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Introduction

The building sector’s large contribu-
tion to the total energy use in the EU, 
estimated to be 40% (Directive 2010/31/
/UE) simultaneously creates a potential 
for reducing its power consumption as 
well as the emission of greenhouse gas-
ses by implementing pertinent solutions. 
Current Polish and EU research con-
fi rms, that efforts to improve the energy 
effi ciency of the building sector have led 
to a signifi cant impact on the reduction of 
greenhouse gas emissions and are conse-
quently mitigating the effects of climate 
change (Report COM(2017) 56). They 
also decrease the low-stack emissions, 
which pose signifi cant harm to the public 
and the environment. The requirements 
and laws to reduce the energy consump-
tion and to up the share of renewable 

energy sources employed in buildings 
are becoming stricter, which forces the 
inception of new, innovative technolo-
gies. One of them is a thermal barrier in 
the exterior wall creating a nonstandard 
thermal insulation (Xu, Wang, Wanga 
& Xiao, 2010). Buildings with an ac-
tive thermal barrier are categorized as 
thermo-active building systems (TABS). 
A thermal barrier is achieved by maintain-
ing a constant fl ow of a low temperature 
medium, most commonly a solar fl uid, 
through a conduit properly spaced out 
within the layer of the exterior wall. Dur-
ing the heating period this medium has a 
lower temperature compared to the con-
ditions inside the building, but a higher 
temperature compared to conditions in-
side the same wall layer had the pipes not 
been installed. This way heat loss due to 
transmission is minimized. Energy sup-
plied this way to the outer wall interior is 
most commonly derived from solar and 
geothermal energy accumulated in a spe-
cial thermal energy storage. The active 
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thermal barrier can be used not only for 
heating, but also for the cooling of the 
building. In such a case, the temperature 
of the medium is lower compared to the 
temperature of the same wall interior lay-
er had the pipes not been installed.

Such an application of a relatively 
low-temperature medium is intended to 
limit heat loss due to transmission in new 
buildings as well as thermo-modernised 
buildings using one of various systems, 
including: ISOMAX, ISOACTIVE-3D, 
BT&SONS Kft system.

Active thermal insulation

Walls with active thermal insulation 
can have different constructions. How-
ever, they always have coils that gen-
erate a thermal barrier for heat transfer 
through the wall. One of the fi rst systems 
using this solution was the ISOMAX 
system. In this system an external wall is 
built from 12.5 cm foamed polystyrene 
board connected by means of patented 
concrete fi ns to another 12.5 cm foamed 
polystyrene board. Between them PP 
pipes in form of meanders are placed. 
The space between these foamed poly-

styrene boards is fi lled with BIO-POR 
concrete. The construction of such a wall 
is based on a core in which a constant 
temperature is maintained, and which is 
thermally well insulated on both sides. 
A thermal barrier is achieved by pro-
viding a constant fl ow of a low-param-
eter medium through pipes appropriately 
placed in the core. The application of 
a partition with a thermal barrier prevents 
vapour from escaping and signifi cantly 
reduces the loss of heat by transmis-
sion from a building interior by creat-
ing blockades preventing heat fl ow from 
the areas of higher energy levels into the 
lower ones. Figure 1 presents the scheme 
of such a partition.

Walls with active thermal insulation 
of slightly different construction are used 
in Hungary. In ISOACTIVE-3D technol-
ogy, the external wall is made of foamed 
polystyrene board: 5 cm thick (external) 
and 15 cm connected by means of a spe-
cial metal mesh embedded in lightweight 
concrete. The PP pipes are placed in the 
outer layer of the concrete. Similar to the 
ISOMAX system, the thermal barrier 
is achieved due to the constant fl ow of 
a low-temperature medium through the 
coils. The scheme of such a partition is 

FIGURE 1. The scheme of an insulated external partition: a – traditional; b – with a thermal barrier in 
the ISOMAX system (12.5 cm of foamed polystyrene, 15 cm of BIO-POR – concrete with PP pipes, 
12.5 cm of foamed polystyrene)

a b 
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shown in Figure 2. Walls with active 
thermal insulation from BT&SONSKft 
have different constructions shown in 
Figure 3.

