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Rezumat, In ultimii ani, datoritd cresterii conditiifor de trai a populafiei din zona rurald a Romaniei, nevoia de
energie terinicd in aceste zone a crescut. I aceste condifii a crescut si gradut de utilizare a sistemelor de incilzire
cu biomasd solidd. Pentru alegerea solufiei optime a sistemului de incilzirea unei locuinfe este necesara realizarea
unei analize energetice. Lucrarea prezintd un model matematic gi un program findamental, care realizeaza analiza
energeticd a unei locuine, ficdnd posibild determinarea consumului de biomasd, pentru acoperirea nevoilor de
energic termicd ale locuinfei, Datoritd interfefei simple, programul oferd posibilitatea, locuitorilor din zoncle
rurale ale Romaniei, care au cunogtinfe reduse de termotehnica, sa obtind informatiile necesare pentru alegerea
variantei optime a sistemului de incdlzire al locuinfei. Programul poate calcula necesarul de caldurd gi cantitatea
totald de biomasd necesara ludnd in considerare caracteristicile energetice ale biomasei wtilizate, caracteristicile
termice ale elementelor de construcjie a casei si valorile temperaturilor interioare si exterioarei.

1. THERMAL ENERGY BALANCE OF THE HOUSES

The energetic analyses of the solid biomass heating
system for a household involve determination of
thermal energy demand to guarantee an optimum
temperature inside the house, as indicated in [1].

The thermal balance is necessary to compute the
amount of input heat flux, equal with the amount of heat
flux losses:

where:

0+0:+0, =0, +0,+ 0, (M
0= QI + Q1+ Q, is the heat flux provided [kW]

Q, is the total heat flux release by thenual unit [kW];

0, is the heat flux release by the people [kW];

Q, is the heat flux due to solar radiation [kW],

0, are the heat flux losses through thermal transmission
(kW]

Q is the heat flux demand for heating of ventilation air [kW];

Qs is the heat flux demand for heating water [kW].
In admeasurcments conditions, in according with STAS

1907, Q:+ Qr can be neglected to compute the heat

demand in the worth situation.

The heat flux thermal transmission through inertial
elements (walls, windows, floor and ceiling) is divided
in four components and is calculate with equation:

Qs = QJ.] h Q3.2+ Qs.}"' Q:.-: (2)
where:

Q. are the heat flux losses through walls [kW];

Q 1 are the heat flux losses through windows surface [kW];
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Q,, are the heat flux losses through floor [kW];

Q,Ji are the heat flux losses through ceiling [kW].

Each component of equation (2) is calculate with
the equation (3), considering the specifically structure
(characteristics) of each inertial elements:

0, =Sk '(fi _'ra) (3)
where:

Q;_.— are the heat flux losses through inertial elements
[kWI;
S, is the total surface of inertial elements [mz];

k, is the global heat transfer coefficient of inertial

i
elements [W/m’K]
t; is the value of inside temperature [°C];
t, is the value of outside temperature [°C].
The global heat transfer coefficient, k; is calculated
considering the structure of inertial elements with
equation:
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where:

k is the global heat transfer cocfficient of inertial
elements [W/m*K];

o, is the convective heat transfer coefficient on the
inside{ W/m’K];

o, is the convective heat transfer coefficient on the
outside [Wr’mzK];

9, is the thickness of the layer j of the inertial elements [m];

A; is the thermal conductivity of the layer j of the inertial
elements [We’m:l(].

15



The determination of &; involves knowing data about
the structure and dimensions of the inertial elements.

In order to simplifying the software algorithm the
structure of outside walls is considerate composed by two
layers one resistance layer and one of thermal insulation.
The structure of ceiling is composed by the resistance
layer (concrete layer), thermal insulation layer and hydro
insulation layer. The structure of floor is composed by the
wood plank or parquet layer, the resistance layer
(concrete material) and hydro insulation layer.

