. In tables are
given the calculated temperatures for the winter season in different settlements and
the thermal-physical indicators of the main building materials, which are necessary
for the calculation of the energy efficiency of the building.
In appendixes 1, 2 and 3 are given useful data for different building materials, doors
and windows, and estimating temperatures for the winter season.
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Regulation for the main requirements and evaluation of the conformity
of building materials
This regulation is in force from November 2000 and was updated and expanded during
2001.
¾ Article 6 requires a quality label for conformity “CO” (similar to the
European label CE) for all building materials produced or imported in
Bulgaria. This label will indicate that the product is up to the requirements
of the regulation for safety. The label must be on the packing of the product
or on the documents in case of importation. The label must be displayed in
such a way, that the customer and the experts of the Head Direction
“Market Control” can see it.
¾ According to the Regulation, building materials are fit for use only when
there is no danger for the safety of people, animals and the environment.
Authorized laboratories determine this. Each product must have a
declaration for conformity that include the name and the address of the
producer, the norms and technical specifications it is conform to, the
number and the dates of the laboratory’s tests.

2.2.3 Regulations and norms that are expected to be passed during 20022003
As it was mentioned above, the trend is to develop and approach Bulgarian legislation
to this of the European Union. Therefore we expect new regulations and norms to be
accepted in the course of 2002-2003.
Changes and extension of Regulation N°1 for designing of thermal insulation of
buildings have been worked out and it is expected that they will be accepted in the
course of 2002. The main topics are:
•

Updating the norms for thermal-technical requirements to the building envelops of
low temperature buildings (buildings with internal temperatures from 12°C to 19°C
and duration of the heating period at least four months annually).

•

Updating the Appendix N°3 including the values of the coefficients of heat
transmission of new systems of windows and doors in order to give the possibility
to report the effect of the input of these new systems.

•

Including of a new appendix: “Methodology for evaluation the need of heat and
energy for heating on the basis of a detailed thermal balance”. This methodology
describes the thermal balance of a building and introduces methods for evaluation
the annual energy consumption for heating on the basis of DIN 4108-part 6,
according to Euro Norm 832 and taking into consideration the climate in Bulgaria.
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2.3. Legislation and Regulations concerning the thermal
insulation of buildings in Cyprus
2.3.1. Existing situation
The situation in Cyprus at the moment requires that a considerable amount of work
needs to be undertaken, to say the least. Energy conservation aspects regarding
improvement of the energy efficiency in buildings have been highlighted and measures
have already been planned.
The situation at the moment is as follows:


There is no compulsory Code of Practice for thermal performance of the
materials in the construction industry.



The use of thermal insulation is not enforced.



There is no thermal auditing for buildings in the domestic or the public sector.



There is no means of controlling the Energy Audits in the industry.



There is no common methodology in measuring the energy performance of the
building.



There is no legislation enforcing energy saving or promoting energy efficiency
of any sort in the built environment.

2.3.2. Legislation under preparation (including measures)
There is though great urgency to address the matters of energy conservation in
buildings and especially the application of such measures to reduce the energy
consumption.
A new Legislation referred as Energy Efficiency Law is in preparation mainly
covering the guidelines of the Council Directive 93/76/EEC to limit carbon dioxide
emissions by improving energy efficiency (SAVE).
The Law is prepared by the Ministry of Commerce and Industry and the Cyprus
Institute of Energy in conjunction with the Office of the Attorney General and will
provide for Ministerial Orders and Regulations in the following measures:

a) Billing of heating, air-conditioning and hot water costs on the basis of actual
consumption
Under the Energy Efficiency Law owners of buildings which supply heating, airconditioning or domestic hot and cold water by a collective installation, at the sale or
rental stages, of all or part of a building, should ensure that:
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•

The cost of these services to be apportioned among the users of the building
on the basis of the specific consumption of each occupier.

