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2. Innovative solutions of heating, cooling and ventilation 

systems for nZEB in cold climate 

2.1. Introduction 

This section of the report will generally describe the possible active and passive 
technological solutions of heating, cooling and ventilation solutions for nZEB in cold 
climate. 

The definition of nZEB is stated in Latvian Regulations for Energy Certification of 
Buildings Nr. 383 (Ministru kabineta noteikumi Nr.383 “Noteikumi par ēku 
energosertifikāciju”), that state that the building can be classified as an almost zero 
energy building if it meets all the following requirements: 

1. the energy performance of the building for heating corresponds to Class A (residential 

buildings < 40 kWh/m2/year; non-residential < 45 kWh/m2/year), at the same time 
providing indoor microclimate in accordance with the construction, hygiene and labour 
protection requirements; 

2. total primary energy consumption for heating, hot water supply, mechanical 

ventilation, cooling and lighting is not more than 95 kWh/m2/year; 

3. high efficiency systems are used in the building, which: 

3.1. provide heat recovery for at least 75% of ventilation heat loss during heating 
season; 

3.2. at least partly uses renewable energy sources; 

4. there is no low efficiency fossil fuel heating equipment installed in the building. 

In general, this means that the building must consume a very low amount of energy 
and some part of the energy necessary must be ensured through renewable energy 
sources. However, it is not specified in the regulations how large this renewable energy 
part should be. 

To achieve the low amount of necessary heating energy innovative passive 
solutions must be applied. These could include a wide variety of elements, starting from 
architectural details like form of building, window orientation, used materials, green roofs 
or walls, blinds, overhangs and leading up to technical solutions like ground-air heat 
exchanger for ventilation or adiabatic cooling. The rest of the necessary energy must be 
supplied in a way that is simultaneously cheap, effective, easily operated, reliable, 
sustainable, provides the necessary indoor air quality (IAQ), captures the spirit of nZEB 
way of thought and at the same time is at least partly renewable. 

In theory, with unlimited, founds it is not hard to ensure that the building conforms 
with the local regulations of nZEB as it is always possible to apply thicker or better 
insulation, install larger areas or more efficient renewable heat sources, more expensive 
ventilation units or apply some other high-tech solutions. The challenge is to do it in a 
feasible and smart way, which comes by careful building and technological system design 
and through choosing the most appropriate building materials and technologies that are 
suitable for the specific building and its needs. 

As the heating and cooling energy can be provided either through active systems 
that in some way consume electricity or other form of energy or through passive systems 
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that decrease the initial energy consumption, the report will separately describe each of 
these solutions. 

2.2. Active heat supply solutions 

2.2.1. Conventional heating systems 

Analysing existing situation in Latvia, it can be founded that the conventional heat 
supply sources are the most popular ones. It is due to the fact that these solutions are 
with relatively low initial cost and installing them is simpler, especially in rural 
environment. However, according to definition of nearly zero energy building, such 
buildings can’t be equipped only with traditional systems which don’t provide recovery of 
ventilation heat loss and don’t use renewable energy sources. However, it is not 
prohibited to use these energy sources as the major part of energy supply and install only 
small device of renewable energy source. 

The most popular conventional heat supply sources in Latvia are: 

a) Centralized city heating networks. Because most of the big cities have a centralized 
heating network in big cities, which was built starting from 20th century, it is the 
cheapest and commonly used source of heating. It is especially suitable for large 
multifamily residential apartments because it would take a lot of investments to provide 
such houses with alternative sources; 

b) Natural gas boiler for smaller and middle sized private houses. Due to the existing 
natural gas pipeline network that runs through Latvia and benefits of natural gas, such 
as high efficiency, relatively low CO2 emissions and automation possibilities it is the 
second most common source of energy; 

c)  Firewood or wood pellet boilers. Such type of heat source can also be considered 
renewable because the wood, which is the fuel in this case, can be grown back. These 
types of boilers are used due to their low costs of fuel, which in some cases can be 
gathered by the occupants themselves it the house is located near a private wood. 
However, this solution is not so common as it involves less automation possibilities and 
require human work. 

Micro-CHP 

Another perspective conventional heating system, which at the moment is not 
widely used, could be micro combined heat and power (micro-CHP) technology which 
generates heat and electricity simultaneously, from the same energy source, in individual 
homes or buildings [8]. 

