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Technology Stack

Open-source core

with APl integration

Cloud/On-Premise

deployment

Cross-platform

compatibility
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Core Modules

Production Accounting

Production Planning & Optimization
Process Simulation

Energy efficiency management

Material Flow Dispatching

Integrated Operating center



Q% NAUKA

%1 Production Accounting
business goal and use cases




Production Accounting @

@ Business Goal

Production Accounting & Real-Time Plan Compliance

Client Use Cases:

Material balance calculation

Feedstock = Process = Product & Losses

Data integration with planning systems
Real-time plan adherence monitoring
Operational deviation control

Loss identification and root-cause analysis

Incident investigation workflows

LDOOOO O




Description

Material Balance Model

Feedstock Resources

l l mi...mn l mr

Production process

l l lm1...mn l mp

Product Losses

ml..mn+mr=ml..mn+mp

Technical Note:

Production Accounting

1P

.
\
\

. 9,677 1628,257
Unit 1 R
N @ 1278,398
338,645

. Oil terminal 1
— Flow 1 198,255
Q Unit 2

\F&.
. \ LN
Crude oil AN AT hl 86,007 ——
— 704,610,

S |lzomerisation Flow 4
=AY - 112,248

Flow 1
% Blending tanks,

Qil terminal 2 Gazoline (92-95 RON)

1P

i

Unit 3

i

Unit 4

Crude
oil distillation

Llight straight-run naphtha (LSR)
--------- Straight-run gasoline boiling range 62-105 °C

Supports reconciliation of 10,000+ instrument tags with <1 min latency

(proven at 20M ton/year refineries).
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Production Accounting @

System Components

Core Modules

‘(" Production Flow ‘() Calculation Algorithm ‘() NAUKA Optimizer
Modeling ~--" Editor ~~--" Proprietary solver for LP/MIP problems
Dynamic simulation of material and Customizable logic for balance and
energy streams optimization tasks

Data Integrity Tools

D Completeness & Validity Analyzer DD Daily Balance Reconciliation Engine

D‘--\* Automated data quality checks - Closed-loop adjustment system




Q% NAUKA

0> Production Planning & Optimization




Production Planning & Optimization @

© Business Goal

Optimal production plan generation

Client Use Cases:

@ Optimal production plan selection
@ Feedstock and product optimization
@ Blending optimization

@ Investment project justification

@ Data generation for scheduling and dispatching systems




Description

HK-62

198,255 >

ﬁ
]

Unit

Min Max

Resource Number

UOM Formula

190 500 Electricity 0,002 MWh/ton y=f(x)

Fuel 2 kg/ton -

!

l

l

Production Planning & Optimization

|lzomerisate

Min Max Feedstock
Llight straight-run
150 >00 naphtha (LSR)
Objective function

F(X)=CqiX1+CaX2+...+CnXn

> 195,307

Quality indicators Value Formula
RON 60 y1=f(x)
Density 500 y,=f(X)
Aromatic 0 ys=f(x)

hydrocarbon content

Restrictions

anX1+aaXa+...+ainXn {= = =} by,

d21X1+ado2Xo+...+aA2nXn {S = Z} b2,

Am1X1+a@ma2X2+...+@mnXn {< = 2} Pm,

where: aj, bj,ci- are given constants
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Production Planning & Optimization @

Outcomes and benefits

Outcomes Benefits

Savings up to 2M RUB (25K USD)/day on energy

Multi-period plannin
P P S resources at 18M ton/year feedstock capacity

Constraint management

(process, energy, economic) Minimized fuel additive usage

Crude oil assay utilization Increased margin

Optimal blending

ORORORC

Reduced planning time

NAUKA-developed solvers

ORORORORC
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Process Simulation QN

© Business Goal

Process Digital Twin —
Advanced tool for decision making

Client Use Cases:

@ Process optimization assessment
@ Bottleneck identification

@ Improved planning accuracy

@ "What-if" scenario simulation

@ Efficient process management




Functionality

DD

Component Database

e 1,800 individual components
e Binary compositions of components
o Multiple component lists per scheme

Models
e Library of typical unit operations

(pumps, heat exchangers, etc.)

