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La nocion del compromiso que cada generacion tiene con sus sucesores esta en el corazon del
concepto de desarrollo sostenible, el cual fue plasmado por la World Commission on
Environment and Development (Brundtland Comision, WCED 1987) en su informe "“Our
Common Future” que afirma que el desarrollo sostenible:

“satisface las necesidades de la presente generacion sin comprometer las
posibilidades de las futuras generaciones para satisfacer sus propias
necesidades”.

Esto solo se consigue con el uso racional (cientifico) de los recursos naturales, renovables y
no-renovables, cuya gestion optima y eficaz es responsabilidad de toda la humanidad.
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L ¥ealidad suprema de nuestré
planeta es su ‘vulnerabilidad.” &

JohnF. Kennedy
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Pretender que el cambio ellmétlco
no es raaL no hara que desaparezca
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Leonardo Dl Caprio 1
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“Las companias contaminantes no
merecen parte de nuestros impuestos,
necesitan nuestro control.”

Leonardo Di Caprio
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El ser humano tiene una capacidad de procesamiento numérico limitada
que no se ha incrementado significativamente en las ultimas centurias.
Lo que ha incrementado la humanidad es su capacidad de analisis. La
capacidad de calculo de los computadores y del software se ha
incrementado en miles de millones de veces en los ultimos veinte ainos.

La union de mentes analiticas con maquinas, dotadas de gran capacidad
de calculo, es lo que determina el rapido cambio tecnoldgico que
experimenta la humanidad.
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Key f|nd|ng 1 IBM Smarter Industries Synw()??IHTI
Analytics correlates to performance ;

" Organizations that lead in 3 Top Performers are more b
analytics -outperfo.rm'those likely to use an analytic
who are just beglpnlng = approach over intuition*

\ adopt analytics ) \

Source: Analytics: The New Path to Value, a joint MIT Sloan Management Review and IBM Insfitute of Business Value study. Copyright ® Massachusetts Institute of Technology 2010.
*within business processes
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makes a big difference

Organizations using big data and analytics are up to

23X

more likely to report they are

substantially outperforming
their competitors

than those who do not use big data and analytics

4 ¥
"4
Source: Analylica: The real-world use of big daia. a collaborative research study by the IBM Institute for Business Value and the Said Business ’&
School at the University of Ouwdord. & 1IBM 2012 .
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Source: Toward a Smarter Grid ABB’s Vision of the Power System of the Future
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Source: Toward a Smarter Grid ABB’s Vision of the Power System of the Future
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SMART GRID Smart appliances

A vision for the future = a network Can shut off in response to
of integrated microgrids that can frequency fluctuations.
monitor and heal itself,

—

Demand management

_ ) Use can be shifted to off-
ar peak times to save money.

Solar panels

S

,( Disturbance
/" inthe grid

Qifices

D
disturbances, and can signal
for areas to be isolated,

Execute special protection g
schemes in microseconds. \g

- Storage
oS Energy generated at off-
1 peak times could be stored

in batleries for later use,

e
‘ §‘~§
Generators

Energy from small generators
and solar panels can reduce
overall demand on the grid,

Wind farm

Central power
plant

Y Industrial
plant
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Figure 2: Example of a smart house
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ENERGY EFFICIENCY
ADVANCED ANALYTICS STRATEGY

OFF LINE OPTIMIZATION
(PLANNING)

1. RE-DESIGN THE ENERGY SUPPLY SYSTEM

2. OPTIMIZE THE INDUSTRIAL PROCESS IN THE PLANTS
USING COMPLEX MATHEMATICAL MODELS

3. INTEGRATE THE PLANNING AND SCHEDULING OF THE
INDUSTRIAL PROCESS (MATTER TRANSFORMATION)
WITH THE INDUSTRIAL SERVICES (ENERGY
TRANSFORMATION) INCLUDING THE TRANSACTIONS IN
THE ENERGY MARKETS (ET-RM) USING OPTIMIZATION
MODELS.