According to existing studies [9] there are several types of micro-CHP: 

a) Internal combustion – reciprocating engines – which is big, noisy and requires regular 
maintenance, so is not acceptable for private houses; 

b) CHPs using microturbines, which can produce 25 – 250 kW electro power and 
considerable heat generation due to high exhaust gas temperature (450 – 550 °C) but 
it is not acceptable for private houses too, because of high price and inflexible to load 
changes; 

c) External combustion – Stirling engines – is acceptable solution because of low noise 
level, small size and acceptable price. This type of CHP has rather low electrical 
efficiency, about 25–30% when natural gas is used as a fuel. Their low efficiency 
supports their use as backup power supplies rather in continuous use. 
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d) Fuel cells (FC) – produce electricity electrochemically, by combining hydrogen and 
atmospheric oxygen, with efficiency 45 – 55 %. The only emission is water. It is 
noiseless, reliable, modular and rapidly adaptable to load changes. 

2.2.2. Alternative heating systems 

As, according to the regulations, nearly zero energy buildings must use at least 
some renewable (alternative) heat supply sources it is necessary to determine the 
possibilities. In general, the renewable sources can be divided into following categories 
depending on the renewable energy type: 

a) biomass energy; 

b) geothermal energy (horizontal or vertical ground heat pump); 

c) hydropower; 

d) solar energy (Air-air heat pump, Air-water heat pump, Solar collectors, PV panels, 
solar tree, Thermo-solar panels, Hybrid systems); 

e) wind energy. 

In further text the potential use of each of renewable energy sources is described 
with more attention paid to the ones with higher usage potential. 

Biomass energy 

Biomass is an industry term for getting energy by burning wood, and other organic 
matter. Burning biomass releases carbon emissions, but has been classed as a 
renewable energy source in the EU and UN legal frameworks, because plant stocks can 
be replaced with new growth [2]. At the moment biomass energy accounts for more than 
14% form worlds total energy consumption. The largest sources of biomass are wood and 
remains of wood by products, but also grains, wastewater sludge and organic waste can 
be as a source for biomass energy. 

In Latvia the biomass has high potential as 47 % of land is covered with wood. At 
the moment chip boilers are already producing energy for cities like Balvi, Broceni, 
Daugavgriva, Jūrmala, Aluksne etc. While the most common ones are still individual wood 
boilers. They have such advantages as sustainability, low price, reliability, and no relative 
emissions as the emitted CO2 is compensated through the time when the tree was 
growing. At the same time, they require constant attention and cannot be left without 
supervisions for too long. Also, they need to be filled with wood manually a couple of 
times a day. 

Geothermal energy 

The geothermal energy can be separated into three various types – horizontal ground 
heat pump, vertical ground heat pump or water heat pump. (see figure 2.1. Principle 
design of horizontal, vertical and water heat pumps) The difference lies in the way the 
collector pipes are installed. The horizontal ground heat pump pipes are laid 
approximately 1m deep below the ground surface and on average can generate 20-30W 
of heat energy per 1m of pipe. This means that for 10kW power the total length should be 
about 400m. In case of vertical ground heat pump the pipes are laid deep into the ground 
and therefore such installation costs a lot more. On the other hand, from such type of 
heat pump it is possible to obtain 50-60 W per 1m of pipe. It must be noted that for such 
type of heat pump simulations of ground temperature must be performed beforehand to 
determine whether the ground will not be cooled during years of operation. One of main 
benefits of such system is the possibility to produce cold during the summer period. 
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Similar advantages are for water source heat pumps. They have the advantage of 
relatively high energy production potential (about 30W/1m) for the whole year while being 
cheaper than vertical heat pumps. However, they require for the site to be close to large 
water source and such solution must be approved by the local authorities. 

   

Figure 2.2. Principle design of horizontal, vertical and water heat pumps [14] 

In general, the existing practise shows that ground source heat pump (GSHP) has 

higher efficiency comparing with air source heat pump (ASHP), so GSHP is preferred to 

almost zero energy buildings despite higher initial costs (5500-20000 Euro comparing to 

1000-12000 Euro for ASHP) and some restrictions, such as land accessibility, that might 

be a problem, especially speaking about GSHP with horizontal loop. The best solution, 

taking into account price and efficiency, is water source heat pump (WSHP) because of 

absence of thermal imbalance (possible problem of GSHP in case of mistaken loop 

design or pipe placing) and independence on air temperature fluctuation during day and 

night. The thermal imbalance of GSHP is the soil temperature drop for 3 – 12 °C during a 

20-year operation and can be solved by using solar collectors in one system. 

