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1. Abstract

The present work shows an approximation methods@dar designers to evaluate the feasibility of isola
thermal plants in Europe depending on the typeot#rscollector used, the coordinates where theegyss
going to be installed and the types of summer ammdewdemands to be covered classified by the desig
temperatures needed for the processes.

This method evaluates the maximum amount of enabdg to be captured from the sun to satisfy thelsee
of a residential building in terms of Domestic Wgater (DHW), heating and cooling demands.

The final result of the work is a matrix wheresitevaluated the combination among:
» Two different technologies of collectors: Flat [elaind evacuated tube collectors

» Two different ways of covering heating demands.rirta# collectors combined with thermal back
up and thermal collectors combined with ThermalhwBn Heat Pumps(TDHP).

e Energetic and economical results plotted in mapB pérmit easy comparisons among the
configurations.

2. Methodology

The climatic conditions of 513 European locatioaséh been studied to evaluate the relations betirezn
solar thermal renewable energy produced with diffecombinations of collectors and heat pumps,thed
energy demands that a determinate building hasheénheating and cooling season. In order to have a
representative distribution of the climate arounddpe a previous study on the results obtained fifwen
weather stations have been done, eliminating thtsees sited closer than 50 kilometres to anottatios

and with similar values of Total Horizontal Radiatj Heating Degree Days (HDD) and Cooling Degree
Days (CDD).

Once that the division of the European Climatedoise, the study of the demands of a determinatesdiimn
building will be done, placing it in all the locatis, to obtain dairy the heating, cooling and Ddiogsot
Water (DHW) demands, and those diary results vélcbmpared with the diary energy able to be haedest
from the sun with the use of different solar thereehnologies. These results will be evaluatedain
energetic and economic base to advise on the ajpmated results that can be obtained from this lahd
facilities depending on the configuration and lamatvhere they will be installed.

It has also developed the design of a housing typahich to estimate the impact that different Eaan
climatic zones can have on it and its associatethdd.



3. Study of the European Climates

The resulting 386 locations have been ordered Belia the results obtained for Winter and Summer
Climatic Severity parameters (WCS & SCS), based the Average Global Irradiation and the
Winter/Summer degree days of three winter and seimmonths respectively, as (Duffie &Beckman 1973,
ISO13380, CTE) explained, creating a bi-dimensionalrix where all locations are included.

WCS = -835*10°* G, + 372*10°*WDD - 862*10°* G,,,, *WDD + 488*10°* G2, + 68110
(eq. 1)

SCS=3.724*10°* Gg,,, +1.409*10°* SDD -1.869*10°* G
(eq. 2)

* DD - 2.053*10°* G2, —5.434*10™

Summ

Where:
Gwin= Global Average Irradiance cumulated in Decembenday and February. [KWh/in
Gsumm=Global Average Irradiance cumulated in June, Jaligust and September. [kWhim
WDD: Average Degree Days (base2Q) for December, January and February
SDD: Average Degree Days (base20) for June, July, August and September.

The results obtained from both climatic severites lately scaled to comprised in a 0-10 interbaing
extreme summer weather values close to 0 for tH&'S@hd extreme winters those values close to 16en
case of WCS's.

10

o 10 20 30 a0 50 60 70 80 a0 100

=——Summer ClimaticSeverity ~ ====Winter Climatic Severity

Figure 1: Climatic Severities accumulative distribdion for the climate files object of study

This definition of the climatic zones will permito refer the results obtained for the locations téinite
number of reference places (one by zone), thatbeillurther deeply studied, decreasing the worldag of
treating data of nearly 400 localities.

In Figure 1, it is shown that the correspondent WAD8 SCS values are not homogenously distributed in
between the group:

e Summer Climatic Severities take values over 9 li@r majority of the studied cases, appreciating
that only a few locations have values under 5. s€healues show how homogeneous are the
summers for most of the European climates. Onl¢oa2the values correspond with extremely hot
and sunny places. (Figure 2)



 Winter Climatic Severities has a uniform distriloutialong Europe, with the exception of some
Northern climates that nearly duplicate the seyeoit the rest. (Approximately a 2.5% of the
climate locations have extreme winters). (Figure 3)
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Figure 2: Summer Climatic Severities Spatial Distriution
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Figure 3:Winter Climatic Severities Spatial Distribution

