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DISCLAIMER OF WARRANTIES

“This project has received funding from the European Union’s Seventh Programme for research,
technological development and demonstration under grant agreement No 604140”
This document has been prepared by TOP-REF project partners as an account of work carried out
within the framework of the EC-GA contract no 604140.
Neither Project Coordinator, nor any signatory party of TOP-REF Project Consortium Agreement,
nor any person acting on behalf of any of them:
(a) makes any warranty or representation whatsoever, express or implied,
(i).
with respect to the use of any information, apparatus, method, process, or
similar item disclosed in this document, including merchantability and fitness for
a particular purpose, or
(ii).
that such use does not infringe on or interfere with privately owned rights,
including any party's intellectual property, or
(iii).
that this document is suitable to any particular user's circumstance; or
(b) assumes responsibility for any damages or other liability whatsoever (including any
consequential damages, even if Project Coordinator or any representative of a signatory
party of the TOP-REF Project Consortium Agreement, has been advised of the possibility
of such damages) resulting from your selection or use of this document or any
information, apparatus, method, process, or similar item disclosed in this document.
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EXECUTIVE SUMMARY
TOP-REF project pretends to provide a set of indicators, known as Key Resource Indicators (KRIs),
which will allow to measure and monitor the use of resources in industrial processes.
Once the resource consumption is known, the other project’s objective is to increase the
efficiency of these KRIs. This is done by identifying the critical process parameters (CPPs) that
have a strong influence on the KRIs out of all process parameters and a subsequent optimization
using the CPPs. To ensure safety, productivity and cost Key Performance Attributes (KPAs) are
used during optimization of the KRIs.
In order to fulfill these objectives, the developed M&CS will provide the required functionalities to
monitor these KRIs as well as the KPAs obtained after the calculation of the CPPs for the KRI
optimizations. The flow is as follows:

Set KPAs and
CPPs limits

Run the
optimization
tool

Choose and
place in
service the
selected set of
CPPs

Analyse
Results

Figure 1: TOP-REF methodology and M&CS functionalities

The document pretends to cover these main aspects:
• Identification of the needed variables to monitor the identified KPAs and KRIs, as well as
the CPPs to be controlled
• Specification of the functionality to be developed for a continuous monitoring of the KRIs
• Specification of the functionality to be developed for the validation of the developed
methodology
• Specification for the system hardware integration
Regarding the needed variables for each of the different sites, if known, the current TAGs for the
KPAs, KRIs and CPPs are provided. Note that some of these variables will be calculated as they are
not directly measurable. If not known/defined for the time this deliverable was written, the
different tables could be updated in DLV5.4.
For the M&CS, the document presents the flow the user should conduct during the
demonstration activities, as well as the look and feel the different graphics will have. This is not
the final version of the application, which will be documented as part of DLV5.4, but it is provided
for comments and/or additions prior to the demonstration activities.
With regards to the hardware specification, the document presents a generic specification of the
expected architecture of the system for its replication in future scenarios, where each particular
deployment for each of the industrial use cases in the TOP-REF project frame has been
documented as part of DLV6.1
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The system to be built based on this specification pretends to directly contribute to the Process
monitoring, control and optimization (SPIRE key action 2.3), being the basis for the demonstration
and validation of the developed methodology together with the KRIs defined in WP2. This will
provide the information to support a better decision making process to tackle the investment and
implementation of more efficient systems and equipment (SPIRE Key Action 2.4) as well as new
energy and resource management concepts ( SPIRE key action 2.5)
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INTRODUCTION
The FDS deliverable is the result of the work done under tasks 5.2 and 5.3, as well as the feedback
from the final users on the definition and preliminary implementation of the M&CS. The present
document pretends to stablish the requirements on the functions the system to be developed
needs to satisfy, in order to validate the proposed TOP-REF methodology.
Based on the work done under WP3 and WP4, this deliverable will compile all data the monitoring
and control tool needs to consider in its deployment. It will be the needed input for the M&CS
implementation in the subsequent task 5.4; will be the main infrastructure to support the
demonstrator in WP6, as well as a fundamental tool for the final validation, comparison and
replicability analysis to be conducted under WP7.
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1 FINAL SET OF VARIABLES (KRIS, KPAS, CPPS) TO MONITOR
The aim of the TOP-REF project is to develop non-invasive tools, methods and indicators to
improve the energy and resource efficiency among different industrial sectors. The overall TOPREF approach is applied to three industrial use-cases of the fertilizer, the chemical and the
petrochemical industry. Figure 2 gives an overview of the TOP-REF approach.

Figure 2. Overview of the stages of TOP-REF approach in WP4

As a result of these activities, documented in the deliverables of WP4, the final set of KPAs and
CPPs have been identified while the calculation method has been provided as a result of the KPA
and KRI Calculator tool.
The aim of the task reported under this section is to collect the variables that need to be
measured to show the values or the KRIs, KPAs and CPPs that the M&CS may consider, its location
(local or global) and, when not directly measurable, how they will be calculated. There will be a
section per industrial use case and sub-sections for each parameter category. Additionally, this
task will provide the requirements for the M&CS to be used as the validation and monitoring
system for the whole methodology developed.

