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FHIC) M The influences of energy loss
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- Energy distribution
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- Energy conversion

Process energy




FHIphwsmile - Return on investment
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THE RESULT IS

2% 13.33%

Decrease in Increase
production costs in profit

(all other factors assumed to remain constant)
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FHICD Miién:  Energy and environmental management structure
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FHICD Mim: Communication challenges

|
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FHICD Miiiime Key management items in accordance with 1SO50001

. Energy I_’*olicy
* EnPlIs (Energy Performance Indicators) @*S‘fa‘egm
Quantitative value or measure of energy performance, I
. . . nergy Plannin
as defined by the organization @ d (Tacticai)
* Energy Baseline Management
Review ‘ Implementation
. . T . and Operation
Quantitative reference(s) providing a basis for (Operational)
comparison of energy performance Monitoring,
. And analysis
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FHICD M Sample of EnPls

Layer Boundary EnPls

Plant Refinery - Oil refinery energy intensity
= (energy consumption of entire oil refinery) / (topping plant

— conversion throughput of the entire oil refinery)
G = *The topping plant conversion throughput of the entire oil refinery
o) E . p— @ = total {(CF value for every unit) *} (throughput for every unit)

Unit |Reforming  ° | -Energy intensity |
= (input energy consumption) / (the amount of feed)

u if -Energy utilization efficiency
Sl 1

B 1 Bl | - The rate of the heat recovery
! 1 | -Capacity usage ratio

Device | Furnace ™. -Energy efficiency
! ) = (feed heating value) / (combustion heat quantity)
—5 < -He_at conduction efficiency

\ - Coil path balance
[ Air fuel ratio
i—% el « Exhaust gas O2 concentration
h @
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FHICD ;. Energy Baseline

Energy Baseline
function Is defined
from historical track
record of energy
use and analysis
with statistical
method*

* It can be done by an energy specialist
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FHICD Aitiistons

Digital Twin

'

Particular
operating case

History/snapshot

Ad-hoc basis to answer
a question

Owned and used by
Isolated groups

Specific tools for
different silos

® t . p
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itional Systems

—
—

o

Real-time Digital Twin

Full range of asset operation,

with auto-adaptation
In real-time

History, real-time and
future

Automated to consider
business workflows

Centralized single version of
the truth, used by everyone

Single integrated twin for
energy, utilities and related
systems

YOKOGAWA

Co-innovating tomorrow
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FHIC) M Energy Digital Twin

Energy Digital Twin

= Real time mass balance Energy KPI
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» Real time energy consumption
. o Energy Digital Twin /
» Real time energy efficiency Mass Balance System

Real time emissions

Run if then else scenarios
= KPI reporting

Financial

Balance System plus

Real-time Energy Optimizer Optimization
= Real time cost calculation

’
’
-,
#
-
g
-
-
-
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» Real time cost savings
» Real time operator instructions
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FHICD Mime Energy Digital Twin Functions

FUTURE

MONITORING & SCHEDULING &

REPORTING OPTIMIZATION PLANNING
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FHICD Mtiwe Monitoring and Reporting

Accounting and auditing of utilities

Emissions management and monitoring
Equipment performance monitoring

Energy system evaluation

Corporate/site-wide visibility to energy system

Utilities & Facilities Cogeneration

“’% ﬁ - e ST
T ) z[ - \ o
MONITORING & P
REPORTING d
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FHICD Miiiiime  Optimization

PRESENT  Real-time emissions and KPIs

* Real-time imbalances
 Utilities Real Time Optimizer

Actual Optimized  Delta

N s -
X Boiler Plant

F
Boiler-1 FG (MSCF/HR) 1001 689
Boiler-2 Steam (KLB/HR) 106.0 61.4 447
{153 ) Boiler-3 FG (MSCF/HR) 726 31
GTs
Turbine-1 Electric power (MW) 41.0 1.2
—» [ TT HRSG-1 Steam (KLB/HR) 2231 3551 132.0

