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e Little bit about us
e The business problem
e The new approach

e Results and beyond
eQ&A
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e Equinox (Est: 2005)

e Provides IT enabled chemical
engineering consulting services

e Delivered more than one million
man hours services since inception

e Serves 100+ clients in 15 countries
¢ |SO 9001 and 27001 Certified

e Works with leading OEMs as
Independent Services Provider

e Nextadium (Est: 2003)

e More than 15 years bringing
together EMEA and APAC
businesses, people and technologies.

e Main focus in high-tech companies
and process industries sector.

e Extensive network of partners with
wide expertise in corporate strategy.

e Adepts to digital transformation and
cross-cultural collaboration.
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e The refinery is processing a mix of crudes

e After a crude- change and/ or a process conditions change (based on mode of
operation), there is a stabilization period to normalize the process and get on-
spec. products.

e To reduce this transient period, refinery is looking for an accurate but easy to
use steady-state simulation application

NEXTADIUM
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Problem statement from the Refiner
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“.....As stated in section 1.0 of this document, XYZ witnesses frequent crude change
cases. Sometimes two or more crudes are blended and fed into the unit. This
requires setting the process conditions appropriately so as to get on- spec. products
as desired. XYZ expects the simulation models to help reduce the transition period

by minimum 50%....”
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Basis for product development o decisons..

e Changes on crude feedstock is very common for a refinery

e Refiners expects the simulation models to reduce the transition period by
minimum 50% of time
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e To build a digital representation of e Crude mix changes every 2 days
Cbu e Current CDU model takes longer time,
e To predict CDU operating conditions, often with many convergence issues
quickly within, say less than thirty
minutes
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Current Business Process EQUINOGX

O'\féfla 3 l{n§table
Period

48-60 Hours

I\
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What is the new approach
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Hybrid Modeling

Combine plant data with
fundamental model

Use past data to extract various
model parameters

Extract, Store, Use a large set of

models, for various crudes and
conditions
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- A new business process aided with

a new APP

Application is now ready, tested and
working
Implemented in Python with a GUI.

- Easy to implement and manage by
any refinery

- Proven and tested and working in
other refineries.
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What is the new approach X EQUINOX
* Refiners wish to find out the ]
operating conditions for the new i : 1—E
crude oils .
« Refiners also wish to take advantage .
of market conditions and maximize -
the most profitable product at a .

given time
* So they also need optimum
also nee N ‘ L7

operating conditions to maximize

> 4
the production of Liquid Distillate of L.
their choice

NEXTADIUM



What is the new approach %& EQUINOX

...data to dec

Introducing CDU.GOLD = Global Optimization Liquid Distillate

CDUGOLD

An application for Crude DisTREElation
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The Solution

Output

Crude Assay

Physical column configuration e Optimum Operating Point
Past operating data for calibration

Desired Distillate and Quality

VAS
© 2020 EQUINOX. All rights reserved nEXTﬂDIUm
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e Step-1: Build a Hybrid model of the unit

OIf-Gas

i Water LN+ Ga
& LN ’
TPA @: A | ——p] Columa 4

—
MPA @»*" o @ 3| Cotumas x -
| r +» HN
BPA 4 4 [ ——pfcorma 1o
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: . . Steam e s
Crude .)\ | oy — -

" y
smmJ [ Residue i —>
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New Algorithm 73 EQUINOX

e Step-2: Use past operating data to calibrate the plant model

T

PAS
© 2020 EQUINOX. All rights reserved nEXTﬂDlum
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e Step-3: Use the calibrated model to predict the operating conditions

© 2020 EQUINOX

. All rights reserve

d
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Comparasion with present technologies

" Present technologies = Proposed technology CDU.GOLD

= Software are bulky,

= Difficult to configure, run
and maintain,

= Requires considerable
human effort to converge,

= High cost, takes long time to
implement,

= Skill is in short supply.

