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HAZOPs — a systematic safety review [ 2]

® We love HAZOP for its systematic & creative

approach.

° But, extensive scopeldl:

= Permutation: node, guideword, parameter,..

extensive analysis
® Manual work with P&ID
® Lenghty study time :
= 2-6 weeks 2

= Personnel stamina & budget
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[1] Center for Chemical Process Safety. Guidelines for Hazard Evaluation Procedures. 1st ed. Wiley, 2008. https://doi.org/10.1002/9780470924891.
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[3] Baybutt, Paul. “A Critique of the Hazard and Operability (HAZOP) Study.” Journal of Loss Prevention in the Process Industries 33 (January 2015): 52-58. https://doi.org/10.1016/j.jlp.2014.11.010.

[2] Crawley, Frank, and Brian Tyler. HAZOP: Guide to Best Practice: Guidelines to Best Practice for the Process and Chemical Industries. Third edition. Amsterdam: Elsevier, 2015.
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Automate data =  Assist us with = Manage
query from P&ID -« safety analysis documentation




Has Al worked with P&IDs?

® Today Al can read flowsheet as image
“directly”.

* But:
= Accuracy only 59-74%.!1]

= Poor information density, expensive ===

= Difficult to edit or interact with

What is the set pressure of safety valve SV

104.017
® We need a better representation for W
P&ID and better way to integ rate with & .. the safety valve SV 104.01 seems to have a set
pressure of 25/60, which could be interpreted as: -
LLMs & HAZOP. 25 bar. or - 60 psi
[1] Internal testing from various multimodal LLMs (OpenAl, Anthropic) é
[2] TheiBen, Manfred, and Michael Wiedau. “DEXPI P&ID Specification 1.3,” 2021.
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Road to AlI-Augmented HAZOP

r p
representation tools integration workflow for
. P&IDs ) LLMs HAZOP

* Digitize the P&ID

® Interoperable format for
P&ID

® Graph representation of
P&ID.
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g ) DigiCo

Smart P&ID
Export

q

:r Deep Learning Models

Sign up today!

M - :
Texthext recognition Eﬂg Table extraction

—
L@j Object detection [—»E Connectivity detection  Text |

digitization-companion.com
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pexe’ = P&IDs + database + interoperable [

® DEXPI stands for “Data Exchange in the
Process Industry”
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[1] TheiRen, Manfred, and Michael Wiedau. “DEXPI P&ID Specification 1.3,” 2021.
[2] D. P. Goldstein, A. A. Alimin, L. Schulze Balhorn, and A. M. Schweidtmann, “pyDEXPI: A Python framework for piping and instrumentation diagrams using the DEXPI information model,” Proc. ESCAPE35, 2025.
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pyDEXPI: Bringing DEXPI to life!

® Majority of data science/machine learning is happening in python

DEXPI: A Python -‘

g~ [ Ly

l@/ . P&ID as

|mage/PDF .
=f 1° /\? : ,\f Y

= Digitization
ﬂ igitizati

Computer aided

= g%ﬁ engineering Graph ‘
software ,, database 5
DEXPI classes Data analysis & o* o, 4. :

in Pydantic ﬁ manipulation p

‘@Dataexport cing B4

2.\ P&ID string Tabular P&ID
ﬁ, P&ID graph ¢ (eg. SFILES 2.0) data

[1] Goldstein, D. P., Balhorn, L. S., Alimin, A. A., & Schweidtmann, A. M. (2025). pyDEXPI: A Python framework for piping and instrumentation diagrams (P&IDs) using the DEXPI information
model. Systems and Control Transactions, 1365-1370.
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P&ID as high-level/graph
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designPressureHea 40.0m

