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= Utilize temperature of the

earth’s core

= Direct use - District heating

systems, Hot water spas, etc.
" Heat Pumps

= Electricity Generation
Earth’s crust thickness = 5 — 60 km

Temperature gradient with depth =
17 — 30 °C/km
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Heat Pumps
= Utilizes constant temperature of upper 3 m of the Earth’s surface.

= Similar to ordinary heat pumps, but they rely on more stable source than air.

Increase in pressure raises the vapor temperature
COMPRESSOR el
Heat Is transfered from . / Heat is transferred =
grou nd to working fluid to the building
in the heat pump
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Geothermal Energy — Direct use \ -1

Gratz, Warran

= Space heating -

¥
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= Air conditioning
" |ndustrial processes

" Drying

A fish farm in Colorado

= Greenhouses

= Aguaculture

= Hot water

T Gretz, Warren

* Resorts and pools

= Melting snow
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[%

MNote: Temperatures in ©C

Evaporation of highly conc. solutions; ammonia absorption refrigeration
Digestion in paper pulp, Kraft

Heavy water by H2S process; drying of diatomaceous earth

Fish meal and timber drying

Alumina by Bayers process

Food canning; drying farm products at high rate

Evaporation in sugar refining
Salts extraction by evaporation & crystallization

120

140 e
1

m -

F distil
u%%%mﬂ‘m concentration

Drying & curing light aggregate cement siabs

Drying of organic materials, seaweed, grass, vegetables;

Wool washing & drying

Drying of fish stock, intense de-icing

Space heating, incl. greenhouses

Refrigeration by low temperature
Animal husbandry, greenhouse space & hotbed heating

Mushroom growing

Soll , baineclogical baths

Swimming pools, biodegradation, fermentation

Warm water for year-round mining in cold climates, de-icing
Aquaculture

110
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Geothermal Energy — Basic Principles of Power Generation

Geothermal energy can be available as dry steam, boiling water (with steam) as hot

water (or brine)or as dry hot rock.

When steam can be tapped from the geothermal source, it might be used directly in
a steam turbine. The superheating is small and mainly caused by throttling of the

steam.

In case boiling water or hot water is tapped, the pressure is reduced and steam that

can be flashed off is used for power generation.

An indirect system where the hot water (or brine) is used to generate hot gas in a
heat exchanger (not necessarily steam) can also be used. In particular when the

water is highly corrosive, this solution may be the only practical one.

Prof. Dr. Faruk Aring Fall 2023
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Engineering data for some commercial geothermal power plants

Larderello Wairakei Gevsers Ahuachapan Cerro Prieto
Country Italy New Zealand | USA El Salvador Mexico
Start year 1904 1957 1960 1975 1972
Capacity MW(el) 440 180 908 60 150
Steam temp °C 140 — 190 260 172 - 240 250 167
Steam pressure bar 7—40 12 6.5—T75 14 6 5
Type of source dry steam wet steam dry steam dry steam hot water
Well depth m < 1000 171-1220 1200-3000 1100-1400

Hot water at lower temperatures may be used for district heating either directly, or if

the temperature is below about 70 — 90 °C, after increasing the temperature by

means of a heat pump.

Prof. Dr. Faruk Aring
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Thickness of the crust: 35 km on the average
Temperature change with depth: 25-30 °C per km, on the average
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Temperatures in the Earth

Temperatures Depth in
in Celsius A kilometer
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Earth's Crust Temperature Profile at Different Locations
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There appear to be five features that are essential to making a hydrothermal (i.e.,
hot water) geothermal resource commercially viable for electricity generation. They
are:

a

b

A large heat source

A permeable reservoir

d

)
)

c) Asupply of water
) An overlying layer of impervious rock
)

e) Areliable recharge mechanism.

If any one of the five features listed as needed for a viable hydrothermal resource is
lacking, the field generally will not be worth exploiting. The features (a) and (d) are

essential. Deficiencies in the others may be surmounted with research and field

practice.
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Geothermal resources are characterized by their thermal and compositional

characteristics:
i. Enhanced geothermal systems (EGS) (Hot, Dry Rock - HDR)
ii. Hydrothermal or geohydrothermal
iii. Geopressurized

iv. Magma

Prof. Dr. Faruk Aring Fall 2023
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| - Hot Dry Rock (HDR) has the temperature in the excess of 2000 °C. However,
as the name implies, contain little amount of liquid. The method for harvesting
this resource is to send the water under the rock and reject the heat. This

method is also called EGS (Enhanced Geothermal System).

