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Abstract

The non-stopping population growth, combined with the enhancement of the living standards,
have resulted in continuously increasing energy demainalsrequire targeted actions to reduce

our dependency on fossil fuels, while at the same time signaling dauanewable energy
sources.The main purpose, i limit global warming to well below Z, compared to pre
industrial levels. In the residential sector however, \wyaresents a great portion of the final
global energy consumption, suelstions have 6 tet significant growth. The majority of the
technologies implemented, are either of passive nature (e.g. external thermal insulation) aiming
in a reduction of the e si d e nc e 0 s, ortmale usa afénewaldeecdesgy sourcasa

local scalewith their performance being left subject to environmental conditi@easonal
thermal energy storage systems, are a key technahadycan tackle this problemproviding
delayed availability to the energy harvested from renewable sources, shifting the production
curve appropriately to meet the demands of the system.

The present study aims to dynamically model and evaluate the performance of such afgystem,
domestic scale application, providing proper sizing to its more crucial subsystems while at the
same time identifying the main environmental factors that affetts operability is tested in
central and northern European cities, utilizing two different layouts, to meet the technological
barriers, that its innovative adsorbent matepakes.

From the results of the study, a high adsorbent mass, showcasiwgadrgy density, as well as

a large aperture area for the solar collectors, is deemed necessary to sufficiently cover a large
percentage of the thermal energy demands of a nZEB house.



Summary

In the current master 0s sblardrvenseasontdierenal dngrgya mi ¢
storage systenthat utilizes a innovative adsorberttedis studied. The systethat has been
modelled in the TRNSYS softwares developed in the scope of the European project SWS
Heating. As aesult,many of the data that were used in the simulation, cannot be pregented
the current thesislue to confidentiality issues.
The main parts of the system are listed below andidec!

1 The seasonal thermal energy storage unit (STES)

1 Evacuated tube collectors (ETCS)

1 Anatural gas condensing boiler and

1 A sensibléheat storage tank
The main goal of the analysis performed, wasatthieve a solar fraction of at least 60%,
covering he thermal and DHW needs of an nZEB house, using the total adsbrimasts and
solarc o | | eapertweaasd, as the crucial sizing parameters.
The system and specifically the seasonal thermal energy storage unit, makes use of two different
layouts, fa its evaporator/condenser part, to overcome the temperature limitations that the
adsorbent material imposeRhe first layout, makes use of an-aater HEX and a PCM tank,
while the second utilizesa borehole HEX. The main purpose, is to provide the
evaporator/condenser part wittater of suitable temperatyreith the second layout generally
used inareas that experience long term winters with-seko temperatures.
The initial sizing of the system is focused in central and northern Eurapees, hat are
characterizety low solar irradiance levels during the winter period. Nuremberg and Stockholm
are selected as the basic representatives, making use of the first and seconcelsyectively.
The seasonal thermal energy storage sysitenmodelled with discrete sulmits, with a
predefined adsorbent masharacterized by exponential charging and load curves respectively.
In the current thesis, the model was programmed to allow both serial and parallel charging of
these sutunits, aimingn keeping the load demand steadhile at the same time avoiding high
temperature drops in the solar collectors.
The <correct combination of tot al adsorbent
performed, so as to decrease as possible thevdéade of the systenwithout greatly affecting
the impact of thermal storage in covering the heating and DHW .I¢ddse same timean
upper bound is set to the maxi mum sol ar cCo
overheating of the systemivgn that there is a substantial load demand decrease, at the end of
both the charging and discharging periods.
Ther esul ted sizing of the system for the bas
reveals a low energy density of the STES. Tdrgemass of adsorbent materiakcessary to
achieve the desired solar fraction, which in any case exceeds two tons, covers however about
30%-40% of the total solar energy that is supplied to demanthe same time the continuous
need for high outlet tempdraes from the solar collectors (&) results in equally large
aperture areas (> 83n



I n order for the syst e mo6 dghe bffedh af diffecent gebgraphice f
locations and as a result different weather conditions, on the redhtpthat governs the sizing

of the STES and sol ar coll ectorsds ar ea, W &
Zurich, Budaest, Dublin and Warsaw, weselected, to cover a large portion of central and
northern Europe, in high altitude anchnesea locations.

From the results of the study, the direct relationship between adsorbent mass and outdoor
temperature was made clegiven that the second parameter dictates the thermal loads of the
house. At the same ti me, as expected, t he s
irradiance levels of each location, governing also the impact that the STES system has in
achieving the desired solar fraction.

The current STES system is favored, in cities that are located in central Europe, and are
characterized by medium to high energy demands and low to medium irradiance levels that are
kept steady throughout the yelr thosecasesits impactis highly increased, achievingt only

asmooth operation, without overheating of the solar collechutsalsdow dead volume levels.

Vi
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