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ABSTRACT

Geothermal Energy is the thermal energy derived from the
earth's subsurface, often extracted from steam or hot water.
It is a clean, reliable, and promising source of renewable
energy. However, geothermal fluids brought to the surface
through production wells contain non-condensable gases and
minerals. These gases can reduce the heat transfer efficiency
process in the surface plant, impacting the turbine's
efficiency when used to generate electricity. The gases
mainly constitute COx2.

The paper demonstrates two process models one calculating
the output from the turbine for similar input conditions as in
one of the geothermal powerplant in New Zealand and the
second calculating the change in heat transfer efficiency of
the heat exchanger for a given concentration of gases in the
geothermal fluid. The second process model is a cut-down
model of the heat exchanger from the complete process
model developed, which helps understand the loss of
efficiency in heat transfer when geothermal fluid with
different concentrations of gases passes through it. The heat
exchanger is run for a range of values of the concentration of
gases. The primary focus is on evaluating the change in heat
transfer efficiency in the heat exchanger.

1. INTRODUCTION

Geothermal Energy can be utilized in different ways. Power
can be generated from a geothermal energy source using
different technologies (Enthalpy et al., 2011), (GNS Science,
2005), such as dry, flash turbines, and binary systems. Binary
geothermal power plants use a secondary working fluid,
which flows through the Organic Rankine Cycle(ORC) and
gets heated by the geothermal fluid after passing them
through a heat exchanger. The binary cycle geothermal
power plants are the focus of this study. The Organic
Rankine Cycle allows us to utilize lower-temperature
geothermal fluid to produce electricity using the organic
working fluid (Shengjun et al., 2011), (Tchanche et al.,
2011), (McLean & Richardson, 2016). Comprehensive
literature is available on the variety of ORC applications
(Proctor et al., 2013).

The geothermal fluid bought to the surface for the electricity
generation process may contain gases that are non-
condensable and can impact the efficiency of a geothermal
power plant. The amount of gases in the geothermal fluid
varies across different geothermal sites(McLean &
Richardson, 2016),(Mclean & Richardson, 2021),(Mclean et
al., 2020). Current research on the reinjection of gases back
into the geothermal field indicates that it could be beneficial

to the reservoir, and more mass flow rate from the production
wells could be achieved (Kaya et al.,, 2011),( Kaya &
Zarrouk, 2017a).

This paper is organized as follows. First, in section 2, the
geothermal energy system and different components of a
binary geothermal powerplant are discussed individually in
subsections. Next, the methodology used for developing the
process model and calculating the change in the heat transfer
efficiency in the heat exchanger is discussed in section 3.
Finally, section 4 consists of this work's results, discussions,
and conclusion.

2. COMPONENTS OF A BINARY GEOTHERMAL
POWERPLANT

Geothermal fluids in New Zealand contain non-condensable
gases, particularly CO2, which are believed to come from
magmatic sources. Discharging of this CO2 has become a
particular concern in the industry in New Zealand. In the
natural state, the gases come to the surface naturally in the
form of fumaroles, flux through the soil, and from hot pools.
When a geothermal power station is developed, most of the
CO2 emissions are then discharged through the power station
(see Figure 1).

Figure 1: Schematic diagram of a geothermal reservoir
showing different forms of greenhouse gas
emission (McLean & Richardson, 2016).

In a binary geothermal powerplant, the energy present in the
geothermal fluid in the form of heat is transferred to a
secondary working fluid (Sadeghi et al., 2016), (Yari, 2010).
The secondary working fluid flows in the Organic Rankine
Cycle. A binary geothermal powerplant consists of different
parts such as:

1) The geothermal reservoir
2) The Production Wells
3)  Fluid Collection System
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4) Heat Exchangers

5) The Organic Rankine Cycle
6) Fluid Disposal System

7) The Reinjection Wells
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Figure 2: Schematic diagram of a binary cycle
powerplant including all the components of the
binary type geothermal powerplant.

2.1 Separator

A separator is a component used in the geothermal system to
separate steam from the brine. The separated steam is passed
through the vaporizer, transferring energy to the secondary
fluid (Organic fluid). It returns to the reinjection wells after
passing through the fluid preheater, where the organic fluid
entering the vaporizer gets preheated. Separators are
designed and optimized according to the requirement of the
system (Zarrouk & Purnanto, 2015),(Rivas-Cruz et al.,
2015),(Lazalde-Crabtree, 1984),(Sihombing et al., 2018).

