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ABSTRACT

The study analyses the efficiency of a Solar Water Heating (SWH) system, potential financial savings and invest-
ment profitability. The analysis pertaining to the amount of energy generated by the collectors had been performed
for the multi-family building within the span of two years. The efficiency of the system was determined by com-
paring the amount of energy from solar radiation incident on the surface of the collectors to the amount of energy
generated by the collectors and fed to the existing Domestic Hot Water (DHW) system. The amount of energy
generated by the collectors was approx. 70 GJ per year, at the efficiency of the SWH system equalling 36%. The
best time for the operation of the system was the period from April to September, during which the share of gener-
ated for DHW amounted to 78%. It is reflected in the decreased consumption of gas by 6% throughout the year.
Furthermore, based on the data about the efficiency and energy yield of the set of collectors, as well as data on
insolation, the analysis was performed to determine the installation and operation costs and the depreciation period

of the investigated SWH system.
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INTRODUCTION

Until to the 1980s, Poland had been self-
sufficient in terms of energy supplies. Currently,
Poland’s own resources of fossil fuels allow us
to meet approx. 70-80% of our demand for en-
ergy. Unfortunately, regardless of numerous state
and EU support programmes, the share of energy
self-sufficiency is not increasing quickly enough,
whereas according to forecasts, until 2020 Po-
land will be capable of meeting less than 60%
of residents’ needs [Zimny 2002]. The demand
for energy in Poland has been satisfied by coal,
the mining of which has decreased from almost
180 million tonnes in 1979 to approx. 70 million
tonnes per year at present. Primary energy from
coal accommodates approx. 50-55% of the total
demand for energy of our nation state [Govern-
ment Centre for Strategic Studies, 2004; Kaliski
et al. 2011]; however, its amount has been steadi-
ly decreasing, as the prices of fossil fuels grow
and their resources become increasingly limited.
It necessitates the search for the possibility of re-

ducing the energy consumption not only in resi-
dential, but also agricultural buildings [Angrecka
and Herbut 2016; Nawalany et al. 2010; Nawala-
ny et al. 2014; Nawalany et al. 2017]. This forces
the search for new energy sources and the need to
reduce the emission of carbon dioxide produced
in the combustion of fossil fuels [Travnicek et al.
2018; Bloch-Michalik and Gaworski 2017; Woch
et al. 2015], which is regarded by many scientific
communities as the main factor of the aggravat-
ing the greenhouse effect. Therefore, the rational
use of available conventional sources of energy
and the search for new, unconventional ones
which are easy to obtain has become increasingly
important [Bloch-Michalik and Gaworski 2016;
Herbut et al. 2017].

In effect, it is necessary to increase the gen-
eration of energy from renewable sources. The
share of primary energy from renewable sources
in total primary energy for the previous years in
Poland had risen from 6.1% in 2006 to 11.7%
in 2012 [Kos$ciotek and Zidtko 2015]. Accord-
ing to the data provided by the Central Statisti-
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cal Office (GUS), this share reached 13.1% in
2015. In compliance with EU recommendations,
the generation of energy from renewable sources
must be raised up to 15% until 2020 [Dec and
Krupa 2014].

The percentage share of solar energy in
renewable energy sources in Poland is low;
in 2014 it was as low as 0.4%. However, it is
evident that there has been an increase by 0.2%
in relation to 2011 [GUS 2015]. Solar collectors
are growing in popularity; they allow the utili-
sation of solar energy for heating multi-family
buildings, public utility buildings or swimming
pools [Dec and Krupa 2014]. They are also one
of the cheapest sources of renewable energy;
therefore, in the light of future increases in en-
ergy prices, the number of potential investors
who will decide to purchase solar collectors
may increase even further.

The aim of the study was to determine the ef-
ficiency of the existing SWH (Solar Water Heat-
ing) system on the multi-family building and to
calculate the potential financial savings for the
investor and the profitability of the investment in
the solar collectors.

