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Abstract.The article presents the results of a study aiming to select the 

optimal source of heat for a newly designed single-family home. 

Commercial software was used to compare heating and ventilation systems 

involving a bituminous coal boiler, a condensing gas boiler, a biomass 

boiler, and a heat pump with water and glycol as heat transfer media. The 

effectiveness of natural ventilation, mechanical ventilation with a ground-

coupled heat exchanger, and solar heater panels (flat and tubular) for water 

heating was evaluated. The analysis was based on the annual demand for 

useful energy, final energy and non-renewable primary energy in view of 

the pollution output of the evaluated heating systems. The analysis revealed 

that the heat pump with water and glycol as heat transfer media was the 

optimal solution. However, the performance of the heat pump in real-life 

conditions was below its maximum theoretical efficiency. The biomass 

boiler contributed to the highest reduction in pollutant emissions, but it was 

characterized by the highest demand for final energy. Mechanical ventilation 

with heat recovery was required in all analyzed systems to achieve the 

optimal results. Laboratory analyses confirmed the high efficiency of the 

tube heat exchanger in winter.  

1  Introduction 

According to the definition provided by the World Health Organization (WHO), air pollution 

occurs where the chemical composition of the air may adversely affect the health of humans, 

animals and plants as well as other elements of the environment, e.g. the soil, water or climate 

[1-2].  The main air pollutants include gases and particulate matter. Pollution occurs when 

the pollutant content of the air is exceeded in relation to the background [3]. 

The gases considered to be most harmful include sulphur dioxide (SO2), nitrogen oxide 

(NOx), ammonia (NH3) and non-methane volatile organic compounds (NMVOC) [4-5]. As 

regards particulate matter, the most hazardous are those with a diameter of less than 

10 micrometres (PM10) and 2.5 micrometres (PM2.5) [6].  

The negative effects of air pollution on the human body have been repeatedly studied and 

confirmed. Research results have demonstrated increased mortality and a progressive 

reduction in human life expectancy [7]. The data indicate that approx. 3.7 million people die 

every year due to this reason [8]. It was demonstrated that air pollutants contribute inter alia 
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to respiratory diseases including lung cancer, and cardiovascular diseases [9-10]. An adverse 

effect of pollutants on the environment including water and soil was proven as well [11-12]. 

2 Attempts to solve the pollutant emission problem in Poland 

Air protection issues in Poland are governed by (mostly amended) regulations and guidelines 

of the Chief Inspectorate of Environmental Protection (GIOŚ). The most important of them 

include the Environmental Protection Law Act of 27 April 2001 [13], the Regulation of the 

Minister of the Environment of 8 June 2018 on the assessment of substance levels in the air 

[14], the Regulation of the Minister of Environment of 24 August 2012 on the levels of 

certain substances in the air [15] and “Guidelines for the development of the State 

Environmental Monitoring voivodeship programmes for the years 2016-2020” [16]. 

Based on the regulations and guidelines, Poland’s report presenting the balance of air 

pollutant emissions reportable to the UN/ECE Convention for the years 2015-2017 was once 

again drawn up and published in 2019.  The report indicates an upward trend for emissions 

of most of the main pollutants, except sulphur dioxide [17]. 

As research shows, electricity generation, particularly from fossil fuels, is most responsible 

for pollutant emissions [18]. Increasing research and efforts are focused on the development 

of a low-carbon economy. In addition to energy savings, one of the proposed solutions is to 

increase the use of energy from renewable sources. One study demonstrated that a net 

increase in energy production based on renewable sources by 1% results in a reduction in 

carbon dioxide, one of the most dangerous greenhouse gases, by 0.16% [19].  

Also in Poland, one of the strategic objectives is a reduction in greenhouse gas emissions, 

supported by the use of renewable energy sources as well as pro-efficiency measures in the 

energy sector. In the years 2006-2015, while the energy sources based on primary energy 

gradually decreased, the use of renewable sources increased. In 2015, the proportion of 

energy from renewable sources amounted to 11.8% of total energy consumption, which 

ranked it 21st among EU countries. However, a steady upward trend towards the use of 

renewable sources should be emphasised [20]. 

The article describes a study whose results will enable the selection of the optimal (also in 

terms of pollutant emissions) source of heat for a newly-designed single-family residential 

building. The analysis was developed based on research carried out in the city of Olsztyn, the 

capital of Warmińsko-Mazurskie Voivodeship. 

Warmińsko-Mazurskie Voivodeship is the fourth largest voivodeship in Poland [21]. 

Emissions from point sources are mainly concentrated in localities which are seats of poviats 

(administrative units). The greatest pressure is exerted by surface emissions, i.e. those from 

individual heating systems. For example, almost 67% of PM10 particulate matter emitted 

within the voivodeship originate from this source, while approx. 8% each originate from 

farming, point sources and road emissions. The relatively small proportion of surface 

emissions is within the city of Olsztyn and amounts to 18% [22].  

The selection of the optimal heat/energy source in this particular region is especially 

justified due to the climatic conditions. Warmińsko-Mazurskie Voivodeship is located in a 

lowland area that is the coldest in the whole country. It is characterised by a high forestation 

rate and lake density. The climate is described as transitional, maritime/continental climate 

with average annual temperatures ranging from 6 to 8 degrees C [23-24].  

