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ARSTRACT

In order to be successful, geothermal energy must
be cheaper than the competitors, i.e. the altermative
forms of cuergy. Depending on the use of the
geothermal cnergy, the competitors are: 1) electricity
production: fuel eil. and 2) beat production: natural
pas.

For the production of electricity, the geothermal
energy is cheaper than the allemnative fuel o1l
energy for a wide and actual range of fuel il
prices and well productivities, while for the production
of heat the range is hecoming narrow.

1. INFRODUCTION

[he main concem of a likely tavestor when examung
the feasibitity of a genthermal developnient derives
from two basic questions: 1) how great is the
nsk of having no technical success (no productive
wells), is it possible to remove it and, if ves, with
how much money? and 2) once obtained the technical
success, how do the cconomics of the project
face alternative solutions?

The nisk of a geothermal development cannot
be removed, so that thare is no direct answer
the first yuestion; however it is possible to figure
ont economic scenanios wsulting, from full to minimum
ratc of success.

The geothermal encrgy may be used cither for
conversion into electric energy or direct heat (dwellings
ur process) or, somelimes, for a combination of
baoth. The factor determining which is the primary
use of the geothermal cnergy is the temperature
of its tesource, which s reflected inlo a different
degree of risk and into a different level of costs;
fwo different scenarios arc therefore envisaged:
one for generation of electricily and one for gencration
of heat {only the use for district heating is considered).

2. METHODOLOGY

For cach one of the two basc scenarios (clectricity
or district heating) an effort has been made in
order to individuate leading parametcrs in the
cconomic comparison between the geothernial
project and the alternative project.

To achicve this goal, a series uf pussible projects
has heen defined and, for cach of them, the costs
of the unit of encrgy (electric kWh or thermal
(3]} have been calculated, according to the "present
value" methodology, undcer several hypotheses
ol unit costs and project conligurations. The costs
of the units of energy arc then compared with
thosc obtainable with fossil fuel sources

In arder to simplify such 4 voluminous task, some
simplifications have been applied, amongst which
thc most important is that the plant cost per unit
power (US$/kW) is considered as a constant {griven
a plant configuration), with the anly exception
of ttic transport pipe from the source to The user
in the casz of district heating. Such a simplification
is not as coarse as it appears o be: it is a fact
of the present technoleygy the "modularity ' of
the plants. which are manufactured according
tu a "slandard” six, so that often a plant consists
of multiple identical units, with a reduced specific
(per kW) saving, but with large benefits in
assembling, crecling aiid delivery time.

The cost of the energy is calculated by the ratio:
yearly expendilures over yearly production. The
yearly expenditures consist of the capital recovery
plds nperation, maintenance, enginecring and
adnunistration (all together siply called Operation
and Mainlenance).

I'he discount rates applicd are 0.8,10% for the
generation of heat and 8,10,12% tor the gencration
of electricity, over alife time of 200 years. The
different discounled values create "ranges" of
figures, which may also be read as variations
in the investments, discounted at a unique rate.

Specific economic parameters, such as inflation,
exchange rate, financial conditions, interests diring
constiuchon, are not taken into account.

The costs considered are those of an international
open matket, with no taxes applied. However,
it must be noted that taxes tor oil products are
applicd I many countries.

Comments on the implication ot the simplifications
adopted wiii be given when presenting the results.
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3. GENERATION OF ELECTRICITY

3.1 Geothermal Project

The cost of the. geothermal project is represented
by all the works and plants needed in order t,
produce the goods (kW of electricity) which odgi-nate
the income.; such works and plants are listed in
Table 1, together with an estimale of their costs.
The costs are subject to variations due fo market
conditions and thesc would reflect in variations
of the cost of energy.

