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Abstract. Solar thermal collector system is a widely used solution
involving renewable energy source to cover the energy demand for domestic
hot water production. At Italian level, the UNI TS 11300 provides a
calculation methodology based on two approaches: the asset rating, which
is easy to be applied but provides approximated results, and the tailored
rating, which is more reliable but requires several detailed information. In
this context, the present work proposes a new methodological approach to
develop a simplified calculation method in order to obtain accurate energy
performance results with no-additional cost for assessors and final users.
Different case studies were analysed carrying out parametric simulations.
The obtained results have led to the definition of the new simplified
calculation methodology to predict the thermal energy supplied by solar
thermal collectors; it allows also calculating the domestic hot water volume
to be covered by other technical building systems, becoming a useful tool
for their pre-dimensioning. Besides, the results open to new scenarios of
interest, such as the application of the same approach to other energy
services in order to integrate the outcomes of the asset rating provided by
the UNI TS 11300.

1 Introduction

The use of Renewable Energy Sources (RES) is an effective solution to reach the goal of
CO; emission reduction set by the European Union (EU). Among the EU Member States
(MSs), Italy ranks 3" in terms of RES contribution in covering energy consumption [1]. In
2019 the thermal energy supplied by RES is increased up to 19.7% of total thermal energy
use [2] confirming the achievement of the Italian target by 2020 (17%). Furthermore, the
Integrated National Energy and Climate Plan [3] has introduced the ambitious target of 30%
of RES coverage by 2030. Several national strategies and measures were drawn up including
requirements and incentives for RES use, such as Energy Efficiency Certificates, Conto
Termico, and tax deductions.
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In this context, one of the most adopted solutions is the use of solar thermal collector
(STC) system to cover the Domestic Hot Water (DHW) production [1] whose installation is
increased of 23% compared to 2014, especially in the residential sector (about 74%) [2].

The calculation of STC performance is an important topic widely studied in the Literature.
Many previous studies involved the use of dynamic simulation software in the evaluation of
STC energy production. Valdiserri et al. [4] carried out an energy analysis in different Italian
cities considering the DHW production covered by STCs coupled with a storage tank and a
recirculation loop. In [5] and [6] the use of STCs was simulated under realistic weather data
(Morocco and Tunisia, respectively) demonstrating the influence of daily DHW consumption
on the performance of STC systems. Chow et al. [7] used a dynamic simulation software to
compare the thermal energy performance of two common types of STCs, while Hazami et al.
[8] used a dynamic numerical tool for studying the convenience of STC system for DHW
production with respect to other standard technologies under Tunisian weather conditions. In
[9] dynamic simulations were used for optimizing STC array in Thessaloniki and in [10] the
building integration with STCs was investigated as a refurbishment measure of buildings.
Thermal performance analyses of STCs were also carried out by using and comparing
different solvers: in [11] numerical simulations of STC system composed of two flat plate
collectors, a water tank for heat storage, and a coil heat exchanger were performed using a
code written in Matlab programming language and in TRNSYS software. In [12], instead,
DHW supplied by STCs was analysed by means of a dynamic approach (Simulink model)
and an F-chart method capable of evaluating the produced monthly thermal energy. In [13] a
procedure for the calculation and optimization of STC performance was written in Matlab
programming language obtaining four new parameters to evaluate the system performance.

As highlighted in the previous studies, the accurate assess of the STC energy production
was mainly obtained by means of dynamic tools and code implementation that often require
specific technical skills and detailed information about TBSs.

In this context, the development of a simplified methodology depending on a few
information could be a useful tool not only in STC initial analyses and STC pre-
dimensioning, but also for the preliminary evaluation for incentive assessment.

Basing on this premise, the present work aims to find a new simplified calculation method
capable of assessing the thermal energy demand supplied by STCs, the volume of DHW
(Vpuaw) provided by STC system, and the remaining Vpuw to be covered by other TBSs in
agreement with UNI TS 11300 part 4 [14], i.e. the current national regulation which provides
the calculation method.

2 Materials and Methods

2.1 Calculation method provided by the national standard

The implementation of the UNI EN 15316-4-3 [15], the UNI TS 11300 part 1 [16], and
especially the UNI TS 11300 part 4 [14], provides the methodology to assess the monthly
DHW primary energy need to be covered by STC system. This methodology is based on
technical characteristics of STC panels and on outdoor thermal conditions. In particular,
according to [14], the monthly thermal energy production (Qsrcmonth) for STCs with same
technical characteristics, orientation, and inclination and connected in parallel to each other,
can be evaluated with equation 1, where the two dimensionless parameters X and Y are
expressed by equation 2 and equation 3, respectively.

