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A heating system is characterised by technical requirements:

 supply temperature,

 return temperature

 the required flow of water.

Heat demand and the temperature of the return water depend mainly 
on the efficiency of the heating systems and weather conditions, but 
also the characteristics of the user(s) and the technology used.

The selection of appropriate parameters and management of the 
system is referred to as the control of power delivery. Suitable 
equipment and software control the work of an energy source.

What is user characteristic?
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The conventional source specified installed power.

A decrease in the return temperature while keeping constant value of 
supply temperature results in a increase of power. If maximum power 
is already reached the supply temperature decrease.

Geothermal always gives a stable temperature tsup, independently of 
the return temperature and the user characteristic.

You will not exceed the maximum power, you will always get constant 
water supply temperature  for geothermal tsup = const.

Obtained power depends on the return temperature – the lower value 
of tret the higher power P.

The lower return temperaturę tret, the lower geothermal water 
discharge V.

Why and how geothermal differs from fossil 
fuels?
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Power or temperature 
supplementing

 The inability to reach the temperature required by the energy 
user (the installation that the user uses) results in the need to 
use additional, supporting heat sources (peaking sources). 

 The peaking sources generate additional investment outlays 
and their use occurs when the supply temperature isn’t high 
enough. 

Peak heating source

Emission factors of selected pollutants generated during the production of
heat unit from [kg / GJ]

Yellow Gray             Wood          Hard       Heating        Natural  Electricity
Straw          straw coal oil gas (in Poland)

Soot
Total dust

polycyclic arom. HC
aliphatic HC



• Geothermal energy is renewable – but it is not infinite nor free. 
Overexploitation can deplete a reservoir while inefficient use of the water. 
The operation might be uneconomical.

• Still, 40-60°C thermal fluids are being discarded without further use in 
many geothermal systems, even new ones.

We have widely used technology allows use even 35°C for space heating.
Why we do not use it?
• it is easier to control a DHS while it is overheated (each user have high 

enough temperature),

• if an operator needs to reduce the supply temperature users have to be 
ready. An DHS is „as good as the worst user”.

• to get users ready money have to be spent on extending the heating 
Surface or reduce power demand. DH operators do not like to participate 
in it.

• Both sides: DH operator and a user should know how much it cost and 
what kind of results are expected (economic, ecological, energy-saving 
effect).

The Project background
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What we are going to do?
We are going to answer the question:
If retrofitting activities are profitable? Who should pay for them?

Mathematical Modelling (WP5)
 users demand (characteristic vs weather 

conditions).
 district heating (heat and pressure losses, 

characteristic, power controlling),
 the energy source (technology, efficiency, power 

controlling),
 primary energy carriers.

Model database (WP 4)
Description of:
1. current state of a system (numerical model calibration),
unitary price of primary energy carriers

2. possible undertakings on a side of: energy users,
district heating system, energy source.
Information about available technology, which allows:
 changing characteristic of energy users,
 improve a district heating grid,
 modernise an energy source.

Local weather conditions
- ambient air temperature,
- wind speed,
- relevant humidity,
- solar radiation

Results
 Primary energy carriers consumption,
 Power vs time for all sources used,
 Energy production by each source,
 Pollutants emission,
 Cost of energy production,
 Estimated financial expenditures for assumed retrofitting and 

modernisation,
 CAPEX, OPEX estimation,
 Results interpretation.

q



Methodology description
 The aim of the work is to develop and test on selected locations the methodology of mathematical modelling to improve the 

efficiency of geothermal energy use in district heating networks. The scope of modelling is to cover all elements of the system 
that are important for assessing the efficiency of geothermal energy use, from the energy source to the recipient:

o energy source module. The energy source model will be focused on the use of geothermal energy, also taking into account the 
most commonly used peak support sources (heat pumps and peak load boilers),

o distribution system module. It will take into account heat energy losses in the transmission, depending on the construction of 
the pipeline and the conditions of its laying,

o energy user module, defining its characteristics in terms of parameters necessary to describe the cooperation of the energy 
consumer - heating network system,

 all modules will take into account the time variability of parameters relevant to the energy operation of the system. With 
particular emphasis on energy demand for heating and hot water preparation. For the description of weather conditions 
changing over time, it is planned to use meteorological data from the so-called typical meteorological year (TMY), with a 
resolution of one hour, taking into account the specific location of the installation,

 a model with lumped parameters will be used to model the effects of the work of the source-user system.

A certain logical sequence of actions was maintained, aiming at a quantitative description of the operating conditions of selected 
geothermal systems: from the development of a conceptual model of the system, through the development of its mathematical 
model, including its calibration and testing, to the possibility of testing the effects of implementing modernization projects.