ON LINE OPTIMIZATION
(OPERATING)

1. USE AN OPTIMIZATION MODEL FOR PRE-DISPATCH THE
ENERGY SYSTEM , 24 HOURS IN ADVANCE

2. USE MODELS ORIENTED TO OPTIMUM CONTROL IN REAL
TIME (DISPATCH OF ENERGY SYSTEM)

3. SHORT TIME ET&RM
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REDESIGN OF POWER SUPPLY SYSTEMS
CASE: OIL PRODUCTION
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The first step in achieving energy efficiency in industrial
plants is related to the redesign of systems of power supply,
since in many cases the design of such systems does not
include the concepts and technologies associated with the
new paradigm: distributed generation and storage of energy,
foundation of the "smart grids".
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All industrial processes have variable speed.

Power consumption as a function of the speed of the process is
not linear, it is exponential.

The production facilities do not have defined a fixed capacity,
it is established in accordance with the speed of the process and
the time running at that speed.
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CONSUMO DE ENERGIA EN UN MEDIO DE TRANSPORTE
TREN DE ALTA VELOCIDAD

Consumo "equivalente a partir de la estacion de servicio"” trayecto Madrid-Barcelona
(650 km, ocupacion 65%, consumos AVE segun proyecto)

. kWh trayecto completo . )
Medio de transporte ) KWh /100 pkm Consumo en litros gasolina/100 pkm
por pasajero
' AVE 103, v max 300 km/h 99,8 15,4 1,71
| AVE 103, v max 320 km/h 117.4 | 18,1 201 |
AVE 103, v max 350 km/h 129,6 19.9 2,21

Avion (aproximado) 6,368
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REAL TIME OPTIMIZATION

Real Time Optimization maintains the operating process is its "optimal”
set-points based on the periodic re-optimization, taking into account the
difference between the environmental conditions with the forecasted
conditions. It is composed of the following models :

= MPI: Identification of the model equations and the parameters that
define the system dynamics.

= STE: State estimation and reconciliation model of system oriented to
the re-estimation of the system parameters (state estimation, data
reconciliation and gross and random error detection)

= OCO: Optimal control model using real-time variables.
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COORDINACION DE HERRAMIENTAS EN LA PLANIFICACION INTEGRADA -

STRATEGIC PLANNING LI
INVERSION A LARGO PLAZO
LI: LOGICA DE INVERSION
OM: OPERACIONES MENSUALES OM

1

1

SALES & OPERATION PLANING |
MEDIUM TERM Condicion

METAS OPERACIONALES A MEDIANO PLAZO de Frontera

\4

OM: OPERACIONES MENSUALES OM

SALES & OPERATION PLANING |
SHORT TERM
METAS DE OPERACIONALES A CORTO PLAZO

OM: OPERACIONES MENSUALES os OM

OS: OPERACIONES SEMANALES

OPCHAIN-APS 1

OPERATIONS SCHEDULING
ORDENES DE OPERACION

‘ 0S: OPERACIONES SEMANALES
0OD: OPERACIONES DIARIAS

OPCHAIN-APS

-

REAL-TIME OPTIMIZATION

CONTROL DE PROCESOS
- OI: OPERACIONES INSTANTANEAS

OPCHAIN-RTO

Horizonte Planificacion

v
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PLANNING
TACTICAL SHORT TERM

Production targets Produced amounts, capacilies

PROGRAMMING
OPERATIONS

: : . x . N
Batch szes, assignments, slart limes l, " Progress dala, equipmenl availability

Recipe
execution

otart times of steps, set-points, constraints l T End times of steps, yields. qualty parameters

REAL-TIME Continuous
OPTIMIZATION oplemzaton

Targets |, T Measured and estimated variables
Advanced
control

N
Refarences | | Controlled var's, measured data

Low level control
(cont./discr.)
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TECHNO-ECONOMICAL OPTIMIZATION OF THE INDUSTRIAL PROCESS

"DATA ANT DA
)LA AT/

MATHEMATICAL MODELS

OPTIMIZATION TECHNOLOGIES

———

OPTIMAL FUEL MIX AND OPTIMAL SET POINTS
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REAL TIME OPTIMIZATION
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Regressi%rameters
(“"Model Update™)

RTO is a well-known mathematical approach
to keep the process running on its set-points
or targets "optimally" based on periodic re-
optimization, as a means to take into account
changing process and environmental
conditions (uncertainty).

