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Abstract —The Riga Technical University Institute of
Energy Systems and Environment, in cooperation with
three Latvian companies, is implementing the projec
“Compact solar and pellet module” financed by the
European Union. Within the framework of this project a
combisystem will be installed in the Grandeg Ltd
modular pellet boiler house. The solar combisysterwill
provide domestic hot water and space heating loadif
an apartment building in Sigulda. Due to the limitel
amount of space in the modular boiler house, optima
decisions should be made on the technical parameseof
the system, including the volume of the heat storag
tank and the surface area of solar collectors. Evegr
alternative has both advantages and disadvantages.
Economic factors of various alternatives are analyed.
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|. INTRODUCTION

One of the obstacles for using renewable energycesu
(RES) are the rather high costs of RES technolpgies
although, it has to be mentioned, that during #s¢ tlecade
RES technologies have been successfully developing.
Therefore an increase in the efficiency of installes, as
well as a decrease of the costs due to the developof
RES equipment step-by-step make it possible to lahe
costs of RES technologies on a similar level todbsts of
traditional energy sources. The growth of RES
competitiveness and the wider use of RES technedogan
decrease a country’s dependence on energy impgtove
the balance of external costs, promote job creatsnwell
as decrease environmental impact [1].

Many RES technologies, such as solar collectorshaad
pumps, are not widely used in Latvia due to thests and
no possibility to generate 100% of the heating deind his
is the main reason why there is a need to devedapiriy
combisystems, which mostly use two sources of energ
The main principles of combisystems are:

e Production of energy from available sources;

e Storage of heat;

e Rational consumption of stored energy in theihgat
and domestic hot water system [2].

Various types of combisystems have already entdred
European market. In the Baltic market differentetypof

systems, combining traditional heating systems ttuge
with alternative energy sources (geothermal, setergy),
are also being offered to consumers.

The use of solar energy in Latvia has certain &tions.
The distribution of solar radiation on the horizngurface
and the amount of heat which can be produced during
different seasons is very variable:

e May — September - 700 — 740 kWH/mf solar
collector;

e  October — April — 200 — 240 kWh/mz;

e November — February — 40 — 50 kwWh/m2 [3].

Solar energy cannot provide the necessary amount of
heat during all seasons. In the period from Mayilunt
September, the system provides 60-70% of the heat
necessary for domestic hot water. During the autiameh
spring months, the heating system demand can hedpib
by 60-70%. During the winter months 30% of domehtit
water can be heated using solar energy. Thusgésssary
to install additional heating sources, which cawerothe
heating needs completely. Automatic control of such
system is very important to provide continuous rsegaply
corresponding to the heat demand.

Solar combisystems generally consist of different
subsystems and elements, and as a result are Itypica
complex systems. These interactions affect the ativer
performance of the solar part of the system. Theegd
complexity of solar combisystems has led to
development of a large number of widely differingtem
designs and different concepts [4].

One of the types of combisystems which uses two
renewable energy sources and is able to providetkiee
amount of heat necessary during all the seasonsamde
controlled automatically, is a combisystem of solar
collectors and pellet boiler [1].

the

II. COMBISYSTEM FOR AN APARTMENT BUILDING
IN SIGULDA

Since August 2009, the Riga Technical University
Institute of Energy Systems and Environment, in
cooperation with three Latvian companies Granded, Lt
VIA — S Ltd and Taupi Ltd, has been implementing th
project “Compact solar and pellet module” finandsdthe
European Union financial instrument [2].

Within the framework of the project, a combisystem
solar collectors and a pellet boiler will be deysd. The
system will supply heat for an apartment buildiny i

29



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

2010

Volume 4

Sigulda, K.Barona Street 12, which complies wité thain
characteristics required. The building was buittaxding to
the 103rd series standard project with 4 storied a@n
staircases. The external walls of the building muwede of
clay bricks and concrete panels. The building Hasegroof
and an attic. The heating unit and boiler roompdaeed in
the basement. The building includes 30 apartmeiitts av
total heating area of 1746%15)].

The reconstruction of the heating unit and boileom
was conducted and two natural gas boilers with high
efficiency were installed. The renovation of balesnand
doors is being completed. The windows (dependinthein
condition) were replaced with new windows or rerieda
The roof condition is technically acceptable, nanfadl
water drain or damages are observed. Due to thesrdgur
condition of the building energy demand per A israther
high. The energy efficiency of the building will be
increased by insulating the external walls. Accagdio the
current heat demand of the building, the annualt hea

Solar collectors

Mo

SC heat
exchanger

consumption for space heating and domestic hotrwate
about 260 MWh. Taking into account the range ofloat
temperature throughout the year, the necessargt fdiler
load is 100 kW [2].

