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1. Final publishable summary report.

1.1.

Executive summary

TOP-REF developed and demonstrated a robust, cross-sectorial and resource efficiency focused

methodology. In a second step, this methodology was validated by the development and testing of non-

invasive, on-line monitoring and optimization tool adapted to three specific resource intensive sectors

represented by three industrial demonstrators: Fertilizer (MKP), Refining (Crude Fractionation) and Chemical

(Ethylene Cracker).

The TOP-REF methodology path is the following:

1.

Definition of the system boundaries, the main Key Performance Attributes (KPAs), as limits of
operation and the Key Resource Indicators (KRIs) as a measure of the resource efficiency to be
optimized.

Initial assessment of the main irreversibilities in the utility process for Chemical and Petrochemical
sectors and in the overall process in the Fertilizer sector by a thermoeconomic analysis.

Modeling of the productive processes and the utilities. Development of complex models based on
Matlab, Aspen Hysys and Aspen Plus.

Development of surrogate models when is required (petrochemical and chemical plants have
hundreds of streams and running the models in real time is not possible) to obtain the relation
between the KPAs and KRIs and by means of the global sensitivity analysis, the Critical Process
Parameters (CPPs) to be optimized.

In parallel, the development of softsensors as an online real-time application.

Optimization of the CPPs by means of the tool in order to increase the resource efficiency by
optimizing in a single and a multi objective modes.

Results in Fertilizer industry

After a demo period of 200 hours, where different trials were performed, in the fertilizer industry, the

impacts achieved when all the plant was studied are the following:

Reduction of exergy cost of 30 %

Reduction energy costs of 80.000 € / year (natural gas and electric consumption). This is for a
production plant of 8.000 Ton/ year

0 Gas consumption per Kg of fertilizer reduced in 21,82 %
0 Electricity consumption per Kg of fertilizer reduced in 14,83 %

Increase of 14% of production without any cost

Results in chemical industry (Ethylene cracker)

The TOP-REF scope in the ethylene cracker included the steam network and the cracker. At the end of the

project the impact highlighted are:

A simulation validated and capable to simulate a feedstock scenario of 100% naphtha and an
ethylene production at nameplate capacity with an accuracy of +10%

The thermoeconomic and subsequent analysis from an energetic and economic point of view
showed that venting low-pressure steam was the most inefficient spot in the steam network (45% of
the total economic losses and 55% of the total energetic losses). The annual savings in case all the
low pressure steam was used in the facilities instead of being were estimated by Dow Chemical
Ibérica in 2M € per year.
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e The development of two different softsensors are of high interest in terms of replicability.

1.2.

Summary of project context and objectives.

TOP-REF aimed to develop and validate specific indicators, methodologies and non-invasive Monitoring and

Optimization Tools (M&OT) devoted to the improvement of resource efficiency in energy intensive industrial

sectors. In general terms TOP-REF final impacts was expected to be:

e To improve energy and resources efficiency by 20% compared with the initial levels.

e To pave the way for achieving the SPIRE2030 objective of reducing non-renewable, primary raw

material intensity up to 20% and fossil energy intensity up to 30%, both compared with initial

levels.

e Toincrease the reusability and recycling of materials between 30%, depending on the sector.

e Reduce production costs up to 15 % compared with the initial levels.

e A significant reduction of the environmental impacts (CO, emissions, water footprint, pollutants,

hazardous emissions, etc.).

To achieve these goals, TOP-REF wanted to develop and demonstrate a robust, resource-efficiency-focused and

cross-sectorial methodology (see Figure 1). This methodology will be supported by means of a specific, non-

invasive, real time and on-line monitoring and control tool adapted to three specific energy and resource

intensive processes: Fertilizer, Refining and Chemical. The tools would be validated through demonstration under

real conditions in three pilots, one per sector.

In order to ensure TOP-REF impacts, specific Key
Resources Indicators (KRI) will be developed and
standardized to foster the greening and the
competiveness of the European process industry.
The indicators, based among others on resource
consumption and life cycle indicators will help to
measure the decoupling of environmental impacts
and resource use, from economic growth.
Furthermore, a method and standard for providing
environmental performance information based on
the Key Resources Indicators (KRI) will be

developed in TOP-REF.

methodology  will  be

constructed by performing the following steps:

A multi-sectorial

1. The methodology will start by developing
specific Key Resources Indicators (KRI).
These KRI will guide the complete execution
of the methodology.

2. Definition of Key Performance Attributes
(KPA) for the final product addressing:

a. Quality,
b. Safety
c. Costs

Madelling and Simulation

tegration and Demonstration

Diagnosis

Fertilizer
Sector

Chemical
Sector

Refining
Sector

Key Performance
Attributes

Key Performance
Attributes

Key Performance
Attributes
(KPA)

Variables
Control
Algorithms

Sensors
Actuators
Communications

Figure 1: TOP-REF methodology schema
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Evaluation of the resource efficiency potential of the global process by performing audits and diagnosis
over the different sub-processes and related equipment: the aspects with the highest resource-
efficiency improvement potential points will be identified in order provide a focused framework to the
following actions.
Modelling and simulation of the identified highest resource-efficiency improvement points to establish
the Critical Process Parameters (CPP), like residence time, temperature of the raw materials, cooling
water flow rate, etc. and understand their relation with the Key Attributes (KPA = f (CPP)). This step will
allow the:

a. Characterization of the Critical Process Parameters

b. Identification of the variables for monitoring (Vm) and optimization (V,) of the CPP
Development of the monitoring and optimization strategies attending to different prioritization schemes of
the targeted KPAs.
Design and implementation of the monitoring and optimization tools attending to the previously
established strategies, defining the required hardware (SCADA, sensors, actuators) and software.
Integration of the results, pilot’s deployment plan, proofs of concept demonstration and final
optimization of the methodology and the monitoring and control tools.
Finally, a methodology for developing environmental product declarations will be established based on
these KRI.

In the Figure 2 is shown the approach of TOP-REF to the industrial processes directly involved in TOP-REF.
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Figure 1: TOP-REF approach to the industrial process

Motivation and rationale

The European Union is facing major challenges such us the economic crisis, sustainability and the

competition with emerging economies. In this context, the TOP-REF project is willing to contribute to a smart

and sustainable growth while promoting a more efficient, greener and competitive economy based on

knowledge and innovation. The activities and the implementation of the results of TOP-REF will improve the

resource efficiency within the EU intensive industry. Specifically, it is expected a rise in the efficiency in the

use of energy, water and raw materials by up to 20%, while reducing production costs by up to 15%.

Furthermore, it will contribute towards achieving the targets set by the European industry association SPIRE,

which aims to reduce the use of non-renewable raw materials by 20% and of fossil fuels by 30%.
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Moreover, one of the initiative’s key goals consists in considerably reducing the environmental impact linked
to these processes, which takes the form of CO, emissions, harmful substances and waste generation,
among others.

Ultimately, the final goal is to contribute to drive Europe to a leadership position in energy efficiency in
industries by means of the promotion of a more efficient, greener and competitive economy based on
knowledge and innovation.

As considered in the “Europe 2020 Strategy”, the European Union is facing major challenges such us the
economic crisis, sustainability and the competition with emerging economies. In this context, TOP-REF
contributes to a smart and sustainable growth while promoting a more efficient, greener and competitive
economy based on knowledge and innovation. In addition, the improvement of resource efficiency in
process industries is a key action to accomplish three main EU concerns:

1. The productivity and competitiveness of European Industry for securing growth and jobs.
2. The efficient use of resources to deal with the climate change and other environmental issues.

3. The improvement of resource efficiency to secure Europe’s supply of raw materials for making the
EU economy more resilient to future increases of global energy and commodity prices.

TOP-REF is committed to increase the competitiveness and efficiency of the EU resource-intensive process
industry, as well as to assure a long-term greener economy. All this by the innovation focused on an
optimized monitoring and control of the processes, providing a deeper knowledge of the processes.

The specific indicators and environmental declaration guidelines to be developed in TOP-REF contribute to
assess the decoupling of environmental impacts from economic growth as established in the Sustainable
Consumption and Production (SCP) Action Plan.