1.1 Fertilizer use case
The list of KRIs, KPAs and CPPs for the fertilizer use case is as follows.

1.1.1 KRIs
The set of Key Resource Indicators (KRI) is exactly the same for all the use cases, see D2.3:
Development and definition of Key Resource Indicators. The list and its calculation or data source
for monitoring is as per Table 1 below, and corresponds to the definition made in the document
“Guide to calculate KRIs v05”.
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Table 1: List of KRIs and calculation for fertilizer use case

Name
Material consumption (ME)

Units

Calculation
𝑀𝑀𝑀𝑀 =

Kg/Kg

Direct primary
energy consumption (DPEC)

J/Kg

Gross Water Use (GWU)

m3/Kg

Net water use (NWU)

m3/Kg

Resource Exergy indicator (REI)

kW/kW

𝑚𝑚̇𝐻𝐻3 𝑃𝑃𝑂𝑂4 + 𝑚𝑚̇𝐾𝐾2 𝐶𝐶𝑂𝑂3
𝑚𝑚̇𝐾𝐾𝐾𝐾2 𝑃𝑃𝑂𝑂4

𝑘𝑘𝑘𝑘

� �
𝑘𝑘𝑘𝑘

𝑣𝑣̇ 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔
2.42 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 1.53 ∗ �
∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔 � 𝐽𝐽
3600
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Where definition of variables appearing in Table 1 are defined as per Table 2,
Table 2 Data required and source for fertilizer use case KRI calculation

Name

Description

MH2PO4

Fresh solids mass flow rate

MK2CO2

Water (Binder) consumption

MKH2PO4

mKH2PO4 (product)

BPower

Electric Power consumption

Vnaturalgas

Fuel mass flow rate

HHV

Higher heating value

ρwater

Water density

%water

H2O in product

1.1.2 KPAs
Key Performance Attributes (KPAs) define the limits of cost, quality, safety and productivity of the
process. For a detailed explanation about the KPA definition, characterization and calculation
please see DLV 3.2 and 3.3.
The set of KPAs is as per DLV 3.3, where the difference between Local and Global KPAs are
provided. In this section we will provide the relation between the KPA definition and the process
variables needed for its monitoring.
The list and its calculation or data source for monitoring is as per Table 3 below.
Table 3: List of KPAs and calculation for fertilizer use case

Name

Units

mKH2PO4 (FINES)

kg/h

mKH2PO4 (PROD)
mKH2PO4 (COAR)
H2O in product (MOIST)
product cost (COST)

kg/h
kg/h
%
€/kg

1.1.3 CPPs
Critical Process Parameters (CPPs) are the parameters directly related to the KRIs of a process that
has a relevant influence on it, i.e.: KRI = f (CPP1, CPP2 … CPPn). In principle, the CPPs should be the
minimum (or nearly the minimum) set of variables that allow the modelling of a complex process
regarding the KRI.
In this section we will provide the relation between the CPPs and the process variables needed for
its monitoring. The list and its calculation or data source for monitoring is as per Table 4 below.
Table 4: List of CPPs and calculation for fertilizer use case

Name

DLV 5.2 6 5.3 Functional Design Specification
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Name

Units

Fresh solids mass flow rate
(FrSolMF)
solids PSD (d50) (FrSolPSD)
Binder consumption (WatMF)
Fuel mass flow rate (FuMF)

kg/h

Air mass flow rate (AiMF)
Rotational velocity (GrVel)
Rotational velocity (CoVel)

mm
kg/h
kg/h
kg/h
rpm

Rotational frequency (MillFr)

rpm
rpm

Pressure discharge (PBlow)

mbar
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1.2 Chemical use case
The list of KRIs, KPAs and CPPs for the chemical use case is as follows. At the time this deliverable
was prepared the final set of CPPs was unknown as T4.4 was not yet finished. Once available, the
document needs to be updated.

1.2.1 KRIs
The set of KRIs is exactly the same for all the use cases, see D2.3: Development and definition of
Key Resource Indicators. The only difference between each use case is the complexity of its
calculation and whether they are referred to a process unit (locals) or the whole process (global).
The list and its calculation or data source for monitoring is as per Table 5 below.
Table 5: List of KRIs and calculation for chemical use case.

Name

Units

Material
consumption
(ME)

kg/kg

Direct primary
energy
consumption
(DPEC)

J/kg

Gross Water
Use (GWU)

m3/kg

Net water use
(NWU)

m3/kg

Resource Exergy
indicator (REI)

kW/kW

Calculation
𝑀𝑀𝑀𝑀 =

𝑚𝑚̇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑘𝑘𝑘𝑘
� �
𝑚𝑚̇𝐸𝐸𝐸𝐸ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑚𝑚̇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑘𝑘𝑘𝑘

𝑣𝑣̇
2.42 · 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + ∑𝑛𝑛𝑖𝑖 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 · � 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙,𝑖𝑖 𝐻𝐻𝐻𝐻𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑖𝑖 � 𝐽𝐽
3600
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 =
� �
𝑚𝑚̇𝐸𝐸𝐸𝐸ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑚𝑚̇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑘𝑘𝑘𝑘
3600
𝐺𝐺𝐺𝐺𝐺𝐺 =

𝑚𝑚̇𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑚𝑚̇𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
�
� 𝑚𝑚3
𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
� �
𝑚𝑚̇𝐸𝐸𝐸𝐸ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑚𝑚̇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑘𝑘𝑘𝑘
Not applicable