•

Occupants of such buildings should be enabled to regulate their own
consumption of heat, cold or hot water.

b) The use of thermal insulation in buildings
Legislative reform is to be undertaken under the new Energy Efficiency Law, whereby
all new buildings will be subject to thermal insulation standards as stated in the
CYS98.
In addition:
•

A catalogue/guide is to be prepared which will provide information on the
thermal insulation characteristics of building materials used in Cyprus

•

Establishment of laboratory facilities for experimental inspection and
verification of thermal insulation properties of building materials and
structures.

•

Organisation of technical seminars and workshops for Architects, Civil
Engineers and other interested parties are to be undertaken.

c) Regular inspection of boilers
The introduction of the Energy Efficiency Law, will specify regular inspection of
boilers and requirements for the following categories:
•

A Energy Certificate will be required, every 5 years for central heating
systems boilers, of rated power between 10kW – 100kW, in order to
achieve better efficiency in operating conditions, energy consumption and
mitigation of CO2 emissions.

•

A Energy Certificate will be required, every 2 years for central heating
systems boilers, of rated power greater than 100kW, in order to achieve
better efficiency in operating conditions, energy consumption and
mitigation of CO2 emissions.

•

An Inspection Certificate will be required, for complete central heating
systems, exceeding 15 years old, which utilize boilers of rated power
greater than 10kW

•

Adequate insulation will be enforced on piping and storage tanks of hot
water (and/or other fluids), on non-industrial buildings. This measure
corresponds to guidelines of the Council Directive 78/170/EEC.

Organisation of informative and training seminars and workshops for future inspectors
are to be undertaken.
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d) Third party financing for energy conservation in public buildings
The responsibility for the energy efficiency in public buildings will ultimately lie on
the organisations utilizing these buildings. Third party financing for energy
conservation, will be allowed for public buildings, whereby the recovery of the cost of
these services being contingent, in whole or in part, on the level of energy savings.
In each public building an ¨Energy Manager¨ will be allocated, who will have the
following responsibilities:
•

Data collection and database updates on energy consumption.

•

Energy audit of the building(s) should be undertaken by either the Energy
Manager or others.

•

Energy conservation programming and implementation of measures
according to the results of the Energy Audit.

•

Monitoring and supervision of maintenance and repair works for energy
conservation.

e) Energy efficiency certificates for the new buildings
Legislative reform is to be introduced under the ¨Energy Efficiency Law¨, in order to
ensure that a ¨Energy Efficiency Certificate¨, is to be provided to potential buyers or
tenants, during construction, sale or lease all or part of the building. The certification of
the building will be based on the results of the Energy Audit carried out by specialised
auditors. The Energy Audit will be submitted with the application for obtaining Final
Approval.
In addition, organisation of technical seminars and workshops for Architects, Civil
Engineers and other interested parties are to be undertaken.

f) Promote regular energy audits of undertakings with high-energy consumption.
According to the ¨Energy Efficiency Law¨, regular energy audits of undertakings with
high-energy consumption are to be promoted, for:
•

Enterprises that have installed thermal capacity between 100–500 Mcal/h
and/or electrical capacity between 50–150 ΚVA, will submit, at the
beginning of each year, to the Energy and Environment Section of the
Ministry of Commerce and Industry, the enterprise’s energy balance of the
previous year. (There are 270 industrial enterprises that have electrical
capacity between 50–150 ΚVA at present)

•

Enterprises that have installed thermal capacity greater than 500 Mcal/h
and/or electrical capacity greater than 150 ΚVA, will submit, at the
beginning of each year, to the Energy and Environment Section of the
Ministry of Commerce and Industry, an energy audit, prepared by
specialized energy auditors, after inspection of the enterprise’s premises.
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The Audit should also include the energy conservation measures that took
place during the year as well as the measures that are planned for the
following year. (The number of industrial enterprises that have electrical
capacity greater than 150 ΚVA at present is around 100)
In addition, a grant scheme to provide financial aid, to fully or partially cover the cost
of carrying out the Energy Audit, is to be introduced.

