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ABSTRACT 

Typically, during design stage of a single-family house, only initial costs are taken into 

account, which are also discussed with the customer and optimized with the aim of 

reducing them. Long-term calculations are usually not made. At the same time, the 

calculation of global costs to design, build and operate the building show the real 

difference in expenses while living in this house. In the case of nZEB building the 

global cost approach becomes especially useful because of the strict energy demand 

requirements and compulsory use of renewable energy sources. In this study, newly 

built nZEB single-family house is studied in detail using comparative global cost 

calculation methodology. The most popular in Latvia insulation materials (loose 

cellulose wool, mineral wool, EPS) and two external wall types are included in the 

research. The economic calculations for each variant are carried out, taking into account 

expected energy price increase, discount rate, maintenance and operating costs during 

the calculation period of 30 years. These calculations show the small influence of 

changes in initial costs during long operation period. At the same time, comparison of 

only heating costs depending on used heating system with different efficiencies and 

installation costs show that the energy price affects the optimum choice the most. 
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INTRODUCTION 

The EU directive on energy performance of buildings (EPDB) [1] requires member 

states to set minimum requirements for energy performance of buildings and elements. 

This directive demands the calculation of the cost-optimal balance between the primary 

energy and the total cost during the lifetime of a building through the use of a 

comparative methodology [2, 3]. The same methodology can also be used for purposes 

that are more practical, such as, for example, helping to choose the most cost-effective 

construction option for a building or analyse the heating system during in the long term. 

Almost always, only the initial construction costs are taken into account during the 

design stage of a single-family house, which are also optimised with the customer with 

the aim of reducing them. At the same time, also the building’s operating and 

maintenance costs affect a real difference in total expenses during long operation period 

(so-called ‘cost of ownership’) [4]. In the case of nZEB buildings (mandatory 

requirements in Latvia from 2021), this global cost approach becomes especially useful 
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because of the strict requirements in terms of heating and primary energy, as well as the 

compulsory use of renewable energy sources, which requires more detailed and more 

comprehensive calculations of a cost-optimal set of solutions. 

In this study, a newly built nZEB single-family house (Fig. 1) is analysed in detail 

through using a comparative global cost calculation methodology.  The most popular 

insulation materials combined with two external wall types, as well as two types of 

windows and various heating systems are included in the research. The economic 

calculations of each combination are carried out for the period of 30 years, taking into 

account expected energy price increase, discount rate, etc. These calculations show the 

differences in the total costs and influence of separate investments (initial, energy, 

replacement, maintenance etc.) parts in total balance. 

As the heating season is dominant in Latvia (up to 7 months with an average 

temperature 0…-2°C [5]), the highest energy consumption is for space heating, 

estimated demand for other energies are significantly lower. A comparison of calculated 

energies for existing building (as built) is shown in Table 1. While comparison of initial 

and energy costs for different heating systems allows choosing of optimal system during 

the planning phase, thus eliminating unexpected expenses later. 

  

Fig. 1. Cross-section (left) and a photo (right) of an analysed building. 

Table 1. General nZEB building parameters. 

Floor 

area, m2 

Volume, 

m3 

Outer 

walls, m2 

Calculated energy demand, kWh/m2 

Heating Cooling Ventilation Hot water Lighting 

154 384 214 20,9 0,6 2,1 3,6 2,7 

 

ASSUMPTIONS AND METHODS 

The total heating consumption of a whole building is calculated in accordance with 

Latvian legislation, which is based on the EN ISO 52016-1 standard [6]. The simplified 

monthly calculation principle is applied for this methodology, while it also includes a 

calculation of the primary energy and CO2 emission. 

The main aim of this research is to compare different widely used building materials 

and methods, as well as usage of typical heating systems. For this purpose such popular 

insulation materials as loose cellulose wool, mineral wool and EPS are included in the 

calculations. Two prevailing types of wall construction – filled timber frame filled with 

insulating material (cheapest one) and solid masonry with external insulation layer – are 

considered. Slab-on-ground and strip foundation types are used in the floor 

constructions. Triple-glazed windows are chosen with either PVC (cheapest one) or 

wood frame. The combinations of all materials and constructions involved in the 

calculations are summarized in Table 2. The combination #1 corresponds to the existing 
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building (Fig. 1., Table 1). Parallel to the constructions, the heating systems with 

different energy sources and efficiency are also varied, which is easy to do in the case of 

a new building. Information about heating systems is presented in Table 3. 

