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Agenda

A few incidents to reflect on

Digitalization and Industry 4.0

HAZOP Assistant

From co-piloting PSM to co-piloting Operations
Control Room Assistant

Case study
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Alarms are useless unless you know what to do about them

v Three Mile Island, PA, US (1979) — Partial Meltdown
“Cacophony of undifferentiated alarms”

v Milford Haven, UK (1994) — Refinery Explosion ,”/,: -
“Operators did not respond to the flare KO drum -t ‘ _ " :
high level alarm” e T m‘;;.‘ PR W~ . P
v Puertollano, Spain (2003) — Refinery. SO e e g5 g —; o>
“Alarms triggered but were unattended by B . i

I'l"' ‘
0

'Pﬁ '( T

I'

personnel”

v Plaguemine, LA, US (2023) — EtO Release
"Alarms triggered but 3 hours later, operators we
unable to reduce the level in the reflux drum” ’

L -
- Explosions shook
P _ - homes in the nearby

state capital, Baton :

Rouge
FIRE AT CHEMICAL
‘ FACILITY IN US
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It takes two to tango

v ANSI/ISA ISA18.2 Management of Alarm Systems for the Process Industries

Reference/ .
v Objective Disturbance la
~G alarms per | | e ,
Operator Sub-System '
~1 alarm per 1 :
Detect Diagnose Respond |iAction| Process
> :__’.

_____________________________________________ i

. Measuremgent .

“(‘.nm,mn‘nre are mr‘rpr?ﬁ)iy ast_accurate _and qu,nlrl

Human beings are incredibly slow, inaccurate and brilliant.
Together they are powerful beyond imagination”

— Albert Einstein
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World is progressing into the digitalization

v Cell Phones

v E-Commerce

v Cloud Platforms
v Big Data

v Internet of Things

Vysus Group 4th EPSC Conference - Empowering Control Room Operators with Al HAZOPs 5



Is the PSM Community digitalizing?

\

\

\

\

\

\

Smart P&IDs

Advanced Robotics

3D Printing

Internet of Things

Artificial Intelligence

Big Data

Vysus Group

$63.31
billion

2022

$70.31
billion

2023

$106.62
billion

2027

1D - RUGNPPM : PDA-FO - [1911-ENG-PID-M 0001]

Wincow Hetp
VLA RQAQADE CWMEMS BB 7

E &

S|

Growth Rate through 2023-2027:

11.0%

The growing use of industrial robots will drive

the market

Largest Region in 2022

Asia Pacific

Leading Trend

The deployment of loT platforms has emerged as
a key trend gaining traction in the loT market in

the chemical industry

The Business i]—‘
Resecrch Company
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Artificial Intelligence 2 4
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Who are we?

v Vysus Group ‘
v Multinational independent engineering and yS US rou p

technical consultancy
v Specialized in process safety and integrity

v Kairos Technology ®
v Software development company O rD
v Specialized in plant automation A
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HAZOP Assistant (HA)

Cloud-based software that uses
functional modelling (MFM)

MFM is an XAl modelling technique
Uses a digital twin to support HAZOPs

Uses qualitative physics (MFM)

Al is used to process the data, but
data is developed by humans

Explainable Al (XAl) is
deterministic, testable # Black Box

Physical laws of mass and energy

Not machine learning, not a process
simulator

We don’t want to substitute
HAZOPs, but to improve them!

Vysus Group / Kairos 4th EPSC Conference - Empowering Control Room Operators with Al HAZOPs 9
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HAZOP Study — What happens afterwards?

v Actions are the main deliverable
v “no actions, no improvement”
v Actions are followed up and closed out

v HAZOP document

v Unstructured, disorganized

v Cannot be readily used to learn or disseminate
knowledge

v Wait until next HAZOP

v Knowledge is wasted in a shelf

Vysus Group 4th EPSC Conference - Empowering Control Room Operators with Al HAZOPs 10



From co-piloting PSM to co-piloting Operations

v We have developed a SW solution called
Control Room Assistant (CRA)

v Decision support SW solution for control
room operators

v Can learn as plant knowledge evolves
v Implemented in several projects

v Value

¢ Avoids shutdowns

* Reduces flaring due to production upsets
 Production improvement

v Reduces emissions

¢ Additional savings in fuel gas and CO2 tax

o

o

L

L
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Control Room Assistant (CRA)

v Uses same digital twin of the plant using MFM
v Connects to the plant SCADA

v Reads signals from sensors and detects deviations
v Reasons causes & consequences with discrimination
v Provides actionable advice for troubleshooting

v “Deviations” occur before “actual alarms” go off
v Discrimination based on probabilistic weighting