TABLE 1 -~ INITIAL HYPOTHESES
GENERATION OF ELECTRICITY
GEOTHERMAL SOURCE

Investments

Field:

wells (1,500 m,9"%) USS 1.5 EG
surface equipment US§ 0.2 T6
steam pipes Us$ 0.3 E6
water pipes Us$ 0.1 E6
reinjection and

failures ratcs % 70
Power Plant:

Equipment USEkW 1,000
Civil Works US$/kW 100
Assembly and Ereclion US$Hkw 150
Operation and Maintenance

Percentage of relevani

capital investment

Wells:

working over and redrilling % 30
Power Plant: %o 15

However: due to the peculiar structure of the costs
of wells (cost per wrll nearly constant = Hiriart,
1994)and of the plant (cost per kW nearly constant),
the leading factor in determining the cost of the
energy produced is the productivity of the wells,
(as presented by Girelli, 1989).

The quantification of thesc concepts is presented
in Fig.1, wherc the custs of the energy produced
{(USS/MWh}) are.plotted versus the productivity
of the well (MW/well).

According tu the hypaotheses, the cost derived
from the investment on the power plant is constant
arxl the one derived from the wells follows a hyperbolic
trend; at a productivily of about 3 MW/well,
it can be scen that the equalization between the
two costs (wells and power plant) is rcached,
supporting the rule of thumb of a 50-50 share.

In Fig.2 the total cost (sum of the two shares)
is shown.
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Iigure 1 Cost of energy vs productivity of the
wells (shares from the wells and from the power
plant)
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Figure 2 Cust of energy vs productivity of the
weclls

3.2 Alternative Project

The alternative project consists of a thermal power
plant, burning fuel oil, mn the range of power 80-100
MW, which is common for developing countries.
In order tu produce energy, it is needed to burn
fucl, that becomes a part of the yearly expendilures,
The cost of the power plant arid its tcchnical
characteristics are indicated in Tahlc 2

TABLE 2 _ INITIAL HYPOTHESES
GENERATION OF ELECTRICITY
FOSSIL SOURCE

Tnvestment
for the Puwer Plant US$KkW 800

Operation & Maintenance US$/MWh 6

Technical Data

hieat rate kI/KWh 9,250
fucl heat cuntent kKlkg 40,000
fuel specific. consump. kgMWh 230
yearly hours of full load hy 6,500




The relevant calculations nrc presented in
Fig.3, whcre the cost of the energy produced
(US$/MWh) arc {lotted versus the cost of
the oil barrel (UUS$/barrel).

It can he noted that also in this graph there is
an cqualization point, at about 14 US$/barrel,
where ttic cost deriving from the power plant
is the same as the one deriving from the fucl.
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Figure 3 Cost of encigy vs cost of oil barrel (shares
from the puwer plant and froun the fuel)

In Fig.4 the total cost (sum of the two sharcs)
is indicated.

ELEITAC CNERGY - FLE_ Smdals
N L e 110
#r
i
e
/'/};_/—/,»E"
- 2| T
§ e
T

5 T
a P
ES BT
[ e
1 1% -
- l"iB/
x ElS
H
j =

™

wn

IS I S S S R T
W 4w e a1 w1 21 22 21 o

Figure 4 Cost of cnergy vs cust of oil bairel

3,3 Comments

The comparisonbetween the costs of electric energy
derived from geothermal arid fossil sources must
start from the present cost of the barrel of il
and the likely, or statistical, productivity of the
geothermal wells.

Comparing Fig.2 with Fig.4, it appears that, at
the present cost of the barrel, of about 14-15
LIS$, any geothermal field with a productivity
over 3 MW/well can produce electricity cheaper
than a thermal power plant.
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Since a reasonable average production vf a
geothermal well! even after its stabilizalien
perind and considering the long term longevity,
is over § MW in most of the geothermal ficlds,
it comes out that the usc of geothermal energy
tu pr:duce electricencrgy invery attractive indeed.

