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This paper explains the SIS to investigate the system of instrumentation and process
control on the steam purification systems in the geothermal power plant. The research
objectives include (i) analysis based on SIL against the BPCS, (ii) determining the
component specifications of SIS, (iii) the design of SIS in the form of drawing, and (iv)
simulation aided the application of PLC Simulator against the design of SIS result.
Analysis step based on SIL conducted on the existence of BPCS. There are two potential
danger of SIL-2, namely the condensate water entered the turbine and the steam pressure
drop. The component specification is a consideration for the installation of two actuators
with a redundant system. The design of SIS in the form of drawing namely the
investigating for the instrumentation and process control through the block diagram, so
that the function of the SIS as a protection system against personal safety, environmental,
and operating facilities, in addition to the publication of the company's reputation. The
simulation against the design of development results namely the conditioning of the
operation of the emergency valve for drain to the gain of certainty, that the valve is opened
when signals from LSH or logic 1 is received and the valve is closed again after signal
reception from LSL or logic 0, so the valve can be operated in accordance with logic
operation 1 and 0.
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1. INTRODUCTION

is the procedure for the implementation of SIS [2], namely (1st
step) concept, (2nd step) overall SIS scope definition, (3rd
step) hazard and risk analysis, (4th step) overall safety
requirements, (5th step) safety requirement allocation, (6th
step) SIS operation and maintenance plan, (7th step) safety
validation plan, (8th step) installation and commissioning
plan, (9th step) SIS detailed design, (10th step) other
technologies, (11th step) external risk reduction, (12th step)
overall installation and commissioning, (13th) overall safety
validation, (14th step) SIS operation, maintenance and testing,
(15th step) overall modification and retrofit, and (16th step)
de-commissioning or disposal. This procedure to achieve an
intended safety function up to field installation and
commissioning that shall be applicable for the company [2].
For the design and implementation of the SIS, IEC-61508
standards with a number of working procedures are adopted
[2].
The SIS is composed of several safety functions, so it is an
implementation of SIF [1-18]. Schematic diagram of SIF [6]
is shown in Figure 1.
Based-on Figure 1 explained, that the SIS is the system that
consists of sensors, logic solver (determiners of logic), and the
final control element [1-18] that is designed and installed for
taking the process for achievement safe state due to failure of
the instrumentation and the system of process control. When a
large potential occurs and results in a real loss, that's where the
SIS are is used to provide safe insulation against flammable or
toxic materials that have the potential to cause a fire or incident

An acronym or abbreviation as SIS that used in a functional
safety is a set of devices and software that perform of one or
more of SIF [1, 2], so that important to ensure the safe
operation of a system in general [3]. Existence of the SIS is
specifically designed to protect personal, equipment, and
environment through reducing the likelihood or severity of the
impact of an identified emergency event [1, 2, 4-6]. Usefulness
of SIS when operated for any action is to prevent or reduce
risk during processing under abnormal conditions that may be
dangerous [1-6]. The SIS is embedded in the system for
industrial control and automation along with the BPCS [7]. It
is a development of a conventional process of SIS-based. A
conventional process control on plant or the others, often
comprised of a set of software black boxes, accessible only by
specialized personnel and a very limited number of highly
technical [8].
A SIS assessment is conducted to identify any gaps that
critical and potential between SIS best practice and IEC 61511
requirements through the design and implementation, so that
the operation as well as the maintenance of the SIS existing
[1]. The findings of the assessment will be categorized on their
impacts to the safety, business as well as environment, and will
be used as a basis for opportunity improvement of the SIS. All
findings with recommendations that have impact shall be
documented, tracked, followed-up, and finished out [2].
Dividing in the sequential steps as defined in the IEC-61508
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liquid wasted into the environment [10-13]. Listing the device
provider of Safety Requirements Specification (SRS) is a
requirement and linkage requested by Industrial Standard
Architecture (ISA) 84 Clause 10.3.1 [4, 14, 15]. If each SIF
that hasn’t been verified would meet the target Safety Integrity
Level (SIL) specified during the SIL classification performed
during design or assessment, then determined by the SIL
verification [16, 17].

turbines [21]. Steam conditions with requirements, both in
terms of quality and quantity absolutely must be met [21]. One
important aspect that must be done to achieve these conditions,
is done through ensuring that the systems of instrumentation
and process control can operate properly and minimize all
potential disruptions caused by malfunctioning of the control
system [22, 23]. All process and control system in the
purification system of the steam are operated according to the
BPCS standard [24]. Example case of the schematic diagram
of BPCS placement on a purification system of the steam in
the geothermal power plant [19-21] is shown in Figure 3.