German standard classifications divide houses in
tree categories considering the quality of thermal
insulated layer:

— houses with normal thermal insulation: the
thickness of thermal insulation equivalent with
5...7 cm of polystyrene;

— houses with low energetic consumption: the
thickness of thermal insulation equivalent with
10...15 cm of polystyrene;

— passive energetic houses: the thickness of thermal
insulation equivalent with 15...25 cm of polystyrene.
The heat flux demand to compensate the ventilation

demand was calculate with equation (5) in the case of
houses with normal thermal insulation or with equation
(6) in the cases of houses with low energetic consumption
or passive energetic houses. In the last two situations
mechanical ventilation of the house must replace the
traditional ventilation system based on windows opening.

0,=0,8-0, (5)
Q4 Ll Q} (6)

where:
Q, is the heat flux demand to compensate the
ventilation [kWT;
@, are the heat flux losses through thermal transmission
(kW

The heat flux demand for heating water is calcu-
lated with equation:

QS == I/’ p'.-.'.r.’._'." : Clrs ; (Irlllr.'h'f' = ".-'l: wrer ) i (?)

where:

0, is the heat flux demand for heating water [kW];
Puater 18 Water density [kg/m’];

¢, is the specific heat of water [klkg-K]:

Vis water consumption/person/day (DIN 4701 V =
35l/person/day at 60°C  water temperature or
50l/person/day at 45°C water temperature);

fowuer 18 the water temperature at outside [°C];

e 18 the water temperature at inside [°C].

# 1s number of person from house.

2. SOFTWARE INTERFACE DESCRIPTION

A basic software was developed according to the
presented mathematical model. The interface of the
software is suggestive and easy to use without any
special knowledge. The main interface (Fig. 1) does the
connection between the input data modules of the
software and allows starting the calculations.

The input data interface for walls is presented in
figure 2. Similar interfaces are available for each of the
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building part (figure 3 — figure 5). Fizure 6 presents the
interface for the mput data concerning the type of the
ventilation system and figure 7 is presenting the interface
for the input a data concerning the hot water. The choice of
the biomass type interface is presented in figure 8.
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Fig. 2. The walls interface.
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Fig. 3. The floor interface.
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Fig. 7. The hot water interface.
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Fig. 8. The solid biomass interface.

In the figure 9 is presented the results interface with
a synthesis of the input data and the heat demand, the
hourly biomass consumption and the monthly biomass
consumption,

Hoohur derrarmd loehctusier | 1R RS

Fig. 9. The results interface.

3. RESULTS

The results obtained using the basic software for
different input data, offer the possibility to analyze the
influence of different parameters on the global heat flux
demand and on its structure.

According to figure 10, the heat flux losses through the
walls are decreasing with the increasing of the thickness
insulation layer of walls. It can be observed the high
difference between the value of heat flux losses through
without insulation walls and insulated walls, Comparing the
values of the heat fluxes indicated it is easy to observe that
the use of the thermal insulation on the building walls is
compulsory, because the first 5 em of insulation, m the case
of the polystyrene for instance, is reducing the heat flux
through the walls with about 50% and this amount is very
important for the thermal energy balance of the house.

In figure 11 1t is presented the structure of the total
heat flux demand in the case of no insulation. and in
figure 12, the same structure in the case of the use of 10
cm of polystyrene as insulation. Comparing the two
graphics and taking into account that the value of the
heat demand due to the preparation of the warm water,
1s the same in the two situations, it can be observed that
the total amount of the others heat flux. can be
dramatically reduced using the 10 cm of polystyrene
insulation, as indicated in the twe figures.
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Fig. 10, Influence of the thickness insulation (polystirene) of
walls on the heat flux losses througl walls,
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Fig. 11. The structure of the heat flux demand
in the case of no insulation,
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Fig. 12, The structure of the heat flux demand
in the case of 10 cm of pelvstrene,

The influence of the insulation type used for walls
on the heat flux losses through walls is showed in figure
13. It can be observed that polystyrene and mineral
wod, the most used insulation materials, have almost
similar effects on the heat flux reduction, because of
almost similar thermal characteristics. Polyurethane is
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used in the case of houses build by sandwich type
panels and this material ensures the best quality of
thermal insulation.
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Fig. 13. Influence of insulation type on the heat flux losses
through walls,

The heat losses through windows obviously depend
of the windows type as it is indicated in figure 14. It can
be observed the influence of the windows type on heat
flux losses through windows. There is a high difference
between the heat flux losses through windows with
simple glass windows and Low Emission thermoresistent
windows,

849.14

540.8

2907

Heat flux losses through windows [W]

i 1 Y L] g ] : i ] ¢
Single glass Double glass Simple thor, wind  LE thor wind.