I1l. COMBISYSTEM DESCRIPTION

One of the cooperation partners in this projecthis
company Grandeg Ltd which has recently begun priatuc
and distribution of modular type boiler houses.sTtype of
boiler house will be used to develop the combisystéhe
combisystem will include:

Pellet boiler GD-TURBO-100;

Pellet storage tank;

Vacuum tube solar collector;

Heat storage tank with a stratification device;
Automatic control system.

The principial scheme of solar combisystem is shawn
Fig. 1.
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Fig. 1. Principial scheme of the solar combisystem.

The solar collectors will be placed on the rooftbé
building. The boiler house will be connected to fieating,
cold and hot water, and electrical systems of thikding.
The pellet boiler will operate as the main heasogrce for
space heating and domestic hot water demand. Wdlen s
radiation level is high, the solar collectors wdlberate to
supply heat which initially will be stored in a hesiorage
tank and consumed when necessary.

Originally, the Grandeg Ltd modular boiler house
equipment is placed as follows: pellet boiler iregrart of
the boiler house, pellet tank and pneumatic pddetling
system in the other part of boiler house. The afnmhe

30

project is to develop a solar combisystem on theishat the
mentioned model of the modular pellet boiler househis
system solar collectors will be connected to thieepboiler
and an additional area will be needed for the séatage
tank. The size of the modular boiler house is 6% [2].
Originally, it includes two sections: pellet boikection and
pellet storage section.
Taking into account the limited area of the boheuse,

a decision should be made on the following pararaete

e The volume of the heat storage tank; m

e The number and the total volume of the pellet

storage tanks.
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Five possible alternatives for the placement of the
equipment in the boiler house are analyzed.
The alternatives are shown in Table 2.
Fig. 2. describes the possible placement of théesys
equipment for the alternatives 2 and 4.

Each of the possible alternatives is technicallysiele
and has both advantages and disadvantages, whjgdrcim
the economic effectiveness of the system. The sugnofa
main advantages and disadvantages of various eguatpm
combinations is given in Table I.

TABLE |
ADVANTAGES AND DISADVANTAGES OF ALTERNATIVE EQUIPMENTCOMBINATIONS

Alternatives + -

Srr|1all nufmkt)er of tpe”Et tanks and largers  possibility to store larger amount of heat| ®  Pellets to be bought in small amounts
volume of storage tan e Lower costs for pellet storage tanks therefore at a higher price

° Lower pellet consumption and higher solar® Additional costs for transporting pellets

fraction Higher costs for storage tank and solar
collectors
Greater number of pellet tanks and lowers | ower pellet transporting costs e  Storage tank volume is not enough |to

volume of heat storage tank store all available solar heat

Higher costs for pellet storage tanks

° Lower price of pellets
° Lower costs for heat storage tank and sola?

collectors

. Higher specific costs for the heat

storage tank and solar collector

. Higher pellet consumption and lower
solar fraction

TABLE Il
THE ANALYZED ALTERNATIVE EQUIPMENT COMBINATIONS
1 2 3 4 5
Heat storage tank - 2.35°1f1 tank) 4.7 M (2 tanks) 7.05 m(2 tanks) 11 rh(1 tank)
Pellet storage tank 11t (4 tanks) 8.25 t (3 tanks) 5.5t (2 tanks) 2.75 (1 tank) -*
*in this alternative pellets are purchased andestavithout storage tank in 16 kg packages
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Fig. 2. The poésible placement of the equipmetitérmodular boiler house [2].

IV. ANALYSIS

The sizing of a solar space heating system foiildibg is a
complex problem involving a number of interrelatedtors
and parameters which include, among others, thédibgi
thermal characteristics, the collector size andpeslothe
storage tank size, the heat exchanger size, tlae sadiation,
and a good number of economic parameters [6].

The effectiveness of the solar combisystem is basethe
possibility to achieve a high solar fraction anchimiize the
consumption of pellets. The solar fraction is iefiged both
by the surface area of the solar collector anchbywblume of

the heat storage tank. The economic factor is iatportant —
the higher the costs of the produced energy ofyiséem will
be, the less competitive such a system will be.fiid an
optimal combination of different parameters, thalgsis of
the alternatives is necessary.

