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KBC Company Introduction

Energy Transition
® Why is an Energy and GHG Emissions Management System Needed?
® Energy Transition implies a Transformation
® CO, Emissions Reduction Scopes
® Energy and GHG Emissions Management System Objective
® What “Digital” and “Twin” Means?

EMS Real-Time Energy Digital Twins Functionality
Integrated Software Platform: Petro-SIM and Visual MESA Digital Twins

EMS Optimal Targets when Dealing with Traditional & Renewables Systems
® Use Cases

® Case 1: Interplay between Gas Turbine operation and Solar/Wind
generation

® Case 2: Emissions curtailment with Battery Management
® Case 3: Hydrogen used to improve Gas Turbine operation

Conclusions

® KBC’s real-time, model based, Process and Energy Digital Twins are
Fully Prepared for the Energy Transition
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: o REVENUE
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® Real-time solution for modeling, monitoring, optimization, and
( O VI S UALM ESA scheduling of energy and utilities systems, including steam, water,

® S NARNS ISR SyEECH fuel, GHG emissions, district energy, power and hydrogens systems.

Production Accounting, Data Reconciliation and Movements &

Visual MESA ® Inventory Management System which assists users with the
o ‘ O » VISUALM ESA calculation of their site-wide daily mass balances, on a tank-by-

production accounting tank and unit-by-unit level.

Software Family

Hybrid continuous and discrete events simulation application to

® q VIS UALM ES ® support the management of operations in oil & gas, refining and
( OD petrochemical processes.

supply chain scheduling

Visual MESA (formerly Soteica Visual MESA) Software is developed and implemented worldwide from KBC’s offices located in
Rosario and Santa Fe cities, Argentina
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Why is an Energy and GHG Emissions Management System Needed? ,,‘. e
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® The energy landscape is drastically changing because of the global concern to reduce
Greenhouse Gas (GHG) emissions

¢ Companies are aware of energy’s impact on both, overall energy costs and emissions

" For large-scale process plants, energy normally accounts for 50% of operating expenses (that is,
excluding the feedstock). Consequently, an energy reduction of 10% can often improve margins by 5%
and, at the same time, reduce GHG emissions

¢ Whether a Company use traditional energy, renewable or a mix, there is a need to find a
cost effective way to deal with it
" They imperatively need to make the transition to net zero GHG emissions, but not go bankrupt
along the way

® To increase profits and reduce GHG emissions, energy management and optimization is
naturally the first place to look
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(1) 2019, KBC, A Yokogawa Company, Energy Transition and
Industrial Energy Transition Manifesto
https://www.kbc.global/hot-topics/energy-transition/
https://www.kbc.global/insights/whitepapers/industrial-energy-
transition-manifesto/
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CO, Emission Reduction

' semana

ingenieria
2022

Decarbonization initiatives can be grouped into three different scopes:

* Typical EMS addressed
scopes

Scope 1: Scope 2:

Emissions from

Direct Emissions energy imports

= An energy m Asupplier
consumption problem

oroblem

(1) 2019, KBC, A Yokogawa Company, Energy Transition and Industrial Energy Transition Manifesto
https://www.kbc.global/hot-topics/energy-transition/
https://www.kbc.global/insights/whitepapers/industrial-energy-transition-manifesto/

Scope 3:

Emissions from
the products sold

mp A business
problem

A Yokogawa Company
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® An Energy and GHG Emissions Management System objective is to
simultaneously reduce cost and emissions

= Starting right now, within the current context, of mostly centralized and hydrocarbon sourced
energy generation

" Continue doing it during the energy transition, while making process improvements,
incorporating renewable energy vectors, energy storage devices and decentralizing assets

= And finally sustaining the decentralized, lower CO, emission energy generation, transportation,
storage, and use, towards the net zero GHG emissions optimal operation, under a mostly
renewables-based energy system
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* Digitalization: The scalable application of the digital technologies, and alignment of
the organizational capabilities that an energy or chemical process operation should

(q)ave and master with digital information at the core in order to achieve excellence

* Digital Twin (DT) concept has been around since 2002 when Michael Grieves, at the
University of Michigan, first used the terminology. It is based on the idea that a
digital informational construct about a physical system could be created as an
entity on its own (2

This digital information would be a “twin” of the information
that was embedded within the physical system itself and be linked with that
physical system through the entire lifecycle of the system (2

The basic concept of the DT model has remained stable from its inception in 2002,
while the digital/computing capabilities and power continually and sustainably
grew since then.