Insulated type

Fig. I4. The influence of windows tvpe on the heat flux losses
through windows.

The heat losses through terrace ceiling depend of
the insulation, in a similar way as the walls. In figure 15
can be observed the difference between different types
of 10 cm insulation. BCA and wood are representing
cheaper but not as effective solutions as polystyrene or
mineral wod.
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Fig. 15. The influence of ceiling type of the heat flux losses
through ceiling.

The heat flux demand have a linear variation with
the inside temperaturc and outside temperature as
indicated in figures 16 and 17,
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Fig. 16. The influence of inside temperature
on the heat flux demand,

Increasing the inside temperature from 20°C to
22°C, will increase the heat demand with about 6%, but
taking into acount the huge reductions of the heat
demand, that can be done using a good insulation with
high quality materials, economies done by decreasing
the thermal confort are not justified.
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Fig. 17. The influence of outside temperature
on the heat flux demand.

The graphic represented in figure 17 is indicated that
the total amount of heat demand in a period with an
average outside temperature of 0°C is with 15% lower that
in a period of —15° outside temperaturc. This amount will
be reflected in the biomass consumption corresponding to
the lower outside temperatures and the houscholders
should consider these aspects.

CONCLUSIONS

The basic software is able to calculate the quantity of heat
and the total quantity of biomass necessary for heating
household considering the energetic characteristics of solid
biomass, the thermal characteristics of construction elements
and outside and inside temperature. The basic software is a
useful tool for the people from rural area because the interface
is suggestive, the input dates are simple, but the results have a
big importance for to choose the optimum solution of the solid
biomass heating system for his household. So, it helps the
people to design themselves an efficient biomass heating
systen.
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Rezumat. In cadrul lucréirii sunt evidengiate modalitifile prin care, in prezent, se asigurd valorificarea
potentialului energetic al apelor geotermale din zona vesticd a Romaniei. Gradul de utilizare directa a apelor
geotermale pentru incalzirea spatiilor de locuit, preparatul apei calde menajere 5i a altor utilizdiri (sere, piscine,
piscicultura, balneologie, industrie etc.) este determinat de prezenfa sarurilor care dau sedimente i incrusiajii, a
gazelor sub forma de metan §i dioxid de carbon, precum §i de cea a substanfelor chimice si a gazelor dizolvate,
care acfioneazd cu agresivitate asupra construcfiilor §i a instalafiilor, facdndu-le inapte functionarii dupd perioade
relativ scurte de timp (0,5-1,6 ani). Aceste neajunsuri, frecvente la majoritatea insialatiitor de la forajele existente,
se pot elimina numai prin aplicarea unor tehnologii de tratare specifice apei captate de la fiecare sonda. Pentru
exemplificare, se prezinid ichnologia de tratare constimiid dintr-o degazare combinaid cu o dedurizare chimica,
aplicata la sonda 4004, prin care se asigurd incalzitul spatiilor de cazare, apd caldid menajera §i apa caldi de la
piscina hotelului ,,Elite” din Oradea. Tehnologia wutilizatd conduce la reduceri importante de combustibili

conventfionali, dar §i la majorarea duratelor de functionare a instalafiilor aferente.

1. GENERAL CONSIDERATIONS

Geothermal waters are unconventional energy sources
which, in the near future, will progressively replace, for
cerfain consumer categories, the natural gas, petrol and
coal — thus they represent an alternative for reducing or
saving consumption of classical fuels.

In year 2000, the ratio of renewable resources to total
production of primary energy at a global level was 13.8%.

In Romania, it’s forecasted that at the end of 2015, the
ratio of renewable energy sources to total consumption of
primary resources will be 11.2%.

Exploration and geological research of the geothermal
deposits began in Romania in 1962, with the activation of
the wells in Oradea, Felix, Calacea and Timisoara. The 200
geothermal wells drilled until now have confirmed the
presence of very valuable geothermal resources.