Figure 1. Schematic diagram of SIF
Safety is provided by a protective layer. These layers begin
with safe and effective process control, extend to the manual
and automatic prevention layers, and continue with layers to
reduce the consequences of the systems of instrumentation and
process control failure event [1, 2, 4, 5]. The protective layer
is known as Independent Protection Layers (IPL) which are
bound as onion skins, where each layer is independent in the
terminology of operation and failure of one layer does not
affect the next layer. Schematic diagram of the IPL [5, 6] is
shown in Figure 2.

Figure 3. Example case of the schematic diagram of BPCS
placement on a purification system of the steam in the
geothermal power plant
Based-on Figure 3 can be explained, that the height of the
condensate water in the vessel is detected by a level transmitter
with a type of differential pressure (d/p LT) with a reading
limit from 0 to 100%. Normal operating conditions, the height
of the condensate in the vessel wins below 10%. The result of
LT detection is a 4-20 mA (analog signal) transmitted to the
BPCS controller, i.e. the Programmable Logic Controller
(PLC). The input signal is needed by the PLC into two output
signals. The first output signal is an analog output signal
transmitted to the control room for remote reading by the
operator. The second output signal in the form of a digital
output consisting of codes 1 or 0 transmitted to an emergency
transfer payment.
The type of drive on the valve used is pneumatic or air
pressured with an open compilation PLC transmitted code 1
when the condensate water level is detected LT when it gets
20%. The valve closure can only be done with the assistance
of the operator through the control interface in the control
room. The interface command is transmitted to the PLC, then
the PLC sends the signal in the form of code (logistics) 0 for
valve placement [22, 23]. Based on this description and the
Figure 2, the implementation of the conception of safety
instrumented systems for investigating the system of
instrumentation and process control on the purification system
of the steam in the Geothermal Power Plant was examined,
through research objectives, namely: (i) analysis based-on the
SIL for the development plan of SIS, (ii) components
specifications of the SIS as a result of development, (iii) the
SIS design is implemented in detail with the form of drawing,
and (iv) performance simulation of the result of development
for the system of instrumentation and process control.

COMMUNITY EMERGENCY RESPONSE
PLANT EMERGENCY RESPONSE
MITIGATION
Mechanical Mitigation Systems

Fire and Gas Systems
PREVENTION
Safety Critical Process Alarms

Safety Instrumented Systems
Basic Process Control Systems
Non-safety Process Alarms
Operator Supervision

Process Design

Figure 2. Schematic diagram of the IPL
The system of instrumentation and process control is one of
the brightest fields since a few decades ago until today [18].
The objectives of the operation of a system of instrumentation
and process control are to maximize in (i) productivity, (ii)
optimization, (iii) stability, (iv) reliability, (v) safety, and (vi)
continuity [18]. The purification system of the steam is one of
the main processes in the steam production system in the
Geothermal Power Plant [19-21]. In this system is used the
system of instrumentation for the process control. Its role is so
critical, because it is the last facility as a supplier of steam to
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2. MATERIALS AND METHODS OF RESEARCH

open valve when the signal from the Level Switch High (LSH)
was received and the valve closed again after receiving the
signal from Low Level Switch (LSL).

2.1 Materials of research
The system of instrumentation and process control in the
purification system of the steam is shown in Table 1.
Other measuring devices such as Flow Transmitter (FT) and
Pressure Transmitter (PT). Flow Transmitter functions to read
the condensate flow value which is released from the
purification vessel to another shelter. The output signal from
FT is a 4-20 mA (analog signal) transmitted to the PLC to be
processed and transmitted to the control room in the form of
an AO signal, while the Pressure Transmitter (PT) is used to
measure vapor pressure in a steam purification vessel. There
are three PTs, namely PT-A, PT-B, and PT-C. Signals from
PT-A and PT-B are received by the PLC to control the desired
pressure value based on the desired pressure target. While PTC is only used for pressure reading only. All indications from
the three PTs are transmitted to the control room for
monitoring by the operator.
The protection system currently applied to the purification
system of the steam relies on three Level Switches (LS) that
are installed in series or multilevel. The functions and
workings of the three Level Switches (LS) are for detecting the
presence of an increase in condensate or other water, before
being flowed to a turbine with type 2oo3, meaning that if two
of the three Level switches are active or a water presence is
detected, it will send a signal to the generator control system
for deactivating the turbine. Programmable Logic Controller
as a BPCS control system with the “MQ” brand installed
redundant or two systems, meaning that only one PLC unit is
working or on duty, while the other is in standby or hot standby
which is ready to take over the control function if the on duty
PLC has a problem in its operations [11-15].

