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1. Executive Summary 

 

WidetheSEEbySuccMod has a stated goal to promote the usage of solar thermal 

technologies for domestic hot water appliances in the South East Europe area. 

Widening this market is supportive to European policies relevant to European 

independence from fossil fuels and to the promotion of the utilisation of Renewable 

Energy Sources. 

 

The present report represents a study of the impact on the environment of the usage 

of solar thermal technologies. It is evident that solar energy is a clean energy, yet this 

report tries to evaluate what is the positive impact on the environment of the 

substitution of fossil fuel energy by solar energy for domestic hot water appliances. 

 

At first the theoretical background is provided. The formulas relevant to the 

calculation of the energy consumption required for the production of hot water for 

domestic usage are given. Then the formulas relevant to the energy output of solar 

systems are given and formulas for the calculation of equivalent fossil fuel energy and 

avoided gas emissions are presented. 

 

Based on the regional data for 14 sites of the SEE area, solar system characteristics for 

6 different solar collector solutions, and fuel characteristics for light fuel oil and natural 

gas, calculations have been made. 

 

The calculations show important savings of fossil fuel for each solar thermal system 

installed. The impact on the environment in terms of CO2 emissions avoided is also 

quite significant. 

 

An extrapolation of the findings of the study to the 1% of the population of the 14 

selected sites show energy savings equivalent to 20,8Mlts of light fuel oil or 15,6Glts of 

natural gas. CO2 emissions avoided amount to 58,9 Kilotonnes in the case of light fuel 

oil and 29,7 kilotonnes in the case of natural gas. 

 

An extrapolation from the 14 site population of 11 million to the overall SEE area 

population or EU population show and from the 1% of affected population to higher 

percentages, shows that the actual impact on the environment could be huge.  
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2. Introduction 

 

The Impact Study on the Environment intends to show the impact on the environment 

by the wider application of solar thermal energy, and more specifically Domestic Hot 

Water applications.  

 

Chapter 2 provides the theoretical background for the extraction of this information. 

Chapter 2.1 provides the formulas for the calculation of energy consumption for the 

production of domestic hot water, while chapter 2.2 addresses the utilisation of solar 

power to produce the above energy.  

 

Chapter 3 provides the variables that have been used for the application of the theory 

presented in Chapter 2 in the SEE area. 

 

Chapter 4 provides the findings of the impact study. 

 

Finally, chapter 5 provides a conclusion and discussion. 

   

3. Theoretical Background 

3.1. Calculation of energy consumption for producing hot water for domestic use 

3.1.1. Domestic hot water volume requirement 

 

European regulations (prEN 15316-3-1) provide an estimation for the volume of the 

domestic hot water (DHW) consumed by the residents of a typical building. According 

to the regulation, the volume of the required DHW can be calculated by: 

 

1000

U
W

N
V

α ⋅
=  m

3
/day [1] (1) 

where: 

α is the unit requirement based on litres of water at 60
o
C/day 

NU is the number of units to be taken into account 

 

According to the regulation, the values of a and NU can be provided in a National 

Annex. If a National Annex is not available, regulation gives a calculation method for 

this values for domestic use
1
. In a dwelling: 

 

NU is the Floor area (m
2
) of the house, and 

                                                 
1
 The meaning of values NU and a can be expanded to more building purposes than dwelling, according to 

prEN 15316-3-1, Annex B 
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The above values of VW assume a hot water temperature of 60
o
C and a cold water 

temperature of 10
o
C. For different reference temperatures the following formula can 

be easily extracted: 
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where 

hot
ϑ  is the hot water temperature 

cold
ϑ  is the cold water temperature. 