QSTC,month = (a'Y +bX+c Y +d X +e Y+ f'X3) ' QDHW,mont (1)
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In agreement with [14], the Qstc,mont is function of the following parameters:
1. Correlation factors (a, b, c, d, e, and f);
2. Monthly DHW thermal energy need of the building (Qpuw,month);
3. Two correction factors of STC efficiency (1) and of incidence angle modifier
(IAM) depending on technical characteristic of STC system;
Net area of STCs (A);
Heat loss coefficient (Uroop) and efficiency (nroor) of STC system;
Correction factor (f) depending on storage capacity;
Number of operating hours of STCs during each month (tm);
Monthly Irradiance (Im) on the collector panel;
Reference temperature difference (ATwr) between the water operational
temperature (40°C) and the water temperature inside the STCs, which depends
on the average outdoor temperature;
10. Monthly DHW energy need to be covered by STCs (Qpuw,sTc,month).

O XN n s

The equations 1-3 allow assessing the thermal energy need covered by STCs only
knowing several detailed information including the configuration of the Technical Building
System (TBS).

2.2 Methodological approach

The proposed methodological approach was developed carrying out parametric
simulations in order to obtain a simplified, but accurate mathematic correlation between the
current methodologies, the asset rating (AR) and the tailored rating (TR). Several case studies
were defined varying the main parameters that influence the thermal energy produced by the
STCs. The numerical analyses were performed by using Edilclima that is an energy software
certified by the Italian Thermotechnical Committee (CTI) according to the national
regulation framework.

The energy need to produce the Vpuw was analysed considering only the residential stock
since the DHW energy need is usually negligible in the non-residential sector, according to
[16] and [14]. Furthermore, STC systems are mainly installed in residential buildings.

According to [14], STC energy production mainly depends on weather conditions,
number of solar panels and their technical characteristics, and energy need for the Vpuw
production. For this reason, different locations and technical configurations were taken into
account to define the case studies.

More in detail, the Vpuw was initially assumed as 1,000 1/day (Vpuwiim) in order not to
reach 100% of the coverage by STCs and to achieve a different energy coverage varying both
number of panels and weather conditions. According to this assumption, a corrective factor,
function of the Vpuwiim and the Vpuw calculated with the AR, was introduced in the final
mathematical equation. Besides, the proposed calculation method was also validated
considering different values of Vpuw obtained from the AR and the TR.

The flowchart of the methodological approach adopted in order to find the simplified
calculation method for the STCs energy assessment is shown in Fig. 1.

Set the Vpuwim, different weather conditions were defined; in particular, six
representative Italian cities were chosen in order to cover the heterogeneity of the national
climatic context (Table 1).
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According to [14], the outdoor conditions mainly affect the DHW production of the STCs
in two ways: the outdoor air temperature influences the temperature reached by DHW (Tw20),
while the average monthly irradiance (In) influences the thermal energy production. In order
to take into account both these quantities, a new parameter, namely Climatic Parameter (CP),
was defined representing the product of Twmo and I, for each considered location.

STC simplified calculation

method
Influencing parameters I
according to [1]
T re— —— -
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Fig. 1. Flowchart of the methodological approach.
Table 1. Selected Italian location (processing from data by [17]).
o
) Climatic | Degree Outdoor temperature [°C] Av.erage. annual
Location Zone Days Wi S Thermal irradiance
inter ummer excursion [MJ/m’]
Palermo B 751 5.0 32.6 6.5 15.6
Naples C 1034 2.0 324 10.5 14.8
Bari C 1185 0.0 323 8.0 14.3
Rome D 1415 0.0 34.0 11.0 15.6
Bologna E 2259 -5.0 33.0 12.0 12.7
Milan E 2404 -5.0 31.9 12.0 13.0

Since the energy supplied by the collectors increases with the number of panels, up to
cover 100% of the energy need, different configurations of STCs were considered varying
the number of panels according to ISTAT data [18]: ST1 (1 panel), ST2 (2 panels), and ST3
(3 panels). For the sake of clarity, Fig. 2 shows the monthly values of the thermal energy
supplied by the STCs (MEsrcs) for each location and configuration of STCs, highlighting the
great impact that these two parameters have on STC energy production.