= Lightweight,

" Low cost. Easy to configure, run and
maintain

= Requires little effort,
= Robust convergence,
= Takes short time to implement

= Easy to learn, easy to teach and even
easier to sustain.
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Results and Beyond
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e An Asian Refiner

— CDU of 330 K BBL/Day

— Originally designed to process Basrah Mix
— Currently processes a mix of crudes

e After a crude- change and/ or a process conditions change (based on mode of
operation), there is a stabilization period to normalize the process and get on-
spec. products.
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a

e Objective, as stated by the refiner in its RFP:

“.....As stated in section 1.0 of this document, XYZ
witnesses frequent crude change cases.
Sometimes two or more crudes are blended and
fed into the unit. This requires setting the

.. : Prediction
process conditions appropriately so as to get on-

APl 32.7
spec. products as desired. XYZ expects the
simulation models to help reduce the transition

period by minimum 50%....”
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Calibration Results: Refinery I: APl 34.1
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Residue TBP Weight (Deg C)

750

50

550

500

450

asa

300

5% 50%%
e CSliDration  seFlant
Residue F low TBP Wi 5% TBP Wt 50% TBP Wt 95%
( Kmoles fHr) (Deg C) (Deg C) (Deg C)

Calibration 1741 3633 5397 696.6
Flant 1741 364 5439 Ff0BG.5
% Deviation -0.02 -0.19 -0.77 -1.44
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Calibration Results: Refinery I: APl 34.1
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AGO TBP Weight (Deg C)

5% S04 O5%
e CaliDration  s——ige_Plant
AGO Flow TEP Wt 5% TEP Wt 50% TEBP Wit 95%
(Kmoles/Hr) (Deg C) (Deq C) (Deg C)
Calibration 1864 207 4 2932 2877
Flant 1864 205 2 295 4 2863
% Deviation 0.0 1.07 0.76 0.37
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Calibration Results: Refinery I: APl 34.1
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SKO TBP Weight (Deg C)

L

5% 50%% O5%%
e Calibration  s——geFlant
SKO Flow TEBP Wt 5% TBP Wt 50% TBP Wt 95%
(Kmoles Hr) (Deqg C) (DegC) (Degqg C)
Calibration FT3r.7 157.5 185.7 2177
Flant F37.9 157.0 193 .4 2235
% Deviation 0.0 0.3 -4.0 2.b
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Calibration Results: Refinery I: APl 34.1 22> EQUINGX

...data to decisions...

Maphtha TBP Weight (Deg C)

180

160

140

120

1

25

; 5%%0 O5%%0
i @ liDration el
Nap htha Flow TEBP Wt 5% TBP Wt 50% TEBP Wt 95%
(kmoles Hr) (Deg C) (Deg C) (Deg C)

Calibration 3241 946 111.6 1662
Plant 32472 2201 114 2 1701

% Deviation -0.02 -57 -2.25 -2.27
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Prediction Results: Refinery | : APl 32.7
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750

Residue TBP Weight (Deg C)

Residue Flow TBP Wt 5% TBP Wt 50% TBP Wt 95%
(Kmoles/Hr) | (Deg C) (Deg C) (Deg C)

Prediction 1859 356.8 544.9 709.4

Plant 1878 348.9 538.8 708.2

% Deviation -1.01 2.26 1.13 0.17
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Prediction Results: Refinery | : APl 32.7
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AGO TBP Weight (Deg C)

400
350
300
250
200
150

5% 50% 95

Predicted —e=Plant
AGO Flow TBP Wt 5% | TBP Wt 50% TBP Wt 95%
(Kmoles/Hr) (Deg C) (Deg C) (Deg C)

Prediction 1975 207.7 285.9 377.2
Plant 1980 200.2 284.4 374.8
% Deviation -0.25 3.75 0.53 0.37
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Prediction Results: Refinery | : APl 32.7
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SKO TBP Weight (Deg C)

5050

—— P reo] e i P Iz it

SKO Flow TBP Wt 5% TBP Wt 50% TBP Wt 95%
(Kmoles/Hr) (Deg C) (Deg C) (Deg C)

Prediction 851 156.5 183.9 217.8

Plant 753 153.8 189.2 217.9

% Deviation 13.01 1.76 -2.8 -0.41
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Prediction Results: Refinery | : APl 32.7
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Maphtha TBP Weight (Deg C)