(1) conceptual model of the system -► (2) mathematical model -► (3) calibration, testing -► (4) forecasting changes



Weather conditions

 Typical Meteorological Year (TMY) data,
 This option allows the user to download a data set containing a Typical Meteorological Year (TMY) of data. The data set contains hourly 

data of the following variables:
 Date and time,
 Global horizontal irradiance,
 Direct normal irradiance,
 Diffuse horizontal irradiance,
 Air pressure,
 Dry bulb temperature (2m temperature),
 Wind speed,
 Wind direction (degrees clockwise from north),
 Relative humidity,
 Long-wave downwelling infrared radiation,

The data set has been produced by choosing for each month the most "typical" month out of 10 years of data. The variables used to select 
the typical month are global horizontal irradiance, air temperature, and relative humidity.

Based on the „Photovoltaic Geoghraphical Information System” https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#TMY



Weather conditions

 Comparison of ambient air temperature and wind speed in Kraków and Reykjavik (based on the TMY)

Based on the „Photovoltaic Geoghraphical Information System” https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#TMY



User characteristic
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𝑑𝜏

ts, tr – supply and return temperature:

_ _  _ _

_ _

_ _
_ _
_ _

Inner temperature

tin(nh)

Flow of district heating water:

𝑉 𝑛 𝑉
_ _

Ambient air temperature

ta(nh)

- subscript dsg is being linked
to design conditions,

- nh – time, hour of a year,

ts(nh)
V(nh)

tr(nh)

Exponent b describe different heating 
systems (Recknagel i inni 2008):
~ 1.1 floor heating,
~ 1.2-1.3 plate radiators,
~ 1.25 pipes, pipes with finnes,
~ 1.3 radiators,
~ 1.25-1.45 convector heaters.



Heat source - U4GE calculator
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Assumed share of heat losses at the state before 
retrofitting - U4GE calculator

(can be freely changed by a user, typical values are fixed)



Example of U4GE calculator, estimation of retrofitting activities 
financial expenditures

The case of Poland. Each country must be estimated separately.

External walls

Expenditures related to the reduction of
1 kW of power losses by external walls ~4800 €/kW



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Roof thermal insulation

Expenditures related to the reduction of
1 kW of power losses by a roof ~6 400 €/kW



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Floor on ground (based on methodology PN-EN-12831)

Expenditures related to the reduction of
1 kW of power losses by a floor ~14 300 €/kW



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Windows and external doors

Expenditures related to the reduction of
1 kW of power losses by a window ~2 100 €/kW



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Ventilation including recuperation

Expenditures related to the reduction of
1 kW of power losses by ventilation including recuperation ~900 €/kW

https://en.wikipedia.org/wiki/Recuperator
^- heat recovery efficiency assumed 55%



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Transmission heat losses by a district heating

Expenditures related to the reduction of 1 kW of power losses
by pipes system (DH) ~44 000 €/kW



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Plate heat exchangers – expenditures vs. temperature difference

Expenditures related to the installation of 1 kW of power vs
temperature difference ~10 €/kW (t=21.6°C) ÷ 6.5 €/kW (t=59.4°C)

The flow is directed into every other channel created by the heating panels.

LB31-60-1", 80/60-50/70°C - 65 kW, connections diameter GZ 1"



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Radiators – expenditures vs. temperature difference

Based on PURMO – the radiator manufacturer

Expenditures related to the installation of 1 kW of power vs
temperature difference ~5 200 €/kW (t=10°C) ÷ 156 €/kW (t=68°C)



Example of U4GE calculator
Estimation of retrofitting financial expenditures – in the case of Poland. Each country must be estimated separately.

Summary – retrofitting expenditures

Estimation of Energy carriers – in the case of Poland. Each country must be estimated separately.

Energy carriers

Important information:
All prices for retrofitting activities are given as gross. They increase expenses by the value of VAT (in Poland 23%). This way, unexpected 
- additional costs were taken into account.



Example of U4GE calculator
Estimation of energy carriers – in the case of Poland. Each country must be estimated separately.

Energy carriers



Example of U4GE calculator Polish case study location: Poddębice



Example of U4GE calculator Polish case study location: Poddębice

Definition of a heating season
(general suggestion for all locations –
might be changed):

 The heating season begins if the 
average daily air temperature is
10°C or below for 3 days.

 The heating season ends if, for 3 
consecutive days, the average daily 
temperature is higher than 10°C.



Example of U4GE calculator Polish case study location: Poddębice

Water temperature at the wellhead ~68-70°C. The flow 
rate of geothermal fluid 190 m3/h.

Design temperature of the district heating network 
75/50°C, power demand (declared) ~9 MW (2017).
Energy demand 63 TJ/yr (~700 GJ/yr oil boilers).

In 2022 the system was extended on ~7 MW, 
geothermal swiming pools + SPA.