2.2 Organic Rankine Cycle

Organic Rankine Cycles use a working fluid for electricity
generation. The working fluid, also called secondary fluid
(cold fluid), is heated by the primary fluid (hot fluid) while
passing through the heat exchangers. The Organic Rankine
Cycle has broad applicability for geothermal systems as it
gives the flexibility to work with low-temperature resources
and provides an option for reinjecting all the fluid back to the
geothermal reservoir through the reinjection wells (Lee et al.,
2019),(Clarke & McLeskey, 2015),(Coskun et al., 2014).
The components of an Organic Rankine Cycle are an
evaporator, a pump, a turbine or expander, and a condenser.
First, the primary fluid is transferred to the heat exchanger,
where the transfer of energy from the primary fluid vaporizes
the working. Next, the vapor is used to run the turbine to
transform the energy into electricity. Finally, the working
fluid is passed through the condenser for cooling. The pump
then pressurizes the liquid from the condenser, and the cycle
repeats.

2.3 Heat Exchangers

Heat exchangers play a vital role in binary geothermal power
plants transferring the energy of geothermal fluid into energy
in the working fluid used in an Organic Rankine Cycle.
Therefore, the type and size of heat exchangers are essential
aspects to be considered while designing a binary geothermal
powerplant (Bull et al., 2020),(Whalley & Ebrahimi, 2018),
(Laskowski, 2015). Figure 3 shows a shell and tube heat
exchanger with hot geothermal fluid passing through the
shell and cold working fluid passing through the tubes.

* Hotfluid e
+  Cold fluid e

Tubes

Shell

Figure 3: Schematic diagram of a shell and tube type heat
exchanger.

2.4 Reinjection

The geothermal fluid passed through the heat exchangers is
then reinjected to the reservoir, and the separated NCGs are
typically discharged into the atmosphere. This is the issue of
concern about the operations of these systems, as releasing
the gases into the atmosphere is no longer seen as an
acceptable practice, and effective solutions to avoid releasing
the gases into the atmosphere are being explored in the
geothermal field. Reinjection of gases could be one of those
solutions(Bonafin et al., 2019),(Niknam et al., 2020),(Kaya
et al., 2018),(Callos et al., 2015),(Kaya & Zarrouk,
2017b),(Choudhary, Burnell, Rayudu, et al.,, 2021a),
(Choudhary, Burnell, Hinkley, et al., 2021), (Choudhary,
Burnell, Rayudu, et al., 2021b).

3. METHODOLOGY

The methodology of this work is divided into three parts. The
first section defines the objective of this work, followed by
section 2, which introduces the software package used for
this analysis, and section 3, which demonstrates the process
model developed and used for this analysis.

3.1 Objective

The main objective of this work is to estimate the effect of
various levels of COz on a heat exchanger's efficiency in an
Organic Rankine unit attached to a geothermal powerplant.
We will consider temperature ranges typical of the produced
fluid at the Ngawha geothermal reservoir (Burnell et al.,
2016), and we will consider CO2 concentration in the range
of 0 to 2%. These are typically concentrations that have been
observed at Ngawha geothermal field (Glover & Scott,
2005).
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The reason for undertaking this study is that typical
operations of geothermal binary plants see concentrations of
produced CO2 decreasing with time as a result of reinjecting
a degassed fluid. As reinjection of CO: is being considered
by field operators in New Zealand, which have been seen
through a talk on “CO2 reductions Industry collaboration
project” presented by Katie McLean at the NZGA 2022
Winter Seminar (NZGA 2022 Winter Seminar, n.d.). We are
considering the effect this could have on the efficiency of the
power plant.

3.2 Software Package

DWSIM, an open-source chemical process simulator with
the functionality of working on the steady-state mass and
energy balances, was used in this study to generate a process
flow diagram and a process model.

3.3 Process model

The input parameters for the process models were the
pressure, enthalpy, mass flow rate, and concentration of
gases in the geothermal fluid.

Figure 4 shows a process model in which the primary fluid
is the geothermal fluid, while the secondary fluid is taken as
n-pentane (KAHRAMAN et al., 2019), (Nurhilal et al.,
2016). The temperature of the geothermal fluid is set to a
saturation temperature at the wellhead of 199.167°C and a
wellhead pressure of 16 bar. The flow rate of 100kg/s was
used, which is chosen to be typical of a single production at
Ngawha geothermal powerplant, and the enthalpy of 990
kJ/kg was used. The input parameters for the geothermal
fluid are the properties at the surface. This process model
(figure 4) ran for the geothermal fluid composition having 1
% of gases (mainly CO).