This lack of homogeneity produces an irregularritistion of the locations if their WCS and SCS wibble
treated in quartiles or homogenous linear intervidsorder to solve this problem, the climatic zerere
defined by a square 7x7 matrix where the SCS’sepresented as columns and WCS's are files. Thare h
been defined for each one of the severity indé@xelasses, where the first and the last one asetblimates
previously commented that represent distributiotnegmes, and the internally five intervals are dfass by
five equal percentiles of the resting climates. $3Clower interval has not been defined due to the
uniformity of the data obtained, changing the farfrthe climatic distribution to a 6x7 matrix). Aisdan be
appreciated , the adopted configuration distribntean uniform way the climatic files into the class
(Figure 4).
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Figure 4: Distribution of the 387 weather files inb climatic zones.

A combination of the Figure 2 and Figure 3 presgegraphical description of the matricidal repreagan
labeled “Figure 4”. In this Figure 5, it is easilyentifiable those extreme summer and winter clasat
against the moderated ones.

Summer and Winter
Climatic Severity
Intersection

Figure 5: European climatic distribution based on £S's and WCS's

4. Description of the building

The effect of climatic conditions on domestic binlgs has been evaluated with the definition of éding
simulated with an hourly code that transform enwinental characteristics and internal loads intaihga
and cooling to be satisfied by the heating andigefation facilities. The building simulated forett887
locations around Europe is a single family housth e compressive area of 100 square meters angh 2.4
height. In order to have all the possible bouretadue to orientations and external conditionspthikling

is a regular poligon with its eight external wallsented to the cardinal and intercardinal diretdidt hasn’t
be considered any shadow on the walls, there isnangetic exchange with the surronding ground aed t
roof interchanges energy with the ambient. Thie aefine the most exposed domestic building typplo
the ambient conditions of the places, due to thl hatio external surface/climated space.

The occupancy load is a function of a four peopendstic profile and the DHW demand is calculated
following (Ulrike Jordan, Klaus Vajen)



Table 1: Main Physical parameters of the simulatedbuilding

Average U value (External walls) 0.5 W/m*K
Average U value (Windows) 1 W/m?K
Average U value (Ground floor) 0.45 W/m*K
Average U value (Roofs) 0.35 W/m?K
Fraction Windows /External Walls 20 %
Fraction Windows /Roofs 0 %
Windows gs value 65 %
Summer Set Point 25 °C
Winter Set Point 21 °C

The coefficients that define U values of the exdésurfaces, give enough insulation for most ofdlmate
classifications of this work, although the authatsarly agree that, in extreme cold cases should be
recommendable to have more externally isolated espagnalogously, in extreme hot zones, shadowing
systems should be planned to avoid excess of solaributions through the windows. Nevertheless, th
building overpass the requirements of most of theogean Building codes, letting it be the necessary
common object of study for this work.

5. Description of the installed systems

The effect of the climatology on the solar prodastiechnologies has been evaluated with two differe
solar thermal configurations, both of them testéith & flat panel collector and an evacuated tublector.

Table 2: Characteristics of the thermal collectors

Type of collector ko kJW/m?K] K JJW/m3K?
Flat Plate Collector 0.823 3.02 0.0112
Evacuated Tube Collectar 0.601 0.767 0.0062

* The first one harvest all the radiation arrivingth® collectors, to drive the domestic hot water
demands and the heating demands of the buildisgyitliting the energy in the house through a
radiant floor system that works at 35°C as maximdetivering temperature. The set point
temperature of the storage tank is determined byettistence or not of a building heating demand
at lower temperatures than the ones needed for DFW$. strategy optimizes the efficiency of the
collectors and increase the working periods ofstiiar facility. When no heating demand exists, the
set point temperature of the tank increases t6@heegrees needed to deliver DHW.

A back up boiler is installed in serial with theaoplant, to assure the minimum temperatures that
the building occupants demand.
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Figure 6: Squema of the first configuration.

