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Developed geocement-based perlite thermal insulation material is
considered the most suitable for use as insulation of alternative energy facilities
for energy storage. The material is characterized by the following values:
density 321 kg/m®, thermal conductivity, 0.0727 W/m K, the average coefficient
of thermal resistance of 2.1 m? K/W, thermal cycles 145-148. This material
ensures minimum heat loss in underground storage of energy when its thickness
IS 260 mm.

Introduction. The use of renewable energy sources is a way to succeed
sustainable development of human activity. Towards this, the European Council has
approved the so-called 20-20-20 goals, which determine the EU-27 strategic energy
policy until 2020. Reaching a minimum 20% share of renewable energies in total EU
consumption is included to these goals.

In order to use the energy obtained from renewable natural resources in
practical applications, such as the energy effective buildings, several problems
concerning the ways to gain and store it have to be considered. The major problem of
using in practice renewable energy sources is their intermittent nature. Thus, it is of
high importance to balance the variable loads of fluctuating or not energy production,
as well as to ensure its long term storing as a backup thermal energy load. A possible
way to approach this problem is to construct an energy storage reservoir. The
operating principle of such a facility is related with the ability of the material used,
characterized by its own thermal capacity, to accumulate the low potential heat. In
this case the use of economically efficient thermal insulation materials, which possess
optimum functional characteristics, is of crucial importance.

The advantage of storing energy in this way is that various materials may be
used as heat accumulators. The energy is getting stored through heating the certain
material used as an energy storing medium. However, the majority of these materials
have low thermal capacity values. In addition, the effectiveness of the accumulation
process is significantly lowered due to the heat transfer from the storage medium
back to the environment. In order to use in practice a heat storage facility and to
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Increase its effectiveness, it is necessary to minimize any thermal energy losses by
protecting it with a reliable insulation. This allows the storage medium to keep the
absorbed low potential energy for a sufficiently long period of time.

The goal of implemented project is the development of a functional solar
system with energy storage, including the development of an innovative energy
transmission method. The proposed prototype is comprised of three main
technological compounds: LUCIFER — input of solar energy, solar concentrator;
TEMPO - energy storage; PRIMUS — use of energy (heating, electricity), and its
operation is schematically shown in the picture below (Fig.1). The solar energy
concentrator LUCIFER will be a specially produced Fresnel lens made of
polymethylmethacrylate. The proposed structural design of the lens enables to
concentrate sunbeams to focal point of several millimeters in size depending on the
lens size. The aim, to achieve the smallest possible focal point at the largest possible
irradiated area, is based on the intent to use an optical cable for energy transmission.
The solar energy concentrator will be equipped with positioning and self-tracking
devices. Additionally, in order to control extremely high temperatures, a shading
device will be also fitted to the solar concentrator. Sunbeams will be transmitted by
optical cables to the energy storage — the so-called energy storage TEMPO. The
energy storage is calculated to store an approx. 3-month energy demand straight on
site, thus covering the annual energy consumption of household. The energy storage
must be made of a material with a high specific heat capacity. This material will be
heated by sunbeams coming out of the optical cable [1].

- Energy storage @ ‘

- Electricity production

- Heat production

Lucifer

- Lighting

. storage
.

Fig.1: Principal scheme of the system

Energy from the energy storage will be used for warming of water and for
heating as such. Energy will also drive a technical appliance PRIMUS to generate
electricity. A standard available engine will be used and only its modification will be
the concern of the project. The objective of the project is that technical appliances
will obtain the energy required for electric power generation directly from the energy
storage. The device size depends on its required capacity that increases with the
amount of installed optical lenses concentrating sun radiation.

The reliability of a thermal storage facility can be increased by using suitable
thermal insulation, which will minimize any heat loss from the storage itself or from
the possible heat energy transport equipment. And in the same protects technical
appliances transforming energy from overheating. The selection of the thermal
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insulating material depends on the storage mechanism that is supposed to be used in a
certain building. Nevertheless, it should always ensure effective insulation, long
lifetime, easy and affordable repairing and maintenance, last but not lowest possible
price. There are certain limits for parts of energy storage which require different
property from insulating materials, for example relatively high compressive strength,
different thermal resistance, maximum thickness. And also the production cost plays
very important role. Thermo insulation of energy storage in described project was
designed as a sandwich structure of four layers with different composition in various
parts of energy storage.

The aim of the present work is to develop thermal insulating materials, which
are based on geocement and which could be used as insulation for energy storage
facilities. Geocement is distinguished from other binders, because it is ecologically
friendly and is characterized by long-term durability [2-5].