For the heat exchanger, the cold and hot fluid pressure drop
was considered as 0 bar, the global heat transfer coefficient
of 3000W/m?k, and the heat exchange area of 1000m? were
chosen by adjusting until the correct amount of heat transfer
was achieved. For the turbine, the outlet pressure was set to
lbar and the adiabatic efficiency to 50%. When pentane
comes out of the turbine, its pressure drops to 1 bar, and the
temperature drops as it passes through the cooler to bring it
to liquid conditions. Then, a pump is placed to repressurize
the fluid before it enters the heat exchanger and gets
vaporized, and the cycle repeats.

Pentane 4

393.80 kW

Pentane 2
Geofluid In . Equ—/
1"
75,509.63 kW
Pentane 1
&G
7
Geofluid Out 7,878.97 kW

Figure 4: Process model diagram of a binary Geothermal
powerplant.

The process model gives approximately similar values to
what is seen at Ngawha geothermal power plant. A flow rate
of 100kg/s is generating about 8MWe. Tables 1 and 2 show
the input parameters for the geothermal fluid and n-pentane
at the inlet of the heat exchanger. Tables 3 and 4 show the
input value of the heat exchanger and the turbine.

Table 1: Input parameters for geothermal fluid into the
heat exchanger.

Temperature Wellhead Flow Concentration

at theinlet (° Pressure rate of gases in
C) (bar) (ka/s) brine
199.167 16 100 1% by mass

Table 2: Input parameters for n-pentane into the heat

exchanger.
Temperature Inlet Flow
at the inlet (°C) Pressure rate(kg/s)
(bar)
35.8014 14 138.88

Table 3: Input parameters for the heat exchanger.

Cold fluid pressure drop 0 bar
Hot fluid pressure drop 0 bar
Global heat transfer 3000 W/m2k
coefficient

Thermal efficiency 89.3 %
Heat load 82994 MW

Table 4: Input parameters for the turbine.

Outlet Pressure 1 bar

Adiabatic efficiency 50 %

3.3.1 Heat Exchanger Model

Another model developed for this study is a process model
of a heat exchanger, which is a cut-down version of the
complete process model, as shown in figure 5. The purpose
of this model was to test the effect of CO2 gas concentration
in the geothermal fluid on the heat load (MW).
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Figure 5: Process model of a heat exchanger.

4. RESULTS AND CONCLUSION

The results of the process models are as follows :

4.1 Complete Process Model

The complete process model gives an output of about 8 MWe
from the turbine, with a flow rate of 100kg/s of geothermal
fluid. The temperature and pressure conditions are similar to
the Ngawha geothermal field. The Output of the model is
consistent with output from the Ngawha geothermal power
plants, with 25MWe being produced from approximately
300kg/s of geothermal fluid flow.

4.2 Heat Exchanger Model

The heat exchanger model was developed using conditions
related to the heat exchanger from the Complete Process
Model. Namely :

Pressure and enthalpy of the geothermal fluid
Flow rate of the geothermal fluid

Flow rate of n-pentane

Inlet temperature of n-pentane

Concentration of gases(%)

0.5 1 15 2 25

Change in efficiency of heat transfer(%)

Figure 6: Heat transfer efficiency changes with
increasing gas concentration in the geothermal
fluid.

Figure 6 shows how the output of the heat exchanger changes
with the concentration of NCGs. The decline curve shows
that as the concentration of NCGs increases from 0-2%, the
reduction in heat exchanger output reaches about 3.2%.

For the process model of a heat exchanger, shown in figure
5, the enthalpy of the geofluid stream was assumed to be
constant when the concentration of CO2 was changed. This
condition was chosen as at the reservoir conditions at
Ngawha; the enthalpy will be approximately constant as the
gas concentration changes. The reason being that fluids in
the Ngawha reservoir are in liquid conditions.

We conjecture that the reason for these results in Figure 6 is
that increasing the NCG concentration in the geothermal
fluid reduces the temperature as the flash pressure has
increased. Note that the geothermal fluid that enters the heat
exchanger is at saturation conditions due to the operating
wellhead pressure. With a lower fluid temperature, the
temperature difference between the geothermal fluid and the
organic fluid reduces and hence reduces the heat transfer.
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