The second and largest calculation part consists of financial calculations, that have been 

made according to the methodology [2], which defines the total cost of ownership 

consists of an initial investment (generally construction costs) and the follow-on costs 

(e.g. energy, maintenance, replacement costs, etc.). The residual value is also taken into 

account to compare variations with different lifetimes. Main parameters used for 

economic calculation are summarised in Table 4. The most difficult to predict (even for 

couple of years) is future energy prices, as well as maintenance costs. 

Table 2. Summary of analysed combinations costs for nearly zero energy building. 

# 

Floor Walls Roof 

Window 

frame Type 

In
su

la
ti

o
n
 

Base 
Insulation 

material 

In
su

la
ti

o
n

, 
 

cm
 Insulation 

material 

In
su

la
ti

o
n

, 
 

cm
 

1 Slab-on-ground XPS Wooden frame Mineral wool 34 Mineral wool 65 Wood 

2 Slab-on-ground EPS Wooden frame Mineral wool 24 Mineral wool 35 Wood 

3 Slab-on-ground EPS Wooden frame Cellulose wool 24 Mineral wool 35 Wood 

4 Slab-on-ground XPS Wooden frame Cellulose wool 24 Cellulose wool 35 Wood 

5 Strip footings EPS Expanded clay Mineral wool 15 Mineral wool 35 Wood 

6 Strip footings EPS Perforated ceramic Mineral wool 15 Mineral wool 35 Wood 

7 Strip footings EPS Aerated concrete Mineral wool 10 Mineral wool 35 Wood 

8 Strip footings EPS Aerated concrete Mineral wool 15 Mineral wool 35 Wood 

9 Strip footings EPS Aerated concrete EPS 10 Mineral wool 35 Wood 

10 Strip footings EPS Aerated concrete EPS 15 Mineral wool 35 Wood 

11 Strip footings EPS Aerated concrete EPS 10 EPS 35 Wood 

12 Strip footings EPS Aerated concrete EPS 15 EPS 35 Wood 

13 Slab-on-ground XPS Wooden frame Mineral wool 34 Mineral wool 65 PVC 

14 Slab-on-ground EPS Wooden frame Mineral wool 24 Mineral wool 35 PVC 

15 Slab-on-ground EPS Wooden frame Cellulose wool 24 Mineral wool 35 PVC 

16 Slab-on-ground XPS Wooden frame Cellulose wool 24 Cellulose wool 35 PVC 

17 Strip footings EPS Expanded clay Mineral wool 15 Mineral wool 35 PVC 

18 Strip footings EPS Perforated ceramic Mineral wool 15 Mineral wool 35 PVC 

19 Strip footings EPS Aerated concrete Mineral wool 10 Mineral wool 35 PVC 

20 Strip footings EPS Aerated concrete Mineral wool 15 Mineral wool 35 PVC 

21 Strip footings EPS Aerated concrete EPS 10 Mineral wool 35 PVC 

22 Strip footings EPS Aerated concrete EPS 15 Mineral wool 35 PVC 

23 Strip footings EPS Aerated concrete EPS 10 EPS 35 PVC 

24 Strip footings EPS Aerated concrete EPS 15 EPS 35 PVC 

Table 3. Summary of analysed heating systems. 
Type Designation SCoP/efficiency Initial costs, k€ Heating costs over 30 years, € 

Heat pump (borehole/vertical-water) HP-V 3.7 6.7 11 536 

Heat pump (earth/horizontal-water) HP-H 4.1 8.3 2 991 

Heat pump (air-water) HP-A 3.5 9.5 3 251 

Natural gas boiler GAS 0.97 8.8 3 296 

Pellet boiler PEL 0.9 7.9 2 814 

Electric heaters ELE 1 1.6 3 118 
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Table 4. Main parameters used in economic calculations. 
Parameter Value Estimated lifetime, years 

