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Abstract

Analysis and Evaluation of MoNiKa'’s first results using GESI

The aim of this thesis is to show, discuss, and evaluate the results of MoNiKa Power Plant in
stationary regime working at different part load in bypass operation. The experiment performed for
this thesis during winter semester 2019, are the first results to come out of the facility. MoNiKa was

authorised to operate at the end of 2018, and today is still under development.

The current work, will study the power plant to define its actual situation. The main issues to answer
was the question of the reliability and accuracy of the measured data. Defining the degree of
reliability of the measurements, is essential in order to have a starting point to carry out a correct
evaluation of the facility. As well as the boundary conditions and the operational limits of the power
plant. Each test performed in this work contributes to having a better understanding of the facility
and its components. Furthermore, it contributes to build the knowhow of MoNiKa. And it will

determine the base for the next steps in the research.

A software developed by the institute was the primary tool used to analyse the information obtained
from the facility. GESI (Geothermal Simulation). Definition of the input needs to match the model to

the facility was part of the challenge in this work too.

The comparison of the results from MoNiKa with GESI becomes a feedback process. Where at the
end of each step, a better understanding of the facility was obtained. As a result, the whole prosses,
the power plant was studied in deep, and a module of GESI was developed to simulate futures

scenarios of MoNiKa.
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Resumen

Analisis y evaluacion de los primeros resultados del MoNiKa
usando GESI

El objetivo de esta tesis es mostrar, discutir y evaluar los resultados de la Central Eléctrica MoNiKa
en régimen estacionario trabajando con diferentes partes de carga en operacion de bypass. Los
experimentos realizados para esta tesis durante el semestre de invierno de 2019, son los primeros
resultados que salen de la instalacion. MoNiKa fue autorizada para operar a finales de 2018, y hoy

en dia sigue en desarrollo.

El trabajo actual, estudiara la planta de energia para definir su situaciéon real. Las principales
cuestiones a responder fueron la cuestion de la fiabilidad y la precision de los datos medidos. Definir
el grado de fiabilidad de las mediciones, es esencial para tener un punto de partida para llevar a
cabo una correcta evaluacion de la instalacion. Asi como las condiciones limite y los limites
operacionales de la central. Cada prueba realizada en este trabajo contribuye a tener una mejor
comprension de la instalacién y sus componentes. Ademas, contribuye a construir el conocimiento

del MoNiKa. Y determinara la base para los proximos pasos de la investigacion.

Un software desarrollado por el instituto fue la principal herramienta utilizada para analizar la
informacién obtenida de la instalacion. GESI (Simulacion Geotérmica). La definicion de las
necesidades de entrada para hacer coincidir el modelo con la instalacion fue parte del desafio en

este trabajo también.

La comparacion de los resultados del MoNiKa con el GESI se convierte en un proceso de
retroalimentacion. Donde al final de cada paso, se obtuvo una mejor comprensién de la instalacion.
Como resultado, se estudié en profundidad toda la prosa, la central eléctrica, y se desarrollé un

moddulo de GESI para simular futuros escenarios de MoNiKa.
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Kurzfassungt

Analyse und Bewertung der ersten Ergebnisse von MoNiKa mit
GESI

Das Ziel dieser Arbeit ist es, die Ergebnisse des MoNiKa-Kraftwerks im stationdren Regime bei
unterschiedlicher Teillast im Bypassbetrieb zu zeigen, zu diskutieren und zu bewerten. Die fur diese
Arbeit im Wintersemester 2019 durchgefuhrten Experimente sind die ersten Ergebnisse, die aus der
Anlage hervorgehen. MoNiKa wurde Ende 2018 fiir den Betrieb zugelassen und befindet sich heute

noch in der Entwicklung.

Im Rahmen der laufenden Arbeiten soll das Kraftwerk untersucht werden, um seinen Ist-Zustand zu
definieren. Die wichtigsten Fragen, die es zu beantworten galt, waren die Frage nach der
Zuverlassigkeit und Genauigkeit der gemessenen Daten. Die Definition des Zuverlassigkeitsgrades
der Messungen ist unerlasslich, um einen Ausgangspunkt fir eine korrekte Bewertung der Anlage
zu haben. Sowie die Randbedingungen und die Betriebsgrenzen des Kraftwerks. Jeder in dieser
Arbeit durchgefiihrte Versuch tragt zu einem besseren Verstdndnis der Anlage und ihrer
Komponenten bei. Dartiber hinaus tragt er zum Aufbau des Know-hows von MoNiKa bei. Und er

wird die Grundlage fur die néchsten Schritte in der Forschung bestimmen.