MATERIALS AND METHODS

The study of the SWH system in the multi-
family building, located in Cracow, was per-
formed from January 2010 to December 2012.
The energy generated by the SWH system within
this period was read on a regular basis and the ob-
tained data was compared with the results of so-
lar radiation measurements for Cracow between
2006 and 2012 to determine the overall efficiency
of the system. The analysis of savings on the gas
consumption for DHW (Domestic Hot Water)
system included the data concerning the bills paid
by the housing association from 2006 to 2012.

The efficiency of the SWH system was deter-
mined by comparing the amount of energy from
solar radiation falling on the surface of the col-
lectors to the amount of energy generated by the
collectors and fed to the existing DHW system.
Furthermore, based on the data on the efficiency
and energy yield of the collectors, as well as data
pertaining to insolation, the implementation costs
of the investment were compared and the depre-
ciation period of the system was determined.
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Location and technical data of the building

The multi-family building in which the
SWH system is installed was erected in 1997
and is located in Cracow at 26 Kwartowa street
(E: 19°58°54, N: 50°05°36”). The building hous-
es 64 dwellings, in which 125 people were living
at the time of the study.

The building consists of six storeys, four of
which are residential and two are non-residential:
the garage and attic. The exterior walls of the
building are multi-layered, made of MAX hollow
bricks, thermally insulated with rock wool up to
a thickness of 8 cm, with a ventilation louvre and
checker brick curtain wall. The technical data of
the building is presented in Table 1.

Until 2010, when the SWH system was in-
stalled, three Rapido gas boilers had been used
with Girsch burners of 160 KW each and four
tanks of 500 L each.

Technical data of the solar water heating
system

The SWH system was equipped with 17
vacuum tube collectors of IB-Sol 22-70 type
and two collectors of IB-Sol 12-70 type. The
total surface of the collectors in the system was
69.29 m?, of which 41.43 m? was the absorber
area. The technical parameters of the collectors
are presented in Table 2.

The system was connected to the DHW sys-
tem by adding three 1,000 L water tanks connect-
ed in a series to the existing tanks (4 x 500 L) at
the boiler station. The pump in the collector loop
was activated when the temperature difference
between the collector medium and buffer tank
was higher than the value set in the differential

Table 1. Technical parameters of the investigated
building

Parameters Unit Value
Usable area m? 5,398.25
Total surface m? 7,305.00
Cubic volume m? 15,900.30
Building height m 18.67
Building length m 56.50
Building width m 32.00
Surface of heated rooms m? 3,296.00
Surface of unheated rooms m? 2102.25
Facade surface m? 2,975.00
Surface of exterior woodwork m? 437.00
Number of storeys - 6
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Table 2. Technical data of the solar collectors in-
stalled in the building [Insbud catalogue]

Parameter/Model :t;_s% IZZ_S%
Piping length [m] 1.7
Piping diameter [mm] 70
Number of vacuum tubes [pcs.] 12 22
Total weight [kg] 46 84
Collector surface [m?] 2.09 3.83
Absorption area [m?] 1.25 2.29
Optical efficiency [%] 74.4 74.8
Linear loss coefficient [W-m2-K'] 2.001 1.996
[l:l/snr;:lgiazri loss coefficient 0.0114 0.0112
Thermal yield* [kW] 0.838 1.536

* At G=1,000 W/m? and T = 30°K for the entire
collector

controller. It was working until the temperature
difference fell by the specified value of hysteresis.
The circulator pump in the examined system ac-
tivated at the temperature difference of 8°C and
deactivated at the hysteresis of 50%, which was
when the temperature difference dropped to 4°C.
The aim of such settings of the controller was to
ensure profitability in terms of the energy produc-
tion of the circuit activation and pump operation.

Measuring equipment

The heat meter installed in the SWH system
enabled reading the amount of thermal energy
generated by the system and fed to the DHW
tanks, with the value expressed in gigajoules [GJ].
Owing to the heat meter, it was possible to read
the mean values from the last 32 days preceding
the measurement date, as well as read the volume
of glycol flowing through the system.