Furthermore, one of the aims of TOP-REF is to facilitate the future implementation of cross-sectorial
solutions. According to this, it does exist a huge commitment of the consortium with the improvement of
the sustainability and resources efficiency in the industry. This is reflected in the fact that several members
of the consortium belong to the SPIRE initiative, moreover, the coordinator of TOP-REF (CIRCE) is the leader
of the SPIRE Task Force for Processes: “Solutions for more efficient processing and energy systems for the
process industry, including industrial symbiosis. The high resource intensive sectors included in SPIRE
(Sustainable Process Industry through Resource and Energy efficiency), represent 450,000 individual
enterprises, with 6.8 million employees and 1,600 billion € turnover.

A brief overview of the potential of the sectors tackled in TOP-REF is presented below:

On a general basis, the energy intensive industry is facing the introduction of auctioning under EU ETS from
2013. This could place EU industry at a competitive disadvantage. The TOP-REF results implementation in the
EU industry will bring a reduction of the industry emissions.

The EU chemical industry comprises about 27.000 enterprises, 98% of which are considered SMEs,
employing a total staff of about 1.9 million employees. In addition, the chemical industry contribution to the
EU gross domestic product amounts 1.3%, with
€178.5 billion of value added. In addition, the
chemical sector accounts for 12 percent of total EU

energy demand and for one third of EU industrial

energy use.

Furthermore, the chemical industry features

Percertege shars

prominently among Europe’s exports: its 28%

1] MAFR.  Jpan  RestofAeis™  China Lafim ~ Restof  Resiaf
Ameicm  Fugpe  thewarld

I 2001:€ 1,407 hillion 201 € 2,744 hilllion
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share of global production makes the EU the world’s biggest chemical-producing area. Nevertheless, since
the year 2001 has lost gradually the ground to the emerging economies, 10.2 percentage points of sales rate
as may be seen in the Figure 3.

Figure 2 world chemical sales by region

One of the key challenges of the chemical and

refining industry is the increasing of the energy costs. In 2009, the European chemicals industry, including
Refining used 50.4 million tonnes of oil equivalent (TOE) of gas consumption, with 147.4 million tonnes of
CO; equivalent.

The refining industry in EU-27 holds a capacity of 767 million tonnes per year, about an 18% of the global
capacity. The overall cost for refining one barrel is between 1.0 and 2.5 €/ton depending on refining
complexity. CO2 emissions correlate strongly with refinery capacity and the typical emissions are 15.0 tons
of CO2 per 1000 barrels of crude oil in direct emissions and 1.4 tons of CO2 per 1,000 barrels in indirect
emissions. This means 88 million tonnes of CO..

Fertilizer imports into Europe (EU-27) in 2010/2011 from countries outside the EU were 0.9 million tonnes
more than the previous year. These accounted for 25% of total European fertilizer consumption compared to
20% the year earlier.

' The fertilizer industry is EU’s single industrial use of
: ﬂ’\ natural gas. It is a primary raw material for fertilizers
3 - production and represents a 50%-70% of its total
- production costs. The industry depends on a freely
L/ ¢ available supply at a competitive Price. But the European
mc)“&“ * gas market is dominated by a small number of key
@ U suppliers including Russia, Algeria and Egypt. Prices have
8 eoo 8%:0 4 increased by over 230% in the past 10 years. In the Figure
T 3 v X :'. 4 it is shown the EU dependences from external sources of
iﬂ% Gas.
- "
{_*_ © ©
Podicton  Meings  Pemcagm  BETE NG Pl

Figure 4 Sources of gas available to Europe for
fertilizers production



TOP-REF 604140 final report

1.3.

S&T results/ foreground

To achieve the results above a huge involvement of the whole consortium to apply the methodology

developed in the project was needed. This methodology wanted to be implemented in very complex

industrial process without affecting to the production daily work.

Regarding the WP distribution, the following tasks were performed along the project:

Definition of the system boundaries, the main Key Performance Attributes (KPAs), as limits of
operation and the Key Resource Indicators (KRIs) as a measure of the resource efficiency to be
optimized (WP2).

Initial assessment of the main irreversibilities in the utility process for Chemical and Petrochemical
sectors and in the overall process in the Fertilizer sector by a thermoeconomic analysis (WP3).

Modeling of the productive processes and the utilities. Development of complex models based on
Matlab, Aspen Hysys and Aspen Plus (WP4).

Development of surrogate models (petrochemical and chemical plants have hundreds of streams
and running the models in real time is not possible) to obtain the relation between the KPAs and
KRIs and by means of the global sensitivity analysis, the Critical Process Parameters (CPPs) to be
optimized (WP4).

Development of softsensors as an online real-time application (WP5).

Optimization of the CPPs by means of the tool in order to increase the resource efficiency by
optimizing in a single and a multi objective modes (WP5).

Testing in the demo site the optimized CPPs and evaluating the new values of the KRlIs. Identification
of environmental footprint under optimized conditions (WP6).

Evaluation of the new exergy unit costs in terms of calculating the exergy and economic effects of
the new CPPs in the final market product (WP3).

Evaluation of the KRIs at the same and different sectors (WP7).

Replication and validation of the KRIs and the methodology (WP7).

The conceptual optimization process can be identified in the following picture. In this process, the Critical
Process Parameters are changed within the limits set by the Key Performance Attributes in order to obtain
the best possible values for the set of the Key Resources Indicators.
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Figure 5: Monitoring and Optimization tool sketch
Following a summary of the main results generated in the project are presented

2.1.1 Set of KRIs, including an innovative exergy indicator.

The headline KRIs are: Unit Material Cost (kg/OU), Direct Primary Energy Consumption (kJ/OU), Gross Water
Use (m3/0U), Net Water Use (m3/0U) and the Resource Exergy Indicator (resources: materials, energy and
water) (kJ/OU).

The Key Resource Indicators (KRIs) developed during the project have been tested with the aim to be
replicated and used in the same industrial sectors for different facilities and in other SPIRE industrial sectors.
In this sense, the replication of the KRIs has been analyzed in the cement, pig iron and ceramics sectors.

One of the main results obtained from the KRls application is their capability of being a benchmarking tool,
mainly in sectors where no any standardized mode to compare between companies are found. Additionally,
the application of the Resource Exergy Indicator has been proved as a good objective for optimization. All of
the resources can be accounted in the same unit, it is universal as exergy is a physical property, it is absolute
as it does not depend on market fluctuation or local availability, it can be aggregated or disaggregated, and it
allows assigning costs in a rigorous way based on the exergy (and not on the price) based on
thermoeconomics.

2.1.2 Implementation of an audit and diagnosis methodology in alternative
industrial sectors.

This methodology, which is based on Thermoeconomics, has been already tested as it is found in
bibliography to thermal power systems. In TOP-REF project, it has been applied to Fertilizer and Chemical
sectors, providing the information to support a better decision-making process to tackle the implementation
of more efficient systems and equipment.

2.1.3 Global methodology for the optimization of the processes by means of
modeling and simulation activities

A general methodology for optimization of the process by modelling and simulation has been developed.
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Figure: 6: Overview of the TOP-REF methodology by partner (Fertilizer case study)

Firstly, the Key Resource Indicators (KRIs), parameters to represent resource efficiency indexes, were
developed. They were designed to be universally applicable to industrial sectors or plants, have been
reviewed, updated and applied to the industrial sites. In addition, a set of Key Performance Attributes
(KPAs) was specifically defined for each plant to ensure a proper investigation space in terms of product
quality, operability, safety and environmental issues. Next to these indicators, Process Models of the
different use cases were set up by using commercially available process simulation software.

Process models, KRIs and KPAs were the basis of the TOP-REF methodology approach. The final objective
was to detect the influential Process Parameters that decrease resource efficiency (minimize the KRIs) using
the KPAs as constraints. However, due to the large number of real plant operating parameters, the Critical
Process Parameters (CPPs), had to be identified by a Global Sensitivity Analysis. The use of detailed process
models, such as those used under TOP-REF, adds reliability but makes the sensitivity analysis and
optimization algorithms highly computationally-intensive. In consequence, prior to the global sensitivity
analysis, surrogate models are used. Surrogate models are sampling-based approximations of detailed
process models which require less computational time, which enables the application of the global
sensitivity analysis and the optimization tool. Thus, based on the detailed process models, surrogate models
were developed and used for obtaining the global sensitivity analysis and for feeding the M&OT. The global
sensitivity analysis identifies the CPPs of all the operating parameters. In a last step, this set of CPPs is used
to optimize the surrogate models by using Single- and Multi-objective optimization techniques.