 

3.1.2. Energy of delivered hot water based on required volume 

 

According to prEN 15316-3-1 the energy content of the domestic hot water delivered 

to the user (QW) can be calculated as: 

 

( ), ,967.54
W W W t W o

Q V θ θ θ= ⋅ ⋅ −  [1] (4) 

where  

VWθ is the volume of DHW delivered at specified temperature (m
3
/day) 

θW,t is the specified temperature of DHW at tapping point , 
o
C 

θW,o is the temperature of the inlet water , 
o
C 

 

3.1.3. Required energy of produced hot water 

 

In order to take account of the unavoidable water thermal losses during standby and 

the piping losses, the produced hot water energy has been augmented using the 

mathematical formula: 

 

WP stdby p W
Q Qλ λ= ⋅ ⋅  (5) 

where 

λstdby is the standby thermal losses coefficient. 

λp is the piping thermal losses coefficient. 

 

Typical values used in this study are λstdby=1.20 and λp=1.14. 
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3.2. Utilization of solar power to heat water for domestic applications 

3.2.1. Solar energy potential 

 

The calculation of the exact amount of solar energy radiated to the earth surface is a 

very complicated task, which requires efficient calculations of the sun activity and 

orbit, as well as meteorological information about cloud presence and atmosphere 

clearness at a specific area of interest. However, a wide variety of statistical data are 

available through the net, making the calculation of solar activity data a matter of 

lookup table indexing [2], [3]. Most of these data are based on orbit calculation models 

and do not take account of the clouding, which should be additionally introduced as a 

loss factor. Data for most places in the world, including Europe, are mostly available in 

the form of monthly irradiation. Irradiation is available as either horizontal irradiance 

or irradiation at an optimal angle, which depends on the local area latitude. Therefore, 

is essential that two more calculations can be made: 

1. Transform of the horizontal irradiance or optimal angle irradiance to solar 

panel surface irradiance (taking account of the solar panel tilt). 

2. Calculation of the daily distribution of the solar energy, in order to calculate 

more accurately the utilizable solar energy. 

3.2.2. Solar radiation on a specific surface [4] 

 

The power incident on a solar energy collector depends on the power contained in the 

sunlight, and also on the angle between the collector and the sun. When the absorbing 

surface (collector) and the sunlight are perpendicular to each other, the power density 

on the surface is equal to that of the sunlight (in other words, the power density will 

always be at its maximum when the collector is perpendicular to the sun). However, as 

the angle between the sun and a fixed surface is continually changing, the power 

density on a fixed collector is less than that of the incident sunlight. 

The amount of solar radiation incident on a tilted module surface is the component of 

the incident solar radiation which is perpendicular to the module surface. If the 

horizontal surface of the earth is related to the sun beam which is guided to the 

surface, then the solar energy at the horizontal surface (Hhorizontal) is related to the total 

sun energy (Hincident which is also the optimal angle energy) according to the equation: 

sin
horizontal incident

H H ρ= ⋅  (6) 

The utilizable solar energy at the collector surface is: 

( )mod sinincidentH H β ρ= ⋅ + , (7) 

where  

β is the tilt angle of the module measured from the horizontal surface and 

ρ is the elevation angle, given by 

90oρ ϕ δ= − +  (8) 
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Where φ is the latitude and δ is the inclination angle, given as a function of the day of 

the year (d) by: 

( )
360

23.4 sin 284
365

o
dδ

 
= ⋅ ⋅ +  

 (9) 

From the above equations it can be concluded that Hmodule can also be expressed as:  

( )
mod

sin

sin

incident
H

H
β ρ

α

⋅ +
=  (10) 

 

 

3.2.3. Calculation of the daily distribution of the solar energy [4] 

 

In order to obtain a fair estimation of the utilizable solar energy, the distribution of 

solar energy during the day has to be calculated. It is again impossible to take account 

of all the parameters that affect the daily insolation, however it is possible to calculate 

the daily distribution based on the solar elevation angle. 