» The second case connects the solar plant to a BiigrBriven Heat Pump driven by the collectors
and a gas boiler. Solar collectors deliver energythe evaporator of the heat pump with
temperatures around 15 to 20°C, increasing mucle i usage time and the efficiency of the



solar facility. The gas boiler drives the heat pusihphe optimum working temperature that permits

a maximum COP obtaining in the condenser of thehinaca temperature of 35 °C. This condenser
is connected to a distribution water tank thatvégB the energy to the house. As far as the
distribution tank increases the temperature ove€3beating and DHW demand are lower than the
heat pump production, this one is stopped and ¢he set point of the solar plant is moved to 35 in

order to work without a gas consume. As happendlriirst case, when there is no solar resources
available, the gas boiler is connected in seridhwhe delivering water tank to provide the exact

temperatures needed.

In summer time, the solar collectors will be cortedcdirectly to the generator of the TDHP to
drive it as a chiller, providing the energy needieatover the cooling load of the building. In this
cooling season, the priority is given to the DHWr@ad, according to the strategy of increasing the
efficiency of the solar plant, and the boiler wilbrk as a high temperature back up for the chiller
and the DHW systems.
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Figure 7: Squemas of the second configurations. (\Wie

r&Summer modes)

In order to compare both solar plants, the numlberofiectors installed is decided, for each locatand
collector technology, evaluating the heating andliog demand of the building in that place and the
efficiency of the collectors when the maximum hagiand cooling loads occur, dimensioning the solant
to cover the smaller of both demands. In this whg, system will not be overheated along the yedor(@
the year, the solar energy harvested will not bghdri than the demand of the building) and the total
efficiency, as well as the economic results ofdhstem will be optimized.

Table 3: Solar system parameters

Efficiency of the boiler 95 %
Gas Price 0.1 €/kWh
Electric Price 0.15 €/ kWh
Cooling system Price 900 €/ kA
Flat Plate collector facility Price 700 € Fm
Evacuated Tube collector facility Prige 1000 €/ m

6. Obtained Results

The number of square meters installed to covebtliding demands and the return of investment plerio
for the different solar thermal facilities are gpito be shown in the following matrixes and maps itAcan
be seen in the Figure 8 and Figure 9, there isnpitant area that needs more than 40 square meters
installed to cover the building demands. The nuoa¢nalues obtained are printed in the Table 4ddiin
the groups determined by the climatic zones presljodefined.
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Figure 8 : Flat Plate Collectors that optimize thesolar energy contribution [n¥]
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Figure 9: Evacuated Tube collector that optimize te solar energy contribution [nf]

Table 4: Number of square meters for each climatizone (FP &ET)

Summer Climatic Severities's Summer Climatic Severities's

Flat Plate Evacuated Tubes
[sgm] Exc. | Class | Class | Class | Class | Class| Exc. [sgm] Exc. | Class | Class | Class | Class | Class | Exc.

Heat A B c D E Cold Heat A B C D E Cold
= Exc. = Exc.
2 Heat 2 Heat
§ Class1] 850 | 838 | 930 | 1693 | 14.55|11.47] 16,38 é Class1]| 675 | 663 | 741 | 12,01 | 11,14 ] 8.75 | 12,78
2 |class2| 1662 | 18,83 | 2412 | 2400 | 47.87(53.15] 56,05 = Class2 [1352| 1485 | 17.69 | 17.80 | 25.73 | 28.28] 20,25
§ Class3| — | — | 2586|3246 |8042]95.12]83.11 é class3| — | — [1694]2081|3857]4925]3820
= [cmssa| — | — | - [3332]9966]7430[023¢ = Class4| — | — | —— |2141 4020|3586 4203
'Z_: Class5| --— --- --- 19,01 - - - E: Class 5| - --- - 12,53 - - 136,72
b= Exc. E Exc.
= Cold - - - - - - - = Cold o - - - B - -




Figure 10 and Figure 11 represent graphically timaber of years needed to recover the invesmeraalf e
one of the thermal facilities installed to delivet water for heating and DHW purposes. Table Basgnt
the numerical results sorted by climatic zones.
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Figure 11:Return of investment. Evacuated tube cadictors. (DHW & Heating demands) [years]