𝑅𝑅𝑅𝑅𝑅𝑅 =

𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑙𝑙 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝐵𝐵𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑘𝑘𝑘𝑘
�
�
𝐵𝐵𝐸𝐸𝐸𝐸ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑘𝑘𝑘𝑘

𝑚𝑚̇𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 𝑚𝑚̇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑛𝑛𝑛𝑛𝑛𝑛ℎ𝑡𝑡ℎ𝑎𝑎 + 𝑚𝑚̇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑚𝑚̇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
𝑛𝑛

𝐵𝐵𝑒𝑒𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑣𝑣̇ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑖𝑖
𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = � 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 · �
𝐻𝐻𝐻𝐻𝐻𝐻𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑖𝑖 �
3600
𝑖𝑖

If 𝑣𝑣̇ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑖𝑖 is Natural Gas, then
𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑁𝑁𝑁𝑁3
]
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 [
ℎ ∗ 42210 [ kJ ]�
= � 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 · �
3600
𝑁𝑁𝑁𝑁3
𝑛𝑛
𝑖𝑖

in case other fuels or a mix of them, the HHV value is required

In case composition of feedstock, pressure and temperature are known:
𝑛𝑛

𝐵𝐵𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 [𝑘𝑘𝑘𝑘] = �
𝑖𝑖

𝑚𝑚̇𝑖𝑖
𝑅𝑅 · 273 · 𝑙𝑙𝑙𝑙(𝑥𝑥𝑖𝑖 )
𝑦𝑦 �𝑏𝑏 +
�
3600 𝑖𝑖 𝑐𝑐ℎ,𝑖𝑖
𝑀𝑀𝑖𝑖
𝑛𝑛

+ �
𝑖𝑖

𝑚𝑚̇𝑖𝑖
𝑦𝑦 �𝑐𝑐𝑐𝑐𝑖𝑖 �𝑇𝑇 − 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟 �
3600 𝑖𝑖

− 298 �· 𝑐𝑐𝑐𝑐𝑖𝑖 · 𝑙𝑙𝑙𝑙 �

𝑃𝑃
𝑇𝑇 [𝐾𝐾]
���
� − 𝑅𝑅 · 𝑙𝑙𝑛𝑛 �
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 [𝐾𝐾]
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

In case composition of feedstock is known and temperature and pressure are environmental:
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Name

Date: 15/9/16

Units

Calculation
𝑛𝑛

𝐵𝐵𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 [𝑘𝑘𝑘𝑘] = �
𝑖𝑖

𝑚𝑚̇𝑖𝑖
𝑅𝑅 · 273 · 𝑙𝑙𝑙𝑙(𝑥𝑥𝑖𝑖 )
𝑦𝑦 �𝑏𝑏 +
�
3600 𝑖𝑖 𝑐𝑐ℎ,𝑖𝑖
𝑀𝑀𝑖𝑖

In case composition of feedstock is not known but HHV of the Naphtha is:
𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘

𝐵𝐵𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 [𝑘𝑘𝑘𝑘]= 𝐻𝐻𝐻𝐻𝐻𝐻𝑁𝑁𝑁𝑁𝑁𝑁ℎ𝑡𝑡ℎ𝑎𝑎 � � ∗ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑁𝑁𝑁𝑁𝑁𝑁ℎ𝑡𝑡𝑡𝑡 [ ]+ 49,415 � � ∗
𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘

𝑠𝑠

𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 � � + 49,910 � � ∗ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 [ ]
𝑠𝑠

𝑘𝑘𝑘𝑘

𝑠𝑠

If neither composition, not HVV of the Naphtha are known a generic value of 48,080 kJ/kg can
be used in the previous equation
𝐵𝐵𝐸𝐸𝐸𝐸ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 [𝑘𝑘𝑘𝑘] =

𝑘𝑘𝑘𝑘
𝑚𝑚̇𝐸𝐸𝐸𝐸ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 [ ]
ℎ �48,570
3600
+ �1.4574 + 0.002795 ∗ 𝑇𝑇 [𝐶𝐶] + 8.019𝐸𝐸 − 6 ∗ 𝑇𝑇 2 [𝐶𝐶](𝑇𝑇[𝐶𝐶] − 25)
− 298 �1.4574 + 0.002795 ∗ 𝑇𝑇 [𝐶𝐶] + 8.019𝐸𝐸 − 6 ∗ 𝑇𝑇 2 [𝐶𝐶]
𝑇𝑇 [𝐶𝐶] + 273
𝑃𝑃 [𝑏𝑏𝑏𝑏𝑏𝑏]
· 𝑙𝑙𝑙𝑙 �
����
� − 8,134 · 𝑙𝑙𝑙𝑙 �
298
1

𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 [𝑘𝑘𝑘𝑘] =

𝑘𝑘𝑘𝑘
𝑚𝑚̇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 [ ]
ℎ �48,680
3600

+ �1.4574 + 0.002795 ∗ 𝑇𝑇 [𝐶𝐶] + 8.019𝐸𝐸 − 6 ∗ 𝑇𝑇 2 [𝐶𝐶](𝑇𝑇[𝐶𝐶] − 25)
− 298 �1.4574 + 0.002795 ∗ 𝑇𝑇 [𝐶𝐶] + 8.019𝐸𝐸 − 6 ∗ 𝑇𝑇 2 [𝐶𝐶]
𝑇𝑇 [𝐶𝐶] + 273
𝑃𝑃 [𝑏𝑏𝑏𝑏𝑏𝑏]
· 𝑙𝑙𝑙𝑙 �
����
� − 8,134 · 𝑙𝑙𝑙𝑙 �
298
1