As observed the coils can be located 
in different layers of the wall cross-sec-
tion. The effectiveness of the coil’s oper-
ation as a thermal barrier depends largely 

FIGURE 2. The view and the scheme of the external partition with a thermal barrier in the ISOAC-
TIVE-3D system (5 cm of foamed polystyrene from the outside, lightweight concrete with PP pipes, 
15 cm of foamed polystyrene, lightweight concrete, all connected with a metal mesh embedded in 
concrete)

FIGURE 3. The scheme of the external partition with an active thermal insulation BT&SONS Kft: 
a – a partition made of 30 cm Porotherm, insulated with 14 cm thick foamed polystyrene with PE 
pipes with a low parameter measure on the outside; b – a partition made of 5 cm Porotherm, 12 cm of 
foamed polystyrene, 7 cm of Porotherm with PE pipes on the outside and external layer of 8 cm foamed 
polystyrene

a b 

 

a b 
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on its position as well as on the tempera-
ture level of the medium that supplies it.

The building’s heating in the above-
-mentioned technologies using an active 
thermal insulation is realised through 
a combination of passive solar energy 
use within the roof and outer walls as 
well as geothermal energy. There is a so-
lar absorber in the building’s roof. It con-
sists of a system of thin polypropylene or 
polyethylene pipes located directly under 
the roof, but above the insulation layer of 
the roof structure (between roofi ng and 

roof insulation). The system of polypro-
pylene pipes is also in the core of the 
external walls (Fig. 4). Under the build-
ing there is a foundation – a fl oor plate. 
It also has a polypropylene pipe system 
insulated with foamed polystyrene and it 
performs the function of an underground 
heat storage system (energy reservoir) 
– Figure 5. The principle of the system’s 
operation is as follows (Fig. 6).

Solar energy is absorbed by the solar 
absorber below the roof and is transmit-
ted to the external walls. The excess of 
energy, which is not used for the build-
ing’s heating is accumulated in the un-

FIGURE 4. The external partition with an act-
ive thermal insulation (photo by BT&SONS Kft, 
15 April 2017)

FIGURE 5. Heat storage under the foundation plate and outside the building (photo by BT&SONS Kft, 
15 April 2017)

FIGURE 6. The scheme of the building with an 
active thermal insulation in external partitions 
(illustration by BT&SONS Kft system, 15 April 
2017): 1, 2 – heat storage under the foundation 
plate or next to the building; 3 – circulating pump; 
4 – coils in external walls; 5 – roof absorber
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derground storage system. As the needs 
arise this energy is consumed. Energy 
obtained from the sun, stored under the 
foundation plate is returned to the wall’s 
core from cellular concrete and it also in-
directly heats the soil under the building. 
For the sake of high air tightness of the 
building the mechanical ventilation with 
heat recovery is used additionally.

The infl uence of thermal barrier 
position on its effectiveness

The outer walls with a thermal bar-
rier limit heat transmission losses from 
heated rooms. In the ISOMAX system 
polypropylene pipes with heating me-
dium are located exactly in the centre of 
the wall’s core. In reality they can be in 
any place inside the wall. In the parti-
tions used in Hungary, the coils are lo-
cated on the outside of the wall. There-
fore, the following section shows how 
the location of the pipes infl uences heat 
transmission losses from heated rooms. 
For this purpose, the model of an outer 
wall with thermal barrier presented in 
earlier works was used (Leciej-Pirczew-
ska & Szafl ik, 2006, 2010). It is based 
on the balance of energy supplied and 
discharged from the partition. Based on 
this the heat fl uxes Q1, Q2 and Q3 were 
determined (Fig. 7).

The heat fl uxes Q1, Q2 and Q3 were 
made dependent on R1 – the thermal re-
sistance of the internal courses of the 
external wall (these which are between 
pipes and the room), in order to better 
display this problem.

The calculations were conducted for 
the walls made of the same materials as 
presented in the above section about ac-
tive thermal insulation. The results of cal-

culations for a partition in the ISOMAX 
system are introduced in Figure 7 for three 
different locations of thermal barrier and 
for the wall without this barrier. The fol-
lowing data was used in the calculations:

internal temperature Ti = 20°C,
external temperature Te = –16°C,
initial medium temperature Tp =
=  10°C,
medium thermal capacity W = 104.8 
W·K–1.
Heat fl uxes Q1 / Q, Q2 / Q and Q 3 / 

/ Q relative as a function of thermal re-
sistance R1 established for such condi-
tions are introduced in Figure 8.

The heat fl ux transmission from the 
room Q1 decreases when the thermal 
barrier moves along the outside. The heat 
fl ux transmission outside the building
Q2 and the heat fl ux given out during 
medium fl ow Q3 grows when the ther-
mal barrier moves along outside.