Looking again at the two graphs, it can be casily
seen that with a productivity of 5 MW per well,
the geothennal source is competitive up lo a cost
of the bharrel below 9 USS (out of scale il the
graph),

In order to better focus such favourable results,
it is advisable to comment fuither on the nitial
hypotheses (Table 1)

These hypuotheses include an extra cost of 70%
of the cost of each wcll, allowing for reinjection
and failures, meaning that in a field ot 17 well,
10 are productive and 7 are not, because of failures
{dry wclls) or because devoted to reinjection.

A large deviation from this hypothesis would
very likely imply that the ficld is weak (poor
permeability and poor production); this fact would
he evident since the first drilling?, lcading tu a
negative resull of the feasibility study.

In conclusion, it is reasonable to state that a good
geothermal field can produce clectric energy at
a cost lower than that achicvable hy eonventinnal
thermal puwer plants, provided the cost of the
oil barrel is greater than Y US$.

1. GENERATION OF HEAT

The alternative source is thought to be natural
gas directly delivered to the user. The cost does
include the transport network.

There should be also the cost of the home boiler
but, thinking of heating apartments and also of
large utilization periods per year {sce the following
resalts), the cost of the hame boiler has been

disregarded.
The initial hypotheses arc reported in Tahle 3.
TABLE 3 - INITIAL HYPOTHESES

GENERATION OF HEAT
NATURAL GAS

Efficiency of the boiler 85

Heat content of the
natural gas MJ/m’, 340

Natural gas specific consumption
at the user m? /GJ 34.6

According to these hypotheses, the cust of the
cnergy is simply given by the specific consumption
ai the user (m’ /GJ) multiplied by the cost of the
natural gas (US$/m’ ). This is of course a linear
relationship, plotted in Fig.s.
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Figure 5 Cost of cnergy vs cost of natural gas

The present cost of natural gas is about 0.14 US$/m’,,
giving a cost of encrgy of about 5 US$/GIL.

A geothermal project for the generation of heat
nceds aminimum of two wells, one for production
and the other one fur reinjection (a doublef).
The production from the wells is induced by a
pump and this creates a sort of "standard™ for
the flow rate of cach well (but uut for the cnergy
needed to pump that flow ratc, since the hydraulic
hcad is peculiar of each well). The transport is
in a closed twin circuit, with hot watcr going
to the user arid cold water corning back to the
geothermal field.

The asts of the production plant wxd of the disufutien
network arc.considered to vary linearly with the
flow ratc, whereas the cost of the transport pipe
is increasing less than linearly with it

By thesc assumptions, the non-linear parameters
with respect to the thermal puwer installed, are
the distance from the source to the user and the
size of the plant. The latter is Icss impurtant.
since it affects only the transport pipe.

These concepts and the costs related with the
works and plants arc summarized in Table 4.

The goods sold {GJ of heat) are lincar with the
hours per ycar of ulilization of the geothermal
heat sourcee, so that the petiod of utilization hecomes
the feading factor in determining the cost of the
energy sold.

Tlie first calculation made is a "scanning” of the
possibility of producing heal at a cost competitive
with the natural gas. Therefore the case exumined
is the one of less cost, with no transpart pipc
wcluded, that is with the user right at the peothemmal
field.

The. obvious importance of this caloulation consists
in determining whether the condition can exist
in which the geothermal heat is cheaper than the
alternative onc (natural gas).
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'TABLE 4 - INITIAL HYPOTHESES
GENERATION OF HIEAT
GEOTHERMAL SOURCE

Investments

wells (1,300 m; 9"5/8) Ush 1.5L6
minimum step:

1 doublet USS 3.0EG6
corresponding to Ust 250/KW,
production plant LSS ROOKW,
distribution network USS GO/KW,
transport pipe (twin

circuits) Po = 12 MWt US$E 40x(P /)"

