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Geothermal district heating system design consists of two parts: heating system and piping network
design. District heating system design and a case study for a university campus is given in Yildirim et al.
[1] in detail. In this study, piping network design optimisation is evaluated based on heat centre location
depending upon the cost and common design parameters of piping networks which are pipe materials,
target pressure loss (TPL) per unit length of pipes and installation type. Then a case study for the same
campus is presented.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Geothermal district heating, and in some cases district cooling
networks are designed to provide space heating and/or cooling to
multiple consumers from a single or multiple production wells or
fields. The development of geothermal district heating systems has
been one of the fastest growing segments of the geothermal direct
use applications and accounts for over 80% of all space heating
provided from geothermal resources worldwide [2,3].

Because of the majority of its geothermal resources is medium
to low temperature, direct use applications and consequently
district heating systems are widely used in Turkey. Considering 20
district heating systems with a total installed capacity of approxi-
mately 400 MWt, Turkey is one of the leading countries on
geothermal direct use applications in the World [2e4].

The studies on geothermal district heating systems are mostly
focused on energy and exergy analysis of the existing systems
[5e13], thermal effects of control logics [12,14], economic assess-
ment of the systems [15e20], development of models and corre-
sponding computer codes to simulate district heating systems
including piping network [12,18,21e26] and heating system design
neglecting the piping network [27].

Piping networks have a significant share as high as 60% of the
total investment cost of geothermal district heating systems [28].
x: þ90 232 7506701.
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Therefore, optimisation of the district heating piping network is of
vital importance to the economics of whole system.

This study differs from the previous ones in that piping network
design is optimised depending upon the cost and common design
parameters of piping networks which are heat centre location,
target pressure loss (TPL) per unit length of the pipe, pipe materials
and installation type.

Izmir Institute of Technology (IZTECH) campus is under
construction since the year of 2000. The number of the buildings
has currently reached to 15 with a floor area of 50,730 m2. The total
heat load of the existing buildings is about 3662 kW. Once the
development is completed, total heat load of the campus will reach
to 11,207 kW.

Individual heating, ventilation and air conditioning systems
(HVAC) are employed at each building group. On the other hand,
there exists a geothermal resource in the vicinity of the campus
where exploration studies were conducted between 1995 and
2002. Five gradient wells were drilled, one of which located on the
coast of Gulbahce Bay, was assigned as production well having
a temperature of 33 �C and a flowrate of 30 kg/s, and considered to
be used for campus heating and cooling. Because of the low
temperature geothermal resource, heat pump district heating
system (HPDHS) was studied and compared with existing indi-
vidual fuel boiler heating system (IFBHS) and fuel boiler district
heating system (FBDHS) for the campus. Each system was simu-
lated hourly with a control parameter of indoor air temperature.
Various heating regime alternatives were studied for various
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Nomenclature

_m fluid flowrate (kg/s)
Costcir annual operational pumping cost (US$)
g gravitational acceleration constant (9.81 m/s2)
hp total dynamic head of pump (m)
Pel unit cost of electricity (US$/kWh)
hmotor motor efficiency (�)
hpump pump efficiency (�) 23
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Fig. 2. District heating piping network: Alternative 1.
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condenser outlet temperatures and geothermal fluid flowrates.
Finally economic analysis indicated that HPDHS was more attrac-
tive than IFBHS and FBDHS [29]. Heating system design for the
campus was given in Yildirim et al. [1] in detail.

In this study, piping network design optimisation of the campus
HPDHS is evaluated based on heat centre location depending upon
the cost and common design parameters of piping networks which
are pipe materials, TPL per unit length of the pipe and installation
type. PipeLab software [25] is used as simulation tool.
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Fig. 1. Flow diagram of piping network design.
2. Piping network design

Design parameters of piping network include heat centre loca-
tion, TPL, piping materials, installation type and the outcome of
heating system design parameters such as condenser outlet
temperature and geothermal fluid flowrate [1].

The location of the heat centre is critical because it determines
pressure loss, pipe length and consequently cost of the whole
district heating system.

TPL is a common design parameter of piping networks. District
heating practice is to design the system for 50e200 Pa/m pressure
loss [24]. If the pressure loss is high, investment cost of the pipes
decreases, while operational cost increases. On the other hand,
when the pressure loss is low, the investment cost increases
because of larger pipe diameters, but operational cost decreases.