Solar elevation angle is calculated as: 

( )1sin sin sin cos cos cosElevation HRAγ δ ϕ δ ϕ−= = ⋅ − ⋅ ⋅   , (11) 

where the hour angle is given by 

( )15 12o
HRA LocalSolarTime= ⋅ −  (12) 

It is straightforward that in the energy calculations negative values for γ have no sense, 

therefore in the calculation of the elevation negative values are replaced with zero, 

resulting to: 

0

0 0

if

if

γ γ γ

γ γ

′ = >


′ = <
 (13) 

Taking all the above into account, the hourly solar irradiance in a typical day of the 

year can be approximated
(2)

 as a fraction of the acquired daily irradiance, according to: 

24

0

sin

sin
hourly dailyh

H H
dt

γ

γ

′
= ⋅

′∫
 (14) 

 
Note 2: In the case study that has been presented (excel sheet) solar irradiation distribution 

approximation has been realized assuming a day in the middle of each month as a typical day. 

 

3.2.4. Calculation of the energy acquired by the solar system 

The European Solar Thermal Industry Federation has proposed a simple methodology 

for calculation of the energy delivery of Solar Thermal systems. This methodology is 

based on manufacturer-provided efficiency parameters, which are: 

Zero loss efficiency:  ηο 

1
st

 order heat loss efficiency: a1 

2
nd

 order heat loss coefficient: a2 
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The collector efficiency (η) can be expressed as a function of these parameters as: 

( ) ( )
2

1 a 1 a

mod mod

a
m m

o

a

H H

θ θ θ θ
η η

⋅ − ⋅ −
= − −  (15) 

The instant solar power transferred through the collector is 

( ) ( )( )2

mod 1 a 2 aa ac c o m mP A Hη θ θ θ θ= ⋅ ⋅ − ⋅ − − ⋅ − , (16) 

where 

Hmod is the solar irradiation at the collector surface 

θa is the ambient air temperature 

θm is the collector temperature 

A is the active collector area. 

 

From these values, Smod and θa are environmental data defined by the location. 

θm is a value which is normally not known, except if a detailed simulation software is 

used. Its value depends on the weather, the load and design of the components of the 

solar system (collector area and efficiency parameters, storage capacity, heat losses, 

control) and also on the actual operating conditions at a given point time. 

Things become simpler if θm is assumed constant. This equivalent constant value is 

dependent not only on the weather but also of the configuration of the solar system, 

but typical values range from 42
o
C to 50

 o
C 

(3)
. 

 

Having all the parameters the total energy aquired from the solar panels can be 

calculated as 

( ) ( )( )2

mod 1 a 2 , aa a
collector c o mconst m const

Q Pdt A Hη θ θ θ θ = = ⋅ ⋅ − ⋅ − − ⋅ −
  ∫ ∫  (17) 

 
Note 3: The first versions of the excel sheet that has been developed in order to provide an easy-to use 

tool for energy calculations (1.0, 1.2), use a constant estimated value of θm for all regions. An attempt 

for calculation of a value of θm using environmental data and utilising the data extractred by the 

simulations provided by ANATOLIKI has been made in version 1.4. In this version, the value is 

automatically calculated using from the equation 
a mod0.06m cA Hθ θ= + ⋅ ⋅ , where the coefficient 0.06 

has been extracted from the simulation data. This approach can be obtained if the collector 

temperature value is left blank and has been proven to give a more accurate approach for the 

calculation of the total solar energy aquired by the sun. 

 

 

3.2.5. Calculation of the solar system output[5] 

According to the proposed methodology of the European Solar Thermal Industry 

Federation, the energy content of the output of the solar system, taking into account 

the collector loop losses, can be calculated as: 

out collector col sys
Q Q f −= ⋅  (18) 

where actually the factor fcol-sys represents the collector loop losses. 
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3.2.6. Calculation Fuel Savings[5] and avoided CO2 emissions 