hot cold

A4 G, G ;fﬁ

e N

. a
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The simplest models have one injection
well and two production wells.
Pressurized cold water is sent down the
injection well where the hot rocks heat the
water up. Then pressurized water of
temperatures greater than 100 °C is
brought to the surface and passed near a
liquid with a lower boiling temperature,
such as an organic liquid like butane.
The ensuing steam turns the turbines.
Then, the cool water is again injected to

be heated. This system does not produce

any emissions

Prof. Dr. Faruk Aring Fall 2023
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Some HDR Projects
Country Location Dates
Uls A Fenton Hill, New Mexico 1973 - 1996
e Newberry Volcano, Oregon 2010 - Present
U.K. Rosemanowes 1977 - 1991
Germany  |Bad Urach 1977 - 1990
Hijiori 1985 - 2003
Japan :
Ogachi 1986 - 2008
France Soultz 1987 - Present
Switzerland Basel 1996 - 2009
. Hunter Valley 2001 - Present
Australia )
Cooper Basin 2002 - Present

Prof. Dr. Faruk Aring
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ii - Hydrothermal resources are the most limited category among the four classes.
However they are easiest to harvest.
In hydrothermal resources, water is heated and/or evaporated by direct contact
with hot, porous rock. The porous or permeable rock is bounded with rock of low
permeability. Water trickles through the porous rock and is heated (and perhaps
evaporated) and discharged to the surface.
Hydrothermal systems producing steam are called vapor dominated, and if they

produce mixture of hot water and steam they are called /iquid dominated.

Prof. Dr. Faruk Aring Fall 2023
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iii — Geo-pressurized resources include sediment-filled reservoirs and hot water
confined under pressures. The fluid temperature is range is 150-1800 °C. The
pressure value is up to 600 bars. In many of these systems the fluid contains
methane up to 100,000 ppm. This is why the fluid is called “geothermal brine”

and it is highly corrosive.

iv - Magma or molten rock is under active volcanoes at accessible depths.

Temperatures excess 650 °C. (No known usage.)

Prof. Dr. Faruk Aring Fall 2023
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Geothermal Power (Electricity) Production

38 years after the invention of the electric power generator by Werner von Siemens
and 22 years after the start of the first power station by Thomas A. Edison in New

York in 1882, geothermal power production was invented by Prince P. G. Conti in
Lardarello, Italy in 1904.

Geothermal power production in Tuscany has continued since then and amounted
to 128 MW of installed electrical power in 1942 and to about 790 MW in 2003. In
1958, a small geothermal power plant began operating in New Zealand, in 1959
another in Mexico, and in 1960 commercial production of geothermal power began

in the USA within the Geysers Field in California.

Prof. Dr. Faruk Aring Fall 2023
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Today, the worldwide geothermal electricity net generation has increased to about
57 billion kWh in the year 2007 which corresponds to 0.3 % of the total electricity
net generation whole over the world (www.eia.org). For Turkey, this figure is 0.093
billion kWh which is corresponding to 0.16 % of the world’s total geothermal
electricity generation. The installed geothermal electric generation capacity has
reached to 10.2 GW, worldwide. One of the main reasons for this success is the

base load ability of geothermal power generation.

For Turkey, the installed electricity capacity by utilization of the geothermal sources

was around 430 MW, in 2014. The thermal utilization was around 2700 MW,,.
Today it is close to 2000 MW...

Prof. Dr. Faruk Aring Fall 2023
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Figure a gluhal view of geothermal energy
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‘Cumulative Installed Geothermal Power Capacity, By Year, 2000-
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, Heater/Evaporator
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Binary, Liquid-dominated hydrothermal system
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Example 1

A vapor-dominated geothermal system is supplied with saturated steam at 3 MPa.
The steam enters the turbine at 0.5 MPa and exits at 15 kPa. The turbine isentropic
efficiency is 82 %, and the electrical generator is 90 % efficient. If re-injection
occurs at the cooling tower, analyze the system performance (find the thermal

efficiency and the heat flow rate).

What flow rate of steam is required for a power generation of 10 MW?