Optimum pipe diameters are calculated based on TPL, water
velocity, head loss in the network and cost. Since piping network
has an important share on the total investment cost, optimisation
of the pipe diameters is quite important for the economical viability
of the whole system. Pipe diameter selection also has a crucial
impact on operational cost. Total piping cost consists of pipe cost,
fittings and wages, and construction costs while operational
pumping cost includes pumping cost of campus and geothermal
loops circulation pumps and well pumps.

Piping materials for geothermal district heating systems have
been of numerous types with great variation in cost and durability.
The temperature and chemical quality of geothermal fluids, in
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Fig. 3. District heating piping network: Alternative 2.
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Fig. 4. District heating piping network: Alternative 3.

Table 1
Pressure drops, pipe lengths, total pipe and operational pumping costs of heat centre
location alternatives (design temperatures: 45/35 �C, TPL: 62.5 Pa/m).

Alternative 1 Alternative 2 Alternative 3

Total pressure drop (m) 14.8 17.1 11.2
Campus loop pipe

length (m)
DN80 41.36 41.36 41.36
DN100 639.28 632.17 632.17
DN125 494.64 494.97 494.97
DN150 304.58 423.68 423.68
DN200 728.56 894.28 894.28
DN250 537.62 534.88 534.88
DN300 175.86 374.47 374.47
DN350 193.94 0 0
DN400 324.26 70.44 70.44
DN450 39.27 1120 52.92
Total 3479.37 4586.25 3519.17

Geothermal loop
pipe length (m)

DN300 1223
DN350 1513
DN400 53.3

Pipe cost (US$) Campus loop 182,862.7 335,725.4 159,657.2
Geothermal
loop

174,024.3 8265.07 106,401.3

Total (supply þ
return)

713,774 687,981 532,117

Operational
pumping
cost (US$)

23,446 27,089 17,743
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addition to cost, usually determine the type of piping network
materials used. Carbon steel is currently the most widely used
material for geothermal transmission lines and distribution
networks, especially if the fluid temperature is over 100 �C. On the
other hand, composite (FRP) pipes are used because of the corrosive
effects of the geothermal fluid [30e32].

Use of pre-insulated pipes in geothermal district heating
applications is common and it minimizes heat losses during the
transmission of the fluid. Pre-insulated pipes consist of a carrier
pipe, through which the fluid is transported, an insulation layer,
and a jacket material. Transmission of a 115 �C fluid over 3 km
distance in 1 m diameter pipes is calculated to cause only about
a 1 �C drop in temperature when pre-insulated pipes are used
[19,33]. Therefore, heat losses during the transmission of the fluid
can be neglected.

Pipelines are installed either aboveground or underground.
Aboveground installations typically are supported on concrete pipe
supports and rollers. This installation eliminates conflicts with
buried utilities and may be easier to maintain. However, above-
ground installations are more subject to damage and vandalism.
Pipe supports and constraints, road crossings, venting, expansion
provisions and insulation protection are important considerations
in the aboveground design. Buried piping systems, the most
common type of distribution network are aesthetically more
pleasing and safe for accidental or intentional damage than
aboveground installations.
Table 2
Pipe diameters, pipe and operational pumping costs for various TPLs (Alternative 3, TPL:

TPL (Pa/m)

62.5

Campus loop Geothermal loop

Pipe length (m) DN65
DN80 41
DN100 632
DN125 495
DN150 424
DN200 894
DN250 535
DN300 374 1223
DN350 0
DN400 70
DN450 53

Pipe cost (US$) Supply loop 159,657 106,402
Total (supply þ return) 532,117

Operational pumping cost (US$) 17,743
For underground installation there are two options, which are
directly buried into the soil and in concrete tunnel. Concrete
tunnels have the advantages, providing access for maintenance,
easing future expansion and a corridor for other utilities such as
domestic water, electrical cables, phone lines, etc. But because of
the high investment cost of the concrete tunnel, generally directly
buried into the soil installation type is preferred [2,3,33].

3. Methods

The flow diagram of piping network design is shown in Fig. 1.
Heating system design parameters are obtained from Yildirim
et al. [1].

District heating network is designed considering not only
existing buildings but also future development.

3.1. Heat centre location

Several alternatives for heat centre location have been studied
and three of which are given in this study.
150 Pa/m).