References:

(1) Digitalization Manifesto, KBC, 2018 https.//www.kbc.qglobal/insights/whitepapers/digitalization-manifesto/

(2) Origins of the Digital Twin Concept, 2016, M. Grieves and J. Vickers, https://www.researchgate.net/publication/307509727 Origins _of the Digital Twin Concept
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L ;I::TDEI,\T,G < —— 4 OPTIMAL MULTI PERIOD SCHEDULE Visual MESA EMS
® - 4 Web GUI - KPI Insights
O REAL TIME OPTIMIZATION
- 2 Operators,
* EMISSIONS —— energy management system CLOSED-LOOP OPEN-LOOP peadll - Engineers
| | ' REGULATIONS ~ ® | (to control system) (advisory mode) ) ' and
P=tro-SIMI° |, . N\ Managers
. SIMULATION
FORECASTS S I - ENERGY AND
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OPTIMUM KPIS, STREAMS AND MONITORING LML
CUSTOMERS DEMAND MEASUREMENTS ~ SET POINTS OR APC EMISSIONS EMISSIONS
= AND DATA TARGETS CALCULATIONS ENERGY USE AND HALAIED B =
~  EXTERNAL UTILITIES | ACCOUNT AND DASHBOARD
‘) L[] CONTRACTS | I l ___________
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ENERGY AND UTILITIES SYSTEM SRR TR
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OPERATION

Hydrogen Fuel Renewables Steam Water Electricity

© 8 DO 7

REPORT

VM-ERTO
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(DEGREES OF FREEDOM IN GENERATION AND DISTRIBUTION)

Visual MESA
ENERGY AND
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e O = &)Bﬂj[\] SCHEDULE

PROCESS (UTILITIES CONSUMERS AND GENERATORS)

E&E MS Suite
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REPORT

Visual MESA Energy Real Time Optimizer (open or closed loop) is the leading real-time digital twin for energy @ &5 ' : 0 ?

systems optimization and GHGs emission reduction, including discrete variables (i.e., start/stop decisions) (DEGREES OF FREEDOM IN GENERATION AND DISTRIBUTION)

ENERGY AND

VM-EM

o @ wolU] -
o |
@@ é& /A 4 o SYISSIINS
. L . . o . - . ﬂﬁ | OPTIMAL
Visual MESA Energy Monitor is specifically designed for the energy systems monitoring (KPlIs calculation, 3 SELL @ - m(—w) ' = | r\ SCHEDULE

emissions, energy balances, historization, alarming, etc.)

g9
&t

PROCESS (UTILITIES CONSUMERS AND GENERATORS)

VM-MPO

Visual MESA Multi-Period Optimizer is the energy management tool for the optimal scheduling of energy
assets, including storage inventories and forecasts (weather, demand, power and fuel prices, etc.)

Real-time Digital Twin apps seamlessly integrated under the same modeling and web access platform

More than 30 years of experience and more than 120 site-wide installations
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energy management system

Integrated Software Platform: Petro-SIM and Visual MESA Digital Twins .
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Performance Inc ic energy an
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Energy balanc ~newable forecast
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fram S management
MONITORING & MONITORING & SCHEDULING &

REPORTING OPTIMIZATION PLANNING




Integrated Software Platform: Petro-SIM and Visual MESA Digital Twins o

P=tro-Sii\VI°
@VISUALMESA®

energy management system

Week / month / day Planning

VM-MPO

Hour / day / week Optimal Scheduling An integrated software platform for the

—/ — : decision layers where
. VM-ERTO / ELCRTO / EM c o o
Hour / min Real-Time Optimization all the energy and emissions related, time-
and Monitoring dependent variables, are monitored,
—
Vin / sec optimally defined and implemented,

Advanced Control , o ,
under the same real-time, digital twin based

environment

Sec

Regulatory Control
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* Existing, traditional utility systems, are being upgraded to
take advantage of renewable sources, with a corresponding
increase in systems complexity.

Electric

Power * Even though several studies have focused on understanding
the economical impact of renewables integrated in the Oil

and Gas at a design stage!, how to operate them effectively is
still a challenge.

Natural Gas

L=
L~

Sl

X <
X <

Utility Systems Within Energy Transition Environment

* Aligning optimal short-term scheduling with real time
s operations is key to maintaining feasibility and profitability.