Discount rate, % 5%   

Changes in energy prices, % annum 1%   

Price of energy - electricity, euro/MWh  € 150    

Price of energy - natural gas, euro/MWh  € 41    

Price of energy - wood pellets, euro/MWh  € 35    

Maintenance cost - heat pump, % annum 7% 15 

Maintenance cost - natural gas boiler, % annum 3% 15 

Maintenance cost - pellet boiler, % annum 5% 15 

Maintenance cost - electric heaters, % annum 3% 30 

Maintenance cost - recuperation system, % annum 8% 15 

 

RESULTS 

The changing the boundary construction type and selected insulation material with 

different thicknesses affects not only the construction costs, but also the U-value and a 

total building’s heating energy need, which is calculated for each combination. A 

summary of the calculated annual heating consumption together with all the 

corresponding costs for all the combinations is presented in Table 5. The key results 

here are global and initial costs, as well as energy (mainly heating) costs. 

Table 5. Summary of main economic calculation for all analysed combinations. 
# 

(Table 2) 

Annual heating 

need, kWh/m2 

Global 

costs, €/m2 

Initial 

costs, k€ 

Maintenance 

costs, k€ 

Energy 

costs, k€ 

Residual 

value, k€ 

Replacement 

costs, k€ 

1 21.1 907.55 121.52 5.49 6.01 18.61 25.07 

2 34.3 875.09 115.01 5.49 8.16 17.22 23.06 

3 34.3 898.32 118.58 5.49 8.16 17.22 23.06 

4 28.0 909.30 120.05 5.49 7.12 17.42 24.52 

5 35.7 1 032.73 144.76 6.94 8.26 44.43 43.21 

6 34.5 1 026.71 143.81 6.94 8.05 44.21 43.21 

7 34.5 1 042.55 145.57 6.94 8.05 43.36 43.04 

8 30.7 1 039.26 145.66 6.94 7.44 43.41 43.10 

9 34.5 1 027.25 143.69 6.94 8.05 42.33 41.54 

10 30.7 1 032.53 144.83 6.94 7.44 42.96 42.45 

11 34.5 1 026.15 144.11 6.94 8.05 41.01 39.62 

12 30.7 1 031.42 145.25 6.94 7.44 41.63 40.53 

13 22.8 859.19 116.66 5.49 6.16 16.99 20.72 

14 36.3 827.17 110.15 5.49 8.38 15.60 18.71 

15 36.3 850.40 113.72 5.49 8.38 15.60 18.71 

16 29.9 861.20 115.19 5.49 7.32 15.80 20.17 

17 37.9 985.13 139.90 6.94 8.54 42.82 38.86 

18 36.7 979.07 138.95 6.94 8.32 42.59 38.86 

19 36.7 994.91 140.71 6.94 8.32 41.74 38.68 

20 32.9 991.52 140.80 6.94 7.69 41.79 38.75 

21 36.7 979.62 138.83 6.94 8.32 40.71 37.19 

22 32.9 984.79 139.97 6.94 7.69 41.34 38.10 

23 36.7 978.51 139.25 6.94 8.32 39.39 35.27 

24 32.9 983.68 140.39 6.94 7.69 40.01 36.18 
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Global costs depending on the initial costs for all the combinations are visually shown 

in Fig. 2. It is seen, that practically always the smallest initial investments (lower 

construction costs) means also smallest global costs. This can be explained by the fact, 

that initial costs are higher than all other costs (see Table 5 and Fig. 3), leading to 

significantly less impact of other ingredients. This finding means that significant 

changes in heating energy consumption (in range from 21 up to 38 kWh/m2) due to 

different construction types and insulation materials does not affect the global costs as 

much as it might seem initially. It is important to note, that this statement applies only 

to the 30-year calculation period and for longer time period the impact of heating costs 

will increase (assuming than energy prices do not decrease). 

 

Fig. 2. Global costs depending on initial costs for analysed combinations (Tables 2, 5). 

 

 

Fig. 3. Composition of global costs for analysed combinations (Tables 2, 5). 
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Comparative analysis of economic calculation results (Table 5 and Fig. 2) with a view 

to find the optimal combination of nZEB single-family building, shows that there are 

two options with the lowest initial and global costs – #14 and #15. Both of them consist 

of slab-on-ground foundation with 15 cm EPS insulation, flat roof construction with 35 

cm mineral wool insulation, wooden frame outer walls and windows with PVC frame. 

