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Abstract

According to the Recast of the Energy Performance of Buildings Directive (EPBD) from 31 December 2020 new buildings in the 
EU will have to consume 'nearly zero' energy (NZE) and the energy will be 'to a very large extent'  from renewable sources. Each 
Member State has to define minimum energy performance requirements for NZEB. In accordance to polish Technical Conditions 
(TC) buildings envelope and installations have to design and constructed in a way that ensures low energy consumption. 
Achieving the required value of demand for non-renewable primary energy is however not easy. The paper presents solutions 
used by architects and designers, participating in contest of Murator "The available house of 2021". The task of the contest was to 
design a single family building meeting the requirements of TC2021.
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1. The requirements of TC2021

Starting from 2014, the requirements for thermal protection of buildings, according to TC2021 [1], deemed to be 
fulfilled if they meet both of the following conditions:
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1. value of EP index, kWh/(m2a), which sets the annual calculated demand for non-renewable primary energy 
for heating, ventilation, cooling and domestic hot water (DHW), calculated in accordance with rules on the 
methodology for calculating the energy performance of buildings, is less than the maximum value or the sum of the 
partial maximum value of the EP index,

2. envelope and technical equipment of the building shall meet at least thermal insulation requirements set out 
in the Technical Conditions and the window area meets the requirements set out in the TC.

The EP value, expressed in kWh/(m2a), depends not only on actual energy demand of the building, but in 
particular on the conversion factor of non-renewable primary energy wi (e.g. for natural gas wng=1.1, electricity 
wel=3.0 and for biomass wb=0.2) and the efficiency of the heating and DHW system. The energy standard of the 
building or its operating costs cannot be determined on the basis of the EP. It informs however on the impact of 
building on the environment. To determine the value of the EP energy performance of building have to be 
calculated.

The maximum value of EP is calculated according to the following formula:

EP = EPH+W C L, kWh/(m2a), (1)

where:
EPH+W – partial maximum value of the EP index for heating, ventilation and DHW, kWh/(m2a),

C – partial maximum value of the EP index for cooling, kWh/(m2a),
L – partial maximum value of the EP index for lightning, kWh/(m2a).

The limit value of EP index in accordance with the new TC does not depend on the shape factor of the building. 
Only partial value for cooling depends on the ratio of cooled surface to the heated surface. Partial maximum values 
of the EP index for single-family buildings from January 1, 2021 are as follows:

• for heating, ventilation and DHW, EPH+W =70 kWh/(m2a),
• for cooling, C= f,c/Af C=0, where: Af,c – cooled 

usable floor area of the building, m2 , Af – heated usable floor area of the building, m2,
• for lightning, L=0.

The second kind of requirement relates to the maximum heat transfer coefficients of envelope, the required 
window area and minimum insulation thickness of pipes or ducts. Checking whether the building meets these 
requirements is simpler because it does not require energy performance calculation.

Table 1. The required thermal insulation of the building envelope, system components and the type of ventilation system for 
residential buildings in accordance with TC2021 [1].

Subject of regulation Requirements of TC2021

External walls (in contact with the outside air, regardless of the type of wall) 
in rooms heated to a temperature ti °C

Umax = 0,20 W/(m2K)

Roofs, flat roofs and ceilings with cold spaces above or floors above 
driveways in rooms heated to a temperature ti °C

Umax = 0,15 W/(m2K)

Floors above cold spaces, such as unvented crawl spaces and unheated 
garages in rooms heated to a temperature ti °C

Umax = 0,25 W/(m2K)

Slab floors built directly on the ground in rooms heated to a temperature
ti °C

Umax = 0,30 W/(m2K))

Windows (with the exception of roof windows), balcony doors and 
transparent unopenable surfaces in rooms heated to a temperature ti °C

Umax = 0,9 W/(m2K)

Roof windows in rooms heated to a temperature ti °C Umax = 1,1 W/(m2K)

External doors and gates in the external walls or walls between heated and Umax = 1,3 W/(m2K)
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In contrast to earlier legislation TC2008 [2] it is required to comply two requirements simultaneously. Designing 
a building in accordance with the requirements specified in Table 1, does not guarantee of achieving the limit EP 
value. This means that a well insulated building envelope with low U-values together with the corresponding surface 
of the windows and insulated installations, does not guarantee that the EP index will be lower than maximum. For 
single-family buildings index will be significantly higher than required, especially after 2021. The demand for non-
renewable primary energy for heating and ventilation EPH+W (without DHW) of building heated with natural gas will 
be about 100 kWh/m2a. Achieving the value not higher than 70 kWh/m2a required from the architects and designers 
a range of actions.