Eine vom Institut entwickelte Software war das Hauptwerkzeug zur Analyse der von der Anlage
erhaltenen Informationen. GESI (Geothermische Simulation). Die Definition der
Eingabebedirfnisse, um das Modell an die Anlage anzupassen, war auch bei dieser Arbeit Teil der

Herausforderung.

Der Vergleich der Ergebnisse von MoNiKa mit GESI wird zu einem Feedback-Prozess. Am Ende
jedes Schrittes wurde ein besseres Verstandnis der Anlage erreicht. Infolgedessen wurde der
gesamte Prozess, das Kraftwerk eingehend untersucht und ein Modul der GESI entwickelt, um

Zukunftsszenarien von MoNiKa zu simulieren.
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1 Introduction

1.1 Geothermal energy - Background

The Paris agreement, during the 21st Conference of the Parties (COP 21) of the UNFCCC in
December 2015, represents a framework in the policies to combat climate change. The main
objective of the Agreement is to limit the temperature increase in this century to levels significantly
below 2°C. The high level of adherence by countries (approved by 195 of them) indicates that the
world intends to develop a low-carbon economy. [1] In this context, renewable energies are the key
to changing the energy matrix for a clean and emission-free one. Several technologies are currently
in use and continue to be developed, improving their performance. Geothermal energy is one of
them.

Geothermal energy is a renewable energy source that uses a hot fluid (usually steam and water)
from a geothermal reservoir located in some underground layer of the earth. This fluid is used to
provide energy, electricity or heat, and then it is reinjected into the geothermal reservoir. There it is
reheated and can be used again to complete the cycle. In this way, it is a source of renewable
energy. These plants do not only have the benefit that they do not need to burn fossil fuels to operate,
but also eliminate the need for transport and storage of fuel. This characteristic means that the cost
of producing energy is much lower than in a coal plant, but the investment to install a geothermal
plant is much higher. Compared to other renewable energies, it has the advantage of not being
intermittent. Geothermal energy offers a constant flow of energy production throughout the year
because it does not depend on seasonal variations such as rain, river flows, wind, or the sun, as is
the case of the others renewables technologies. [2]

It is important to distinguish between three types of geothermal energy plants. Firstly, Dry Steam
Power Plants. These use steam released from underground sources to drive turbines and generate
electricity. Although dry steam plants are simple to operate, they are limited by the few locations that
produce enough steam for a commercial-scale plant.

Second, Flash Power Plants are the most common ones. They use long pipelines that extend to
deep underground reservoirs, where the extreme pressure allows the water to remain liquid above
its surface boiling point. The high-pressure water is pumped from the reservoirs. Then the fluid is
expended, the water quickly turns into vapour (flash) and is used to drive a turbine. The surplus liquid
water and the condensed steam are reinjected into the reservoir again, making the process
sustainable.

Finally, Binary Cycle Power Plant: they represent the state of the art. This technology opens the
possibilities to operate in areas with a reservoir temperature much lower than that required by other
plants (low enthalpy supplies). Moderately hot water is taken from underground reservoirs, but due
to the low temperature of the water, it is not possible to obtain energy directly. Another a fluid with a
lower boiling temperature than the thermal water temperature is needed. Through heat exchanger,
the thermal water evaporates the other fluid, which is used to drive a turbine and generate electricity.

Analysis and Evaluation of MoNiKa’s first results in bypass configuration 1
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Introduction

1.2 Organic Rankine Cycle

Organic Rankine Cycles (ORCs) are power generation cycles which operate in the same way as
conventional steam power cycles, but instead of using water, they use an organic fluid (such as a
refrigerant or hydrocarbon). This was an important innovation that has allowed cycles to produce
energy from low enthalpy sources (temperatures between 100°C - 200°C). While typical steam
power cycles look for the higher temperatures and pressures in order to obtain the best efficiency
possible, some applications are limited to a lower temperature. The ORC is one of the promising
cycles that can be used to extract thermal energy from various energy sources that may only provide
a source at a limited temperature, e.g.: Thermal water from a geothermal reservoir, heat obtain by a
solar-thermal installation, exhaust gas from the combustion of a bio-material, or heat recovery
applications from energy-intensive industries.[3] Thus, its use for the recovery of industrial waste
heat is considered a measure of energy saving and efficiency that could contribute numerous
benefits (energy, environmental and economic).