The only difference between these combinations is insulation material filling in the 

walls – mineral wool (#14) or loose-fill cellulose (#15), resulting ~3% difference in 

initial and global costs. 

Mentioned long-term calculation methodology [2] may be used also for calculation and 

comprehensive analysis of heating costs depending on type of heating system and 

corresponding installation costs. To exclude influence of any other parameters, the 

heating systems are varied for existing building (combination #1, Table 2) with 

calculated annual heating need of 3,2 MWh. 

Six most popular and modern heating systems (Table 3) are chosen for the comparative 

analysis. First part of them includes three heat pumps with two different energy 

sources – ground (with vertical/borehole or horizontal collectors) or air. The next two 

are classical boilers (natural gas and wood pellet), and the last one - simple electric 

heaters connected directly to the power outlet. As the heat pumps produces more energy 

than consume electricity, they are typically characterized by the seasonal coefficient of 

performance (sCOP), describing the average ratio between these energies during a 

heating season. The difference between these energies comes from the renewable source 

(ground or air) produced on-site, what is a mandatory requirement for the nZEB 

buildings [1]. Use of boilers or electric heaters does not satisfy this requirement, 

therefore additional energy sources are needed (e.g. use of solar energy). 

Comparison of initial (installation) costs and costs of provided heating energy over 30 

years for different heating systems (Fig. 4) shows, that 5 of 6 heating systems are very 

close in in terms of energy costs regardless of fuel type, but corresponding initial costs 

are in very wide range, what can be explained by usage of different technologies with 

specific nuances (borehole drilling, chimney construction etc.). Significantly different is 

case of electric heaters with low initial costs but high energy costs. 

 
Fig. 4. Heating costs over 30 years depending on initial costs (see Table 2). 
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At the same time, only combination of both – initial and energy costs – can provide an 

objective information about so-called running costs for different heating systems in the 

long term (Fig. 5). It is clearly seen, that the most cost-effective system for the 

calculation period of 30 years is the geothermal heat pump with a vertical borehole heat 

exchanger. However, it is important to note that the calculations of thermal energy 

produced by heat pumps is highly dependent on their assumed seasonal coefficient of 

performance, which varies for different soil types and groundwater levels. The very low 

initial costs of electric heaters are not optimal in the long run due to high electricity 

prices, but this type of heating is economically justifiable in the shorter period. 

 

 
Fig. 5. Total costs over 30 years for usage of different heating systems (see Table 2). 

 

CONCLUSION 

In the case of a nearly zero energy building, due to its low energy consumption and 

relatively high building costs, long-term economic calculations using the global cost 

methodology are very useful to choice of materials, construction types and systems 

based on the real, long-term operation costs. The most critical assumptions used in the 

calculation methodology, which can have a significant impact on the reliability of the 

results, are the forecast of future energy prices and hard-to-predict maintaining costs. 

Initially cheaper buildings (with lower construction costs) means lower global costs 

during the analysed 30-year operating period. The reason for this fact is that initial costs 

are significantly higher than all other costs incl. energy costs, meaning that changes in 

different construction types and insulation materials affect more initial than energy 

costs. It is important to note, that this statement applies only to the used 30-year 

calculation period and for longer time period the impact of heating costs will increase 

assuming than energy prices do not decrease. 

Practically all the heating systems exclude electric heaters will ensure the same energy 

costs regardless of fuel type, but corresponding initial costs for them are in wide range 

due to different costs of solution used. Initial costs for electric heaters are very low, 

while requiring high energy costs. Therefore, only sum of initial and energy costs 

provide an objective information about optimal heating systems in the long term. The 

most cost-effective system for the calculation period of 30 years is the geothermal heat 
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pump with a vertical borehole heat exchanger, but these results may be depending on 

seasonal coefficient of performance, which varies for different climate, soil types and 

groundwater levels. The use of electric heaters is economically justifiable in shorter 

time period or in case when difference in electricity and other fuel prices will increase. 

The choice of heating systems for the building is limited by the availability of resources 

and the possible restrictions from the local municipalities (e.g. whether it is possible to 

join the district heating systems; there may be ban on making an local heating system). 
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