Hourly
Frequency

Dptimization

Results:

= Stable processes ("smoother operation"),

= Better control of process variables,

= Optimal production levels,

= Reduction in energy consumption (kW/ton),
= "Exact" control of emissions,

= Increased profits, etc.

oncerramry D

PROCESS CONTROL SYSTEM

PRODUCTION and PROCESS
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OPCHAIN-RTO-GDDP
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OPTIMAL CONTROL
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To achieve energy efficiency, it is necessary to optimize industrial
processes guiding them to points of operation of minimum energy
consumption, considering indicators of profitability of the
operation, and control of contaminant emissions, which are more
demanding every day.

The via is the design and implementation of mathematical models
that represent, with detail, such processes and thus allow the
optimization of them.
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CADENA DE PRODUCCION EN LA INDUSTRIA PESADA

CANIERAS

EXTRACCION DE
MATERIAS PRIMAS
1. Mineral rico en
calcioo en
materiales
calcareos:
* Piedra Caliza;
* Tiza;
= Etc.
2. Mineral rico en
silice o arcillosos:
= Arcilla.

Transporte —
Trituradoras

INDUSTRIA DEL CEMENTO

TRITURIAGHON

REDUCCION DE
TAMANO
1 metro — < 80 mm

RIRIES
MEZEIFADO)

MATERIALES
TRITURADOS
}
ANALI;ADOR EN
LINEA
(Composicion quimica)

Apilador — diferentes
pilas de materiales y
para reducir la
variabilidad en |la
composicion quimica
de las materias
primas.

MOLIENDA Y

M| EZEFADO)

TRANSPORTADOR DE
CINTA

l
ALIMENTADOR

!
Proporciones
adecuadas
(Tipo de clinker a
producir)

!
Trituracion a finura
deseada en molinos

l
Polvo — silo

Reduccion de
Variaciones
(mezcla con aire)
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CADENA DE PRODUCCION EN LA INDUSTRIA PESADA

INDUSTRIA DEL CEMENTO

QUEMADO Y ENFRIADO MOLIENDA FINAL DISTRIBUCION
CLINKERIZACION MOLIENDA CEMENTO FINO DISTRIBUCION CEMENTO
Mezcla en bruto homogenizada Silo de clinker Cemento
! ! (silos)
pre-calentador Alimentador !
(calcinacion parcial) (proporcién con yeso y Empaquetado Bolsas
l . materiales adicionales) Carga a granel.
Horno rotatorio l l
Y Molienda final Distribucion
Clinker \ |
E ! Silos de cemento  Via terrestre;
nfriador

« Via maritima.

!
Clinker (~ 100°C) — Silo
Clinker
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ENERGY EFFICIENCY OPTIMIZATION

ELECTRIC

Raw Matenal Hoppers
= o ENERGY

==

THERMAL ENERGY

ELECTRIC
ENERGY

Fuente: Optimizacion de la Energia en la Industria del Cemento. Revista AAB.
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ENERGY EFFICIENCY OPTIMIZATION

Raw Maternal Hoppers

CONTAMINANT
EMISSIONS

Fuente: Optimizacion de la Energia en la Industria del Cemento. Revista AAB.
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ENERGY EFFICIENCY OPTIMIZATION

BLENDING

Raw Matenal Hoppers
== T - RAW MATERIALS + CORRECTORS

==

BLENDING
COMBUSTIBLES

—

BLENDING

CLINKER + ADDITIONALS

C

| _Fan |

— — . —- - —
.

\ . Camem Ml

| Cemem Sio

Fuente: Optimizacion de la Energia en la Industria del Cemento. Revista AAB.
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MODELING OF THE PRODUCTION PROCESS OF THE CEMENT

y ) MAI)t,mo,ce
Mina Caliza Materias Primas Yeso Adicién
(mp) (tr)
MYst,mo,ce
' " Separador
MACt,mo,ce ~ P ..
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MODELING OF THE PRODUCTION PROCESS OF THE CEMENT
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MODEL MODEL
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Grinding Grinding
Homogenization Storing

KILN MODEL

Blending Combustibles, Combustion, Emissions
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MODELING OF THE PRODUCTION PROCESS OF THE CEMENT

- MAD
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MODELING OF THE PRODUCTION PROCESS OF THE CEMENT
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DETAILED MODEL OF THE KILN