Where definition of variables appearing in Table 5 are defined as per Table 6,
Table 6: Data required and source for chemical use case KRI calculation

Name

Description

MEXTERNAL NAFTA

Raw Nafta mass flow

MEXTERNAL PROPANE

Raw Propane mass flow

MEXTERNAL BUTANE

Raw Butane mass flow

METHYLENE

Produced Ethylene mass flow

MPROPYLENE
PPOWER_EXTERNAL
VEXTERNAL_FUEL

Produced Propylene mass flow
External Electric Power consumption (electricity that is not being generated in the cogeneration
unit)
Cracking furnaces fuel flow
¿ MEXTERNAL NAFTA OR MEXTERNAL PROPANE OR MEXTERNAL BUTANE

VEXTERNAL_FUEL i
HHV

Boiler Fuel
Higher heating value

MREPOSITION_WATER_STEAM_GRID
MREPOSITION_WATER_COOLING_TOWER
ρwater
BEXTERNAL_POWER=PPOWER_EXTERNAL
BEXTERNAL_FUEL
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Description

R

Gas constant

Mi, X

Molecular Weight, Molar Fraction

bch,i

Chemical Exergy

cpi

Specific Heat Capacity

Ht

Water Enthalpy

St

Water Entropy

T

Propylene/Ethylene temperature

P

Propylene/Ethylene pressure

1.2.2 KPAs
The set of KPAs is as per DLV 4.2 , where difference and type between Local and Global KPAs are
provided. In this section we will provide the relation between the KPA definition and the process
variables needed for its monitoring.
The list and its calculation or data source for monitoring of Local KPAs is as per ¡Error! No se
encuentra el origen de la referencia. below.
Table 7: List of LOCAL KPAs and calculation for chemical use case.

Name

Units

Process Section
Furnaces F-1001-9
HC’s

kg/h

Furnaces F-1010
HC´s flow

kg/h

Flow rate of SHH

kg/h

Temperature of SHH

˚C

Pressure of SHH
Furnaces F-1014

bar

HC´s flow

kg/h

Flow rate of SHH

kg/h

Temperature of SHH

˚C

Pressure of SHH

bar

Furnaces F-1011-13
HC’s

kg/h

Compression Section
Power KT2401

MW

Stage 1

kW

Stage 2

kg/cm2

Stage 3

%

Stage 4

kg/h

Stage 5

kg/cm2

Products to batter limit
Mass flow rate of ethylene

kg/h

Pressure of ethylene

bar

Purity of ethylene
Ethylene

vol.-%

C1+C2

ppm

Acetylene

ppm(v)
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Name

Units
C3 and Heavier HC

ppm(v)

Hydrogen

ppm(v)

Carbon Monoxide

ppm(v)

Carbon Dioxide

ppm(v)

Oxygen

ppm(v)

Sulfur (total)

ppm(wt)

Methanol

ppm(v)

Water

ppm(v)

Mass flow rate of propylene

kg/h

Pressure of propylene

bar

Purity of Propylene
Propylene

vol.-%

MA + PD (C3H4)

ppm(v)

Ethane + Propane

vol.-%

Ethane

ppm(v)

Ethylene

ppm(v)

Acetylene (C2H2)

ppm(v)

C4 Unsaturated HC

ppm(v)

Carbon Monoxide

ppm(v)

Carbon Dioxide

ppm(wt)

Oxygen

ppm(v)

Sulfur (total)

ppm(wt)

Hydrogen Sulfide

ppm(wt)

Water

ppm(wt)

Utility Section
Mass flow rates of steam thought the process plant/utilities plant interfaces for the different levels

kg/h

Temperature of steam from the process plant to the utilities plant for the different levels (one KPA per level)

˚C

Pressure of steam from the process plant to the utilities plant for the different levels (one KPA per level)

bar

Mass flow rate of steam SHH from the boiler to the steam grid

kg/h

Temperature of steam SHH from the boiler to the steam grid

˚C

Pressure of steam SHH from the boiler to the steam grid

bar

Mass flow rate of steam SHH, SH, SM, SL and SLL from the steam grid to the process plant (Large Machines, RGC, C2
Compressor and C3 Compressor)

kg/h

Temperature of steam SHH, SH, SM, SL and SLL from the steam grid to the process plant (Large Machines, RGC, C2
Compressor and C3 Compressor)

˚C

Pressure of steam SHH, SH, SM, SL and SLL from the steam grid to the process plant (Large Machines, RGC, C2 Compressor
and C3 Compressor)

bar

Mechanical power to the process plant for the 3 large machines (RGC, C2 Compressor and C3 Compressor)

kW

Table 8: List of GLOBAL KPAs and calculation for chemical use case.