1.3.1. Ad-hoc plant models integrating Key Resource Indicators (KRIs) and Key Process
Attributes (KPA)

Within TOP-REF framework, five modelling tools have been mainly used:

Chemical process simulators with advanced kinetic models (CPS)
Advanced Steam Network Modelling (ASNM)

Solid Handling Simulations (SHS)

Multi-scale Balance Population models in rotary drum for Solids (BPMS)
Surrogate Modelling (SM)

vk wnN e

The models were properly validated according to historical data from process plants. To ensure a proper
operating space, the KPA and KRI list were updated and a list of Process Parameters were built for the three
industrial cases.

10
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Detailed process plant models of the different use cases (representing examples of the Agrochemical,
Chemical and Petrochemical sectors) were built by using commercially available process simulation
softwares. The developed simulation tools describe in detail the components of the process units and
utilities. In the case of the Fertilizer plant, the main process units were simulated by default Aspen Plus®
models, although for the rotary drum granulator-dryer and cooler, specific models based in population
balance equations were done in MATLAB® and connected with the Aspen Plus® model.

The ethylene plant use-case is the representative case for the chemical industry, which consists of a steam
cracker and the associated compressors train plant and the corresponding utility plant. They were separately
modelled and validated using Aspen Plus® software. Then the models were integrated in order to generate
data for building up a surrogate model.

As a third use-case, the Petrogal plant is the example of the petrochemical sector. It was a complex plant
where the main energy-intensive process sections corresponding to the 25% of the overall energy
consumption were modelled in detail: the crude distillation unit, the fractionation section and the utility
section. In this case, in order to obtain a more reliable model for the crude distillation unit, Aspen Hysys®
were adopted as the simulation software, instead of Aspen Plus®, which has been used only for the utility
section. In a similar way to DCI case, both models were linked in order to obtain needed data for the
surrogate model.

1.3.2. Monitoring and Optimization Tool

During the project a monitoring and optimization tool has been developed and tested for each of the
processes included in the project. The tool has proved to be robust in several conditions, as well as easy to
control and to adapt to the different trials.

In the figure 7, the evolution of the main resource for the Fertilizer demo plant before and after the
implementation of the optimized set of CPPs in the facilities is shown. As per figure, it can be seen that
working under specific scenarios after the implementation of the optimized CPPs, the real conditions (in
terms of consumption) is even better that the expected values.

FUMF  (Fuel mass flow)

13-12-2016 09:58h - 14-12-2016 08:18h

85.196kg Opﬁmal values

Figure 7: Screenshot of the M&O tool for Fertinagro.

11
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Another important indicator of the success of the project in the implementation of the tool in the Fertilizer
demo plant is the fact that six months after the demo the operators still use the conditions provided by the
M&O tool even though at the beginning of the demo activities they refused to change the typical operational
parameters.

In the figure 8 is shown how the conditions suggested by the M&OT led to an improvement of the KRls in the
demonstration.

100,0
Fertinagro optimization
80,0
Fertinago demo
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Figure 8: Comparison of the KRIs in the Fertilizer demo with those potential values provided by the M&O tool.

When the methodology is applied to the Chemical demo plant, it was found that it is possible to increase
theoretically the energy and water consumptions up to 50% (see figure 9).
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Figure 9: Potential optimization results in the Chemical case study.

It can be observed that the potential to improve the Exergy Indicator is in the range of 5 % to 8 %. The Exergy
Costs are improved for each optimization case, whereas the largest improvement is achieved by the single-
objective optimization. An improvement can be achieved at the expense of decreasing the material
efficiency and the Gross Water use of the process. This means that this change could not be net positive in
terms of profitability.

An entire application of the optimization results could not be performed during the demo activities, as the
implementation of the demo cannot modify parameters in the process plant. However, the monitoring and

12
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optimization tool is installed at the DCl-facilities and first tests to analyze the reactions of the utility system
are performed and evaluated being consistent with the current existing control system’s results.

1.3.3. Standardization of the methodology and the KRlis

In order to improve the exploitation and the replicability of the results, a CEN Workshop Agreement (CWA)
has been built and published: “CWA 17185:2017 Methodology to measure and improve the resource
efficiency of resource intensive processes”.

1.3.4. Demo results and impact in the industrial sites

After a demo period of 200 hours, where different trials were performed, in the fertilizer industry, the
impacts achieved are the following:
e Reduction of exergy cost of 30 %

e Reduction energy costs of 80.000 € / year (natural gas and electric consumption). This is for a
production plant of 8.000 Ton/ year.

0 Gas consumption per Kg of fertilizer reduced in 21,82 %
0 Electricity consumption per Kg of fertilizer reduced in 14,83 %
e Increase of 14% of production without any cost.

Considering the energy savings and the increase in the production, the economical evaluation of the ROl is
approximately two years. The production in the demo plant is 4.000 Ton/year, which seems little compared
with other production plants of FERTINAGRO in which the project is applicable, with production rates 30 to
50 times bigger.

In the case of DCI, due to the complexity of the processes the demonstration has been complicated and
required a huge sharp and redo of the model, as well as a constant updating of the optimization tool.

The TOP-REF scope in the ethylene cracker of DCl as included the following items:

e Fired Equipment (Steam Producers)
0 Cracking furnaces (Fixed — No degree of freedom)
O Boiler (Variable — Degree of freedom)
e large Turbines & Compressors (Steam Consumers)
0 Efficiency
e Distillation columns (Secondary steam consumers)
0 Energy Balance
e Steam Grids (Steam Balance)
O Steam Grid Balance
0 Exergy Performance analysis leading to new set-ups
At this point, the impact highlighted by DCI are:

e The simulation is validated and capable to simulate a scenario of 100% naphtha fed and an ethylene
production at nameplate capacity with an accuracy of +10%.

e The thermoeconomic and subsequent analysis from an energetic and economic point of view
showed that venting SL steam is the most inefficient spot in the steam network (45% of the total
economic losses and 55% of the total energetic losses). The annual savings in case all the SL steam
was used in the facilities instead of being vented reach up to two millions € of savings per year

13
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e Improvements ideas have been identified to mitigate energetic losses: better control strategy, steam
recovery and potential new consumers for the excess of steam

e The development of two different softsensors are of high interest in terms of replicability

1.3.5. Replicability

The replicability to other sectors is another important aim of the project. In this sense, the methodology and
tools may be easily applicable. In the case of solids drying or granulation, which presents similar equipment
and production chain such as:

e Ceramic sector: Frits manufacturing

e Cement sector: Cement manufacturing

e Fertilizer sector: Every MKP fertilizer.
In the case of DCI and PETROGAL, the modeling will be replicable whenever steam grids and chemical
distillation, compression or separation process are inter-connected

e Chemical sector: Refineries, olefin distillation and hydrocarbon manufacture

e Non-chemical sector: Almost every system where steam grids are found connected to thermal
consumers:

e Thermal desalination plants
o Pulp&Paper

e Power plants

1.3.6. Contributions to the roadmap of SPIRE

TOP-REF is directly linked with SPIRE. In this sense, the activities of the project support and enhance the
implementation of several Key Actions (KA) of the roadmap of SPIRE: http://www.spire2030.eu/

The specific contributions to each Key Action of the roadmap are included in the project deliverables in a
dedicated section. The main KAs that the project is contributing to are included below.

e KA 2.3: Process monitoring, control and optimization. Methodology tools and indicators addressing
specifically resource efficiency in industry

e KA 2.4: More efficient systems and equipment.

e KA 2.5: New energy and resource management concepts (including industrial symbiosis)

e KA 4.1: Systems approach: understanding the value of waste streams

e KA 5.2: Methodologies and tools for cross-sectorial Life Cycle and Cost Assessment as well as novel
social Life Cycle Assessment of energy and resource efficiency solutions.

