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INSULATION OF BUILDINGS AIMED AT ACQUIREMENT OF ENERGY EFFECIENCY
1. INTRODUCTION

According to both European Union and Republic of Bulgaria’s statistics, over 40% of the common annual energy needs go to heat up building walls. That is the main issue pertaining to the saving of energy by simultaneously preserving the conditions of comfort needed to have a good work and living environment, which in itself comprises the basics of the concept of “energy efficiency” (EE) – a concept crucial to the acquirement of sustainable human development in harmony with the surrounding environment. Among the key problems threatening the favorable development of this general situation is the dynamic exhaustion of the mineral/fossil resources of energy at a global scale.
Energy efficiency measures affect energy consumption. They are directed towards improvement of the energy characteristics of the external constructions of enclosure; and they are also focused on the improvement of the values of the integrated energy characteristic as a primary and necessary energy to the building, strictly depending on the nature of the local climate.
Taking into account the above reasons, we can come to the conclusion that heat insulation represents a key factor in the acquirement of EE in buildings, both newly built or existent, through a combination of efficient urbanization measures, external and internal networks and installations, and rational urbanization management. Heat insulation of buildings is also another way to reach compatibility between the energy characteristics of the building enclosure constructions and details and the normative regulations on heat conduction.

Management of energy consumption and particularly energy saving is not a wide-spread practice in Bulgaria. As a result, energy saving potential in that relation is not really a main issue. Government institutions generally revert to three main measurement tools in order to provide energy saving and create interest in their application. Namely, they are:
· Legislative regulation and creation of normative requirements in accordance with the level of construction equipment and technologies;

· Support and stimulation of investment into the application of EE measures to buildings;

· Information and support of the energy saving concept.

2. PRESENT STATE OF THE ISSUE

The existing buildings, such as those constructed with thick/semi-thick bricks or hollow ceramic blocks, and various panels, such as ones made of ceramic concrete and three-layer façade panels are of insufficient heat-insulation properties. Their heat-conduction coefficient varies between1 to 1.8 W/m20 C compared to the normative requirement of U max=0.5/m20 C. it is obvious that all these buildings are in need of heat-insulation improvement as per regulation No: 04/7 concerning heat conservation and energy saving in building under reconstruction, overhaul or refurbishment of existing buildings and especially with a view to external walls whose heat insulation is U max = 0.35W/m20 C.  That means that the additional insulation with penopolystyrol EPS of such constructions must be between 5 and 10 cm thick, and when complying with the requirement of having modern types of buildings, it should be accordingly between 4 and 7 cm thick.  Over the last few years have been made attempts to improve the heat insulation of a number of residential buildings. That as a rule is done without any preliminary designs and proper calculation of the necessary depth of the insulation, and the technical performance is practically carried out by unqualified staff through the application of uncertified heat insulation systems, which afterwards considerably deteriorates the quality of the insulation. Often times the insulation is completed only with a simple ground coat instead of the obligatory plaster, and in a couple of years it gets destroyed. But, on the other hand, the insulation cover is done in pieces, that is, only individual flats are insulated, not the whole building.
The goal of this paper is to research into the impact done by partial application of heat insulation through external insulation systems. The analysis has been done on a residential building with 25cm thick external walls made of hollow ceramic blocks, whereas the heat conduction sectors, such as girders and columns, have not been insulated. The building is insulated through ETICS external insulation system featuring penopolystyrol EPS as a main insulation product.
3. IMPACT OF HEAT INSULATION ON THE TEMPERATURES OF THE INTERNAL SURFACE OF THE ENCLOSING WALLS

There is a greater opportunity for condensation to appear at the wall-floor and wall-ceiling areas in cases of partial insulation. In order to diagnose and prevent potential condensation in these sections, we have researched the following cases of heat insulation:
A) a non-insulated wall;
B) insulation of just one floor (only the floor height) situated between two non-insulated floors;

C) the same but the insulation is prolonged 30 cm above and 20 cm beneath the floor;

D) the same but the insulation is prolonged 30 cm above and 40 cm beneath the floor;

E) the same but the insulation is prolonged 30 cm above and 60 cm beneath the floor;

F) insulation of two neighboring floors both situated between non-insulated floors;
G) insulation of the whole façade.

