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Abstract

The concept of sustainable development is broad and represents
the way in which human activities impact on economic devel-
opment, the environment and social well-being. The objective
of sustainable development is to ensure economic growth with-
out jeopardising economic development, social well-being and
natural environment of future generations.

Energy consumption in industry plays a key role in reaching
the goals set for the transition towards the sustainable economy,
putting energy efficiency up front with the highest priority. The
role of Information and Communications Technologies (ICT)
is defined as an enabler of energy efficiency across the economy.
Insufficient or inappropriate monitoring of energy consump-
tion usually leads industrial companies in wrong directions and
not knowing what potential they have for profitable energy in-
vestments. The use of system control and data acquisition sys-
tems (SCADA) for monitoring process behaviour in industrial
companies has increased, but in many cases such systems are
not connected to the energy consumption optimisation.

The paper presents a novel concept of the context sensitive
energy and environmental management system and a case
study of its implementation in energy intensive industry. A
concept of the tool has been developed for achieving energy
savings and emissions reduction through the system of meter-
ing, monitoring and evaluation of energy, environmental and
economy performance. The main pillar of the tool is the knowl-
edge repository and its integration with ambient intelligence
based systems. The presented case study shows a repeatable and
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practical application of energy cost centres based modelling of
energy consumption in energy intensive industrial companies.
Also, it has been confirmed that monitored energy consump-
tion enriched with context from ambient intelligence data can
be the basis for the identification of energy savings.

Introduction

The main objectives of the energy and climate policy of Euro-
pean Union (EU) are decreasing the greenhouse gases emis-
sions, increasing the energy efficiency and share of the renew-
able energy sources (RES) in energy balance and decreasing the
energy dependency. Comprehensive review of the EU energy
and climate policy framework together with the instruments
to tackle identified gaps can be found in (Kanellakis, 2013) and
(Helm, 2014). In the past, many countries have defined chal-
lenging energy and climate related long-term objectives but
lack of clear definition of responsibilities with deadlines for the
implementation of proposed measures was the crucial reason
why many goals have not been achieved (Klinge Jacobsen et
al, 2014).

Insufficient or inappropriate monitoring of energy consump-
tion may hinder the companies’ potential by not capitalizing
fully on their energy investments (Harris, et al., 2000). A com-
mon mistake of energy and environmental management pro-
jects is that the adopted approach is too narrow and the focus is
only on the utility side, specific technical solutions or comput-
erized control. Importance of the production side of a factory,
and importance of human factors are not sufficiently appreci-
ated. Therefore, in such cases, a number of opportunities for
performance improvement will be missed, and overall results
will be moderate (Trianni et al., 2013). Majority of industrial
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companies are production focused and, as such, they consider
energy and environmental performance as marginal issues to
production output and quality considerations, but many exam-
ples may be found around the world to prove that there are
important reasons for them not to be separated operationally
as they usually are organizationally (Harris et al., 2000; Thol-
lander et al. 2013).

During the research work presented in this paper, an impor-
tant challenge related with the clear need for the appropriate
decision support system which should enable simulation and
analysis of hypothetical future situations in terms of energy
consumption, related costs, market changes, environmental
impacts and emissions trading has been recognized. Produc-
tion planning support involves the elaboration and evaluation
of alternatives in order to reach a decision about the most
suitable (optimal) solution. This paper presents a concept of
interactive and comprehensive platform for energy consump-
tion analysis in energy intensive industries. Proposed concept
aims at supporting energy experts in industrial companies in
optimizing energy performance of both supply and demand
side aspect of their work. Proposed concept of interactive
platform has a potential to fill the gap and help in harmoniza-
tion of interests between the energy intensive companies. The
developed system has been tested and trained on measured
energy consumption data obtained from the real industrial en-
vironment in largest Slovenian cement production company
Salonit. By taking into account the selection of different fossil
and alternative fuels, energy market prices and CO, emission
allowances a decision support for long term production plan-
ning is enabled.