The strength of the ORC technology is its modular feature: a similar ORC system can be used, with
little modifications, in conjunction with various heat sources. Furthermore, the main difference
between conventional power cycles is that this technology allows a local and small-scale power
generation. Today’s range of application is from the kW to the MW scale.

Turbine

(3] ¢

Condenser

Heat Excharger

feed pump

)

Figure 1: Illustration of Binary Plant setup

The Organic Rankine Cycle involves the same main components as a conventional steam power
plant (a boiler, a work-producing expansion device, a condenser and a pump). The organic fluid (with
high pressure) circulates through the heat exchanger (or evaporator), where the heat from the
thermal water is transferred to it. Then the fluid is expanded in the turbine, which is connected to
an electrical generator. The working fluid that gets out of the turbine with low pressure and

2 Analysis and Evaluation of MoNiKa’s first results in bypass configuration
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Temperature ["C]

temperature is condensed in the condenser. Finally, its pressure is increased again with the feed
pump, and the cycle starts again. In some cases, depending on the working fluid and the design of

the ORC cycle, a higher thermal efficiency can be obtained by integrating a regenerating process to
the cycle.

In addition to these components, a real ORC incorporates other equipment, like tanks to manage
the mass flow, sensors used to measure and check the installation behaviour and provide a feedback
to the control systems, piping and insulation. All these components are essential in real
implementations and conform a mayor network of interactions that generate a mayor order of
complexity of the facility.

As it was mention, binary power plants use an organic fluid instead of water as working medium.
These fluids have the main property that they have a lower evaporation pressure and temperature
than water, which makes them the key for low enthalpy heat sources power plants. Choosing the
right one is the start point for designing an ORC process. The first rough approach is to define the
critical temperature of the working fluid (which is related to the heat source temperature). Once the
working fluid is selected, it will determine the installation setup.

Another important factor to consider at the design of an ORC plant is the type of cycle that the
working fluid will perform: there are two main types of cycles. Subcritical cycles, where the working
pressure is lower than the critical pressure of the fluid. The heating process occurs in the two-phase
region. And supercritical cycles, in which the evaporation occurs above the two-phase region (the
pump provides the fluid with a pressure higher than its’ critical pressure) (Figure 2, center and right,
comparison of both cycles under the same boundary conditions). This type of cycle is in focus of the
new binary cycle power plant research. The supercritical process has a potentially higher gross
power output than the subcritical ones (the enthalpy difference hs-ha is usually higher). Aimost 40%
of gross performance increase is possible to achieve, depending on the fluid characteristics. This
maximum occurs when the working fluid has a critical temperature ~0.8 times the respective
geothermal water temperature. This association between the local geothermal temperature and the
optimum critical temperature has to be one criterion for the selection of the working fluid. [4].

400
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Figure 2: (left) Comparison or wet, dry and isentropic fluids. (center) Temperature-entropy diagram
comparison subcritical [1-2*-3*-4*] and supercritical cycle [1-2-3-4]. (right) T-Q comparison of heat
transferred at the heat exchanger (up) subcritical, (down) supercritical cycle
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The second step for choosing the working fluid is the gradient of its saturated vapour curve in a T-s
diagram. Fluids classified as dry (e.g. pentane) have a positive gradient, wet (e.g. water/propane)
has a negative gradient, and isentropic fluids (e.g. R11) have a vertical gradient. This characteristic
determines where the fluid’s expansion will end. In dry and isentropic fluids, the expansion ends in
the superheated region. Therefore, the fluid still has useable content of energy after the expansion.
In this case, an internal heat recovery is possible. It can be placed before the condenser to preheat
the fluid before it gets evaporated. While, wet fluids, the expansion takes place into the two phases
region, in this situation is essential to check the vapor quality of the fluid after the expansion to
prevent liquid droplets forming that can damage the turbine blades.