Hydropower 

The potential use of hydropower is quite limited as it requires for the building to be 

located by a river or other kind of constant water stream. Although, in Latvia hydro 

powered electrical stations generate the largest part of all electricity such technical 

solutions are more suitable for centralized power generation. The existing experience for 

local hydropower stations is bad as they have negative impact on environment, like 

influencing the path of fishes and changes the natural level of water. At the moment in 

Latvia there are around 150 small (up to 2 MW) hydro electrical stations. 

Solar energy 

According to [1], on a bright sunny day, the solar radiation intensity on horizontal 

surface is 800-1000 W/m2 in our latitudes. The average annual solar radiation intensity in 

Latvia is around 130 W/m2, because solar radiation intensity depends on season. Solar 

collectors can provide the bigger or whole part of hot water heating energy supply as well 

as cover part of heating demand in spring and autumn. On sunny day one square meter 

of solar collector may preheat 50-60 litres of water to 65-70 °C. 

Use of solar energy has many advantages: 

a) free energy; 

b) no dependence on fuel price; 

c) no negative impact on environment; 

d) fast and easy equipment installation.  

In Latvia it could be appropriate to use solar collectors for hot water heating and 

modern photovoltaic (PV) panels for producing electricity. However, it must be noted that 
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the efficiency of PV panels is still quite relatively low and in most cases, can only serve as 

part of electricity generating system. Also, such system needs accumulation batteries and 

other elements that convert the gathered energy into usable form. 

Thermo-dynamic panels 

Due to considerable solar radiation intensity changes during the day and depending 

on amount of clouds, in most cases it is not possible to have only traditional solar 

collectors as heat source. At the same time the efficiency of heat pump technology 

depends on environment temperature – efficiency drops with temperature decreasing. 

One of possible solutions how to avoid disadvantages of both technologies, is using the 

thermodynamic solar system (see installation example in Figure 2.3) which includes solar 

collectors and heat pump, to produce household hot water. The system can also be 

joined up with the low temperature heating system or used to heat swimming pool water 

[3]. 

  

Figure 2.3. Installation example of thermo-dynamic system [5] 

Operating principle of thermos-dynamic panels is shown in Figure 2.4. The cooling 

liquid (R134a or R407c) goes into the solar panel and suffers the action of sun, rain, wind, 

environment temperature and other climate factors. The heat pump uses preheated liquid 

from solar collectors and transfers it to an exchanger with the help of compressor. In the 

result, we have hot heated domestic water and cold liquid that goes into the solar 

collectors to repeat the circuit [4]. 
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Figure 2.4. Thermodynamic solar system working principle [3] 

The energy consumption of the system is basically the same as a fridge 

compressor that makes the liquid circulate. There are no ventilators that help the 

evaporation process, or defrost cycles, which imply unnecessary energy consumption, 

unlike what happens with heat pumps. Thermodynamic solar panels work 24 hours a day 

and don’t need direct sunlight. The Coefficients of Performance supposed to be about 4 

where there is direct solar irradiation and higher than 3 on average on an annual basis [3] 

Solar tree 

Regarding the PV panels, one of the problem is the large size of land (or roof) that is 
needed to produce essential amount of electricity for modern house. For example: it 
requires 10-12 acres (40470 – 48560 m2) of land for housing of panel only to generate 2 
MW power from a PV module. One of possible solutions would be to place the PV panels 
in different formations. Such solutions are already existent and are called solar trees. (see 
figure 2.4. Example of solar tree) For the same amount of energy, solar tree requires only 
0.10-0.12 acres (405 – 485 m2) of land that is 100 times fewer. One of such trees is 
already built in Latvia by Institute of Solid State Physics, University of Latvia. 

  

Figure 2.5. Example of solar tree [6; 7] 

 

 

http://www.icaro-srl.eu/en/services/thermodynamic-solar-panels/


Activity 3. 