2. How to achieve a low EP?

The calculated value of the EP index depends on many factors. In the case of single-family buildings its main 
component is the demand for non-renewable primary energy used for heating, ventilation and DHW. It does not 
include a demand for lighting and energy needed for cooling should be zero. Design a single-family building with 
cooling demand would be a big mistake.

The EP index value depends, inter alia, on:

• architectural solutions, e.g. maximizing the solar heat gains,
• location,
• used energy source,
• use of renewable energy sources (RES),
• thermal insulation of envelope and type of ventilation system,
• usable area (according strange to new regulations the size of hot water consumption does not depend on the 

number of inhabitants only about on the size of usable area).

Analysis of competition projects made it possible to say that the most frequently used design solutions include:

• increasing the share of RES,
• reducing the transmission and ventilation heat losses,
• using of non-conventional energy sources.

Not all of the proposed solutions have economic or energy justification. The detailed analysis is presented below.

unheated rooms

Thermal bridges fRsi = 0,72

Ventilation type natural and hybrid or mechanical in high or 
high-rise buildings

Efficiency of heat recovery 50% for mechanical balanced ventilation or 
AC with the flow rate 3/h

Air tightness n50 < 3,0 1/h – natural ventilation 

n50 < 1,5 1/h – mechanical ventilation

Maximal area of windows (Uw
2K)) AOmax z w

Required insulation of pipes in heating and DHW system inner diameter to 22 mm – 20 mm

inner diameter from 22 to 35 mm – 20 mm

(for insulation material with coefficient of 
thermal conductivity =0,035 W/mK)
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2.1. Increasing the share of RES

The most commonly used solution, which allow for reduction of the EP index, was the use of RES. The RES are 
characterized by low conversion factors in relation to non-renewable energy sources:

• solar, wind and geothermal energy 0,0 
• biomass 0,2
• biogas 0,5
• natural gas, LPG, coal 1,1
• electrical energy 3,0

The larger the share of RES, the lower is value of the EP index. Applying this principle in the projects has led in 
some cases to a situation in which the share of renewable energy sources in the final energy demand was higher than 
100% (what is actually not possible).

The most commonly used RES installations were:

• solar collectors for DHW,
• photovoltaic panels for electricity production,
• fireplaces or biomass boilers for heat production,
• small wind turbines for electricity production.

The efficiency of the solutions, from the point of view of EP index reduction, varies. The best results are 
achieved for biomass boilers, which produce heat for space heating and DHW. Such a solution could reduce the 
value of EP by up to 75% almost in every case. The use of solar collectors decreases the EP by 10% to 25%, 
depending on the energy standard of the building and the heat source.

The effectiveness of PV panels or small wind turbines also depends on building standard and the way of energy 
supply. Even more important aspect is the amount of produced energy and the efficiency of its use. In the analyzed 
projects, the use of PV panels decreased the EP by 20% to 60%. This reduction is only possible for electrically 
powered heat sources. The second condition is to use the energy produced on site which is not always possible.

RES installations can significantly reduce the value of the EP index. Additional installations mean, however, 
additional investment costs. For example PV installation with power of about 5 kWp, which can produce a year 
about 4750 kWh of electricity will cost around 35 thousand PLN.

2.2. Reducing the heat losses

An alternative to renewable energy is reduction of the transmission and ventilation heat losses, which means 
designing the building with energy standard much higher than required by law. Most of the designers participating 
in the contest took advantage of this solution. The first step was to propose building envelope with heat transfer 
coefficients better than required by law.

     Table 2. Comparison of requirements for thermal insulation of the building envelope according to WT2021 with the 
values of competition works.