d

designRotationalSp 1400.0 min-1

eed

designShaftPower 840 kW
designVolumeFlow 420.0 m3/h

Rate

id

tagName

type
type_description

177383fe-c715-49d6-802f-e6ebec97ccd2
P4712

reciprocatingPump

A positive displacement pump which contains
a displacing element intended to be moved in
a reciprocating movement to exert pressure
on a fluid, typica... Show all
https:/github.com/process-intelligence-
research/pyDEXPI/tree/master/pydexpl/dexpi
_classes/equipment/reciprocatingPump.py
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[1] D. P. Goldstein, A. A. Alimin, L. Schulze Balhorn, and A. M. Schweidtmann, “pyDEXPI: A Python framework for piping and instrumentation diagrams using the DEXPI information model,” ESCAPE35, 2025.
[2] A. A. Alimin, D. P. Goldstein, L. Schulze Balhorn, and A. M. Schweidtmann, “Talking Like Piping and Instrumentation Diagram (P&IDs),” Proc. 35th Eur. Symp. Comput. Aided Process Eng. ESCAPE35, 2025.
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Road to AlI-Augmented HAZOP

f p
representation tools integration workflow for
P&IDs LLMs HAZOP
N\ Y

® Querying information from
N P&ID.

® Modify the P&ID.
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Querying information from graph

4 )

User Question:
“How to isolate Model
T-47507?”
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Output
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P&ID as Graph .
\ Database [1:2] )

[1] D. P. Goldstein, A. A. Alimin, L. Schulze Balhorn, and A. M. Schweidtmann, “pyDEXPI: A Python framework for piping and instrumentation diagrams using the DEXPI information model,” ESCAPE35, 2025.
[2] A. A. Alimin, D. P. Goldstein, L. Schulze Balhorn, and A. M. Schweidtmann, “Talking Like Piping and Instrumentation Diagram (P&IDs),” Proc. 35th Eur. Symp. Comput. Aided Process Eng. ESCAPE35, 2025.
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ChatP&ID -7 ew e How to Isolate Tank
Bridging Flowsheet and Al Session Abstract T4750

Tank T4750 is a process vessel with a 4.0 m cylinder

To properly isolate T4750, follow this procedure:

1. Inlet Isolation

MNDAT 223 75081 J80

* Close valve HV4750.01 (Globe valve on the inlet
line from heat exchanger H1007)

o This valveis controlled by actuating function
HV4750.01 with fail-close (F. C.) action

o Thevalve is operated from a central control

location

] T3INM33-50

I e 2. Outlet Isolation

ﬁ}

S 47140 7SHEL 350,
Qabar a1 Sy 3%0

« Close valve 66KL21 (Butterflyll

Wb A71 T TSHEL 1‘06‘
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Process Flowsheet

— — { : length that has multiple inlet and outlet connections.

(Ask me about the process flow diagram...

[1] A. A. Alimin, D. P. Goldstein, L. Schulze Balhorn, and A. M. Schweidtmann, “Talking Like Piping and Instrumentation Diagram (P&IDs),” Proc. 35th Eur. Symp. Comput. Aided Process Eng. ESCAPE35, 2025.
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Road to AlI-Augmented HAZOP

4 )
repersentation tools integration workflow for
P&IDs LLMs HAZOP
N\ _/
o o ® Transparent generation
. & traceability
o ® Configurable and
. adaptable

® Human-in-the-loop
decision making.

Process

TU De|ft m Intelligence  Anggawirya Alimin | European Conference on Plant and Process Safety, Aachen 2025

RRRRRRRR



Multi-agent workflow for HAZOP

/
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ChatP&ID l task | HAZOP Agents
(workforce) J response L (workflow) J
Tools Tools
\ Flowsheet / k HAZOP Guideline
feedback
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f Scriber Agent

/

|

Human-in-the-loop
(review, in HAZOP)

| check

'L (record information)

record
/
HAZOP Report:
Node: ..
Designintent: ..
Deviation: ..
(continue)
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Conclusion

® Digital engineering data is key for
future Al applications

® Agentic workflow (LLM with tools)

Process
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significantly improve the performance of
the LLMs.

® GenAl has the potential to transform
process safety engineering, but require
further research.
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