Prof. Dr. Faruk Aring Fall 2023
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Vapor-dominated hydrothermal system
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Solution

State 1: Supply Well P, =3 MPa
s, =6.1856 kd/kg K
h, = 2803.2 kd/kg

State 2: Turbine entrance: P, = 0.5 MPa
s, = 6.8207 kJ/kg K (turbine inlet entropy s at 0.5 MPa)

h, = 2748.1 kd/kg (turbine inlet enthalpy h  at 0.5 MPa)

State 3: Turbine exit: P, = 15 kPa

s, = 6.8207 kJ/kg K (isentropic process in turbine) s, = s,

State 4: Enthalpy at condenser outlet: h, = h, = 225.94 kJ/kg

Prof. Dr. Faruk Aring Fall 2023
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s, -s, _ 6.8702-0.7549
S, 7.2522

g

=0.836

Quality at turbine exit: X3 =

Enthalpy at turbine exit: s =h +Xx; hy, =225.94 +(0.836) (2372.3) = 2209.2 kJ/kg

Specific work out: w,_, = h, —h,; =2748.1 — 2209.2 = 538.9 kJ/kg

ou

Specific heat out: q_, =h,—h, =2209.2 — 225.94 = 1983.26 kJ/kg

Assuming that the water received by the groundisat P,=15kPaand T, =25 C

h, = 225.94 kJ/kg (condenser outlet enthalpy and ground inlet enthalpy h; at 15 kPa)

Prof. Dr. Faruk Aring Fall 2023
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Specific heat in: q,, = h, —h, =2803.2 — 225.94 = 2577.26 kJ/kg

_ W _ 5589 _ o
Thermal efficiency: ~ n ~ o 257726
o W, _ 10000 kW _ 18.6 kg/s
Mass flow rate for 10 MW w5389 kJlkg :

Prof. Dr. Faruk Aring
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Applications for low temp. geothermal resources
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$400

Levelized cost of energy:
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|
$100 ”’ Natural gas
_ ™ wind
$0 ! 1 | Solar panels

I I I I I I I
2010 2015 2020

Prof. Dr. Faruk Aring Fall 2023



(0

ME - 405 ENERGY CONVERSION SYSTEMS

Global Renewable Energy Capacity Investment 2010 to 2019 $bn — Top 20 Countries

China
United States
Japan
Germany
United Kingdom
India

Italy

Brazil
Australia
France
Spain
Canada
Netherlands
Mexico
Belgium
Sweden
South Africa
Turkey
Chile
Denmark
Europe
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Geothermal

Key Facts

1. It is the energy obtained from the earth(geo), hot rocks and water/steam
reservoirs present inside the earth.

2. ltis produced due to the fission of radioactive materials in the earth’s core and
some places inside the earth become very hot.

3. They cause water deep inside the earth to form steam. As more steam is
formed, it gets compressed at high pressure and comes out in the form of hot

springs which produces geothermal power.

Prof. Dr. Faruk Aring Fall 2023
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Geothermal

Advantages

1.

o

It is a renewable source of energy.

. It is non-polluting and environment friendly.

2
3.
4

There is no wastage or generation of by-products.

. Geothermal energy can be used directly. In ancient times, people used this

source of energy for heating homes, cooking, etc.
Maintenance cost of geothermal power plants is rather small.

Geothermal power plants don't occupy too much space and thus help in

protecting natural environment.

Unlike solar and wind energy, it is not dependent on the weather conditions.

Prof. Dr. Faruk Aring Fall 2023
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Geothermal

Disadvantages

1.
2.

Only few sites have the potential of Geothermal Energy.

Most of the sites, where geothermal energy is produced, are far from markets

or cities, where it needs to be consumed.
Total generation potential of this source is rather small.
Installation cost of steam power plant is quite high.

There is no guarantee that the amount of energy which is produced will justify

the capital expenditure and operations costs.

It may release some harmful, poisonous gases that can escape through the

holes drilled during construction.

Geothermal fluid can be poisonous to the environment due to dissolved

minerals and gasses it contains.