MPS

LPS

I Liu, Zuming & Limb, Mei & Kraft, Markus & Wang, Xiaonan. (2020). Simultaneous design and operation optimization of
renewable combined cooling heating and power systems. AIChE Journal.

KBC has expanded the Visual MESA Energy Management System, digital twins based applications, to
fully support the decision-making process of such systems
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i A o= -
' Case 1 i Use Cases:
________________ ______ L e Case 1: Interplay between Gas Turbine
ii ; Case 3 operation and Solar/Wind generation

* Case 2: Emissions curtailment with Battery

Foerarre
[ ]

| . Management
| | i
X L
- | | ws 11 * Case 3: Hydrogen used to improve Gas Turbine
X < ! operation
| LPS i i i

Real-Time Scheduling System for the Optimal Operation of Utility Plants with Renewable Energy Assets, Jun Ruiz (KBC), Spring 22 + 18th GCPS, A Joint AIChE and CCPS Meeting, San Antonio,
Texas, April 10-14, 2022.
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ELECTRIC SYSTEM VM-MPO MOdEIing Environment

Visual MESA EMS Demo

YOKOGAWA ¥

Co-innovating tomorrow

Utility System

®

Electric System Grid
Ny )
4 h\ : TRADITIONAL UTILITY SYSTEM
. ‘Visual MESA EMS Demo " T
Cond @ » 1
\_ / © RSG
Traditional UTIlIt‘y‘ System Prncess Plant G T :
ﬂl]]]]]]]]]] Ke{<J-0-Q ﬁ%—dﬁﬂl
Electrolizer 9 > T g 3 D]
Natural Gas = L,<I—
ELECTROLIZER - ‘
Visual MESA EMS Demo ‘ @ : 3 . . 3 -
C-Oxygenl(;Fmrl @ ‘ D ¢ @ —
~f& ) - Q
=" ! S ’ i
Oxygen Tank g .
G_H,dmgen--b;_ . @ Ambient Temp __% ﬁ y %—*d bDA ,Fj—.- Cond
'_’D l ° 185.7 1887
@T @ An existing traditional utility system (e.g., steam and power
L~ production with fueled boilers, GT and HRSG) was

expanded with renewable assets

H2_System (M) i
B > >
0.1

c_oz_@-;@ C_H2_Poweri ©@

All use cases were solved using the VM-MPO app
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Case 1l Interplay between Gas Turbine operation and Solar/Wind generation

Multi period trend report

2/24/2021
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8 Amay 1:Flow* Array 2:Flow* @ Array 3:Flow * Array 4:Flow * Array 5:Flow * Solar Radiation (W/m2):Value *

[Active Bus MW ini IFlow ” [, [Step = { Add Delete (] Single Y Axis

Export ] Close

Solar PV and Wind Turbines Power Generation

B Turbine 1 Mw:Flow * Turbine 2 Mw-Flow * [l Turbine 3 MW:Flow *

2/24/2021 fi3) | 12:00 AM

Active Bus M/ ini ,IFIGW"|_[Step ,'| Add | D

e 4 Mw:Flow Turbine & Mw:Flow

Turbine & MW:Flow * —Wind_Speed:Value

* The presence of renewable sources, such as solar
and wind, with its corresponding uncertainty and
variability, impacts the proper allocation of
traditional utility assets (e.g., Gas Turbine).

* Since the operation of solar and wind power sources
is virtually free, gas turbines will work to compensate
for the lack of sufficient power production.

* Due to minimum down time restrictions and other
multi-period constraints, a scheduling system is
necessary to find the proper allocation of assets.
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Case 1

Multi peried trend report
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Interplay between Gas Turbine operation and Solar/Wind generation

Gas Turbine Shut Down

|:'I'1 — |i'|':|
an|ep a0l Jamog

Multi period trend report

Select a report: -

154 30000

28000
144 26000

24000
131 22000
*_ 20000
= 18000
& 16000
214000

=k sk -
- —L el

Total wt (MW);Flow *

[

Gas Turbine Operating at Minimum Capacity

23|

| [e ] b T

[ ;] [ |
|'|||:'I| Ell__.lljl:l JE"HI.C’_:'

IF||||_'|I'| F‘ |F||F| |-||.| 5'1

-I” h"

.
L
L L
o
L ol
A =t
L s
L5 =
T B j
5 =1
ok =
=L 145®
L wd
A #
_ '
]
F. -
'
1
’
- -
i
U 1)
-~ SR
. L 1
hr. "
i 4