Name

Units

Mass flow of condensate water

kg/h

Temperature of condensate water

C

1.2.3 CPPs
The list of CPPs will be obtained after WP4 sensitivity analysis gets finished. It should not impact
significantly to the work to be conducted in WP5, expect for the additional sensors to be added if
needed. This is not foreseen for this use case, as automation of DCI site is very mature.
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This section will be completed/documented within DLV5.4

1.3 Petrochemical use case
The list of KRIs, KPAs and CPPs for the petrochemical use case is as follows. At the time this
deliverable was prepared the final set of CPPs was unknown as T4.4 was not yet finished. Once
available, the document needs to be updated.

1.3.1 KRIs
The set of KRIs is exactly the same for all the use cases, see DLV2.3: Development and definition of
Key Resource Indicators. The only difference between each use case is the complexity of its
calculation and whether they are referred to a process unit (locals) or the whole process (global).
For this use case, due to the size of the process, there are just global indicators. The list and its
calculation or data source for monitoring is as per Table 9 and Table 10 below.
Table 9: List of KRIs and calculation for petrochemical use case.

Name

Units

Material consumption
(ME)

kg/kg

Direct primary
energy consumption
(DPEC)

J/kg

Gross Water Use
(GWU)

m3/kg

Net water use (NWU)

m3/kg

Resource Exergy
indicator (REI)

kW/kW

Calculation

𝐺𝐺𝐺𝐺𝐺𝐺𝐻𝐻𝐻𝐻

𝑚𝑚̇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑚𝑚̇𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑔𝑔𝑔𝑔𝑔𝑔 +𝑚𝑚̇𝑉𝑉𝑉𝑉𝑉𝑉/𝑅𝑅𝑅𝑅𝑅𝑅 + 𝑚𝑚̇𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑘𝑘𝑘𝑘
𝑀𝑀𝑀𝑀𝐻𝐻𝐻𝐻 =
� �
𝑚𝑚̇𝐹𝐹𝐹𝐹,𝐻𝐻𝐻𝐻
𝑘𝑘𝑘𝑘
𝑣𝑣̇ 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔
2.42 ∗ 𝑁𝑁𝑁𝑁𝑁𝑁 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 1.53 ∗ �
∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔 � 𝐽𝐽
3600
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐻𝐻𝐻𝐻 =
� �
𝑚𝑚̇𝐹𝐹𝐹𝐹,𝐻𝐻𝐻𝐻
𝑘𝑘𝑘𝑘
3600
𝑚𝑚̇𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝑚𝑚̇𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡+𝑚𝑚̇𝑤𝑤𝑤𝑤𝑤𝑤𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
�
�
𝜌𝜌𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑚𝑚3
=
� �
𝑚𝑚̇𝐹𝐹𝐹𝐹,𝐻𝐻𝐻𝐻
𝑘𝑘𝑘𝑘
Not applicable

𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻

𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔 + 𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐵𝐵𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 + 𝐵𝐵𝑉𝑉𝑉𝑉𝑉𝑉/𝑅𝑅𝑅𝑅𝑅𝑅 𝑘𝑘𝑘𝑘
=
�
�
𝐵𝐵𝐹𝐹𝐹𝐹,𝐻𝐻𝐻𝐻
𝐾𝐾𝐾𝐾

𝑚𝑚̇𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑊𝑊̇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑊𝑊̇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑟𝑟 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑡𝑡 − 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑣𝑣̇ 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻
𝐵𝐵𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑔𝑔 =
3600
In case composition of crude, pressure and temperature are known:
𝑛𝑛

𝐵𝐵𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 [𝑘𝑘𝑘𝑘] = �
𝑖𝑖

𝑚𝑚̇𝑖𝑖
𝑅𝑅 · 273 · 𝑙𝑙𝑙𝑙(𝑥𝑥𝑖𝑖 )
𝑦𝑦 �𝑏𝑏 +
�
3600 𝑖𝑖 𝑐𝑐ℎ,𝑖𝑖
𝑀𝑀𝑖𝑖
𝑛𝑛

+�
𝑖𝑖

𝑚𝑚̇𝑖𝑖
𝑦𝑦 �𝑐𝑐𝑐𝑐𝑖𝑖 �𝑇𝑇 − 𝑇𝑇𝑟𝑟𝑟𝑟𝑟𝑟 �
3600 𝑖𝑖

𝑃𝑃
𝑇𝑇 [𝐾𝐾]
− 298 �· 𝑐𝑐𝑐𝑐𝑖𝑖 · 𝑙𝑙𝑙𝑙 �
���
� − 𝑅𝑅 · 𝑙𝑙𝑙𝑙 �
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 [𝐾𝐾]

In case composition of crude is known and temperature and pressure are environmental:
𝑛𝑛

𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 [𝑘𝑘𝑘𝑘] = �
𝑖𝑖

𝑅𝑅 · 273 · 𝑙𝑙𝑙𝑙(𝑥𝑥𝑖𝑖 )
𝑚𝑚̇𝑖𝑖
𝑦𝑦 �𝑏𝑏 +
�
3600 𝑖𝑖 𝑐𝑐ℎ,𝑖𝑖
𝑀𝑀𝑖𝑖

In case composition of crude is not known but HHV of the crude is:
𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘

𝐵𝐵𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 [𝑘𝑘𝑘𝑘]= 𝐻𝐻𝐻𝐻𝐻𝐻𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � ∗ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 [ ]
𝑘𝑘𝑘𝑘
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Name