Turbine-2 Power (MW) 0.0 0.0 0.0
HRSG-2 Steam (KLB/HR) 0.0 0.0 0.0
Re-Gasification Plant Compressors

BOG C-101 Extraction (KLB/HR) 3504 3504 0.0
C-102 Exiraction (KLB/HR) 85.1 108.5 234

28 @

Turbines and Motors Swaps Total T/IM Swaps: 4

K -

. " Actual  Optimized

St Driver  gtatus ptStatus
CRUDE TP-51023 Stopped Running
CRUDE MP-5103A Running Stopped
! CRUDE TP-51554 Running Stopped
CRUDE MP-5155 Stopped Running
CT-PUMPS TP-104  Stopped Running
OPTI M IZATION | CT-PUMPS MP-104  Running Stopped
» ] 6-CT GP-1 Stopped Running
6-CT 6P-4 Running Stopped

[
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FHICD M  Scheduling and Planning

FUTURE Investment planning and basic engineering
Support of decision making in complex environment

Energy Schedule
Visualization

Electric Market 4
Prices ™

Contracts a
—
Production ?I —
Plan

Energy Inventory ~

. Real Time
. Plant Data

"\ Optimal Schedule

Management g Of Energy Assets
Equi .
A?f::lrz)argi(lai?y /‘ Historical
SCHEDULING & )
P LA N N I N G Demand Q Plant Data
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FHIC) M Energy real time optimizer (ERTO)

CLOSED-LOOP OPEN-LOOP
VISUAL MESA signals to advisory reports to
control systems operators

ENERGY MANAGEMENT SYSTEM

Emissions ‘ .

Regulations
MEASUREMENTS OPTIMUM SET POINTS

Optimum
@ I . Operations
/ Report
INDUSTRIAL SITE

Utilities Systems

S— Energy and
A Hydrogen Fuel Steam Water Electricity Emissions
& & @ @ KPIs Monitoring
vyl B a7
ﬁ . ) % oy oy

KPI reports

Management
dashboard

Process
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FHICD M istnns

The di

gital twin model shows

Process Plant Cost: PPC-CRUDE
Inputs | Plant Cost | Description
B I[mbalances
oo ost Mass Balance Ball
e IVIASS Balance ballon
. =
unitCost o ea T
Stream Block Name Flow Units ($ per o Energy Units ea b Il
unit flow) ¥ Per hour (mmB = Tabie'| Scnsors into balance | Senzora out of balance
. . . HR;
. 150 Pounds Ralloan
600 psi 60F416 10.5997799 KLB/HR 4.0481 42.91 12.81925 mmEBETU/HR 13.81¢
Stream in Flow TN Streamout | 5% OUT
150 psi 50F417 80.9799111 KLB/HR 3.6894 298.77 99.24677 mmBTU/HR 99.24¢ 4025 a19.2
40 psi 60F418 22.9130559 KLB/HR 2.2736 52.09 27.30591 mmBTU/HR 27.30! L il s Sk
600 to 130 letdown 0.01 TOF4LT -51.742
Water CRUDE BFW 71.5990786 KLB/HR 0.5982 42.83 18.72062 mmMEBETU/HR 18.72¢
13 T 101 o | soeur ss.c22
- Electricity Crude Power 3420.568 KW 0.0802 275.05 3420.568 KW 34.29! TP-102a 16.886 S0Fa17 50.030
. O n S u I I l p tl O n S Fuel Oil FO to Furnace 64.4471432 mmBTU/HR 6.0000 386.68 64.44714 mmBTU/HR 64.44; HP Sleam Sale; T 7A.408 Te-103 20.903
Refinery Gas FG to Furnace 86.6605786 mmBTU/HR 3.0038 268.11 86.66058 mmBTU/HR 86.66( WAL o il EET
IKs2058 134 TP-104 o
< ] v c101-Ext 34375 C-102-THROTILE 11475
Plant Feed or Production Rate Total Energy In - 5217 3
= = E Unit Plant Rat Total E out e s
nergy per Unit Plant Rate otal Energy Ou ST =
MISSIONS i
@ @ HX inlct stcam DS 36523
[G—p-(J—>L3 g =
HS lidati
Inputs = Flue Gas Properties | Emissions Components | pescription
Controller: CT-B3TeoEff Simulation
Inputs | XY Table | outputs | Description Mass Mass/Duty Mass/Volume Concentration = Concentration
. . (KLB/HR)  (KLB/MMBTU)  (KLB/MSCF) (mass %) (vol %)
w | Edit | Paste | Copy
O St C a C u at I O l I s = Carbon Dioxide 9.936 0.1132 0.009191 12.48 7.884
Flow *| value 50 o e :
I 1) Sulfur Dioxide 0.3344 0.003808 0.0003093 0.42 0.186
B-2 Efficiency 40 76 mm
g 78137 o [°] ° Nitrogen Oxide 0.01756 0.0002 1.625E-05 0.02206 0.000194
06.667 82.892 ©
a1 140 86.589 8 p
B-3 Sim Theoretical Eff 183.33 89.225 82
. A ar I ' I S © 226.67 90.803 30 p
270 91322 Global
8]0
- 313.33 90.782 . R
e e R o o T o T o o Mass Mass/Duty Mass/Volume Concentration = Concentration
gl P Flow * (KLB/HR) = (KLB/MMBTU)  (KLB/MSCF) (mass %) (vol %)
soierare [} 3 D :
= Carbon Dioxide 3.27 0.1132 0.009194 12.48 7.887
. - oK Cancel Sulfur Dioxide 0.1062 0.003678 0.0002986 0.4055 0.1796
e p O rt I I l g Nitrogen Oxide ~ 0.005775 0.0002 1.624E-05 0.02205 0.0001939
Boiler-3 FG
618 OK Cancel
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FHIC) M Proactively energy saving advice