The geothermal water usage degree for heating,
running warm water and for different types of activities is
determined by the water sources characteristics and also by
the consumers’ needs [4].

The aggressive and encrusted nature of water and
gases captured determines the fast degradation of construc-
tions and installations that insure the geothermal water
transport to different categories of consumers.

These shortcomings, frequent for many installations in
existent wells, can be only eliminated by applying soime
treatment technologies specific for the water collected from
each source.

2. ENERGETIC CHARACTERISTICS
OF GEOTHERMAL RESOURCES IN ROMANIA

The geothermal resources of Romania are shown in
table 1, according to water temperature, the installed
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power and the present method of usage and the per-
spective one.

These resources have been classified according to
the Pannonian hydro-geothermal system. Geothermal
waters are used, in the present, for entertainment, for
heating, as warm tap water, in industrial drying proc-
esses, for heating the greenhouses or in zootechny.

The geothermal water use is determined by the
water temperature and also by its physical-chemical
characteristics.

Table I
Westemn Olt .
Parameter | UM| Oradea Bors fickk. | Valley Otopeni
Collect Cracked | Cracked | Porous | Porous | Cracked
ey Carbonate|Carbonate|sandstoncsandsiong Carbonate
Arca Km'? 75 12 2,500 28 300
Depth Km| 2232 |24+28 |08+2.1|215F24] 19526
Drilled wells ftotal 14 6 88 3 11
Used wells 12 5 37 2 5
Temperature| °C | 70+ 105 1135 5085|9296 | s8-+75
Thermal | °c/ iz - i " s
gradicnt 100 3543 | 45550 |38+50(46F438| 2834
Mmcr:ﬁhzauo gh |og+1a| 121 | 247 13 22
Dissolved |{m'y/ ; 5 :
oy — - 0,1
pases e 0,05 56,5 |05+25| 228
Fraduchion Artesian | Artesian Anes“l'“ Artesian | Pumping
type Pumping
Flow ; . . - - .
capncily/well I's 420 =15 4= 18 12==25] 22=<28
Uses no. 11 2 37 2 2
Annual 1 o1 9700 3200 18s0¢ | 2600 1900
saving
sl . 2 210 18 32
power
Exploiting
reservoirs “;::’ 570 10 4700 190 310
for 20 years)
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CONSIDERATIONS REGARDING THE ENERGY REVALUATION OF GEOTHERMAL WATERS

The geothermal perimeter Oradea-Biile Felix-1 Mai
is generally considered as being made up of two distinct
deposits (Oradea and Biile Felix-1 Mai), at different
depths and made of rocks of different ages  but
interconnected hydro dynamically. The geothermal
deposit form Oradea is billeted in cracked limestone and
triassic dolomite at 2200 and 3200 m depth, with an
area of around 110 km?® found almost entirely in
Oradea’s underground. The water temperature at the
surface decreases from 100°C in the western part to up
to 70°C in the eastern part, the average balanced
temperature of the 11 production wells from the area
(one is used for injection) is of 87°C well spring and
90°C by pumping. The geothermal water does not have
en encrusted nature and it does not corrode, it just
contains some dissolved gases traces and the
mineralization is relatively small (0,9+1,2 ¢/l, according
to the well), so that it does not represent a danger for
chemical pollution. The geothermal deposit from Bile
Felix-1 Mai Spas is billeted in cracked cretaceous
limestone, at depths between 45 and 175 m (for
complex I, which insures for over 90% of the extracted
volume) and between 200 and 500 m, in areas with finer
configuration (complex 11). The chemical compaosition
of the geothermal deposit form Felix-1 Mai Spas is
similar to that from Oradea deposit, being part of the
same water natural circuit. The geothermal water
temperature at the surface decreases slowly from west to
east, having 35+45°C in complex 1 and 40+50°C in
complex IL

The Bors geothermal perimeter is billeted in
limestone and cracked Triassic dolomites at depths
between 2000 and 3000 m; it is tectonic closed deposit,
with an area of only 12 km®. the geothermal water has a
high content of dissolved solids of 13+16 g/l, a

concentration of dissolved gases of 5 m3/m* (70% CO,

and 30% CH,) and a high potential of crust deposition,
The deposit temperature is higher than 130°C, at
average depths of 2500 m [2].