Others criteria that should be taken into consideration for choosing the working fluid are the
environmental and operational ones. Such as high thermal conductibility, low specific volume, high
chemical stability, low corrosiveness, low flammability, toxicity, low Ozone Depletion Potential (ODP)
and Global Warming Potential (GWP). [4]

4 Analysis and Evaluation of MoNiKa’s first results in bypass configuration
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MoNiKa power plant

2 MoNiKa power plant

This chapter performs a descriptive analysis of the facility. The focus is on explaining the design of
the ORC cycle and giving a detailed image of the characteristics that make up the power plant.

2.1 Design of MoNiKa ORC

MoNiKa (Modular low-temperature cycle Karlsruhe) is a facility built at KIT campus north with the
idea of studying and optimizing the ORC process. This installation is a small and compact power
plant. It was designed as a modular installation to allow the study and investigation of different
components, focusing on the research of geothermal power generation from low-temperature heat
sources [5].

The facility is a binary cycle, where the geothermal heat source is emulated. A hot water boiler heats
the water at the site, which simulates the thermal water. The temperature and the mass flow on the
water cycle can be modified to have a range of input conditions and emulate different scenarios.

The designed ORC cycle is a supercritical process; live steam parameters of 5.5 MPa and 117 °C
can be achieved using propane as working fluid (Pcic = 4.25 MPa and T¢ic 96.74 °C). Previous
investigations showed that a supercritical ORC process has higher performance that subcritical
ones. Therefore this installation is designed to work with a supercritical cycle. [4, 6] These
investigations shall confirm too, that propane is a good option for ORC supercritical cycles. It shall
achieve a specific net power output of 36.8 kW/kg and a thermal efficiency of 10.1% at supercritical
conditions. Even though propane is not the best option in performance and other fluids showed better
features. Propane, however, presents many other advantages: it is inexpensive and available
through local suppliers, it is more environmentally friendly compared to other working fluids and
presents less toxicity than other options. Propane is also a wet fluid. Therefore, the cycle is designed
such that the fluid will be expanded into the two-phase region to the condensing temperature. Which
means that an internal heat recovery is not possible.

Condenser

/ Turbine/expander

control

work equipment

tank
Power plant
container
Figure 3:lllustration of MoNiKa Power Plant
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2.2 Components description

The pumping system is compound by two pumps. The main pump is a LEWA triplex M514US G3G.
It is a piston pump of max. 75 kW with a maximum mass flow of 3.6 kg/s and a design pressure of
6.5 MPa (in this will be referenced as main pump). This type of pumps has a high efficiency, and it
can provide a mass flow independent from the outlet pressure. This characteristic confers a new
degree of freedom and allows to work in many combinations of pressure and mass flow in the cases
of part load. However, the experience shows that there was the possibility of having cavitation in the
of the main pump. In an effort to avoid this situation, a support pump was installed. This is a
centrifugal pump of max. 5.5 kW, manufactured by Grundfos, CRN20-04 E-FGJ-G-E (from now on
it will be referenced as support pump).

Turbine

Expansion
Valve

[3]

Condenser

out

Heat Excharger

[2]

support pump

main pump

Figure 4: lllustration of Monika’s main component setup

The heat exchanger manufactured by Gesmex, (from now on He EX) is a vital component of the
processes. It is the connection between both cycles, (thermal water and organic). It is a cross-flow
heat exchanger designed to work in a subcritical and supercritical regimen. The device is formed by
200 circular welded plates grouped in 5 stage. It is all made from stainless steel (the plates and the
casing). The design thermal power installed is 1000 kW for full load operation. And the working
parameters for the water cycle are 0.7-1 MPa and 40-160°C (the geothermal fluid is projected to be
liquid, there is no change of phase in this cycle). While in the propane cycle, the admitted pressures
are from 5 to 6 MPa and the temperature range from 20 to 150°C.

The condenser manufactured by KUHLTURMKARLSRUHE (from now on Cond.) is installed at 3.5
m of height. It is located between the exit of the turbine (or throttling valve), and the propane tank.
However, the condenser is prepared to work with water spray. This option is not implemented at the
date of this work. Therefore, this component is only analysed in dry configuration (the condenser
uses ambient air as cooling fluid). The heat exchange areas are built symmetrically in “V”
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configuration. They include three chambers. Each one is equipped with a vertical fan (impeller and
diffusor) of 2.5m diameter. The power consumption of each motor is 13 kW, of power consumption
at 322 RPM, and a maximum volume flow rate of 44 m?'s each one (39 kW - 132 m?/s total).