The research was done with Chief ass. Dr. Eng. Plamen Chobanov’s TEPOL programming product.

The analysis of the temperature fields and the internal surface temperatures of the enclosing non-insulated walls points out that in the corner sections, such as wall-ceiling junctions, the temperature is 7.5 – 8.2 0 C; in the wall-floor junction it varies between 10 and 11 0 C, that is, there is a real danger of creation of condensation in those sections because the temperature is lower than the irrigation temperature (qs) when the environment temperature is qi=20 0 C and the  relative air dampness is F=55% - qs=10.7 0 C, with relative dampness F=60%-qs=12.00 C.  The temperature in the medium part of the walls does not surpass 15 0 C and if the relative air dampness goes over 70%, then there is another threat of creation of condensation. When only one floor (floor height) has been insulated with a 5-cm thick layer of penopolystyrol, the above problems disappear. There are certain hesitations about the wall-floor junction at F=60%. That type of insulation creates a favorable impact on the other two neighboring floors. The temperature of the wall-floor junction related to the upper floor is considerably higher than the irrigation temperature and is also a bit higher than the temperature of the wall’s medium part. In contrast, the impact on the lower floor’s temperature is insubstantial – at the wall-ceiling junction it rises by no more than 0.5 0 C. No other impacts of the insulated floor have been observed as far as other types of sections are concerned. A better case of temperature influence exists when two neighboring floors are insulated in height. Even in this case there is a danger of greater dampness at the wall-floor junction of the lower floor. In the case of heat insulation of a floor between two non-insulated ones were analyzed 3 more examples.
When the heat insulation covers 30 cm above and 20 cm below the floor: actually this represents a routine insulation practice in Bulgaria. Here the corner section temperature is considerably higher than the irrigation temperature. Yet the wall-floor junction temperature is 13.9 0 C and at a higher air dampness F~70% it is possible that condensation be created (qs=14 0 C). In the case when heat insulation covers down the entire girder, that is, the additional insulation downward is 40 cm. That eliminates any possible condensation (qi=15.3 0 C). When the insulation covers the lower floor by 60 cm, the wall-floor temperature equals the temperature of a wholly insulated wall. The best case represents the vertical insulation of a façade. Here the temperature in the corners is over 17.4 0 C. In cases of façade insulation and accompanying glass balcony enclosures and PVC window framing are observed the same results, which are especially enhanced in the areas adjoining the neighboring walls.
4. HEAT LOSS THROUGH ENCLOSING WALLS
All analyses results unequivocally prove the need of overall heat insulation cover to enclosing walls. For example, when a complete façade is insulated, heat loss is cut down to 3 times less than a non-insulated would do.
When only parts of the façade are insulated, the heat retention effectiveness of floors decreases substantially. When only two neighboring floors are insulated, this efficiency drops down by 35%, and in the insulation of only one floor located between two other non-insulated ones, the heat efficiency goes down 2 times compared to its indicators with overall insulated facades, and it also depends on the way it is insulated. When a floor is insulated only in its height, then heat loss coefficient is around 2 times higher than with overall insulated facades. Heat losses can diminish if parts of neighboring floors are also insulated.
In cases of insulation of 30 cm above and 20, 40 and 60 cm beneath the floor, the heat loss coefficients are respectively: 1.71, 1.53 and 1.43 higher than with overall insulated facades, that is, heat loss has decreased respectively by 14, 23 and 28% compared to heat loss of a floor insulated only in its height.