Finally, basing on these preliminary considerations, different values of the Vpuw were
defined considering both the AR and the TR; these values were applied in the final energy
simulations, which results were used to validate the obtained equations. In the AR, the current
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methodology provided by [19] makes the Vpuw depending on the building net area; the TR,
instead, considers the Vpuw basing on the number of occupants. For these reasons, in the first
case, the most common net areas for national residential buildings were chosen according to
ISTAT census (80 m?, 100 m?, 120 m?, 135 m?, and 168 m?); for the second one, instead,
three tailored Vpuw configurations were adopted depending on the number of occupants (1,
2 or 3 people respectively). The average Vpuw per person (172 l/day) was evaluated
considering a standard use of sanitary appliances combining the related Literature data [20,
21]. The adopted Vpuw for the AR and the TR configurations are shown in Table 2.
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Fig. 2. MEstcs [kWh] for the selected locations and number of panel configurations.
Table 2. Vouw configurations: asset and tailored ratings.
Asset Rating (AR) Tailored Rating (TR)
Configurations | Net area [m?] | Vpuw [l/day] | Configurations | People | Vpaw [l/day]
VpHw-Al 80 122
VbHw-P1 1 172
VpHw-A2 100 143
VpHW-A3 120 165
Vbpuw-p2 2 344
VDHW-A4 135 181
VDHW-AS 168 216 Vbuw-p3 3 516

Once defined all the inputs and the STC influencing factors, the analysis was developed
as follows:

1. Normalization of the parametric energy simulation results for the Vpuwiim, the
number of panels, the thermal energy produced by ST1 configuration in each
simulated location, and the mean Climatic Parameter (CPy) calculated as the
mean of the CP monthly values of each considered location;

2. Analysis of the normalized results and definition of the correction factor related
to the number of panels (Fstc);
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3. Definition of the mean energy supplied by the STCs in each month as a function
of the CPp,;

4. Definition of the corrective factor as a function of the Vpuwiim;

5. Definition of the mathematical equation for the more reliable thermal energy
produced by STC;

6. Evaluation of coverage percentage of the DHW by the STC system and the
remaining DHW need to be covered by other TBSs;

7. Validation of the proposed mathematical equations with the energy simulation
results carried out considering the Vpuw values evaluated with the AR and the
TR.

The normalization process is one of the most important steps in the analysis phase since
makes it possible to extend the mathematical equation to different scenarios such as different
climate conditions or Vpuw values.

3 Results

As summarized in Fig. 1, the different configurations of the case studies were analysed
by means of parametric energy simulations considering different climatic conditions, number
of panels (ST1, ST2, and ST3), and a fixed Vbuwiim.

The obtained MEstc values were then normalized by:

- VDHWIim (1,000 l/day);

- number of panels adopted in each configuration;

- thermal energy supplied by the ST1 configuration for each location;

- CPp defined in Section 2.

The normalized values of MEsrcs as function of the CPy, are shown in Fig. 3 for all the
configurations (ST1, ST2, and ST3) and for their average value (STm).

Fig. 3 shows the same trend for all the configurations allowing introducing a correction
factor for the energy supplied by the STCs (Fsrc) expressed by equation (4), which already
takes the correction for the Vpuwiim into account.

Fgr¢ = 1.5- CB, %! 4)

The monthly-normalized energy produced by the STCs was then weighted for the CPy,
obtaining the MEcpm; this parameter is expressed by equation (5) on the basis of the
considered month of the year (m). Therefore, the MEcpm was calculated starting from the
Esrc evaluated for each chosen city (Table 1) and by adopting a correction for the CP values.