2.3.3. Cyprus standard CYS98: Part 1, 1999, for Thermal Insulation and
Rational Use of Energy in Houses.
The Cyprus Organisation for Standards and Control of Quality (COSCQ), in
collaboration with the Applied Energy Centre of the Ministry of Commerce, Industry
& Tourism and the Higher Technological Institute, among others, has prepared the
Cyprus standard for thermal insulation and rational use of energy in houses CYS98.
It is expected that the Cyprus standard will be made compulsory by the proposed
legislation.
1.Scope
This Cyprus Standard gives the factors, which influence the thermal insulation of a
building and guidances to the designers in how to minimize the heating/cooling
requirements of buildings. It also includes the thermal conductivity values or some
building materials commonly used in Cyprus and specifies the required thermal
transmittance of the building elements.

2.References
CYS

211:

1991, Thermal insulation - Calculation methods
Part 1: Steady state thermal properties of building components and
building elements.

CYS

211:

1991, Thermal insulation - Calculation methods
Part 2: Thermal bridges of rectangular sections in plane structures.

CYS

210:

1991, Thermal insulation - Physical quantities and definitions.

4.General Consideration
4.1

The extend of heating requirements in winter and cooling requirements in
summer and consequently the energy consumption in residential buildings is
decisively influenced by the thermal insulation properties of the building
components enclosing a space, by the air infiltration and the solar gains.

4.2

Thermal insulation, air infiltration and solar gains are also important for the
health of the occupants, and the running the constructional costs of the
building.
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4.3

Total heating/cooling requirements depend on the properties of the building
materials, and the design of the building (e.g. configuration of the ground plan,
orientation of building, use of shading devices etc). The above factors are to be
taken into consideration as early as the design stage.

5.Thermal Insulation
5.1

Thermal Insulation of a building depends on the thermal resistance (see CYS
210:1991) of the building envelope components (wall, floors, roof etc.)

5.2

Thermal transmittance or U-value (W/m2 o C) is the reciprocal of the thermal
resistance and depends on temperature difference between inside and outside
air, surface area of the structure, thickness and thermal conductivity of the
building materials.

6.Required Thermal Transmittance
6.1 Roof
All types of Roofs of residential buildings should be insulated corresponding to a
maximum average thermal transmittance (U-value) of 1.0 W/m2 K.
6.1.1 Pitched Roof
When a pitched roof is combined with a flat ceiling the thermal transmittance per unit
area of flat ceiling should be calculated as per clause 3. (Appendix A)
6.1.2 Any part of a roof, which has a pitch more than 70o to the horizontal, shall be
treated as an external wall.
6.1.3 Roof insulation characteristics
Roof deck insulations are subjected to many stresses. A building roof constantly
changes its dimensions, due to temperature changes inside the building. These
dimension changes tend to be transmitted to the insulation by the adhesives (generally
asphalt) holding the deck and its insulation together.
6.2 Floors
6.2.1 Solid floors in contact with the ground need no thermal insulation.
6.2.2

Suspended floors which are in contact with outside atmospheric air should be
insulated corresponding to a maximum average thermal transmittance of 0.6
W/m2 K.

6.2.3 Floor insulation characteristic:
Direct compression, vibration, and lateral movement are forces imposed upon
insulations used under slab floors placed on the ground. Such insulations need a
particular set of properties.
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6.3 Exterior Walls and Windows
6.3.1

Exterior walls should be insulated corresponding to a max thermal
transmittance of 1.0 W/m2 K.

6.3.2

However a max, average U-value of 1.8 W/m2 K for perimeter walls (covering
both wall and windows) is required.

6.3.3

In cases where large windows are to be used double glazing and/or other
methods (e.g. outside shutters) are to be used to obtain the allowable max
average U-value (1.8 W/m2 K.).

6.3.4

Internal (partition) walls where heat is lost to an unheated area should be
insulated corresponding to a max thermal transmittance of 1.6 W/m2K.