This is the greatest area and one of the few in Poland where the growing season with the 

average daily temperature above 5°C is the shortest. With the national average for the years 

1971-2000 which amounts to 218 days of the growing season, in the Warmia and Mazury 

region it lasts less than 200 days, and in certain locations it is shorter than 190 days [25]. 

Such climatic conditions result in a significant, compared to other regions, extension of the 

heating system which, in turn, extends the period of increased pollutant emissions due to the 
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increased demand for thermal energy. Given the relatively low levels of the region’s 

industrialisation and transport, the production of energy, including thermal energy in 

individual households is the major source of harmful substance emissions to the air.  

3 Own research 

A newly-designed single-family building located in Olsztyn was analysed. Construction 

materials that enable obtaining the maximum heat penetration coefficient values for space-

dividing elements in accordance with the Regulation of the Minister of Infrastructure and 

Construction of 2017 [26] were used for the construction.  

ArCADia-TERMOCAD software by INTERsoft [27] was used to draw up the energy 

performance certificate for the building, and the environmental effects of the heating and 

ventilation system variants presented in Table 1 were compared. 

 
Table 1. Heating and ventilation system configuration variants in the analysed building (own 

elaboration) 

Variant 1 2 3 4 5 6 7 8 

Hard coal boiler X X       

Natural gas condensation boiler   X X     

Biomass boiler     X X   

Heat pump       X X 

Gravity ventilation X  X  X  X  

Mechanical ventilation with 

GCHE 
 X  X  X  X 

 

Additionally, for the purposes of domestic hot water generation, each of the variants 

considered the possibility of extending the installation system to include a system of flat-

plate and vacuum collectors. 

Based on the analysis of the determined value of the annual demand for usable energy (UE), 

final energy (FE) and non-renewable primary energy (NRPE), and the pollutant emission 

indices for particular systems (SO2, NOX, CO, CO2, particulate matter, black carbon and B-

a-P), the optimal variant of the heating and ventilation system was determined. 

The efficiency and effectiveness of the devices installed at the University of Warmia and 

Mazury Research Laboratory and operating under actual weather conditions were taken into 

account. The feasibility of the assumptions of theoretical calculations was compared with the 

possibility for the use of a heat pump, mechanical ventilation with ground coupled heat 

exchanger (GCHE) and flat-plate and vacuum collectors in the heating and ventilation 

systems.  

The emission analysis (Fig. 1) was conducted based on the indices of pollutant emission 

from fuel combustion in boilers with a nominal thermal power of up to 5 MW, according to 

the National Centre for Emissions Management (KOBiZE) [28]. The analysis results are 

presented in Fig. 1. 
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Fig. 1. Pollutant emissions for the heating and ventilation system and for domestic hot water (own 

elaboration) 

4 Summary 

Appropriate structure of the building and the use of mechanical ventilation with highly 

efficient heat recovery enables a significant reduction in energy losses in a building. The use 

of renewable energy sources and energy-saving devices in the system, for example, a ground 

coupled heat exchanger or solar thermal collectors, also enables a reduction in energy 

consumption. It should be noted that the actual efficiency of the heat and installation system 

devices under actual operational conditions will be lower than the declared catalogue value.  

From the users’ perspective, the most advantageous variant is to use high-efficiency 

thermal energy generation systems in the building, which will translate directly into a lower 

demand for final energy and lower operational costs of the system. In this context, the use of 

a water-glycol heat pump is most justified. It should be stressed, however, that the use of 

electricity, for example, to power a heat pump system, does not generate pollutants within 

the area of the building and the final customer but involves high loads and losses at the 

production and transmission stages. Ultimately, it contributes to a high primary energy index 

value.  

Considering the above, the use of a biomass boiler is the most advantageous source in terms 

of the primary energy balance in the system. However, an actual analysis of emissions for 

this solution at the analysed facility obtains the highest values for carbon dioxide emissions. 

As already mentioned, in accordance with the assumptions of the emission management 

system, this value is compensated for by the CO2 uptake in the plant photosynthesis process. 

Therefore, biomass could be considered to be a green fuel. Another problem in this system 

is the high particulate matter emission load which, in the end, discourages the promotion of 

this solution. The study demonstrated that of all the analysed variants, the most advantageous, 

case 1 case 2 case 3 case 4 case 5 case 6 case 7 case 8

SO2 58,36 48,94 4,06 19,89 4,68 20,21 48,07 43,13

NOx 7,25 8,36 3,61 6,40 6,65 7,88 12,15 10,90

CO 127,57 69,60 0,82 1,78 146,60 75,75 3,64 3,27

pył 20,47 13,87 0,67 3,28 17,55 11,85 7,92 7,11

sadza 9,90 5,30 0,00 0,01 0,00 0,01 0,01 0,01

B-a-P 0,04 0,02 0,00 0,00 0,00 0,00 0,00 0,00

CO2 5594,38 4574,19 3762,55 3576,96 7114,46 5201,41 4288,99 3848,32
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due to low pollutant emissions, is the use of a natural gas condensation boiler in the heating 

and ventilation system of the building concerned.  
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