5. TYPES OF SOLUTIONS
Dry-construction techniques with its fast, rational and efficient solutions find wider application to the building of administrative and private house interiors. They are suitable for both construction of modern buildings and reconstruction of older ones. Those light-weight easily put together constructions enable implementation of various types of hanging ceilings, partition walls, and afore-wall casings in which can easily be installed electric, water and ventilation supply systems. In that way are also resolved issues related to sound and heat insulation, as well as acoustics and fire safety, and in addition to this, it can be painted or glued onto such surfaces right away. Montage terms and expenditure are reduced to one-third of the same requirements when applied to conventional methods. Besides, gypsum materials and products are ecologically harmless and do not contain any environmentally unfriendly compounds. Internal dry construction methods create optimal environment, individual and flexible design, home comfort, coziness and efficiency.
Perfect heat insulation properties: 1 cm of rock wool possesses the same insulation ability as 20 cm of monolithic bricks.

Perfect acoustic properties: Rock wool absorbs over 50% of the noise. It also possesses a great deal higher fire-proofing compared to other materials, and is cost efficient because of the short-term reimbursement of the investment made into it – this term can vary between 2 and 10 years depending on the building type and is enabled by the smaller bills owners pay for heating.

Steam permeability: a house which has been rock-wool insulated can breathe and will not form condensation. 

Water proofing: rock-wool insulation will not let any water come into the wall; water stays on the surface and does not soak.
Permanent shape and volume: rock wool does not shrink or expand under the influence of surrounding temperature in contrast to other insulation materials. 

Sound absorption: άp>=0.7 between 250 and 4000 Hz.

Fire proofing: 30’

Damp proofing: relative moisture >95%

Light reflection: >=80%

Hanging ceilings of gypsum cardboard, in which the carrier construction is attached to the ceiling. This method is used for attainment of smooth surfaces, reduction of the visible height of the premises or coating of various installations in the spots directly beneath the ceiling. Hanging ceilings can be additionally insulated with mineral wool, which can result in:
· cut down of heat expenditure because of improved heat insulation;

· improvement of the sound insulation of the ceiling;

· strengthening of fire-proofing.

Ceiling constructions enable integration of lighting, ventilation and air-conditioning systems. Besides, they permit creation of various shapes combined with lighting effects.

Suspended ceiling grids of plates 60/60 cm or 60/120 cm, implemented of gypsum cardboard or mineral frame and compatible with any construction requirements for sound fire safety, sound, heat and moisture insulation.  These types of ceilings are suitable for construction sites where there is a large level of extreme environmental conditions, such as increased moisture, noise and pollution.
The plates vary in design depending on specific default characteristics and feature enhanced solidity, durability and fixedness of shape.

Their installation is also an easy process and de-installation or replacement can be done fast and efficiently. Besides, their esthetic application is considerable in terms of design opportunities they offer on the grounds of different plate rims. And finally, the plates permit installation of various lighting or ventilation details.

Partition walls provide fast and efficient division of premises. The process involves input of mineral wool between two plates and installation of all necessary operation systems. The working environment required for this type of construction technique is really clean – there is no need of lime or sand, and storage of plaster or any additional waste matter. 
After the empty places between the plates are filled in, their surface is really smooth and can easily be painted or wall-papered. The premises can be used right after any construction works have finished. Besides, their sound and heat insulation properties are much higher than the one possessed by conventional brick walls, and in terms of fire safety they are unparalleled:

· improvement of ceiling’s sound insulation;

· improvement of fire safety.

According to design requirements, one or two-layer carrier constructions are used in this method. Because walls’ static and physical properties result from their interaction with carrier constructions, plates and insulation layers put in the wall hollows, any change in different construction details can bring about different construction solutions. For example, the more distanced the plates within a multi-layer casing, the higher the sound insulation level is. The combination of fire-proof plates with suitable insulation materials can bring about F30 to F90 fire-proof classes. Water-proof plates react very well to damp premises. Montage walls of double constructions afford installation of spacious piping (large-diameter pipe).
In contrast to conventional construction methods, any labor-consuming and soiling experience is removed here.
Whenever changes of the premises’ functions are necessary, it is fairly easy to change their configuration.