The Ciumeghiu geothermal perimeter is located in
the Western Field (between Oradea and Arad) and is
billeted in porous sandstone of the Inferior Pannonian,
at 2200 m average depth. The geothermal water
temperature at the surface is of 105°C, the concentration

of dissolved gases 3 m}/m’ (98% CH,) and the

mineralization 5+6 g/l, with a high potential of crust
deposition,

The geothermal perimeter from Cozia-Calimanesti-
Caciulata is billeted in porous sandstone between 1900
and 2200 m depth. There are three existing artesian
wells, the water temperature is of 90+95°C, the
pressure is of 16+20 bar, the mineralization is of 14 g/l
without encrusting potential, and the dissolved gases

concentration is of 2 m}/m’ (90% CH.,).

The geothermal perimeter from Otopeni is located
north of Bucharest and is only partially delimitated
(around 300 km?) according to the last investigations.
The 12 drilled wells indicated a enormnous deposits,
billeted in limestone and cracked dolomites, found at
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depths between 1900 and 2600 m, pertaining to Moesic
Platform. The geothermal water has temperatures
between 58+72°C and mineralization of 1,5+2,2 g/l, but
with a high content of H,S (over 25 ppm), so that the
reinsertion is absolutely compulsory. The production is
achieved only with submersible pumps as the water
dynamic level in the wells is at 80 m below ground
level.

3. THE ENERGETIC REEVALUATION OF
GEOTHERMAL WATER FROM THE WESTERN
PART OF ROMANIA

The multifunctional reevaluation of geothermal
resources is meant to become the dominant type of
geothermal water use. The geothermal resources can
include gaseous, liquid and solid resources. The
resource’s structure also includes a system for the warm
current and the accumulation room, which can be
refilled; the geothermal resources can have climatic
balneologic qualities and a high potential  for
mechanical power (geo-pressure fields); they can
transmit the radioactivity and can form around the
geothermal deposit mineral deposits.

Thus, the geothermal resources are unique and
unrivaled by any other natural resources due to the
multitude of potential applications. The components’
multiplicity of geothermal resources, varying form one
type to another, allows a great number of different
models of resource’s use. Besides a unique direct use of
the resource’s components there are other methods —
partially have been applied — the reuse of some
components (such as heating vapors, water).

The direct use of geothermal water can be achieved
for: heating rooms and preparing the warn tap water,
heating the greenhouses, pisciculture, aquaculture,
balneology and industry.

The main uses of geothermal water in Romania are:
heating the spaces and preparing warm tap water,
balneology, heating the greenhouses, wood kiln drying,
milk pasteurization, flax and hemp retting, fish intensive
breeding, etc. (figure 1). The total saved energy achieved
annually is over 35 000 t.e.p.

balncology e
170, T%

pisciculture
2%

heating the greenhouscs heating rooms
23% 36%

Fig. L. The use of geothermal water in Romania,
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4, TECHNOLOGICAL DIAGRAMS FOR CAPTURING
AND REEVALUATION OF GEOTHERMAL WATER

Taking into account all the economical aspects that
appear for heating the rooms using classic fuel, also the
present energetic crisis, geothermal water use applica-
tions were developed for heating the rooms and for the
preparation of warm tap water. A few technological
diagrams examples used are shown next.

The most profitable way of exploitation, when the
geothermal deposit can produce only a reduced flow
capacity — but continuous — is its use for preparing
warm tap water as it has a constant consumption level
all year long. In this respect can be used a system of the
type shown in figure 2.

T
RID i RT3

EH SCP

%"a’m 1 "%_?RII'_—L_
1f

Fig. 2. System for preparing warm tap water.
PS — submersible pump; RTD - buffer and degasifying
reservoir; PC — circulation pumps; RT — buffer reservoir;
SCP - plated heat exchanger; PI - injection pump.