The amount of solar radiation energy within
the study period was determined on the basis of
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automatic results of hourly measurements at the
measuring station in Cracow, registered with the
Kipp & Zonen CMP 6 pyranometer, with the
measurement scope from 0 to 2,000 W-m=,

RESULTS AND DISCUSSION

Solar water heating system efficiency

The amount of energy generated by collectors
depends on the radiation reaching their surface.
The land area of Poland is characterised by re-
gional variation of solar energy resources. In the
east and at the foreshore, the annual sum of solar
energy per 1 m? of a horizontal plane is 3,800 MJ,
whereas in Warsaw — 3,480 MJ [Chochowski
2009]. In Cracow, as the research for 2010-2012
indicates, this parameter was 3,684 MJ m.

Nearly 80% of the annual sum of solar energy
was recorded from April to September, with the
maximum value in July. It is attributable to such
factors as clear weather and high solar altitude.
The lowest amount of solar energy was character-
istic for December, when the Sun is lowest above
the horizon. In effect, the efficiency of the col-
lectors decreased more than tenfold in the winter
months; this, coupled with lower temperatures,
wind and greater heat losses, additionally low-
ered the system efficiency (Fig. 1).

Owing to the solar radiation measurements
and the data obtained from the readings of en-
ergy generated by the collectors, it was possible
to determine the efficiency of the SWH system
under investigation, including the collector sur-
face and losses due to the system length, southern
exposure and inclination angle of the collectors
[Wisniewski 2008]. On these grounds, it has been
observed that between 2010 and 2012 the share
of energy yielded by the collectors and fed to the
boiler station constituted approx. 36% of the solar
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Figure 1. Correlation between the energy generated by the collectors and total solar radiation power in the inves-
tigated SWH system from 2010 to 2012
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radiation energy per 1 m* of the absorber area.
The efficiency of the heating system throughout
the year was relatively stable. The reason was
that the entire amount of generated energy was
immediately used to satisfy the huge demand for
the DHW system. The stable performance of the
system was also influenced by remote monitoring
that enabled the contractor to immediately react
in the event of any problems during operation.
Small fluctuations recorded during the opera-
tion of the system were caused by maintenance
or layer of snow accumulated on the collectors
in winter [Knaga 2011].

The calculated efficiency, in comparison to
the one specified in the studies by Magiera and
Ghuszek [2008] and Radzajewska [2016], which
is approx. 60%, is far too low. Such a significant
difference may be attributable to the method with
which the solar thermal collectors were installed;
the collectors examined for the studies under dis-
cussion were installed at the angle of 30°, where-
as the optimal angles for the area of Poland fall
within range of 40—50°. That would be compliant
with the results given by Chochowski [2009], ac-
cording to which, if vacuum tube collectors are
installed on a roof at the angle of 40°, daily ef-
ficiencies reach approx. 40%.

Gas consumption

The main purpose of the investor who de-
cided to install the SWH system, aside from
environmental protection, was the willingness
to save money by decreasing the consumption
of gas, a conventional energy carrier. Figure 2
presents the variations in the monthly consump-
tion of gas for DHW by the boilers between 2006
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and 2009 (without the collectors) and from 2010
to 2012 (with the collectors).

The average gas consumption through-
out each calendar year between 2006 and 2009
(without the collectors) for heating 1 m* of water
was 12.4 m3. After the installation of collectors,
it decreased by approx. 0.7 m® to 11.7 m*. Fig-
ure 2 illustrates the decreased gas consumption
after installing the SWH system, especially in the
summer months, when the efficiency of the col-
lectors was at the highest. As for the remaining
months, the small amount of energy generated by
the collectors did not change the gas consump-
tion; any deviations on the chart are attributable
to lower or higher temperatures of the pipeline
water. The average consumption of gas used for
heating 1 m* DHW between 2006 and 2009 for
the summer months, from May to September, was
8.7 m?, whereas from 2010 to 2012 it decreased
by approx. 25%, to 6.5 m®. The yearly consump-
tion of gas went down by approx. 6%, namely
by the order of 2,000 m>.