Methodology

The overall idea behind proposed concept is to provide a tool
for achieving energy savings and emissions reduction through
the system of metering, monitoring and evaluation of busi-
ness, energy and environmental performance. This support is
in form of ICT building blocks (BB), which combine context
awareness, ambient intelligence monitoring and standard en-
ergy consumption data measurement. The proposed concept
focuses on clearly specified performance targets and objectives
related both to people performance and underlying process
performance with the goal of achieving continuous energy
and environmental performance improvements. With the aim
to assure continuous energy and environmental performance
improvements proposed concept is based on decentralised re-
sponsibility for energy and environment through EECs along
the actual process and energy flows in an industrial company.
EEC based modelling of industrial energy consumption has
been introduced by Morvaj and Gvozdenac (2008). Unfortu-
nately, a comprehensive literature review did not provide any
fixed rules on how to setup a model of ECCs for each particular
industrial branch. An ECC can be any department, section or
machine that uses a significant amount of energy or creates
significant environmental impacts. However, the guiding prin-
ciple for modelling setup is to follow the production process
stages as given by the process flow chart for each industrial
branch, and try to define the ECCs so that they coincide with
the existing production quantity control boundaries (Morvaj
and Gvozdenac, 2008). Energy consumption in each ECC en-
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riched with the contextual information represents key element
for the calculation and evaluation of performance indicators,
interpretation of performance level against given targets and
decision support for implementation of corrective actions.
Also, important challenge that has been recognised during the
comprehensive survey among energy intensive companies in
Slovenia is related with the clear need for the appropriate deci-
sion support system which should enable smoother integration
of the energy efficient technologies in a real industrial environ-
ment. Figure 1 illustrates the envisioned reference architecture
and general information flows of the proposed context sensitive
energy and environmental management system. The objective
of the proposed reference architecture of the context sensitive
energy and environmental management system is to provide a
holistic service oriented integration of the architectural com-
ponents and the existing shop-floor infrastructure. In this case,
context variables are variables that affect the process behaviour
but that are kept steady for periods that go beyond the process
time constants.

The information flow starts from the different sources of
information on the shop-floor level (Ambient Intelligence
[AmI] data received from various locally installed meters
and sensors, energy measurement data, data from existing
systems like SCADA systems or enterprise resource plan-
ning [ERP] systems, manual inputs by end-users, other in-
formation about the manufacturing processes from different
sources) and goes through the building blocks for AmI Data
Acquisition and Context Sensitive Processing, enhancing en-
ergy measurement data with context information. The results
of data acquisition and context-sensitive processing are pro-
vided to the other building blocks via common knowledge
repository in order to enable different types of calculations/
predictions and eventually provide decision support to the
users, either via user interfaces or in the form of a “feedback
loop” into existing systems. After the verification of new data,
AmI/Context building block may automatically initiate/trig-
ger new energy consumption/prediction and emission calcu-
lation or decision support. The foundation of the proposed
concept is a common data model and knowledge repository
to enable interoperability between the different components.
The knowledge repository is necessary to systematically cap-
ture, organize, and categorize knowledge-based information
provided by building blocks of the proposed concept. The
knowledge repository serves as a comprehensive follow-up
instrument, which is necessary in the process of continuous
improvement of energy efficiency in any industrial facility
since it connects people, their responsibilities, performed ac-
tions and achieved results. As a backbone to the knowledge
repository, an abstracted data access layer is designed to han-
dle every access, read or write. Notifications about events and
availability of new data are implemented directly between
building blocks. Energy Modelling, Emission Calculation
and Prediction Engine building block is responsible for the
calculation and prediction of energy consumption and related
emissions. Parameterisation of the energy models and con-
figuration of energy cost centres is done through the setup
and administration component which is generic software
component of the proposed context sensitive energy and en-
vironmental management system. Users of the data after it
was processed by the Energy Modelling, Emission Calcula-
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tion and Prediction Engine building block and stored in the
knowledge repository are AmI/Context and Decision Sup-
port building block. Decision Support Services are providing
systematic mechanism for support for immediate reactions
and support for process reconfiguration and ETS. Support
for immediate reaction involves the definition of a strategy
to respond automatically to an abnormal situation that must
be resolved. This approach implies the application of a auto-
matic corrective measure based on real-time measurements.
Support for reconfiguration and ETS involves the elaboration
of scenarios which will then be evaluated in order to reach a
decision about the best alternative. This action is triggered by
the end-user and is not directly interacting with production
process in real time (Marques and Neves-Silva, 2013). The
proposed set of building blocks together with the knowledge
repository allow the identification of energy profiles and en-
ergy consumption patterns and their interrelations to support
energy efficiency optimisation and CO, emissions reduction,
using the combination of the knowledge management and
smart metering technology for innovative data/information/
knowledge processing.