The buffer reservoirs are dimensioned to cover the
variations of the flow capacity during 24 hours, so that
the submersible pumps can function at a constant rota-
tion rate. In this way, the initial investment of capital is
reduced, as there is no need for frequency regulators for
supplying the engines and at the same time it increases
the pumps’ reliability.

In case the geothermal water temperature at the
production end of the well is lower than 30-40°C, it
cannot cover the heating needed, not even at small par-
tial loads, even if radiant panels are used. In this situa-
tion, a heating pump can be used to increase the tem-
perature of the second thermal agent (figure 3). If heat-
ing devices convective type is used, during maximum
load, a BVS can be used.

If the geothermal water has a high degree of depo-
sitions and corrosion, the use of an intermediary closed
circuit with fresh water is recommended, between SCP
and the heating pump vaporizer in order to protect the
latter, because, obviously, a SCP can be cleaned or re-
placed easily and less expensive.

For the deposits where the temperature of the geo-
thermal water at the production end of the well is of
40+60°C, systems directly (fig. 4) or indirectly (fig. 5)
assisted by heat pumps can be used. For both systems
assisted by heat pumps, the thermal agent in the secon-
dary circuit is initially heated in the SCP, its tempera-
ture raised by the PC. For systems assisted directly by
the PC (fig. 4), geothermal water that exits the SCP en-
ters the vaporizer, thus directly reducing its exit tem-
perature.

82

Fig. 3. Heating pump system type.
BVS — load top boiler

Fig. 4. System directly assisted by w.L.w. (warm tap water)
heat pump.

For systems indirectly assisted by heat pumps, PC
(fig. 5), the vaporizer is supplied with returning, secon-
dary thermal agent, lowering its temperature, thus indi-
rectly decreasing the temperature on exit of the geo-
thermal water. If the consumers are using radiators,
during very cold periods BVS’ can be used to raise the
temperature of the secondary thermal agent on its way
in. The heat pumps are selected so that they raise the
temperature enough to cover the basic thermal load,
because once the temperature in the condenser rises,
their efficiency decreases.

BYS

Fig. 5. System indirectly assisted by heat pump.
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CONSIDERATIONS REGARDING THE ENERGY REVALUATION OF GEOTHERMAL WATERS

The figures presented above represent the basic
constructive solutions, used in the present for central
heating systems. Based on the conditions specific to
each well and on the demand for thermal energy in its
vicinity, one of these solutions or, typically, a combina-
tion of the two can be chosen so as to achieve the
maximum possible economic efficiency in each par-
ticular case. An example of a combined central heating
system is the one proposed for a hotel in Baile Felix,
which shows in the pre-feasibility study that the eco-
nomic indices have acceptable values. The basic repre-
sentation of this system is shown in Figure 6. The tem-
perature of the geothermal water at the exploitation end
of the well in the Baile Felix deposit is 50°C.

Fig. 6. A combined system, with direct heat exchange and
assisted directly and indirectly by a heat pump.

Adjustment of the thermal load is made by modi-
fying the entrance temperature in the secondary circuit.
For small partial loads, when the necessary temperature
is <45°C, the heating system works exchanging heat
directly through SCP1. The condenser of the heat pump
(PCl1) is, in this case, bypassed. When the necessary
entrance temperature in higher than 45°C, PC1 is turned
on. The exit temperature rises in the same time, causing
the exit temperature of the geothermal water in SCP] to
rise, which is then passed through the PCI vaporizer.
When the exit temperature reaches 40°C the direct heat
exchange through SCP1 becomes inefficient so SCP1 is
bypassed, the PC1 vaporizer being supplied with fresh
geothermal water, at the temperature of the exploitation
end of the well. When PCI is working on partial loads,
it’s not recommended to continuously modify its func-
tioning parameters in order to adjust the radiator en-
trance temperature. It’s considered more efficient to
have the possibility to mix part of the exiting thermal
agent with the entering one, thus controlling the radiator
entrance temperature, by adjusting the two mixed deb-
its, while PC1 works with a constant partial load. If the
necessary entrance temperature is higher than the
maximum temperature that PC1 can supply, BVS is
turned on.