Report Type: Tiwe  Selec Otjective ranking
0 -
@
@ ~ :' 8 —© — °
<
\‘ ®
- e n_.‘;—/ [om——
— N — 5 — .
,,,,, \ a S ‘
& —— ® - —
(¢ o o]

Vysus Group

uojed

uojjuaaaid
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> <

Community
Emergencyresponse

Plant
Emergencyresponse

Passive protection
(e.g. Bund/Dike)

Safety Instrumented System

-

Operator intervention
Alarm
Process Control
Loop
S 0~
Process value Process Design

Stauffer, T., Sands, N., and Dunn, D., “Get a life(cycle)! Connecting Alarm Management and
Safety Instrumented Systems” ISA Safety & Security Symposium April (2010).
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CRA = Overview of HMI

() 59F-306 Ratio Control 3331

2]

@ verrvcavse  EEED w,  SOFIISIIB 5OF-306 RCTFURN AAIN
/# CORRECT

S59F-306 FV3331 Opening
Check if FV3331 stuck or controller v  F9FIC3331 56F-306 RCT FURN AA in
malfunction then rectify

59C-327 Higher concentration o_

59213500 TGTU not in operation SSAI3810 S9F-303 TRM OXDIZ S02

59-T-302 Lean Amine Solution F

59€-302 HE internal integrity
6 CONFIRMED OBSERVATIONS

S9F-306 Flow from Alr Heater 5.
6 ONGOING sow S9FI3240 59T7-302 LAFLTR IN

1hr ago S9FI3331B 59F-306 RCT FURN AA IN

1hr ago S9FIC3331 S9F-306 RCT FURN AA in

4 min ago 59713513 STM CNDS OUT

S9E-302 SILIC3ISI0 SLP CNDS 5 days ago 59AI3811 59F-303 TRM OXDIZ 02

12daysago  59AI3810 59F-303 TRM OXDIZ S02
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OPC Status: o &

CONSEQUENCES

59G-320A/B Pump inlet press L
59G-320A/8 Pump disch p L

S9E-317 Sulphur disch p L

O Reset Manuals ® Rewind

00

Ranked
Consequences




CRA — Overview of actionable advice (counter measures)

() 59F-306 Ratio Control 3331

/# CORRECT

Check if FV3331 stuck or controller

malfunction then rectify

59C-327 Higher concentration o_

59213500 TGTU not in operation

59€-302 HE internal integrity

59F-306 Flow from Alr Heater 5.

S9E-302 S9LIC35I0 SLP CNDS

Zhow mory cariry

Vysus Group

& VERIFY CAUSE w,  SOFIISIIB 5OF-306 RCTFURN AAIN

. 59F-306 FV3331 Opening

v S9FIC3331 59F-306 RCT FURN AA in

SSAI3810 59F-303 TRM OXDIZ S02

6 CONFIRMED OBSERVATIONS

6 ONGOING sow S9FI3240 S9T-302 LAFLTR IN

1hr ago S9FI3331B 59F-306 RCT FURN AA IN

1hr ago S9FIC3331 59F-306 RCT FURN AA in

4 min ago S9TI3513 STM CNDS OUT

5 days ago 59AI3811 59F-303 TRM OXDIZ 02

12daysago  59AI3810 59F-303 TRM OXDIZ S02
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OPC Status: o &

CONSEQUENCES

$59G-320A/8 Pump disch p L

S9E-317 Sulphur disch p L

O Reset Manuals ® Rewind

00




Case study at SRU in Middle East Refinery

Process Description

SRU receives acid gas feed from 4 upstream plants

The feed goes to a reaction furnace; air is controlled to partially convert H2S to SO2
Then feed Claus reactors produce elemental sulphur by reacting H2S with SO2