e Kinetic models for catalytic reactor
blocks

O

Property Packages

e Physicochemical dependencies for thermodynamic
parameter calculations

/\ Utilities
e Logical operators for scheme

calculations (recycle, balance,
optimizer)

e Calculation services (spreadsheet)
e Analytical services (case studies)

Process Simulation

)

Solvers

e Mathematical calculation engine

m Fluid Manager

e Molecular characterization

» Fraction yield potential
calculation

e Hypothetical components
and properties

SN




Process Simulation

User interface

Distillation Column: K-2 x

Project Parameters Side draws Result
Connections | Gas 2
=3 Gas
SR - Condenser pressure drop, kPa 340 KB Gas
Feed Srt cond - 1350 C6-C7 e ot
Eee reeam = ondenser pressure, kPa = .
aromatics CS xylenes ”
Calculation " Overcooling up to ... [°C]
# xylenes
1 3 Reformate ‘—‘7
2 Distillate 3
= Izomerisate | isat T-1
. zomerisate =
Numb .
Feed Srteam Of“g;ag;s Side draws Mixer-1 C
Name Stage n= |80 Name Stage
Feed Srteam 46 K-1 l — —
8+ K-2 ! l . K-3
=Y eavy aromatics O- " ”
C8 + Heavy
n+1 Reboiler pressure drop [kPa] 0 Heavy aromatics
H 2
Reboiler pressure [kPa] 1870 aromatis
Bottom product 4
Apply Cancel

Project Project Composition
‘ Conditions | Properties Stream Vapor Liquid Heavy liquid

Connections Molar fraction mole/mole
1 Properties [fraction] 0,0000 0,0000
- Temperature 107.7 107,7
= 2 Pressure 2330 2330
h Mass flow [kg/h] 5.72e+4 5.72e+4
Molar flow [kmole/h] 9942 994,2
Pressure drop [kPa] 50 Duty [kJ/h] 3.793e+5 Volume flow [m3/h] 1306 1306

Heating [°C] 150 Power [kW] 1054




Process Simulation R

Capabillities

@ Optimization of individual processes

Production chain optimization

Real-time database integration

LP vector generation for planning systems

GAIN matrix generation for online process optimization
CAPE-OPEN, SDK support for embedding third-party models

Vendor file format support (HYSYS, Petro-SIM) for model reuse/integration

ONCONONONCNONO

On-premise / cloud software deployment
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Energy efficiency management @

@ Business goal

Operational monitoring of fuel and energy resource
consumption at industrial facilities

Client Use Cases:
@ Energy resource consumption tracking and monitoring
@ Loss control and root cause analysis of deviations from norms

@ Fuel and energy resource consumption benchmarking




Energy efficiency management @

Platform Architecture

Energy Energy Energy

Accounting Process Efficiency Process Management Process
Formation of consolidated energy Enterprise-grade expert reporting Expert monitoring of process energy
consumption reports systems efficiency

—> —>

Algorithm development for real-time Analytics and indicators for energy- Energy efficiency improvement |
monitoring calculations efficient resource consumption proposal generation and ROI evaluation
Energy distribution scheme design and Energy distribution scheme Key Performance Indicator (KPI)

calculation methodology optimization methodologies tracking from enterprise to unit level




Energy efficiency management @

Capabilities

Monitoring and analysis of fuel/energy resource consumption
(electricity, liquid/gaseous fuels, steam, cooling water, etc.)

Timely deviation detection in energy consumption volumes

Rapid response to energy consumption fluctuations

Optimal fuel/energy consumption norm establishment
Technological compliance monitoring against regulatory standards

Equipment performance analysis (e.g., furnace efficiency monitoring)

ONONCEONONSO
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Materlal Flow Dlspatchlng
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Material Flow Dispatching @

@ Business goal

Enhancing dispatch operation effectiveness
In industrial facilities

Client Use Cases:

Supervision of transitional process protocols
(startup/shutdown/mode switching)

@ Abnormal situation root cause analysis
@ Improved plant-wide material balance accuracy
@ Material flow discrepancy identification