The use of a thermal barrier consider-
ably limits the heat losses from the room. 
The heat fl ux transmitted from the inside 
when the outer wall has a thermal barrier 
decreased compared with the wall with-
out thermal barrier by:

41.09% for the outer wall in IZOMAX 
system with thermal barrier located 
inside the core,
44.75% for the outer wall in IZOMAX 
system with thermal barrier located 
in the centre of the core,
47.32% for the outer wall in IZOMAX 
system with thermal barrier located 
outside the core,
57.32% for the outer wall in 
BT&SONS Kft system with thermal 
barrier on the outside (Fig. 3b),
59.22% for the outer wall in 
BT&SONS Kft system with thermal 
barrier on the outside (Fig. 3a).

–
–
–

–

–

–

–

–

–
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Resulting from this analysis, the high-
est reduction of heat losses is achieved 
with the thermal barrier positioned on 
the outside of the core. Such a position 
of the thermal barrier inside the wall is 
usually encountered in newly thermo-
renovated buildings. This instance of the 
barrier placement has been thus assumed 
for further energy analysis below.

Thermal barrier infl uence 
on the energy performance 
of a typical single-family house 
and CO2 emission

It is interesting, to what degree the 
thermal barrier can contribute to im-
provement of the building’s energy 

Q1 – heat fl ux penetrated from the room, Q2 – heat fl ux penetrated outside, Q3 – heat fl ux given up 
during medium fl ow, Q  – heat fl ux penetrated from the room with traditional wall without thermal 
barrier.

FIGURE 7. Possible solutions of outer wall and wall’s temperature distribution: a – traditional, highly-
-insulated outer wall without thermal barrier; b – outer wall with thermal barrier – PP pipes are close 
to outside the core; c – outer wall with thermal barrier – PP pipes are in the centre of the wall’s core; 
d – outer wall with thermal barrier – PP pipes are close to inside the core
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performance and the reduction of CO2 
emissions. To arrive at an answer to this 
question an analysis of the infl uence of 
the energy consumption on a typical sin-
gle-family building after thermo-mod-
ernisation was conducted. It was impor-
tant to determine the following quantities 
for the selected building:

the index of annual demand for fi nal 
energy (EK),
the index of annual energy needs 
(EU). 

Methodology of research

Calculations were performed us-
ing current procedures for evaluating 
building energy performance, using the 
monthly method, according to 2016 
Regulation of the Minister of Infrastruc-
ture and Construction methodology. 
The general calculations of the energy 
demand for heating, cooling and venti-
lation are based on methods from CEN 

–

–

standards (ISO 13790:2008). The energy 
demand for heating and ventilation in the 
building has been determined, excluding 
heating of domestic hot water. The gen-
eral calculations are based on methods 
from CEN standards (ISO 13790:2008). 
Emission factors for electricity are taken 
from the report of the Polish Nation-
al Centre for Emissions Management 
(KOBiZE, 2018). On that basis, CO2 
emissions were calculated.

Case study

The target building for this case study 
is a typical single-family household. It is 
a semi-detached building with three fl oors, 
a garage and a complete basement. The at-
tic is not utilized. The basement, porch and 
attic are regarded as non-heated spaces.

The buildings parameters are:
total surface area 170.8 m2,
utility surface area 92.6 m2,
ceiling height 2.8 m.

–
–
–

FIGURE 8. Diagram of relative heat fl uxes Q1 / Q, Q2 / Q  and Q3 / Q depending on thermal resistance 
of the internal courses of the external wall R1 [m2·K·W–1]
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The thermal barrier is assumed to be 
constructed on the outer side of the core 
of the exterior wall analogous to the pro-
posed thermo-modernisation solution of 
the ISOMAX system. A barrier tempera-
ture of 10°C was assumed.

Compared variants: 
before modernisation,
after thermo-modernisation with the 
use of an active thermal barrier on the 
exterior side of the wall directly behind 
a 12 cm thick layer of insulation.
When it comes to the construction 

of the walls, the two variants differ from 
each other only on the basis, that after 
modernisation cement lime plaster to 
embed the wall barrier PP pipes has been 
added to the wall.

In the variant before thermo-mod-
ernisation the central heating installation 

–
–

is equipped with fl oor heating elements. 
The building possesses a mechanical 
ventilation unit with heat recovery of φ = 
= 80%. The source of heat is a brine/wa-
ter heat pump (SCOP = 4.0).