„Preliminary studies of selected materials, technologies, buildings and their management systems in terms of 
compatibility, impact on the quality of life and sustainability to clarify the solving problems “ 

 

   60 

 

„ Development, optimisation and sustainability evaluation of 
smart solutions for nearly zero energy buildings in real climate 

conditions “  (No. 1.1.1.1/16/A/192) 

Hybrid heating system. Solar collector and natural gas boiler 

Combination of solar collectors with gas boiler in a hybrid system can 

simultaneously provide stability and significantly reduce natural gas consumption. When 

the amount of solar energy is sufficient, for example, in summer or in spring, the system 

works only from solar energy, but in the cold time, the biggest contribution comes from a 

gas boiler. Natural gas savings were found in a publication [13]. The results can be 

viewed in Figure 2.6. Comparing the described hybrid system with a gas convection boiler 

under similar climatic conditions, the total annual gas consumption in the hybrid system 

was only half of the gas consumption in system with a convection type gas boiler. 

 

Figure 2.6. Gas consumption of the hybrid energy system and the conventional system 
[13] 

Hybrid heating system. Heat pump and natural gas boiler. 

It is possible to combine a natural gas boiler with a heat pump in a single hybrid 

system with aim to increase efficiency of the building's heating system and reducing 

costs. With sensors and automatics, the hybrid system itself chooses the most effective 

heating mode based on operating conditions. 

The biggest air-water heat pump problem is efficiency falling when the outdoor air 

temperature is reducing [10], that may result in system oversizing because heating 

system is designed to work in the coldest conditions. As a result, air-water heat pump 

works on low capacity for longest part of heating season [11]. Combination of gas boiler 

with air-water heat pump allows to primarily use natural gas as a fuel during coldest 

period instead of inefficient on those days heat pump with result of decreasing size and 

initial costs of heat pump. The overall efficiency of such hybrid system is high and is 

described in [12]. The result can be viewed on Figure 2.7. 
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Figure 2.7. Comparison in terms of generation efficiency of different heating systems [12] 

Wind energy 

The wind energy, similar as hydro power, is considered to be with low potential in 

case of Latvia and especially for single family houses. The wind speed in Latvia is quite 

low and generally not stable. The wind turbines have additional drawbacks like noise 

generation, instability, high expenses and visually negative aspects. However, if the 

location is appropriate it would be possible to install Onipko type wind turbine (see Figure 

2.8), which operates better in low wind speeds and generates less noise. 

 

Figure 2.8. Example of Onipko type wind turbine [15] 

Cost comparison 

According to existing studies [1] and in conformity with Figure 2.9, alternative heat 

supply sources, such as ground heat pumps, have much bigger initial cost (3 - 5 times, 

comparing to electric heating) but lower operating costs that results in both benefits for 

nature due to lack of emission and for owner because of saving money in long-term 
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outlook. It can be seen from Figure 2.9, that natural gas and wood or pellets heating 

systems requires relatively low operational costs too. Considering the fact that natural gas 

has low CO2 emission level but wood is CO2 neutral, it is possible to use these 

conventional systems for heating almost zero energy building in case of improving boilers 

efficiency and combining them with alternative heat supply sources. 

 

Figure 2.9. Initial and operational cost comparison between various heating energy 
sources in Latvia [1] 

2.2.3. Passive solutions 

To decrease the initial energy demand of building for heating and cooling, except 

increasing thickness or quality of heat insulation and windows which is always possible, is 

applying one or more of passive solutions. Such solutions could be either just form careful 

building planning or by applying various elements to it. Some of the possible passive 

solutions are mentioned below: 

a) orientation and overlay of windows and optimization of overcoats to increase costless 

direct heat supply from sun; 

b) external, automatic blinds to decrease energy demand for cooling in summer; 

c) shading with plants and trees, which provide protection from direct sunlight during 

summer and allow sun rays to get through in winter when there are no leaves on trees; 

d) green roofs; 

e) Trombe wall (Solar wall); 

f) natural ventilation and its complementary elements (room plans, window opening 

options, vertical joint outlet ...) 
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2.2.4. Shading with plants and green roofs 

One of the possible passive solutions which actually improves the environment 

around the building is green roofs and walls. There are various green wall solutions 

depending on the way the plants are connected to the wall. Either there is a mesh and the 

plants are located on ground or in some cases the plants can be directly connected to the 

façade and be either soil-less or with soil (see Figure 2.10). The benefits of green wall 

systems are the possible reduction of cooling loads during summer period when the 

plants provide shade while in winter time the leaves fall off and the façade can be heated 

by the natural solar radiation. 

 

 

Figure 2.10. Example of green wall systems [17] 

However, the green wall systems have some major drawbacks, for example, due to 

the extra weight the walls need to be thicker and stronger, the plants need watering 

therefore careful drainage must be designed to avoid moisture damage to the wall 

structure. 