The Reaction Sequence in Clinkerization
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CONECTIVIDAD DE VARIABLES PROCESO: MOLIENDA DEL CLINKER
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CEMENT PLANT PRODUCTION MODEL
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Optimal management of power of industrial systems implies a
holistic position oriented to integrate the production planning of
goods with energy services that are consumed in the production
plant; and finally integrate it with possibilities of self-production

and negotiation of this energy in the energy markets.
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MODELING OF A PROCESS UNIT

GASES CONTAMINANTES

»

»

‘ NAFHTA LIVIANA -
CMA-CMB NAFHTA INTERMEDIA
] DESTI LACIéN NAFHTA PESADA
-4 JET-FUEL
ATMOSFERICA

v

v

v

KEROSENE R
‘ GASES ATMOSFERICOS CRACKING
CRUDO ORTHOFLOW
REDUCIDO

DESTILACION

VACIO




moking your world smarfer

[/eurekal

—_——

MODELING OF A PROCESS UNIT
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Abstract

The objective of this work is to develop a mathematical programming model applied to the operational planning of the utility plant of the
RECAP Refinery (Sdo Paulo, Brazil), as well as its interconnections with the process units. The problem is formulated as a mixed-integer linear
programming (MILP) model where the mass and energy balances, the operational status of each unit. and the demand satisfaction are defined in
multiple time periods. The model determines the operational configuration of the plant by minimizing utility costs, and identifies steam losses
as well as inefficient units by comparing the optimal solutions with the current operation. The MILP is able to accurately represent the topology
and optimize the operation of the real-world system under different utility demands and abnormal situations in single and multiperiod scenarios,
achieving up to 10% costreduction. The MILP is currently integrated with the plant database and used for the planning of the refinery utility
system.
© 2007 Elsevier Ltd. All rights reserved.
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In all industrial systems, the economic efficiency go through the
energy efficiency, and vice versa; however, when exist differential
tariff for basic energetics exist two different criteria to approach
to the optimality: the economic and the environmental.

— =

Then, the mathematical models are the foundation to provide the
information needed to balance these two objectives when they
enter in contradiction.
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OPERATION OF THE PUMPING STATIONS
OPERATION PATTERNS

" Bombas - Patrones Bombeo - Maestra Patrones Bombeo

T ke Fren, Jen, ke Jen, ke Jn s
J7 Crecue J7 <L - J7 l7 hecue (L J7 Cronme Jy J7 e ‘[7 Codigo PationB | NERE | |_Cédigo Patro
. VA SN VY YA y EPCTOT WE1O0 ol | CEDOD  Vasconia Electrica 0 Ota 0
t@ CEDDT |Wazconia Electrica 0 Otra 1
CEDDZ |“azconia Electrico 0 Otro 2
BRC [F705
Cers nﬂﬂé e Gt cont fﬂ,f'i Cont ’fﬂg‘; Gantfifuga CEOO3 |Wasconia Electrico 0 Oto 3
D D WEOOQD | Waszconia Electico 0 Otro 0
Eléctrico 2540 Eléctins 2540 . WEOD1 |%asconia Electico 0 Otro 1
[hel {hol Etactrica 2540 ACEM ACPM - -
[hel 2660 [hel 2660 [p] “Yazconia Electico 0 Otra 2

| ] fazconia Electrico 1 Otro 0

b

Patrar

Codigo

T ke Fren, e,
T T T
J7 Cheque J7 J7 Chaque ‘L YL Cheque

) | CEOO0 | v asconia Electrica 0 Oka O
BPCTO4 [WETOZ || CEODT | Wasconia Electrico 0 Oko 1
BRC 7701 BPC 7702 BPC 703 BPC704 Contffuge BPCTOS [WE1O2 g||CEDDZ  |Wazconia Electrico 0 Otro 2

Cantfifuga Centfifuga Centfuga Centpfuga

CEOO3 |“azconia Electrico 0 Oto 3
D D WEODO | azconia Electico 0 Oto O

Eléctrico 2540 Elécirico 2540 :
Ekctrico 2540
hy Phd . .
hel [hel Ihel 2‘5"6‘30"[’,‘1“'01 s ol WEODT |Vaszconia Electico O Otro 1

' YWEODZ | ‘“azconia Electrica 0 Otro 2
YE100 |“aszconia Electrico 1 Oto 0

YWE101 |“azconia Electico T Otro




[/eurekal

PARALLEL

SERIAL

OPERATION OF THE PUMPING STATIONS
OPERATION PATTERNS
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