Case study — largest cement producer from Slovenia

Salonit Anhovo (Salonit) is the largest cement-producer in Slo-
venia, one of Slovenia’s largest CO, emitters and it is included
into emissions trading scheme (ETS). Company has a rich in-
dustrial tradition and it has been producing cement since 1921.
Due to financial and economic crisis yearly production is cur-
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rently reduced to around 500 thousand tons of cement, primar-
ily used on Slovene and neighbouring construction markets.
Before the crisis yearly production was around 900 thousand
tons of cement (overall production capacity is 1.2 million tons
of cement). Constant need for competitiveness on the market
is forcing Salonit to systematically and continuously analyze all
possibilities for the optimization of production activities and
related costs reduction. The main challenges of Salonit’s future
development are:

¢ How to remain the leading cement producer and how to
further strengthen its leading position on the local and
neighbouring markets?

¢ How to achieve a leading position in production and mar-
keting of lime?

¢ How to sustainably increase production capacity?

¢ How to continuously enhance environmental, energy and
economic efficiency - reduce the use of non-renewable en-
ergy sources in all parts of the production process?

The main energy cost centres within the Salonit’s production
process have been given in Figure 2. For the further elabora-
tion two energy cost centres, ECC 5 and ECC 7, were selected.
ECC 5 represents clinker burning process and it is the most
energy (heat) intensive process in the cement production, Fig-
ure 3. ECC 7 represents cement grinding process and together
with the ECC3 (raw material grinding process) is the most elec-
tricity intensive process in cement production.
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Figure 1. Reference architecture and general information flows of the proposed context sensitive energy and environmental management
system.
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Figure 2. Energy cost centre based modelling of the cement production process — Salonit use case
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Regarding the selected ECCs it has to be emphasised that Sa-
lonit’s expectations are closely linked with the development of
expert and decision support systems for optimal process regula-
tion, where energy consumption and fuel choice is of large im-
portance. Using knowledge already existing in the company and
using expert knowledge from cement industry new methods of
on-line monitoring and regulation of processes are expected to
be developed in the scope of the context sensitive energy and
environmental management system. Technical objectives of Sa-
lonit regarding the context sensitive energy and environmental
management system are closely related with the cement pro-
duction process improvement and decision support system for
short and long-term prediction of future energy consumption,
related CO, emissions and verification of energy savings. More
specifically, the proposed concept should enable the following:

¢ On-line calculation of specific energy consumption for pro-
cess control, planning and comparison,

¢ Complex evaluation of process parameters influence on en-
ergy consumption, CO, emissions and costs,

¢ Complex evaluation of the energy and environmental per-
formance in the factory, based on actual energy consump-
tion, production data and related environmental issues,

¢ Simulations of hypothetical future situations for decision
making (production planning, energy consumption predic-
tion and emissions trading, etc.) and past decisions results
tracking,
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e Separate treatment of 8 different cements in two mills in-
cluding the comparison of the specific consumption on a
short and long term basis for more precise equipment ad-
justment.

Short description of all actors that are expected to interact and
request functionalities from the context sensitive energy and en-
vironmental management system in Salonit are given in Table 1.

For research and validation purposes Salonit provided test-
ing data related to a rotary clinker furnace. Within the energy
model of the Salonit factory the rotary furnace has been de-
fined as a single ECC as presented in Figures 2 and 3. For the
initial testing the data samples were collected on a one min-
ute interval for the period of seven days, which resulted in
10,080 samples of each input signal. For the advanced testing
the data samples were collected on a one minute interval for
the period of one year, which resulted in 525,600 samples of
each input signal. Reliable and accurate long term predictions
are of vital importance for appropriate operation and planning
in energy intensive industrial companies. Thus achieving lower
operating costs (CO, emission allowances, fuel/electricity pur-
chasing costs, maintenance costs etc.) and higher reliability of
process control (smoother operation/production) is necessary
for the overall optimization of the production process. Since,
the presented research problem (reliable and accurate long
term predictions) corresponds to the time series prediction and
modelling type of mathematical problem, during the testing
phase neural net fitting rotary clinker furnace model for simu-
lation/long term prediction of energy consumption has been

Table 1. List of actors in Salonit having requirements on context sensitive energy and environmental management system.

Actor

Description

Energy manager

(strategic decisions).