Green roofs can also be beneficial for building as they provide energy need through 

increasing mass of building and adding extra insulation and also decreasing cooling loads 

through evaporative cooling. They also decrease the rainwater runoff according to studies 

this can range up to 75 %. The green roofs similar as walls decrease natural pollutants 

and help with sound insulation. 

2.2.5. Trombe wall 

One of excellent passive heating system examples is Trombe wall (Figure 2.11). It 

is a system for indirect solar heat gain. It consists of a 20 – 40 cm dark coloured wall of 

high thermal mass facing the sun, with a single or double layer of glass placed between 2 

– 15 cm away from the wall to leave a small air space. The glazing traps solar radiation 
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like a small greenhouse. Heat will take about 8 to 10 hours to pass through the wall and 

reach the interior of the building, so the room behind remains comfortable through the day 

and receives slow, even heating for many hours after the sun sets [16].  

 

Figure 2.11. Operating principle of Trombe wall during day [16] 

Additionally, to radiant heat, it is possible to include upper and lower air vents in the 

wall, that allows convection currents, as cooler air from the room enters at the bottom and 

air heated in the Trombe wall escapes into the room at the top, as it is shown in Figure 

2.12. It is important to close vents a night to prevent heat loses when where are no 

sunlight. It is also possible to attach sunspaces and create a habitable space between 

glass and wall, as it is shown if Figure 2.13. 

 

 

Figure 2.12. Vented Trombe wall during a day and night [16] 
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Figure 2.13. Sunspace with vents for convective heating as well as radiative heating [16] 

During hot seasons, a Trombe wall or sunspace with vents through it can be used 

as a thermosiphon. If vents are placed at the top of the glazing, then air from the room will 

be pulled out by convection in the air gap between glazing and mass wall. This form of 

passive ventilation is called a solar chimney (Figure 2.14). 

 

Figure 2.14. Trombe wall acting as a solar chimney [16] 

2.3. Ventilation systems 

2.3.1. System type 

One of the most important aspects of the building quality which also affects the 

energy consumption is ventilation systems. It is especially important in nZEB when the 

building is maximally air tight and the energy loses through building envelope are reduced 

to minimum. In such cases the heat needed for ventilation air heating can reach up to 

40% depending on the building type. Therefore, it is vitally important to design the 

ventilation system in such way that regenerates as much heat as possible and can be 

precisely controlled. 

As the local regulations require that at least 75% of heat from ventilation system is 

recovered it means that there should be some kind of mechanical ventilation system in 

the building. In general, there could be two solutions – either fully mechanical ventilation 

system with air handling unit or, in case for apartment buildings, decentralized ventilation 

system with room based heat recovery systems (see Figure 2.15). 

http://auworkshop.autodesk.com/library/building-science/trombe-wall-and-attached-sunspace
http://auworkshop.autodesk.com/library/building-science/trombe-wall-and-attached-sunspace
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Figure 2.15. Example of decentralized and centralized ventilation systems 

In most cases the fully centralized ventilation system is the most appropriate one, 

as it provides full control, and can ensure as much air as necessary. For apartment or 

small office buildings it is possible to install a decentralized ventilation system which also 

ensures around 90% heat recovery and minimal electricity consumption. Such system 

works with paired elements, that are built in walls (Figure 2.16). These ventilators work 70 

seconds in exhaust and 70 second in supply mode. During the exhaust mode the heat 

regeneration device accumulates the heat from air and afterwards gives it bac to the 

supply air. 

  

Figure 2.16. Working principle and design of decentralized ventilation unit [18] 

According to existing research [19] for a specific 30 apartments building the prices 

for decentralized and centralized ventilation systems would be as follows. If decentralized 

room type ventilation is used than the estimated instillation price would be around 70 

thousand EUR and yearly running costs about 3000 EUR. While in case of centralized 

system the installation costs would be about 90 thousand EUR and yearly running costs 

about 6000 EUR. 
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However, the existing experience of Estonia shows that room based ventilation is 

not recommended as it generates high noise, often not enough space in external wall is 

present, the wind flows through the device and the actual efficiency is smaller than 

specified in technical data. 

