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Heat for space heating, tap water heating and air-
conditioning of the buildings is dominant in final  
energy consumption in most of EU countries. 50% of 
final energy use is needed in form of heat. More over, 
advance systems for cooling can convert the heat into 
the coldness, reducing the use of electricity.  
 
Heat is generated in buildings mainly by combustion of fuel in heat generator 
called furnace or boiler. Combustion is exothermal chemical reaction where 
chemical energy of fuel is transformed into heat by oxidation. Solid, liquid or gas 
fossil fuels or solid fuels made from biomass are used as energy carriers. 
 
Different technologies of furnaces and boilers regarding to the fuel type will be 
presented in the lecture.  
 
Flue gases are by products of the heat. Flue gasses consists substances dangerous 
to the environment, especially to the atmosphere. There are several technologies 
for improving heat generator efficiency and reduction of harmful substances in 
flue gasses, for example condensation boilers or low-NOx burners.  
 

Transportation    
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Electicity 20%

Heat 49%

Types of heat generators: combustion of FF, RES 
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Solid fuels like wood 
biomass  

burning is composed of 
four phases ς dehydration 

(1), pyrolyses (2), 
combustion (4) and 

gasification of the char (3); 
primary (5) and secondary 

(6) air is needed for this 
thermochemical reaction. 

Burning of (solid) fuels is very complex. Four phase 
should follow one after other: 
 

fuel drying phase (1); dehydration of wet fuel like  wood 
biomass fuels occurs at temperatures up to 100 ϲC;  
 

pyrolysis phase (2); process of termochemical 
decomposition where 70% to 80% of fuel decomposed 
into volatile compounds like H2, CH4, tars and the char 
at temperatures 200 to 300 ϲC and below stehiometric 
amount of combustion air (5); this phase is called             
primary combustion; 
 

combustion phase; volatile gasses containing carbon 
and hydrogen react with oxygen (6) and heat is 
produced; this phase is called secondary combustion; 
 

gasification of char (3); char reacts with oxygen and 
water vapour and combustible gases like H2 and CO 
occurs; non-combustible residuals of char must be 
removed from the boiler. 
 

Source: FEMOPET Slovenija 

Types of heat generators: combustion of FF, RES 



Low temperature boilers; made from 
corrosion resistant cast steal; lower 
water temperature 45Áto 65ÁC; flue 
gasses temperature 140Áto 160 ÁC; 
efficiency up to 95%. 

High temperature boilers; made from steel; 
water was heated continuously to 80Áto 90ÁC  
to avoid condensation of water vapor from 
flue gases; high flue gas temperature > 180ÁC; 
efficiency up to 80%; temperature  in heating 
system is regulated by 3-way valve.  

Efficiency of heat generators is defined by the part on caloric energy content 
of the fuel that is converted into the useful heat. Rest of the caloric energy 
of the fuel is lost thought flue gases and heat losses of the boiler. Efficiency 
depends on temperature of heated fluid and temperature of flue gases. 
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BAT heat generators 

Condensing boiler; flue gasses are 
cooled below dew point of water 
vapor and additional latent heat can 
be utilized; condensate must be 
collected and redraw into the water 
sink; heating water temperature is 
between 30Áto 55ÁC, temperature of 
flue gasses ~ 40ÁC; fan is needed to 
exhaust cold flue gases; efficiency up 
to 103% for oil boilers, up to 109% 
for gas boilers.   

Flue gases, T ~ 40ϲC 
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Condenzate 

Low temperature heating system must be used to 
ensure low temperature of return water. Because latent 
heat of water vapour is biggest when gaseous fuels is 
used, condensation technology is obligatory in this case 
in many countries. 

Condenzate 



Gas boiler with integrated 
flow-through heat exchanger 
for DHW 
 
 

Gas condensation boiler with 
integrated heat storage (86 lit). 
Tap water is heated in plate heat 
exchanger with water from heat 
storage.  

Gas condensation boiler with 
integrated heat storage (130 
lit) and tube heat exchanger.  