Tail gas goes to Reduced Gas Regenerator (H2) and then to Hydrogenation Reactor

Incident Description

Plant tripped because high high temperature in the Hydrogenation Reactor

The root cause for the trip was low H2S content in feed

Low H2S feed to reaction furnace, air flow control saturates and, excess H2S is converted into SO2, leading to low
H2S and high SO2 content in tail gas

Catalyst in Hydrogenation Reactor is sensitive to SO2, high SO2 feed yields high temperature

Operators wasted time and efforts reducing the temp in reactor rather than addressing the root cause

Vysus Group 4th EPSC Conference - Empowering Control Room Operators with Al HAZOPs

15



40

Case study at SRU in Middle East Refinery

340

310

300

Vysus Group

SSAI3S22A

H2S contentin feed
(AI3336A)

03:16:08 1
03:10:08
03:10
Oct 25, 2023
SSAI3S5228 S3TIZ444A SSAIZ336A

4th EPSC Conference -

S02 Content
to Reactor
(AI3522B)

03:24:35 |

03:21:35 1
H2S Content
to Reactor
(AI3522A)
03:20 03:30

Empowering Control Room Operators with Al HAZOPs

03:40

Reactor Temp
(TI3444A)
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Case study at SRU in Middle East Refinery

S9AI3522A Deviation
W low
M high

S9AIC3522

S9AI3522B

39TI3444A | H2S Content
to Reactor
(AI3522A)

S9AI3336A

59F13345

SO2 Content
to Reactor
56TZ3443_1 (AI3522B)

59TI3442B

59TI3444B

59FIC3337

Reactor Temp
(T13444A)

H2S content in feed
59TZ3443_2 (AI3336A)

Full plant tripped

59LZ3202

59TI3442C

S9FFIC3751

S9PI3665

59PI13743

59F13752

03:10 03:20 03:30 03:40 03:50
Oct 25, 2023

(=]
f
(=]
o

Time leading up to the trip
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Case study at SRU in Middle East Refinery

CRA model was created and running but not in the Control Room (Process Eng Station)
Process upset was detected 50 minutes before the trip

Actual root causes were shown as the “most probable” 36 minutes before the trip

Vysus Group 4th EPSC Conference - Empowering Control Room Operators with Al HAZOPs
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Case study at SRU in Middle East Refinery

Deviation
M low
M high

SOAI35224
59AIC3522
5QAI3522B
59TI3444A
5OAI33364A
50F13345
59TI2442B 5(:-1 5g HES
58TZ3443_1
59TIZ444B
59FIC3337
589TZ3443_2

58LZ3202

Full plant tripped

59TI3442C
59FFIC3751
59PI3665

50PI3742

aC-159 H2S' J

| SC1S9H2S!

59F13752

03:10 03:20 03:30 03:40 03:50 j4:00

Time leading up to the trip
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Case study at SRU in Middle East Refinery

<« C ® localhost

S» Onboarding & Cust o ws

Al

OPC Status: @ G & @ @

SELECTED CAUSE

CONSEQUENCES
5C-385 H2S from Propane Amine

Regenerator o 59-G-321A/BpHL
~* RANKING
4 59AI3522A 59E-302 SLP CNDS..

59-C-312 TZHH3443_1
7/~ CORRECT

Increase cofiring with fuel gas until H2 value

is normal on Al. Slowly adjust steam to RGG 59-C-312 TZHH3443 2
until ratio Steam/FG = 4/1 If AI3336A is close

to 30, prepare to bypass Quench Column

59-C-312 TZHH3443_2
5C-385 H2S from Propane ..

59F-303 High SO2 Emission
5C-259 H2S from ADIP Reg.

50F-3N1 R711 3380
5C-159 H2S from ADIP Reg..

1 CONFIRMED OBSERVATIONS 2> Reset Manuals ® Rewind

H2S in NGL Feed to Train 3
1 ONGOING now 59A13522A 59E-302 SLP CNDS OUT

H2S
59C-318 PSV3080A/B Curl

H2S in NGL Feed to Train 1,2

59C-321 PSV3260A/B Ctrl
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Case study at SRU in Middle East Refinery

= &} @ localhost i} & M

#s Onboarding & Cust.. [ WB [ YME [ DKE [ ADNOC 3 All Bookmarks

Al OPC Status: @ 0 & @ @
SELECTED CAUSE

CONSEQUENCES

e 5C-385 H2S from Propane Amine

Regenerator 59-G-321A/B pH L

~* RANKING
59AI3522A 59E-302 SLP CNDS..