6.3.5

Diagrams 1, 2 and 3 (clause 4 Appendix A) show the relationship between wall
U-value and percentage of glazing in detached houses, semidetached houses
and ends of terraces and terraced houses respectively so that an average Uvalue of not more than 1.8 W/m2 K is adopted.

6.3.6

Wall insulation characteristics.

Insulations installed in the cavities of walls, protected and supported on each side by
structural building materials, require little physical strength. In such installations, fill
insulations, blanket insulations, reflective foils, and light density rigid and semi-rigid
insulations are quite useful, as they are not required to resist external physical forces.

7. Air infiltration/ventilation
7.1 Reduction of ventilation rates gives substantial energy economy.
All joints should therefore be well sealed. This applies also to the joints between
window frames and masonry and to the joints between prefabricated components.

8.Solar gains
Solar radiation plays a very important role in the heating or cooling load of a building.
Therefore the design of the building (configuration of ground plan, orientation of
building, shading devices etc) is essential for maximizing the solar heat gain in winter
and minimizing solar heat gain in summer.

9.Condensation
Buildings, which are heated in winter and cooled in summer, present a difficult
problem in placement of vapor-barriers to minimize condensation problems.
Theoretically the vapor-barrier should be on one side for heating and the other side for
cooling.
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2.4. Legislative framework in Romania
After 1989 there were made efforts to create in Romania an adequate regulation
framework for thermal insulation of buildings:
Law no. 10/1995 concerning quality in building construction sector;

2.4.1. Normative C 107/1-1997 concerning the calculation of the global
coefficients for thermal insulation of buildings
The technical regulations of this normative establish the calculation method for the
global coefficient of thermal insulation (G) that gives the total heat losses by direct
heat transmission through the building envelope surface, for a difference of
temperature of 1 K between interior and exterior, referred to the building’s volume.
Are added to this the heat losses for improving the internal air as well as the heat losses
for additional cold air infiltrations.
The technical regulations of this normative contain also the maximum normed values
of the thermal insulation global coefficients (GN) that are admitted for dwellings.
The global thermal insulation is correct if the following condition is satisfied: G ≤ GN
[W/m2K]
The stipulations of this normative follow, that both through the initial complex design
of the building (configuration, percentage of windowing, etc) and through the
execution way of the construction elements of building’s perimeter and of details, to
diminish the heat losses, in order to reduce the energy consumption for dwellings
heating.
The stipulations of this normative are applied to all types of dwellings such as:
•

individual dwellings (one family houses, coupled or in a row, duplex type,
etc.);

•

multi apartments dwellings;

•

hostels and boarding school;

•

hotels and motels.

The stipulations refer both to new buildings and existing buildings that will be under
rehabilitation and modernization works.
The global coefficients of thermal insulation - G – considers:
•

the heat losses through heat transfer afferent to all the perimeter surfaces, which
delimitate the heated volume of the building;

•

the heat losses afferent to normal conditions for air refreshing;

•

the supplementary heat losses due to excess air infiltration through the joinery
joints.

The global coefficients do not take into account the solar supply or the heat supply due
to dwelling’s occupation.
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Conformation to these technical regulations is compulsory for all the project designers,
for specialists and experts and also for investors and executors, according to the
stipulation from Law no. 10/1995 concerning quality in buildings construction sector.
The calculation of the global coefficient for thermal insulation does not cancel the
compulsoriness of performing the other thermo technical calculations requested by the
legislation in force.

2.4.2. Normative C 107/2-1997 regarding the calculation of the global
coefficient for thermal insulation for buildings with other destination
than dwellings
This normative is meant to establish the calculation method for the characteristic of
global thermo-energetic efficiency of buildings with other destination than dwellings,
not higher than ground floor plus 10 floors. This characteristic is called global
coefficient of thermal insulation (G1).