start
Safety Instrumented Systems to Investigate
the System of Instrumentation
and Process Control
on the Steam Purification Systems
A number of research objectives, namely: (i)
analysis based-on the SIL for the development
plan of SIS, (ii) components specifications of the
SIS as a result of development, (iii) the SIS design
is implemented in detail with the form of drawing,
and (iv) performance simulation of the result of
development for the system of instrumentation
and process control.
Analysis based-on the SIL for
the development plan of SIS
Analysis in the form of an assessment

Is the assessment has been done
and corresponding?

no

yes

Components specifications of the
SIS as a result of development
Component determination of the SIS

2.2 Methods of research

no

The research method is an algorithm of a researcher in
conducting the research that carried out in the form of stages
for achievement and in accordance with research objectives.
Flowchart of the research methods is shown in Figure 4.
Based-on Figure 4 can be explained, that the SIL-based
analysis in the form of an assessment of the potential types of
existing hazards, the causes of the hazard conditions, then the
potential loss value, and the level of frequency. After obtaining
the SIL value for each instrumentation system in the steam
purification system, the next step is to determine the type and
configuration of the SIS components to be carried out. Guided
by the component specifications, it is necessary to have one or
several new components installed in a certain position, which
later serves as a signal that watched for the condition of the
purification vessel of the steam.
The SIS design that is implemented in detail in the form of
drawings is the result based on SIL-based analysis in the form
of assessing the potential types of existing hazards, the causes
of the hazard conditions, the potential loss value, and the level
of frequency. Acquisition of SIL values for each
instrumentation and process control system at the steam
purification facility, then determine the type and configuration
of SIS-based components. The results of the SIS design, which
were implemented in detail in the form of drawings, were
simulated with the help of the PLC Simulator version 2.
Simulation was carried out in the form of conditioning the
emergency drain valve, i.e. certainty of the condition of the

Is the determination has been done
and corresponding?
yes

The SIS design is implemented in
detail with the form of drawing
The SIS design that is implemented
in detail

Is the implemented in detail
has been done and corresponding?
yes

The performance simulation of
the result of development
Performance simulation

no

Is the performance simulation
has been done and corresponding?
yes

stop

Figure 4. Flowchart of the research methods
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no

Table 1. The system of instrumentation and process control in the purification system of the steam
Tool
Name

Sensor
Type

Amount

Functions

Impact
(if the sensor/system is disturbed)

FT

Orifice

1

condensate flow meter released from the purification vessel of
the steam

no detection

PT

BT

steam pressure gauge and as a control sensor for the PLC

control is interrupted

LT

d/p

steam pressure gauge
condensate water level meter
detecting the presence of water and sending a signal to the
turbine controller to be deactivated
disposal of excess condensate water

no detection
no detection
incoming water and damage to the
turbine
water enters and damages the turbine

as a control system on BPCS

all systems are disturbed

LS

Bouy

EDV

PS

PLC

Rdt.

2
(1oo2)
1
1
3
(2oo3)
1
2
(1oo2)

3. RESULTS AND DISCUSSIONS

then the potential loss value and the level of frequency based
on the data in Table 1. Based on the results of the assessment
of each potential hazard, then a SIL value is obtained, the
appraisal refers in Table 3.
Overall results of the SIL analysis of the steam purification
system are made in the table. Analysis of the SIL of
purification system of the steam is shown in Table 3.

3.1 Analysis based-on the SIL for the development plan of
SIS
Based-on the SIL conducted, two assessments are obtained,
namely the level of severity or the worst consequences that
will occur based on the assumption that all protection and
safety system functions shown in Table 2 are disturbed, while
the other one is based on the level of probability or frequency
such interference can occur. Reference to the assessment of
severity and probability can be used a matrix. The SIL
matrices for severity and probability is shown in Table 2.
The SIL-based analysis of the purification system of the
steam is carried out based-on an assessment of the potential
types of existing hazards, the causes of the hazard conditions,

Table 2. The SIL matrices for severity and probability

Severity

High
Medium
Low

Low
2
2
1

Probability
Medium High
3
3
2
3
2
2

Table 3. Analysis of the SIL of purification system of the steam
Type of Hazard

The Consequences
(Loss Value)
Level Transmitters, Emergency Drain
The Turbine is
Medium
Valves, and Level Switches do not Operate
Damaged
Loss of the Electricity
PLC Problem
Low
Production
Caused by