Source: www.viessmann.de 

BAT heat generators : compact condensing gas boilers 
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Source: www.viessmann.de 

BAT heat generators : compact condensing gas boilers 



Source: www.kwb.at 

Biomass boilers ς log wood 



Use of wood-chips and especially pellets enable 
adjustment of thermal power to current thermal 
load. This can be done by precise adjustment of 
delivered amount of pellets and primary 
combustion air. In case of log-wood boilers, fuel is 
feeded manually and only combustion air can be 
adjusted. This leads to lower efficiency and higher 
emissions. 

   

Improving efficiency and lowering emmisions of log-wood boilers 

 

This can be improved if 
buffer heat storage is 
connected to the boiler. 
Now boiler can operate 
at full thermal power in 
seldom time intervals. 
Volume of the HS should 
be 50 to 80 lit per 1 kW 
of boiler thermal power. 

KWB Easyfire pellet burner reduce the 
emissions of PM to 5 mg/Nm3 which is 
95% less compared to old solid fuel 
boilers. 

Heating sistem 
distribution 
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at least 50 
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DHW heat 
storage  

Log-wood 
boiler  

Source: www.kwb.at 



Boilers for biomass fuels - wood chips 

Source: www.kwb.at 



Source: www.kwb.at 

Biomass boilers - pellets 



 
α[ƻǿ9Ȅά ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ ǎȅǎǘŜƳǎΣ ǿƘƛŎƘ ŜƴŀōƭŜŘ ǘƘŜ ǳǎŜ ƻŦ ƭƻǿ-
quality energy as energy source; this mean low temperature source for heating 
and high temperature source for cooling. Heat contained in surrounding air or 
in the ground is example of such energy source.  
 
Heat pumps, ground heat exchangers and systems enable evaporative cooling 
are one of the so-called άƭƻǿ-ŜȄέ ǘŜŎƘƴƻƭƻƎƛŜǎ ǳǎŜŘ ŦƻǊ ƘŜŀǘƛƴƎ ŀƴŘκƻǊ ŎƻƻƭƛƴƎ 
of the buildings.  
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Indoor comfort in the buildings can be achieved 
with low exergy energy sources like solar or 

geothermal energy, environmental heat; this 
energy sources are more environmental friendly 

and on the long run cheaper, than high exergy 
sources like fossil fuels or electricity.  

Low-ex technologies 



Buildings become much more 
energy efficient in last 
decades. As consequences the 
heating load for space heating 
as well as heat demand in such 
buildings is much lower. 
 
In this case heat generators 
could be smaller and even 
more important - temperature 
for heating fluid could be 
lower. This is reason why heat 
generators called heat pump 
(HP) become very popular 
recently. 
 
 

Energy efficient buildings and low-ex technologies 



HP operation is based on two thermodynamic facts: 

Physics behind heat pump operation 

heat transferred to heat transfer fluid is 
much intense if fluid change physical state 
(eg. liquid to vapour or vapour to liquid) 
 
 
 
the boiling temperature of fluid is 
ŘŜǇŜƴŘŜƴǘ ƻƴ ƛǘΩǎ ǇǊŜǎǎǳǊŜΦ  CƻǊ ŜȄŀƳǇƭŜ 
water boils at lower temperature that 
100ϲC on the top of high mountain, 
because the air pressure at the free water 
surface is lower that at see level . In HP 
fluid can boil and change to vapour at the 
temperature below the 0ϲ/ ƛŦ ƛǘΩǎ ǇǊŜǎǎǳǊŜ 
is sufficient low and can condensate at 
50ϲC if pressure raise.   
 

Much more energy is needed (received if 
process is reverted) if 1 kg of water is 
transferred to vapour comparing to heating 
the water from freezing point to boiling 
point.  
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This looks like temperature of ambient air 
in winter and temperature of heating water 
in heating system ς ŀǊŜƴΩǘ ǘƘŜȅ Κ 
 



Physics behind heat pump operation 

Nothing ! HP need additional energy 
in most cases in form of external work 
for that process ! 
 