1.3.7. Other outcomes related to the project development

In addition, other results addressing to establish the knowledge and methodology of the project have been
achieved, and are summarized below:

e Definition of the boundary conditions of the processes and excel questionnaire to gather industrial
data.

e Benchmarking of current sectorial tools and indicators

e Synergies and common points between processes and sectors.

e Identification of process outputs’ constraints and requirements for each processes, including a KPA

calculator for fertilizer process and thermal processes of DCl and PETROGAL

14
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1.3.8. Foreground exploitation

The main goal of Deliverable 8.2 is to identify the Key Exploitable Results (KERs) of the TOP-REF project and
provide the basis for a business model for each. The following five KERs were identified as having the
greatest potential and maturity:

- KER1: Model and simulation of industrial steam networks

- KER2: Thermoeconomic analysis

- KER3: Monitoring and optimization of industrial sites according to EN/DS17185:2017

- KERA4: Soft-sensors
- KER5: Model-coupling framework

The project partners have expressed interest for further developing specific KERs either for further scientific
or market exploration as shown in following table:

- -----
N N - N N

BIO

o -- -

Cosmo No No No No
Tech

Inosim No No No No -
o - N N N -
DS No No - No No

The deliverable is strategically aligned with the Key Action (KA) 2.3 (Process monitoring, control and
optimization) of the SPIRE roadmap.

15
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1.4. Potential impact

1.4.1. Impact in the Industry

Fertilizer industry

After a demo period of 200 hours, where different trials were performed, in the fertilizer industry, the real
more relevant impacts achieved from an industrial point of view are the following:

e Reduction energy costs of 80.000 € / year (natural gas and electric consumption). This is for a
production plant of 8.000 Tn/ year.

e Increase of 14% of production without any cost.
Considering the energy savings and the increase in the production, the economical evaluation of the ROl is
approximately two years. The production in the demo plant is 4.000 Tn/year, which seems little compared
with other production plants of FERTINAGRO in which the project is applicable, with production rates 30 to
50 times bigger.

In the case of Fertilizer industry, Fertinagro has already identified other production sites where the TOP-REF
methodology can be easily implemented:

) Huelva 200.000 tn/year
) Teruel >400.000 tn/year
o Misson 120.000 tn/year

Moreover, the developed KRIs are identified as an opportunity to be used a benchmarking tool, currently
non-exiting in the sector.

Regarding the replication in the overall sector, some big numbers can be provided:

¢ The total European Production of NPK granulated fertilizers, where TOP-REF approach is fully and
directly applicable is 1,2 x 10° Tn /year.

e Reaching a success rate in the whole market in Europe of 20 %. The total gas natural saved means
approx a saving of 1 x 10° kWh of Natural gas(11,7 kWh/Nm?).

e Considering that the of natural gas per habitant and year in Europe is 2500 kWh. TOP REF Project
saves the equivalent of 400.000 inhabitants per year ( saving Bratislava per year)

e  The succesfull application of TOP REF in a 20% of the production in EUROPE will lead to a increase of
200.000 Ha of production o cereals only in EUROPE.

¢ The reduction of the emissions achieved is equivalent to the emissions of 21.000 Vehicules per year.

Chemical sector (Ethylene Cracker)

In the case of DCI, due to the complexity of the processes the demonstration process were complicated and
required a huge sharp and redo of the model, as well as a constant updating of the optimization tool.

At the end of the project, the impact highlighted by DCl are:

e The models are validated and capable to simulate a scenario of 100% naphtha fed and an ethylene
production at nameplate capacity with an accuracy of £10%. This is relevant in order to connect the
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steam grid simulation and the ethylene production plant simulation that is, at this moment,
unlinked.

e The thermoeconomic assessment pointed out that venting low pressure steam is the most inefficient
spot in the steam network (45% of the total economic losses and 55% of the total energetic losses).
The annual savings in case all the steam was used for productive purposes, according to DCI
calculations, could reach up to 2M € per year.

e Improvements ideas have been identified to mitigate energetic losses: better control strategy, steam
recovery and potential new consumers for the excess of steam.

e Two different soft sensors, one for obtaining the Raw gas composition at the exit of the cracker and
another to obtained the top section composition of a distillation column have been developed.
These soft sensors has result of being of high interest in terms accuracy and replicability.

Moreover, the objectives and results of the project provides to the industry new paths to follow the
cooperative goals for sustainability as is shown the case of Dow Chemical Iberica (see figure 10).

Dow’s 2025 Sustainability Goals: Maximizing Economic,
Environmental and Societal Value

Overview

Dow is redefining the role of business in society.

Albeing of humanity by helping lead the transition te a su
C, @ i AT

nomic, environmental and societal value.

Dow's Approach

Footprint Handprint Blueprint

Weorld-leading Oporations Porlormance Product Salutiens te Warld Challenges Dow's Thought Leadershin and Actisns

Among Our Key Performance Indicators*

0

Zero severe unplanned safety events.
and process safety events.

1B

people positacly mpacted by
Dow employtes

* KFis are not al-inciusme but anean overview.
Figure 10: DoW Chemical 2025 sustainability goals
Regarding the replication in the overall sector, the potential savings in natural gas in case a reduction of 40%

of the exported (bought) natural gas from the network (about 6.0 KTon/year), about 3.0 MM€/year

A 25% successful replication of TOP-REF Project in the whole EU Ethylene production (19,225 kTon/year) will
lead to reduce the consumption of Gas natural of 756.000 inhabitants per year in the city of Barcelona (800
kWh per inhabitant and year. As well as 21 M€ in savings per year for the industry.

In terms of natural resources impact, the potential savings in water in the total Ethylene production in
Europe will lead to save 175 M litres of process water per year. Concerning the emissions, a 25 % successful
replication of TOP - REF will reduce the emission in the industry in 101.5 kTn of CO2 per year (almost 82.250
diesel vehicles in year).

1.4.2. Dissemination

In the table below are included the key events in which the TOP-REF has participated
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International Society of Automation conference

General assembly of the Spanish Platform of
Sustainable Chemistry (SusChem Spain)

Standards: Your Innovation Bridge”, the international
reference conference on safety and quality standards

Style project KoM

SPIRE Workshop

Resource efficiency in chemical Industry . Workshop
organized with the Spanish Technological Platform

Event

for Sustainable Chemistry

10th European Congress of Chemical Engineering

Life Cycle Management (LCM 2015) international

conference

SPIRE Workshop on Resource Efficiency Monitoring,

Assessment and Optimization

Technical University of La Almunia ( Zaragoza)

Conferences

Spanish Biennial of machine tool

Industrial Technologies Conference

AIChE Annual Meeting

30th International Conference on Efficiency, Cost,
Optimisation, Simulation and Environmental Impact
of Energy Systems ( ECOS 2017)

Workshop within SPIRE for SPIRE members 2017 EU
PROCESS INDUSTRY CONFERENCE: A LOOK TO THE

FUTURE

Workshop in the 10th world Congress of Chemical

Engineering

date

6th June 2014

30th September

30th October 2014

29th January 2015

21st 22nd April 2015

1st Ocotober 2015

27th October 2015

30th August 2015

3rd February 2015

15th may 2015

June 2016

23th June 2016

17th November 2016
(USA)

19th September 2017

4th October 2017

scope

Presentation and
publication

Workshop and project
presentation

Presentation and
stand

Project presentation

Impact presentation

Workshop and panel
discussion

Poster ( 2)

presentation

Project presentation

Workshop

Project presentation

Oral presentation

Poster and oral
presentation

Oral presentation

Workshop

Workshop
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Usually the key and more tangible results of a project are available during the last months of the project.
Thus a short overview of the key events is provided as follows:

AIChE Annual Meeting 17" November 2016 (USA)
Presentation “The Top-Ref Approach to Improve the
Resource Efficiency of Energy Intensive Industrial
Processes”

The AIChE Annual Meeting (organized by the American Institute of Chemical Engineers) is the premier
educational forum for chemical engineers. Academic and industry experts gather yearly at this event to
cover a wide range of topics relevant to cutting-edge research, new technologies, and emerging growth
areas in the field of chemical engineering.