According to the proposed methodology of the European Solar Thermal Industry 

Federation, the saved fuel energy (Qfs) can be calculated from the output energy 

according to the following expression: 

fs out ss
Q Q f= ⋅ , (19) 

where fss is the fuel saving coefficient. Typical values for this coefficient are 1.38 if fuel 

savings are referred to relatively high efficiency oil heaters and 1 if electrical heating is 

considered. Alternatively, the fuel saving coefficient can be expressed as 

1out stdby stdby

ss

boiler out boiler boiler out

Q Q Q
f

Q Qη η η

+
= = +

⋅ ⋅
 

Finally, the amount of fuel can be calculated using the net heating value of the 

corresponding fuel. Typical heating values and CO2 emissions of currently used fuels 

are shown in Table 1 

 
Table 1: Energy content of fossil fuels 

Fuel Energy content (kWh/m
3
) CO2 emissions (kg/m

3
) 

Light Fuel oil 10.745x10
-3

 2830 

Natural Gas 10.65 1.9 

 

 

 

4. Impact Study Variables 

 

4.1. Regional Analysis 

 

The impact on the environment for different areas of South East Europe requires a 

regional analysis for these areas. The different project partners contributed regional 

data for the following areas. 

Austria, Guessing 
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Austria Vienna 

 
Bulgaria, Varna 

 
Croatia, Zagreb 
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FYROM, Skopje 

 
Greece, Patras 

 
Greece, Thessaloniki 
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Greece, Xanthi 

 
Hungary, Budapest 

 
Italy, Teramo 
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Italy, Torino 

 
Romania, Miercurea Ciuc 

 
Romania, Iasi 
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Romania, Resita 

 
Slovenia, Ljubljana 

 
Ukraine, Odessa 
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4.2. Solar Collector Characteristics 

 

Different types of solar collectors have been used in order to address the different 

markets in the SEE area. The characteristics of the collectors that the partners 

contributed and which have been taken into account in the present study, are shown 

below. 
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4.3. Fuel Characteristics 

 

Further to the specifications of different types of solar collectors for the production of 

Domestic Hot water, different types of fuel have been specified so that a comparison 

to the saved energy and CO2 avoided emissions could be obtained. The different types 

of fuel used in the impact study are shown below. 

 

 
 

4.4. Building Characteristics 

 

Although the impact study addresses primarily the need for domestic hot water in SEE 

area, different types of buildings have been specified as shown below. 
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5. Impact Study Findings 

 

The Impact Study builds on the theory described in chapter 2. It uses the different 

variables addressed in Chapter 3 in order to produce the environmental impact of the 

wider application of solar domestic hot water applications. 

 

The parameters taken into account in this study are the following 

- Dwelling type of building has been chosen with an area of 120 square meters as 

a typical example of a family house 

- Different types of solar collectors may be used for the solar system installed in 

this house (see 3.2) 

- A typical heater with a tank capacity of 300 lt, standby loss factor 1.12 and pipe 

loss factor 1.11 has been used 

- Different areas may be addressed (see 3.1) 

- Different conventional fuel may be used (see 3.3) 

 

Based on the above parameters, the energy saving equivalent per house and per year 

has been calculated for two types of conventional fuel: light fuel oil and natural gas (or 

natural gas Italy for the Italian sites). Then the equivalent volume of saved 
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conventional fuel per house and per year has been calculated. Finally, the CO2 

emissions avoided per house and per year have been calculated. 

 

With reference to Light Fuel Oil energy saving equivalent per year, the results of the 

impact study are shown below depending on the site of the house and the type of 

solar collector utilized. 

 
 

With reference to Natural Gas energy saving equivalent per year, the results of the 

impact study are shown below depending on the site of the house and the type of 

solar collector utilized. 
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With reference to Light Fuel Oil savings per year the results of the impact study are 

shown below. 

 
 

With reference to Natural Gas savings per year the results of the impact study are 

shown below. 
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With reference to CO2 emissions avoided per year by the substitution of light fuel oil, 

the results of the impact study are shown below. 