Condensate Water
enters the Turbine
Reduction in Steam
Pressure
Loss of the Flow Rate
Indication

Flow Transmitter does not Operate

Probability of
Occurrence
Low
(never happened)
High (occurs 2
times)

SIL Value
2
2

There is no Potential Loss and Hazard Caused

Table 4. A summary of the SIS development plan
Tool
Name

Sensors

Functions
During Analysis
The Level Transmitter (LT) will transmit a
Signal to the PLC to Open the Emergency
Valve if the Level Reaches 20%.
There is no
Level Switch Low (LSL) only transmit an
Alarm

For Changes
LT is only used for level reading
Installation of One New Level High
Switch (LSH) that Opens the
Emergency Valve
in Addition to the Alarm Function,
the Switch will be Used for
Emergency Valve Closure

Logic
Solver

There is only one PLC-BPCS

Added one safety PLC for SIS

Actuator

The emergency valve opens after getting a
signal from LT

The Emergency Valve will be
Opened by the LSH Signal and
Closed by the LSL Signal
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The Benefits of Change
(a) The Valve Opening Response will
be Faster
(b) Prevention of Sending False
Signals to the Valve, if the LT has a
Problem
Additional Options for Valve Closure
in Addition to Commands from the
Operator Interface
PLC Separation will Make the System
Safer
(i) Valve Opening will be Faster
(ii) Prevention of Transmitting False
Signals to the Valve, if the LT has a
Problem

Based-on results of the SIL-based analysis in the Table 3
conducted, 2 potential level 2 or medium hazards were
identified, namely:
1) Condensate water enters the turbine which will damage
the turbine, if all level detection instrumentation devices are
interrupted. The proposed improvement that needs to be done
is to add a new level switch high (LSH) with a buoy type that
will signal the safety PLC to open the emergency valve.
Meanwhile, for the closure of the valve can activate the low
level switch (LSL) that already exists. Signals from LSH and
LSL will first be sent to the PLC safety and later the PLC will
order the valve to open or close.
2) A decrease in steam pressure which will disrupt
electricity production caused by a malfunction of the PLC. The
proposed improvement is to install one additional PLC unit,
separate from the installed PLC-BPCS, which is a PLC Safety
type specifically for SIS purposes.
A summary of the SIS development plan is shown in Table
4.
The SIL-based analysis needs to be done, because SIS
functions as a protection system that functions as a safety
protector for people, the environment, and operating facilities.
Another important thing is the reputation of the company.

Based-on Table 5, it is shown that the requirements of the
SIL need to be explained by the configuration of the proposed
SIS component to anticipate potential hazard 1 in the form of
a potential hazard of incoming condensate water that can have
an impact on turbine damage (SIL-2). Proposed SIS
configuration for potential hazard 1 (SIL-2) is shown in Table
6.
Explanation of the proposed SIS component configuration
to anticipate potential hazard 2, namely the potential for a
decrease in the steam pressure due to PLC interference (SIL2). The proposed SIS configuration for potential hazard 2
(SIL-2) is shown in Table 7.
3.3 The SIS design is implemented in detail with the form
of drawing
Guided by special components, a new level switch is
installed at the 20% level position, which will provide a signal
to the emergency procurement exchange for opening, if
necessary, it can increase the condensate level in the steam
purification vessel. To close again, this valve is done by
activating the Level Switch Low (LSL) that was previously in
the system. Signal sent by LSL to open the compensating level
valve is already low or below the LSL position. While the one
that was approved again consisted of one PLC type safety unit
that was used for the protection function by SIS. Development
of the system of instrumentation and process control for steam
purification systems is shown in Figure 5.

3.2 Components specifications of the SIS as a result of
development
Configuration of SIS components according to SIL
requirements is shown in Table 5.

Table 5. Configuration of SIS components according to SIL requirements
SIL

Sensors

Logic Solver

3

Two Sensors or Redundant
(1oo2 or 2oo3) are Required

Two PLC or Redundant
Safety is Required

Consider Installing 2 Sensors or a Redundant System

PLC Safety is Required

Single Sensor

Single PLC

2
1

Final Control Element
(in the form of the actuator)
One of Two Operating Actuators Required
(1oo2)
Consider Installing 2 redundant actuators or
systems
Single Actuator

Table 6. Proposed SIS configuration for potential hazard 1 (SIL-2)
Condition

Sensors

Logic Solver

SIL Requirements

Considerations for Installing 2 Sensors or a
Redundant System

Current Conditions of
Analysis

There are 3 LSHH and 1 LT

Proposed Corrective
Steps

Installation of a New Float Type Level Switch in
the Level Position of about 20% to be
Connected to the Emergency Valve