Envelope element Requirements of TC2021 Competition works 
(mean)

External walls Umax = 0,20 W/(m2K) U = 0,14 W/(m2K)

Roofs Umax = 0,15 W/(m2K) U = 0,12 W/(m2K)

Slab floors on the ground Umax = 0,30 W/(m2K) U = 0,14 W/(m2K)

Windows Umax = 0,90 W/(m2K) U = 0,80 W/(m2K)
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The average values of U-factors were lower by 30% for external walls, 20% for roofs, 53% for slab floors on the 
ground and 11% for the windows in relation to the requirements. The greatest improvement was seen in the case of 
slab floors on the ground and the smallest in the case of external windows.

In addition to reduction of transmission heat loss most designers have taken actions to reduce the demand for 
energy needed to heat the fresh, outdoor air. Over 90% of the building projects were equipped with balanced, 
mechanical ventilation with heat recovery. The average efficiency of heat recovery was approximately 85%. The 
next step was increasing of the building envelope air tightness, because for the mechanical ventilation n50 have to be 
lower than 1.5 1/h (Table 1).

Increase of building energy standard allows for reduction of the EP index by up to 55%. However, it involves 
additional investment arising from the use of thicker insulation, better windows or doors and ventilation system with 
heat recovery. The mere cost of the mechanical ventilation is about 20 thousand PLN. When deciding on such 
solutions we should take advantage of subsidies for low energy buildings offered by the National Environmental 
Fund. Surcharge of 30 to 50 thousand PLN gross may cover part of the additional investment costs.

2.3. Using of non-conventional energy sources

In addition to the above solutions, many designers have tried to get the low value of the EP index through the use 
of unconventional sources of energy, mainly heat pumps. This solution has in fact little effect on the EP value due to 
use of electricity from the grid, for driving the heat pumps. This is because the source with high efficiency (heat 
pump) is powered by electricity produced with a very small efficiency (to produce 1 kWh of electricity it is 
necessary to use about 3 kWh of non-renewable primary energy in the form of coal – conversion factor 3,0).

Table 3. Comparison of the EP index for single-family building with an area of 140 m2 powered by condensing gas boiler or 
ground heat pump [3].

Ground heat pump Condensing boiler

Energy demand for heating, ventilation 
and DHW

57,2 kWh/m2a 57,2 kWh/m2a

Total efficiency of heating system 3,26 0,92

Total efficiency of DHW system 1,79 0,52

Auxiliary energy demand for heating, 
ventilation and DHW (pumps, fans, 
control)

13,6 kWh/m2a 8,9 kWh/m2a

Final energy demand for heating, 
ventilation and DHW

21,9 kWh/m2a 76,6 kWh/m2a

Conversion factor 3,0 – electricity from the grid 1,1 – natural gas

EP index 106,5 kWh/m2a 111,0 kWh/m2a

Comparison of the heat pump with condensing boiler for single-family building shows that the EP index 
decreased by only 4%. Building powered by heat pump will be characterized by a low final energy demand but 
greater demand for auxiliary energy. This is because the uses of additional circulation pump of the low grade heat 
source, which does not occur in the case condensing boiler.

To lower the value of the index EP part of the designers decided to use photovoltaic panels for electricity 
production. According to the idea of this solution the energy produced by the PV will be used to power the heat 
pumps. Electricity produced from solar energy is characterized by a conversion factor equal to 0. Such solution can 
in theory lead to energy-independent building, which does not need to be connected to the power grid and 
characterized by the EP value close to 0.
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a) b)

Fig. 1. A monthly comparison of a) final energy demand for heating, DHW and auxiliary equipment for low energy building 140 m2 with ground 
source heat pump to b) the amount of electricity produced by photovoltaic panels.

Low energy building, cited in Table 3., needs in the year about 4970 kWh of electricity used for heating, 
domestic hot water and auxiliary equipment operation. A set of photovoltaic panels with a capacity of 5 kWp is able 
to produce in the year about 4750 kWh of electricity. Theoretically, all this energy should be used on site. In fact, 
electricity production takes place mainly during periods when the building almost does not need heating. 
Comparison of monthly demand to production leads to the conclusion that only 50% of the energy produced can be 
used on site. The remaining part should then be sold to the grid. If we take into account daily changes in 
performance of PV result will be even worse. A better solution would be to sell all the energy produced to the grid. 
If we would sell one kWh for 0,65 PLN an annual income (after tax) would be around 2532 PLN. At a cost of 
installation equal to 35 thousand PLN simple payback time is about 14 years.