Units

Date: 15/9/16

Calculation
If neither composition, not HVV of the crude are known a generic value of 42,686 kJ/kg can be
used in the previous equation
𝑘𝑘𝑘𝑘
𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 � �
ℎ
𝐵𝐵𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 [𝑘𝑘𝑘𝑘] =
∗ �42.77 + (ℎ𝑇𝑇 − 104.8) − 298 ∗ (𝑠𝑠𝑇𝑇 − 0.367)�
3600
𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝐵𝐵𝑉𝑉𝑉𝑉𝑉𝑉/𝑅𝑅𝑅𝑅𝑅𝑅 [𝑘𝑘𝑘𝑘] = +𝑚𝑚̇𝑉𝑉𝑉𝑉𝑉𝑉/𝑅𝑅𝑅𝑅𝑅𝑅 � � ∗ 44998 [ ]
𝑠𝑠
𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝐵𝐵𝐹𝐹𝐹𝐹,𝐻𝐻𝐻𝐻 [𝑘𝑘𝑘𝑘] = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 � � ∗ 43725[ ]
𝑠𝑠
𝑘𝑘𝑘𝑘

Where definition of variables appearing in Table 9 are defined as per Table 10,

Table 10: Data required and source for petrochemical use case KRI calculation

Name
MCRUDE

Description
Mass flow rate of the crude (entry of the crude distillation unit)

MVGO / RAT
MNATURALGAS

Mass flow rate of VGO (entry of the crude distillation unit)
Mass flow of natural gas (entry of the steam reformers)

MWATER

Mass flow of water (entry of the steam reformers)

MHC, FU

Mass flow of hydrocarbons produced (expressed in its FU)

NETPOWER

Electricity bought to the grid-electricity sold to the grid

VNATURAL_GAS

Volume of Natural Gas (used in the utilities)

HHV

Higher heating value

WCONSUMPTION PROCESS

Water consumption in the productive plant

WCONSUMPTION UTILITIES

Water consumption in the productive utility plant

MREPOSITION_WATER_COOLING_TOWER
MWATER_STEAM_REFORMERS

Water in the cooling tower (evaporation losses)
Water Consumption (entry of the steam reformers)

R

Gas constant

Mi, X

Molecular Weight, Molar Fraction

bch,i

Chemical Exergy

cpi

Specific Heat Capacity

Ht

Water Enthalpy

St

Water Entropy

T

Crude temperature

P

Crude pressure

ρwater

1.3.2 KPAs
The set of KPAs will be as per DLV 4.2, where difference and type between Local and Global KPAs
are provided. In this section we will provide the relation between the KPA definition and the
process variables needed for its monitoring.
Table 11: List of LOCAL KPAs and calculation for petrochemical use case

Name

Units

Process Section
Interface to utility plant
Mass flow rate of 24 bar steam from the plant 1 to the grid

kg/h

Temperature of 24 bar steam from the plant 1 to the grid

˚C

Pressure of 24 bar steam from the plant 1 to the grid

bar

Mass flow rate of 10.5 bar steam from the plant 1 to the grid

kg/h
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Units

Temperature of 10.5 bar steam from the plant 1 to the grid

˚C

Pressure of 10.5 bar steam from the plant 1 to the grid

bar

Mass flow rate of 3.5 bar steam from the plant 1 to the grid

kg/h

Temperature of 3.5 bar steam from the plant 1 to the grid

˚C

Pressure of 3.5 bar steam from the plant 1 to the grid

bar

Market Products
Mass flow rate of overhead vapors

kg/h

Temperature of heavy naphtha

˚C

Mass flow rate of stabilized naphtha

kg/h

Temperature of stabilized naphtha

˚C

Mass flow rate of deisopentanized naphtha

kg/h

Temperature of deisopentanized naphtha

˚C

Temperature of stabilized naphtha

˚C

Mass flow rate of deisopentanized naphtha

kg/h

Temperature of deisopentanized naphtha

˚C

Mass flow rate of light naphtha

kg/h

Temperature of light naphtha

˚C

Mass flow rate of light gasoline

kg/h

Temperature of light gasoline

˚C

Mass flow rate of light ends

kg/h

Temperature of light ends

˚C

Mass flow rate of kerosene

kg/h

Temperature of kerosene

˚C

Mass flow rate of AR

kg/h

Temperature of AR

˚C

Mass flow rate of LGO

kg/h

Temperature of LGO

˚C

Mass flow rate of HGO

kg/h

Temperature of HGO

˚C

Utility Section
Mass flow rate of exhaust gases from the gas turbines to the cogeneration boilers

kg/h

Temperature of exhaust gases from the gas turbines to the cogeneration boilers

˚C

Pressure of exhaust gases from the gas turbines to the cogeneration boilers

bar

Mass flow rate of AP steam from the cogeneration and regular boilers to the steam grid

kg/h

Temperature of AP steam from the cogeneration and regular boilers to the steam grid

˚C

Pressure AP steam from the cogeneration and regular boilers to the steam grid

bar

Power from the steam grid to plant 1

kW

Power from the steam grid to plant 2

kW

Power from the steam grid to plant

kW

Mass flow rate of steam IP, MP and LP from steam grid to plant 1

kg/h

Temperature of steam IP, MP and LP from steam grid to plant 1

˚C

Pressure of steam IP, MP and LP from steam grid to plant 1

bar

Mass flow rate of steam IP, MP and LP from steam grid to plant 2

kg/h

Temperature of steam IP, MP and LP from steam grid to plant 2

˚C

Pressure of steam IP, MP and LP from steam grid to plant 2

bar

Mass flow rate of steam IP, MP and LP from steam grid to plant 3

kg/h

Temperature of steam IP, MP and LP from steam grid to plant 3

˚C

Pressure of steam IP, MP and LP from steam grid to plant 3

bar
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Table 12: List of GLOBAL KPAs and calculation for petrochemical use case