The energy manager is the end user of context sensitive energy and environmental
management system at Salonit, who shall get decision support related to evaluation of the
energy and environmental performance in the factory, based on actual energy consumption,
production data and related environmental issues. From the point of view of the context
sensitive energy and environmental management system energy manager can be seen as a
business expert having knowledge about the relationships between energy and context data
on the factory level. Together with the process operator, the energy manager knows specific
information required by the context sensitive energy and environmental management system
for customisation of energy cost centres. Also, the energy manager is responsible for making
the final decision (accepting or rejecting) about recommendation/suggestions obtained from
the context sensitive energy and environmental management system on the factory level

Energy trader

The energy trader is the end user of the context sensitive energy and environmental
management system at Salonit, who shall get decision support related to hypothetical future
situations regarding energy and emissions trading.

Process operator

The process operator in the production control room is the end user of the context sensitive
energy and environmental management system at Salonit, who shall get decision support
related to proper selection of process parameters that influence energy consumption.
Together with the energy manager, process operator knows specific information required by
the context sensitive energy and environmental management system for customisation of
energy cost centres. Also, the process operator is responsible for making the final decision
(accepting or rejecting) about recommendation/suggestions obtained from the context
sensitive energy and environmental management system on the process level (short term
decisions, fine tuning of process parameters — immediate reactions).

Administrator

model configuration.

This role represents an “advanced user” of the context sensitive energy and environmental
management system at Salonit who is an IT expert having required skills to define and edit the
rules that system needs for data acquisition, context-sensitive data processing and energy
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developed. Also, the Levenberg-Marquardt back propagation
algorithm has been used for network training. The model has
been developed using 9 input parameters, 10 hidden neurons
and 8 output parameters. The clinker furnace modelling prob-
lem has been defined as follows: the user (in this case that is
the production planner, energy manager or energy trader) se-
lects the mix of fuels for the clinker burning process, presents
expected production flow and raw material flow used in the
process, and as a result, a prediction of the energy consumption
of the selected fuel alternative is obtained. Required input data
for the energy mix is represented by the presence or absence
of a certain fuel, where “1” represents the presence and “0” the
absence of a certain fuel.

The results of net fitting network clinker furnace model have
confirmed the possibility of using such model for simulations
and long term predictions of energy consumption in energy
intensive industry and fits well in the proposed concept of the
context sensitive energy and environmental management sys-
tem. Energy consumption, corresponding energy costs and
CO, emissions are calculated through the use of caloric values,
fuel prices and fuel emission factors obtained directly from the
addressed cement company and multiplied with the modelled
(predicted) consumption of the material and energy fuel flows
provided by neural net fitting network. Selected indicators
(energy consumption, costs and CO, emissions) are used as
direct inputs for the decision support module where the pro-
duction planning alternatives are analyzed through the process
of multi-criteria decision making. Through the use of available
historical data, past decisions result tracking is also enabled.

For the case study five different fuel choice alternatives (at
specified production) were selected. The selected alternatives
were analyzed using the net fitting based production planning
and decision support system in terms of energy consumption,
costs and CO, emissions.

The most representative fossil fuels used in the clinker burn-
ing process are coal, petrol coke and natural gas. For the alter-
native fuel mix, waste tires, waste oil, solid recovered fuels, ani-
mal meal and sludge is used. Since Salonit is one of Slovenia’s
largest CO, emitters it is also included into emissions trading
scheme (EU-ETS). CO, emissions from fuel combustion or
other processes involving chemical or physical reactions other
than combustion are therefore subjected to emission trading
legislation, which was in the first periods mostly based on
grandfathering. In that manner Salonit was able to avoid large
influence of emission coupons prices on the spot market. For
the period of 2013 to 2020 a closer look into emission produc-
tion is needed as emission allowances are not granted anymore
in such way. In that context, optimizing emissions and constant
monitoring and regulation is of high priority.

Selected scenario alternatives represent different operating
regimes correlated to the mix of fuels used in the clinker burn-
ing process. Five days of process operation were simulated with
one minute sample interval. Measured and predicted minute
values were averaged and aggregated into hourly values, since
the minute dynamics of the process is not really useful for long
term production planning (day, week or month ahead).