In the variant after thermo-mod-
ernisation, the foundation slab serves as 
a heat storage unit as a result of the reno-
vation of the basement. The accumu-
lated thermal energy is provided to the 
thermal barrier made from PP pipes. The 
installation is equipped also with fl oor 
heating elements as before thermo-mod-
ernisation. The same conditions were as-
sumed for ventilation and the heat source 
as for the building before renovation. 
Figure 9 presents the calculated values 
for the EU and EK index of annual de-
mand for useable and fi nal energy for 
heating and ventilation.

TABLE 1. The multilayer wall construction with thermal barrier for building after thermo-modernisa-
tion 

Envelope 
element Material

s λ R ΣR Rsi Rse R1

m W·m–1·K–1 m2·K·W–1

Exterior 
wall

porous ceramic bricks 
Porotherm 38 P+W 0.38 – 2.690

2.73 0.13 – 2.86
gypsum plaster 0.015 0.35 0.043

R1 – the thermal resistance of the internal courses of the external wall (those between pipes and the 
room).

TABLE 2. The multilayer wall construction with thermal barrier (TB) 

Envelope 
element Material

s λ R ΣR Rsi Rse R2

m W·m–1·K–1 m2·K·W–1

Exterior 
wall

gypsum plaster 0.01 0.35 0.029

3.06 – 0.04 3.10

polystyrene EPS 70-040 
12 cm thickness 0.12 0.04 3.000

cement-lime plaster 
coat to embed the wall 
barrier PP pipes

0.025 0.82 0.030

R2 – the thermal resistance of the external courses of the external wall (those between pipes and the 
outdoor air).
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Results

The improvement of the energy per-
formance due to the renovation cencern-
ing the application of a thermal barrier 
results in a reduction of about 31% of 

the building’s energy demand referring 
to both fi nal and usable energy for heat-
ing and ventilation in the modernised 
building. It was calculated by KOBiZE 
(2018), that the average CO2 emissions 
for electricity in Poland are approxi-
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FIGURE 9. Value o indexes EU, EK before (without thermal barrier TB) and after thermorenovation 
(with TB)

FIGURE 10. CO2 emission in the analyzed building before (without TB) and after thermorenovation 
(with TB)



232 E. Figiel, D. Leciej-Pirczewska

mately 778 g of CO2 per 1 kWh. Using 
this specifi c CO2-factor for electricity 
needed to operate the heat pump and aux-
illary equipment in the analyzed building, 
savings from the thermal barrier installa-
tion amount to 433 kg of CO2 annually 
(Fig. 10).

Conclusions

From the example of a typical single-
-family house it can be concluded, that the 
energy performance and CO2 emission re-
sponsible for global warming can be signif-
icantly improved by using a thermo active 
barrier in the external wall. The application 
of a thermal barrier results in a reduction 
of the heat lost from the inside. A barrier 
placement near to the outside is benefi cial, 
and installing it during thermorenovation 
can yield signifi cant energetic improve-
ments and be more enviromentally friend-
ly. Even though in the article the values of 
energy demand and CO2 emission relate 
only to the analysed building and our as-
sumptions, it can be expected, that the re-
sults generalize further. 
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Summary

Outer wall with thermal barrier. Im-
pact of the barrier on heat losses and CO2 
emissions. New demands for lowering en-
ergy consumption of buildings lead to many 
new solutions including, amongst others, the 
introduction of an outer wall thermal barrier 
for both heating and cooling effect. The ana-
lysed thermo-active-wall-barrier is a water-
-based system, where the pipes are embedded 
in the wall construction. It enables the use of 
a low-temperature barrier medium for space 
heating, thereby increasing the effi ciency of 
all potential energy supply systems using re-
newable energy sources. The pipes form an 

active thermal barrier for heat transfer be-
tween the outer and the heated space. There 
are many possibilities to place the pipes in 
the wall for example in the case of energetic 
thermo-modernisation. Our research and 
calculations have shown that thermo-active-
-wall-barrier is sensitive to the location of 
pipes. The following paper also provides 
a study of the impact of thermal barrier on 
a building’s energy performance. The analy-
sis was conducted for a single-family house in 
a temperate climate based on parameters 
taken from one of the Polish meteorologi-
cal data-bases. Calculations using current 
procedure of evaluating building energy per-
formance show, that the thermal barrier can 
contribute to signifi cant reduction of trans-
mission energy loss thus lowering the envi-
ronmental impact.
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