For the preparation of warm running water, the cold
water is initially warmed to 45°C in SCP2 and, after-
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wards, to the standard temperature of 65°C, in the con-
denser of the PC2 heat pump. If the PC2 vaporizer ex-
tracts the heat from the way out of the secondary circuit,
the result is an improved heat exchange in SCP1 and a
decrease in the exit temperature of the used geothermal
water.

The representation of the first system for using
geothermal water, built in the Sacuieni exploitation pe-
rimeter, Bihor county, connected to well 4058, is shown
in figure 7 [1, 5].
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Fig. 7. Installations' diagram of geothermal water, linked to
well 4038 from Sacuieni village, Bihor county.

I — production well 4058; 2 — deltoid spill pipe for measuring
the discharge; 3,4 — getter with intercepting device of com-
bustible gascs (methane); 5 — greenhouses heated indirectly
with geothermal water (2 ha); 6 — greenhouses heated directly
with geothermal water; 7 — swimming pool with geothermal
watcr, 8 — geothermal heat exchanger; 9,10 — top boiler and
housekeeping with liquid fuel (CLU); 11 — top boiler running on
methane gas saved form geothermal water; 12 — pigs breeding,

The distribution and utilization schema (geothermal
water and gases) for the resources supplied by well
4667, for almost 15 years, to the cansumers in the town
of Salonta, Bihor county, is shown in figure 8.

Figure 9 shows the utilization schema for the geo-
thermal energy produced in the Bors perimeter (42 ha of
glass greenhouses, of which 8.4 ha designed to be
heated with geothermal water), which is based on the
alternative (or simultaneous) production of three double
wells, of which only two will remain in use later on. In
winter time, wells 529 and 4157 are used for injecting
thermally worn out geothermal water and in the summer
— for infusing fresh water, when the production wells
are stopped and a renewal of the deposit pressure is de-
sired, preparing for the new season of warming green-
houses. In the 1996-2000 periods, the level of water
production has stayed at the level of previous seasons,
with an average exploited debit for warming up green-
houses of 24V/s, on both production wells exploited in
doubles. Still, the operator of the wells in the Bors pe-
rimeter has suggested a reduction of the produced deb-
its, after observing an accentuated and continuous de-
crease in pressure and temperature in the deposit [1].
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Fig. & Geothermal warter use diagram for supplving heating
Sor some agro industrial and wrban consumers from Salonta
tovwn, Bihor county.
| = production well 4667; 2 - degassing device; 3 - triangular
overflow, flow capacity measuring; 4 - horizontal reservoirs.
geothermal water storage: 5 - pumping station (AGRINSAL);

0 - greenhouses heated direetly with geothermal water; 7
heating consumers: 8 pumping station (HGCL Salonta): 9
geothermal heating exchanger for preparing warm tap water
delivered to urban consumers: 10 — warm tap waler consumers.,
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Fig. 9. luswallations " diagram of heating the Orser green-
houses wsing geothermal water from Borg-Sdntion perimeter,
Bihor cownye [ 1].

1 production wells (4155, 4159 40 4158): 2 - injection wells
(529, 4157, 41500, 3 - degasifying reservoirs: 4 geothermal
heat exchanger. for greenhouses indirectly heated; 5 ~ closed
expansion vessel: 6 - circulation pumps secondary agent
heating: 7 greenhouses with indireet geothermal heating:
8 greenhouses  heated  direetly with geothermal - water

(second cooling stage).

Another example is the schema for the central
heating system used by Hotel “Elite™ in Qradea, Bihor
county. The heat source is the drilling in the [.C. Bra-
tianu Park. at a distance of 80 m from the hotel, The
drilling. shown n figure 10. was carried out for the
swimming pool of Hotel Dacia (now called Hotel Con-
tinental). The water temperature is de 80°C, the debit of
the drilling is 1100 m’/day, water mineralization at
1,1 g/l, the water contains gases [3].

The thermal station heating system (figure 11) is the
first step in using the geothermal water: in the second
phase, the water 1s used for the hotel swimming pool
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mside the building, and from here, readily cooled at
e, evacuated in the sewer system. Magnelic treal-
ment of the water will be done directly, before entrance
in to the heat exchangers. This treatment will be carried
out water-softening devices with magnetic filters [3, 6, 9].