Name

Units

Power sold to grid

kW

Mass flow rate of condensate water

kg/h

Temperature of condensate water

˚C

1.3.3 CPPs
The list of CPPs will be obtained after WP4 sensitivity analysis gets finished. It should not impact
significantly to the work to be conducted in WP5, expect for the additional sensors to be added if
needed. This is not foreseen for this use case, as automation of Petrogal site is very mature.
This section will be completed/documented within DLV5.4
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2 SOFTWARE APPLICATION
The application to be developed will serve as a tool for the demonstration of the proposed TOPREF methodology. It will be a web-based application that will allow launching tests, monitoring
current and past values of the different parameters (KPAs, KRIs and CPPs), and analyze the
obtained results.

2.1 Roles and access
The M&CS will be restricted as per the different roles, which are as follows:
•
•

•
•

TECNALIA: They will have access to all the system functionalities, accessing to the
different sites/end users instances.
CEO/CTO: They will have the same system functionalities as the TECNALIA role, but only
for the site he/she is responsible of. This is, there will be a CEO/CTO role per industrial
case accessing just to the data referred to the owned industrial case.
Operator: They will be able to access all executed tests results and launch new tests.
TOP-REF: This is a special role for other project stakeholders that may access to limited
project results, but they will not access to critical or confidential information. Its main
objective is to be used as a “demo” for not project related personnel, i.e.: commission,
other industries…

A summary of the roles and rights can be as follows:
Table 13: M&CS Roles and rights

Role

Load an existing
configuration

Modify an existing configuration
or create a new one

Execute a
test

Analyze
the results

TECNALIA
(Any site)
CTO/CTO
(Its site)
OPERATOR
(Its site)
TOP-REF
(Demo)

One preliminary access and log in screen could be as follows:
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Figure 3: Log in screen

2.2 Configuration definition and test launch
Once the system is started, we will access to the test screen. In this screen all executed and
planned but cancelled tests under certain configurations, see DLV6.1, will be presented. A
preliminary tests section screen could be as follows:

Figure 4: List of executed test

Any conducted test will be registered; including the date and time it was launched, as well as the
configuration executed. If a test is cancelled by the user, i.e.: the obtained KPAs are above the
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expected limits, a problem with some process equipment has occurred or a new operational
requirement/instruction has been launch, the motivation of the cancelation needs to be provided
for future analysis. Once the test is executed, either completed or cancelled, it will be possible to
review the test results.
Moreover, we will be able not only to monitor but to launch new tests. To do so, there will be two
alternatives to launch a new test: With a new configuration or with a pre-defined configuration.
Load a configuration
This option will be available for all the roles. From the predefined tests, see DLV6.1, the user can
load the list of already planned configurations.

Figure 5: List of pre-defined configurations

Once loaded, the configuration can be reviewed and modified if needed.
Test with a new configuration
This alternative will be available only for users with “TECNALIA” or “CEO/CTO” roles. When
selecting this option, the user should provide the configuration values for the test to be executed
and, before its launch, storing (or not) this configuration for future executions. The user should
provide the following parameters:
• Objective. The user should select the optimization objective, single (exergy) or multi (the
other 4 defined KRIs).
• Zone. The user should select the test scope (global) or local (a single process area)
• KPAs range. Although the predefined project KPA ranges will be provided as a guidance,
the user should define the specific KPA range/limits
• CPPs. The user should provide which of the CPPs will be provided by the M&CS and which
will be fixed by the user. If selected by the user, the value is required as well.
Review or set a configuration
In order to define a new configuration for a test, or review one loaded from those already
existing, the “Test Settings” screen will be launched:
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Figure 6: Screen to set up or modify an existing test

The interpretation is as follows:
• KPAs in grey means no action is required as the default/pre-configured values will be
used. In green, the range or limit(s) will be provided by the use.
• CPPs in grey will be calculated by the M&CS optimization tool, while in green (and
checked) are those to be provided (set) by the user.
Data to perform the tests
Once the configuration of the test has been provided, and saved for future use, the system will
automatically launch the M&CS optimization tool to obtain the set of CPPs resulting in the
optimized KRI(s). If the requested optimization is single-objective, then the outcome will be a
single set of CPPs, as well as the expected KRIs and KPAs to be obtained. For the multi-objective
case, four solutions (the best per each individual KRIs but as a compromise between the others)
will be provided and the user should select the one preferred. The summarized information to be
provided will be as per Figure 7.
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Figure 7: Possible solutions (multi-objective). User choice

Although not in the provided example, an additional button to review the details having the
detailed information on KPAs, KRIs and CPPs per solution will be included. This information could
help the user to decide in continuing, or not, with the test as the estimated results (in terms of
KPAs and/or KRIs) could not match its expectations.
After selected (green highlight), the next action will be to Cancel or Launch a new Test. If the
“Launch” button is pressed, a pop-up screen will appear to include additional details as per Figure
8.
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Figure 8: Configuration and test setting details

Once saved, the user will get a report with all the configuration and test details selected such as:
KPAs and CPPs provided and the obtained/estimated KRIs, CPPs and KPAs, as per Figure 9. Next
will be to transfer the CPPs to the Plant Control System and wait until the defined test time is
finished. Depending on the role, a certain amount of time will be provided to complete this
operation, see Figure 10

Figure 9: CPPs to place in service
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As there is no closed loop control with the Plant Control system, we will assume that once the
time is consumed the new CPPs have been transferred to the system and the test start time will
be set. Similarly, the test will be considered as completed once the time duration provided during
the configuration phase expires.

