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1. Objective

using actual
operational data:

The Balcova geothermal district heating
system (BGDHS) in Izmir



2. Introduction

Table 2. Ranking (in order) of Geothermal Direct Utilization 2003

Use (TI/vr) X 1ty (MW TI/area TI/population MWt/area MWt/population

China Iceland Iceland Denmark Iceland
Sweden Sweden Israel Sweden Iceland Sweden
USA China Switzerland New Zealand Switzerland Denmark
Iceland Iceland Denmark Georgia Sweden Norway
Turkey Turkey Georgia Denmark Hungary Switzerland

Source: Lund, J.W., Freeston, D.H. and Boyd, T.L. 2005. World-Wide Direct Uses of Geothermal Energy 2005.
Proceedings World Geothermal Congress 2005. Antalya, Turkey, 24-29 April 2005, pp. 1-20.



Table 1
City-based geothermal district heating systems installed in Turkey

Geothermal
fluid =JJpl:l|.1|l'|f|.HtIJ|.u
Capacity ternperaties termnpemres 5
MW (“iC) - OMMATILS ™) c “Type of pipe distribution lines

Gonen Balikesir 2 8 e g — 4. Steel pipe systermn with
Shimay Kutahiya 2 2 Ootoshsar 1'.431 S3/50 Fi.tﬂ:rL,]L.! reinforced

TKirachit Kiraehir 5457 Maich 1904 i
Kiilcahomam Ankara 2 Movember 199 l pipe .nr e with 2 1
Balzova Tzmic T 5 October 1996 I 20y el pipe system with
(Marlidere)
Kozakli Menvaehir & el Steel pipe systermn with 2 1
v e 10000, 000 Steel pipe systermn wi
TSandikli o : ’ ch 1998 0 50001 T00 T loop
reinforce
steal pipe
¥ Diiyadin Agri 42 i} arpde Q08 T 20001037 Steel pipe systerm wi ]
Ealihli Manisa 42 a4 : 8 Feasibility and project completed. put inbo operation

TPank koad bodler iz vaad.

bmmmnu val

“In the system mﬂ:u 2 Lo othen id & e district heating water is used. while n the 1.r.itn:-m with 3 l“'a a primary heat exchanger
between the geothermal fuid and ﬂ:nz« ] i

dan integrated geothermal ay syabe in ing eenhousa heating), bathing and balneclogy (
and industrial aes (liquefied carbo odde 2 ecipitated cals carbi ucEons).

“Target capacity.

Source: Batik et al., 2000; Mertoglu, 2000; Kuocuka, 2001; Elez et al., 2001; Mertogh, 2001ab; Kammanderasi, 2001 Arslan et al., 2001; OGL 2001 Canakei, 2002; D(GI, 20

Hepbasli, A. 2004. Current Status of Geothermal Energy applications in Turkey. Energy
Sources 25:667-677.



3. Description of the two Systems

The BGDHS and SGDHS consists mainly of
three cycles, such as:

>

> (b) energy distribution cycle (EDC) (district
heating distribution network), and

> (c) energy consumption cycle (ECC) (building
substations)



A) Energy

production cycle q_I_ /
(EPC) (geofher'mal RESIDENC I oukdoor
well loop and

geothermal heating

center loop)

LE supply

/| y
o T4 e C) Enzr’ YACONSUIDIIOY
ﬁ @ Q:CQ) (ouileisg
T1 T2reinjection SEYIONS )™

Qn ork A X (TB'T4) q

Qm(al/_‘{x (Tl = T2) Qm@;K X F X (Troom' outdoor)

Qtransfer: m3 X (T5'T6)

production




1||

IWGIHS
==

1720 Marlders Consenatle
51 152
2 3 |35 | 3|33 3
! B07]50E04E03E0:
|
Tsu
I 4 1 1 3% 35| 1|33 32
MA IN COL LEC TOR
2
§ & % B 3 2t [ 22| 23

Cagayn
Complax

Prinzes Hatel

Fig. 1. Schematic diagram of the current BGHS.
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Frgure 1A schematic of the Salthlr seothermal district heating system




Salihli GDHS
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4. Modeling

The mass balance equation:

The general energy balance:

The general exergy balance:

The exergy rate:

iy, =Y m
e i

Ex = m [{h -hyg )— T, Ia —Sg }]
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For the both geothermal district heating systems
studied, the mass balance equations are written as
follows:

—1th, —1y =0 where m is the total mass flow rate at
. ]

n
T .
S 1 w, tot

1=1

w,tot

wellhead, m_ is the flow rate of the reinjected

n thermal water and m; is the mass flow rate of the
T — 1. =
2. m my =0
i=1

W, tot natural direct discharge.

The geothermal brine energy inputs from the
production field of the both systems investigated
are calculated from the following equation:

Eprine = My (M. — g )

14



The energy efficiency of the two systems:

E'.. r 1. .'r. -E'. i" M i 11 = . 3 ;. & "
The J.:_.elc:thﬂznal blﬁlIlE exergy inputs Imn_l T%lE Ex,,. =1 [1.__11 o =Ty )= Ty (S =S¢ ,_ﬂ
roduction field of the two geothermal district
heating systems

The exergy destructions in the heat exchanger.
pump and the system itself are calculated using

_Ex_. =Ex

out dest

IE*-,. —Ex,, )

ot

E}{deat:ij,'stem = E E"“ dest. HE T . E"‘ dest, pump
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The exergy efficiency of the two systems:

The exergy efficiencies of the BGDHS and

SGDHS:

Ex dest,system +Ex remyjected - Exn'i‘i

€gcpus =1 —

_ Ex uzeful HE

Ex

brine

thermodynamic parameters for

Fuel depletion ratio:
Relative irreversibility:
Productivity lack:

Exergetic factor:

Ex brine

+ E:-:udd

t,5ystem

Xiang J.Y., Cali M. and Santarelli M. 2004.
Caleulation  for  physical and  chemical
exergy of flows in systems elaborating
mixed-phasze flows and a case study In an
IRSOFC plant, international Journal of
Energy Resesarch 28, 101-115.
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Table . Exergy rates and other properties at various system locations for one representative unil. State numbers refer to Figure 1.