The efficiency (called coefficient of 
operation) of HP as heat generator is 
measured by ratio between useful 
heat and external work needed for 
operation:  

Therefore HP transfer heat from lover temperature source 
(environment) to warm sink (space in buildings).  
 

From basic knowledge of heat transfer we know that heat flows in 
ǊŜǾŜǊǎŜ ŘƛǊŜŎǘƛƻƴ Η ²ƘŀǘΩǎ ǿǊƻƴƎ ƘŜǊŜ Κ 
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Heat pump efficiency 

Maximal = theoretical value of COP or Carnot 
COP can be defined by absolute temperature 
of heat source TC (environment) and heat sink 
TH (building): 
    

TH 

HP 

[]=
-

H
th,h

H C

T
COP 1

T T TC 

 
    EXAMPLE: what is theoretical COPth,h of the same HP if heat source has 

temperature 10ϲC (eg. underground water) and building is well thermal insulated 
(sufficient temperature of heating fluid is 35ϲC) comparing to the case when heat 
source has temperature 5ϲC (eg. ambient air) and temperature of heating fluid 
must be 55ϲC because poor thermal insulation of the buildings ?  
    

+
= =

+ - +
th,h

273 35
COP ,a 12,3

(273 35) (273 10)

+
= =

+ - +
th,h

273 55
COP ,b 6,56

(273 55) (273 5)

External 
work 

W 



Real COPs of HP are 50% to 70% lower then theoretical ones, 
nevertheless COP is higher if available source temperature is higher 
and required sink temperature is lower ! 
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EXAMPLE: COP of commercial HP. Real COP (= Qout/W) is a)  4,03 and b) 2,25.  
The difference is smaller, but still significant ! 
    

Heat pump efficiency 



What the COP of 4,03 means ? It means that HP                                              
will delivery 4,03 kWh of heat to the heating                                              
system meanwhile will consume 1 kWh of                                                   
electricity ! 
 
 
 

The price of heat produced by HP depends upon ration between price 
of electricity and alternative heat source (eg. fossil fuel) and the 
overall emissions of green houses gasses emitted because HP is 
operating depends upon electricity-mix.  Bought parameters must be 
calculated regarding to the local conditions, but in general, will point 
out benefits using HP.  
 
There are some other advantage, using the HP in buildings. For 
example, HP can be used for space cooling, because it consists exactly 
the same elements as cooling engines ! 

Heat pump efficiency 

3,03 kWh extracted from 
environment 

1 kWh from                               
electical grid 

Heat 
delivered for 
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Technical solution of HP 

Heat source 
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Compressor 
compress and 
heat working 
fluid; demand 
electricity for 

operation 

Expansion valve 
here working fluid expands and cool 

down, no additional energy is needed 



Technical solution of HP - elements 

Heat source 
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Compressor 
compress and 
heat working 

fluid 

Expansion valve 
eere working fluid expands and 

cool down 



About heat sources 

Ambient air is free and widely available, and it is 
the most common heat source for heat pumps. 
Air-source heat pumps, however, achieve on 
average 10-30% lower seasonal performance 
factor (SPF) than water-source heat pumps. This 
is mainly due to the rapid fall in capacity and 
performance with decreasing outdoor 
temperature, the relatively high temperature 
difference in the evaporator and the energy 
needed for defrosting the evaporator and to 
operate the fans. 
 

In mild and humid climates, frost will accumulate 
on the evaporator surface in the temperature 
range 0-6ϲC, leading to reduced capacity and 
performance of the heat pump system. Coil 
defrosting is achieved by reversing the heat 
pump cycle or by other, less energy-efficient 
means.  
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Source: Termotehnika  



About heat sources 
 

Exhaust (ventilation) air is a common heat source in commercial buildings. 
Continuous operation of the ventilation system is required during the heating 
season or throughout the year. For large buildings exhaust air heat pumps are 
often used in combination with air-to-air heat recovery units. 

Ground water is available with stable 
temperatures (4-10ϲC) in many regions. The 
ground water is pumped up, cooled and 
then reinjected in a separate well or 
returned to surface water. Systems should 
be carefully designed to avoid problems 
such as freezing, corrosion and fouling.  
 