Economic analysis

The membership of Poland in the European
Union necessitated the adjustment of the energy
policy to guidelines of the community and, there-
fore, utilisation of renewable energy sources and
revision of legislation [Ignarska 2013]. Munici-
palities have taken advantage of the opportunity
to use renewable energy sources not only to lower
the energy costs for municipal institutions or indi-
vidual end-users, but also for ecological reasons
[Hernik 2008]. Especially considering that as
the use of renewable energy sources in Poland is
growing, the subsidies for private enterprises and
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Figure 2. Gas consumption between 2006 and 2009 (without the collectors) and from 2010 to 2012
(with the collectors)
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local governments are provided, and the amount
of the subsidies depends on the selected source
and energy generated by that source. Further-
more, the purchase prices were established for
the state to buy surpluses of the generated power
[Skoczkowski et al. 2016].

In the presented study, the purchase cost of
the system minus the amount of the subsidies
which the investor was able to acquire from the
Environmental Protection Department in Cracow
was PLN 103,400. This amount should also be
increased by annual running costs (maintenance,
glycol change, electricity), which for the investi-
gated system were PLN 352/year.

On the basis of the analysis of the total gas
consumption in the building and the amount
on invoices for gas paid by the housing associa-
tion, the actual price of 1 m® of gas was analysed
from 2006, including the network fee and month-
ly fee (Fig. 3).

As the chart in Figure 3 shows, within the past
six years, the mean price of 1 m’ of natural gas
has increased by 65%; it is also worth mention-
ing that earlier, between 1999 and 2006, the price
of natural gas had soared by more than 100%
[Wisniewski 2008].

For the purpose of the analysis, it was assumed
that 1 m* of natural gas costs PLN 2.5 gross. Tak-
ing the actual gas prices into account and knowing
the amount of energy generated by the collectors,
an attempt was made to determine the actual time
it took for the return on investment (ROI). After
nearly a three-year analysis of the data acquired
for the SWH system, it can be concluded that the
mean annual amount of energy used for water
heating was 66.9 GJ. The profit earned thanks to
energy generated by the SWH system depended

3,004

2,504

2,004

1,50

1,48

on the costs of energy from conventional sources
(1 GJ of energy from gas cost PLN 73.14), which
were replaced by energy from the solar thermal
collectors and reduced by the annual running
costs of the system; to be exact, this amounted to
PLN 4,541.07/year.

Adopting the constant price of gas on the or-
der of PLN 2.5 for 1 m’ and the final purchase
cost of the system, that is PLN 103,400, the ROI
rate was estimated at 23 years. This means that at
the assumed service life — in the order of 20-25
years — regardless of the subsidies, the investment
is borderline profitable. Bearing in mind that solar
collectors are a solution most frequently selected
by individual households, their use is question-
able. In the presented analysis, the subsidies were
28.5% of the total investments costs. The subsi-
dies offered between 2010 and 2014 for the pur-
chase and installation of solar thermal collectors
were 45% of the costs at most, whereas the effec-
tive subsidy made only 37% [Report 2014]. Be
that as it may, after taking into account prices of
rising energy carriers by 8% and the running costs
by 5% on a yearly basis, the actual ROI rate in the
examined instance was 13.4 or 16.3 years, if the
SWH system were not to be subsidised.

CONCLUSIONS

1. The best period for operating the system was
the second and third quarter (April to Septem-
ber) which yielded 78% of total generated en-
ergy. The lowest energy yield was recorded in
the fourth quarter (8%).

2. Asregards the examined system, the consumption
of gas went down by 25% in the summer months,
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Figure 3. Price of 1 m® of gas sustained by the housing association between 2006 and 2012
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whereas yearly — by 6%. This corresponded with
the consumption of 2,000 m* of gas.

3. Owing to the solar thermal collectors, it was
possible to generate and feed the Domestic Hot
Water system with 66.9 GJ of thermal energy
yearly.

4. At the gas price on the order of PLN 2.5 for
1 m?, the annual savings, including the running
costs, were PLN 4,541.07.

5. The time for the return on investment in the
system, taking into account the gas prices in-
creasing by 8% and yearly running costs higher
by 5%, was 13.4 years.
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