Prof. Dr. Faruk Aring Fall 2023
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Geothermal Power Plant Environmental Concerns

Possible Impact

Details

Abatement Techniquies

Air Pollution

H,S emissions

Several effective commercial
systems in use

Water Pollution

Surface discharge of waste brine;
groundwater contamination

Reinjection

Noise Pollution

Drilling; well testing

Rock mufflers; silencers

Visual Pollution

Unsightly pipes and buildings in
pristine areas

Use low-level structures; paint
equipment in blending colors

Land Usage

Well pads, pipe routes,
powerhouse, and substation

Much lower impact than
conventional plants

Water Usage

Cooling tower makeup (for binary
plants only)

Use air-cooled condensers

Prof. Dr. Faruk Aring
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Possible Impact Details Abatement Techniquies

Liquid removal from subsurface Rare, most dramatic at

Lelie SUleEleEEe can lead to surface depressions Wairakei, New Zealand

Very low emissions relative to

Greenhouse Gases CO, emissions : :
conventional fossil plants

Loss of Natural Thermal manifestations may Do not develop resources in
Wonders disappear (geysers) or adjacent to national parks

Prof. Dr. Faruk Aring Fall 2023
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Krafla, a geothermal power station in Iceland
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¢ Turbine-generator

\aporizer

Condenser (air-cooled)

e A,

54

1

Preheater
Working fluid
pump
Injection
Production WLII :

well

Binary Liquid-dominated hydrothermal system
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Properties of an optimal working fluid:

A high critical temperature and maximum pressure
Low triple-point temperature

A condenser pressure that is not too low (a substance with a saturation

pressure at the ambient temperature is too low)
A high enthalpy of vaporization (h;,)
A saturation dome that resembles an inverted U

High thermal conductivity (good heat transfer characteristics)

Other properties: nontoxic, inert, inexpensive, and readily available

Fluids: Refrigerants, hydrocarbons, isobutane and propane based mixtures, etc.

Prof. Dr. Faruk Aring Fall 2023
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Name Ter |[C] Pcr [MPa] | Type
Propyen 129.23 5.62 Wet
R-152a 113.26 4.52 Wet

R-32 78 5.78 Wet
HC-270 125.15 5.58 Wet
R-134a 101.06 4.06 Wet
R-142b 137.42 4.06 Isentropic
R-21 178.33 5.18 Isentropic
Isobutane 134.66 3.63 Dry
Butane 151.89 38 Dry
FC-4-1-12 147.41 2.05 Dry

Fall 2023
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Depending on the slope of saturated vapor line in the T-s diagram, fluids can be

classified as dry, isentropic and wet (with positive, infinite and negative slopes

respectively).

700 -

650 4

8

Temperature (K)

2

8
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Example 2 A basic binary-cycle
geothermal power plant is
E I 1 Ly shown in the figure. the

A working fluid is isopentane,

* iﬁ B 2 i-C,H,,, and that the cycle

C C has a subcritical boiler

PH CW  pressure. The net cycle

P power is 1,200 kW, a typical

- 5 CP value for this type of plant.

Pressure losses in all heat
PW W ﬂw 4 |
exchangers and piping will

be assumed negligible.

Prof. Dr. Faruk Aring Fall 2023
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The cycle specifications are as follows:
« Brine inlet temperature, T, =440 K
« Brine specific heat, c, = 4.19 kJ/kg.K = constant
* Brine density 900 kg/m3
* Pinch-point temperature difference = 5 K
« Preheater-evaporator pressure, P, = P, =P, =2.0 MPa
« Condensing temperature, T, = 320 K
* Turbine isentropic efficiency = 85 %

* Feed pump isentropic efficiency = 75 %.

Prof. Dr. Faruk Aring Fall 2023
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Determine the following:

a) Specific work of the turbine: w-

b) Heat rejected to the cooling water: q,

c) Specific work of the feed pump: w;

d) Heat transferred to the working fluid: g,
e) Cycle thermal efficiency: n,,

f) Mass flow rate of i-C.H,,: m. .

Reference: Reynolds, W.C., Thermodynamic Properties in Sl. Graphs, Tables and
Computational Equations for 40 Substances, Dept. of Mechanical Engineering,
Stanford University, Stanford, CA, 1979.
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The enthalpy values at the six state points in the cycle must be found:

State | P, MPa T, K v, m¥kg | s, kd/kg.K | h, kd/lkg [Comments for h

1 2.0 427 .1 2.2022 741.08 From Table

2 0.1866 663.38 From n,

2s 0.1866 2.2022 649.66 Interpolation

3 0.1866 320 1.9887 578.16 From Table

4 0.1866 320 0.001686 249.50 From Table

5 2.0 253.58 Fromn,

oS 2.0 252.56 From (v) (AP)
6 2.0 945.73 From Table

Prof. Dr. Faruk Aring
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Some of the properties of isopentane:

« State 1: Saturated vapor at 2 MPa: s, = 2.2022 kJ/kg.K , h, =741.08 kJ/Kkg.