For all scenario alternatives, fuel specific caloric values, emis-
sion factors and fuel prices were applied and discussed with the
industrial partner. The analyzed scenario alternatives were de-
veloped for the real life situations in Salonit cement production
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process. As presented in Table 2, all analyzed alternatives are
including fundamental mix of fuels: petrol coke, waste tires and
solid recovered fuels. The results of decision support analysis
are presented in Figure 4. Addressed alternatives were all nor-
malized with the daily production of physical product (clinker
produced in tons/day) since the production of the clinker var-
ied for each scenario alternative. The most suitable or “optimal”
alternative is represented by the value 1 (optimal alternative
= 1). For example in terms of costs, the Alternative 2 is 25 %
more expensive than the Alternative 1.

According to the results obtained, it is evident that in terms
of costs the most suitable alternative is the Alternative 1,
followed by Alternative 4, 3, 5 and Alternative 2 being the most
expensive.

In terms of energy consumption and corresponding CO,
emissions which are directly linked to the energy use (process
emissions were not taken into account in this analysis, due to
their presence not being connected to the selected fuel mix)
the following results were obtained: Alternative 5 is the most
suitable one, followed by Alternative 1, 4, 3 and Alternative 2
being the most energy intensive. However, it can be concluded
that although Alternative 1 is amongst the alternatives with
high energy consumption, it is evident that in terms of costs
it is the most suitable one, due to the use of alternative fuels
with negative prices. Initial testing results have confirmed the
potential of costs savings up to 10 % enabled by proper long
term production planning and decision support services. Early
contextualisation of energy consumption was very valuable
and enabled elimination of unnecessary leakages and was the
first visible result during the testing phase which boosted the
confidence of industrial end-user. Also, proposed concept
proved its potential for the identification of critical elements
in the clinker burning operations and enabled early validation
of implemented corrective actions. However, limitations of the
proposed concept are related with the requirements for expert
knowledge during the training period and the definition of the
initial set of context sensitive benchmark values.

Conclusion

One of the basic precondition for the sustainable transfor-
mation and overall energy efficiency improvement in energy
intensive industries is the knowledge about energy consump-
tion, especially how much, when and where the energy is con-
sumed since investments profitability are strongly affected by
these variables. The objective of presented research work was
to propose a novel concept of the context sensitive energy and
environmental management system including reliable, fast and
accurate model for simulations and long term predictions of
energy consumption and related costs. The proposed concept
enables the simulations of hypothetical future situations and
provides the required support in the decision making process
(production planning, energy consumption prediction, emis-
sions trading, etc.). Furthermore, an overall integration of such
system in the energy intensive company can facilitate and in-
crease the investments into energy efficient technologies. The
complexity of such system, as described above on the example
from the cement production facility, arised from significant
number of variables that are providing valuable information
and directly influencing energy consumption like availability
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Table 2. Analysed scenario alternatives — long term production planning, Salonit use case.

Scenario Alternative

Fuels

Petrol Coke
Coal

Waste oil

Waste tires

Solid recovered fuels

Animal meal
Sludge

1.40

1.20

1

1.00

0.80

0.60

Optimal Alternative

0.40

0.20

0.00

Costs Energy

m Alternative 1
m Alternative 2
= Alternative 3
m Alternative 4

m Alternative 5

Figure 4. Normalized results of addressed alternatives (optimal alternative = 1) in terms of energy costs, consumption and CO, emissions —

Salonit use case.

of the fuel with the negative price or renewable energy sources,
hourly electricity price, employees (operators) in the control
room and available fuel mix. Besides long term simulations,
which are necessary for the production planning and cost op-
timisation, proposed concept enables on-line calculation of
specific energy consumption for process control, comparison
and alarming, complex evaluation of process parameters with
significant influence on energy consumption based on actual
energy consumption and production data. However, a lot of
work has to be done on signal processing, minimization of in-
put variables and complexity reduction. Also, in order to fully
utilize potential of the proposed concept of context sensitive
energy and environmental management system, further work
must concentrate on the development of the low-complexity
decision support services for the integration of new and ad-
vanced technologies in the complex industrial environment.

References

Cagno, E., Trianni, A., (2013). Exploring drivers for energy
efficiency within small- and medium-sized enterprises:
First evidences from Italian manufacturing enterprises,
Applied Energy 104, 276-285.