@ Personnel training and competency development




User interface

Q, Technological scheme: Gazoline Pro... < W Task 5743920 % »> Tasklog
Add the task
Scheme 5362739
|__| TASK
Shutting down unit for repair :
| J @ Scheme 563729
5684236583
I 1 = deE - @
= ! — Scheme 563729
= | p3 o E 496 —}Close 'ﬁf | | @ 5684236583
| E-28
- = 497 — Scheme 563729
| 2 E " Close m I—l G} 5684236583
4 35/11-1000 | 3-‘ 75/1-1.-15. 4 * K‘E’? 30l m
= 1K : v ose 1 e Scheme 563729
‘a:—r o 3,4 1| U / 5684236583
s i ] l -
e
} L i) v g 1 5+ Z 497 —»Close W
. 1 No UNIT NAME
- | 35/11-600 -
o il = , _ 6 Edﬂ? —>»Close W
I | =
ol il 1 Valve 495
: r E 487 > Close 1]
- —_I
: | ' ] 35/11-600 & 2 Valve 498
{____.":ff 8+ 496 SClose !
| M
| -
W (T e » = 2t 9 : Xaw SClose 3 Valve 219
i
=y | ] 1 H
Ralnd “ | <+ Add item to the task
L] 4 Valve 215
Py l |
o H 72
Scheme 5EA72S
T - ..""t - l { ] @ BGG4I36583
I 1 = T I = :J b .y
: 5 3L} 1

DESCRIPTION

Shutting down unit
for repair

Shutting down unit
for repair

Shutting down unit
for repair

Shutting down unit
for repair

INITIAL STATE  FINAL STATE

X I

I
X I
X 1

Shutting down unit
for repair

Results

Q, CT
START END
10,04 2022 1004 2022
150012 15:00-19
1000 2022 1004 2022
15008 15.00:19
10004 2022 10:04.2022
150012 15:00:18
100 2032 1004 2027
1500018 15:00:15
PLANNED TIME
1004 2022
180019 @ x
i @
10.04.2022 10.04.2022
1500619 15019

PROCESS

5% [ready 1/4]

5% [ready 3/6]

507% [ready 3/6]

50% [ready 3/6]

ACTUAL CONDITION

Material Flow Dispatching

STATUS

IN PROGRESS

TEQA 22 15200058 | John Doe

1d. 6h. 45min. 59 sec

12.04.22 15:00:58 | John Doe

El

1d. 6h. 45min. 59 sec

12,0422 15:00:55 | John Doe

4

1d. 6h. 45min. 59 sec

12,0422 15:00:58 | John Doe
ACTUAL TIME EXECUTOR EXECUTED EXECUTED BY
Eﬁ_ﬁgzz John Doe ¥ u System ¥
100 2022 = , -
1600018 John Doe ﬂ Alex Smith
LOG:
T000d. 2022 e .
2 ohn Doe
ihiiiauls B 1004202215009 Alex Smith
1004 2022150079 John Doe
John Doe ¥

B 0042022150019 John Doe

€ . IR /0

12,04 22 15:00:58 | John Doe

(2




Material Flow Dispatching @

Operational Benefits

Reduced dispatching labor effort

Enhanced production monitoring effectiveness
Personnel upskilling

Compliance control for transitional processes
Improved abnormal situation analysis

Higher accuracy in plant material balance calculations

Faster material flow data reconciliation

OOOOOOO®
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Integrated Operating center




Integrated Operating center QY

@ Business goal

Decision Support System for Enterprise Management

Client Use Cases:

Real-time data integration from DCS/SCADA and MES systems
Visualization and KPI tracking for operational excellence
Production activity and product shipment monitoring
Decision-making support for normal/abnormal situations
Mitigation of technology risks impacting financial performance

Optimization of planned task execution

Energy resource consumption analysis and optimization

OOOOOOOO

Maintenance planning (PPM/PdM) optimization




Solution Advantages

0

@

Extensible
visualization
component library

Customizable
production
performance metrics

@

®

Seamless integration
with DCS/MES data
sources

Configurable
Information
dashboards

®

®

Integrated Operating center

Knowledge base
development tools

Role-based data
presentation
for decision-makers

SN




Integrated Operating center

User interface

Production

Consumption of hydrogen-containing gas

Total volume of oil refining (current value for the day), tons and fresh hydrogen