100 150

Campus loop Geothermal loop Campus loop Geothermal loop

41 41
429 489
362 638
521 205
726 1000
443 565
821 457 1223
53 1223 0
70 123
53

136,963 106,402 124,495 92,948
486,730 434,887

20,125 21,966
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Each alternative is simulated by PipeLab software [25] which
uses graph theory to solve flow and heat distribution problems of
piping networks at design phase and to analyse the existing
networks. The required input file for PipeLab includes number of
nodes in the system, their xyz coordinates, connectivity relation to
the nodes of the pipes with their length, diameter and roughness,
boundary conditions, required flowrate and the pressure head at
the starting point. Initially, pipe diameters are assumed and then
optimum diameter for each pipe is calculated by PipeLab. Pressure
drop of the critical line and pipe diameters are calculated for the
campus loop design temperatures and default TPL of PipeLab.
Depending on the lowest pipe and operational pumping costs and
pressure drop, one of the alternatives is chosen as the best option.

3.2. Target pressure loss

For the best heat centre location option, various TPLs are tested
for pipe diameter selection in PipeLab. District heating practice is to
design the system for 50e200 Pa/m pressure loss [24]. Pipe diam-
eter selection depends on pipe and operational pumping costs.
Operational pumping cost is calculated by Eq. (1).

Costcir ¼ _m$g$hp
1000$hmotor$hpump

$Pel (1)

hp can be calculated from heating system pressure drop by PipeLab
depending on the flowrate.
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Fig. 6. Length of each pipe diameter used in the supply main of the campus loop.
3.3. Materials selection

Common pipe materials used in geothermal district heating
applications in Turkey are carbon steel and composites. These two
pipe materials are compared depending on fluid properties,
temperature and piping cost.

3.4. Pipeline installation

Considering its advantages, buried piping system is preferred in
this study and, directly buried and concrete tunnel installations are
compared regarding with cost. Unit construction cost for buried
and concrete tunnel installations is 33.4 US$/m and 200 US$/m,
respectively [34].

Cost of fittings and wages for the workers are assumed to be 30%
of total cost of the piping network.

4. Results

4.1. Heating system design parameters

At the given geothermal fluid temperature (Tgi) of 33 �C and
condenser inlet temperature of 35 �C, coefficients of performance
(COP) of heat pump system for various condenser outlet tempera-
tures (40e55 �C) were plotted depending upon geothermal fluid
flowrate. Regarding with manufacturer’s catalogues and the target
of minimizing the temperature difference between condenser inlet
and outlet; COP, heating system design parameters of condenser
Fig. 8. h/L diagram for the campus loop supply main.



y = 0.0007x
2
 + 0.0097x + 16.865

0

20

40

60

80

0 50 100 150 200 250 300

Flowrate (kg/s)

)
m( daeh ci

manyd lato
T

Fig. 9. Variation of total dynamic head of the campus loop circulation pump versus
secondary water flowrate.

y = 0.0027x2 + 0.0162x + 16.895

0

20

40

60

80

0 25 50 75 100 125 150

Flowrate (kg/s)

ae
H

ci
many

Dlato
T

d 
(m

)

Fig. 10. Variation of total dynamic head of the geothermal loop circulation pump
depending on the geothermal fluid flowrate.

Table 3
Annual electricity consumption of the pumps (Alternative 3, TPL: 150 Pa/m).

Pumps Annual electricity
consumption (kWh)

Cost (US$)

Campus loop circulation pumps 106,270 9564
Geothermal loop circulation pumps 38,739 3487
Well pumps (hp ¼ 100 m) 99,056 8915
Total 244,065 21,966
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outlet temperature and geothermal fluid flowratewere determined
as 6, 45 �C and 120 kg/s, respectively [1].

4.2. Heat centre location

Three alternatives of heat centre location are:

� Alternative 1: Heat centre is close to the campus main entrance
(Fig. 2).

� Alternative 2: Heat centre is close to the production well
(Fig. 3).

� Alternative 3: Heat centre is in the middle of the campus
(Fig. 4).

Pressure drop of the critical line, pipe lengths in various diam-
eters, pipe and operational pumping costs were calculated for the
campus loop design temperatures (45 �C condenser outlet/35 �C
condenser inlet) [1] and 62.5 Pa/m TPL, which is default TPL of
PipeLab for each alternative and the results are given in Table 1.
Alternative 2 has the highest pressure drop and requires the longest
pipeline. Although Alternative 1 and 3 are close to each other in
pipe length, Alternative 3 requires shorter pipe length at larger pipe
diameters which makes it more cost effective. Resulting the lowest
pipe and operational pumping costs and pressure drop, Alternative
3 seems to be the best option.

4.3. Target pressure loss

District heating practice is to design the system for
50e200 Pa/m pressure loss [24]. Three different TPLs, which are
Table 4
Unit cost of carbon steel and composite pipes (Alternative 3) [35].