Experimental

Materials. For the development of the insulating materials, a geocement,
formulated as Na,O-Al,03-6S10,-20H,0 [4], was used. The ratios of its structural
oxides are as follows: Na,O/Al,05=1, SiO,/Al,05;=6 and H,0O/Al,0;=20. Geocement
was prepared, using a finely grinded metakaolin. Sodium silicate solution (silicate
modulus M¢=3.0; density p=1430+10 kg/m®) was used as a liquid phase to produce
geocement, while rotten-stone was used as a correcting additive. The main
constituent of rotten-stone is opal-like amorphous micro silica (SiO,-mH,0).
Expanded perlite (maximum particle sizes of 0.14-2.5 mm and 2.5 mm) were also
used. A hardener was added to the mixture in order to increase the strength of the
final product. Ground granulated blast furnace slag with a specific surface of 480
m?/kg (Blaine method) was used as a hardener. In Table, the composition of each of
the thermal insulating materials produced is presented.

Table.
Compositions of thermal insulating materials

Developed thermal
Components insulating materials
No 1 No 2
Geocement, wt. [%] 46.15 53.85
Fillers:
Expanded perlite (max. size 2.5 mm), wt. [%] 46.15 -
Expanded perlite (max. size 0.14-2.5 mm), wt. [%)] - 46.15
Hardening agent, wt. [%] 7.7 —

The specimens (plates of 125x125x40 mm) were prepared using the semi-dry
compression method by applying 0.1 MPa/cm? specific pressure on the mixture of
15% humidity. After the compression process, the thermal insulating specimens
formed, were dried at 373 K for 24 h and then exposed to the temperature of 923 K.

Test. After heat treatment, the average density of each of the heat-insulating
materials produced was determined. Their average coefficients of thermal
conductivity were measured using the method of hot plate. Calculation of the optimal
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thickness for each insulation material was Terenchuk S.A. in accordance with
formulas (1)-(4) and the data shown in Fig. 1. For this purpose, steel surface energy
storage tank supposed being in contact with the insulating material.

The heat transfer coefficient (o) from the external surface of the thermal
insulating layer to the environment is:

0= 9.74 + ATy — Teny), [WIM*K] (1)

where Ty: is the temperature of the external surface of the insulating material, [K] and
Tenv: 1S the temperature of the environment, [K].
The specific thermal flow (q) is:

0= a(Ti— Tens), [WIM’] ()

The temperature at the internal surface of the thermal insulating layer (T,), as
well as on the steel walls of the heat storage unit is:

T,-T, ZQ(%} (3)

where Ts: Is the temperature of the energy storage medium, [K], Js: is the thickness of
the steel wall of the heat storage unit, [m] and As: is the steel's thermal conductivity
coefficient, [W/m-K].

The necessary thickness of the thermal insulating layer (dg) is:

S :%(TZ_Tl)’ (4)

where 4. is the thermal conductivity coefficient of the geocement based thermal
insulating layer, [W/m-K]

The thermal resistance coefficient R, [m*K/W] of the system presented in
Fig. 1 is given by the following well-known formula:

R =20, (5)

In the above calculations, the following values have been selected as
constant: Ten, = 293 K is the temperature of the environment; T; = 318 K is the
temperature of the external surface of the insulation layer; s = 0.004 m is the
thickness of the energy storage unit's walls; 15 = 17.5 W/m'K is the steel's thermal
conductivity coefficient.
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Fig. 1 Thermal design scheme to determine the thickness of the insulation layer

Thermal stability of samples glued using geocement on stainless steel plate
(dimensions see above), was determined by the following procedure: samples were
heated in an electric furnace at a speed of up to 403 K/min temperature 923 K;
isothermal exposure was performed for 4 hours at a temperature of 923K; after
isothermal exposure the samples were removed from the electric furnace and cooled
in air to ambient temperature (273 K). Such a test is 1 cycle.

Results and discussion

According to the results of previous works [4], swelling or volume increase of
the geocement, formulated as Na,O-Al,03-6Si0,-20H,0, occurs due to the removal of
the chemically bound water which is contained in heulandite type structures which
are similar to zeolite. The material developed in the present study begins to swell at
the temperature of 423 K, due to the initiation of the dehydration of heulandite,
ussingite, sodium zeolite and other phases, followed by a medium porous structure
formation. When the temperature increases, reaching 1323 K, the dehydration of the
previously mentioned hydrated phases results in the formation of a finely porous
glassy aluminosilicate frame of jadeite-albite composition, which is characterized by
low thermal conductivity [2]. The usage of different particle size fillers allows
obtaining compressed geocement thermal insulation materials with different
macrostructure: coarse granulation (No 1) and medium granulation (No 2). After
thermal treatment at 923 K the thermal insulation materials are characterized by
average density of 376 kg/m® and 321 kg/m® respectively and by thermal
conductivity coefficient of 0.0766 W/m-K and 0.0727 W/m‘K, respectively.