State 2: Actual turbine outlet state; must find isentropic outlet state first.
State 2s: Isentropic turbine outlet state;

S, =8,, P,=P_,=186.6 kPa for T, = 320 K.

By interpolation, h,, = 649.66 kJ/kg.

State 2: Using the definition of the turbine efficiency, we can find h2:

h,=h, —n, (h, - h,,) = 663.38 kd/kg

State 3: Saturated vapor at T, = 320 K: s, = 1.9887 kJ/kg.K, h, = 578.16 kJ/kg.

State 4: Saturated liquid at T, = 320 K: v, = 0.001686 m3kg, h, = 249.50 kJ/kg.

The specific volume v4 is recorded because we can use a very good
approximation to find the enthalpy at state 5s.
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Some of the properties of isopentane:
« State 5: Actual pump outlet state; must find isentropic outlet state first.
- State 5s: Isentropic pump outlet state: P, = 2 MPa. Because the liquid is very
nearly incompressible (i.e., constant density), to a high degree of accuracy, the

value of h,, can be found from: h,. = h, + v, (P, - P,) = 252.56 kJ/kg.

« State 5: The definition of the pump efficiency is similar to that for the turbine
but the numerator is the isentropic work and the denominator is the actual

work; thus, we can find hy: hy = h, + (hy, - h,)/n, = 253.38 kJ/kg.

- State 6: Saturated liquid at 2 MPa: h, = 545.73 kJ/kg.
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With all the enthalpy values in hand, we can easily find the first six of our objectives:

a) Specific work of the turbine: w, = h, - h, = 77.70 kJ/kg

b) Heat rejected to the cooling water: q,. = h, - h, = 413.88 kJ/kg

c) Specific work of the feed pump: w, = h; - h, = 3.06 kJ/kg

d) Heat transferred to the working fluid: q,, = h, - h, = 487.50 kJ/kg
e) Cycle thermal efficiency: n, = (w, - w )/q,y = 1 - (qc/q)) = 15.1 %.

f) Mass flow rate of i-CoH12: m, o, =W,/ (w, - w,) = 1200/ 73.62 = 16.3 kg/s

net
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Integrated Single-flash / Binary PP
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Upper Mahiao integrated flash-binary 125 MW power plant,
Leyte Island, Philippines
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A horst is a raised block of the Earth's crust that has lifted or stayed stationary while
the land around it (graben) has sunk.
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District heating in Turkey started in 1987 heating 1500 households. Later the
system was expanded to 2500 subscribers. By 2007, Turkey had 20 district
heating systems working with geothermal energy. Of these district heating
systems, the one in Saraykoy is heated by the waste heat coming from bottoming

binary power plant at Kizildere.

Next table shows that low temperature geothermal resources are mostly used in
district heating with the exception of Balcova and Simav, which have medium
grade resources that could also have been used for power generation purpose.

About 6 million square meter space are heated by district heating with a capacity

of 395 MW,

Prof. Dr. Faruk Aring Fall 2023
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District heating Year | Capacity,

MW,
Gonen, Balikesir 1987 18.4
Simav, Kitahya 1991 36.6
Kirsehir 1994 5.6
Kizilcahamam, Ank. | 1995 17.6
Balcova, izmir 1996 77.7
Afyon 1996 33.9
Kozakli, Nevsehir 1996 19.2
Sandikl, Afyon 1998 29.3
Diyadin, AQri 1998 8.4
Salihli, Manisa 2002 25.1

Prof. Dr. Faruk Aring

District heating Year | Capacity,

MW,
Dikili, Izmir 2008 10.0
Saraykoy, Denizli 2002 27.2
Edremit, Canakkale | 2004 16.9
Bigadicg, Balikesir 2006 10.0
Bergama, izmir 2006 10.0
Kuzuluk, Sakarya 1994 11.2
Armutlu, Yalova 2000 4.8
Gure, Balikesir 2006 8.5
Sorgun, Yozgat 2007 20.9
Yerkdy, Yozgat 2007 3.3
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-

Clzalge 2. Yenllenebilir enerjide Tlrklye-dinya kurulu glclerinin kargilagtinimas:.

Teknoloi

Rizgar

Kapasite 2014 Kapasite 2014

(EW.)