Casing in front of the wall is put when:

· it is necessary to construct rough walls;

· on unstable previous foundation;

· it is necessary to run installations hidden in the wall hollow.
The plates are installed on a preliminarily attached metal carrier construction. If any heat or sound insulation is needed, mineral-wool insulation should be put in the wall hollow. For the needs of condensation prevention on external insulation covers is put a steam-prevention layer.

In order to comply with increased fire-safety and moisture-proof requirements it is advisable to use suchlike plates or appropriate insulation types.

Dry plaster is good for internal walls. In this case plates are glued to the existing base with fast-effect plaster glue.

Rough surfaces are covered without any constructions, which renders the process quick and clean. It can be applied to most of the wall types depending on existing conditions. It is easy to do and costs less. It also provides a smooth surface, easy to decorate or wall-paper.
All installations need to be put in before plaster is applied, plugs and extension boxes 2-3 cm outside the building construction.

Vinyl siding – advantages

Its advantages involve heat and sound insulations, year-round easy type of installation, fire-proof, weather-proof qualities and color sustainability, wide color range, easy maintenance, good insulation properties, moisture, wind and heat resistance, walls can breathe (inside-out), condensation, moisture and mould prevention.
Vinyl siding – technology

Vinyl siding is in fact a polyvinylchloride panel for façade covering and is used in place of conventional plaster and insulation. Siding panels are made of polyvinylchloride, which features high resistance level to weather conditions. It is suitable both for newly built facades and renovation of old ones. This siding is a product able to reform your building façade and make it look new and modern.

The key qualities of this technique are its fire-proof, non-toxicity, high resistance to chemical interaction and sharp temperature amplitudes, and as concerns aging and fading effects, they are extremely reduced due to technologic specifics, in which color is preliminarily in-depth laid. 

Siding is a favorite facing material even in terms of maintenance, because of its easy cleaning with water only.

Siding montage technology is described as fast, easy and independent from any weather conditions.

6. INSULATION OF PUBLIC BUILDINGS IN POPOVO MUNICIPALITY

In Popovo Municipality is currently being made general research of the energy efficiency of all public buildings, such as kindergartens, schools, offices and cultural institutions. There are projects started under Regional development operative program in the municipality. These projects have envisioned energy efficiency measures among others. They include:
· Implementation of external insulations to external walls and roofs;

· Reconstruction of heat and lighting installations;

· Replacement of window frames and doors.

Through the proposed measures we have found the potential for actual reduction of heat expenditure as follows:
· Saint Climent Ochridski Primary School – 30.45%, which is equal to 188.609 MWh per year, and ecological equivalent of 51.24 t of eliminated CO2 emissions. The investment needed to carry out that action is 200 000 levs inclusive of VAT, term of pay off – 14.8 years. After the realization of those measures, the building will comply with B building certification requirements.

· Nikola Yonkov Vaptsarov Primary School – gym hall – 62.9%, which equals 104 702 MWh per year, with ecological equivalent of 45.68 t of eliminated CO2 emissions.  The investment needed to carry out that action is 69358 levs inclusive of VAT, term of pay off – 5.8 years. After the realization of those measures, the building will comply with B building certification requirements. 

· Nikola Yonkov Vaptsarov Primary School – 54.00%, which equals 185408 MWh per year, with ecological equivalent of 139.6 t of eliminated CO2 emissions.  The investment needed to carry out that action is 131632 levs inclusive of VAT, term of pay off – 5.9 years. After the realization of those measures, the building will comply with A building certification requirements. 

CONCLUSIONS

1. In order to apply efficient heat insulation to buildings, it is necessary to: regulate the activity of the insulation process; design heat insulation by using certified experts; implementation of the insulation with certified heat insulation systems along the overall façade.
2. It is meaningless to insulate only parts of the façade: heat insulation efficiency is greatly reduced that way; construction process is impeded and its quality is reduced; insulation becomes more expensive; façade’s esthetic appearance is deteriorated.

SOURCES

Energy Efficiency Act;
Strategy for funding building insulation in order to reach energy efficiency and related plan for its implementation. 