The thermal characteristics of the system for each
alternative are defined using TRNSYS simulation sipd
which is based on the model of solar combisystestriteed
in the scientific article [7]. The model includesar collector,
collector loop, heat storage, auxiliary boiler, l18ing load,
domestic hot water profile, pumps, valves and abrgystems

(8].
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The main parameters used to characterize the aeneally investment costs can be achieved by excludingliagta of
balance of the system are: solar collectors and heat storage tank.
e amount of heat produced by the solar collectors,
MWh/year;
e amount of heat produced by the pellet boiler, MVéaty 12 |
e domestic hot water demand, MWh/year; < 10 7
e space heating demand, MWh/year; = o /
e heat losses, MWh/year [2]. 3 /
The mentioned parameters characterize the anrtuatien 26
taking into account seasonal changes in the operati the 3 /
system. g 4 /
One of the important parameters of a solar comtasyss T,
the surface area of solar collectors. The resulfs ¢
investigations and practical experience show thatrange of 0 ‘ ‘ ‘ ‘ ‘
optimal volume of the heat storage tanks for sotdlectors is 0 2 4 6 8 10
50-75 | per 1 rhof solar collector [9]. Based on the averagd Heat storage tank volume, m”

optimal volume of the heat storage tank (60°)/rthe optimal
surface area of solar collectors was assumed lasviol
e 2.35ni storage tank — 40 Tsolar collector;

4.7 ni storage tank — 80 Tsolar collector;

Fig. 3. Project implementation specific costs.

Fig. 4 shows the costs of the energy produced ley th
° . . . .
> 2 5ol lector: combisystem taking into account only operationadtsoThe
¢ 7.05 nt storage tank — 120°msolar collector; combination of 180 mand 11 mistill shows the highest costs.
e 11 rtrf’storag_e tank — 1807solar collector. ~ Comparing with combinations of solar collectors hw2.35
The T alternative (Table Il) means that the system @i8si ang 4.75 m heat storage tanks, the alternative without solar
of the pellet boiler only. collectors and heat storage tanks (Fig.5 - theevafithe heat

The analysis of optimal combisystem taking intocatt  siorage tank is 0) has significantly higher operal costs due
mentioned limitations is based on economic pararsetehe g the higher pellet consumption.

necessary investments and operational costs, which the
total specific costs of the system (Ls/MWh). Theapaeters
which are constant for all the alternatives (sustequipment 50
maintenance and the costs of the pellet boiler) moe 45

included.
30 f\

The following costs are taken into account for eacl
alternative combination:

e the price of a vacuum tube solar collector;

installation costs for the solar collector;

pellet price;

the costs of the pellet tank;

the costs of the pellet storage tank (includingc#jme 0 ‘ ‘ ‘
constructions); 0 2 4 6 8 10
the costs of the heat storage tank; Heat storage tark volume, m*

e transportation costs for one load (the number afi$o
depends on the maximum amount of pellets to bedtor
in the boiler house).

An assumption is made that the time of system diperés
20 years.

Operational costs, Ls/MWh
N
a

Fig. 4. Specific operational costs.

Due to the high project implementation and operaio
costs, the alternative with the 12 meat storage tank has the
highest energy costs as is shown in Fig. 5. A ctamable part
of the costs is formed by pellet transporting costisich are

V. RESULTS significant if pellet storage tanks are not used.

Using solar radiation data, the amount of heatcivisain be Smaller area solar collectors in combination withaer
produced in each alternative of solar combisysenas wvolume storage tank have the lowest energy costdallower
defined. The advantages of a larger solar collesiidiace area project implementation costs and the possibilitymimimize
in combination with larger volume of heat storagekt are operational costs by storing large amounts of flle
noticeable. However the analysis of the project Despite the lowest pellet consumption and the higbkelar
implementation costs shows different results. Bigndicates fraction to be achieved, thd' Blternative is not economically
the ratio of combisystem initial investment costsl éhe total reasonable.
amount of the heat produced and its dependencehen t
volume of the heat storage tank. The alternativih whe 11
m® storage tank has the highest investment costs.|ovhest
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Fig. 5. Energy costs based on combisystem operdtomsts.

CONCLUSIONS

Within the framework of the combisystem project, ans.

investigation of the optimal economic parameters waade
for a multi-storey building in Sigulda. To integeathe solar
combisystem into the existing commercially-avaidabi/stem,
the modular type boiler house can be used. Tharefine
available area was limited by the standard siz¢hefboiler
house.

The results of the analysis indicate that despiéefact that
solar collectors with a larger area in combinatidgth a larger
volume heat storage tank can achieve high solatidra and
save resources by decreasing pellet consumptionh b
operational and investment costs of these systenes
significantly high. The results also show that pledlet storage
tank in the modular boiler house is an importarttda to
achieve lower operational costs and indirectly dase
environmental impact due to rational transporting tie
pellets.

The compact solar combisystem with optimal pararsete
and equipment can achieve good economic value acdinte
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without solar collectors and heat storage tank.