2.3.2. Ground-to-air heat exchanger for preheating of supply air 

Most of the passive systems use solar energy in direct or indirect way. Directly it is 

used in the production of electricity and heat energy. Other types of passive systems are 

based on the heat recovery and preheating of incoming air. Interesting and promising 

technology is the use of ground-air heat exchanger. It is based on the heat exchange 

between the air and the pipes buried in the ground, which has a high heat capacity. At 

certain depth, the ground temperature is lower than outside air temperature in summer, 

and higher than in winter. In such ground-to-air heat exchanger indirectly uses solar 

energy to preheat the incoming air in winter and cool it in the summer. 

Ventilation system power consumption consists of two main elements - moving air in 

the air ducts and air heating / cooling to the desired indoor climate temperature. 

Reduction in energy consumption for heating and cooling air can best be achieved by 

using heat recovery, which is very important in Latvian climatic conditions. Mechanical 

ventilation system enables to regulate the flow as a function of consumption and maintain 

the required flow of air at a variable pressure drop, which is important for the heat 

recovery. Recuperation system efficiency can be increased by combining it with a variety 

of passive preheating and / or cooling systems. 

Although the ground-to-air heat exchanger design is simple, its geometric 

parameters interact strongly affecting the thermal performance (Figure 2.17). 

 

Figure 2.17. The interaction of ground-to-air heat exchanger with the surrounding soil 

Ground temperature has a low fluctuation under varying weather, which is important 

for ensuring the necessary level of comfort in times when external conditions do not allow 

the operation of other passive systems. 
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By simulating energy consumption for a ventilation system for a duration of one year 

of a specific case building it was concluded that the, the contribution of ground-to-air heat 

exchanger to the overall energy consumption totals 9.53 MWh (11.1% of total energy 

consumption for the heating of supply air) and 4.02 MWh (11.2% of total energy 

consumption for the cooling of supply air) a year, according to the desired parameters of 

the indoor climate. Also, it was calculated that the hours with incoming air temperature ≤ -

4 °C into the air handling unit (AHU) reduced from 1131 to 630 hours a year. Therefore, 

recuperation efficiency is increased as there is lower risk of freezing and less hours for 

defrosting of AHU heat exchanger are needed. 

Conclusions  

To meet the requirements of the Latvian Regulations for Energy Certification of 

Buildings Nr. 383, is necessary to take a variety of activities related to the design and 

construction process. Architects should start with such aspects as specific form of 

building, window orientation, used materials, green roofs or walls, blinds, overhangs etc. 

Engineers should focus on new solutions of renewable energy technologies.  

As the most popular conventional heat supply sources in Latvia are centralized city 

heating networks, natural gas boilers and firewood or wood pellet boilers, it is nowadays 

challenge to increase its efficiency. The combination of a natural gas boiler with a heat 

pump in a single hybrid system increase efficiency of the building's heating system and 

reducing costs.  

The following renewable energy advantages and disadvantages are marked as 

considerable:  

 Geothermal energy heat pump has the relatively high energy production potential 

(about 30W/1m), but water source heat pump (WSHP) is better solution because 

of absence of thermal imbalance and independence on air temperature fluctuation 

during day and night. 

 For solar energy use, the thermodynamic solar system (solar collectors and heat 

pump) is proposed to be used as the most efficient. 

 Combination of solar collectors with gas boiler in a hybrid system can 

simultaneously provide stability and significantly reduce natural gas consumption.  

To decrease the initial energy demand of building for heating and cooling, except 

increasing thickness or quality of heat insulation and windows which is always possible, is 

applying one or more of passive solutions. 

 As the benefit of green wall systems reduce of cooling loads during summer period 

can be mentioned, but such aspects as extra weight the walls and careful drainage must 

be designed to avoid moisture damage to the wall structure. 

 Trombe wall technology can be mentioned as excellent, as it has a combination of 

practicality and ease of use.  

 In the field of ventilation systems, the choice of decentralized ventilation systems for 

nZEB when the building seems to be more economically profitable, but there are risks of 

generation of high noise, the wind flows through the device and the actual efficiency 

data. 



Activity 3. 

„Preliminary studies of selected materials, technologies, buildings and their management systems in terms of 
compatibility, impact on the quality of life and sustainability to clarify the solving problems “ 

 

   69 

 

„ Development, optimisation and sustainability evaluation of 
smart solutions for nearly zero energy buildings in real climate 

conditions “  (No. 1.1.1.1/16/A/192) 

 Technology is the use of ground-air heat exchanger, that indirectly uses solar 

energy to preheat the incoming air in winter and cool it in the summer is recommended 

for use.  
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