Online real-time optimisation helps
identify energy gaps

Real-time supervision of a refinery’s energy system enables optimisation of its
fuel consumption and emissions levels
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efining and petrochemical
Rindustries operate complex

energy systems based on
several steam pressure levels, with
fired boilers producing high-
pressure steam and burning
different fuels, and cogeneration
units supplying steam and electric-
ity to the site. The use of different
fuels dealing with fuel gas produc-

tion/consumption imbalances,
electricity imports/exports  with
their corresponding commercial

contracts, and finally having to
comply with many environmental
constraints provides several
economic trade-offs to operate the
site-wide energy system at mini-
mum cost.

Founded in 2005 as a result of the
merger of Aconcagua and Bio Bio
refining plants, ENAP Refinerfas
supplies more than 80% of the fuel

requirements in Chile and also
exports its production to Peru,
Ecuador and Central America,

complying with the most demand-
ing standards in the world.
Aconcagua refinery has a crude oil
distillation capacity of 100 000 b/d.
Its main units are, among others: the
fractioning area (which includes
topping and vacuum units, visbreak-
ing, Merox and solvents plant); the
cracking area (FCC, alkylation, SRU,
LPG treatment, isomerisation plant);
the hydrogen area (continuous
reforming, MHC, HCK, HDT), DCU;
and the utilities supply area.

Aconcagua Refinery undertook
an initiative to deploy a site-wide
energy management system (EMS)
tool for assisting managers and
operators in the daily decisions they
need to make for management of
the utilities system.
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Soteica’s Visual MESA
Software, an industrial online, real-
time EMS, was implemented with
the purpose of helping Aconcagua
refinery to reduce the operating
costs of its utilities system. The soft-
ware model developed not only
gives recommendations on how to
optimally manage the steam and
electrical network, but also calcu-
lates energy-related key
performance  indicators (KPI),
helping to identify operational gaps
and emissions of both CO, and SO,.
The model can be used in stan-
dalone mode to perform case
studies for economical evaluations
of potential investments and for
planning the operation of the utili-
ties system.

The energy system, the steps for
the implementation of Visual MESA
and several features of the model are
described in this article, with a focus
on the use of the software for the
calculation of energy-related KPIs.
The EMS implementation project is
discussed and the main conclusions
relative to the reduction in operating
costs are also presented.

Project schedule

The implementation of the energy
management system was completed
in 12 months. The main project
stages were:

e Information requests Once the
purchase order was issued, infor-
mation on the utilities system was
requested to the site in order to
build an accurate model. A docu-
ment including all the questions
was submitted to the project owner,
who provided the necessary infor-
mation and coordinated all the
steps throughout the project

e Kick-off meeting After reviewing
all the information, an on-site meet-
ing took place to clarify additional
questions with the project owner.
The optimisation strategy was
discussed

e Software installation Visual MESA
was licensed and configured in the
PC that would work as a server.
The connection between both the
software and the OPC server was
also configured. Remote access was
granted during this stage and was
used throughout the rest of the
project

e Functional design specification
document A functional design spec-
ification document was prepared,
revised by both parties in concert
and then approved by the site

e Visual MESA model building and
energy-related KPIs calculations At
this stage, a detailed model of the
energy system (fuels, steam, elec-
tricity, BFW and condensates
network) and the Excel report were
built, working on the server by
using the remote desktop connec-
tion made available in one of the
previous stages. Sensor blocks were
added into the model to use the
online real-time and historical data.
Energy-related KPIs calculations
were defined and programmed

e Optimisation configuration A
second trip to the site’s facilities
was made during this stage and
used for reviewing the model as
well as the optimisation strategy.
Upon model approval, a whole
month of testing was performed.
Although the model was run auto-
matically, the recommendations
were not yet followed by opera-
tors. This allowed us to build a
base line for the predicted savings
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Figure 1 Overall site main view of Aconcagua Refinery Visual MESA model

that could be obtained at this

stage

e Optimisation start-up After the
operators and engineers were
trained, the recommendations

started to be followed on a routine
basis and the energy gaps were
identified using the defined KPIs.
The project documentation was
provided and a benefits report was

Visual MESA model

optimisation variables

The energy system of Aconcagua
refinery is based on four steam pres-
sure levels. It includes five boilers,
which produce high-pressure steam,
and a set of turbogenerators produc-
ing electricity. A main view of the
model can be seen in Figure 1. The
site also operates dual heaters,
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Figure 2 Representation of a swappable pumps group into the Visual MESA model
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Several potentially swappable elec-
tric/steam driver pairs and groups
were identified and included.