Example of U4GE calculator Polish case study location: Poddębice

User charcteristic 1 / 2 – before expansion



Example of U4GE calculator Polish case study location: Poddębice

User charcteristic 2/2 – before expansion. Real power demand estimation on ~8 MW



Example of U4GE calculator Polish case study location: Poddębice

User charcteristic 2/2 – before and after expansion

Power demand BEFORE ~8 MW                                   ► AFTER increase ~15 MW & increase of outflow of
geothermal water from 200 to 250- m3/h



Before expansion After expansion

Increase of power and energy demand

Increase of heating oil consumption



Poddębice
Let's try encourage users to reduce power demand by retrofitting activities



Example of U4GE calculator Polish case study location: Poddębice

BEFORE retrofitting ► AFTER retrofitting





Poddębice
Let's try encourage users to reduce power demand by retrofitting 
activities



Example of U4GE calculator Polish case study location: Poddębice

BEFORE retrofitting ► AFTER retrofitting





Poddębice
Let's try encourage users to reduce power demand by retrofitting activities



Example of U4GE calculator Polish case study location: Poddębice

BEFORE retrofitting ► AFTER retrofitting





Let’s look around - prices of natrural gas in Europe

PL=0.0549 €/kWh

SK=0.0488 €/kWh

HU=0.0291 €/kWh

Prices of Energy carriers for business entities are 
much higher – that’s only an example



Prices of electricity in Europe

PL=0.1464 €/kWh
SK=0.1796 €/kWh

HU=0.0948 €/kWh

It fits to reality - ok



CO2 emission (based on Electricity Maps:  
https://app.electricitymaps.com/zone/PL?nobrowsercheck=1&wind=true)

Low emission
RES



SLOVAKIA



Slovakia – Velky Meder today

Power ~2500 kW, 75/45°C
Vgeo 11,7 l/s = 42 m3/h, tgeo 96°C

Geothermal covers 100% of power demand, there is nothing to improve



Slovakia – Velky Meder today



Slovakia – Velky Meder - future

Power 7530 kW, 75/45°C
Vgeo 11,7 l/s = 42 m3/h, tgeo 96°C

The current design parameters of users are well fitted to the geothermal conditions. The required supply and return temperature is low 
compared to geothermal fluid temperature. That will be a challenge to improve something.



Slovakia – Velky Meder - future
Power ~7500 kW, 75/45°C
Vgeo 11,7 l/s = 42 m3/h, tgeo 96°C



Slovakia:
► energy carrier prices based on Eurostat, modified,
► assumption that retrofitting activities are 20% more expensive than assumed in Poland



Slovakia – Velky Meder, implementation of selected retrofitting activities



Slovakia – Velky Meder, implementation of the selected retrofitting activities

BEFORE AFTER



Slovakia – Velky Meder



Slovakia Velky Meder – let’s make thermal modernization procedures more realistic – step 2

We just double the sizes of hot tap water heat exchangers and slightly reduce supply temperature



Velky Meder geothermal well,    

SI = 0 water is 
saturated/equilibrium state 
related to minerals

SI>0 water is 
supersaturated related to 
minerals

SI< 0   water is 
undersaturated related to 
minerals

High risk of precipitating iron minerals, such as 
hematite, pyrite, and magnetite in the whole 
temperature. 
Suggestion do not cool water down below 
~45oC, because of the possibility of silica 
scaling. We should use inhibitors.

Note: the water sample was aerated. 
Eh=339mV
Therefore, test results may be unreliable.



Galanta FGG-2 geothermal well,    

SI = 0 water is saturated/equilibrium state 
related to minerals

SI>0 water is supersaturated related to 
minerals

SI< 0   water is undersaturated related to 
minerals

Note: the water sample 
was aerated, 
contain O2.
Therefore, test results may
be unreliable

High risk  to precipitate iron minerals, 
such as hematite, pyrite, and 
magnetite in the whole temperature. 
Water cooling down ~40oC, because of 
the possibility of silica scaling.
We should use inhibitors.



Summary
The effects of retrofitting depends on:

- economic conditions (prices of energy carriers and thermal modernization treatments),

- atmospheric conditions (distribution and values of main parameters, including temperature),

- reservoir conditions (temperature, flow rate and composition of the geothermal fluid - precipitation of solid particles and 
corrosion).

The selection of appropriate retrofitting treatments is an optimization issue that depends on many factors.

Retrofitting activities have a strong impact on energy generation costs. They usually lower them.

Savings resulting from lower energy generation costs can finance treatment activities.

It is necessary to convince the user of energy that he/she has an impact on the costs of energy generation. The use of 
appropriate financial stimulators (feed in tariffs) may encourage the users to changes.



Thank you