Fig. 10. Drilling 4004 in the Bratianu Park, Oradea.
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Fig. 11 Installation for heating and processing hot running
water, by using geothermal warer {3, 7, 8],

The technology used by Hotel “Elite” in Oradea leads
to important decreases in the use of conventional {uels:

v" The annual cost of producing thermal energy
with a thermo-central running on natural gases
is: the investment — 8200 Euro; the fuel/year —
3587 Euro.

v The cost of praducing thermal energy with a
thermal station, with geothermal water at 80°C as
main agent, is: the investment — 4850 Euro; the
cost of geothermal water per year - 1673 Euro.

When using unconventional energy from geothermal
water, 25620 my, /year natural gases, and 1914 Euro/year,
are saved.

If the cost of heat supplied by the geothermal
source, through the network of the distribution enter-
prise, is higher than the cost of heat supplied by a tradi-
tional thermal source (in our case, natural gases {rom a
thermo-central), the geothermal water solution will not be
adopted. and if the opposite is true, and the cost of heal
supplied by the geothermal source is lower than the cost
of heat supplied by a thermo-central running on natural
gases. then the geothermal solution will be adepted.
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CONSIDERATIONS REGARDING THE ENERGY REVALUATION OF GEOTHERMAL WATERS

The convenience of adopting the geothermal water
solution, from an economical point of view, will be
analyzed using the diagram in figure 12.

The adeption of a sysiem of using ponthermal
waler for heating rocms and wam waler
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Fig. I2. Logic diagram for taking the decision of adopting
the heating installation with geothermal water,

The rconomic and energetic efficiency of a solution
based on geothermal heat can be determined with the
help of the following indices and specific ratios:

— Investment costs, { (lei, Euro);

~ Net fuel saving, E, (1./year);

— The cost for delivered heating, C (lei/MWh);

— The specific investment afferent to net fuel
saving, I (lei/t..);

- The period of investment expenses recovery
from the heating cost savings, n (years).

The net saving E,, is the difference between the fuel
consumption for the natural gases thermal power point
and the consumption for the thermal water solution.

The cost for the heating delivered using geothermal
water, C, is made of:

- Expenses with labour force;

—  Repairs;

— Cost of water;

- Electric energy;

- Payments, taxes.
The heating cost using fuel — natural gases — includes:
— Electrical energy for pumping;

— The price for natural gases fuel.

The specific investment afferent to net fuel is de-
termined by the relation:

I =

c

Fi
lei/t 4
E ( “)

where: v — life span of geothermal system (usually
20 years).

The lower the ,,i.”, the more efficient the geother-
mal solution will be.

The period of investment expenses recovery, from
the savings for heating cost is obtained from:

= ¢ (year)
R T

where: ,, — annual quantity of delivered heating

{(MWh/year).
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AC = Cpq = C(leYMWh) ,
where: Cer — the cost for the heating delivered with
thermal station.
Conclusion: A solution with geothermal water is
profitable if n < 5 [3, 7]. Thus,
—the specific investment afferent to net fuel saving ,
taking into account that E, = 26 t./year, will be:

i sk ABH 9,3 Euroft_,
v-E  20:26
— the period for expenses recovery:
I 174600000

n =2,54 ani<5

T 0. -AC  194,56-352800
AC=C;—-C=18,40-8,60=9,80 Euro/MWh

When using natural gases, the cost of a MWh/year
is of 18,40 Euro, and when using geothermal water the
cost is 8,60 Euro.

5. CONCLUSIONS

The use of geothermal water is mainly centered in
the field of heating rooms, institutions, greenhouses, for
preparing warm tap water, balneology and entertainment.

As we have noticed, any attempt of using geother-
mal waters has some problems to solve, related to crust
deposition that obturate the pipes and worsen the ther-
mal transfer or the emergence of corrosion which can
cause important material expenses and installations’
functioning interruption.

In order to establish ways of implementing the
geothermal resources in rural areas, establishing the
financial costs for such operations is compulsory, with
the purpose of reducing the possibility of price rising for
conventional fuels.
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