Specific Specific Mass Specific Exergy Energy

State Tempera-  Pressure  enthalpy entrn[;.-y fow rate ERErgy rate Ex _rate
(iTh Phase ture T (*C)  P(kPa) #&(kJke s (k] ke 'K g (ke s My oex (kJ kg h (W) E (KW

The reference state for the BGDHS and were
considered to be 13.1° C and , respectively, and the
atmospheric pressure was taken as and 101.325 kPa (*1
atm), respectively.
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B. Results and Discussion

Table 1. Some exergetic, energetic and thermodynamics analysiz data provided for one reprezentative
unit of BGOHS [2-4]

Euergy Exerg;; Relative
Component destruction rate P (kW) F kW) (second law) irrewersibifty

(k) i % 1%)

Fuel Productivity Exergetic

depletion lack factor
rate E o f e

5 I:n‘n] L e

Heat £x 1 A17.38 EERF N 302105 B4 3 TIZ ESE 263 3538
Heat Ex 2 7385 fi14.05 fi93 B4 6 0.eg 0.81 1.10 8.00
Heat Ex 2 26 83 128 42 1533 825 0.34 0.31 033 177
Heat Ex 4 21786 a7o24 46101 82 3 1.02 004 114 5.37
Heat Ex 5 11068 26.39 13728 192 1.38 1.28 1.65 1.50
Heat Ex & 0.15 117.2 126.28 028 011 011 0.13 147
Heat Ex 7 10.04 1203 14024 a2 8 013 012 014 1.62
Heat Ex & 30.16 358 26875 838 033 034 0.42 3.10
HeatEx 2 423 27.74 92.07 053 0.0s 0.05 0.06 1.06
Heat Ex 10 7381 152635 1312 44 B4 7 158 330 4.00 2081
Heat Ex 11 2.3 28 36.3 771 0.10 010 012 0.43
Heat Ex 12 373 617 24 f2 3 005 0.04 005 0.11
Heat Ex 13 163 21448 2183 89 1 0.0z 0.0z 0.03 240
B10 Well Pump 1 1645 27 45 590 0.14 013 015 0.3z
B5 Wall Pumgp .41 11.34 3375 30 0.33 0.0 037 0.44
B4 Well Pumg oAz 413 13.75 30 0.1z 011 013 0.16
B1Wsll Pump 1523 1552 31.385 0.20 018 0.2z 0.26
802 Well Furmnp 733 TAT 0.0p 008 010 017
BO3 Well Pump 26.45 10.05 . 0.36 0.33 0.40 0.44
BI04 Well Purnp 31.02 2172 . : 0.30 0.26 0.43 0.60
805 Well Pump i 12.53 . 0.2z 0.20 0.24 0.36
BO7 Well Pump 23.88 8.57 ; ! 030 0.8 0.33 0.38

Balcova Booster
Pump 628 4102 034 0.31 0.38 078
Balcowa Cire. Pump 14.02 177 BB .18 .16 .20 2.7
Pressurzed Water 1083
Tank [Balcova)
Marhdere Circ.

Pump 588 anz
FPressurzed Water a
Tank (Marlidere)
Caglayan Booster
Pump
Heat Exchangers
na Pumpe 151228 TIEBAL aparag
Cwerall Plant® TEER 42 J1ER4Z BEET 46

026 ’ 012 015 013

1]

1413 TET xn




Table 2. Some exergeiic, energetic and thermodynamics analysis data provided for one representative unit of
the 5GOHS [4,5]

Fue Productvity

lack
£ (%)

Exergy Relative

Component i : W) efficiency irrewersioility defé-:lmn
) (%) =

! 5 (%)

Heat sxchanger 252 .46 9823 i 20848 30.08
E£ well pumg 21 46 2478 i 086 140
K2 well pump 1. 20.: h 057 0B3

#3 well pump i 5.02 20.25 . & 023 0.3
ET owell pump - -
Salihli booster pump 7.3 1.7 .72 032 047

Salihli circulation
cump
Heat exchangers 1574
and pumps
Cwerall Sysiem” 7 1524

102.22 15 26 046 087

® Based on the exergy (or energy) input to thermal water and water
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Parametric studies on energetic and exergetic efficiencies of the GDHSs studied

Geothermal
district heating
systems

Energy efficiency correlation

Correlation
coefficient

(R

BGDHS

Moy = 0.01—0.5T," —0.0029T," +0.3228T,, +38.27

0.99

SGDHS

1. =0.0014T," —0.0349T," + 0.7423T, + 53.69

0.99

Geothermal
district heating
systems

Exergy efficiency correlation

Correlation
coefficient

(R

BGDHS

£,, =—0.000001—0.5T," +0.0004T," — 0.1279T, + 45.21

0.99

£, =0.0007T,” —0.0396T," —0.1412T," + 0.4593T, +




6. Conclusions

Exergy analysis is more significant tool, than energy
analysis, for system performance assessment and
improvement since it allows true magnitudes of the
losses to be determined.
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Thank you very much for
your standing till the end |

Arif Hepbasli
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