Diameter (DN) 65 80

Unit pipe cost (US$/m) Carbon steel pipe (steel þ PU þ PE) 13 15
Composite pipe (CTP þ PU þ CTP) 20 23
62.5, 100 and 150 Pa/m are tested for diameter selection in
PipeLab for the best option which is Alternative 3. The results
are tabulated in Table 2 and 150 Pa/m TPL gives the lowest
pipe cost since it requires shorter pipe length at larger pipe
diameters.

Operational pumping and pipe costs which are calculated
using Eq. (1) and unit pipe cost of each pipe diameter [35] for
various TPLs are exhibited in Fig. 5. Figure indicates that while
operational pumping cost is nearly constant, pipe cost decreases
drastically with increasing TPL. Therefore, the highest acceptable
TPL, 150 Pa/m, can be selected for the design of district heating
piping network [29].

After determining the TPL for Alternative 3, the length of each
pipe diameter for geothermal and campus loops is calculated. Pipe
diameters vary between DN 65-350 for the campus loop (Table 2
and Fig. 6) and DN 250 for the geothermal loop. Number of the
nodes in the supply main is 46 and total pipe length is 3518 m.
Return main is assumed to have the same pipe diameter and length
with the supply main. The relationship between the pipe diameter
and the water velocity is displayed in Fig. 7. Velocity range calcu-
lated as 1.03e2.98 m/s which is in a good agreement with the
literature where acceptable velocity range for water is given as
1e3 m/s [36]. The results are also the same for the campus return
main.

PipeLab exhibits the head loss distribution on the network. The
h/L diagram of the supply main of the campus loop is shown in
Fig. 8. Pressure drop is calculated as 24.6 m for the supply and
return mains. Heat centre pressure drop is assumed as 25 m. Thus,
pressure head for the system is 80 m.

The occupancy schedule of the campus is 9.00 a.m.e17.00 p.m.
during the week. Thus, the operational cost of the pumps is
calculated for this period by Eq. (1). Fig. 9 displays the variation
of the total dynamic head of the campus loop water circulation
pumps versus campus loop flowrate. The equation, derived from
Fig. 9, is used to calculate the annual electricity consumption of
the campus loop circulation pumps for a 95% motor and 75%
pump efficiencies. Annual electricity consumption of the
geothermal loop circulation pumps is determined in the same
way. Variation of the total dynamic head of the geothermal loop
circulation pump versus geothermal fluid flowrate and annual
electricity consumption is shown in Fig. 10 and Table 3,
respectively.

4.4. Materials selection

Unit cost of carbon steel and composite pipes are given in
Table 4 [35] which indicates that, carbon steel pipes are approxi-
mately 13e35% cheaper than composite pipes depending on the
pipe diameter. On the other hand, because of the corrosive effects of
100 125 150 200 250 300 350 400 450

25 26 31 47 57 72 95 128 165
31 32 42 54 76 87 115 155 199



Table 5
Main results of piping network design for the supply mains (Alternative 3, TPL:
150 Pa/m).

Part of the piping
network

Total pipe
length (m)

Pipe material Pipe cost
(US$)

Pressure
drop (m)

Campus loop 3520 Carbon steel 248,991 24.6
Geothermal loop 1223 Composite 185,896 25.3

Table 7
Total investment and operational costs of HPDHS and IFBHS.

Cost Components HPDHS IFBHS

Investment cost (US$) Piping network 723,425 324,308
Heating system 2,316,700
Total 3,040,125 324,308

Operational cost (US$) Piping network 21,966 466,117
Heating system 105,877
Total 127,843 466,117

Table 8
Investment and operational pumping cost summary (Alternative 3, TPL: 150 Pa/m).

Geothermal
loop

Campus
loop

Total

Investment cost (US$) Pipe 185,896 248,991 723,485
Fittings and wages 55,769 74,697
Construction 117,357 40,775

Total 359,022 364,463

Operational pumping
cost (US$)

Circulation pumps 3487 9564 21,966
Well pumps 8915 e
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the geothermal fluid, composite (FRP) pipes are preferred for
geothermal loop while campus loop is installed using carbon steel
pipes.