M F' ﬂﬂlll' Py

: .
| II [
g r
=i
-
! J L
L
5 L
.-‘--.l- ot -
=
; =k
_—y
L0156 = = n W2 ||[|||
|_ N = m |_
- ":'- M AR [ |
Z10.145% =
&000 + g &000
o : .
&000 : 0.1 &000
4000 [y 8 4000
A ru. 132 A
2000 L 2000
0 : L0.13 ] 0
I- - 5-
1 .'._- L ] ".:||-"|‘ iy Lt :.l -

2:00 00 4
B GT:Elect Power *
15 [ 12:00 AM =

Power_Price _ ]-".-“alue *

Total PV (MW):Flow* [ Total wt (MW):Flow * Power Price:Value *

fffj [ 12:00 AM

B GT:Elect Power *
15 [ 12:00 AM =

-.]Eﬁep |

Total PV (MW):Flow* [ Total wt (MW):Flow * Power Price\alue ©

[ffj [ 12:00 AM

2/24/2021 2/25/2021 2/24/2021 2/25/2021

vlﬁmp «| A Delete Single Y Axis

Power_Price | . ]-".-falue - Delete Single Y Axis

Export Close Export Close

Gas Turbine Allocation considering break-even price and minimum
down time requirement. Optimal allocation does not recommend
shutting down the Gas Turbine.

Gas Turbine Allocation considering break-even price. Minimum down time
requirement satisfied after shut-down.

Definition of the proper multi-period constraints is key to maximize benefits
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Case 2 Emissions curtailment with Battery Management

Multi pericd trend report
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* Typically, batteries are used to shave electricity
cost peaks and make the grid more robust.

* When batteries work along traditional assets

(e.g., gas turbines) they impact, not only
electricity costs but also GHG emissions.

* With a proper battery management, gas

turbines could be operated in a way that reduce
GHG emissions.

A decrease in GHG emissions is obtained by the
proper allocation of battery usage




EMS Optimal Targets when Dealing with Traditional & Renewables Systems IS W @

M on s e

A Yokogawa Company

Case 3 Hydrogen used to improve Gas Turbine operation

* With the advances in cheaper electrolyzer
SR o) technologies, green hydrogen is becoming an
appealing medium in which to store green energy.

* In turn, several gas turbine manufacturers are
more and more interested in considering hydrogen

‘ H H ‘ ‘ ‘ ‘ ‘ | | ‘ . as part of the fuel mix that is fed to turbines.
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Cegon | ame | * How to best allocate the hydrogen use considering
Green hydrogen storage management with constant environmental and market conditions is a
gas turbine consumption challenge.

5% decrease in power costs compared to unmanaged hydrogen production
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energy management system

Real-Time, Model Based Digital Twins for Energy and GHG Emissions J EW

A - \

KBC's real-time, model based,
| Process and Energy Digital Twins applications
h" provide all the key and fundamental tools
| for supporting business decisions
to optimally manage
renewable, conventional and combined energy systems,
including storage and emissions

Ready for the energy transition!

IMONITORING & IMONITORING & SCHEDULING &
REPORTING OPTIMIZATION PLANNING
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iMuchas Gracias!

Carlos Ruiz, BSc, MSc, PhD
Chem Eng

KBC (A Yokogawa Company)