Before implemeting recommendations:

a0

al savings: 390 $'h

Average potenti
I L8 N | -— I L ]
4. | :

1
After implementing recommendations:

Average potential savings: 270 $/h

Extraction-Condensing Turbines in the Qlefing plant (thy

KT-13001 WHP Steam Inlet 171 362 191

KT-13001 HP Steam Extraction 1] 243 243 Manual Action

KT-13001 Outlet Condensate 121 =] -52

KT-15010 %HP Steam Inlet 194 318 121

KT-1:3010 MP Steam Extraction 45 260 14 Manual Action

KT-15010 Outlet Condensate 142 48 -94

KT-15020 HP Steam Inlet 21 240 29

KT-15020 LP Steam Extraction 45 106 60 Manual Action

KT-15020 Qutlet Condensate 141 111 -30

Turbines and Motors Swaps Total T Sweaps: 2

Area Unit Driver Hame Power (HP) Steam Levels Action to be taken
[L:1] T Turkine BO-T1020-BLTH 885 HP to MP Turn Turbine OFF
o 711 Motk B0-711020-BLM01 885 Turn Motor OH
[HL:s] 722 Turkine PT-722018 3500 HRta LF Turn Turbine ON
[L:s] 722 Motor Ph-72201E 3500 Turn Motor OFF

\ Visual MESA Recommendations Report is available to
everyone through the Web Browser

Productie Proces Automatisering
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Around 3:00 AM on March 2", Operators
applied one of the optimization actions
calculated by the RTEMS and 1.05 MM$/year of
savings were immediately captured (i.e., the
predicted savings trend drops)

At that time, before SK operators took any action,
Visual MESA was suggesting two turbine and motors
swaps and increasing the extraction in all three
extraction-condensing turbines at Olefins plant

YOKOGAWA Co-innovating tomorrow
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Bedankt voor uw aandacht!

Meer info:
= marcel.kelder@nl.yokogawa.com

= yokogawa.com/nl/energiemonitoring

The names of corporations, organizations, products and logos herein are either registered trademarks or
trademarks of Yokogawa Electric Corporation and their respective holders.
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