Operation and Maintenancc

AW xkm

percentage of 1elevant capital investment

wells o l
production and distribution

network e 8
transport pipe % |
Electric Energy (pumping)

electric encrgy pricc USH/MWh 60
electric cnergy consumption:

wells kW /MW, 15
transport

(Iwin circuits) kW /(MW xkm) 0.4
Technical Data

flow rate (pumped) m'/(hxwell) 2110
temp.drop geothermal C G0
temp.drop geothermal nser  °C 52
heat gencratinn MW /doublet 12
pumpirg heat (prod+reinj.) m 200
head losscs i transport pipc

(twin circuits) m/km O

The results are presented in Fig 6, where the costs
of the enerpy produced (US$/GI) are plotted versus

the hours of utilization per ycar.
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Figure 6 Cost of cnergy vs hours of utilization

per year

A first important result is achieved. in ouder to
be competitive  (cheaper than 5 US$/GI) the




gcolhcrmal encrgy must: 1) have ulibzation
times over 3,000 h«} or 2) be subsidized by very
soft financial conditions {interest un capital Jower
than 6%).

This is the reason for the use of low discount
rates (6, 8, 109 ) for the calculations of the gencration
of heat.

Similar calculations have been carried vut stepping
up the thermal powers (12.24,36 MW ) and the
distances (3.10,15 km) from the source to the
uset.

The situation is more and more critical and the
most cHective way of reducing the cost of encrgy
is by increasing the hours of utilization.

As aresumé of these caleulations, in Fig.7, for
a selected discount rate (8% ), the costs of encrpy
are plotted versus the distance  of transport for
different hours of utilization and f{or different
thermal powers.

It can be seen that with  an utilization greater
than 4,000 h/y, even distances of more than
10 km can be economically justified.
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Figure 7 Cost of energy vs distance from source
to user

This picture can be completely modificd if the
taxes are included in the cost of the natural gas.
In fact: if the uscr is a community which has to
buy the natural gas on the market, taxes would
he part of the price.

Making reference to the situation in Ttaly (after
all we are in Florcmd), the price of natural gas
for the user is around 0.60 US$/m’,, giving a
cost of energy of about 20 US$/GJ. This reference
cost of energy would makc cconomical nearly
any geothermal project.

5, DISCUSSIONS AND CONCLUSIONS

The simplifications introduced in the initial hvpotheses
permitted to reach a schematic picture
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about the cconomics of geothermal cnergy, when
comparcd with conventional alternative sourccs,

The simplifications must he kept in mind when
intcrpreting the results presen led.

In particular it is clear that 1j rir the gencration
of electricity, any geothermal field with a production
of over 3 MW per well is very  likely  to be
competitive with altcrnative sourcc of ¢nergy,
fully justifying the start of the works after the
discovery of the field, whereas 2) for the generation
of heat the picture is not so straight forward and
very likely a thorough feasibility study is nueded
case by casc.

A feasibility siudy includes drilling of wells
order to discover the ficld, characterize the fluid
and assess its longevily, it is a necessary step
before procecding to start the project (and, often,
to get the money needed for the implementation
of the project).

The cost of drilling two wells, plus the related
studies, can be (Table 1 and 4} i the order of
4-5 million US$; this figure applics buth to
gencration of clectricty or heat.

It is clear now that it is quite different to invest
such amount of money for a project where (electric
encrgy, 30 MW power planty it is likely to get
benefits in the order of 3 million US§/ycar, with
a turnover of about 15 million US$/ycar, or for
a project where (district heating) the cconomics
depends on so many factoes that the amounts
of benefits or turnover are very difficult to predict.
This cxpiains why, in mild climatological conditions
like in Naly, all the large scale district heating
pmpct% relying on a deep well, had the well

already drilled (for hy Llr()(,arhnns} before even
xidrtmg with the preliminary siudies

The picture for the district heating projects could
change completely, if the economics is based
on the "pockets” of the user, who is personally
charged by taxcs nn natural gas  In this case
the user could be happy of getting a discount
on Ins heating bill, while the investor would sce
a wide range of opportunity for his benefits, but
with the uncertainty of being onc day charged
with taxes.
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