Visual MESA Energy Management System (VM-EMS)
Product Manager

carlos.ruiz@kbc.global
www.kbc.global

Proprietary Information



l“.... o o
AT L
v S Ta el Ll
v ..° ° ..0 ‘ ~. ..:...:‘ -:.:.‘.:\
.. - .\..:.: E.:.. .:.:..““‘:. .:.:....:.:'.‘.‘ .o.o e,
L I TV T RY IS ...' s 85 .-‘&C‘.'o'..
® b @ 5 * s.‘o°:.':\.°.:.' ‘-‘."’. :::.."
B, e ® ® o o :o Yy s
- « * = .".’".". ......
. ok 2 5 :
e a o * DN TS
. ".o.. e o.o0 B’ e et *
0 0% oo e e *, ° « * ° 5
» e ® e © ® ® ® ] L] P e ® . mee .‘0\“.‘:0 ..'%. ." o
s ® '.oa’.}l : ®e . .-d':o.o. '. b ‘..."?-':?%’3-‘-‘.- 3 H
e . ® o%ee 3 ® S o Nooas® ot e o =, . i :
A SR SRR X T R L O L I ;
@ ® .
® s ® o * o ® ¢ ‘e o'wde ®e ot o :
. ® ® @ ® o ® ®e .:°oo' @ . ‘
® @ ®
@ @ ® b ™ =) .....'.°°. ° .* 4
» & ® ® ~ s e S e SN ° :
® ® ©®gq 00 ¢ 6 s =
@ - @ ® © ® = a " ¢ .:‘o.......'. = ® . s o o : : s s s 2
® (@} ® @ L @ Y ® * .‘o\\’.‘.”o.°.... .... oo’ ......”' g S Tmews : . : B
®ece @ @ ® "I~A~. : e : ® [ :
@ ® @ P ® ® @ e o * o g ) S e ke s
@ @ D [ = s - ® ..0‘.oo.o° o. .. ® N’ .'. .’ v . : = e
@ ® =) @ =] P d & o o e
@ ® e * o * o o® ® e Ty C Sl e M.
@ e (SRR P ° ]
@ B ® @ ® P ® o® S » ° oo .‘ ~. ﬂ. > e
- = - & [ ) ey ® N ® o - .. e @ ® ® [ ) @ - @ ; ..

dela

2022

semana

ingenieria

..‘............... o .... L] B | L4 ® o ° . ° ] ) -
,.:.:......" ®la ool - 0.'.’ °* o o o C o ‘
.".:.'..:..-:..... - N - R ..'.. .o".o.o ® e ¢ o0 & ° i L J ‘ ?.0..
.“..C.D'.::‘:o.l:-... . ‘.‘....‘.... ° ."...... w®.® o .. .. * o . e ° ® L ...
ket KL ) .,:‘:a.-.; . “-.‘.-‘s:..-%....-.'.' . ...,.-.'oo-:".s-.s *, 0% %0 1 b
. ......’."-so.::‘}.‘...- . co,s ®% 5 s »i vRU RS . ® 3 ° P
-...:.::':::;‘:.9:. SN . i S .0 . . ® o o o o e o ...‘ .. ® - ®
,..::..:’_Jb... 0...0.. o & .o‘o e ® © o. . 2 . P /
., ..m‘w.oo...‘.’°o e . ® o . S e . * e @ e e o o® 0°
'M}:..‘. o o " o ° . , e o o, © s 2 ‘. .. @ p
® e . A0 ° - ® e ® e e @ .. .... L4 - LN ]
e LT . * s s - i 00 g %ee”
° ° ., o ~ Y o 0g%0® @& P
..o . " . .. : e ; . ) 0..:* e ? ..: %
..3 . ~ . ) * * N ° s . L4 P . L Y = :; ." ... @ ® = P ® £ [ J
'. 2 . o. o. o ° . 0.0. ........ .‘.0....0’.’... @ ® ®
- ;g. o ., *e,, % ., £ .. e ® ° ® . = ~ o p ® e . v e o & .. o % ... ® ‘1
i Nt e T T T e, L e e T e e “o nf8 s C % % o 0 0 c,000,
E :‘ % \ .-. .. . .' :"“‘:::.".%.‘ ... .o .' e L 3 ‘ ® $ : . ;‘4": = : . s ... ' ’
- A o [ 3 .. . %, ®e, e .. ~ '.o. ° S .. e ° ® . o * oo 0% ® ® pe P &
!.‘ s - .3 s e .°....°° *ee, v .'...°°.'-... SE . . . o .. 2° ‘:b’...':::. s o ® o. . @ Py ‘0... =% ® <
! t .% ‘ \. .$ ... .. - 0. .. ... ...:.‘...... LJ ... .'.v'.:... ...::........$ o® o0 g - . e o o - ® ® ....: @ . . .
» LTS e L - ° °* . = % ..°0. °®e .“‘o:.. « i ® * S ° ® .0 s . e ¢ -
: . :. el s . . o.. .. . o.. = .. o .,....::......o.. c.. ®e , ) ® g S A o ‘. & @ P &
i @ ° . o % > ° eeooge
IR A T A N L O R R R
® og s 2 '. . o... ~, ° °, — ... ... .. ® " o = . o o ® o ® o ® @ P
: @ @ Swg ® @
t : 1 NN Ve T T e e, vosy "evoh LN cte e, 0. y o NECRS . o o ol® >
S .. ~ ® % .o .o . @ e .0 .. .... ® o P : ® - - &
e o e o NI e« Bo - s o ®eo ‘ = @ o ¢



