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Summary 

Demand for the non-renewable resources is in many cases can be expressed through 
energy consumption. The EU spring summit 2007 has adopted the target of a 20% share of 
renewable energies in overall EU energy consumption by 2020 and 20% reduction of 
greenhouse-gas emissions by 2020. The goal was affirmed in October 2008. "20-20-20" 
promise can be also expressed in 20%-reduction of primary energy demand. In the article 
was made an attempt to find the way of estimation of the costs of the achievement of this 
goal in the sphere of construction. The practicability will be first of all determined by the 
costs of energy demand reduction. The article describes a way of definition of primary 
energy demand and several variants of its reduction with their costs at the example of a 
timber frame two-storied dwelling house. The value of primary energy per one square 
meter of usable floor area is defined with the help of German software ROWA. After that 
several ways of a 20%-reduction in primary energy demand are evaluated. 
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1 Estimation of energy demand of a building 

For the calculation of energy demand in our task it was necessary to choose a reference 
building. As the greatest part of energy is consumed for the heating of buildings it is quite 
reasonable to estimate first of all an energy demand of a typical dwelling house. Our 
reference building is a timber frame two-storied dwelling house. Main characteristics of 
the building necessary for our evaluation are:  

▪ gross cubic content Vae= 757.1 m3;  
▪ covering area of the building A = 500.8 m2,  
▪ usable floor area An= 242.3 m2;  
▪ ratio of covering area to cubic content A/Vae = 0.66 1/m;  
▪ windows area Aw = 52.8 m2;  
▪ percentage of windows area in total covering area f = 19.1 %.  
Heating system of the reference building is a gas combustion boiler with hot water 

accumulator inside heating area. 

1.1 Final energy demand  

For our study we need to estimate primary energy demand and its reduction costs for the 
reference building first. Primary energy value is derived from the final energy amount.  
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Final energy demand for a dwelling house is formed by heating energy, hot water heat 
energy and energy loss of heating system. 

 Heating energy demand is the amount of energy which is transferred to a room 
through heating system. Hot water heat energy is the amount of energy needed to heat 
domestic water. It means that final energy demand QE is calculated as follows: 

WWHHE QeQeQ   (1)    [2]   

where QH is heating energy demand, eH is energy loss of heating system, QW is 
a demand for domestic water heat energy and eW is energy loss of domestic water heat 
system. We don’t take into consideration eW in our calculation. Hot water energy demand 
standardly equals QW  = 12,5 kWh/m²a for our calculation. [2]    

1.2 Primary energy demand   

Demand for primary energy for a dwelling building is formed by energy demand for 
heating and hot water, and energy loss during generation, preparation and transportation of 
energy carrier to the building. It takes into account the source of the energy we use to cover 
our energy loss and possibility of renovation of the energy. Primary energy demand QP 
equals to: 

PWHP eQQQ  )(  (2)    [2] 

where eP is energy loss coefficient for the heating system. It means that primary 
energy demand is in the great part determined by the heating system of building. Energy 
loss coefficient describes energy loss of heating system and energy benefits from 
environment and expresses total energy efficiency of technical system of the building.  

Energy loss coefficient for different heating systems equals to: 
▪ 0,5 – 0,6 – wood-pellet heating, 
▪ 0,7 – 0,9 – heat pump, 
▪ 1,3 – 1,4 – combustion heating, 
▪ 1,5 and more – old heating system. 

2 Energy demand evaluation for the reference building 

Final energy demand for the reference building is calculated on the base of constructional 
heat balance. Figure 1 demonstrates the initial data for the energy demand evaluation. The 
calculation is performed by means of construction physics software ROWA. Main results 
of the calculation are transmission heat loss H’

T of total building covering which 
characterizes quality of the constructional parts of the building and air tightness of the 
construction and primary energy demand QP which shows the efficiency of energy loss 
covering and takes into account environmental aspects of energy consumption. [1]  

Tab. 1 Main characteristics of the reference building.   

Indicator  Value   Unit  
Annual heating energy demand Q’’

H  58.19  kWh/m2 @a 
Transmission heat loss H’

T through building covering 0.373  W/m2 K 
Annual final energy demand QE 70.67 kWh/m2 @a 
Annual primary energy demand QP 91.0 kWh/m2 @a 
CO2 emissions per m2 of usable floor area   20.62 kg/ m2 @a 
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 For the calculation of CO2-emissions, the values of Global Emission Model for 
Integrated Systems (GEMIS) 4.13 were used, see [3]. CO2-emission value is derived from 
the amount of primary energy needed to cover energy losses. Results of the calculation are 
showed in Table 1. 

 
Fig. 1  Primary energy demand calculation for the reference building.  

3 Variants of reduction of primary energy demand  

For the evaluation of costs connected with reduction in primary energy demand in a 
dwelling house there were chosen several examples most popular by investors nowadays. 
In each example some measure leading to primary energy reduction by approximately 20% 
as against reference building is proposed. The following three samples are evaluated in our 
study: 

Sample 1. Additional solar domestic hot water system. 
Sample 2. Additional mechanical ventilation system with 80% heat recovery. In this 

case it is necessary to perform a Blower-Door-Test to proof air tightness of the building.  
Sample 3. Installation of air-to-water heat pump for heating and hot water supply 

instead of gas combustion boiler (reference building). 

Tab. 2 Evaluation of primary energy demand reduction.   

Indicator  Unit Sample 1 Sample 2  Sample 3 
Annual final energy demand QE per m2 kWh/m2 @a 66.08  63.14 70.67 
Annual primary energy demand QP per m2 kWh/m2 @a 72.60  72.50 68.80 
Reduction in primary energy demand % 20.22 20.33 24.39 
CO2 emissions per m2 of usable floor area kg/ m2 @a   16.51 16.66 17.39 
Costs of reduction in energy demand EUR 4 711 12 525 9 890 
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For each sample was performed the calculation of energy demand, transmission heat 
loss, CO2-emissions and was made the evaluation of the amount of additional investment 
needed for the proposed measure realization. Samples’ evaluation is demonstrated in 
Table 2. 

It’s obvious that every investor will choose different variant of energy efficiency for 
his house. By combination of such a measures it can be estimated what amount of money 
should be invested in the primary energy demand reduction corresponding to the stated 
goals in EU-countries. State authorities then should stimulate a sufficient motivation of 
investments in energy demand reduction. This could be made by means of bonuses, 
subsidies or tax discounts. If we take an average value of money which is needed to be 
additionally invested by new-built house in our study we receive 9 921 €, it means 
40.95€/m2.  

4 Conclusions 

The main indicators of energy performance of a dwelling house in our study are 
transmission heat loss and primary energy demand. There was made an attempt to evaluate 
possibilities of reduction in primary energy demand, which characterises an environmental 
efficiency of energy loss covering in the building. By such a method we can choose 
necessary measures for 20% energy demand reduction and their combination.  

By further research with the help of additional tools it is possible to estimate the 
amount of funds in different support programs motivating energy demand reduction in 
dwelling houses needed on a national scale for different EU-countries. 

This paper is originated as a part of a CTU in Prague, Faculty of Civil Engineering 
research project on Management of sustainable development of the life cycle of buildings, 
building enterprises and territories (MSM: 6840770006), financed by the Ministry of 
Education, Youth and Sports of the Czech Republic.   
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