Main results of piping network design for supply mains of
HPDHS are given in Table 5. As can be seen from the table, total
length of the pipes in the supply main of the campus and
geothermal loops are 3520 m and 1223 m, respectively. Thus, total
length of considered network of the district heating system is
approximately 9486 m. Total pipe cost of the campus and
geothermal loops account as 248,991 US$ and 185,896 US$,
respectively (for 150 Pa/m TPL). Thus, the total pipe cost of the
district heating system amounts approximately to 434,887 US$.
Total 12,402 9564
4.5. Pipeline installation

Total piping cost for underground installation including
construction, fittings and wages is listed and compared in Table 6.
Table clearly indicates that piping cost is 2.3 times more expensive
for concrete tunnel than directly buried installation. Therefore, for
IZTECH campus HPDHS directly buried pipeline installation is
selected and all pipes are insulated [29].
4.6. Economical comparison

Total investment and operational costs of HPDHS (heating
system þ piping network) and existing IFBHS for IZTECH campus is
given in Table 7. Table 7 indicates that investment cost of HPDHS is
approximately nine times higher than IFBHS since IFBHS includes
only investment cost of boilers, circulation pumps and heating
equipment for new buildings excluding existing ones. On the other
hand, total operational cost of HPDHS is four times lower than
IFBHS. Operational cost items of HPDHS and IFBHS are electricity,
fuel-oil, personnel, water, inhibitor, other chemicals and mainte-
nance. The alternatives are evaluated according to internal rate of
return (IRR) method, which shows the profit of the investment. For
the IRR calculations, differences between investment, operational
and amortization cost of the alternatives are used. The amortization
life is considered as 20 years. In IRR calculation, annual operational
costs of the systems are assumed constant during the 20 years and
difference between the operational costs is considered as profit.
Cash flow is the difference between annual profit and amortization
cost of the systems. HPDHS and IFBHS are compared for amorti-
zation cost and the cash flowat the end of 20 years. The cash flowof
HPDHS is 1,333,846 US$ depending on IFBHS and IRR is calculated
as 4.07% [29].
Table 6
Total piping cost forHPDHS for underground installation (Alternative 3, TPL: 150 Pa/m).

Cost components Cost (US$)

Buried Concrete tunnel

Pipe cost 434,887 434,887
Fittings and wages 130,466 130,466
Construction 158,132 948,600
Total 723,485 1,672,085
5. Conclusions

Geothermal district heating system design includes both heat-
ing system and piping network design. Since piping network has
a significant share on the total investment and operational cost,
optimisation of the piping network is important for cost
implications.

In this study, piping network of IZTECH campus HPDHS is
simulated by PipeLab software and common piping network design
parameters which are heat centre location, TPL, pipe materials and
installation types, are studied to minimize the total investment and
operational cost.

Heat centre location is critical because of the pressure loss, pipe
length and consequently cost of the whole district heating system.
Three alternatives for heat centre location are introduced in this
study: one is close to the productionwell (Alternative 2), the others
are close to the buildings (Alternative 1 and 3). Alternatives
compared with respect to pipe length and, total pipe and opera-
tional costs. While Alternative 3 has almost the same pipe length,
pipe cost encountered as 34% lower than Alternative 1. On the other
hand, Alternative 2 requires 29% higher pipe length and 30% higher
pipe cost than Alternative 3. The reason of the higher cost for the
same pipe length is shorter pipe length at larger pipe diameters
resulting higher unit cost. To minimize the total investment and
operational cost of piping network, heat centre should be located
close to the buildings where the building density consequently
thermal load density is high.

Pipe material is selected depending on the chemical properties
and temperature of the transported fluid and pipe cost. In the
campus loop which carries clean water, carbon steel pipes are used
while the geothermal loop accommodates composite pipes.
Although total pipe length of the campus loop is approximately 3
times longer than the geothermal loop, the pipe cost is only 1.34
times higher, because of the lower cost of carbon steel pipes.
Investment and operational cost items of Alternative 3 are sum-
marised in Table 8. Although pipe cost is higher for the campus
loop, when construction and, fittings and wages costs are included,
total investment cost becomes equal. But operational cost for the
geothermal loop is approximately 30% higher than the campus loop
because of the well pumps. Considering the previous study by
Yildirim et al. [1], piping network constitutes approximately 28.5%
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of the total investment and 10.2% of the total operational cost of
HPDHS of IZTECH campus.

Even though buried piping installation is preferred in this study
from economical point of view, concrete tunnel infrastructure may
already exist or can be preferred for easy access to the other utili-
ties. In either case, investment cost becomes more attractive.

Economical comparison between HPDHS and existing IFBHS of
the campus indicated that although IFBHS does not take into
account investment cost of boilers, circulation pumps and heating
equipment of existing buildings, HPDHS is more attractive with
a 4.07% profit at the end of the 20-year period. HPDHS even
becomes more attractive if cooling requirements of the buildings
are considered [29].

Since geothermal resources are site-specific, each district heat-
ing system including heating system and piping network design
should be carefully optimised depending on studied parameters in
this study.
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