&ines PV

Jeotermal

Gizelge 3. Tirkiye'nin diinya jeatermal kurulu glcindeki pany,

Diinya Kurulu

(MW.)
3424
120
410

Tirkiye Kurulu Turkiyve/Dinya

Orani, ¥

1.1
0.9
i4

2025
13391 MWe
22760 MWe

1734 MWe

Kurulu Jeotermal
Elektrik Giici,

MW,

Villar | Tirkiye Dinya | Tiirkive/Dinya, %
2000 17.8 7972 | 0.2

2005 17.8 8933 0.2

2006 25 9 000 0.3
2010 99 10 715 0.9

2014 410 12 bin 3.4
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YEKDEM: Renewable energy support scheme, in effect since 2011, ending in 2020

Under the YEKDEM program, renewable energy plants get feed-in tariffs. The

stimulus is available for wind, hydro, geothermal, biomass, and solar.

A total of 777 facilities (as of 2019) with an installed capacity of 20.92 GW received
financial backing under YEKDEM and produced 76.67 TWh of electricity.

The scheme launched in 2011 envisages support of USD 0.073 per kWh for wind
parks and hydropower plants, USD 0.105 per kWh for geothermal facilities and USD

0.133 per kWh for solar power and biomass-fueled plants.

Turkey has another incentives mechanism, called YEKA (Renewable Energy
Resource Zones), launched in 2016. It encourage the development and use of

domestic manufacture of equipment.

Prof. Dr. Faruk Aring Fall 2023



(D) ME - 405 ENERGY CONVERSION SYSTEMS

Feed-in Tariff:

* Guaranteed grid access, meaning energy producers will have access to the

national grid of electricity distribution in the country.
= Offer of long-term contracts, typically in the range of 15 to 25 years.

= Offer guaranteed, cost-based purchase prices, meaning that energy producers
are paid in proportion to the resources and capital expended in order to

produce the energy.
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Elektrik tretimi 1557,71
Merkezi i1sitma (Sehir, Konut) 1376500)
Kapl t | oteller, d ulk

aplica, termal oteller, devre mi 46400
Isitilmasi
Jeotermal 1s1 pompasi 7,61
Tarimsal kurutma 1,509
Toplam jeotermal 1s1 kullanimi 34871
Kaplica, F‘ermal tesis ve spada 450
balneolojik kullanim
Karbondioksit liretimi 400000

Kaynak: (*) Enerji Kentleri Birligi, (**) Turkiye Jeotermal Dernedi

Prof. Dr. Faruk Aring

Jeotermal Kaynaklarin Degerlendirilmesi

MWe

Konut Esdederi (1223 MW1)
Konut Esdegeri (420 MWt)

D6nam (820 MWt)
MWt
MWt
MWt
MWt

Adet (1205 MW1)

Ton/Y1l
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Geothermal Potential

—1538 MWt (Marmara)
— 594 MWt (Ic Anadolu)
— 145 MWt (Dodu Anadolu)

90 MWt

(Karadeniz) 23 MWt
(Akdeniz)

13681 MWt 67 Mwt
(Ege) (Glneydogu Anadolu)
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Notes from the Geothermal Seminar, izmir, 18 - 19 April 2019

Total installed capacity of electricity generation in Turkey is approximately 80000

MW, as of the end of 2018.

The installed capacity of electricity generation from geothermal energy in Turkey
is over 1300 MW,_, as of the end of 2018.
This is up from about 800 MW, two years ago. This may be a world record high

increase.

One reason is that the government incentive will be over in 2020, and the

companies are hurrying up to meet the deadline.

There are 57 geothermal power plants producing electricity and using more than

50000 tons per hour geothermal fluid (brine).

Prof. Dr. Faruk Aring Fall 2023
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By the year 2020, the installed capacity is expected to reach about 2200 MW,,

maximum being about 2600 MW..

The actual electricity production is 70 % of the installed capacity, on the average.

The cost of a 25 MW, geothermal power plant is 80-100 million US dollars.

Geothermal energy is not as «green» as claimed if it is not used properly in all

stages of planning, drilling, construction, operation, and accident handling.

Prof. Dr. Faruk Aring Fall 2023



(.) ME - 405 ENERGY CONVERSION SYSTEMS

Features of geothermal installations in Turkey, producing electricity or hot

water for direct use:

* Water dominated
* Binary cycle is used in the power plants
* Unusually high CO, content

* CO, is released to the atmosphere causing

* pressure drop in the reservoir, which means power drop

* Soil becomes acidic, effecting crops (figs)

* Dissolved CO, in the brine could have been used to produce CO, ice
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