Faria, P, Vale, Z.A., Soares, J., Ferreira, J., (2012). Parti-
cle swarm optimization applied to integrated demand
response resources scheduling, Proceedings of 19" Inter-
national Conference on Microwave Radar and Wireless
Communications (MIKON), vol. 2, 647-651.

Gonzalez, A.]., Castrillon, R., Quispe, E.C., (2012). Energy
efficiency improvement in the cement industry through
energy management, Proceedings of 53" Cement Indus-
try Technical Conference (IEEE-IAS/PCA), 1-13.

Harris, J., Anderson, J., Shafron, W.,, (2000). Investment in
energy efficiency: a survey of Australian firms, Energy
Policy 28 (12), 867-876.

Helm, D., (2014). The European framework for energy and
climate policies, Energy Policy 64, 29-35.

International Energy Agency, (2013). World Energy Outlook
2013, OECD/IEA, Paris, France.

Kanellakis, M., Martinopoulos, G., Zachariadis, T., (2013).
European energy policy - A review, Energy Policy 62,
1020-1030.

Khalili, N.R., Duecker, S., (2013). Application of multi-criteria
decision analysis in design of sustainable environmental
management system framework, Journal of Cleaner Pro-
duction 47, 188-198.

ECEEE INDUSTRIAL SUMMER STUDY PROCEEDINGS 245



2-090-14 AL-MANSOUR ET AL

Klinge Jacobsen, H., Pade, L.L., Schréder, S.T., Kitzing, L.,
(2014). Cooperation mechanisms to achieve EU renew-
able targets. Renewable Energy 63, 345-352.

Krishnan, S.S., Ramakrishnan, A.M., Venkatesh, V., Sun-
der, P.S., Ramakrishna, G., (2012). Plant specific energy
efficiency modeling and analysis of the Indian Cement
Industry for robust policy implementation, Proceedings
of 53" Cement Industry Technical Conference (IEEE-
IAS/PCA), 1-34.

Marques, M., Neves-Silva, R., (2013). Approach for decision
support for energy savings and emissions trading based
on industrial requirements, Frontiers in Artificial Intelli-
gence and Applications, Volume 255: Intelligent Decision
Technologies — Proceedings of the 5 KES International
Conference on Intelligent Decision Technologies (KES-
IDT 2013), 74-83.

Morvaj, Z.K., Gvozdenac, D.D., (2008). Applied Industrial
Energy and Environmental Management, John Wiley &
Sons, Chichester, United Kingdom.

Perng, C., Weng, S.J., Tsai, ].T., Jheng, B.C., (2011). A
two-phase decision support system for optimizing the
steel roll cutting problem, Proceedings of PICMET ‘11,
1-9.

Thollander, P, Backlund, S., Trianni, A., Cagno, E., (2013).
Beyond barriers — A case study on driving forces for
improved energy efficiency in the foundry industries in

2. SUSTAINABLE PRODUCTION DESIGN & SUPPLY CHAIN INITIATIVES

Finland, France, Germany, Italy, Poland, Spain, and Swe-
den. Applied Energy 111, 636-643.

Trianni, A., Cagno, E., Thollander, P., Backlund, S., (2013).
Barriers to industrial energy efficiency in foundries: a
European comparison, Journal of Cleaner Production 40,
161-176.

Trianni, A., Cagno, E., De Donatis, A., (2014). A framework
to characterize energy efficiency measures, Applied En-
ergy 118, 207-220.

Vaseghi, M.R., Amiri, A., Pesaran, A., (2012). A review of
energy efficiency and CO, emissions in the US cement
industry, Proceedings of 53 Cement Industry Technical
Conference (IEEE-IAS/PCA), 1-9.

Zhuoya, Y., Wei, J., Lili, T., Shuai, L., (2010). Information
Economy, Technology Change and Energy Efficiency - A
Dynamic Analysis on Chinas Energy-Intensive Industries,
in Proceedings of 4" International Conference on Bioin-
formatics and Biomedical Engineering (iCBBE), 1-5.

Acknowledgements

The authors would like to thank the European Commission and
the partners of the European FP7 project “Context Sensitive
Monitoring of Energy Consumption to Support Energy Sav-
ings and Emissions Trading in Industry” (www.lifesaver-fp7.
eu/, FP7-ICT-2011-287652) for their support.

246 ECEEE 2014 INDUSTRIAL SUMMER STUDY — RETOOL FOR A COMPETITIVE AND SUSTAINABLE INDUSTRY