Table 5: Return of Investment for both solar thermd technologies

Summer Climatic Severities's Summer Climatic Severities's
Return of Investment Return of Investment]
Flat Plate [yr] Exc. | Class | Class | Class | Class | Class | Exc. Vacuum tubes [yr] | Exc. | Class | Class | Class | Class | Class | Exc.
Heat A B cC D E Cold Heat A B Fos D E Cold
= Exc. = Exc.
2 Heat 2 Heat
E Class 1| 16,84 | 1628 | 17,65 | 2842 | 25,78 | 21,02 |30.24 é Class 1 |18,26|17.65| 19,00 | 27,05 | 26,22 | 21,87 | 29.05
& |class2| 2425 | 20.00 | 34.80 | 3638 | 59,53 | 65.68 |63,30 # Class 2| 26,62 | 30.13 | 34,12 | 34.71 | 43,11 | 47.10] 44,52
é Class3| -— --- 35,51 (43,29 93,98 |117,55|83,50 E Class3| -— --- 31,24 | 36,87 | 60,27 | 71,43 | 53,91
-_E Class 4| — — | — |39.81|95.60| 82,02 |9814 E Class4| — | — | —— |34.15]|5472 5452|6152
é Classs| — ze 2282 | wme | ame || o= E Class5| — — |2030| — | = |7102
£ Exc. = Exc.
= Cold i} - B B - z Cold } B - B } B




When the solar thermal plants defined in Tablerd used in combination with a sorption machine for
summer and winter uses, the results obtained presented graphically in the Figure 12 and Figi®eThe
numerical results are shown in Table 6.
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Figure 12: Return of investment for a TDHP combinedwith Flat Plate Collectors [yr]
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Figure 13: Return of investment for a TDHP combinedwith Evacuated Tube Collectors [yr]

Table 6: Return of Investment for both solar thernmal technologies combined with thermal Heat pump

Summer Climatic Severities's Summer Climatic Severities's
Return of Investment Return of Investment]
Flat Plate + HP Exc. | Class | Class | Class | Class | Class | Exc. Vacuum tubes +HP | Exc. | Class | Class | Class | Class | Class | Exc.

[yr] Heat A B c D E Cold [yr] Heat A B C D E Cold
2 Exc. 2 Exc.
z - - - - - - - z - - - - - - -
= Heat = Heat
E Class 1| 6,04 | 682 | 733 |11.01|11.26] 10201505 ‘5 Class 1| 6,56 | 737 | 8.06 |11.05|11.28 | 10,81| 75,64
= Class2| 7,10 | 9.47 | 12,20 [ 13,79 | 40,47 | 49.18 | 43,23 @ Class2| 799 | 10.23 | 12.46 | 13.84 | 30,51 [37.21] 32,56
o o
S |Class3| — 1253|1576 | 67.19| 94.54|58,16 = Class 3| — — | 1205|1469 | 4387 | 61,37| 39,33
£ |classa| — | 1622|6854 4899 | 64,80 £ Class 4| — — | 14,99 | 3942 |33.66| 43,63
Q T
T |Classs| - s [OERE| we ; Class 5| — |- /)T |- — |s5283
E Exc. ‘é’ Exc.
= Cold } } } } B B - = cold | ~ B } - } B




7. Conclusions

The study developed in this article demonstratesefficiency of the combination between solar therm
technologies and thermally driven heat pumps ard&undpe for a determinate building and occupancy
profile. The prices studied are averages of thepgass published in (ESTIF) although nowadayscib&t of
each kWh gas in Europe is higher and as a conseguke periods of investment of the studied systams
shorter.

The boundary condition imposed to avoid energetérgroduction when there are no heating, cooling or
DHW demands present a lower amount of Evacuate@ Talbectors installed in comparison with the Flat
Plate ones. This smaller solar plant is not alweasslated to the user as a cheaper facility dileeto
elevated price of the tubes and the climate sgvefisome European zones. Locations placed in south
Europe with severe summers in terms of high ramtiadind elevated temperatures, and soft winters have
better economical results when installing Flat étadllectors to provide thermal energy in winteg os also
when a thermal heat pump is installed, to delivdd evater in summer. In the rest of the Europearesofit
better the combination of the building with Evaathi ube collectors.

When the return of investment is the parameterands decide the facility, it must be explained iraly a
limited amount of climatic zones have acceptabdellte (less than 20 years) when the solar plamlis
installed to deliver energy for heating and donaelstit water, but the numbers decrease drasticélgnva
combination with a sorption machine able to workaoling and heating mode is done.

In every climate condition defined by low Winten@edty indexes or Summer Severity indexes below the

class C, the combination of solar collectors withrmally driven heat pumps are acceptable opfions
terms of energetic and economical savings.
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