The built model was executed
automatically and was continually
fed with online, validated, real-time
data. Its purpose was to produce
recommendations in order to reduce
the operative cost of the utilities
system,  respecting  operational
constraints such as minimum and
maximum steam production, electri-
cal power consumption limits and
so on. In addition, the model could
be used to perform case studies and
evaluate the economic impact of
potential investments and/or for
planning the operation of the energy
system in a given scenario.

The economic trade-offs between
electrical power, steam and fuel
networks made it a difficult task to
manage the utilities system in
order to operate it at minimum
cost. SO, and NO, emission flows
were taken into account in the
model as part of the optimisation
constraints, so no operative varia-
ble should be pushed to a point
where these constraints are not
met. Particularly in the case of
emissions, they need to be calcu-
lated for monitoring, tracking and
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reduction in accordance with the
Kyoto protocol.

Optimisation  variables  were
chosen among those where there is
some freedom for manipulation
during normal operation condi-
tions. An example of continuous
variables can be found in the steam
production rate or the flow of fuels
burnt in a boiler; there is free choice
as long as the total steam demand
is satisfied and the emission limits
are respected. Examples of discrete
variables are the swappable turbine
or operation of the motor drives.

The main variables included in
this project were:

e Steam production rates in boilers
e Ratio of fuel gas to fuel oil burned
in the fired boilers, taking into
account SO, and CO, emissions
constraints

e Natural gas imported to the fuel
gas system

e LPG injection (butane) to the mix
drum in the event of a deficit of
natural gas

e Letdowns and vent flows

e Power production, medium steam
extraction and condensation in the
turbogenerators

e Operating status of switchable
steam/electric drivers (turbine/
motor swaps).

Another group of variables must
be defined to constrain the optimiser
solutions inside a given feasibility
envelope. These constrained varia-
bles are those that cannot be freely
chosen by the optimiser but must be
limited for practical operational
reasons. For example, in the case of
pump groups driven by electric and
steam drivers, the constraint is the
current power provided to the proc-
ess (which must remain constant
after optimisation), while the status
of items of equipment are the opti-
misation variables. The Visual
MESA representation of a swappa-
ble pump group can be seen in
Figure 2. The white blocks with the
“S” letter inside are status tags from
the plant information system. They
provide information about the on,

off or wunavailable status of a
given driver.
The set of recommendations

produced in each automatic execu-
tion were shown in a customised
Excel report (see Figure 3). This
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Figure 3 Customised Excel report overview
output file summarised the values Calculation of KPIs

that variables had in the current
operational situation and those
values calculated to operate the
utilities system at minimum cost.
The economics of the optimisation
— current operating cost, optimised
cost, potential savings that could be
captured by implementing the
Visual MESA recommendations,
incremental costs for the main vari-
ables and so on were also
displayed in the report. Since the
report was based on Excel, it was
easily distributed and shared
among all users and also exported
as a HTML file, to be browsed from
the intranet.

Besides the online optimisation tool
developed for the site, several KPIs
were calculated. Taking advantage
of Visual MESA’s capabilities to
work using live, online data, the
energy consumption for each unit,
or some special piece of equipment,
was calculated and written back to
the plant information system.

The model has detailed informa-
tion about the energy flows entering
and leaving the units. The software
also includes a special block that
performs the conversion between
material streams to its equivalent
energy streams. By using this
feature, the model calculated the
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Figure 4 Boiler steam flow (blue) and calculated efficiency (green) trends as can be seen

in the model
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overall energy consumption for the
plants. This allowed the managers
and engineers to compare the
energy consumption for each one of
the plants with reference values,
monitoring and tracking their
performance.

The calculated metrics could be
classified as follows:
e High-level KPIs, which monitor
the site’s performance and are
usually intended to be used by
managers; for example, total opera-
tive cost of the utilities system, main
steam headers imbalance, emissions

flow, potential savings that could be
captured by following the Visual
MESA recommendations and so on
e Unit-level KPIs, which allow the
site to analyse individual units or
pieces of equipment. Information
summarised by these metrics could
be relevant not only for unit manag-
ers but also for technical specialists.
Examples of these KPIs are plant
area costs, boilers and heaters effi-
ciencies, and use of energy per unit
of production. A trend for a boiler’s
calculated efficiency can be seen in
Figure 4.

All the metrics were created to be
used as part of a site monitoring

and targeting program, where
actual performance 1is tracked
continuously  against  targeted

values. Savings were obtained by
implementing corrective actions to
improve these metrics.