(figure 5

Figure 6). It is a rotary plug valve DN 80, made of stainless cast and carbon steel. The operational
range of temperatures is from —100 to 400 °C and the maximum operational pressure is 16 MPa. At
the facility, implementation of the control signal of the device is linear, that means that the percentage
of the signal represents the same percentage of opening of the valve.

bypass

.|
wL\: T
|
valves |

DN10O
PNS3

11PRVD1 H AT
Y WﬂThrotthng ‘
¥ onoenice  Valve

Heat Exchanger Condenser

Figure 5: MoNiKa’s schematic detail of bypass configuration

figure 6

Figure 6 presents an overall view of MoNiKa’s Power Plant. The photos show the main components
involved in the ORC cycle. (g) shows the bypass configuration, the fluid direction in solid-line the
bypass, while in dotted-line the fluid path for turbine’s operation.
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MoNiKa power plant

y

Figure 6 : Monika facility: (a) general photo of piping and components. (b) Propane tank,
piping system and condenser. (¢c) Grundfos pump (d) LEWA pump, (e) Heat Exchanger. (f)
Condenser. (g) bypass system pipes and valves
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2.3 Full load operational point design

The ORC cycle can work under different boundary conditions. However, all of them are deviations
of the designed full load point. This point is the optimum situation; it is where the power plant is using
the maximum heat power available from the source, and it is working at full capacity. The intention
is to run in this point the maximum time possible. Therefore, full load configuration is where all the
components and the cycle in itself are optimized, and they work at their maximum efficiencies.

In the case of MoNiKa, the full load point is designed for a heat power of ~1000 kW. This is the heat
that the thermal water has to release to the working fluid. The full load point of the thermal water
cycle is defined at 2.4 kg/s mass flow rate of thermal fluid (m,,,,), and the conditions at the inlet of
the heat exchanger are: temperature ( Ty, ;) 150°C and pressure ( Py, ;) 0.9Mpa.

In the ORC cycle, the mass flow rate of organic fluid is 2.9 kg/s (mgg¢), and the design parameters
of the working fluid at the inlet of the turbine are 117 °C at 5.5 MPa. The expansion of the working
fluid is projected to be into the two-phases region, at a quality above 0.9 (in turbine operation).
Different is the case in bypass operation, where the expansion of the fluid will occur outside the curve
as superheat steam. In this case, there remains some useful energy, but it has to be released to the
ambient via the condenser, since the MoNiKa cycle does not have a recuperator (Figure 7 right

points[4-5]). In this work, the expansion will be considered as isenthalpic. (7able 1)

ORC Cycle

Propane as Organic working fluid

Live steam point [3] 5.5 MPa and 117 °C.
ORC mass flow 2.9 kgls

Turbine isentropic efficiency
Fluid quality (at the condenser inlet)
Pumps isentropic efficiency

80%
95%
70%

Thermal Water Cycle

mass flow 2.4 kgls
Temperature in 150 °C
Temperature out 47 °C
Pressure in 0.9 Mpa
Power

Thermal power: ~ 1000 kW
Heat released to the ambient ~ 930 kW
Gross Power generation ~ 150 kW
Net Power generation ~ 110 kW
Thermal efficiency ~15%

Table 1 : MoNiKa’s projected parameters at full load operational
point in turbine operation [1-2-3-4%]

The Figure 7 shows the simulation of the Monika’s ORC cycle in GESI. The full load operational
design point gives the boundary conditions, and some assumptions are taken into account to have
a first approach to the cycle.
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Figure 7: Temperature-Entropy graph of MoNiKa ORC design comparison
(left) turbine operation (right) bypass operation

To fully define the cycle, the ambient temperature and therefore, the condensation temperature was
estimated. The ambient temperature is 10 °C; Karlsruhe annual average temperature [7]. The
condensation temperature considered is 25°C (15 °C above the ambient temperature. This was
projected to be the optimum condensation temperature in order to maximize the Net Power
generation of the cycle [4].