120
10
o
’ 5% S50 95%%a
—p—Predicten] e—e— P @t
Naohtha Flow TBP Wt 5% |[TBP Wt 50% TBP Wt 95%
P (Kmoles/Hr) |(Deg C) (Deg C) (Deg C)
Prediction 3303 10.2 112.1 166.9
Plant 3383 18.38 111.9 167.8
% Deviation -2.36 -44.5 0.18 -0.54
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Refinery — | : Optimization _
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e The optimization case returns with a higher SKO production

Feed/Product Units

Feed API

Feed K BBL/Day
Residue K BBL/Day
AGO K BBL/Day
SKO K BBL/Day
Naphtha K BBL/Day
LPG + Off-Gas K BBL/Day
Total K BBL/Day

Prediction Case Optimized Case  Optim

32.7
330

149.5
83.4
25.5
70.4

1.2

330

32.7
330

26.1 2.35%

330

e That translates into an annual savings of 1.15 -1.56 M USD
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CDU.GOLD: Screen Shots _
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Crude Setup %%% EQUINOGX
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| | Gits Application -8 =%
GITA Application C ru d —
Crude Sr. No. Crude Name Crude Details
@ Crude Setup 1 Test-26-July est-26-
ity (Al Bull
Column
m Column Setup T —
40
Blend
R R
f‘g‘? Blend Setup
Calibration Volume Percentage (%) * TBP (°C) *
T Calibration Feed 0 1615
s Operations
0.3 6.1
Prediction
08 13.7
] Prediction Feed
i Operations 51 322
96 739
15.1 1156
206 154 4
30.6 2239
406 2733
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Column Setup %%% EQUINOX
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|| Gita Application =}

GITA Application Column Setup

X

Crude Sr. No. Column Name Column Details
— DETAILS
4] Crude Setup 1 Test-column-26.u - .
v Column Details ~
| Na
Column

m Column Setup

Blend
M P

f‘g‘? Blend Selup 2
Calibration
5= Calibration Feed
r%'ﬁ'i Operations
Prediction )

Side Products v
EEl Prediction Feed
> Operations Pumparounds v

OK
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Calibration
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Gita Application = 5} A
GITA Application Calibration
cmua LIDF - c e wALID caUL
— = Operation Name
I Crude Setup .
— Test-Calib-26July b
07/2612020 ]
ca Iumn ~ Column Pressure Top (bar) Column Pressure Bottom (bar) Column Over Flash Column inlet Temperaturs (°C)
16 ‘ 2 ‘ { 5 372 ‘
m Column Setup
o~ Dry Feed Flow Rate (TPH) Main Column Steam Flow Rate (TPH} Blends Column
18255 ‘ {5000 ‘ { Test-blend-26July - ‘ ” Test-column-26July - ‘
Blend
F‘gﬁ Blend Setup Products Data
Name Stripper Retum No- of Draw Temperature (°C) TBP 5% (°C) TBP 50% (°C) TBP 95% (*C) Dry Mass Flow (kmales/h)
Calibration Tay Tray Trays
— Dry Mass Flow (kmolesh) — —
Galibration Feed Nafta 46 3242
Operations
— Draw Temperature (*C) _— ~ TBP 5% [°C) — TBP 50% ("C| ~ TEP 85% (*C) — Dry Mass Flow (kmolesh) —_—
Prediction Kero ¥ 31 33 6 194 45 157 1934 2235 737
ESi Prediction Feed
E’I;g. Opgratlons — Draw Temperature [(*C) —_— ~ TBP 5% ["C) — TBP 50% ("C| — TBP 95% ("C) — Dry Mass Flow (kmolesh) —_
AGO Y 18 20 [ 264 56 2052 2955 3863 1884
— Draw Temperature [(*C) —_— ~ TBP 5% (*C) -~ TBP 50% ("C] — TBP 55% ("C) — Dry Mass Flow (kmolesh) —_—
Residue 1 445 86 364 5439 706.8 1741
Pump Around Data
Draw Return
Name B - Duty (MMkcalih) Draw Temp (°C) Return Temp (°C) Delta T (°C) Flow Rate (kmolrh)

42

NEXTADIUM



Calibration Results
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Gita Application