The decision on the technological characteristi€sthe
solar combisystem should be based on existing euimno
environmental and other possible limitations. Toedep the
system with optimal solar fraction, fuel consumptiand the
energy costs, the solar combisystem with 48 solar
collector, 2.3 m heat storage tank and 2 pellet storage tan
(for 5.5 t of pellets) should be chosen for the rapant
building in Sigulda.
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Alona Bolaina, Claudio Rochas, Inese Kibure, Marika Ro#, Dagnija Blumberga. Kompakta saules kombisigma daudzdavoklu gkai

Rigas Tehnisks universiites Vides aizsardlzas un siltuma si@nu instifits sadartba ar tis Latvijas ugémumiem realiz projektu ,Kompaktais saules un
granulu modulis”. Projektu finaAsEiropas Savieba. Projekta ietvaros SIA Grandeg mialikatlu naja tiks uzsidita saules kombisi@na. Saules
kombisistma nodroSias karsi @idens piegdi un apkures vaja@lzas daudzdzoklu ekai Siguldi (Latvija). Katlu majas ierobeZoto iz@ru del nepiecieSams
pienemt optinalu Iemumu par sigimas tehniskajiem parametriem, ieskaitot siltumarakigcijas tvertnes tilpumu un saules kolektoru laukumu.

Lai raksturotueku un noteiktu as siltumenetijas patrinu, tika izmantoti energoaudita dati. TRNSYS mod@lizmantots, lai agkinatu apkures sismas
siltuma bilanci;nemot \era sezoilo saules radtiju, nepiecieSamo siltumslodzi, papildus silturvata darfbu un siltuma zudumus sista (ietverot siltuma
akumukicijas tvertni).

Lai noteiktu daZdu parametru optiato kombiraciju, ir veikta daZdu kombisistmas sagavdalu kombiriciju izmaksu anate.

Analizes rezulita atrasta no izmaksu viedakoptinila saules kolektora laukuma un siltuma akuitijds un granulu uzglaBanas tveniu kombiracija.
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Anena bBosnonuna, Kinaymmo Poma, HWuece Kudype, Mapuka Poma, [darnus Bayméepra. KomnakTtHasi co/iHeyHasi KomOucucrema st
MHOTOKBAPTHPHOIO 31aHUS
WHCTUTYT OXpaHBI OKPYKAIOIIEH CpeIbl X TEIUIOBBIX CUCTEM PIDKCKOro TEXHHYECKOTO YHUBEPCHTETa COBMECTHO C TpeMst JIaTBHICKMMU KOMITAaHUSAMH Peaan3yeT
mpoeKT «KOMIaKTHBII COJMHEYHBI M TpaHyabHBIH Moayib». IIpoekt ¢uHaHcupyer EBpomeiickuil coro3. B paMkax mpoekta B MoayipHOH KotenbHoit OO0
«Grandegbyer ycraHoBlIeHa colHeuHas: komOucucremMa. CrucreMa 00eCevnT pacxoj TeIlia Ha ropsidyio BOJLY U OTOIUICHHE ISl MHOTOKBAapTHPHOTO JoMa B
Curynzae (Jlatus). V3-3a orpaHHYEHHBIX Pa3MEpPOB KOTEIBHOM, HCOOXOAUMO HIPHHATH ONTHMAIBHBIC PEIICHHS O TEXHUYECKUX ITapaMeTpax CHCTEMBI, BKIIFOYast
00beM 0aka-aKKyMy IATOpa TEIUIa M IUIOIIA/b COTHEYHBIX KOJUICKTOPOB.
Yrobbl 0OXapaKTepU30BaTh 3[aHNE U IUIAHUPYEMbIH PacXoJ TEIUIa, UCHOJIb30BaHbl JaHHbIE SHeproayauTta. s pacyera TEmIoBOro OagaHca CHCTEMBI, C y4eTOM
CE30HHOTO COJIHCYHOTO H3Iy4CHHUs, TEIUIOBOH HArpy3ku, paboThl IONOJHMTEIPHOIO MCTOYHMKA TEIIa M MOTEPH Temia B cucTeMe (C yderom Oaka-
aKKyMYJISITOpa), MCII0JIb30BaHa MOZIeNb ciucTeMbl B iporpamme TRNSYS.
Jli1s Toro, 4ToObI ONpPEEIHTh ONTUMAIbHYI0 KOMOMHALMIO TapaMeTPOB, ObLT IPOBEJICH aHATN3 CTOMMOCTH Pa3JINYHBIX BADHAHTOB COCTABIISIOIIMX CHCTEMBI.
B pesynpTaTe aHanmm3a ompezeneHa ONTHMAanbHAs KOMOHMHAIMS ILIOMAAH CONHEYHOTO KOIUIEKTOpa, o0beMa Oaka-aKkyMyJsTopa Tella M 0aka IS XpaHCHHS
TpaHyII.
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