The pressure loss in the condenser has been provided by the manufacturer: 0.02 MPa. Since there
was no information for the Heat Exchanger, the same value has been estimated. The values for the
turbine and the pump isentropic efficiency is estimated from Christian Vetter work,(where the
isentropic efficiency of the turbine is estimate in 0.8 and the pumps is 0.7 at full load). [8, 9]

Under this scenario, the power generation predictions are a gross power output ( Pgross ) ~150 kW
and net power output ( Pye:) ~110 kW. However, these values cannot be verified in this work. In
bypass configuration, the focus will be put instead on evaluation of the thermodynamic values at
different points of the cycles (water and ORC), the heat transferred in the heat exchanger/condenser
and the mass flow of all fluids (thermal water/propanef/air).

From these designed and estimated values, a first and rough simulation is done of the MoNiKa’s
cycle. Itis very theoretical, and it is based on many assumptions. However, this sets a starting point
to study the facility. From the measurements and analyses of the data obtained from the tests, the
theoretical model will be compared with the real one. On one hand, the simulations will be adapted
to match the facility and to improve future predictions. On the other hand, they will study the
deviations of the facility from the design parameters.
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2.4 MoNiKa’s instrumentation

The sensor system installed in MoNiKa meets two requirements: the first one as a power plant control
system, the second one as a platform for investigations carried out at the plant. Therefore, the facility
has installed more sensors that in a regular power plant along the whole cycle, i.e. at the inlet and
outlet of each component (Figure 8).

The main indication measured are temperature and pressure at the inlet and outlet of each
component (pumps, heat exchanger, throttling valve, condenser and propane tank). In many cases,
the outlet of some component refers to the inlet of other one. But in other cases, the sensors are
located at the ends of pipes, where pressure and heat losses are measured.

Mass flow rate and density of the working fluid are measures between the outlet of the main pump
and the inlet of the heat exchanger using a Proline Promass 83F sensor. This sensor uses Coriolis
forces and resonance frequency to have a direct measurement of the mass flow rate, the velocity
and the density.

A WIKA TR34 class A PT100 is used to measure the temperatures in all the points of the facility.
These sensors are resistance thermometer, with a range of operation is from -50 to 250 C. They are
very compact, resistant to high vibration and give a fast response in time.

For pressure measurements, the sensors installed in MoNiKa are from VEGA: the models used are
the Vegabar 81 and Vegabar 82. These pressures transmitters can be used universally for the
measurement of gases, vapours and liquids. They have a ceramic measuring cell that allows the
sensor to have a good performance in corrosive and hot environment. The main difference between
bought sensors is the temperature range in which they can work. As a second observation, the
pressure range that they exposed to work is not the same in all the ORC cycle, which causes that
some measurements points have different accuracy than other ones.

The sensors are in direct contact with the fluid (propane and water). There is no sleeve or cap
between them. This direct contact provides a better measurement of the fluid property, but it makes
it impossible to remove the sensor from the pipeline without first emptying it. This is a big limitation,
particularly in the ORC cycle, because this configuration does not allow to remove a sensor for
performing a calibration test or to replace it in case of malfunction. Aware of this limitation, MoNiKa's
measurement system is redundant. This means that in each measuring point, there are two or three
sensors of the same kind installed. This configuration allows to have a double-check of the
measurement. This is an important safety measure, if in case that some sensor fails.

For measure the ambient conditions, the plant is equipped with a Humidity and Temperature
Transmitter (EE33 series) from where the conditions can be obtained in situ and do not depend on
the weather stations. Furthermore, a set of thermocouple type k are installed in each chamber of the
condenser. They are installed to measure the air conditions after the passing through the heat
exchange areas, before the fan.
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MoNiKa power plant

il
DN100S0

]
bypass |
S -
é @ i valves v Tubrine
E m\l N\
N L v AT
1
- -——
gg B > [ Generator Eﬁ.::vz i
1Y e Throttling ey L “  Condenser
Druckhaheventi 4 §
ONIOPN100 Valve 2§ , + A
7P ol 55
| s g
ONEO DNBo /‘i\
PN&3 PNG3
e/
e/
Heat Exchanger
01
DN10D 20W1
s ot 4 v r DNBO0 S
DNSOao
Pl N~ T /Pr
010/ i g 0% T ¥
Main Support )
FH001 27168 devy pump pump Propane Tank
References
y woy @ - P(X) Pressure sensor
: — “1® e - T(X) Temperature sensor
‘ @ - F(X) Flow rate and density sensor
I ! 0 /l . - Q(X) Alarm pr