The presentation was scheduled within the session “Going to a Decision Point in Sustainability”, and raised
great interest among the professionals that attended the conference. The audience was especially interested
in the TOP-REF methodology and the first results

30th International Conference on Efficiency, Cost,
Optimisation, Simulation and Environmental Impact of

Energy Systems ( ECOS 2017) (USA)

The 30th International Conference on Efficiency, Cost, Optimisation, Simulation and Environmental Impact of
Energy Systems was held in San Diego (USA), by the beginning of July, and gathered top international
scientist and specialists on energy efficiency and exergy analysis.

The purpose of TOP-REF presentation was to show and validate the KRI methodology to a scientific audience.
Particularly, the exergy indicator is one of the KRI selected under TOP-REF methodology and it was important
to show how exergy can be also used to assess non-energy flows. Particularly, TOP-REF methodology has
been applied to relevant industrial sectors: the cement, the ceramic and the fertilizer industries.
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Workshop within SPIRE for SPIRE members 2017 EU
PROCESS INDUSTRY CONFERENCE: A LOOK TO
THE FUTURE (Advisory board)

In the framework of the three days SPIRE workshop held in Brussels between 19t and 21°* September. CIRCE
organized a specific session with the title “Process optimization towards new feedstock and energy
challenges” during this session some of the results of the project TOPREF were presented. In addition, during
the second part of the session the advisory group of the project focused in the replication of the project
results among SPIRE industries participated in a debate.

The advisory group were composed by the following persons:

¢ Rolf Sorbo, R&D Director, Elkem (non-ferrous metals)

¢ Bernhard Kohl, Strategic Environment Management Unit, Voestalpine (steel)
e Hugo Bosio, project manager, BOSIO, AICHELIN Group (Industrial furnaces)

¢ Ludo Dils, Vito and Univ. Antwerp (representing fine chemicals)

¢ Christian Artelt, Heidelberg Cement (cement)

¢ Ignacio Martin (CIRCE) Chair of IRIAG and Member of the Board of SPIRE

The conclusions and remarks of the session and the advisory board have been gathered and under review to
be published.

In the table below may be found a summary of the publications done in the project.

Publication Publication site Scope Language
TOP-REF: More competitive, efficient and Automatica e
sustainable industries Instrumentacion Spain Spanish

An European project towards more efficient and
sustainable industries Smart quimic Spain English

Fertinagro takes part in a European project to be
more efficient and sustainable Tervalis magazine Spain Spanish

An European project to make industries more
competitive, efficient and sustainable FuturEnergy magazine Spain Spanish & English

paper in ECOS 2015 worldwide  English
Exergy as a resource efficiency indicator for
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industries

Optimization of a NPK Fertilizer plant poster in WCCE 10 worldwide
presentations of the

Presentations at SPIRE workshop Feb 2016 project Europe

Innovative solutions for the energy efficiency in  European Energy

industries

Innovation magazine  Europe

Table 1 key publications

In addition, it is remarkable that the project partner Danish Standards has recently published the CEN
Workshop Agreement (CWA) Methodology to measure and improve the resource efficiency of resource
intensive processes. This European CWA specifies a cross-sectorial methodology for identifying,

characterizing and implementing a set of indicators whose purpose it is to enable an organization to improve

the resource use efficiency of a process or the impacts associated with the consumption of these resources.

The CWA is free for downloading

Ds DS-information

Metodik til miling og forbedring
af ressourceeffektiviteten af
ressourceintensive processer

Methodology to measure and improve the resource
efficiency of resource intensive processes

Figure 3 CWA published by Danish Standards

DS/CWA 17185:2017

2017-09-13
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1.4.3. Impact over SPIRE roadmap and industrial performance.

In the pattern, for the deliverables of the project was include a specific session to summarize how the
deliverable may support the implementation of the Key Action of the SPIRE roadmap.

The Key Actions addressed by TOP-REF are the following
KA 2.3: Process monitoring, control and optimization:

e Tools for modelling and simulating.
e Indicators to improve the resource efficiency.( energy + material)
e Monitoring and control strategies and methodology

KA 4.1: Systems approach: understanding the value of waste streams:
KA 2.4: More efficient systems and equipment
KA2.5 New energy and resource management concepts (including industrial symbiosis)

Industrial symbiosis,, waste2 resources and process intensification by an exergy KRI to assess the quality,
cost and potential of the resource

KA 5.2: Methodologies and tools for cross-sectorial Life Cycle and Cost Assessment as well as novel social
Life Cycle Assessment of energy and resource efficiency solutions:

e Thermoeconomic assessment methodology for process diagnosis.
e LCA assessment including the use of KRl indictors developed within the project

1.5. Project web site

Through TOP-REF Platform Website www.toprefproject.eu/, the project has presented its methodology and
results. In this way, the project became a node of information.

It will also include an overview of the concept, objectives, the partnership and the activities

All in all, TOP-REF website includes a collection of the project documents, where all the key public
deliverables will be easily accessed as the first step for all the sector stakeholders.
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of Chemical Engineering

TOP-REF aims to develop and validate

specific Indicators, methodologies and non-irmvasive tools devoted to the improvement of resouwnee efMiclency inenargy intensive comtinuous industrisl
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Figure 4 Home page of the TOP-REF web-site

Regarding the impact of the web site, it is remarkable that the country with more visits to the web
is USA as may be seen in the figure below
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Figure 5 Map overlay (google analytics)
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Figure 6 Audience overview ( google analytics)
During the Project, several videos have been developed in order to facilitate the dissemination of the Project

in a easy and friendly manner.

All the videos are included in the web site in the publications/dissemination material section.
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Fertinagro — Demo resuls
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project
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ad TOP-REF ahjectivas
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Figure 7 TOP-REF videos
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2. Use and dissemination of foreground

A plan for use and dissemination of foreground (including socio-economic impact and target groups
for the results of the research) shall be established at the end of the project. It should, where
appropriate, be an update of the initial plan in Annex | for use and dissemination of foreground and
be consistent with the report on societal implications on the use and dissemination of foreground
(section 4.3 — H).

The plan should consist of:
= Section A

This section should describe the dissemination measures, including any scientific publications
relating to foreground. Its content will be made available in the public domain thus
demonstrating the added-value and positive impact of the project on the European Union.

=  Section B

This section should specify the exploitable foreground and provide the plans for exploitation. All
these data can be public or confidential; the report must clearly mark non-publishable
(confidential) parts that will be treated as such by the Commission. Information under Section B
that is not marked as confidential will be made available in the public domain thus
demonstrating the added-value and positive impact of the project on the European Union.
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2.1. Section A (public)

This section includes two templates

= Template Al: List of all scientific (peer reviewed) publications relating to the foreground of the project.

= Template A2: List of all dissemination activities (publications, conferences, workshops, web sites/applications, press releases, flyers,
articles published in the popular press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters).

These tables are cumulative, which means that they should always show all publications and activities from the beginning until after the end of

the project. Updates are possible at any time.

TEMPLATE Al: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES

Permanent | Is/Will open
Title of the identifiers2 access?
NO. Title Main oeriodical or Number, date or Publisher PIape pf Ye'ar qf Relevant (if available) prowd_ed to
author : frequency publication | publication pages this
the series C
publication?
1 | The TOP-REF methodologyto | TUDO not yet decided to be done 2018 / / No
improve the resource efficiency (either Chemical
of industrial processes Engineering &
Technology or
Hydrocarbon
Processing)
2 Exergy as a resource efficiency | CIRCE | ECOS Annual ECOS 2016 N/A digital 978-2-9555539-0- | No ( paper
indicator for proceedings verison 9 available in
the project

2 A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for publication (link to

article in repository).