PLC-safety
Required
Controlled by
PLC-BPCS
Installation of a
Separate PLCsafety

Final Control Element
(in the form of the actuator)
Consider Installing 2 Redundant
Actuators or Systems
Only One Emergency Valve Controlled
by PLC-BPCS
There is no Need for Additional Valves,
but Installed Valves are Connected to a
New Level Switch

Table 7. The proposed SIS configuration for potential hazard 2 (SIL-2)
Condition

Sensors

Logic Solver

SIL Requirements

Considerations for Installing 2 Sensors or a
Redundant System

Current Conditions of
Analysis

There are 3 PT

Proposed Corrective
Steps

no Additions Needed

PLC-safety
Required
Controlled by
PLC-BPCS
Installation of a
Separate PLCsafety
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Final Control Element
(in the form of the actuator)
Considerations for Installing 2 Actuators or a
Redundant System
There are 8 Steam Pressure Control Valve Units
There is no Need for Additional

overall SIS design has been made in the form of a standard that
is used for the certainty of the SIS to be installed, it can achieve
a certain minimum level of performance needed to ensure the
existence of protection for all aspects needed.
3.4 Performance simulation of the results of development
for the system of instrumentation and process control
The simulation is in the form of conditioning the operation
of the emergency exhaust valve which is carried out with the
help of application of the PLC Simulator. Display the ladder
diagram for the simulation process is shown in Figure 7.
The simulation process is based on application of the PLC
Simulator is shown in Figure 8.
Based-on Figure 8 it is shown that the results of the
simulation of the conditioning of the emergency drain valve
operation are explained, that:
• The initial level condition in the vessel is empty, so the
low alarm level is active;
• When the inlet valve starts to open, the actual level in the
vessel is assumed to begin to form;
• The level increment is used by a timer with a time span per
second;
• When the level is reached 10 seconds or assuming 10%,
the low level alarm starts to reset or disappear;
• Levels continue to rise to 20%, high level alarms and
valves start to open to the maximum opening;
• Based on the valve opening, the level drops and the alarm
for the high level alarm starts to reset or disappear;
• The valve will close again, if the alarm for low level starts
again.
The results of the simulation of the operation of the
emergency valve for drain is shown in Figure 9.
Based-on Figure 9 it is shown, that the simulation is carried
out on the operation of an emergency drain valve for certainty
acquisition, where the valve will open when a signal from the
high switch level (LSH) is received and the valve will close
again after receiving a signal from the low switch level. Basedon the simulation results obtained, that the valve can operate
in accordance with the logic operation. The simulation results
can be used as a reference in the implementation of validation
tests in actual conditions, when the PLC on the SIS results of
the development has been operated.

Figure 5. Development of the system of instrumentation and
process control for the steam purification system
Level Switch High (LSH)

open

Emergency Valve for Drain
Level Switch Low (LSL)
Pressure Transmitter
(PT-A) and (PT-B)
1oo2

close

PLC-safety
Control Valve of the Steam

Figure 6. Block diagram of the development of
instrumentation and control systems in the purification
system of the steam
Based-on Figure 5 it is shown that there are four kinds of
improvement to the original system, namely (i) PLC for LT is
only used as PLC of BPCS, previously as a general PLC, (ii)
PLC for LC is only used as PLC of SIS, previously as a general
PLC, (iii) addition of the new one piece of PLC that functioned
as PLC of SIS, and (iv) addition of the new one piece of Level
Switch that installed on the purification vessel of the steam.
The development of the instrumentation system and the
control of the purification system of the steam are made in the
form of block diagrams. The block diagram of the
development of instrumentation and control systems in the
purification system of the steam is shown in Figure 6.
Based-on Figure 6, it can be seen that the next step after the

Figure 7. Display the ladder diagram for the simulation process
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NOMENCLATURE
SIS
SIL
SIF
BPCS
IPL
FT
PT
BT
LT
LS
EDV
PS
PLC
MQ
Rdt.
LSH
LSL
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Safety Instrumented Systems
Safety Integrity Levels

Safety Instrumented Functions
Basic Process Control Systems
Independent Protection Layers
Flow Transmitter
Pressure Transmitter
Bourdon Type
Level Transmitter
Level Switch
Emergency Drain Valve
Pneumatic Solenoid
Programmable Logic Controller
Programmable Logic Controller with brand
of “MQ”
Redundant
Level Switch High
Level Switch Low