 

 
 

Finally, and with reference to CO2 emissions avoided per year by the substitution of 

natural gas, the results of the impact study are shown below. 
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6. Discussion – Conclusions 

 

The application of the impact study shows that there is positive environmental impact 

through the utilisation of solar thermal technologies for domestic hot water 

applications. Taking as an example one type of solar thermal collector (Helional FPS 

2.0), fuel savings equivalent per house and year range between 3.820,39 KWh in 

Patras, Greece and 4.675,93 KWh in Iasi, Romania if light fuel oil were used as 

conventional fuel or between 2.809,78 KWh in Patras, Greece and 3.438,91 KWh in 

Iasi, Romania if natural gas were used as conventional fuel (although this type of 

energy is not available in Patras, Greece). For the same example fuel savings range 

between 355,56 litres per house and year in Patras, Greece and 435,00 litres per house 

and year in Iasi, Romania for light fuel oil conventional fuel or between 263.828,73 

litres and 332.869,57 litres of natural gas conventional fuel for Patras, Greece and 

Torino, Italy respectively (calculations for Italian cities are based on Italian natural gas). 

Finally, the same example shows that CO2 emissions avoided by the substitution of 

light fuel oil with solar energy for domestic water heating range between 1006,23 Kg in 

Patras, Greece and 1.231,54 Kg in Iasi, Romania, while the relevant figures for natural 

gas are 501.27 Kg for Patras, Greece and 641,64 Kg for Torino, Italy. 

 

There is strong influence of the area characteristics in the overall savings in energy and 

fuel as well as in CO2 emission reduction that for the areas included in this study may 

result in 22% increase with reference to the minimum depending on the exact site. The 

geographical characteristics of the site, its irradiation as well as temperature all year 

long influence the anticipated environmental impact. 

 

A quite important factor that is associated with the overall savings in energy is the 

solar collector utilised. Taking as an example one specific site (Guessing, Austria) and 

utilising different types of solar collector with the same panel characteristics leads to a 

range of energy savings (conventional fuel: light fuel oil) between 4.134,34 KWh and 

2.119,93 KWh depending on the solar collector. This 95% increase depending on the 

collector also stands for fuel savings (between 197,29 lts and 384,77 lts) as well as for 

CO2 emissions avoided (between 558,34Kg and 1.088,90Kg). 

 

It would be interesting to extrapolate on the findings of the study in order to have a 

feeling of the impact on the environment at a larger scale. The overall population of 

the sites included in this study amounts to 12 million. It would be interesting to have 

an idea of what would be the impact on the environment of the widening of the solar 

thermal market in these sites. Although the different countries present different 

markets and different maturity levels with reference to solar thermal technologies, let 

us make an assumption that solar thermal market in all sites is widened by a 

percentage that affects 1% of their total population, i.e. that 119.139 inhabitants 

would be influenced. Taking into account that the average European household is of a 

size of 2,5 persons and with the assumption that average house area is about 100 

square meters we will try to identify the total impact on the environment of this 1% 

increase. 
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The figures in the case of light fuel oil are shown below (calculated for the Helional 

collector). 

 
 



  

 

Page 24 of 25 

 

The relevant figures in the case of natural gas are the following (calculated for the 

Helional collector). 

 
 

The numbers are quite impressive as a widening of the market in the above sites 

leading to 1% of their population affected by solar thermal technologies could lead to 

energy saving equivalent of about 238,1 GWh in the case of light fuel oil or 175,1 GWh 

in the case of natural gas. Savings of fuel would be 22,1 Mlts in the case of light fuel oil 

or 16,6 Glts of natural gas. CO2 emissions avoided amount to 62,7 Kilotonnes in the 

case of light fuel oil and 31,6 kilotonnes in the case of natural gas. An extrapolation 

from the population of the selected sites (about 12 million) to the total SEE population 

or the total European population and an increase of the percentage of the population 

influenced gives the magnitude of change that projects like WidetheSEEbySuccMod 

could influence. 
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