30pen Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the embargo period for open

access is not yet over but you intend to establish open access afterwards.
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industries web site)

3 Energy or Material Savings? CIRCE | ECOS Annual ECOS Not yet 2018 Not yet Not yet published | No ( paper
Exergy replacement cost proceedings published published available in
applied to a the project

web site)
TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES
N Type of activities4 Main leader Title of the publication Title of activity Date/Period | Place Type of Countries
0. audience® addressed
Size of
audience
1 Conference TUDO, INOSIM 2016 AIChE Annual Meeting TOP-REF results November San Scientific 50 World-wide
presentation 13-18, 2016 Francisco Community,
(USA) Industry, Policy
Makers
2 Conference TUDO, INOSIM ProcessNet Annual Meeting TOP-REF results 12th — 15th Aachen Scientific 50 EU
(held every 2 years) presentation September (Germany) | Community,
2016 Industry
3 Press release FERTINAGRO Somos Tervalis Fertinagro participa en un 2014 Espana Industry hundreds Spain
proyecto europeo para ser
mas eficientes y
sostenibles

4 Press release FERTINAGRO Somos Tervalis La internacionalizacion de 2014 Espaia Industry hundreds Spain

las emrpesas para por la

4 A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media

briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other.

5 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other (‘multiple choices' is

possible).
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investigacion

5 Press release FERTINAGRO www.interempresas.net Fertinagro participa en un 2016 Espana Industry, civil thousands Spain
proyecto europeo para ser society
mas eficientes y
sostenibles

6 Press release FERTINAGRO www.campocyl.es Fertinagro participa en un 2016 Espafia Industry, civil thousands Spain
proyecto europeo para ser society
mas eficientes y
sostenibles

7 Press release FERTINAGRO WWW.agronegocios.es Fertinagro participa en un 2016 Espaia Industry, civil thousands Spain
proyecto europeo para ser society
mas eficientes y
sostenibles

8 Press release FERTINAGRO www.infoagro.com Fertinagro se suma al 2016 Espafia Industry, civil thousands Spain
europeo proyecto Top-Ref society

9 Press release FERTINAGRO www.diariodeteruel.es Fertinagro participa en un 2016 Espana Civil society, thousands Spain
proyecto europeo para ser Medias
mas eficientes y
sostenibles

10 Press release FERTINAGRO www.diariodeteruel.es Fertinagro participa en un 2016 Espana Civil society, thousands Spain
proyecto europeo para ser Medias
mas eficientes y
sostenibles

11 Press release FERTINAGRO Somos Tervalis Fertinagro participa en un 2016 Espaia Industry, hundreds Spain
proyecto europeo para ser
mas eficientes y
sostenibles

12 Press release FERTINAGRO www.fertinagrobiotech.com Fertinagro, participe del 2017 Espafia Industry, civil hundreds Spain

cambio en europa hacia
una cultura industrial mas

society
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verde
13 Press release FERTINAGRO www.fertinagrobiotech.com El proyecto Top-Ref 2017 Espafia Industry, civil hundreds Spain
finaliza con éxisto para society
Fertinagro Biotech
14 conferences TECNALIA ISA anual conference TOP-REF Project 201 Spain Scientific 80 Spain
presentation. Subject: community,
Contribution of the industry
automation to energy
savings and sustainability
15 publications TECNALIA Tecnipublicaciones TOP-REF: Industrias mas July 2014 Spain Scientific thousands Spain
(www.tecnipublicaciones.com/a | competitivas, eficientes y community,
utomatica) sostenibles industry
16 publications CIRCE www.futurenergy.es Un proyecto europeo para | January 2014 | Spain Industry, civil thousands Spain
conseguir industrias mas society
competitivas, eficientes y
sostenibles
16 publications CIRCE www.smartquimic.es Un proyecto europeo para | January 2015 Spain Industry, civil thousands Spain
conseguir industrias mas society
competitivas, eficientes y
sostenibles
17 Press release CIRCE CORDIS Novel resource indicators www.cord | Scientific EU-27
and tools for competitive is.com community,
and sustainable industry, policiy
continuous processing makers
18 Article CIRCE European energy Innovation Energy efficiency in Winter 2016 Scientific thousands EU-27
magazine industry by monitoring, community,
exergy and induction industry, policiy
makers
19 Presentation CIRCE Expoquimia TOP-REF presentation September Scientific 30 Spain
2014 community,
industry, policiy
makers
20 Stand and presentation CIRCE Standards: your innovation 30t October Brussels Scientific EU-27
bridge 2014 community,
industry, policiy
makers
21 presentation CIRCE Style project kick off meeting 29™ January Brussels Style project 12 EU-27

2015

consortium
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22 Presentation CIRCE SPIRE impact workshop 2015 TOP-REF impacts April 2015 Brussels Scientific 150 EU-27
community,
industry, policiy
makers
23 Poster CIRCE 10th European Congress of TOP-REF poster September Nice Scientific thousands Worlwide
Chemical Engineering 2015 community,
industry, policy
makers
24 Poster CIRCE 10th European Congress of Optimization of MKP September Nice Scientific thousands Worlwide
Chemical Engineering fertilizer plant 2015 community,
industry, policy
makers
25 workshop CIRCE SPIRE workshop on resosurce TOP-REF 27™ January Brussels Scientific 50 EU-27
efficicency monitoring, 2016 community,
Assessment and Optimization industry, policy
makers
26 presentation CIRCE SPIRE impact workshop 2016 TOP-REF impacts 21-22 April Brussels Scientific 150 EU-27
2016 community,
industry, policiy
makers
27 conference TECNALIA TECNOLOGIA Y SOSTENIBILIDAD | TOP-REF presentation June 2016 Bilbao Scientific 25 Spain
EN INDUSTRIA 4.0. Soluciones community,
Innovadoras para la Fabricacion industry, policiy
Ecoeficiente y Competitiva en la makers
Industria 4.0
28 Conference CIRCE Industrial technologies 2016 TOP —REF presentation 23 June Amsterda | Scientific 30 EU-27
2016 m community,
industry, policiy
makers
29 Conference CIRCE World Congress of Chemical TOP-REF final workshop October 2017 | Bacelona Scientific 20 worlwide
engineering community,
industry, policiy
makers
30 Workshop CIRCE SPIRE workshopProcess TOP-REF workshop September Brussels Scientific 50 EU-27
optimization towards new 2017 community,
feedstock and energy challenges industry, policiy
makers
31 Oral presentation CIRCE ECOS 2015 28th International Exergy as a resource June 2015 Pau ( Scientific 200 worldwide
Conference on Efficiency, Cost, efficiency indicator for France) community,

Optimisation, Simulation and
Environmental Impact of Energy
Systems

industries

industry, policiy
makers
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32

Oral presentation

CIRCE

ECOS 2017 30th International
Conference on Efficiency, Cost,
Optimisation, Simulation and
Environmental Impact of Energy
Systems

Energy or Material
Savings? Exergy
replacement cost applied
to a thermoeconomic
analysis of three different
resource-intensive
industries

July 2017

San Diego
( USA)

Scientific
community,
industry, policiy
makers

200

worldwide
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2.2. Section B (Confidential® or public: confidential information to be marked clearly)

2.2.1. Part B1

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template B1 provided hereafter.

The list should, specify at least one unique identifier e.g. European Patent application reference. For patent applications, only if applicable,
contributions to standards should be specified. This table is cumulative, which means that it should always show all applications from the
beginning until after the end of the project.

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC.