2.4.3. Normative C 107/3-1997 concerning the thermo-technical
calculation of buildings’ construction elements
This normative refers to the thermo-technical calculation of all construction elements
of buildings during winter, except the construction elements with land contact.
The stipulations of this normative are applied for the construction elements that
delimitate the heated spaces of households and cultural and industrial buildings.
The stipulations of this normative are applied also for the construction elements of
unheated rooms, in order to get the interior temperature of these spaces on a thermal
balance calculation basis.
The stipulations of this normative are not applied for the construction elements of
buildings or rooms to which are necessary special requests for humidity and
temperature, such as: freezing rooms, etc.
Thermal insulation of construction elements that delimitate the heated rooms is made
in order to ensure the interior climate necessitated by the hygienic and comfort requests
for households and cultural buildings, by necessary working conditions for industrial
buildings, as well as for reducing as much as possible the fuel and energy
consumption.
The stipulations of this normative are applied both for new buildings and for existing
buildings that are subject for rehabilitation and modernization.
The stipulations of this normative are applied both for buildings with central heating
systems and buildings with local heating systems (including stoves).
Using the stipulations of this normative can be calculated:
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•

the revised specific thermal resistances of construction elements taking into
account the thermal bridges influences;

•

the temperatures on the interior surface of construction elements

The thermo-technical calculations provided within this normative refers to the
following perimeter construction elements:
•

the opaque side of the exterior walls, including the adjacent side of open
shedding;

•

the transparent and translucent components of exterior walls and roofs (external
joinery, stained walls and skylights);

•

the floors over the last level, under terraces and attics;

•

the floors delimitating the building at the inferior side (bow windows,
gangways, etc.);

•

the floors over cellars and unheated basements;

•

the walls and the floors that separate the buildings volume from unheated or
less heated adjacent spaces, as well as from the space of a closed shedding.

2.4.4. C 107/4-1997 - Guide for calculation of thermo-technical
performances of dwellings.
This guide refers to determination and verification of thermo-technical performances
of the dwellings.
The guide can be used for all types of dwellings such as:
•

individual dwellings (one family houses, coupled or in a row, duplex type,
etc.);

•

multi apartments dwellings;

•

hostels and boarding school;

•

hotels and motels.

The guide is intended for utilization at designing new dwellings but also for designing
rehabilitation and modernization works for existing dwellings.
The designing of construction elements from thermo-technical and thermo-energetic
point of view has as target to fill the following performance bill:
•

the verification of specific thermal resistances realized in proportion with the
normed values;

•

the verification of absence of danger of water vapors condensation on the
interior surface of construction elements;
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•

the verification of thermal stability of construction elements; the verification of
lack of yearly water accumulation in the interior structure of the construction
elements and the elimination of possibility of excessive moistening of
insulating materials;

•

the verification of global coefficient of thermal insulation quantum for the
building, in proportion with the normed value.

2.4.5. Normative C 107/5-1997 concerning the thermo-technical
calculation of construction elements with land contact;
This normative refers to the thermo-technical calculation of construction elements with
land contact during winter.
The stipulations of this normative are applied for the construction elements that
delimitate, relative to the ground, the heated and unheated spaces of households and
cultural and industrial buildings, in conditions of normal utilization.
The stipulations of this normative are not applied for the construction elements of
buildings or rooms to which are necessary special requests for humidity and
temperature, such as: freezing rooms, etc.
Thermal insulation of construction elements with land contact, that delimitate heated
rooms, is made in order to ensure the interior climate necessitated by the hygienic
requests for households and cultural buildings, by necessary working conditions for
industrial buildings, as well as for reducing as much as possible the fuel and energy
consumption.
For the unheated rooms delimitated by construction elements with land contact, putting
into practice of this normative stipulations allows to get the interior temperature of
these spaces on a thermal balance calculation basis.
The construction elements with land contact, which are the object of this normative,
are the following:
•

the plates above ground, installed at the ground level or above it, on the filling;

•

the plates installed at the inferior side of basements and of other subterranean
spaces;

•

the walls on the exterior contour of partial buried basements;

•

the walls on the exterior contour of completely buried basements and other
subterranean spaces;

•

the plates installed at the superior side of subterranean spaces, covered with
soil;

•

the walls installed on the interior contour of partial basements.
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