ME¢p, = 0.0119- m5 —0.2664 - m* + 1.3022 - m> + 0.9988 - m? + 14.553 - m + 27.286  (5)

This equation allows calculating the mean thermal energy produced by STC for a standard
location (MEcpm), i.e. for the one characterized by the same CPy, calculated according to the
step 1 of the analysis procedure described in section 2.2, and for the ST1 configuration. In
order to calculate the thermal energy produced by STC in different locations and
configurations, equation (5) should be corrected for the real CP and ST configuration.
Specifically, the energy supplied by the STCs (Estc) in each location and for different number
of panels and values of the Vpaw can be calculated through equation (6),

_ MEcpm'CPmonth

Esre = — “Fsre " Npanets * Frpuw (6)
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where CPuonth 1S the monthly value of CP for each location, npanets is the number of panels
placed on the building, and Fv . is a correction factor calculated by equation (7) as a

function of the Vpuwiim used for the parametric energy simulations, the Vpuw values of both
the AR and the TR approaches, and a constant.
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Fig. 3. Normalization of energy production [kWh] of STCs for the energy supplied by ST1
configuration, the number of panels, and the CP,.

Combining equation (6) with the Vpuw calculated with the AR or the TR (Table 2) and
the primary energy for DHW evaluated according to the AR (EPw-asset), the Vpaw provided
by the STC system (Vpuw-stc) can be approximated by equation (8). Consequently, the Vpuw
to be covered by other TBSs (Vpuw-tBs) can be calculated as the difference between the Vpuw
and the Vpuw-stc.

Vouw-src = % (3

Finally, the reliability of equations (6) and (8) was also tested. In particular, the results of
equation (6) were compared with the one returned by the energy simulations carried out
considering the Vpuwiim (Fig. 4); the outcomes of equation (8), instead, were compared (Fig.
5) with the energy simulations results carried out considering the Vpuw shown in Table 2 and
calculated according to the AR and the TR.

Both the comparisons confirm the reliability of the proposed simplified approach for the
evaluation of the thermal energy supplied by the STCs. The results in Fig. 4 and Fig. 5
highlight a good approximation of the energy supplied by the STCs and the one to be covered
by other TBSs, respectively. More in detail, a good correlation was found with all the
configurations (R*>0.97); the ST3 shows the higher mean error in the coldest months, where
the Estc values are the lowers; however, this error was considered still acceptable.
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Fig. 4. Validation of the Esrc with energy simulation results.
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Fig. 5. Validation of the Vs with energy simulation results.

According to the results, the proposed methodological approach can be considered
reliable and effective for pre-dimensioning analyses especially when ST1 and ST2
configurations are adopted. Furthermore, thanks to the normalization, the equations can be
applied to obtain the energy supplied by the STCs and the Vpuw to be covered by other TBSs
even for configurations not analyzed in the present paper.
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Finally, the monthly values of the CPy, the Fsrc and the MEcpy, to be used in equations
(6) and (8) are reported in Table 3. These values can be easily applied to obtain the Esrc and
the Vpuw in different climatic contexts and STC configurations.

Table 3. Monthly CPp, Fstc and MEcpm values.

Month CPp [MJ°C/m?] | Fstc[-] | MEcem [KWh]
January 618 1.015 43.89
February 947 0.991 66.93
March 1,303 0.972 96.46
April 1,678 0.955 129.00
May 1,964 0.946 159.03
June 2,039 0.943 180.38
July 2,047 0.942 187.71
August 1,797 0.950 177.95
September 1,420 0.965 151.70
October 1,000 0.985 114.72
November 651 1.008 79.32
December 528 1.025 65.84

4 Conclusions

Solar thermal collector (STC) systems are one of the widely used solutions to employ
Renewable Energy Sources (RES) especially in Domestic Hot Water (DHW) production.
However, the calculation methodology provided by the current national regulation involves
knowledge of several technical information, such as characteristics of STC panels, technical
building system configuration, and outdoor thermal conditions.

The aim of this work is to provide a new simplified calculation methodology able to
accurately assess the thermal energy need and the volume of DHW supplied by the STCs
basing on a few information.

Several parametric simulations were carried out taking into account different
configurations of the main factors that influence the thermal energy produced by the STCs:
DHW volume needs, outdoor conditions, and number of the panels. The obtained outcomes
were combined in order to return the simplified calculation methodology. Furthermore, the
results were normalized in order to apply the proposed approach also to different scenarios
not considered in the present work. Finally, the obtained equations were validated with the
simulation results using different DHW volumes.

The results confirmed that the equations found in the present study are useful tools not
only in STC initial analyses and STC pre-dimensioning, but also for the preliminary
evaluation required for incentive assessment. Furthermore, the methodological approach
used for defining the simplified calculation method opens to new and interesting future
developments, such as its application to other energy services with the aim to define new
calculation methods able to return more accurate results than the asset rating.
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