2.3 Results and Control Panel
This is a twofold application. On the one hand, it will be used to monitor the progress of a test in
course and, on the other hand, it will be used to analyse the results of a tests (executed or
cancelled).
Control Panel
It will consist in a group of graphics showing the individual evolution of each variable from the list
of KPAs, KRIs and CPPs. An example of the look and feel of the screen can be as per Figure 11.
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It is expected to refresh the data each minute, building a trend that will least during all the test
execution time.

Figure 11: Trends for KPAs, KRIs and CPPs monitoring execution time

For the CPPs and KRIs, there will be one additional line in parallel with the X-axis to include the
expected (estimated by the M&CS optimization tool) value for each parameter.
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For each KPA representation, there will be three additional lines in parallel with the X-axis to
include the maximum, minimum and expected (estimated by the M&C optimization tool) value as
per Figure 12.

Figure 12: Detail of a process parameter trend

If the process value decreases below the Min value or increases over the Max value, the colour of
the graphic representing the process value will change.
Result Analysis
From the list of available executed test that could be filter or sorted by date, see Figure 13, the
user will be able to review test progress and compare two variables, of any nature and it´s
evolution with time.

Figure 13: Detailed trend chart

For each process variable, a new X and Y axis will be used to individually provide a time and
process value scale in order to compare both.
Although only two process variables could be plotted at the same time, an additional feature will
allow the user to download all the data related to one test to other external tools (i.e. MS Excel)

DLV 5.2 6 5.3 Functional Design Specification

29

Document: DLV 5.2 & 5.3Monitoring and Control Tool Functional Design Specification
Author: TECNALIA

Version: 1

Reference: TOP REF 604140 DLV 5.2& 5.3

Date: 15/9/16

3 SYSTEM (HARDWARE) ARCHITECTURE
The system architecture proposed for the application is as follows:

Figure 14: Generic Project Architecture

It is composed of a:
• Local PLC on the industrial site to gather all process data needed by the M&CS
• FTP server to transfer the data gathered by the PLC to the system’s DataBase
• Web Portal for access and monitoring the results.
The process is as follows: All data captured in each installation will be gathered by this single point
(local PLC), grouped and submitted to TECNALIA’s facilities where it will be stored for its further
utilization by the optimization application and the M&CS.
Although this is the preferred configuration, there are some particularities for each use case and
this architecture could slightly change. The final architecture can be founded in D6.1.
TOP_REF_DLV6.1_Demo_Planning&Scope
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4 IMPACT OVER SPIRE ROADMAP AND INDUSTRIAL PERFORMANCE.
As a result of the work to be conducted as per the provided deliverable, it is expected to provide a
tool to validate the methodology and results achieved within the project. This is, to asses a set of
indicators to measure the efficiency on the utilization of resources in the industry and, after its
measurement and relation with the process parameters, to optimize them.
The deliverable and task will not provide the results itself but will contribute to the demonstration
of the off-line identified. Moreover, it will contribute to the replicability in the application of the
proposed methodology and tools in other industries and/or sectors.
The results to obtain are aligned with:
•
•
•

SPIRE Key Action 2.3, “Process monitoring, control and optimization
SPIRE Key Action 2.4, “More efficient systems and equipment“
SPIRE Key Action 2.5, “Support a better decision making process to tackle the investment
and implementation of more efficient systems and equipment“
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5 CONCLUSIONS
There has been a significant change of the scope and work done under the tasks reported. As per
the DOW, it was planned to have two separated documents covering the functional and detailed
design specification of the M&CS, but the expected work was slightly different. As per the DOW,
the conclusions achieved during WP2 and WP4 should be the basis for a review on the current
control strategies of the sites to be modified and updated as per that findings. The M&CS was
planned as a parallel system that should be used to validate the new strategies before its
application to the real site/scenarios.
As the project progressed and the modelling and simulation tasks were progressing, the
methodology described in this document was proposed and the focus of this task was changed,
turning into a tool to be used for the KRIs monitoring as well as the validation of the optimization
results. This, instead of providing specifications of new control strategies, took the results of the
models and simulations directly providing the discrete values for the CPPs instead of identifying
new control loops or more complex analogue strategies.
With this new scope the differentiation between functional and detail design specification was
not required, and it was decided to merge both documents in a single one. Regarding the process
variables needed, as there is a slight delay on some WP4 activities, it is planned to continuously
update the list of required process variables, as well as the source.
The specification and guidelines provided in this deliverable will serve as inputs for the
subsequent T5.4, M&CS implementation, as well as for the activities to be conducted under WP6
and WP7.
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