59-C-312 TZHH3443 1
# CORRECT

Increase cofiring with fuel gas until H2 value SIARGZZR H9E-302 SLP CHOS

is normal on Al. Slowly adjust steam to RGG 59-C-312 TZHH3443 2
until ratio Steam/FG = 4/1 If AI3336A is close

to 30, prepare to bypass Quench Column 59TI3444A 59C-312 HYD RCT

59-C-312 TZHH3443 2
59F-306 Ratio Control 3331

59F-303 High 502 Emission
5C-385 H2S from Propane ..

59-r-313 H? Cantant |

5C-259 H2S from ADIP Reg ..
4 CONFIRMED OBSERVATIONS = Reset Manuals ® Rewind

SC-159 H2S from ADIP Reg..

4 ONGOING S9AI135228 59E-302 SLP CNDS OUT
s02
H2S in NGL Feed to Train 3

1 min ago 59AIC3522 59E-302 SLP CONDS SG
ouT
59F-306 Ratio Control 3337

1 min ago 59AI3522A 59E-302 SLP CNDS OUT
H2s

59C-318 PSV3080A/B Ctrl
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Case study at SRU in Middle East Refinery

<« &) @ localhost

&y Onboarding & Cust.. [ WB [3 YME [ DKE [3 ADNOC

Al
SELECTED CAUSE

e 5C-385 H2S from Propane Amine
Regenerator

~* RANKING

# CORRECT

Increase cofiring with fuel gas until H2 value
is normal on Al Slowly adjust steam to RGG
until ratio Steam/FG = 4/1 If AI3336A is close
1o 30, prepare 1o bypass Quench Column

5C-385 H2S from Propane _

5C-159 H2S from ADIP Reg ...

5C-259 H2S from ADIP Reg...

SUPPORTING OBSERVATIONS

S9AI3336A H2S IN 59C-321 0.

59AI3522A 59E-302 SLP CNDS..

59AI3522B 59E-302 SLP CNDS

59TI34428 59C-312 HYD RCT

11 CONFIRMED OBSERVATIONS

H2S in NGL Feed to Train 3

11 ONGOING

H2S in NGL Feed to Train 1,2

59-C-312 59TIC3441 HYD R..

59F-306 Ratio Control 3331

Vysus Group

59TI3442C 59C-312 HYD RCT ™
59TZ3443_2 59C-312 HYD RCT
S9FIC3337 59F-306 RCT FURN AA IN

S9TZ3448 2ZND HTR
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[ All Bookmarks

OPC Status: 0 & @ @

CONSEQUENCES

59-G-321A/B pH L

59-C-312 TZHH3443_1

59-C-312 TZHH3443_2

59-C-312 TZHH3443_2

59F-303 High S02 Emission

Ear.-an1 R711 80

= Reset Manuals ® Rewind




ank you

Alfredo Haubold, Chem Eng
HAZOP Assistant Product Manager
+34 611 745 315

alfredo.haubold@vysusgroup.com



Vysus Group Services

Asset Management
Consulting

Improve reliability, maintaining
production, reducing cost and
increasing profitability.

=

Energy Transition

Power the transition to
clean energy by reducing
project risk and optimise
asset performance of your
renewable assets.

Vysus Group

33

Grid Connection

Improve the management of complex
power systems and negotiate new
technologies to maximise production in an

increasingly constrained grid environment.

2

Risk Management

Manage risks throughout the asset
lifecycle, whether related to life and
environment, asset performance,
market, or for contractual or regulatory
requirements.

4th EPSC Conference - Empowering Control Room Operators with Al HAZOPs
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Survey and GeoEngineering

From land development, infrastructure improvements and construction,
to offshore construction and decommissioning, our land, seabed and
shallow subsurface and data management services help you avoid
hazards, map routes, evade delays and ensure project success.

L1
Nuclear Safety

With our extensive safety, licensing and regulatory expertise, we support
facility owners, operators, vendors and national regulators worldwide.
We can help you to progress all aspects of your facility, from siting and
safety assessment through to nuclear decommissioning and waste
management, including large nuclear power plants, small modular
reactors (SMRs), waste management facilities and research facilities.

24



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24: Vysus Group Services