The two main types of KPIs
currently being written back to the
real-time database by Visual MESA
are the overall energy system
economics and the calculated
efficiencies. Examples of other KPIs
are gas turbine and heat recovery
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Figure 5 Different levels of detail in the Visual MESA model
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Figure 6 Detail of the FCC area model in the Visual MESA model

steam generation efficiencies and the
gas turbine heat rate. The use of
long-term trends helps in identifying
the best time to clean equipment
whose use of energy is becoming
inefficient. For example, a trend for
a calculated heat rate could be used
to determine whether or not to clean
a gas turbine compressor, as well as
to detect operational problems.

Mass imbalances in steam head-
ers are calculated automatically by
Visual MESA with a special block
called a “balloon” and also histori-
cised in the plant information
database. These imbalances are
sometimes related to sensor fail-
ures. A sudden change in the value
of the imbalance would mean that
the cause of this error should be
identified. If the problem comes
from an out-of-range signal, the
sensor should be re-ranged.

Calculation example: energy-related
KPIs for the FCC unit

The Visual MESA model can be
browsed by double-clicking on the

www.eptq.com

units. Thus, the different levels
of detail can be visualised (see
Figure 5).

Taking a look at the software’s
representation of the FCC plant,
the level of detail of the model
can be appreciated. In Figure 6,
the heaters, heat recovery steam
generators, reactor-regenerator
zone, compressors and several
pieces of equipment have been
modelled.

The energy consumption/produc-
tion for this unit accounts for the
following contributions:

e Coke burnt in the catalyst
regenerator
e High- and medium-pressure

steam consumption

e Medium-pressure steam production
e Fuel gas and fuel oil consump-
tion on the cracking furnace

e Heat carried out with the flue
gases

e Boiler feed water and conden-
sates return
e Electricity
pumps

consumption in

e Steam consumption in compressor-
driven turbines.

All the streams that account for
the energy balance are referenced

inside the process plant cost
block. This component is the key
feature for performing energy

balances on the units. The appear-
ance of such a component and the
balances it performs can be seen in
Figure 7.

The rectangle with the green edge
is the process plant cost block. The
circle with the “U” letter is the
sensor that writes to the plant infor-
mation system the calculated value
of the KPI after each automatic
execution of Visual MESA.

By comparing this index with a
reference value, the performance of
the unit can be historicised and
targeted. The customised Excel
report includes a special sheet
where all the calculated indexes can
be displayed (see Figure 8).

Energy watchdog
The optimisation routines built into
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Figure 7 Process plant cost Visual MESA block and the energy balance it performs

the software, plus all the features
included in the model, allowed
the site to reduce its operating costs
by running the utilities system
in an optimal way and having a
better understanding of how the
different constraints interact
among themselves. Savings were
properly identified and actionable

to time, there will be a moment
when relatively big potential
savings would be again automati-
cally identified by the model. In
such a case, a new set of recom-
mendations will be produced and
presented to the operators. If the
new optimising actions are taken
into account, the savings will be

recommendations given to the captured and the cycle starts again.
operators. Thus, the online energy manage-

Like in other project implemen- ment tool becomes a watchdog,
tations, as the software advising operators on how to
recommendations start to be run the utilities system at all

followed by operators on a contin-
uous basis, it is expected that the
indentified potential savings start
to decrease over time. Nevertheless,
because the site’s operating condi-
tions normally change from time

times.

If the calculated cost reduction
savings are consistently high, this
should prompt management, super-
vision or engineering staff. A
potential problem, to be identified,

would not allow the proper actions
to be implemented, thereby not
allowing savings to decrease as
expected.

Conclusions

The implementation of an online
EMS at ENAP Aconcagua Refinery
has been presented. Energy cost
reductions have been obtained,
taking advantage of software func-
tionality to suggest new operational
set points for the utilities system
and as a consequence of the KPI
targeting program implemented at
the site.

A full model of the energy
system has been developed. All
of the constraints have been included
and the model is continually being
updated with live data.

Visual MESA has proven to be a
robust optimiser, capable of
providing operating recommenda-
tions based on validated online data
calculations. Energy-related KPIs
were calculated and historicised on
a continuous basis, helping to
continuously monitor and reduce
the refinery’s overall energy gaps
and operating costs.

It is important to emphasise the
high involvement and motivation
of management and plant operators
since the very beginning of
the implementation project. Co-
ordination among plant areas in
order to implement the proposed
optimisation recommendations is a
critical issue, so management
involvement was crucial.
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