A major disadvantage of ground water heat 
pumps is the cost of installing the heat 
source. Additionally, local regulations may 
impose severe constraints regarding 
interference with the water table and the 
possibility of soil pollution. 
 

Source: Termotehnika  



About heat sources ς most used 
 

Ground-source HP are used for residential and 
commercial applications, and have similar advantages 
as water-source HPs, because the ground deep enough 
has relatively high and constant annual temperatures.  
 

Heat is extracted from pipes laid horizontally or 
vertically in the soil (horizontal/vertical ground heat 
exchangers/coils). In most cases brine solution (mixture 
of water and antifreeze fluid) is used because 
temperature out of the expansion valve could be below 

freezing point of the water.    
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About heat sources 
 

Beside that, direct expansion with the 
working fluid evaporating in underground 
heat exchanger pipes can be utilize. Due 
to the extra internal temperature 
difference, heat pump brine systems 
generally have a lower performance, but 
are easier to maintain.  
 
Extracted quantity of heat from the soil 
varies with the moisture content and the 
climatic conditions. Due to the extraction 
of heat, the soil temperature will fall 
during the heating season. In cold regions 
most of the energy is extracted as latent 
heat when the soil freezes. However, in 
summer the sun will raise the ground 
temperature, and complete temperature 
recovery may be possible. 

Soil temperature (ϲC) 

S
o

il 
d

e
e

p
 (ϲC

) 

Source: Danfoss 

A
lm

o
st

 c
o

n
st

a
n
t 

th
o

u
g

h
t 
th

e
 y

e
a

r 



Sizing of HP ςrule of thumb 

HP for DHW 
 
Heat source: air 
 
Heating power: 2kW to 15 kW 
 
COP: 4  
 
Duration: all year 
 
Alternative  systems: in 
combination with heating system, 
in combination with solar thermal 
system, in combination with 
ventilation system 
 

Source: Termotehnika  



HP for heating 
 
Heat source: air 
 

Heating power: 4 kW to 40 kW  
 

Nominal air flow rate : 0,15 m3/h per 1 kW 
power 
 

COP: 2,8 to 4,3 
 

Alternative  systems: in combination with 
electrical heater, in combination with 
heating system, in combination with solar 
thermal system 
 

Defrosting of the evaporator is necessary 
 

Easy installation without earth work 
 Source: Lebensraume, Konemmnn, Termotehnika  

Sizing of HP ς rule of thumb 



HP for heating ς water to water/ water to 
air 
 
Heat source: underground water, river 
water, waste water, temperature 8 to 12ϲC 
 

Heating power: 4 kW to 100+ kW  
 

Nominal ground water flow rate : 200-300 
l/h per 1 kW power 
 

COP: 5 to 6 
 

Alternative  systems: not necessary 
 
Before installing pressure pumping test    
and chemical analyze of ground water is 
needed.  

Source: Lebensraume, Konemmnn, Termotehnika  

Sizing of HP ς rule of thumb 



Nominal ground water flow rate : 0,2 m3/h 
per 1 kW power 
 
Hole deep: 3 to 60 m 
 
Minimal distance between production and 
reinjection hole: 15 m 
 
Cost of drilling: 50 -100 ϵ/m  

Source: Lebensraume, Konemmnn, Termotehnika  

Sizing of HP ς rule of thumb 



HP for heating ς ground to water/ ground to air 
 
Heat source: underground water, river water, 
waste water, temperature 0 to 10ϲC 
 

Heating power: 4 kW to 100+ kW  
 

Nominal size of horizontal heat exchanger: 20 to 
35 W per m length, 10 -30 W/m2 of the soil 
 
Size of the used ground: 2 to 3 times of heated 
area in building, no construction on this area 
(carport, pool) 
 
Distance between tubes: 0,8 m to 1 m, PE, 
water-glycol dilution (brine) should be used  
 

COP: 4 to 4,5 
 

Alternative  systems: not necessary 
Source: Lebensraume, Konemmnn, Termotehnika  

Sizing of HP ς rule of thumb 