3. The most common errors

Analysis of the competition works has unfortunately shown a large number of errors committed during the 
preparation of the energy characteristics of buildings and calculation of the EP values. The most common of these 
are:

• Assuming too high share of RES in the annual final energy demand. In some cases it exceeded 100% which is 
not possible. Designers also assume that the solar collectors will cover the energy demand for DHW almost 
totally. In addition, the solar energy will be used for heating the building. Similar errors occur in the case of 
photovoltaic panels or wind turbines.

• Despite methodology changes many of the participants provided an energy certificate or characteristics made 
with the old methodology.

• The designers very often use improper conversion coefficient for selected sources. To get low EP value, some 
assumed that buildings shall be powered with district heating from cogeneration w = 0.8 or that ground source 
heat pumps use geothermal energy w = 0.0.

• Errors at the architectural design stage, e.g. large areas of glazing on the south façade, which are not shaded 
during the summer, led to cooling demand. Buildings should be designed in such a way that comfortable 
conditions are maintained during the summer without active cooling systems or air conditioning. The use of 
such devices significantly increases the exploitation cost of the building.

• The pursuit of use the largest possible amount of RES in one building, for example: fireplace plus solar 
collectors plus photovoltaic panels plus heat pump. A multitude of sources increases the capital costs, requires 
the use of complex control systems, increases the risk of failure and auxiliary energy consumption (greater 
amount of circulation pumps).

b



208   Szymon Firląg  /  Procedia Engineering   111  ( 2015 )  202 – 208 

4. Recommended means of compliance the TC2021

Meeting the requirements that will apply from 1 January 2021 is not so simple. It is necessary to take additional
measures, which are not mentioned in the legislation. From the point of view of future investors two solutions can 
be proposed: I – low investment cost or II – low operation cost.

4.1. Low construction cost

Low investment costs will mean designing and constructing the building in such a way as to meet the minimum 
requirements given in Table 1. There is no need to insulate the envelope better or use the mechanical ventilation 
with heat recovery. In order to achieve the appropriate value of the EP index energy should be supplied from local 
RES. It seems best to use the wood or pellets boiler responsible for heating and DHW. Low investment costs do not 
necessarily mean low operation costs, because the final energy demand will be relatively high.

4.2. Low operation cost

Low operating costs can be achieved by designing the low energy building. This requires more investment for 
improvement the insulation of building envelope, elimination of thermal bridges, increase air tightness and 
mechanical ventilation with heat recovery. So designed and constructed building will have a very low energy 
demand for heating and ventilation. This means that meeting of the requirement on the EP index will be possible for 
almost every type of energy source and without or only with a small share of RES. The best source would be the 
condensing gas boiler supported, where necessary, by solar collectors for heating DHW. Implementation of energy-
efficient building standard in addition to the low operating costs makes it possible to take advantage of subsidies 
offered by the National Environmental Fund.

5. Conclusion

Requirements for thermal protection of buildings, which will apply from 1 January 2021, bring more changes 
than we may think. Detailed analysis of projects submitted to the contest of Murator "The available house of 
2021”allows drawing the following conclusions:
• Maximum value of the EP index equal 70 kWh/m2a (for single-family building without cooling) cannot be 

achieved only by meeting specific requirements (Table 1.) regarding, for example U-values.
• In case of single-family buildings it is necessary to use additional solutions which TC2021 do not require, for 

example, RES installations or mechanical ventilation heat recovery.
• Building a house after year 2021 will be about 10% more expensive than it is now, mainly due to the necessity 

of using “the additional solutions”.
• It is worth to use the available forms of subsidies for low energy buildings and RES. This may allow a 

reduction of the investment costs.
• Using a heat pump will not significantly affect the value of the EP index but it may be a source of additional 

investment costs.
• Even nZEB or plus energy buildings must be connected to the grid. Energy from the grid is used at moments 

when the energy production is lower than the consumption, for example in winter. Connection to a grid allows 
the sale of produced surpluses.
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