Type of IP Confidential Foreseen Application Subject or title of application Applicant (s) (as on the application)
Rights™: Click on embargo date reference(s)
YESINO dd/mm/yyyy (e.g. EP123456)
CWA standard yes 13/03/2018 DS/CWA CWA - CEN Workshop Danish Standards
17185:2017 Agreement — Methodology to

measure and improve the
resource efficiency of resource
intensive processes

6 Note to be confused with the "EU CONFIDENTIAL" classification for some security research projects.

7 A drop down list allows choosing the type of IP rights: Patents, Trademarks, Registered designs, Utility models, Others.
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2.1.4 Part B2
Please complete the table hereafter:

Type of Description | Confide |  Foreseen _ . Patents or
. of ntial embargo Exploitable Timetable, other IPR Owner & Other
Exploitable | exploitable | cjick date roduct(s) or Sector(s) of commercial or an loitati Beneficiary(s)
Foreground | foreground P application® y expioitation | iclary
8 on dd/mmiyyyy | measure(s) other use (licences) involved
YES/NO
Commercial Model and No detailed models were intensive industries | The next steps planned CIRCE, TUDO
exploitation of simulation of developed for industrial with a complex are consultancy to
R&D results industrial steam networks. steam network and | analyze the market and
steam Developing detailed models | software to build a suitable
networks for steam networks is a task | developers. business model and a

that strategically fits well Possible revenue private contract to

with the SPIRE Key Actions streams are ad-hoc | develop software libraries

2.3 (Process monitoring, turnkey contracts that will be tested in

control and optimization) with industries and industries of several

and 5.1 (ldentification, royalties to sectors. Also, replication

benchmarking and cross- software of the KER in other plants

sectorial transfer of good companies. of the industrial partners.

energy and resource

efficiency solutions and

practices.
Commercial Thermoecono | No It is a task that strategically | The potential The next steps to the CIRCE,
exploitation of | mic analysis fits well with the SPIRE Key | market segments market include marketing
R&D results Actions 2.3 (Process are energy of the CWA and direct

o intensive industries .
monitoring, control and contact with customers.
. and technology

optimization), 2.5 (New providers. Possible

energy and resource revenue streams

management concept, are ad-hoc turnkey

including industrial contracts with

symbiosis) and 5.1 industries and

(Identification, royalties to

benchmarking and cross- software

8 A drop down list allows choosing the type of foreground: General advancement of knowledge, Commercial exploitation of R&D results, Exploitation of R&D results via standards,

exploitation of results through EU policies, exploitation of results through (social) innovation.

% A drop down list allows choosing the type sector (NACE nomenclature) : http://ec.europa.eu/competition/mergers/cases/index/nace_all.html
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successfully deployed

during the TOP-REF project.

This KER is strategically

the process industry
and any process
with quality or at-

prototype solution by
testing on-site and
implementation of

Type of Description | Confide |  Foreseen _ _ Patents or
. of ntial embargo Exploitable Timetable, other IPR Owner & Other
Exploitable | exploitable | cjick date product(s) or Sector(s) of commercial or any | exploitation | Beneficiary(s)
Foreground | foreground dd/mmy/ application® . .
8 on mmlyyyy | measure(s) other use (licences) involved
YES/INO
sectorial transfer of good companies.
energy and resource Software
efficiency solutions and development can
practices. be performed in
house at CIRCE.
Commercial Monitoring No An improved methodology The KER is primary The next steps to the CIRCE, BIOIS,
exploitation of [ and for monitoring and applicable to SMEs | market include marketing TECNALIA, DS
R&D results. optimization optimization of industrial with low of the CWA and direct
Exploitation O.f O_f industrial sites has been developed automation level contact with customers.
R&D results via sites ) ]
standards according to during the TOP-REF project | and large
EN/DS17185: and has been standardized companies with
2017 in the standard complex simulation
DS/CWA17185:2017. Itis a tools that lack an
task that strategically fits integrated
well with the SPIRE Key approach. Possible
Actions 2.3 (Process revenue streams
monitoring, control and are licenses for
optimization), 2.4 (More simulations and
efficient systems and engineering hours,
equipment) and 5.1 with the most
(Identification, costly activity being
benchmarking and cross- the models
sectorial transfer of good development.
energy and resource
efficiency solutions and
practices.
Commercial No Specialized soft sensors Potential customer Improvement work is CIRCE, TECNALIA
exploitation of have been developed and segment consists of | required on the
R&D results
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Type of Description | Confide |  Foreseen _ _ Patents or
. of ntial embargo Exploitable Timetable, other IPR Owner & Other
Exploitable | exploitable | cjick date product(s) or Sector(s) of commercial or any | exploitation | Beneficiary(s)
Foreground | foreground dd/mmy/ application® . .
8 on mmlyyyy | measure(s) other use (licences) involved
YES/INO
aligned with the SPIRE key line analysis additional features.
action 2.3 (Process needed. In the
monitoring, control and cases where already
optimization). process data is
gathered the
solution is not
costly. Major cost of
implementation is
in the infrastructure
for data capture
and storing (if not
already available).
Possible revenue
streams would
come from a service
provided to end-
users.
Commercial Model- No During the TOP-REF project | Potential market The framework for CIRCE, COSMO
exploitation of coupling a framework to couple segments for the coupling models is in TECH, INOSIM,
R&D results framework process and utility models application are development and could TUDO
was developed. Developing | mainly oil, be in the market within
12 months.
detailed models for steam chemical, Next steps to market
networks is a task that pharmaceutical and include contacting
strategically fits well with biotechnical existing customers for
the SPIRE Key Actions 2.3 production initial product placement
(Process monitoring, companies. phase and collecting
control and optimization). Secondary reports for further
customers can be marketing. The final
resellers and development of the new
licensed partners. product requires only
Possible revenue
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maintenance fees
and paid services.

Type of Description Confide Foreseen _ _ Patents or
Exploitable |0_f b ntial embargo Exploitable Sector(s) of Timetable, other IPR Owner & Other
Forearound exploitable | cjick date product(s) or apolication® commercial or any | exploitation | Beneficiary(s)
roreg foreground on ddimmlyyyy | measure(s) PP other use (licences) involved
YES/NO
streams include limited amount of non-
license fees, personal investment.

In addition to the table, please provide a text to explain the exploitable foreground, in particular:

Its purpose

How the foreground might be exploited, when and by whom
IPR exploitable measures taken or intended

Further research necessary, if any

Potential/expected impact (quantify where possible)
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2.3. Report on societal implications

Replies to the following questions will assist the Commission to obtain statistics and
indicators on societal and socio-economic issues addressed by projects. The questions are
arranged in a number of key themes. As well as producing certain statistics, the replies will
also help identify those projects that have shown a real engagement with wider societal issues,
and thereby identify interesting approaches to these issues and best practices. The replies for
individual projects will not be made public.

A General Information (completed automatically when Grant Agreement number is
entered.

Grant Agreement Number: 616040

Title of Project: |

Name and Title of Coordinator: [Dr. Fernndo Cirez

B  Ethics
1. Did your project undergo an Ethics Review (and/or Screening)?
e If Yes: have you described the progress of compliance with the relevant Ethics No
Review/Screening Requirements in the frame of the periodic/final project reports?
Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be
described in the Period/Final Project Reports under the Section 3.2.2 "Work Progress and Achievements'
2.  Please indicate whether your project involved any of the following issues (tick No
box) :
RESEARCH ON HUMANS
e Did the project involve children? No
e Did the project involve patients? No
e Did the project involve persons not able to give consent? No
e Did the project involve adult healthy volunteers? No
e Did the project involve Human genetic material? No
e Did the project involve Human biological samples? No
e Did the project involve Human data collection? No
RESEARCH ON HUMAN EMBRYO/FOETUS
e Did the project involve Human Embryos? No
e Did the project involve Human Foetal Tissue / Cells? No
e Did the project involve Human Embryonic Stem Cells (hESCs)? No
e Did the project on human Embryonic Stem Cells involve cells in culture? No
e Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos? No
PRIVACY
e Did the project involve processing of genetic information or personal data (eg. health, sexual | No
lifestyle, ethnicity, political opinion, religious or philosophical conviction)?
e Did the project involve tracking the location or observation of people? No
RESEARCH ON ANIMALS
e Did the project involve research on animals? No
e Were those animals transgenic small laboratory animals? No
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e  Were those animals transgenic farm animals? No
e Were those animals cloned farm animals? No
e Were those animals non-human primates? No
RESEARCH INVOLVING DEVELOPING COUNTRIES
e Did the project involve the use of local resources (genetic, animal, plant etc)? No
e Was the project of benefit to local community (capacity building, access to healthcare, education No
etc)?
DuAL Use
e Research having direct military use No
e Research having the potential for terrorist abuse No

C Workforce Statistics

3. Workforce statistics for the project: Please indicate in the table below the number of
people who worked on the project (on a headcount basis).

Type of Position Number of Women Number of Men

Scientific Coordinator 1 10

Work package leaders 1 10

Experienced researchers (i.e. PhD holders) 4 19

PhD Students 1 5

Other 19 28

4.  How many additional researchers (in companies and universities) were

recruited specifically for this project?