The results of performed calculations disclosed optimal thickness for the
developed thermal insulation materials based on geocement. This optimal thickness
allows lowering thermal losses of the energy storage unit during the night time.
Thermal insulation layer thickness for granulation No 1 is 160 mm and for
granulation No 2 is 153 mm. Besides, the temperature of the external surface of the
developed materials will not exceed 338 K. From our point of view, the most
prospective material is that of the granulation No 2, which ensures minimum thermal
insulation thickness 153 mm, if its average density is 321 kg/m® and the thermal
conductivity coefficient is 0.0727 W/m-K. It should be noted that in the case of
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underground constructions the recommendations by the Thermo Insulation
Association of the Czech Republic is the thermal resistance coefficient value is 3.4
m?-K/W. Thus, if the developed materials are supposed to be used for insulating such
constructions, their thickness should be increased by approximately 1.62 times. The
new thickness values are 260 mm for composition No 1 and 250 mm for composition
No 3 (Fig. 2).

Norm of the Czech Republic 3.4 m KW

No specimens

The caleulated values

W Thermal resistance W WThickness, mm mThermal cycles

|
0 0,5 1 15 2 2,5 3 3,5 0 50 100 150

Thermal resistance [m*K/W] Thermal cycles

Fig. 2. Effect of thickness on the thermal resistance and heat resistance geocement-based perlite
thermal insulation materials

Conclusions

In geocement-based perlite thermal insulation materials of the compositions
number 2 is considered to be most suitable for use as insulation for energy storage.
They are characterized by the following values: (i) density of 321 kg/m?®; (ii) the
thermal conductivity of 0.0727 W/m-K; and (iii) the average coefficient of thermal
resistance of 2.1 m* K/W: (iiii) temperature air thermal cycles is 145-148 cycles. This
material provides minimal heat loss underground storage of energy when its thickness
IS 260 mm.
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AnHoTanusi. Pa3paboTaHHbIi Ha OCHOBE TIeOIEMEHTa MEPIUTOCOAEPIKAIINN
TETJIOU3O0JIALIMOHHBIN  MaTepuan  CyYuTaeTcss HauOoyiee  MOAXOMASIIUM  JJIA
UCIIOJIb30BAHUSI B KAYECTBE M3OJIAIIMU OOBEKTOB HETPAAUIIMOHHOW DHEPTEeTUKU JUIS
XpaHEeHMs] dSHepruv. Marepuan XapakTepU3yeTcsi CIEeIYIOUMMUA 3HAYCHUSIMH:
mwiotHocTh 321 Kr/MS, teronpoBoaHocTh 0,0727 Bt/M K, cpennuit koadpdunmeHT
TepMudeckoro compotusienns 2,1 m* K/Bt, TepmocToiikocts 145-148 1ukioB. DtoT
MaTepral 00eCreYrBacT MUHUMAJbHBIE TEIUIONOTEPU MPU TMOA3EMHOM XPAHCHHUH
DHEPIuM, KOIr/Aa €ro TOJIIHHA cocTaBiseT 260 MM.

AHoTtanisi. Po3poOieHnii Ha OCHOBI TE€OLUEMEHTY MEepIITOBMIIIYOMNNA
TEIUIO130JIALIIMHUI MaTepiall BBa)KA€TbCA HAWOUIbII BAAJIMM ISl BUKOPHCTAHHS B
AKOCT1 130JIAL11 O0'€KTIB HETPaJAMIIIHOI EHEepPreTHKW i 30epiraHHs eHeprii.
Marepian XapakTepu3yeTbCs HACTYIIHUMM 3HAaY€HHSMU: TycTuHa 321 K/M,
Termtonposiauicts 0,0727 Br/™m K, cepenniit koedimienTt Tepmiunoro omopy 2,1 M
K/Bt, Tepmocriiikicte 145-148 mmkmiB. lleit matepian 3abe3nedye MiHIMaNbHI
TETMJIOBTPATH TIPH MiJ3eMHOMY 30€epiraHHi eHeprii, KOJId HOro TOBIIWHA CTAHOBUTH

260 mM.
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