GITA Application

Crude
5] Crude Setup
—
Column
A Name Stripper
ﬂ_ﬁ Column Setup
Mafta
Blend
Mafta
ﬁga Blend Setup
Deviation
Calibration Kero ¥
Callbratlop Feed - -
GHT= Operations
Deviation
Prediction
AGO by f
Prediction Feed
Operations AGO £
Deviation
Residue
Residue
Deviation
300

Calibration

Products Data

Draw Tray Return Tray Draw Temperature (*C) No. of Trays

46

46

53| 33 194.45 6

£ a3 194.45 6

18 20 264,56 5]

18 20 264.56 &

1 44585

1 445.86

I vt TEF Piot : Kero [l Fredicted TEF Pilot - Kero

400

Input
TBP 5% C TBP 50% C TBP 85% C

157.00 193.40 223.50
15454 22289 286.91
1.56 % 15.25 % 28.37 %
205.20 295,50 386,30
205.39 297.86 397.81
0.09 % 0.80 % 296 %
364.00 543.90 706.80
362.66 534.83 615.52
0.37 % 167 % 12.91%

I '7out TEF Piot: AGO [l Fredicled TEP Piol : AGO

43

-8 X

Qutput Deviation
Flow kmoles/hr
3242 00

3776.23

16.48 %

739.66

0.36 %

1884.00

188421

0.01%

1741.00

1740.02

0.06 %

-0
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| | Gita Application - ) A
GITA Application Pred ICtlon
Crude PREDICT PERATIC PREDICTION RESULT
—= = Operation Name
5] Crude Setup
— Test-Predict e
07/26/2020 |
Column Column Pres sure Top (bar) Column Pressure Bottom (bar)
TEST-CALIB-26JULY 16 2
:MF Column Setup
Sl
= Dry Feed Flow Rate (TPH) Blends
1908.7 ‘ { Test-blend-26July -
Blend
%‘? Blend Setup Products Data
Name Stripper Draw Tray Return Tray No. of Trays TBP 5% (°C) TBP 50% (°C) TBP 95% (*C)
Calibration
Nafta 46
= Calibration Feed
- . ~ TBP S (C) @ — ~ TBPSO%(C) #—— — TBP %5% {*C)
=] Operations
Kero Y 3 33 & 157 193 .4 2235
Frediction ~ TBP 5% (*C) _— ~ TBP 0% (*C) _— ~ TBP 85% {°C)
AGO Y 18 20 6 2052 2855 3863
% Prediction Feed
Operations
Resldue 1 364 5439 706.8
prepicT  [IRCANIEE
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Prediction Results
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Gita Application

GITA Application

Crude
a Grude Setup
]
Column
Name Stripper
ﬂﬁ Column Setup
Mafta
Blend
Nafta
Egﬁ Blend Setup
Deviation
Calibration o ¥
Cahbratlorl Feed - .
Operations
Deviation
Prediction
AGO b
@ Prediction Feed
.- 1 Operations AGOD ¥
Deviation
Residue
Residue
Deviation

Draw Tray

46

46

k|

31

Prediction

Products Data

Return Tray No. of Trays Draw Temperature (°C)
33 6 194 45
33 6 206.71
20 3 264 56
20 6 265.40
44586
449 34

C/J Successfully completed prediction X Dat a

45

TBF 5% C

157.00

140.00

10.83 %

205.20

203 44

0.86 %

36400

367.54

097 %

TBF 50% C

193.40

2173

12,38 %

295.50

297 .96

083 %

543.90

536.11

143 %

Input

TBP 95% C

223.50

28564

27.80 %

386.30

397.49

290 %

706.80

651561

12.90 %

- [=] X

Output Deviation

Flow kmoles/hr

3833.32

867.00

2019.03

179177
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Conclusion
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Key benefits and measurable outcome
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e CDU is most energy intensive unit in refinery, hence
optimizing the same is an area of interest.

e A refinery can reduce its transition time by 50% with
frequent change in crude/crude blend.

e Robust model provides more time for analysis

e Increase of 2-3 % of most profitable product.
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Conclusion } - EQUINOX
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e Easy to implement, use and sustain business process
e Decision support aided with a latest tool — CDU.GOLD
e High ROl and attractive Payback
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Q&A
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Reaching

new heights ¢

alok.pandit@equinoxsoftwareservices.com
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