Of which, indicate the number of men:
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D Gender Aspects

5. Did you carry out specific Gender Equality Actions under the project? o Yes
. No
6.  Which of the following actions did you carry out and how effective were they?
Not at all Very
effective effective
[  Design and implement an equal opportunity policy O000O0
O  Settargets to achieve a gender balance in the workforce O00O00
Q@  Organise conferences and workshops on gender O0O0O00
@  Actions to improve work-life balance O00O00
O  Other:

7.  Was there a gender dimension associated with the research content —i.e. wherever people were
the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender
considered and addressed?

O  Yes- please specify |
. No

E  Synergies with Science Education

8. Did your project involve working with students and/or school pupils (e.g. open days,
participation in science festivals and events, prizes/competitions or joint projects)?

O  Yes- please specify | |
. No

9. Did the project generate any science education material (e.g. kits, websites, explanatory

booklets, DVDs)?
O  Yes- please specify | |
. No
F Interdisciplinarity
10.  Which disciplines (see list below) are involved in your project?
. Main discipline’: 2.3
. Associated discipline®®: 1.1 ‘ ) ‘ Associated discipline®:
G Engaging with Civil society and policy makers
1lla Did your project engage with societal actors beyond the research o Yes
community? (if 'No', go to Question 14) * No
11b If yes, did you engage with citizens (citizens’ panels / juries) or organised civil society

(NGOs, patients’ groups etc.)?

No

Yes- in determining what research should be performed

Yes - in implementing the research

Yes, in communicating /disseminating / using the results of the project

0000

10 Insert number from list below (Frascati Manual).
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11c Indoing so, did your project involve actors whose role is mainly to
organise the dialogue with citizens and organised civil society (e.g.
professional mediator; communication company, science museums)?

(OX6)

Yes
No

12. Did you engage with government / public bodies or policy makers (including international

organisations)

O No

O  Yes-in framing the research agenda
O  Yes-inimplementing the research agenda

O  Yes, in communicating /disseminating / using the results of the project

13a Will the project generate outputs (expertise or scientific advice) which could be used by

policy makers?

O Yes-asaprimary objective (please indicate areas below- multiple answers possible)
O  Yes-asasecondary objective (please indicate areas below - multiple answer possible)

O No
13b If Yes, in which fields?
Agriculture Energy Human rights
Audiovisual and Media Enlargement Information Society
Budget Enterprise Institutional affairs
Competition Environment Internal Market
Consumers External Relations Justice, freedom and security
Culture External Trade Public Health
Customs Fisheries and Maritime Affairs Regional Policy
Development Economic and Food Safety Research and Innovation
Monetary Affairs Foreign and Security Policy Space
Education, Training, Youth Fraud Taxation
Employment and Social Affairs Humanitarian aid Transport
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http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/av/index_en.htm
http://europa.eu/pol/financ/index_en.htm
http://europa.eu/pol/comp/index_en.htm
http://europa.eu/pol/cons/index_en.htm
http://europa.eu/pol/cult/index_en.htm
http://europa.eu/pol/cust/index_en.htm
http://europa.eu/pol/dev/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/ener/index_en.htm
http://europa.eu/pol/enlarg/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/ext/index_en.htm
http://europa.eu/pol/comm/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/fraud/index_en.htm
http://europa.eu/pol/hum/index_en.htm
http://europa.eu/pol/rights/index_en.htm
http://europa.eu/pol/infso/index_en.htm
http://europa.eu/pol/inst/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/justice/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
http://europa.eu/pol/tax/index_en.htm
http://europa.eu/pol/trans/index_en.htm
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13c If Yes, at which level?
O  Local / regional levels
O National level
O  European level
O International level

H Use and dissemination

14. How many Articles were published/accepted for publication in 3
peer-reviewed journals?

To how many of these is open access!! provided? 2

How many of these are published in open access journals?

How many of these are published in open repositories? 2

To how many of these is open access not provided? 1

Please check all applicable reasons for not providing open access:

* publisher's licensing agreement would not permit publishing in a repository

U no suitable repository available

U no suitable open access journal available

U4 no funds available to publish in an open access journal

U lack of time and resources

4 lack of information on open access

Q other2: publisher not yet defined but most likely not open access
provided...............

15.  How many new patent applications (‘priority filings’) have been made? |0
("Technologically unique": multiple applications for the same invention in different
jurisdictions should be counted as just one application of grant).

16. Indicate how many of the following Intellectual Trademark

Property Rights were applied for (give number in

each box). Registered design

Other CWA

17.  How many spin-off companies were created / are planned as a direct
result of the project?

Indicate the approximate number of additional jobs in these companies:

18. Please indicate whether your project has a potential impact on employment, in comparison
with the situation before your project:

. Increase in employment, or . In small & medium-sized enterprises
O  Safeguard employment, or . In large companies
O  Decrease in employment, a None of the above / not relevant to the project
[ Difficult to estimate / not possible to quantify
19. For your project partnership please estimate the employment effect Indicate figure:

resulting directly from your participation in Full Time Equivalent (FTE =
one person working fulltime for a year) jobs:

11 Open Access is defined as free of charge access for anyone via Internet.
12 For instance: classification for security project.

43




TOP-REF 604140 final report

Difficult to estimate / not possible to quantify

I Media and Communication to the general public
20. As part of the project, were any of the beneficiaries professionals in communication or
media relations?
O Yes . No
21. As part of the project, have any beneficiaries received professional media / communication
training / advice to improve communication with the general public?
O Yes . No
22 Which of the following have been used to communicate information about your project to
the general public, or have resulted from your project?
. Press Release . Coverage in specialist press
. Media briefing . Coverage in general (non-specialist) press
O TV coverage / report a Coverage in national press
O Radio coverage / report a Coverage in international press
. Brochures /posters / flyers . Website for the general public / internet
O DVD /Film /Multimedia . Event targeting general public (festival, conference,
exhibition, science café)
23 In which languages are the information products for the general public produced?

Language of the coordinator
Other language(s)

. ‘ English

Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed
Standard Practice for Surveys on Research and Experimental Development, OECD 2002):

FIELDS OF SCIENCE AND TECHNOLOGY

NATURAL SCIENCES

1.2
1.3
1.4

15

Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other
allied subjects (software development only; hardware development should be classified in the
engineering fields)]

Physical sciences (astronomy and space sciences, physics and other allied subjects)

Chemical sciences (chemistry, other allied subjects)

Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and
other geosciences, meteorology and other atmospheric sciences including climatic research,
oceanography, vulcanology, palaeoecology, other allied sciences)

Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics,
biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences)

ENGINEERING AND TECHNOLOGY

2.2

2.3.

Civil engineering (architecture engineering, building science and engineering, construction engineering,
municipal and structural engineering and other allied subjects)

Electrical engineering, electronics [electrical engineering, electronics, communication engineering and
systems, computer engineering (hardware only) and other allied subjects]

Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and
materials engineering, and their specialised subdivisions; forest products; applied sciences such as
geodesy, industrial chemistry, etc.; the science and technology of food production; specialised
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technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology
and other applied subjects)

3. MEDICAL SCIENCES

3.1 Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology,
immunology and immunchaematology, clinical chemistry, clinical microbiology, pathology)

3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery,
dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology)

3.3 Health sciences (public health services, social medicine, hygiene, nursing, epidemiology)

4. AGRICULTURAL SCIENCES

4.1 Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry,
horticulture, other allied subjects)

4.2 Veterinary medicine

5. SOCIAL SCIENCES

5.1 Psychology

5.2 Economics

5.3 Educational sciences (education and training and other allied subjects)

5.4 Other social sciences [anthropology (social and cultural) and ethnology, demography, geography
(human, economic and social), town and country planning, management, law, linguistics, political
sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary ,
methodological and historical S1T activities relating to subjects in this group. Physical anthropology,
physical geography and psychophysiology should normally be classified with the natural sciences].

6. HUMANITIES

6.1 History (history, prehistory and history, together with auxiliary historical disciplines such as
archaeology, numismatics, palaeography, genealogy, etc.)

6.2 Languages and literature (ancient and modern)

6.3 Other humanities [philosophy (including the history of science and technology) arts, history of art, art

criticism, painting, sculpture, musicology, dramatic art excluding artistic "research” of any kind,
religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and
other S1T activities relating to the subjects in this group]
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