Consumption of hydrogen sulfide

Scheduled

Rates of operator's manui... processing 40 ¢ 40

Actual . 30 3C 30

Q processing

Energy consumption
20 0 20

Efficiency

Oilinflow (current value for the day), tons he

Sales of production ' : —

Scheduled
processing

-10 1 =10
A~ Production Actual
R 00:00 08:00 16:00 00:00

Target draws
Unit's parameters Total mass of commercial products (products and components), tons
Plan execution
40 000
Oil terminals . .
Target draws of light ends and fuel oil

Process Flow Diagram... _
59%
Process Flow Diagram... 20 000
57%

Unit's parameters i 10 000
Feedstock

Scheduled value Actual value per month M Scheduled value per day Gazoli etrlel S Eieloil Petrochemical
azoline et fuel iese uel oi

Mass of oil in tank products

Critical deviation between scheduled and actual values
G viat W . Halval Vacant Occupied MPTR

Quiality parameters

Involvement of MTBE Oil refining depth, % Fulfilment of the production schedule by groups, tons

70
Industrial safety

24,07.2023

A

Repairs
67

Ot 56000 38000 55 100
28000 25 000

Gazoline Fuel oil Jet fuel Diesel Petrochemical
products

Schudule Actual value Schudule per month Critical value of forecast
for the current day for the current day

— Forecast based on the value for the previous day =~ —— Forecast based on the average value since the beginning of the month




User interface

~

Rates of operator's manu...
Energy consumption
Efficiency
Sales of production
Production
Target draws
Plan execution
Oil terminals
Process Flow Diagram...
Process Flow Diagram...
Unit's parameters
“~ Feedstock
Mass of oil in tank
Quality parameters
Involvement of MTBE
Industrial safety

Repairs

Production Oil terminals

W Tab1 W Tab?2

Vacant Occupied MPTR Under repair Critical value

Tanks awaiting of certification

Feed and product storage facility

L}
of liquid gas, tons 4 By product

40 000

30 000 5100 7000

20 000
18 510 23700 19 300

10 000
0 6 600 4'800 4800

n-Butane
(Grade A)

Isobutane
(Component)

Isobutane
(Grade A)

n-Butane Propane
(Component)

Feed and product storage facility of paraffins, tons

40 000

30 000

10 000

4900 7000

E-0309 E-0304 E-0305 E-0310

Feed and product storage facility of special products, tons

40 000

4700

0023 0024 2 26 0027

Propane-Butane Mix

(LPG)

¢ time of pumping into
the tank, mins

time of pumping out the
tank, mins

Feed and product storage facility of light ends, tons

40 000

30 000

20 000

10 000

Diesel Arctic-0,001 -51

(Diesel-A-Class 5)

4 By product

24

8 000

11203

3500

E-D393

12
4 500
11300 13623
3’900 3600

E-0307 E-0308

£ 900
4100

13 600
14 560 21701 n7es

3800 7000 5900 9 500

Diesel Arctic-0,001 -51

Diesel Arctic-0,001 -51 Diesel Arctic-0,001 -51
(Diesel-A-Class 5)

Diesel Arctic-0,001 -51
(Diesel-A-Class 5) (Diesel-A-Class 5)

(Diesel-A-Class 5) (Diesel-A-Class 5)

Feed and product storage facility
of heavy petroleum products, tons

20 000

15 000
60

2200

2000

E-0322 E-0324 E-0326

0066

Diesel Arctic-0,001 -51

4 By product

8900

9 880
3500

Diesel Arctic-0,001 -51
(Diesel-A-Class 5)

Diesel Arctic-0,001 -51
(Diesel-A-Class 5)

4 By product

120

4 800

6 670

2523

E-0323 E-0331

4 By product

Integrated Operating center

8000

Diesel Arctic-0,001 -51
(Diesel-A-Class 5)

3600

E-0330




Integrated Operating center @

Operational Benefits

Faster incident detection and response (MTTR reduction)
Root cause analysis acceleration

Enhanced cross-functional team collaboration

Improved operational decision velocity

Resource consumption optimization (energy/raw materials)

ORORORORORC

Equipment maintenance cost reduction
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Workforce Development

Solution: Academic licenses Future Roadmap:
for NAUKA.Proxima & NAUKA.PIlan

New mathematical model deployment

Cloud access LP-vector generation

from NAUKA.Proxima to NAUKA.Plan
Role-based access control

Load testing for core stability

Real-production training datasets Current Status:

e 2 university partners

o Multiple organizations in pilot phase
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